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      Latest Science News

      Breaking science news and articles on global warming, extrasolar planets, stem cells, bird flu, autism, nanotechnology, dinosaurs, evolution -- the latest discoveries in astronomy, anthropology, biology, chemistry, climate and environment, computers, engineering, health and medicine, math, physics, psychology, technology, and more -- from the world's leading universities and research organizations.


      
        The gear meant to protect firefighters may carry hidden dangers
        Firefighter turnout gear is designed to shield first responders from extreme heat and danger, but new research suggests it may also introduce chemical exposures. A U.S. study found that brominated flame retardants are present across multiple layers of firefighter gear, including newer equipment marketed as PFAS-free. In some cases, these chemicals appeared at higher levels than the substances they were meant to replace.

      

      
        A hidden T cell switch could make cancer immunotherapy work for more people
        Scientists have discovered that T cell receptors activate through a hidden spring-like motion that had never been seen before. This breakthrough may help explain why immunotherapy works for some cancers and how it could be improved for others.

      

      
        Astronomers just watched a black hole twist spacetime
        Astronomers have detected spacetime itself being dragged and twisted by a spinning black hole for the first time. The discovery, seen during a star's violent destruction, confirms a prediction made over 100 years ago and reveals new clues about how black holes spin and launch jets.

      

      
        The western U.S. Tried to stop wildfires and it backfired
        Much of the western U.S. is overdue for wildfire, with decades of suppression allowing fuel to build up across millions of hectares. Researchers estimate that 74% of the region is in a fire deficit, meaning far more land needs to burn to restore healthy forest conditions. Catching up would require an unprecedented amount of controlled and managed fire.

      

      
        Your body feels cold in two different ways
        Researchers have uncovered that the body uses different molecular systems to sense cold in the skin versus internal organs. This explains why surface chills feel very different from cold experienced deep inside the body.

      

      
        AI detects cancer but it's also reading who you are
        AI tools designed to diagnose cancer from tissue samples are quietly learning more than just disease patterns. New research shows these systems can infer patient demographics from pathology slides, leading to biased results for certain groups. The bias stems from how the models are trained and the data they see, not just from missing samples. Researchers also demonstrated a way to significantly reduce these disparities.

      

      
        This tiny protein helps control how hungry you feel
        Researchers have identified a previously overlooked protein that helps regulate appetite and energy use in the body. This "helper" protein supports a key system that decides whether the body burns energy or stores it, and when it does not function properly, appetite signals can weaken.

      

      
        Scientists prove "impossible" Earth-to-space quantum link is feasible
        Researchers have shown that quantum signals can be sent from Earth up to satellites, not just down from space as previously believed. This breakthrough could make global quantum networks far more powerful, affordable, and practical.

      

      
        Mystery of King Tut's jars solved? Yale researchers find opium clues
        Traces of opium found inside an ancient alabaster vase suggest drug use was common in ancient Egypt, not rare or accidental. The discovery raises the possibility that King Tut's famous jars once held opiates valued enough to be buried with pharaohs--and stolen by tomb raiders.

      

      
        A quantum mystery that stumped scientists for decades is solved
        A long-standing physics mystery has been solved with the discovery of emergent photon-like behavior inside a strange quantum material. The finding confirms a true 3D quantum spin liquid and unlocks a new way to study deeply entangled matter.

      

      
        Young adults are using cannabis to sleep at alarming rates
        More than 20% of young adults say they use cannabis or alcohol to fall asleep, with cannabis leading by a wide margin. Researchers warn this strategy can backfire, disrupting sleep quality and increasing the risk of long-term sleep and substance-use problems.

      

      
        Scientists rewired Down syndrome brain circuits by restoring a missing molecule
        A missing brain molecule may be disrupting neural wiring in Down syndrome, according to new research. Replacing it in adult mice rewired brain circuits and improved brain flexibility, challenging the idea that treatment must happen before birth.

      

      
        Scientists spent 10 years chasing a particle that wasn't there
        After a decade of painstaking measurements, scientists have delivered a major plot twist in particle physics: a long-hypothesized "mystery particle" likely doesn't exist. Using the MicroBooNE experiment at Fermilab, researchers analyzed neutrinos from two powerful beams and found no evidence for a sterile neutrino, ruling it out with 95% certainty.

      

      
        A flesh-eating fly once eradicated is moving back toward the U.S.
        California researchers are preparing for the possible return of the New World screwworm, a parasitic fly that feeds on living flesh and once devastated U.S. livestock. By monitoring traps and educating veterinarians and farmers, they hope to stop the pest before it gains a foothold.

      

      
        He ate a hamburger and died hours later. Doctors found a shocking cause
        A rare tick-borne allergy linked to red meat has now been confirmed as deadly for the first time. A healthy New Jersey man collapsed and died hours after eating beef, with later testing revealing a severe allergic reaction tied to alpha-gal, a sugar spread by Lone Star tick bites. Symptoms often appear hours later, making the condition easy to miss. Researchers warn that growing tick populations could put more people at risk.

      

      
        Ramanujan's 100-year-old pi formula is still revealing the Universe
        Ramanujan's elegant formulas for calculating pi, developed more than a century ago, have unexpectedly resurfaced at the heart of modern physics. Researchers at IISc discovered that the same mathematical structures behind these formulas also describe real-world phenomena like turbulence, percolation, and even black holes. What once seemed like pure mathematics now appears deeply intertwined with the physical laws governing the universe.

      

      
        A simple turn reveals a 1,500-year-old secret on Roman glass
        A museum visit sparked a revelation when a Roman glass cup was turned around and its overlooked markings came into focus. These symbols, once dismissed as decoration, appear to be workshop identifiers used by teams of skilled artisans. The findings challenge centuries of assumptions about how Roman glass was made. They also restore identity and agency to the anonymous makers behind these stunning objects.

      

      
        New study reveals how kimchi boosts the immune system
        Kimchi may do far more than add flavor to meals--it could help fine-tune the human immune system. A clinical study using advanced single-cell genetic analysis found that regular kimchi consumption strengthens immune defenses while preventing harmful overreactions. Researchers observed improved activity in key immune cells, with effects varying depending on fermentation methods.

      

      
        A new test could reveal Alzheimer's before symptoms appear
        Scientists at Northern Arizona University are developing a promising new way to detect Alzheimer's disease earlier than ever before--by tracking how the brain uses sugar. Using tiny particles in the blood called microvesicles, researchers may soon be able to gather brain-specific information without invasive procedures. If successful, this approach could transform Alzheimer's diagnosis, monitoring, and even prevention, much like how doctors manage heart disease today.

      

      
        A hidden star found where dust shouldn't exist
        A mysterious cloud of ultra-hot dust around Kappa Tucanae A may finally have an explanation: a hidden companion star. The star's extreme orbit carries it straight through the dust zone, strongly suggesting it plays a key role in keeping the dust alive. This finding could help astronomers untangle one of the biggest challenges in imaging Earth-like exoplanets. It also opens the door to discovering similar hidden companions around other stars.

      

      
        Scientists reveal why some brains stop growing too soon
        Researchers used miniature human brains grown in the lab to uncover why certain genetic mutations lead to abnormally small brains. Changes in actin disrupted the orientation of early brain cell divisions, causing crucial progenitor cells to disappear too soon. This reduced the brain's ability to grow normally. The work offers a clear cellular explanation for microcephaly linked to Baraitser-Winter syndrome.

      

      
        This 8,000-year-old art shows math before numbers existed
        Over 8,000 years ago, early farming communities in northern Mesopotamia were already thinking mathematically--long before numbers were written down. By closely studying Halafian pottery, researchers uncovered floral and plant designs arranged with precise symmetry and numerical patterns, revealing a surprisingly advanced sense of geometry.

      

      
        Scientists reveal a 1.5-million-year-old human face
        Scientists have digitally reconstructed the face of a 1.5-million-year-old Homo erectus fossil from Ethiopia, uncovering an unexpectedly primitive appearance. While its braincase fits with classic Homo erectus, the face and teeth resemble much older human ancestors. This discovery challenges long-held ideas about where and how Homo erectus evolved. It also hints at a complex web of migrations and possible mixing between early human species.

      

      
        A loud minority makes the Internet look far more toxic than it is
        People think online platforms are overflowing with toxic and misleading content, but the reality is far calmer. A small group of highly active users creates most of the harm, while the majority remain relatively civil. Still, many Americans assume the worst about each other because of this imbalance. Correcting that belief can noticeably improve how people feel about society.

      

      
        Living cells may generate electricity from motion
        Cells may generate their own electrical signals through microscopic membrane motions. Researchers show that active molecular processes can create voltage spikes similar to those used by neurons. These signals could help drive ion transport and explain key biological functions. The work may also guide the design of intelligent, bio-inspired materials.

      

      
        AI learns to decode the diseases written in your DNA
        A newly developed AI can predict which diseases specific genetic mutations are likely to cause, not just whether they are harmful. The breakthrough could speed up diagnoses and open new paths for personalized treatment.

      

      
        Colon cancer is surging in younger adults and doctors are alarmed
        Cases of colorectal cancer in younger adults are climbing worldwide, driven by lifestyle changes and inherited genetic risks. Diet, obesity, and lack of early screening are playing a major role in this shift. New genetic tests offer hope for earlier detection, but access and awareness lag behind. Health experts say urgent action is needed to reverse the trend.

      

      
        Hidden dimensions could explain where mass comes from
        A new theory proposes that the universe's fundamental forces and particle properties may arise from the geometry of hidden extra dimensions. These dimensions could twist and evolve over time, forming stable structures that generate mass and symmetry breaking on their own. The approach may even explain cosmic expansion and predict a new particle. It hints at a universe built entirely from geometry.

      

      
        A new way to prevent gum disease without wiping out good bacteria
        Scientists are uncovering a surprising way to influence bacteria--not by killing them, but by changing how they communicate. Researchers studying oral bacteria found that disrupting chemical signals used in bacterial "conversations" can shift dental plaque toward healthier, less harmful communities. The discovery could open the door to new treatments that prevent disease by maintaining a balanced microbiome rather than wiping bacteria out entirely.

      

      
        Physicists found a way to see heat in empty space
        Physicists have found a clever way to detect the elusive Unruh effect without extreme accelerations. By using atoms that emit light cooperatively between mirrors, acceleration subtly shifts when a powerful light burst appears. That early flash acts like a timestamped signature of the effect. The method could make once-theoretical physics experimentally reachable.

      

      
        Why consciousness exists at all
        Consciousness evolved in stages, starting with basic survival responses like pain and alarm, then expanding into focused awareness and self-reflection. These layers help organisms avoid danger, learn from the environment, and coordinate socially. Surprisingly, birds show many of these same traits, from subjective perception to basic self-awareness. This suggests consciousness is far older and more widespread than once believed.

      

      
        A hidden climate shift may have sparked epic Pacific voyages 1,000 years ago
        Around 1,000 years ago, a major climate shift reshaped rainfall across the South Pacific, making western islands like Samoa and Tonga drier while eastern islands such as Tahiti became increasingly wet. New evidence from plant waxes preserved in island sediments shows this change coincided with the final major wave of Polynesian expansion eastward. As freshwater became scarcer in the west and more abundant in the east, people may have been pushed to migrate, effectively "chasing the rain" across v...

      

      
        Giant sea monsters lived in rivers at the end of the dinosaur age
        Giant mosasaurs, once thought to be strictly ocean-dwelling predators, may have spent their final chapter prowling freshwater rivers alongside dinosaurs and crocodiles. A massive tooth found in North Dakota, analyzed using chemical isotope techniques, reveals that some mosasaurs adapted to river systems as seas gradually freshened near the end of the age of dinosaurs. These enormous reptiles, possibly as long as a bus, appear to have hunted near the surface, perhaps even feeding on drowned dinosa...

      

      
        Scientists find the missing links between genes and disease
        A new genetic mapping strategy reveals how entire networks of genes work together to cause disease, filling in the missing links left by traditional genetic studies. The technique could transform how scientists identify drug targets for complex conditions.

      

      
        This rare earthquake did everything scientists hoped to see
        A rare, ultra-long earthquake in Myanmar revealed that mature faults can deliver their full force directly to the surface. The discovery could mean stronger shaking near faults like California's San Andreas than current models predict.

      

      
        AI found a way to stop a virus before it enters cells
        Researchers discovered a hidden molecular "switch" that herpes viruses rely on to invade cells. By combining AI, simulations, and lab experiments, they identified and altered a single amino acid that shut down viral entry. What once might have taken years was achieved far faster using computational tools. The findings open new possibilities for designing future antiviral treatments.

      

      
        New orbital clue reveals how hot Jupiters really formed
        Hot Jupiters were once cosmic oddities, but unraveling how they moved so close to their stars has remained a stubborn mystery. Scientists have long debated whether these giants were violently flung inward or peacefully drifted through their birth disks. A new approach from researchers in Tokyo cracks open this puzzle by using the timescale of orbital circularization as a diagnostic.

      

      
        Light-printed electrodes turn skin and clothing into sensors
        Researchers in Sweden have unveiled a way to create high-performance electronic electrodes using nothing more than visible light and specially designed water-soluble monomers. This gentle, chemical-free approach lets conductive plastics form directly on surfaces ranging from glass to textiles to living skin, enabling surprisingly versatile electronic and medical applications.

      

      
        Cannabis compounds show unexpected power against ovarian cancer
        Scientists have discovered that key compounds from cannabis--CBD and THC--show surprisingly strong effects against ovarian cancer cells. Used together, they slow cell growth, reduce colony formation, and may even block the cancer's ability to spread. Even more promising, the treatment caused minimal harm to healthy cells and appears to work by restoring a disrupted signaling pathway that fuels tumor growth.

      

      
        Male bonobos use hidden clues to boost mating success
        Male bonobos have an impressive ability to detect when females are most fertile, even though the usual visual cues are unreliable. Researchers tracking wild bonobos in the Congo discovered that males skillfully interpret a mix of swelling timing and a female's reproductive history to pinpoint the optimal moment for mating. By blending these clues, they overcome nature's misleading signals and maximize their chances of fathering offspring.

      

      
        Mayo Clinic neurosurgeon reveals 8 back pain myths to stop believing
        Back pain is wrapped in persistent myths, but many are far from the truth. From misconceptions about heavy lifting and bed rest to confusion over posture, exercise, and surgery, Dr. Meghan Murphy breaks down what really causes pain and what actually helps. Her insights reveal that everyday habits, movement, and smart prevention often make a bigger difference than people realize.

      

      
        These simple habits could make your brain 8 years younger, study finds
        New research shows that your brain's "true age" can shift dramatically depending on how you live, with optimism, restorative sleep, stress management, and strong social support acting like powerful anti-aging tools. Using advanced MRI-based brain-age estimates, scientists found that people with multiple healthy lifestyle factors had brains up to eight years younger than expected -- even among those living with chronic pain.

      

      
        Scientists finally uncovered why the Indus Valley Civilization collapsed
        A series of century-scale droughts may have quietly reshaped one of the world's earliest urban civilizations. New climate reconstructions show that the Indus Valley Civilization endured repeated long dry periods that gradually pushed its people toward the Indus River as rainfall diminished. These environmental stresses coincided with shrinking cities, shifting settlements, and eventually widespread deurbanization. Rather than a dramatic collapse, the civilization appears to have faded slowly unde...

      

      
        New study shows some plant-based diets may raise heart disease risk
        Researchers tracking over 63,000 adults found that high-quality, minimally processed plant foods significantly reduce cardiovascular risk. But when those plant foods are ultra-processed, the advantage disappears--and can even backfire. Some ultra-processed plant diets increased risk by 40%. The study urges a shift toward whole, naturally nutrient-rich plant foods.

      

      
        Harvard gut discovery could change how we treat obesity and diabetes
        Scientists found that certain molecules made by gut bacteria travel to the liver and help control how the body uses energy. These molecules change depending on diet, genetics, and shifts in the microbiome. Some even improved insulin response in liver cells when tested in the lab. The findings could open the door to new ways of preventing or managing obesity and diabetes.

      

      
        Anxiety and insomnia linked to sharp drops in key immune cells
        Natural killer cells act as the immune system's rapid-response team, but the stress of anxiety and insomnia may be quietly thinning their ranks. A study of young women in Saudi Arabia found that both conditions were linked to significantly fewer NK cells--especially the circulating types responsible for destroying infected or abnormal cells. As anxiety severity increased, NK cell levels dropped even further, suggesting a stress-driven weakening of immune defenses.

      

      
        Researchers find how plants survive without sunlight or sex
        The study reveals how Balanophora plants function despite abandoning photosynthesis and, in some species, sexual reproduction. Their plastid genomes shrank dramatically in a shared ancestor, yet the plastids remain vital. Asexual reproduction appears to have evolved repeatedly, helping the plants survive in isolated, humid forest habitats. The research highlights surprising resilience in these bizarre parasitic species.

      

      
        Indoor tanning triples melanoma risk and seeds broad DNA mutations
        Researchers discovered that tanning beds cause widespread, mutation-laden DNA damage across almost all skin, explaining the sharply increased melanoma risk. Single-cell genomic analysis revealed dangerous mutations even in sun-protected regions. Survivors' stories underscore how early tanning habits have lifelong consequences. The findings push for stricter policies and clear public warnings.

      

      
        Stem cell pain sponge soaks up osteoarthritis joint pain and protects cartilage
        SereNeuro Therapeutics revealed promising results for SN101, a first-in-class iPSC-derived therapy designed to treat chronic osteoarthritis pain while protecting joint tissue. Instead of blocking pain pathways, SN101 uses lab-grown nociceptors that act like sponges, soaking up inflammatory pain factors without sending pain signals. These cells also release regenerative molecules, offering disease-modifying potential that stands apart from traditional corticosteroids and single-target drugs like N...

      

      
        Researchers identify viral suspects that could be fueling long COVID
        Scientists are uncovering a new possibility behind long COVID's stubborn symptoms: hidden infections that awaken or emerge alongside SARS-CoV-2. Evidence is mounting that viruses like Epstein-Barr and even latent tuberculosis may flare up when COVID disrupts the immune system, creating lingering fatigue, brain fog, and other debilitating issues.
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The gear meant to protect firefighters may carry hidden dangers | ScienceDaily
A new study published on Dec. 16 in Environmental Science & Technology Letters reports that some firefighter protective gear contains brominated flame retardants, chemicals that may pose health risks to firefighters.


						
The research is the first U.S. study to formally examine and document the use of brominated flame retardants in firefighter turnout gear, which is worn during emergency responses. The findings could play a role in how fire departments decide whether to continue using existing equipment or invest in replacements.

Structural firefighters -- those working in the built environment -- rely on turnout gear made up of three distinct layers. These include a flame-resistant outer shell, a middle moisture barrier that blocks germs while allowing airflow, and an inner lining designed to help regulate body temperature.

According to lead author Heather Stapleton, Ronie-Richele Garcia-Johnson Distinguished Professor at Duke University's Nicholas School of the Environment, manufacturers apply chemical treatments to these garments to ensure they meet strict safety standards set by the National Fire Protection Association.

PFAS Concerns Raise New Questions

For several years, firefighters have expressed concern about the presence of PFAS in turnout gear. These chemicals are used to repel oil and water and can also contribute to flame resistance. Numerous studies involving humans and animals have linked PFAS exposure to health problems, including certain cancers.

While no studies have directly connected PFAS treated turnout gear to health outcomes in firefighters, manufacturers have begun moving away from these chemicals. In addition, multiple states have passed laws that will ban the purchase of PFAS treated turnout gear starting in 2027.




As PFAS are phased out, attention has turned to what substances may be taking their place. Chemical ingredients used in turnout gear treatments are not typically disclosed by manufacturers.

"There was a rumor that one of the turnout gear manufacturers might be using brominated flame retardants in the non-PFAS treated textiles," Stapleton said. "Because some brominated flame retardants have known toxicity, I requested a sample of the gear in question to test.'"

Why Brominated Flame Retardants Matter

Brominated flame retardants are commonly added to fabrics and other products to reduce how easily they ignite. Exposure to these chemicals has been linked to health concerns including cancer, thyroid disease, and problems with brain development.

Stapleton's initial testing confirmed the presence of brominated flame retardants in the turnout gear sample. That finding led to a broader study conducted in collaboration with researchers at North Carolina State University's Wilson College of Textiles and the International Association of Fire Fighters. The goal was to examine how often PFAS and brominated flame retardants appeared in turnout gear made during different time periods.

Peeling Back the Layers

The research team analyzed nine sets of used turnout gear manufactured between 2013 and 2020, along with three sets produced in 2024 that were marketed as non-PFAS treated. Using two analytical techniques, the scientists tested each layer of the gear for both PFAS and brominated flame retardants. This approach allowed them to measure total chemical content as well as the portion that could transfer during use, referred to as "extractable" levels.




"We wanted to know which chemicals were intentionally applied during manufacturing, and we wanted to know what was likely to leach out over time, which could raise the risk of exposure through skin absorption or inhalation," Stapleton said.

As expected, PFAS were detected in all turnout gear produced between 2013 and 2020. In contrast, gear manufactured in 2024 showed only low or non-detectable extractable PFAS levels, indicating the garments had not been treated with these chemicals, consistent with manufacturer claims. The small amounts detected were likely picked up from the surrounding environment during use, the authors noted.

Every set of turnout gear tested also contained brominated flame retardants, with extractable levels generally higher than those measured for PFAS.

Higher Levels in PFAS Free Gear

The highest extractable concentrations of brominated flame retardants were found in gear marketed as non-PFAS treated, particularly within the moisture barrier. Stapleton said this suggests manufacturers intentionally added brominated flame retardants to meet flammability requirements, likely replacing a PFAS compound previously used in that layer.

Among the chemicals identified, decabromodiphenyl ethane, or DBDPE, appeared at the highest extractable levels.

Although no U.S. studies have examined health effects linked to DBDPE exposure, the researchers pointed to a 2019 study of workers at a chemical manufacturing plant in China. That study found associations between DBDPE exposure, altered thyroid hormone levels, and signs of thyroid disease.

"I was really surprised that the manufacturers used DBDPE in turnout gear," Stapleton said. "It has similar properties as a toxic chemical called decaBDE that has been largely phased out globally, raising questions about its safety."

Fire Exposure Versus Manufacturing Choices

For turnout gear produced between 2013 and 2020, the outer shell typically contained higher extractable levels of brominated flame retardants than the moisture barrier or inner lining. Stapleton said this pattern likely reflects buildup from smoke and soot encountered during fires.

"When building materials burn, they can release brominated flame retardants into the air that stick to gear and don't wash out very well," she explained.

At the same time, the presence of these chemicals in internal layers suggests that some manufacturers had incorporated brominated flame retardants into turnout gear treatments for years, even before PFAS began to be phased out, according to the authors.

Weighing the Costs

While researchers have not yet determined firefighters' exact exposure levels or the long-term health effects associated with these chemicals, the study provides new information for fire departments evaluating protective gear.

"Turnout gear is really expensive -- one set costs thousands of dollars -- and firefighters often use these garments for many years. Fire departments must consider both the financial and personal safety costs of keeping or replacing gear," said coauthor R. Bryan Ormond, an associate professor at the Wilson College of Textiles and director of NC State's Milliken Textile Protection and Comfort Center, who studies trade-offs in gear performance.

Stapleton noted that some manufacturers now offer turnout gear that avoids both PFAS and brominated flame retardants. She encouraged fire departments to push for clearer disclosure about chemical treatments used in protective equipment.

"We know firefighters receive higher exposure to multiple chemicals from all the hazards they face during their duty, and they shouldn't have to worry about receiving additional chemical exposures from their gear," said Stapleton, who also leads a study on cancer incidence in firefighters. "These first responders are a critically important component of our public safety and deserve to be respected and protected."

Study Support and Funding

This project was supported by the North Carolina Collaboratory at the University of North Carolina at Chapel Hill, with funding appropriated by the North Carolina General Assembly (to HMS and BO). HMS also wishes to thank Michael and Annie Falk for establishing the Falk Exposomics Laboratory.
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A hidden T cell switch could make cancer immunotherapy work for more people | ScienceDaily
Over the past ten years, T cell immunotherapy has emerged as one of the most promising developments in cancer treatment. These therapies work by training a patient's own immune system to detect and destroy dangerous cells. Despite their success, scientists have struggled to fully explain how these treatments function at a molecular level. This lack of understanding has slowed progress, especially since T cell therapies work well for only a small number of cancer types and fail in most others, for reasons that have remained unclear. Gaining insight into their modus operandi could help make these therapies effective for far more patients.


						
Scientists at The Rockefeller University have now uncovered crucial details about the T cell receptor (TCR), a protein complex embedded in the cell membrane that plays a central role in T cell therapies. Using cryo-EM, researchers from the Laboratory of Molecular Electron Microscopy studied the receptor in a biochemical setting designed to closely resemble its native milieu. They discovered that the TCR behaves like a jack-in-the-box, staying compact until it encounters an antigen or another suspicious particle, at which point it rapidly opens. This behavior contradicts what earlier cryo-EM studies of the receptor had shown.

The findings, published in Nature Communications, could help researchers improve and expand the use of T cell immunotherapies.

"This new fundamental understanding of how the signaling system works may help re-engineer that next generation of treatments," says first author Ryan Notti, an instructor in clinical investigation in Walz's lab and a special fellow in the Department of Medicine at Memorial Sloan Kettering Cancer Center, where he treats patients with sarcomas, or cancers that arise in soft tissue or bone.

"The T cell receptor is really the basis of virtually all oncological immunotherapies, so it's remarkable that we use the system but really have had no idea how it actually works -- and that's where basic science steps in," says Walz, a world expert in cryo-EM imaging. "This is some of the most important work to ever come out of my lab."

How T Cells Detect Threats

Walz's lab focuses on producing detailed images of macromolecular complexes, especially proteins found in cell membranes that help cells communicate with their surroundings. The TCR is one such complex. Made up of multiple proteins, it enables T cells to recognize antigens displayed by human leukocyte antigen (HLA) complexes on other cells. This recognition process is what T cell therapies rely on to mobilize the immune system against cancer.




Although scientists have known the individual parts of the TCR for many years, the earliest steps that trigger its activation have remained elusive. Notti, who works as both a physician and a researcher, found this gap especially troubling because many of his sarcoma patients were not benefiting from T cell immunotherapies.

"Determining that would help us understand how the information gets from outside the cell, where those antigens are being presented by HLAs, to the inside of the cell, where signaling turns on the T cell," he says.

Notti earned his Ph.D. in structural microbiology at Rockefeller before moving into oncology, and he suggested to Walz that they investigate this unanswered question together.

Rebuilding the TCR's Natural Environment

Walz's team is known for creating custom membrane environments that closely mimic the natural surroundings of membrane proteins. "We can change the biochemical composition, the thickness of the membrane, the tension and curvature, the size -- all kinds of parameters that we know have an influence on the embedded protein," Walz says.

For this study, the researchers set out to observe the TCR in conditions that closely resemble those inside a living cell. They placed the receptor into a nanodisc, a tiny disc-shaped section of membrane held in solution by a scaffold protein wrapped around its edge. Assembling the full receptor was difficult, and "getting all eight of these proteins properly assembled into the nanodisc was challenging," Notti says.




Previous structural studies of the TCR had relied on detergent, which often strips away the surrounding membrane. Walz notes that this was the first time the receptor complex had been restored to a membrane environment for detailed imaging.

Seeing the Receptor Switch On

Once the TCR was embedded in the nanodisc, the researchers used cryo-EM to visualize it. The images showed that the receptor remains closed and compact when inactive. When it encounters an antigen-presenting molecule, however, the structure opens and extends outward, resembling a wide-reaching motion.

The result surprised the team. "The data that were available when we began this research depicted this complex as being open and extended in its dormant state," Notti explains. "As far as anyone knew, the T cell receptor didn't undergo any conformational changes when binding to these antigens. But we found that it does, springing open like a sort of jack-in-the-box."

The researchers believe two factors made this discovery possible. First, they carefully recreated the TCR's in vivo membrane environment using the right lipid mixture. Second, they reinserted the receptor into a membrane using nanodiscs before conducting cryo-EM imaging. They found that an intact membrane keeps the receptor in a closed position until activation occurs. In earlier studies, detergent may have removed this restraint, allowing the receptor to open prematurely.

"It was important that we used a lipid mixture that resembled that of the native T cell membrane," says Walz. "If we had just used a model lipid, we wouldn't have seen this closed dormant state either."

Implications for Cancer Therapies and Vaccines

The team believes their findings could help improve treatments that rely on T cell receptors. "Re-engineering the next generation of immunotherapies tops the charts in terms of unmet clinical needs," Notti says. "For example, adoptive T cell therapies are being used successfully to treat certain very rare sarcomas, so one could imagine using our insights to re-engineer the sensitivity of those receptors by tuning their activation threshold."

Walz also sees potential applications beyond cancer therapy. "This information may be used for vaccine design as well," he adds. "People in the field can now use our structures to see refined details about the interactions between different antigens presented by HLA and T cell receptors. Those different modes of interaction might have some implication for how the receptor functions -- and ways to optimize it."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251218074429.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Astronomers just watched a black hole twist spacetime | ScienceDaily
The universe has delivered a rare breakthrough for researchers chasing one of the hardest effects to catch in the night sky.


						
In findings reported in Science Advances, scientists describe the first observations of a spiraling swirl in spacetime linked to a fast spinning black hole.

First evidence of black hole frame dragging

This phenomenon is called Lense-Thirring precession or frame-dragging. It refers to the way a rotating black hole twists the spacetime around it, tugging on nearby matter such as stars and causing their paths to wobble.

The research team was led by the National Astronomical Observatories at the Chinese Academy of Sciences, with support from Cardiff University. They focused on AT2020afhd, a tidal disruption event (TDE) where a star was ripped apart by a supermassive black hole.

As the star was destroyed, its remains formed a spinning disk around the black hole. From this disk, intense jets of material were launched at nearly the speed of light.

A 20 day cosmic wobble seen in X rays and radio

By tracking repeating patterns in both X ray and radio signals from the event, the researchers found that the disk and the jet were wobbling together. The motion repeated on a 20 day cycle.




Einstein first proposed the idea behind this effect in 1913, and it was later put into mathematical form by Lense and Thirring in 1918. These new measurements support a key prediction of general relativity and could help scientists investigate black hole spin, accretion physics, and how jets form.

Dr. Cosimo Inserra, a Reader in the School of Physics and Astronomy at Cardiff University and one of the paper's co-authors, said: "Our study shows the most compelling evidence yet of Lense-Thirring precession -- a black hole dragging space time along with it in much the same way that a spinning top might drag the water around it in a whirlpool.

"This is a real gift for physicists as we confirm predictions made more than a century ago. Not only that, but these observations also tell us more about the nature of TDEs -- when a star is shredded by the immense gravitational forces exerted by a black hole.

"Unlike previous TDEs studied, which have steady radio signals, the signal for AT2020afhd showed short-term changes, which we were unable to attribute to the energy release from the black hole and its surrounding components. This is further confirmed the dragging effect in our minds and offers scientists a new method for probing black holes."

Swift and VLA data plus spectroscopy

To pin down the frame dragging signal, the team analyzed X ray observations from the Neil Gehrels Swift Observatory (Swift) and radio measurements from the Karl G. Jansky Very Large Array (VLA).




They also examined the composition, structure and behavior of the material involved using electromagnetic spectroscopy, which helped them describe and identify the effect.

"By showing that a black hole can drag space time and create this frame-dragging effect, we are also beginning to understand the mechanics of the process," explains Dr. Inserra.

"So, in the same way a charged object creates a magnetic field when it rotates, we're seeing how a massive spinning object -- in this case a black hole -- generates a gravitomagnetic field that influences the motion of stars and other cosmic objects nearby.

"It's a reminder to us, especially during the festive season as we gaze up at the night sky in wonder, that we have within our grasp the opportunity to identify ever more extraordinary objects in all the variations and flavors that nature has produced."

The paper, 'Detection of disk-jet coprecession in a tidal disruption event', is published in Science Advances.
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The western U.S. Tried to stop wildfires and it backfired | ScienceDaily
Wildfires are not always purely destructive. In many forests, fire can clear out built up dead material, return nutrients to the soil, and help ecosystems reset. For more than 100 years, the United States has spent billions of dollars on fire suppression to protect people, homes, and sensitive environments. But putting out too many fires can also prevent landscapes from getting the burns they need, allowing extra fuel to accumulate and raising the risk of larger fires later.


						
New research to be presented at AGU's 2025 Annual Meeting in New Orleans reports that nearly 38 million hectares of land in the western United States are historically behind on burning. The researchers describe these areas as being in a "fire deficit." This estimate was revised from 59 million hectares in the abstract to a final total of 38 million hectares.

"Conditions are getting so warm and dry that it's causing huge amounts of fire compared to the historical record," said Winslow Hansen, director of the Western Fire and Forest Resilience Collaborative and scientist at Cary Institute of Ecosystem Studies. "However, we still are dealing with the legacy of 150 years of fire suppression. Together, drying conditions and overly dense fuels portend a challenging and more fiery future."

Hansen will present the findings on December 18 at AGU25, joining more than 20,000 scientists discussing the latest Earth and space science research.

How scientists mapped fire deficit and fire surplus

To determine where fire is missing and where it is happening too often, the team used geospatial evidence such as pollen records and dirt samples. From that information, they estimated historical fire return intervals, which were then reconstructed through the Landfire program.

When the team compared modern annual burn patterns with the historical record revealed by the data, they found that 74% of the western U.S. is currently in a fire deficit. To close that gap, forests would need about 3.8 million hectares to burn each year for a decade. That annual amount is three times the forest area that burned in 2020, which remains the record year for wildfire burn area in the U.S.




Strategies to reduce wildfire risk and restore healthier fire cycles

The scale of that burning is intimidating, but Hansen and his colleagues say there are several ways to make progress. They point to a mix of prescribed burns, mechanical thinning, and the use of managed wildfire to reduce the deficit.

"There are still lots of wildfires that burn today... that are reducing our fuel loads and revitalizing ecosystems," said Hansen. "Instead of suppressing those fires and putting them out, we've got to let them do good ecological work to help us tackle this challenge when risk is low."

Some regions have the opposite problem too much fire

Even as much of the West is overdue for fire, the southwest is dealing with the reverse situation. Human started wildfires have pushed shrublands and chapparal ecosystems into a fire surplus, especially in Southern California.

"You're getting more fire than you would have historically, which can even threaten resilience," Hansen said. "These shrubland ecosystems might not be able to regenerate if the fire is too frequent."

Parts of Cascadia are also showing a fire surplus, which the researchers link to climate change driving higher temperatures and more drought, conditions that can set the stage for blazes.




"I was a little bit surprised to see these signals of climate change-driven surplus already," said Hansen. "I'd expected that would be something we would see in the next decade or two instead."

Abstract information

B42C-08 Erasing the western US forest-fire deficit will require approximately 60 million hectares of ecologically beneficial burning over the next decade.

Thursday, December 18, 11:45 -- 11:55 Central Time

Room 265-266 NOLA Convention Center
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Your body feels cold in two different ways | ScienceDaily
Researchers led by Felix Viana, co-director of the Sensory Transduction and Nociception laboratory at the Institute for Neurosciences (IN), have discovered that the body does not sense cold in a single, uniform way. Instead, the skin and internal organs rely on different molecular systems to detect drops in temperature. The Institute for Neurosciences (IN) is a joint research center of the Spanish National Research Council (CSIC) and Miguel Hernandez University of Elche (UMH). This work provides new insight into how the body maintains temperature balance and may help explain disorders linked to abnormal cold sensitivity.


						
The findings were published in the scientific journal Acta Physiologica and show that cold perception varies depending on where it occurs in the body. In the skin, low temperatures are mainly detected by an ion channel called TRPM8, which is specialized for sensing cool environmental conditions. Inside the body, however, organs such as the lungs and stomach depend largely on a different molecular sensor known as TRPA1 to register temperature changes.

Why Cold Feels Different on Skin and Inside the Body

This division helps explain a familiar experience: cold on the skin feels very different from the sensation of breathing icy air or swallowing a cold drink. Each tissue type activates its own biological pathways to detect temperature shifts. As Felix Viana explains, "The skin is equipped with specific sensors that allow us to detect environmental cold and adapt defensive behaviors." He adds: "In contrast, cold detection inside the body appears to depend on different sensory circuits and molecular receptors, reflecting its deeper physiological role in internal regulation and responses to environmental stimuli."

Studying Cold-Sensing Nerves

To uncover these differences, the researchers used animal models that made it possible to directly study the sensory neurons responsible for detecting cold. They focused on two major nerve pathways. One was the trigeminal nerve, which carries sensory information from the skin and surface of the head. The other was the vagus nerve, a key communication route between the brain and internal organs such as the lungs and digestive system.

The team examined how neurons from these nerves responded to temperature changes using calcium imaging and electrophysiological recordings. These techniques allowed scientists to observe nerve activity in real time. They also applied drugs that selectively block certain molecular sensors, making it possible to pinpoint which ion channels were active in each type of neuron.




Genetic Evidence Confirms Distinct Roles

The researchers further strengthened their findings by studying genetically modified mice that lacked either the TRPM8 or TRPA1 sensors. By combining these experiments with gene expression analyses, they confirmed that each sensor plays a distinct role in cold perception depending on the tissue involved. The results show that temperature detection is closely matched to the specific physiological role of each part of the body, with internal organs using molecular mechanisms that differ from those found in the skin.

Katharina Gers-Barlag, first author of the study, emphasizes the broader significance of the work. "Our findings reveal a more complex and nuanced view of how sensory systems in different tissues encode thermal information. This opens new avenues to study how these signals are integrated and how they may be altered in pathological conditions, such as certain neuropathies in which cold sensitivity is disrupted."

Funding and International Collaboration

The research was supported by multiple funding sources, including the Spanish National Plan for Scientific and Technical Research and Innovation; the Spanish State Research Agency-Ministry of Science, Innovation and Universities, through the Severo Ochoa Programme for Centres of Excellence; and the Valencian Regional Government (Generalitat Valenciana). The study is also part of an international project funded by the Human Frontier Science Program (HFSP) and coordinated by Viana at the Institute for Neurosciences, which aims to understand the molecular foundations of cold perception in species adapted to extreme thermal environments.
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AI detects cancer but it's also reading who you are | ScienceDaily
    	A new study shows that artificial intelligence systems used to diagnose cancer from pathology slides do not perform equally for all patients, with accuracy varying across different demographic groups.
    	Researchers pinpointed three key reasons behind this bias and created a new approach that significantly reduced these differences.
    	The results emphasize why medical AI must be routinely evaluated for bias to help ensure fair and reliable cancer care for everyone.

Pathology and the Foundations of Cancer Diagnosis

For decades, pathology has been essential to how doctors diagnose and treat cancer. A pathologist studies an extremely thin slice of human tissue under a microscope, searching for visual signs that reveal whether cancer is present and, if so, what type and stage it has reached.

To a trained specialist, examining a pink, swirling tissue sample dotted with purple cells is like grading a test without a name on it -- the slide contains vital information about the disease, but it offers no clues about who the patient is.

When AI Sees More Than Expected

That assumption does not fully apply to artificial intelligence systems now entering pathology labs. A new study led by researchers at Harvard Medical School shows that pathology AI models can infer demographic details directly from tissue slides. This unexpected ability can introduce bias into cancer diagnosis across different patient groups.

After evaluating several widely used AI models designed to identify cancer, the researchers found that these systems did not perform equally for all patients. Diagnostic accuracy varied based on patients' self-reported race, gender, and age. The team also uncovered several reasons why these disparities occur.




To address the issue, the researchers developed a framework called FAIR-Path, which significantly reduced bias in the tested models.

"Reading demographics from a pathology slide is thought of as a 'mission impossible' for a human pathologist, so the bias in pathology AI was a surprise to us," said senior author Kun-Hsing Yu, associate professor of biomedical informatics in the Blavatnik Institute at HMS and HMS assistant professor of pathology at Brigham and Women's Hospital.

Yu emphasized that recognizing and correcting bias in medical AI is critical, since it can directly influence diagnostic accuracy and patient outcomes. The success of FAIR-Path suggests that improving fairness in cancer pathology AI, and possibly other medical AI tools, may not require major changes to existing systems.

The work, which was supported in part by federal funding, is described Dec. 16 in Cell Reports Medicine.

Putting Cancer AI to the Test

Yu and his colleagues examined bias in four commonly used pathology AI models currently being developed for cancer diagnosis. These deep-learning systems were trained on large collections of labeled pathology slides, allowing them to learn biological patterns and apply that knowledge to new samples.




The team evaluated the models using a large, multi-institutional dataset that included pathology slides from 20 different types of cancer.

Across all four models, performance gaps consistently emerged. The AI systems were less accurate for certain demographic groups defined by race, gender, and age. For example, the models struggled to distinguish lung cancer subtypes in African American patients and in male patients. They also showed reduced accuracy when classifying breast cancer subtypes in younger patients. In addition, the models had difficulty detecting breast, renal, thyroid, and stomach cancers in some demographic groups. Overall, these disparities appeared in roughly 29 percent of the diagnostic tasks analyzed.

According to Yu, these errors arise because the AI systems extract demographic information from the tissue images -- and then rely on patterns linked to those demographics when making diagnostic decisions.

The findings were unexpected. "Because we would expect pathology evaluation to be objective," Yu said. "When evaluating images, we don't necessarily need to know a patient's demographics to make a diagnosis."

This led the researchers to ask a key question: Why was pathology AI failing to meet the same standard of objectivity?

Why Bias Appears in Pathology AI

The team identified three main contributors to the bias.

First, training data are often uneven. Tissue samples are easier to obtain from some demographic groups than others, resulting in imbalanced datasets. This makes it harder for AI models to accurately diagnose cancers in groups that are underrepresented, including some populations defined by race, age, or gender.

However, Yu noted that "the problem turned out to be much deeper than that." In several cases, the models performed worse for certain demographic groups even when sample sizes were similar.

Further analysis pointed to differences in disease incidence. Some cancers occur more frequently in specific populations, allowing AI models to become especially accurate for those groups. As a result, the same models may struggle to diagnose cancers in populations where those diseases are less common.

The researchers also found that AI models can detect subtle molecular differences across demographic groups. For example, the systems may identify mutations in cancer driver genes and use them as shortcuts to classify cancer type -- which can reduce accuracy in populations where those mutations are less prevalent.

"We found that because AI is so powerful, it can differentiate many obscure biological signals that cannot be detected by standard human evaluation," Yu said.

Over time, this can cause AI models to focus on signals tied more closely to demographics than to the disease itself, weakening diagnostic performance across diverse patient groups.

Taken together, Yu said, these findings show that bias in pathology AI is influenced not only by the quality and balance of training data, but also by the way the models are trained to interpret what they see.

A New Approach to Reducing Bias

After identifying the sources of bias, the researchers set out to correct them.

They developed FAIR-Path, a framework based on an existing machine-learning method known as contrastive learning. This approach modifies AI training so that models focus more strongly on critical distinctions, such as differences between cancer types, while reducing attention to less relevant differences, including demographic characteristics.

When FAIR-Path was applied to the tested models, diagnostic disparities dropped by about 88 percent.

"We show that by making this small adjustment, the models can learn robust features that make them more generalizable and fairer across different populations," Yu said.

The result is encouraging, he added, because it suggests that meaningful reductions in bias are possible even without perfectly balanced or fully representative training datasets.

Looking ahead, Yu and his team are working with institutions worldwide to study pathology AI bias in regions with different demographics, clinical practices, and laboratory settings. They are also exploring how FAIR-Path could be adapted for situations with limited data. Another area of interest is understanding how AI-driven bias contributes to broader disparities in health care and patient outcomes.

Ultimately, Yu said, the goal is to develop pathology AI systems that support human experts by delivering fast, accurate, and fair diagnoses for all patients.

"I think there's hope that if we are more aware of and careful about how we design AI systems, we can build models that perform well in every population," he said.
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This tiny protein helps control how hungry you feel | ScienceDaily
New research suggests that a protein the body relies on to manage appetite and energy levels cannot function on its own. Instead, it depends on a partner protein to work properly. This discovery could help scientists better understand how genetic factors contribute to obesity.


						
In a study published in Science Signaling on December 16, an international research team led by scientists at the University of Birmingham examined how a helper protein known as MRAP2 supports an appetite regulating protein called MC3R. MC3R plays a key role in deciding whether the body stores energy or uses it.

Building on earlier hunger research

Previous studies had already shown that MRAP2 is essential for the activity of a related protein (MC4R), which is known to control hunger. The new research set out to determine whether MRAP2 provides the same kind of support for the closely related protein MC4R.

To explore this question, the researchers used cell models to observe how the proteins interact. They found that when MRAP2 was present in equal amounts with MC3R, cellular signaling became stronger. This result suggests that MRAP2 helps MC3R do its job of balancing energy intake with energy use. The team also identified specific regions of MRAP2 that are required for supporting signaling through both MC3R and MC4R.

How genetic mutations weaken appetite signals

The researchers then investigated what happens when MRAP2 carries genetic mutations that have been identified in some people with obesity. In these experiments, mutated versions of the supporter protein (MRAP2) failed to boost MC3R signaling. As a result, the appetite regulating protein did not respond as effectively.




These findings indicate that changes in MRAP2 can interfere with the hormone system that normally helps maintain energy balance. When this system does not work as intended, appetite regulation may be disrupted.

New clues for obesity risk and future treatments

Dr. Caroline Gorvin, Associate Professor at the University of Birmingham and lead author of the study, said: "The findings give us some important insights into what's going on in the hormonal system, related to some key functions like energy balance, appetite, and puberty timing.

"The identification of this protein, MRAP2, as a key aide or supporter to these essential appetite-regulating proteins also gives us new clues for people who have a genetic predisposition to obesity, and how MRAP2 mutations are a clear indication of risk."

By learning more about how MRAP2 supports appetite related signaling, researchers hope to determine whether future drugs could target this protein. Such treatments might strengthen feelings of fullness, reduce overeating, and improve the body's overall energy balance, offering new options for weight loss when dieting alone is not effective.

A collaborative effort in metabolism and cell signaling research

The research was carried out by a team from the Department of Metabolism and Systems Science and the Centre of Membrane Proteins and Receptors (COMPARE). COMPARE is a cross-University Research Centre involving the Universities of Birmingham and Nottingham, focused on studying how cells communicate in both health and disease. Its goal is to develop new therapies for widespread conditions such as cardiovascular disease, diabetes, and cancer. The center is supported by advanced research facilities, including the COMPARE Advanced Imaging Facility, which is available to researchers from academia and industry.
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Scientists prove "impossible" Earth-to-space quantum link is feasible | ScienceDaily
Quantum satellites are best known for sending entangled particles of light from orbit down to ground stations, a method used to create extremely secure communication links. New research now shows that the process can also work in reverse, with quantum signals sent from Earth up to a satellite, an approach long considered impractical.


						
This finding removes several major limitations facing today's quantum satellite systems. Equipment on the ground can draw on far more power, is simpler to service, and can produce much stronger signals. These advantages could be critical for building future networks that link quantum computers through satellites acting as relays.

Study Details and Recent Milestones

The research, titled "Quantum entanglement distribution via uplink satellite channels," by Professor Simon Devitt, Professor Alexander Solntsev and a research team from the University of Technology Sydney (UTS), was recently published in the journal Physical Review Research.

Quantum satellite communication has already seen important advances. China's Micius satellite, launched in 2016, enabled the first demonstrations of quantum-encrypted data sent from space. In 2025, the Jinan-1 microsatellite pushed this work further by establishing a 12,900 km quantum connection between China and South Africa.

Why Uplink Quantum Communication Was Dismissed

"Current quantum satellites create entangled pairs in space and then send each half of the pair down to two places on Earth -- called a 'downlink'," said Professor Solntsev. "It's mostly used for cryptography, where only a few photons (particles of light) are needed to generate a secret key."

Scientists largely ignored the opposite approach, in which entangled photons are produced on Earth and transmitted upward. This idea was seen as unrealistic because of expected losses, interference, and the scattering of light as it travels through the atmosphere.




Modeling the "Impossible" Scenario

"The idea is to fire two single particles of light from separate ground stations to a satellite orbiting 500 km above Earth, traveling at about 20,000 km per hour, so that they meet so perfectly as to undergo quantum interference. Is this even possible?" said Professor Devitt.

According to the researchers, careful modeling suggests the answer is yes. "Surprisingly, our modeling showed that an uplink is feasible. We included real-world effects such as background light from the Earth and sunlight reflections from the Moon, atmospheric effects and the imperfect alignment of optical systems," he said.

Toward a Scalable Quantum Internet

The team says the idea could be tested soon using drones or balloon-mounted receivers, providing a stepping stone toward large-scale quantum networks that span nations and continents using small satellites in low Earth orbit.

"A quantum internet is a very different beast from current nascent cryptographic applications. It's the same primary mechanism but you need significantly more photons -- more bandwidth -- to connect quantum computers," said Professor Devitt.




The uplink strategy may offer a practical solution. "The uplink method could provide that bandwidth. The satellite only needs a compact optical unit to interfere incoming photons and report the result, rather than quantum hardware to produce the trillions upon trillions of photons per second needed to overcome losses to the ground, allowing for a high-bandwidth quantum link. That keeps costs and size down and makes the approach more practical."

Quantum Entanglement as Everyday Infrastructure

Professor Devitt compares the long-term vision to modern electricity. "In the future, quantum entanglement is going to be a bit like electricity. A commodity that we talk about that powers other things. It's generated and transmitted in a way that is often invisible to the user; we just plug in our appliances and use it. This will ultimately be the same for large quantum entanglement networks. There will be quantum devices that plug into an entanglement source as well as a power source, utilizing both to do something useful," he said.

The project combines expertise from the UTS Faculty of Engineering and IT and the Faculty of Science, bringing together specialists in quantum networking, systems modeling, and photonics. It demonstrates how collaboration across disciplines at UTS is helping address some of the most demanding challenges in emerging technology.
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Mystery of King Tut's jars solved? Yale researchers find opium clues | ScienceDaily
Scientists examining an ancient alabaster vase in the Yale Peabody Museum's Babylonian Collection detected chemical traces of opiates. The Yale Ancient Pharmacology Program (YAPP) says this is the strongest evidence so far that opium use was widespread in ancient Egyptian society.


						
Andrew J. Koh, YAPP's principal investigator and the study's lead author, said the results also point to a bigger possibility. Similar ancient Egyptian alabaster vessels (all made of calcite mined from the same quarries in Egypt) including several remarkable examples from the tomb of Pharaoh Tutankhamun could also still carry traces of ancient opiates.

"Our findings combined with prior research indicate that opium use was more than accidental or sporadic in ancient Egyptian cultures and surrounding lands and was, to some degree, a fixture of daily life," said Koh, a research scientist at the Yale Peabody Museum. "We think it's possible, if not probable, that alabaster jars found in King Tut's tomb contained opium as part of an ancient tradition of opiate use that we are only now beginning to understand."

The study appeared in the Journal of Eastern Mediterranean Archaeology. It was coauthored by Agnete W. Lassen, associate curator of the Yale Babylonian Collection, and Alison M. Crandall, YAPP's lab manager.

A Vase Linked to Xerxes and Written in Four Ancient Languages

The alabaster vase bears inscriptions in four ancient languages: Akkadian, Elamite, Persian, and Egyptian. The text is dedicated to Xerxes I, who ruled the Achaemenid Empire from 486 to 465 BCE. Centered in Persia, that empire at its peak included Egypt, Mesopotamia, the Levant, Anatolia, and parts of Eastern Arabia and Central Asia.

Another inscription on the vessel is written in Demotic script, a simplified form of ancient Egyptian writing. It states the vase holds about 1,200 millimeters. (It is 22 centimeters tall.) The researchers noted that intact inscribed ancient Egyptian alabaster vessels are extremely rare, likely fewer than 10 in museum collections worldwide.




The team said the origins of these intact vessels are generally uncertain. Even so, the surviving examples appear to span the reigns of Achaemenid emperors Darius, Xerxes, and Artaxerxes, covering 550 to 425 BCE. Yale's vase has been in the Babylonian Collection since shortly after the university established the collection of about 40,000 ancient artifacts in 1911.

How YAPP Studies Ancient Residues in Museum Vessels

YAPP is based at the Peabody Museum and combines ethnography, science, and technology to investigate everyday life thousands of years ago. The group focuses on organic residues left on or inside ancient containers, which can reveal details about diet and lifestyle. To do this work, the program developed methods designed for residues that deteriorate over time and that can be contaminated, whether the objects come from museum collections or recent excavations.

"Scholars tend to study and admire ancient vessels for their aesthetic qualities, but our program focuses on how they were used and the organic substances they contained, knowledge that reveals a great deal of information about the daily lives of ancient peoples, included what they ate, the medicines they used, and how they spent their leisure time," Koh said.

Koh's attention was first drawn to the vase after he noticed dark-brown aromatic material inside it.

Chemical Biomarkers Confirm Opium Compounds

YAPP's testing found strong evidence of noscapine, hydrocotarnine, morphine, thebaine, and papaverine. These compounds are well-known diagnostic biomarkers for opium.




Researchers said the results align with earlier work that identified opiate residues in Egyptian alabaster vessels and Cypriot base-ring juglets. Those items came from a typical tomb in Sedment, Egypt, south of Cairo, believed to belong to a merchant family. That burial dates to the New Kingdom, when the Egyptian empire lasted from the 16th to the 11th century BCE.

Koh said these two discoveries, separated by more than a millennium and connected to different socio-economic groups, make it plausible that opium could be present in the many alabaster vessels found in Tutankhamun's tomb in the Valley of the Kings.

Opium Use Beyond Medicine and Into Ritual Life

Koh noted that historical signals of opium use often go beyond healing and into spiritual or ritual contexts across antiquity, from ancient Mesopotamia to Egypt and through the Aegean. During Tutankhamun's lifetime, for instance, people in Crete were linked to the so-called "poppy goddess" in clearly ritualistic settings. The poppy plant is also referenced in several ancient texts, including the Ebers Papyrus, Hippocrates, Dioscorides's De Materia Medica, and Galen.

King Tut's Tomb, Sticky Residues, and an Unfinished Investigation

Howard Carter, the Egyptologist and archaeologist, discovered Tutankhamun's tomb in November 1922. The find included an enormous collection of artifacts, among them many exquisitely preserved Egyptian alabaster vessels that likely represented the finest available during Tutankhamen's reign, which last from 1,333 to 1,323 BCE.

In 1933, analytical chemist Alfred Lucas, who worked with Carter's team, carried out a limited chemical study of the vessels. Many contained sticky, dark brown, aromatic organic material. Lucas could not identify the substances at the time, but he concluded most were not unguents or perfumes.

"That Lucas questioned whether any of the vessels contained perfumes or unguents at all and did not identify the remaining vessel contents as primarily aromatic in nature is significant given that the prevailing conventions at the time would have pressured him to do so," Koh said.

No additional testing of those organic materials has been done since Lucas' early effort. The vessels (along with most other artifacts from Tutankhamun's tomb) are now housed at the Grand Egyptian Museum in Giza, Egypt.

Looters Targeted the Contents, Not Just the Containers

The researchers said Carter recorded evidence of an ancient looting episode that focused on what was inside the alabaster vessels. Finger marks inside some jars suggest looters tried to scrape out the contents as completely as possible. Many of the looted vessels held the same kind of dark-brown aromatic material that Lucas concluded was not perfume. A small number of jars were not looted and still contain their original contents.

Koh said whatever was stored in these vessels was considered valuable enough to accompany Tutankhamen into the afterlife, and important enough that grave robbers were willing to risk an attempted theft.

He added that it seems unlikely people would have treated ordinary unguents and perfumes of the period as that valuable.

"We now have found opiate chemical signatures that Egyptian alabaster vessels attached to elite societies in Mesopotamia and embedded in more ordinary cultural circumstances within ancient Egypt," Koh said. "It's possible these vessels were easily recognizable cultural markers for opium use in ancient times, just as hookahs today are attached to shisha tobacco consumption. Analyzing the contents of the jars from King Tut's tomb would further clarify the role of opium in these ancient societies."
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A quantum mystery that stumped scientists for decades is solved | ScienceDaily
A global research team led by Rice University physicist Pengcheng Dai has verified the presence of emergent photons and fractionalized spin excitations in an unusual quantum spin liquid. Reported in Nature Physics, the work points to the crystal cerium zirconium oxide (Ce2Zr2O7) as a clean three-dimensional example of this exotic state of matter.


						
Quantum spin liquids have fascinated physicists for years because they could eventually support transformative technologies, including quantum computing and dissipationless energy transmission. Unlike ordinary magnets that settle into an orderly pattern, these materials avoid conventional magnetic order. Instead, their magnetic moments remain strongly quantum-entangled and in constant collective motion at temperatures close to absolute zero, producing behavior that resembles emergent quantum electrodynamics.

"We've answered a major open question by directly detecting these excitations," said Dai, the Sam and Helen Worden Professor of Physics and Astronomy. "This confirms that Ce2Zr2O7 behaves as a true quantum spin ice, a special class of quantum spin liquids in three dimensions."

Cleaner Measurements With Polarized Neutron Scattering

To pin down these elusive signatures, the researchers relied on advanced polarized neutron scattering. This approach helped them isolate the magnetic scattering they cared about while filtering out other signals, even as the system approached the zero temperature limit.

Their measurements also revealed emergent photon signals near zero energy -- a defining trait that separates quantum spin ice from more familiar phases found in conventional magnets. Additional evidence came from specific heat measurements, which supported the idea that these predicted emergent photons follow a dispersion resembling the way sound moves through a solid.

Earlier attempts to confirm this kind of behavior were often undermined by technical noise and incomplete data. The Rice-led team addressed those challenges through improved sample preparation and high-precision instruments, supported by an international effort involving major laboratories across Europe and North America.




First-of-Its-Kind Observation With Big Implications

In this three-dimensional candidate material, the researchers observed both emergent photons and spinons -- key hallmarks of quantum spin ice. The result resolves a long-running debate in condensed matter physics and gives scientists a strong platform for studying next-generation quantum phenomena and potential technology pathways.

Bin Gao, a research scientist in Rice's Department of Physics and Astronomy and the study's first author, said the findings back up decades of theoretical expectations.

"This surprising result encourages scientists to look deeper into such unique materials, potentially changing how we understand magnets and the behavior of materials in the extreme quantum regime," Gao said.

Research Team and Funding

Co-authors of this study include Felix Desrochers and Yong Baek Kim of the University of Toronto; Rice alumnus David Tam of the Paul Scherrer Institut; Silke Paschen, Diana Kirschbaum and Duy Ha Nguyen of Vienna University of Technology; Paul Steffens and Arno Hiess of the Institut Laue-Langevin; Yixi Su of Julich Centre of Heinz Maier-Leibnitz Zentrum; and Sang-Wook Cheong of Rutgers University.

The U.S. Department of Energy, the Gordon and Betty Moore Foundation and the Robert A. Welch Foundation supported this study.
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Young adults are using cannabis to sleep at alarming rates | ScienceDaily
New data from the University of Michigan's annual Monitoring the Future Panel Study shows that using substances to help with sleep is common among young adults. The study, funded by the National Institute on Drug Abuse, found that 22% of Americans ages 19 to 30 said they used cannabis, alcohol, or both to help themselves sleep.


						
Cannabis was used much more often than alcohol for sleep. About 18% of young adults reported using cannabis to fall asleep, while 7% said they used alcohol for the same reason. Among those who had used cannabis at any point in the past year, 41% said helping themselves fall asleep was one reason they used it.

Experts Warn Sleep Quality May Suffer

Researchers caution that relying on substances for sleep can cause problems over time. "Using these substances to get to sleep can backfire because they can interfere with the ability to stay asleep and with the quality of sleep," said Megan Patrick, research professor at the Institute for Social Research and principal investigator of the MTF Panel Study. "They appear to actually disrupt sleep in the long term. The fact that so many young adults reported that they use cannabis to sleep is alarming."

The study, published in JAMA Pediatrics, examined responses from 1,473 young adults across the United States. The researchers found notable differences based on gender and race in how substances were used for sleep.

Women were almost twice as likely as men to use cannabis to help them fall asleep. Participants who identified as another gender were more than four times as likely as men to report using cannabis for sleep. Black young adults were three times more likely than white young adults to say they used alcohol as a sleep aid.

Long-Term Use May Increase Risks

Patrick said repeated use of cannabis or alcohol for sleep may worsen sleep difficulties rather than solve them. "Long-term, regular use of these substances to get to sleep may lead to worse sleep problems and increased risk for substance use disorder," she said. "For example, frequently using a substance to get to sleep may lead to tolerance, or needing more of it to get the same effect. In other words, rather than resulting in better sleep, it may lead to additional sleep problems and escalating substance use."




This research is among the first national studies to closely examine how and why young adults use substances to manage sleep. The Monitoring the Future Panel Study follows nationally representative groups of U.S. students over time, tracking patterns of substance use as they move into adulthood.

Misconceptions About Substances and Sleep

Patrick emphasized that many young adults may believe cannabis or alcohol can improve sleep, even though evidence suggests the opposite. "Unfortunately, there is a misconception that substance use can be helpful for sleep problems, but it can make things worse," she said. "High-quality sleep is critical for mental health and regulating mood. Young adults told us that they are using cannabis to try to get to sleep, but doing so may make their sleep problems even worse. They need to know the potential risks."

Why Health Care Providers Should Pay Attention

Because sleep problems and substance use often occur together in young adulthood, the researchers say clinicians should be alert to this connection. The findings highlight the importance of screening for both issues and offering coordinated support when needed.

"Health care providers should understand how common both sleep problems and substance use are during young adulthood," Patrick said. "And that many young adults are using cannabis specifically to get to sleep. People who are trying to manage sleep problems should talk to their doctors or other providers."

The study was conducted by researchers at the University of Michigan's Institute for Social Research. Additional authors included Yuk Pang and Yvonne Terry-McElrath.
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Scientists rewired Down syndrome brain circuits by restoring a missing molecule | ScienceDaily
New research suggests that disrupted brain circuits in Down syndrome may be linked to a shortage of a specific molecule that the nervous system relies on to develop and work properly. The team says that bringing this molecule back, known as pleiotrophin, might help support brain function in Down syndrome and potentially other neurological conditions, possibly even later in life.


						
The work was done in laboratory mice, not in people, so it is not close to becoming a treatment. Even so, the researchers found that giving pleiotrophin improved brain function in adult mice after the brain had already finished forming. This raises the possibility of an advantage over earlier strategies aimed at strengthening Down syndrome related brain circuits, which would have required action during very narrow windows in pregnancy.

"This study is really exciting because it serves as proof-of-concept that we can target astrocytes, a cell type in the brain specialized for secreting synapse-modulating molecules, to rewire the brain circuitry at adult ages," said researcher Ashley N. Brandebura, PhD, who was part of the research team while at the Salk Institute for Biological Studies and is now part of the University of Virginia School of Medicine. "This is still far off from use in humans, but it gives us hope that secreted molecules can be delivered with effective gene therapies or potentially protein infusions to improve quality of life in Down syndrome."

Understanding Down syndrome and its health impacts

Down syndrome affects about 1 in 640 babies born each year in the United States, according to the federal Centers for Disease Control and Prevention. It results from an error in cell division during development and can be associated with developmental delays, hyperactivity, a shorter lifespan, and a higher risk of health issues that can include heart defects, thyroid problems, and hearing or vision difficulties.

Salk scientists led by Nicola J. Allen, PhD, set out to learn more about what drives Down syndrome by examining proteins inside brain cells in mouse models of the condition. They focused on pleiotrophin because it normally appears at very high levels at key stages of brain development and plays important roles in building synapses, the connections between nerve cells, and in shaping axons and dendrites, which help neurons send and receive signals. The researchers also noted that pleiotrophin levels are reduced in Down syndrome.

To test whether restoring pleiotrophin could improve brain function, the team used engineered viruses called viral vectors to deliver it to the right place. Viruses are often associated with illnesses like the flu, but researchers can modify them so they do not cause disease and instead carry helpful material. In this case, the virus was stripped of harmful components and loaded with beneficial cargo -- pleiotrophin -- so it could deliver the molecule directly into cells.




Astrocytes, synapses, and brain plasticity

The scientists reported that supplying pleiotrophin to astrocytes, a major type of brain cell, produced substantial effects. Among the changes, the number of synapses increased in the hippocampus, a region involved in learning and memory. The team also saw an increase in brain "plasticity" -- the ability to create or adjust connections that support learning and memory.

"These results suggest we can use astrocytes as vectors to deliver plasticity-inducing molecules to the brain," Allen said. "This could one day allow us to rewire faulty connections and improve brain performance."

Broader implications and next steps

The researchers emphasize that pleiotrophin is unlikely to be the only factor behind circuit problems in Down syndrome. They say more work is needed to understand the many contributors involved. Still, they argue that the results show the approach itself can work, and that it might eventually help beyond Down syndrome, including in other neurological diseases.

"This idea that astrocytes can deliver molecules to induce brain plasticity has implications for many neurological disorders, including other neurodevelopmental disorders like fragile X syndrome but also maybe even to neurodegenerative disorders like Alzheimer's disease," Brandebura said. "If we can figure out how to 'reprogram' disordered astrocytes to deliver synaptogenic molecules, we can have some greatly beneficial impact on many different disease states."

After finishing her postdoctoral training at Salk, Brandebura plans to continue this line of research at UVA Health. There, she is part of the UVA Brain Institute, the Department of Neuroscience and the Center for Brain Immunology and Glia (BIG Center).




Findings published and funding

The results were published in the journal Cell Reports. The article is opening access, meaning it is free to read. The research team included Brandebura, Adrien Paumier, Quinn N. Asbell, Tao Tao, Mariel Kristine B. Micael, Sherlyn Sanchez and Allen. The scientists report no financial interest in the work.

Support came from the Chan Zuckerberg Initiative and the National Institutes of Health's National Institute of Neurological Disorders and Stroke, grant F32NS117776.
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Scientists spent 10 years chasing a particle that wasn't there | ScienceDaily
After ten years of gathering and studying data, an international team of physicists that included researchers from Rutgers has overturned a long-standing idea about a mysterious type of particle.


						
The results were published in Nature and come from the MicroBooNE experiment at the U.S. Department of Energy's Fermi National Accelerator Laboratory (Fermilab) in Batavia, Illinois. (The acronym MicroBooNE stands for "Micro Booster Neutrino Experiment.")

A Decade-Long Test at Fermilab

MicroBooNE relies on a large liquid-argon detector and observations from two separate neutrino beams. By carefully tracking how neutrinos behave, scientists were able to rule out the existence of a single sterile neutrino with 95% certainty.

Andrew Mastbaum, an associate professor in the Department of Physics and Astronomy in the Rutgers School of Arts and Sciences and a member of the MicroBooNE leadership team, described the finding as a major shift for the field.

"This result will spark innovative ideas across neutrino research to understand what is really going on," he said. "We can rule out a great suspect, but that doesn't quite solve a mystery."

Why Neutrinos Matter

Neutrinos are extremely small particles that rarely interact with matter. They can travel straight through entire planets without slowing down. According to the Standard Model, which is the leading framework in particle physics, there are three known types of neutrinos: electron, muon and tau. These particles can transform from one type to another through a phenomenon known as oscillation.




In earlier experiments, however, scientists observed neutrino behavior that did not fully match the predictions of the Standard Model. To explain those results, researchers suggested the existence of a fourth type of neutrino called the sterile neutrino. Unlike the known types, a sterile neutrino would not interact with matter at all, except through gravity, making it exceptionally difficult to detect.

Putting the Sterile Neutrino to the Test

To investigate this idea, the MicroBooNE team measured neutrinos produced by two different beams and analyzed how they changed as they traveled. After ten years of collecting and interpreting data, the researchers found no evidence supporting the sterile neutrino hypothesis. This effectively shuts down one of the most widely discussed explanations for unusual neutrino behavior.

Mastbaum played a central role in guiding the experiment's analysis efforts as co-coordinator for analysis tools and techniques. His work focused on how raw detector signals were converted into meaningful scientific conclusions. He also previously led efforts to understand what the team calls systematic uncertainties, which are possible sources of error in the measurements.

These uncertainties include how neutrinos interact with atomic nuclei, the exact number of neutrinos in the beam and how the detector itself responds to incoming particles. Accurately accounting for these factors is essential for drawing firm conclusions from the data.

Getting these uncertainties right is critical because it allows scientists to make strong, reliable statements about what the data really shows, Mastbaum said.




Graduate Researchers and Data Accuracy

Graduate students from Rutgers also contributed to the project. Panagiotis Englezos, a doctoral student in the Department of Physics and Astronomy in the Rutgers School of Arts and Sciences, worked on the MicroBooNE Data Management Team, helping process experimental data and create simulations that supported the analysis.

Keng Lin, another doctoral student in the department, focused on validating the neutrino flux from Fermilab's NuMI (Neutrinos from the Main Injector) beam, which was one of the two neutrino sources used in the study. Together, these efforts helped ensure the precision and reliability of the final results.

What This Means for Physics

According to Mastbaum, the finding is significant because it removes a major candidate for new physics beyond the Standard Model. While the Standard Model has been highly successful, it does not explain phenomena such as dark matter, dark energy or gravity. Researchers continue to search for clues that point beyond the model, and eliminating one possibility helps narrow the field.

Rutgers scientists also helped advance methods for measuring how neutrinos interact in liquid argon. These improved techniques will benefit future projects, including the Deep Underground Neutrino Experiment (DUNE).

"With careful modeling and clever analysis approaches, the MicroBooNE team has squeezed an incredible amount of information out of this detector," Mastbaum said. "With the next generation of experiments, such as DUNE, we are already using these techniques to address even more fundamental questions about the nature of matter and the existence of the universe."
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A flesh-eating fly once eradicated is moving back toward the U.S. | ScienceDaily
When the New World screwworm last spread across the United States, it caused widespread damage to livestock and took decades to eliminate. That history is now driving a new effort by researchers at the University of California Riverside, who are working to stop the parasitic fly before it can reestablish itself.


						
Despite its name, the New World screwworm is not a worm. It is the larval, or maggot, stage of a metallic-looking blowfly known as Cochliomyia hominivorax. Most blowflies are harmless and play an important role by breaking down dead animals. This species is different because it feeds on living tissue.

"Not all blowflies are this species. We don't have to be afraid of all flies," said Amy Murillo, UCR assistant professor of entomology and principal investigator of the project. "But this particular species isn't one we want here."

Monitoring California for Early Warning Signs

Backed by $507,000 from the California Department of Food and Agriculture, UCR entomologists are launching a statewide monitoring program to detect any early signs of the fly's return. The screwworm lays its eggs in open wounds on warm-blooded animals, including humans. Once the eggs hatch, the maggots burrow into flesh in a corkscrew motion, which is how the insect got its name.

The New World screwworm was once common across California and much of the southern United States. About 60 years ago, it was successfully wiped out using a large-scale program that released millions of sterile male flies. Because female screwworms mate only once, the strategy caused the population to collapse. That effort pushed the species south to Panama, where the U.S. Department of Agriculture has maintained a protective barrier ever since.

A Growing Threat to the North

In recent years, the screwworm has started appearing again in parts of Central America and southern Mexico. Experts believe the resurgence is linked to the movement of infested animals, often transported by people who unknowingly help the pest spread.




"It hasn't been found in California yet, but it's within 70 miles of the Texas border," Murillo said. "We need to be prepared."

Traps, Lures, and Early Detection

Murillo is working with Alec Gerry, a UCR veterinary entomology professor and CE Specialist, to deploy traps across California. These traps use a lure developed by the USDA that mimics the smell of rotting flesh. While many blowfly species are attracted to it, the lure is also effective at drawing in the New World screwworm. Researchers will regularly check the traps for any sign that the invasive fly has crossed into the state.

The project also includes an outreach effort aimed at veterinarians, livestock handlers, and entomologists. These groups are the most likely to encounter screwworm infestations early, and catching an outbreak quickly is key to stopping it from spreading.

Why Livestock Face the Greatest Risk

Screwworms pose a serious threat to farm animals, especially those with common injuries from barbed wire, birthing, or procedures such as dehorning. Without treatment, infestations can quickly worsen as flies lay more eggs, enlarging wounds and sometimes leading to death.




California's dairy and cattle industries are particularly vulnerable. "Most people think of citrus or avocados as being our top exports, but it's actually dairy that leads our agricultural economy," Murillo said.

Public Awareness as a Line of Defense

Even though the fly has not been detected in California, researchers say public awareness is an important part of prevention. "Not all blowflies are harmful, and many are beneficial," Murillo said. "But if you notice something unusual on your pet or livestock, reach out to a vet. Don't ignore it."

If an outbreak were to happen again, Murillo said the same sterile insect technique used in the past would still be the most effective tool for stopping it.

Rare but Possible Human Infections

Although screwworms primarily target animals, humans can also be affected under certain conditions, particularly when open wounds go untreated. Infections have been documented in people who traveled to regions where the fly is active. Even so, livestock remain the primary concern.

"They need an opening in the flesh, and it doesn't have to be large. They don't make wounds, but they do exploit them," Murillo said.

Staying Alert Without Panic

Murillo emphasized that the goal is preparedness, not fear.

"You don't have to worry that they're going to start eating your flesh," Murillo said. "But we do hope that this project will help people to be more vigilant in recognizing and preventing screwworm infestations in animals should they return to California."
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He ate a hamburger and died hours later. Doctors found a shocking cause | ScienceDaily
Researchers at the University of Virginia School of Medicine have confirmed the first known death caused by the condition commonly referred to as the meat allergy, which is transmitted by ticks.


						
The case involved a 47 year old man from New Jersey who was previously healthy and died suddenly about four hours after eating beef. For months, the cause of his death remained unclear. That changed when Thomas Platts Mills, MD, PhD, a UVA Health physician and internationally recognized allergy specialist, took a closer look. Platts Mills originally identified the condition years ago and continues to lead research into how it affects patients.

How Lone Star Tick Bites Trigger Alpha Gal Allergy

The allergy develops after a bite from the Lone Star tick. These bites can cause the immune system to become sensitive to alpha gal, a sugar naturally found in meat from mammals. Once sensitized, people may experience allergic symptoms after eating foods such as beef, pork, or lamb. Common reactions include skin rashes, nausea, and vomiting.

Scientists have long suspected that severe cases could escalate into life threatening anaphylaxis. Until now, however, no fatal cases had been officially confirmed.

"The important information for the public is: First, that severe abdominal pain occurring 3 to 5 hours after eating beef, pork or lamb should be investigated as a possible episode of anaphylaxis; and, second, that tick bites that itch for more than a week or larvae of ticks often called 'chiggers' can induce or increase sensitization to mammalian-derived meat," said Platts Mills, former chief of UVA Health's Division of Asthma, Allergy and Clinical Immunology. "On the other hand, most individuals who have mild to moderate episodes of hives can control symptoms with an appropriate diet."

What Happened Before the Man's Death

The man, whose name was not made public, had gone camping with his wife and children during the summer of 2024. One evening, the family ate a late steak dinner at 10 p.m. Around 2 a.m., the man woke up with intense stomach pain, diarrhea, and vomiting. Although he felt better by morning, he later told his son that the episode had felt life threatening.




About two weeks later, still unaware that he had developed the meat allergy, he attended a barbeque and ate a hamburger. He began feeling unwell shortly after 7 p.m. At 7:37 p.m., his son found him collapsed in the bathroom.

Autopsy Raises More Questions Than Answers

An autopsy did not reveal a clear explanation for his death. The official cause was listed as "sudden unexplained death."

His wife was not satisfied with that conclusion and asked another physician to review the findings. That doctor contacted Platts Mills and his team to explore whether alpha gal sensitivity could be involved.

Blood Tests Reveal Severe Allergic Reaction

Platts Mills obtained blood samples that had been collected after the man's death. Testing showed that he had indeed been sensitized to alpha gal. The results also pointed to an extreme immune response consistent with fatal anaphylaxis.




When asked about recent tick exposure, the man's wife said he had not noticed any tick bites in the past year. However, she recalled that he had suffered 12 or 13 itchy bites around his ankles earlier in the summer, which they believed were caused by chiggers. Platts Mills recognized that many bites thought to be from chiggers in the eastern United States are actually from Lone Star tick larvae.

Factors That May Have Worsened the Reaction

Platts Mills and his colleagues believe several conditions may have intensified the man's allergic response. These include drinking a beer with the hamburger, exposure to ragweed pollen, and physical exercise earlier that day. Family members also noted that he rarely ate red meat, which may have influenced how his immune system reacted.

Growing Tick Populations Increase Risk

Following the case, Platts Mills is urging doctors to stay alert for patients who may have developed this allergy or who face higher exposure risk. He pointed out that deer populations are rapidly increasing in many states, creating ideal conditions for the Lone Star tick to spread.

"It is important that both doctors and patients who live in an area of the country where Lone Star ticks are common should be aware of the risk of sensitization," Platts Mills said. "More specifically, if they have unexpected episodes of severe abdominal pain occurring several hours after eating mammalian meat, they should be investigated for possible sensitization to the oligosaccharide alpha-gal."

Case Findings Published in Medical Journal

Details of the case have been published in the Journal of Allergy and Clinical Immunology: In Practice. The article is open access, meaning it is available to read for free. The authors include Platts Mills, Lisa J. Workman, Nathan E. Richards, Jeffrey M. Wilson, and Erin M. McFeely.

The research team obtained consent from the man's widow before releasing the findings.
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Ramanujan's 100-year-old pi formula is still revealing the Universe | ScienceDaily
Most people first encounter the irrational number p (pi) -- commonly approximated as 3.14 and extending infinitely without repeating -- during school lessons about circles. In recent decades, advances in computing have pushed this familiar constant far beyond the classroom, with powerful supercomputers now calculating pi to trillions of decimal places.


						
Researchers have now uncovered an unexpected twist. Physicists at the Centre for High Energy Physics (CHEP), Indian Institute of Science (IISc) report that mathematical formulas developed a century ago to compute pi are closely linked to some of today's most important ideas in fundamental physics. These connections appear in theoretical descriptions of percolation, fluid turbulence, and even certain features of black holes.

Ramanujan's Remarkable Pi Formulae

In 1914, shortly before leaving Madras for Cambridge, renowned Indian mathematician Srinivasa Ramanujan published a paper presenting 17 different formulas for calculating pi. These expressions were strikingly efficient, allowing pi to be computed much faster than existing techniques of the time. Despite containing only a small number of mathematical terms, the formulas produced an impressive number of accurate digits.

Their impact has endured. Ramanujan's methods became foundational to modern mathematical and computational approaches for calculating pi, including those used by today's most advanced machines. "Scientists have computed pi up to 200 trillion digits using an algorithm called the Chudnovsky algorithm," says Aninda Sinha, Professor at CHEP and senior author of the study. "These algorithms are actually based on Ramanujan's work."

A Deeper Question Behind the Mathematics

For Sinha and Faizan Bhat, the study's first author and a former IISc PhD student, the mystery went beyond computational efficiency. They asked why such powerful formulas should exist in the first place. Rather than treating them as purely abstract results, the team searched for an explanation rooted in physics.




"We wanted to see whether the starting point of his formulae fit naturally into some physics," says Sinha. "In other words, is there a physical world where Ramanujan's mathematics appears on its own?"

Where Pi Meets Scale Invariance and Physics Extremes

Their investigation led them to a broad family of theories known as conformal field theories, and more specifically to logarithmic conformal field theories. These theories describe systems that exhibit scale invariance symmetry -- meaning they look the same regardless of how closely they are examined, similar to fractals.

A familiar physical example appears at the critical point of water, defined by a precise temperature and pressure at which liquid water and water vapor become indistinguishable. At this point, water displays scale invariance symmetry, and its behavior can be captured using conformal field theory. Similar critical behavior arises in percolation (how substances spread through a material), during the onset of turbulence in fluids, and in certain theoretical treatments of black holes. These phenomena fall within the domain of logarithmic conformal field theories.

Using Ramanujan's Structure to Solve Physics Problems

The researchers discovered that the mathematical framework at the heart of Ramanujan's pi formulas also appears in the equations underlying these logarithmic conformal field theories. By exploiting this shared structure, they were able to compute key quantities within the theories more efficiently. Such calculations could ultimately improve scientists' understanding of complex processes like turbulence and percolation.




The approach mirrors Ramanujan's own method of starting from a compact mathematical expression and rapidly arriving at precise results for pi. "[In] any piece of beautiful mathematics, you almost always find that there is a physical system which actually mirrors the mathematics," says Bhat. "Ramanujan's motivation might have been very mathematical, but without his knowledge, he was also studying black holes, turbulence, percolation, all sorts of things."

A Century-Old Insight With Modern Impact

The findings reveal that Ramanujan's formulas, developed more than 100 years ago, offer a previously hidden advantage for making modern high-energy physics calculations faster and more manageable. Beyond their practical value, the researchers say the work highlights the extraordinary reach of Ramanujan's ideas.

"We were simply fascinated by the way a genius working in early 20th century India, with almost no contact with modern physics, anticipated structures that are now central to our understanding of the universe," says Sinha.
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A simple turn reveals a 1,500-year-old secret on Roman glass | ScienceDaily
In the quiet glow of a museum gallery, Hallie Meredith noticed something unexpected about ancient Roman glass that had gone unnoticed for generations.


						
In February 2023, the Washington State University art history professor and practicing glassblower was studying a private collection of Roman glass cage cups at the Metropolitan Museum of Art in New York City. These rare luxury vessels, carved from a single block of glass between 300 and 500 CE, have long been admired and analyzed for their craftsmanship. Meredith's insight did not come from new technology or specialized imaging. It came from curiosity and a simple physical action. She turned one of the cups around.

Overlooked Symbols and Ancient Makers' Marks

On the back of the late Roman vessel, Meredith noticed abstract openwork shapes carved alongside a short inscription wishing the owner a long life. The designs included (such as, diamonds, leaves, or crosses). For decades, these elements were treated as ornamental details. Meredith's research suggests a different interpretation. She believes these symbols functioned as makers' marks, identifying the workshops and artisans responsible for producing some of the most complex glass objects in the Roman world.

"Because I am trained as a maker, I kept wanting to flip things over," Meredith said. She began glassblowing as an undergraduate and has continued the practice throughout her career. "When that happens, patterns appear that everyone else has literally photographed out of the frame."

Tracing a Network of Roman Glassworkers

That moment of observation led Meredith to a broader investigation into how Roman glassmakers organized their work. In two recent academic papers, one published in April in the Journal of Glass Studies and another in October in World Archaeology, she documented the same symbols appearing on multiple carved glass objects. The repeated marks point to a shared visual system used by glassworkers between the fourth and sixth centuries CE.




By analyzing tool marks, inscriptions, and unfinished pieces, Meredith found evidence that these vessels were created by teams rather than individual artisans. Engravers, polishers, and apprentices appear to have worked together in coordinated workshops. What began as a simple act of turning a vessel revealed a previously unrecognized community of makers whose identities had faded from view.

Rethinking How Roman Glass Was Made

For more than two centuries, scholars have debated how Roman openwork glass vessels were produced. Theories have ranged from hand carving to casting or blowing. Much of this discussion focused narrowly on manufacturing techniques and inscriptions. Meredith's findings suggest that a fuller understanding requires attention to the people involved, not just the methods they used.

Each vessel, known as a diatretum, started as a thick-walled glass form that was carefully carved into two concentric layers connected by thin glass bridges. The finished lattice appears remarkably delicate, yet producing it demanded extraordinary time and physical endurance. Meredith's research indicates that multiple specialists collaborated on a single cup over extended periods. She argues that the abstract symbols marked workshop identity rather than individual authorship. "They weren't personal autographs," she said. "They were the ancient equivalent of a brand."

A Broader History of Ancient Craft Labor

Meredith expands on these ideas in her forthcoming book, The Roman Craftworkers of Late Antiquity: A Social History of Glass Production and Related Industries. The monograph is currently in production with Cambridge University Press and is expected to be released in 2026 or 2027.




Her hands-on experience as a glassblower strongly informs her academic work. She understands the physical demands of working molten glass and applies that practical knowledge to her study of ancient objects. At WSU, she teaches a course called Experiencing Ancient Making. Students recreate artifacts using 3D printing, attempt traditional making techniques, and use a digital app she developed to virtually disassemble historical objects. "The goal isn't perfect replication," she said. "It's empathy. Ancient craftworkers can be understood differently when their production processes are experienced."

Restoring Visibility to Ancient Artisans

That emphasis on empathy shapes Meredith's broader goal of bringing attention back to the laborers behind ancient material culture. "There's been a static picture of people who do the work," she said. "We presume we understand them because we focus on elites. But when the evidence is assembled, far more is known about these craftworkers than previously thought."

Her next research project combines art history with data science. Collaborating with WSU computer science students, Meredith is creating a searchable database that tracks unconventional writing across thousands of portable artifacts. The database includes misspellings, mixed alphabets, and coded inscriptions. She believes these features, once dismissed as meaningless errors, may reflect multilingual artisans adjusting written language for diverse audiences.

Seeing Ancient Objects Through New Eyes

Meredith's work encourages scholars and museum visitors alike to reconsider what ancient artifacts can reveal. When light catches the lattice of a diatretum, the glass shows more than technical brilliance. It also reflects the skill, collaboration, and creativity of the people who shaped it centuries ago.
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New study reveals how kimchi boosts the immune system | ScienceDaily
Growing seasonal concern about overlapping respiratory illnesses such as the common cold and influenza has increased interest in ways to support immune health. New clinical research now suggests that kimchi, a traditional Korean fermented food, can help strengthen immune cell function while keeping the immune system in balance.


						
Scientists have found that regular kimchi consumption supports the body's ability to defend against threats without triggering unnecessary immune activity. The findings add scientific weight to kimchi's long-held reputation as a health-promoting food.

Single Cell Study Reveals How Kimchi Regulates Immunity

The World Institute of Kimchi (President: Hae Choon Chang), a government-funded research organization under the Ministry of Science and ICT, released results from an advanced single-cell genetic study examining kimchi's effects on human immunity. The analysis indicates that kimchi has immunomodulatory properties, meaning it can calm excessive immune reactions while also improving protective immune functions.

According to the researchers, this is the first study worldwide to identify kimchi's immune-related effects at the single-cell level. The results also suggest that kimchi may benefit not only metabolic health but immune health as well.

Human Trial Design and Advanced Genetic Analysis

The clinical trial involved overweight adults who were divided into three groups (n = 13 each). Over a 12-week period, participants consumed either a placebo, kimchi powder made from naturally fermented kimchi, or kimchi powder produced using a starter culture fermentation method.




At the end of the intervention, researchers collected peripheral blood mononuclear cells (PBMCs) and analyzed them using single-cell transcriptomics analysis (scRNA-seq). This technique allowed the team to monitor changes in gene activity within individual immune cells, revealing subtle immune shifts that traditional testing methods often fail to detect.

Immune Cells Show Stronger Defense and Better Balance

The findings showed that participants who consumed kimchi experienced enhanced activity in antigen-presenting cells (APCs), which play a key role in detecting bacteria and viruses and signaling other immune cells. The study also found that CD4+ T cells developed into both protective and regulatory types in a balanced way.

These outcomes suggest that kimchi does more than simply activate immune responses. Instead, it functions as a "precision regulator," boosting immune defenses when needed while preventing excessive or unnecessary immune reactions.

Fermentation Method Influences Immune Benefits

Researchers also observed differences based on how the kimchi was fermented. While both naturally fermented kimchi and starter-fermented kimchi supported immune balance, the starter-fermented version produced stronger effects. These included improved antigen recognition by immune cells and a greater reduction in unnecessary immune signaling.




The team noted that these findings point to the potential for enhancing kimchi's health benefits through controlled fermentation technologies in the future.

Dr. Woo Jae Lee of the World Institute of Kimchi, who led the research, said, "Our research has proven for the first time in the world that kimchi has two different simultaneous effects: activating defense cells and suppressing excessive response." He added, "We plan to expand international research on kimchi and lactic acid bacteria in relation to immune and metabolic health in the future."

Kimchi's Growing Role as a Functional Food

The study helps position kimchi not only as a traditional fermented dish but as a functional food with scientifically demonstrated immune benefits. Researchers expect the findings to support future applications ranging from the development of health functional foods to improving vaccine effectiveness and reducing the risk of immune-related diseases.

The research was published in npj Science of Food (IF 7.8), a leading international journal in the field of food science.
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A new test could reveal Alzheimer's before symptoms appear | ScienceDaily
Researchers at Northern Arizona University (NAU) are testing a new approach that could make it easier for clinicians to spot Alzheimer's disease sooner and slow its progression.


						
The project is led by Travis Gibbons, an assistant professor in the Department of Biological Sciences. Supported in part by a grant from the Arizona Alzheimer's Association, the work focuses on brain metabolism and how the brain uses glucose, the sugar that powers thinking, movement, and emotion.

"The brain is like a muscle," Gibbons said. "It needs fuel to do work, and its gasoline is blood glucose. A healthy brain is greedy; it burns through glucose fast. But brain metabolism is slower when you have Alzheimer's. It can be viewed as a canary in the coal mine in the development of the disease."

Tracking Brain Glucose Metabolism Without Invasive Procedures

Because the brain is difficult to reach, measuring glucose metabolism has historically been tough for researchers. In earlier studies, scientists sometimes inserted catheters into veins in a patient's neck to collect blood as it left the brain. That kind of invasive sampling is not something that can be done during a routine checkup.

Gibbons and his NAU team are now pursuing a simpler option using commercially available kits designed to isolate and analyze microvesicles circulating in the bloodstream.

"Some of these microvesicles originate in a neuron in your brain, and they're like messengers carrying cargo," Gibbons explained. "With these test kits, we can find what kind of cargo is in a microvesicle and run tests on it. It's been described as a biopsy for the brain, but much less invasive. That's the appeal of it."

Microvesicles as a Potential "Biopsy for the Brain"




The method is still being developed, but it could reshape how Alzheimer's is detected and followed over time. Gibbons said the workflow is demanding and requires careful technique and patience, yet the possible payoff is significant.

In an earlier study, Gibbons and colleagues delivered insulin through the nose, which helps it reach the brain more effectively than standard injections. After that, the team collected blood leaving the brain and identified biomarkers linked to improved neuroplasticity. The group is now trying to find those same biomarkers in microvesicles.

Study Stages From Healthy Volunteers to Alzheimer's Patients

The research is moving step by step. Gibbons is first validating the approach in healthy participants. Next, he plans to compare findings among people with mild cognitive impairment and people diagnosed with Alzheimer's to see whether shifts in glucose metabolism can help track how the disease progresses.

"Brain function is notoriously hard to measure, but we're getting better and better at interrogating brain function through biomarkers," Gibbons said. "Soon, we might be able to help people protect their brain health and prevent Alzheimer's disease the same way we protect people from cardiovascular disease by prescribing moderate exercise and a healthy diet. That will help us manage the burden on aging people and society as a whole."

Gibbons, a member of the Arizona Alzheimer's Consortium (AAC), is conducting the study with Emily Cope, an NAU associate professor of biological sciences and fellow AAC member; K. Riley Connor, a Ph.D. student in biological sciences at NAU; and Philip Ainslie, a professor at the University of British Columbia's Centre for Heart, Lung & Vascular Health.
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A hidden star found where dust shouldn't exist | ScienceDaily
About 70 light-years from Earth, a star known as Kappa Tucanae A has long puzzled astronomers. It is surrounded by dust heated to more than 1,000 degrees Fahrenheit, glowing intensely while orbiting extremely close to the star. Under such conditions, the dust should not survive. It should either evaporate or be pushed away by the star's radiation in a short time.


						
Now, researchers at the University of Arizona believe they have found a crucial missing piece. They have identified a companion star that repeatedly passes through the same region where this unusually hot dust remains.

A Record-Setting Discovery

The findings were published in The Astronomical Journal and led by Thomas Stuber, a postdoctoral research associate at the University of Arizona's Steward Observatory. Using the European Southern Observatory's MATISSE instrument, the team achieved the highest-contrast detection of a stellar companion ever recorded with this technology.

This discovery gives scientists a rare natural "laboratory" for studying hot exozodiacal dust. This type of dust has become a major obstacle in the search for Earth-like planets around other stars.

Why Hot Exozodiacal Dust Is So Confusing

Hot exozodiacal dust challenges basic ideas about how planetary systems behave. The particles are incredibly small, comparable to smoke from a fire, and they orbit extremely close to their stars. The intense heat and radiation in these regions should destroy the dust almost immediately.




"If we see dust in such large amounts, it needs to be replaced rapidly, or there needs to be some sort of mechanism that extends the lifetime of the dust," Stuber said.

A Problem for Finding Other Earths

The mystery becomes even more important because hot dust often appears around stars that scientists hope might host Earth-like planets. NASA's planned Habitable Worlds Observatory (HWO), expected to launch in the 2040s, is designed to block out starlight using advanced coronagraphs so faint planets can be seen.

Hot dust interferes with this process by creating what researchers call "coronagraphic leakage" -- scattered light that can hide the signals of potentially habitable worlds. Learning where this dust comes from and how it behaves will be essential for future planet-hunting missions.

A Surprise Revealed by Interferometry

To investigate the system more closely, Stuber's team used interferometry, a method that combines light from multiple telescopes to simulate a much larger one. The researchers observed Kappa Tucanae A repeatedly between 2022 and 2024.




The international team initially planned to track changes in the dust over time. Instead, they uncovered something unexpected: a companion star moving on a highly elongated orbit. At its closest approach, it comes within 0.3 astronomical units of the main star -- closer than any planet in our solar system gets to the sun.

A Stellar Laboratory Takes Shape

According to Stuber, this finding changes how scientists view the entire system. Rather than being a simple mystery, Kappa Tucanae A now serves as a complex environment for studying extreme stellar interactions. The companion star travels far from the system before plunging back through the dust-filled inner region.

"There's basically no way that this companion is not somehow connected to that dust production," said Steward Observatory Associate Astronomer Steve Ertel, a co-author of the study. "It has to be dynamically interacting with the dust."

Decades of Technical Expertise

The breakthrough reflects years of leadership in interferometry at Steward Observatory. Its Large Binocular Telescope Interferometer (LBTI), funded by NASA and located on Mount Graham, transformed the study of warm exozodiacal dust, which is less extreme than the hot dust seen around Kappa Tucanae A.

The instrument's stability and sensitivity helped establish Steward as a global center for exozodiacal dust research. This success attracted major support from NASA, the National Science Foundation, and private donors, and placed the observatory at the forefront of exoplanet science.

Building the Next Generation of Instruments

That experience is now shaping future technology. Steward researchers are contributing to a new European nulling interferometer that will be 50 times more sensitive than earlier instruments.

The connection is personal as well as technical. Denis Defrere, who leads development of the European instrument, previously trained at Steward Observatory as a postdoctoral researcher and helped build the LBTI.

"Steward has established itself as the global leader to this kind of research, which is really critical for exo-Earth imaging," said Ertel, who received a NASA grant to study exozodiacal dust using the new instrument.

New Paths for Understanding Cosmic Dust

The Kappa Tucanae A system opens many new research opportunities. By examining how the companion star interacts with the dust, scientists hope to learn more about where hot dust comes from, what it is made of, how large the particles are, and how they are distributed.

The work may clarify whether magnetic fields trap charged dust particles, as suggested by Steward researchers George Rieke and Andras Gaspar. It could also test whether frequent comet activity replenishes the dust, a process studied by Steward researcher Virginie Faramaz-Gorka, who is also a co-author on the paper. Other, entirely different physical processes may also be at play.

Looking Ahead to Future Discoveries

The findings suggest that other stars with hot dust may also host hidden companions. Researchers at Steward Observatory now plan to reexamine systems observed in the past, searching for stars that may have been overlooked.

As NASA's Habitable Worlds Observatory moves closer to launch, discoveries like this provide essential insight into the environments astronomers will face.

"Considering the Kappa Tucanae A system was observed many times before, we did not even expect to find this companion star," Stuber said. "This makes it even more exciting to now have this unique system that opens up new pathways to explore the enigmatic hot exozodiacal dust."
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Scientists reveal why some brains stop growing too soon | ScienceDaily
Why do some children develop a brain that is unusually small (microcephaly)? A global team of scientists from the German Primate Center -- Leibniz Institute for Primate Research (DPZ), Hannover Medical School (MHH), and the Max Planck Institute of Molecular Cell Biology and Genetics set out to answer this question using human brain organoids. These lab-grown models allowed the researchers to closely examine how changes in key structural proteins inside cells can interfere with early brain development.


						
Their work, documented in EMBO Reports, shows that mutations in actin genes disrupt how early brain progenitor cells divide. When these cells fail to divide correctly, their numbers drop, limiting overall brain growth and resulting in a smaller brain. "Our findings provide the first cellular explanation for microcephaly in people with the rare Baraitser-Winter syndrome," says Indra Niehaus, first author of the study and research associate at Hannover Medical School.

How the Cell's Internal Framework Shapes Brain Development

Actin plays a central role in the cytoskeleton, the internal framework that gives cells structure and helps move materials inside them. In people with Baraitser-Winter syndrome, a mutation affects one of two crucial actin genes. To understand the consequences, the researchers reprogrammed skin cells from affected patients into induced pluripotent stem cells. These stem cells were then used to grow three-dimensional brain organoids that mimic early stages of human brain formation.

After thirty days of development, the differences were striking. Organoids grown from patient cells were about 25 percent smaller than those grown from healthy donor cells. The ventricle-like regions inside the organoids, where progenitor cells gather and begin forming early nerve cells, were also much smaller.

A Shift in Crucial Brain Cell Populations

When the scientists examined the types of cells inside the organoids, they found a clear imbalance. The number of apical progenitor cells, which are essential for building the cerebral cortex, was significantly lower. At the same time, there was an increase in basal progenitor cells, which usually appear later as development progresses.




This shift suggested that the timing and outcome of cell division had been altered, potentially explaining why the brain tissue failed to expand normally.

When Cell Division Orientation Goes Wrong

Using high-resolution microscopy, the team closely tracked how apical progenitor cells divided. Under normal conditions, these cells divide mainly at right angles to the ventricular surface. This orientation ensures that cellular components are evenly shared and that two new apical progenitor cells are produced.

In organoids carrying the actin mutation, this pattern changed dramatically. Vertical divisions became far less common, while horizontal and angled divisions dominated. As a result, apical progenitor cells were less able to renew themselves. They detached from the ventricular zone more often and were more likely to become basal progenitor cells instead.

"Our analyses show very clearly that a change in the division orientation of the progenitor cells is the decisive trigger for the reduced brain size," says Michael Heide, group leader at the German Primate Center and last author of the study. "A single change in the cytoskeleton is sufficient to disrupt the course of early brain development."

Tiny Structural Changes With Lasting Effects

Electron microscopy revealed additional, subtle defects at the ventricular surface. Cell shapes appeared uneven, and extra protrusions formed between neighboring cells. Researchers also observed unusually high levels of tubulin at cell junctions. Tubulin is another cytoskeletal protein that plays a key role in cell division.




Although the overall structure of the cells remained intact, these small abnormalities may be enough to permanently alter how cells orient themselves during division.

Proving the Mutation Is the Cause

To confirm that the observed differences were truly caused by the actin mutation and not by other genetic variations, the researchers performed a crucial control experiment. They used CRISPR/Cas9 to introduce the exact same mutation into a healthy stem cell line. Brain organoids grown from these edited cells developed the same defects seen in patient-derived organoids -- a proof that the mutation itself is the driving factor.

What This Discovery Means for Medicine

The findings shed light on how rare genetic mutations can lead to complex brain malformations and demonstrate the value of brain organoids in biomedical research. "Our findings help us understand how rare genetic disorders lead to complex brain malformations and highlight the potential of brain organoids for biomedical research," says Michael Heide.

"The therapeutic potential of this study lies in diagnostics, as our data helps to better classify genetic findings in patients. Since the disease affects early fetal development processes, interventions in humans would be complex. However, new drugs that influence the interaction between actin and microtubules could open up new approaches in the long term," says Nataliya Di Donato, Director of the Institute of Human Genetics at Hannover Medical School.
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This 8,000-year-old art shows math before numbers existed | ScienceDaily

By closely examining prehistoric pottery, Prof. Yosef Garfinkel and Sarah Krulwich of the Hebrew University traced the oldest consistent use of plant imagery in human art to more than 8,000 years ago. The pottery comes from the Halafian culture of northern Mesopotamia (c. 6200-5500 BCE). Their findings show that early farming communities carefully painted flowers, shrubs, branches, and trees, arranging them in ways that reflect deliberate geometric structure and numerical order.

Botanical Imagery Enters Prehistoric Art

In earlier periods, prehistoric artists mainly depicted people and animals. Halafian pottery marks a turning point, introducing plants as a recurring and thoughtfully designed subject in visual culture.

The researchers examined artifacts from 29 archaeological sites and recorded hundreds of plant motifs. Some were drawn in a realistic style, while others were more abstract, but all showed intentional design rather than random ornamentation.

"These vessels represent the first moment in history when people chose to portray the botanical world as a subject worthy of artistic attention," the authors note. "It reflects a cognitive shift tied to village life and a growing awareness of symmetry and aesthetics."

Hidden Numerical Patterns in Floral Designs

One of the most notable discoveries involves the way flowers were arranged on the pottery. Many bowls display floral patterns with petal numbers that follow clear numerical sequences, including 4, 8, 16, 32, and even groupings of 64 flowers.




The researchers argue that these patterns were planned rather than accidental and indicate an advanced understanding of how to divide space evenly. This type of reasoning appears thousands of years before the first written numerical systems.

"The ability to divide space evenly, reflected in these floral motifs, likely had practical roots in daily life, such as sharing harvests or allocating communal fields," Garfinkel explains.

This research contributes to the growing field of ethnomathematics, which explores how mathematical ideas are expressed through cultural practices and artistic traditions.

A Broad Range of Plant Motifs

The pottery designs reflect a wide variety of plant forms, including:
    	Flowers with carefully balanced petals
    	Seedlings and shrubs depicted with clear botanical features
    	Branches arranged in repeating, rhythmic patterns
    	Large trees sometimes shown alongside animals or architectural elements

Interestingly, none of the images portray edible plants. This absence suggests the designs were not meant to document agriculture or ritual practices. Instead, the authors suggest the emphasis on flowers may relate to their association with positive emotional responses, making them especially appealing subjects for decoration.




Rethinking the Origins of Mathematics

Although written mathematical records appear much later in Sumer, the Halafian pottery points to an earlier and more intuitive form of mathematical reasoning. This reasoning relied on symmetry, repetition, and visual organization rather than written symbols.

"These patterns show that mathematical thinking began long before writing," Krulwich says. "People visualized divisions, sequences, and balance through their art."

By systematically documenting these plant-based designs and uncovering their mathematical structure, the study provides fresh insight into how early societies perceived nature, organized shared spaces, and demonstrated complex cognitive abilities long before formal mathematics emerged.
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1.5-million-year-old fossil face is forcing a rethink of human origins | ScienceDaily
An international research team led by Dr. Karen Baab, a paleoanthropologist at the College of Graduate Studies, Glendale Campus of Midwestern University in Arizona, created a digital reconstruction of the face of early Homo erectus. The fossil, known as DAN5, is dated to about 1.5 to 1.6 million years old and was discovered at Gona in Ethiopia's Afar region. The rebuilt face looks more archaic than many scientists expected, offering fresh clues about one of the first human species to expand across Africa and Eurasia. The results were published in Nature Communications.


						
Dr. Baab says the reconstruction adds a surprising new twist: "We already knew that the DAN5 fossil had a small brain, but this new reconstruction shows that the face is also more primitive than classic African Homo erectus of the same antiquity. One explanation is that the Gona population retained the anatomy of the population that originally migrated out of Africa approximately 300,000 years earlier."

Gona's Deep Record of Fossils and Stone Tools

The Gona Paleoanthropological Research Project in Ethiopia's Afar region is co-directed by Dr. Sileshi Semaw (Centro Nacional de Investigacion sobre la Evolucion Humana, Spain) and Dr. Michael Rogers (Southern Connecticut State University). The Gona area has produced hominin fossils older than 6.3 million years ago, along with stone tools covering the past 2.6 million years of human evolution.

For this reconstruction, scientists combined a fossil brain case (previously described in 2020) with smaller facial fragments from the same individual, DAN5, dated to between 1.6 and 1.5 million years ago. Using virtual methods, the team reassembled the face fragments (and teeth) to build what they describe as the most complete fossil human skull from the Horn of Africa for this time period. Researchers classify DAN5 as Homo erectus, a long-lasting species found across Africa, Asia, and Europe after about 1.8 million years ago.

How Micro-CT Scans Rebuilt the DAN5 Skull

To piece the fossil together, the team used high-resolution micro-CT scans of four major facial fragments recovered during fieldwork at Gona in 2000. They built 3D digital models from those scans, then carefully aligned and reassembled the fragments on a computer. Where possible, they positioned the teeth into the upper jaw. The final stage involved "attaching" the reconstructed face to the braincase to create a mostly complete cranium. The process took about a year and required multiple rounds of refinement before the team settled on the final reconstruction.




Dr. Baab, who led the reconstruction work, compared it to "a very complicated 3D puzzle, and one where you do not know the exact outcome in advance. Fortunately, we do know how faces fit together in general, so we were not starting from scratch."

A Mix of Homo erectus Traits and Older Features

The study suggests that the Gona population living around 1.5 million years ago combined traits typically associated with Homo erectus in the braincase with more ancestral features in the face and teeth that are usually linked to earlier species. The researchers point to examples such as a relatively flat bridge of the nose and large molars.

To reach these conclusions, the team compared the size and shape of the DAN5 face and teeth with fossils from the same geological age, as well as specimens that are older and younger. A similar trait combination has been reported before in Eurasia, but DAN5 is described as the first fossil showing this pattern within Africa. That finding challenges the idea that Homo erectus evolved outside Africa. "I'll never forget the shock I felt when Dr. Baab first showed me the reconstructed face and jaw," says Dr. Yousuke Kaifu of the University of Tokyo, a co-author of the study.

Dr. Baab argues the broader fossil record still points toward an African origin for the species: "The oldest fossils belonging to Homo erectus are from Africa, and the new fossil reconstruction shows that transitional fossils also existed there, so it makes sense that this species emerged on the African continent. But the DAN5 fossil postdates the initial exit from Africa, so other interpretations are possible."

Dr. Rogers agrees that the new skull highlights how varied early humans could be. "This newly reconstructed cranium further emphasizes the anatomical diversity seen in early members of our genus, which is only likely to increase with future discoveries."

Dr. Semaw adds that the fossil is also notable for its archaeological context: "It is remarkable that the DAN5 Homo erectus was making both simple Oldowan stone tools and early Acheulian handaxes, among the earliest evidence for the two stone tool traditions to be found directly associated with a hominin fossil."




What Comes Next for DAN5 and Early European Fossils

Next, the researchers want to compare DAN5 with some of the earliest known human fossils from Europe. These include remains assigned to Homo erectus as well as Homo antecessor, a distinct species, with both dated to around one million years ago. "Comparing DAN5 to these fossils will not only deepen our understanding of facial variability within Homo erectus but also shed light on how the species adapted and evolved," says study co-author Dr. Sarah Freidline of the University of Central Florida.

The team also hopes future discoveries will help test other possibilities, including scenarios involving genetic admixture between species, similar to what has been documented much later among Neanderthals, modern humans and "Denisovans." One idea is that DAN5 could reflect admixture between classic African Homo erectus and the earlier Homo habilis species. As Dr. Rogers puts it, "We're going to need several more fossils dated between one to two million years ago to sort this out."
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A loud minority makes the Internet look far more toxic than it is | ScienceDaily
Americans tend to believe that online spaces are far more hostile than they actually are. Many assume that nearly half of people on major platforms regularly post cruel, aggressive, or abusive comments. In reality, truly severe online toxicity is much rarer. One striking example is Reddit, where Americans estimate that 43% of users post highly toxic comments, even though research shows the real figure is closer to just 3%. This gap between perception and reality can quietly fuel a broader sense of pessimism about other people and about society as a whole.


						
To better understand this disconnect, researchers Angela Y. Lee, Eric Neumann, and their colleagues surveyed 1,090 American adults using the online research platform CloudResearch Connect. The goal was to compare what people believe about harmful online behavior with actual data collected in previous large-scale studies of social media platforms.

The results showed that people dramatically overestimate how common toxic behavior is. On Reddit, participants believed toxic commenters were 13 times more common than they truly are. A similar pattern appeared on Facebook. Participants guessed that 47% of users share false or misleading news stories, even though existing research suggests the real number is about 8.5%. In other words, people assume that misinformation and harmful content dominate social media feeds far more than they actually do.

Recognizing Toxic Content Does Not Fix the Misbelief

Interestingly, this inflated perception was not simply due to confusion about what counts as toxic content. In a signal detection task, a type of psychological test used to measure how accurately people can identify specific signals amid noise, many participants correctly recognized examples of toxic online posts. Even so, they still believed that a large share of users regularly produce such content.

This suggests that the problem is not an inability to spot harmful behavior, but a mistaken belief about how widespread it is. People may remember extreme posts more vividly or encounter them more often because social media algorithms amplify attention grabbing content, leading them to assume that such behavior is the norm.

How Correcting the Misperception Changes Attitudes

The researchers also tested whether changing these beliefs could influence how people feel about society. In an experiment, participants were shown accurate information about how rare severe online toxicity actually is. Afterward, many reported feeling more optimistic and less concerned that society is in moral decline. They were also less likely to believe that most Americans are comfortable with harmful or aggressive online behavior.

According to the authors, people often confuse a very small but extremely vocal group of users with the majority. A limited number of highly active accounts produce most toxic and harmful content, creating the illusion that it reflects widespread attitudes. Recognizing this distinction may help reduce the negative emotional effects associated with social media and could improve social cohesion by reminding people that most users are not behaving badly online.
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Living cells may generate electricity from motion | ScienceDaily
Scientists have developed a new theoretical explanation for how living cells might generate electricity on their own. At the center of the idea is the cell membrane, the thin, flexible layer that surrounds every living cell and controls what enters and leaves it. Rather than being a static barrier, this membrane is constantly moving and reshaping itself at very small scales. The new framework shows that these tiny motions can give rise to real electrical effects.


						
The research was led by Pradeep Sharma and his colleagues, who built a mathematical model to explore how physical forces inside cells interact with biological activity. Their work focuses on how motion at the molecular level can translate into electrical signals across the membrane.

Molecular Activity That Makes Membranes Move

Inside every cell, proteins are constantly changing shape, interacting with other molecules, and carrying out chemical reactions. One important process is ATP hydrolysis, which is how cells break down adenosine triphosphate to release energy. These active biological processes do not happen quietly. They push and pull on the cell membrane, causing it to bend, ripple, and fluctuate.

The model shows that these ongoing membrane movements can trigger a phenomenon known as flexoelectricity. Flexoelectricity occurs when bending or deformation in a material produces an electrical response. In this case, the bending of the cell membrane can create an electrical difference between the inside and outside of the cell.

Voltage Levels Comparable to Nerve Signals

According to the framework, the electrical voltages created across the membrane can be surprisingly strong. In some cases, they can reach up to 90 millivolts. That level is notable because it is similar to the voltage changes seen in neurons when they fire electrical signals.




The timing also matches what happens in the nervous system. The voltage shifts can occur within milliseconds, which aligns closely with the shape and speed of typical action potential curves for neurons. This suggests that the same physical principles could play a role in how nerve cells communicate.

Driving Ion Movement Against Natural Gradients

The theory goes further by predicting that these membrane driven voltages could actively move ions. Ions are electrically charged atoms that cells use to send signals and maintain balance. Normally, ions flow along electrochemical gradients, meaning they move from areas of high concentration to low concentration.

The new model suggests that active membrane fluctuations could push ions in the opposite direction, working against those gradients. The researchers connect this behavior to specific properties of the membrane, including how stretchy it is and how it responds to electric fields. These properties help determine which direction ions move and what type of charge they carry.

From Single Cells to Tissues and New Materials

Looking ahead, the authors suggest that this framework could be expanded beyond individual cells. By applying the same principles to groups of cells, scientists could explore how coordinated membrane activity leads to larger scale electrical patterns across tissues.

The researchers argue that this mechanism offers a physical foundation for understanding sensory perception, neuronal firing, and even how living cells might harvest energy internally. It may also help bridge neuroscience with the development of bio inspired and physically intelligent materials, offering new ways to design systems that mimic the electrical behavior of living tissue.
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AI learns to decode the diseases written in your DNA | ScienceDaily
Scientists at the Icahn School of Medicine at Mount Sinai have created a new artificial intelligence system that can do more than flag harmful genetic mutations. The tool can also forecast the types of diseases those mutations are most likely to cause.


						
The approach, known as V2P (Variant to Phenotype), is intended to speed up genetic testing and support the development of new therapies for rare and complex illnesses. The research was published in the December 15 online issue of Nature Communications.

Predicting disease from genetic variation

Most existing genetic analysis tools are able to estimate whether a mutation is potentially damaging, but they typically stop there. They do not explain what kind of disease may result. V2P is designed to overcome this limitation by using advanced machine learning to connect genetic variants with their expected phenotypic outcomes -- meaning the diseases or traits a mutation may produce. In this way, the system helps predict how a person's DNA could affect their health.

"Our approach allows us to pinpoint the genetic changes that are most relevant to a patient's condition, rather than sifting through thousands of possible variants," says first author David Stein, PhD, who recently completed his doctoral training in the labs of Yuval Itan, PhD, and Avner Schlessinger, PhD. "By determining not only whether a variant is pathogenic but also the type of disease it is likely to cause, we can improve both the speed and accuracy of genetic interpretation and diagnostics."

Training the AI to find the right mutation

To build the model, the researchers trained V2P on a large dataset containing both harmful and harmless genetic variants, along with detailed disease information. This training allowed the system to learn patterns linking specific variants to health outcomes. When tested using real, de-identified patient data, V2P frequently ranked the true disease-causing mutation within the top 10 candidates, demonstrating its potential to simplify and accelerate genetic diagnosis.




"Beyond diagnostics, V2P could help researchers and drug developers identify the genes and pathways most closely linked to specific diseases," says Dr. Schlessinger, co-senior and co-corresponding author, Professor of Pharmacological Sciences, and Director of the AI Small Molecule Drug Discovery Center at the Icahn School of Medicine at Mount Sinai. "This can guide the development of therapies that are genetically tailored to the mechanisms of disease, particularly in rare and complex conditions."

Expanding precision medicine and drug discovery

At present, V2P sorts mutations into broad disease categories, such as nervous system disorders or cancers. The research team plans to enhance the system so it can make more detailed predictions and combine its results with additional data sources to further assist drug discovery.

The researchers say this advance marks meaningful progress toward precision medicine, where treatments are selected based on an individual's genetic profile. By linking genetic variants to their likely disease effects, V2P could help clinicians reach diagnoses faster and help scientists uncover new targets for therapy.

"V2P gives us a clearer window into how genetic changes translate into disease, which has important implications for both research and patient care," says Dr. Itan, co-senior and co-corresponding author, Associate Professor of Artificial Intelligence and Human Health, and Genetics and Genomic Sciences, a core member of The Charles Bronfman Institute for Personalized Medicine, and a member of The Mindich Child Health and Development Institute at the Icahn School of Medicine at Mount Sinai. "By connecting specific variants to the types of diseases they are most likely to cause, we can better prioritize which genes and pathways warrant deeper investigation. This helps us move more efficiently from understanding the biology to identifying potential therapeutic approaches and, ultimately, tailoring interventions to an individual's specific genomic profile."

The paper is titled "Expanding the utility of variant effect predictions with phenotype-specific models."

The study's authors, as listed in the journal, are David Stein, Meltem Ece Kars, Baptiste Milisavljevic, Matthew Mort, Peter D. Stenson, Jean-Laurent Casanova, David N. Cooper, Bertrand Boisson, Peng Zhang, Avner Schlessinger, and Yuval Itan.

This research was supported by National Institutes of Health (NIH) grants R24AI167802 and P01AI186771, funding from the Fondation Leducq, and the Leona M. and Harry B. Helmsley Charitable Trust grant 2209-05535. Additional support came from NIH grants R01CA277794, R01HD107528, and R01NS145483. The work also received partial support through Clinical and Translational Science Awards (CTSA) grant UL1TR004419 from the National Center for Advancing Translational Sciences, as well as support from the Office of Research Infrastructure of the NIH under award numbers S10OD026880 and S10OD030463.
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Colon cancer is surging in younger adults and doctors are alarmed | ScienceDaily
Colorectal cancer has long been viewed as a condition that primarily affects older adults. That assumption is changing as more cases are now being diagnosed in younger people, a shift that is raising concern among health experts around the world. Public awareness increased sharply after the death of actor Chadwick Boseman in 2020 at age 43, which highlighted the growing number of colorectal cancer (CRC) cases occurring in people under 50 and challenged long-standing ideas about who is most at risk.


						
As Colon Cancer Awareness Month draws attention to this trend, researchers are examining the forces behind the rise in early-onset CRC. At the same time, advances in genetic testing are opening new possibilities for prevention and earlier detection.

Rising Rates of Colorectal Cancer in Younger Adults

A large international study published in The Lancet Oncology found a clear increase in CRC diagnoses among younger adults. From 2013 to 2017, incidence rates rose in 27 of the 50 countries included in the analysis for people under the age of 50. Although the highest numbers continue to appear in North America and Europe, notable increases were also reported across Eastern Europe, South-Central and Southeastern Asia, and South America.

Researchers believe this global pattern reflects broad changes in daily life, including shifts in diet, reduced physical activity, urban living, and environmental exposures. Specialists emphasize that earlier screening, healthier eating habits, and stronger public education are essential to slow this trend. Without effective intervention, experts warn that early-onset CRC cases are likely to continue rising over the coming decades.

Lifestyle and Diet Linked to Increased Risk

Research increasingly points to diet as a major contributor to colorectal cancer risk. High intake of ultra-processed foods, red and processed meats, and sugary drinks has been associated with inflammation and a greater susceptibility to cancer.




One example comes from Kazakhstan, where a population study found that average meat consumption was almost double the World Cancer Research Fund's recommended limit of 500 grams per week. The same study showed that only 8.6% of participants consumed fish at recommended levels, a pattern that may contribute to nutritional imbalances linked to higher cancer risk.

Obesity is another important factor tied to CRC. Excess body fat can drive chronic inflammation and interfere with normal metabolic processes. However, researchers note that obesity's role may be more complex than it appears. An analysis of 18 studies revealed that many CRC patients experience unintended weight loss before diagnosis, suggesting that standard measures used to assess obesity-related risk may not fully capture its impact.

Genetic Factors and Inherited Cancer Syndromes

Genetics also plays a significant role in early-onset colorectal cancer. According to Dr. Alexei Tsukanov, head of the Laboratory of Genetics at the National Medical Research Center for Radiology, many younger CRC cases are linked to inherited cancer syndromes such as Lynch syndrome and familial adenomatous polyposis. These disorders are caused by mutations in tumor-suppressor genes, which sharply increase the likelihood of developing CRC at a younger age.

Despite the importance of early diagnosis, warning signs are often overlooked. Symptoms can include lasting changes in bowel habits, blood in the stool, unexplained weight loss, and ongoing abdominal discomfort.

Dr. Tsukanov emphasizes the value of genetic testing for individuals with a family history of colorectal cancer. "Identifying a hereditary mutation allows us to implement lifelong clinical monitoring and early intervention, significantly improving survival rates," he explains.




New screening technologies are also expanding detection options. Tools such as BGI Genomics' COLOTECT(r) Stool DNA Methylation Test identifies CRC-related genetic markers (SDC2, ADHFE1, and PPP2R5C) through stool DNA analysis, providing a non-invasive approach to identifying cancer-related changes at an earlier stage.

Screening Gaps and the Need for Public Awareness

Access to colorectal cancer screening varies widely across regions. In parts of Eastern Europe and Central Asia, screening programs remain uneven. Countries including Kazakhstan, Lithuania, Latvia, and Georgia have established national screening efforts, while others depend on opportunistic testing. This inconsistency leaves many cases undetected until later stages.

Education is seen as a critical step toward improving outcomes. "To improve early detection, we must educate both healthcare providers and the public about the importance of screening," says Jemma Arakelyan, an advisor at the Immune Oncology Research Institute and CEO of The Institute of Cancer and Crisis in Armenia.

Colorectal cancer is no longer confined to older populations. Younger adults are increasingly affected, with unhealthy lifestyle patterns playing a major role. Addressing this growing challenge will require coordinated action from governments, healthcare systems, and individuals to raise awareness, support healthier choices, and expand access to early screening. The urgency of the situation continues to grow.
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Hidden dimensions could explain where mass comes from | ScienceDaily
The geometry of space itself may play a far more central role in physics than previously thought. Instead of serving only as the backdrop where forces act, spacetime may be responsible for the forces and particles that make up the universe.


						
New theoretical work suggests that the fundamental behavior of nature could arise directly from the structure of spacetime, pointing to geometry as the common origin of physical interactions.

Hidden Dimensions and Seven-Dimensional Geometry

In a paper published in Nuclear Physics B, physicist Richard Pincak and collaborators examine whether the properties of matter and forces can emerge from the geometry of unseen dimensions beyond everyday space.

Their research proposes that the universe includes additional dimensions that are not directly observable. These dimensions may be compact and folded into complex seven-dimensional shapes called G2-manifolds. Until now, such geometric structures were typically treated as fixed and unchanging. The new study instead explores what happens when these shapes are allowed to evolve over time through a mathematical process known as the G2-Ricci flow, which gradually alters their internal geometry.

Twisting Geometry and Stable Structures

"As in organic systems, such as the twisting of DNA or the handedness of amino acids, these extra-dimensional structures can possess torsion, a kind of intrinsic twist," explains Pincak. This torsion introduces a built-in rotation within the geometry itself.




When the researchers modeled how these twisted shapes change over time, they found that the geometry can naturally settle into stable patterns called solitons. "When we let them evolve in time, we find that they can settle into stable configurations called solitons. These solitons could provide a purely geometric explanation of phenomena such as spontaneous symmetry breaking."

Rethinking the Origin of Mass

In the Standard Model of particle physics, mass arises through interactions with the Higgs field, which gives weight to particles such as the W and Z bosons. The new theory suggests a different possibility. Instead of relying on a separate field, mass may result from torsion within extra-dimensional geometry itself.

"In our picture," Pincak says, "matter emerges from the resistance of geometry itself, not from an external field." In this view, mass reflects how spacetime responds to its own internal structure rather than the influence of an added physical ingredient.

Cosmic Expansion and a Possible New Particle

The researchers also connect geometric torsion to the curvature of spacetime on large scales. This relationship could help explain the positive cosmological constant associated with the accelerating expansion of the universe.




Beyond these cosmological implications, the team speculates about the existence of a previously unknown particle linked to torsion, which they call the "Torstone." If real, it could potentially be detected in future experiments.

Extending Einstein's Geometric Vision

The broader ambition of the work is to push Einstein's idea further. If gravity arises from geometry, the authors ask whether all fundamental forces might share the same origin. As Pincak puts it, "Nature often prefers simple solutions. Perhaps the masses of the W and Z bosons come not from the famous Higgs field, but directly from the geometry of seven-dimensional space."

The article published in the journal Nuclear Physics B.

The research was supported by R3 project No.09I03-03-V04-00356.
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A new way to prevent gum disease without wiping out good bacteria | ScienceDaily
All living organisms adapt in order to survive, and bacteria are no exception. Over many decades, some bacteria have gradually become resistant to widely used antibiotics and disinfectants, creating serious challenges for medicine and public health. At the same time, countless bacterial species play a helpful and often critical role in keeping the human body healthy. This raises an important question. Instead of trying to eliminate bacteria, could scientists find ways to influence how they behave to reduce disease and improve health?


						
Bacteria are far from silent. Inside the human mouth, roughly 700 different bacterial species constantly exchange information through a process called quorum sensing. This chemical communication allows bacteria to coordinate their actions as a group. Many oral bacteria rely on signaling molecules known as N-acyl homoserine lactones (AHLs) to send and receive these messages.

Investigating Bacterial Communication in Dental Plaque

Researchers at the University of Minnesota, Twin Cities College of Biological Sciences and the School of Dentistry set out to explore how bacteria in the mouth communicate and whether that communication could be deliberately disrupted. Their goal was to determine if interfering with these signals could help prevent plaque buildup and support a healthier oral microbiome. The findings, published in the journal npj Biofilms and Microbiomes, suggest this approach could reshape how doctors think about treating bacterial diseases.

Key Findings From the Study

The researchers discovered several important patterns in how oral bacteria communicate and organize themselves:
    	Bacteria in dental plaque generate AHL signals in oxygen-rich areas (such as above the gumline), and those signals can be detected by bacteria living in oxygen-poor regions (beneath the gumline).
    	Eliminating AHL signals using specialized enzymes called lactonases led to an increase in bacterial species associated with good oral health.
    	These results indicate that carefully chosen enzymes might be used to reshape dental plaque communities and help maintain a healthy balance of microbes.

Dental Plaque as a Living Ecosystem

"Dental plaque develops in a sequence, much like a forest ecosystem," said Mikael Elias, associate professor in the College of Biological Sciences and senior author of the study. "Pioneer species like Streptococcus and Actinomyces are the initial settlers in simple communities -- they're generally harmless and associated with good oral health. Increasingly diverse late colonizers include the 'red complex' bacteria like Porphyromonas gingivalis, which are strongly linked to periodontal disease. By disrupting the chemical signals bacteria use to communicate, one could manipulate the plaque community to remain or return to its health-associated stage."




"What's particularly striking is how oxygen availability changes everything," said lead author Rakesh Sikdar. "When we blocked AHL signaling in aerobic conditions, we saw more health-associated bacteria. But when we added AHLs under anaerobic conditions, we promoted the growth of disease-associated late colonizers. Quorum sensing may play very different roles above and below the gumline, which has major implications for how we approach treatment of periodontal diseases."

Toward New Microbiome-Based Treatments

The researchers plan to next examine how bacterial signaling differs across various regions of the mouth and among patients at different stages of periodontal disease. "Understanding how bacterial communities communicate and organize themselves may ultimately give us new tools to prevent periodontal disease -- not by waging war on all oral bacteria, but by strategically maintaining a healthy microbial balance," said Elias. The team believes this strategy could eventually lead to therapies for other parts of the body, where imbalances in the microbiome are linked to illness and certain forms of cancer.

Funding for the research was provided by the National Institutes of Health.
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Physicists found a way to see heat in empty space | ScienceDaily
Scientists at Stockholm University and the Indian Institute of Science Education and Research (IISER) Mohali have outlined a realistic strategy to observe one of the most unusual ideas in modern physics: the Unruh effect. This effect predicts that an object that is speeding up (accelerating) would experience empty space as slightly warm. In practice, however, producing enough acceleration to directly heat something is far beyond what laboratory experiments can achieve. The researchers instead describe how this extremely weak effect could be transformed into a distinct, precisely timed burst of light.


						
The basic setup is easier to picture than the underlying physics. Consider a collection of atoms placed between two parallel mirrors. These mirrors can influence how quickly the atoms release light. Under the right conditions, the atoms stop acting independently and instead emit light together, like a choir singing in unison -- much louder than solo singers. This phenomenon is known as superradiance.

According to the new work, if the atoms experience the subtle warmth associated with the Unruh effect, that influence gently shifts their behavior. The result is that the collective flash of light occurs slightly earlier than it would if the atoms were not accelerating. This advance in timing becomes a clear and measurable sign of the Unruh effect.

Turning a Whisper Into a Clear Signal

"We've found a way to turn the Unruh effect's whisper into a shout," said Akhil Deswal, a PhD student at IISER Mohali. "By using carefully spaced high-quality mirrors, we make ordinary background signals quieter while the acceleration-seeded burst comes out early and clean."

An important advantage of this approach is that it dramatically reduces how much acceleration is needed. Without high-quality mirrors, the required acceleration would be far greater and well beyond practical limits.

Why Timing Makes the Difference

"Timing is the key," added Navdeep Arya, a postdoctoral researcher at Stockholm University. "The choir of atoms is not only louder but also shouts earlier if they feel the faint Unruh effect-related warmth of empty space. That simple clock-like marker can make it easier to separate the Unruh signal from everyday noise."




By focusing on when the light appears rather than how intense it is, the method offers a new way to isolate the desired signal from background effects that normally overwhelm it.

Connecting Laboratory Experiments to Extreme Physics

By tackling a detection problem that has challenged physicists for decades, the proposal helps narrow the gap between standard laboratory equipment and phenomena usually associated with extreme environments. Since acceleration and gravity are closely linked, similar timing-based methods could eventually allow scientists to study delicate quantum effects driven by gravity -- right on the lab bench.

The research, co-authored with Kinjalk Lochan and Sandeep K. Goyal of IISER Mohali, has been published in Physical Review Letters.
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Why consciousness exists at all | ScienceDaily
Our everyday lives are shaped by conscious experience. At times, this experience is pleasant, such as feeling sunlight on your skin, hearing birds sing, or simply enjoying a peaceful moment. At other times, it is painful, whether from a physical injury like hurting your knee on the stairs or from ongoing emotional struggles such as chronic pessimism. This raises a fundamental question: why did living beings evolve a form of perception that includes pleasure, pain, and even intense suffering?


						
Albert Newen and Carlos Montemayor describe consciousness as having three distinct forms, each serving a different role: 1. basic arousal, 2. general alertness, and 3. a reflexive (self-)consciousness. According to Newen, basic arousal was the first to emerge in evolutionary history. "Evolutionarily, basic arousal developed first, with the base function of putting the body in a state of ALARM in life-threatening situations so that the organism can stay alive," he explains. Pain plays a crucial role here. "Pain is an extremely efficient means for perceiving damage to the body and to indicate the associated threat to its continued life. This often triggers a survival response, such as fleeing or freezing."

How Attention and Learning Evolved

A later evolutionary development is general alertness. This form of consciousness allows an individual to focus on one important signal while filtering out others. For example, if someone is talking to you and you suddenly notice smoke, your attention shifts immediately to the smoke as you look for its source. As Carlos Montemayor explains, "This makes it possible to learn about new correlations: first the simple, causal correlation that smoke comes from fire and shows where a fire is located. But targeted alertness also lets us identify complex, scientific correlations."

Self Awareness and Social Life

Humans and some other animals go a step further by developing reflexive (self-)consciousness. In its more advanced form, this ability allows individuals to think about themselves, remember the past, and anticipate the future. It also makes it possible to build a mental image of oneself and use that image to guide decisions and plans. Newen notes, "Reflexive consciousness, in its simple forms, developed parallel to the two basic forms of consciousness. In such cases conscious experience focuses not on perceiving the environment, but rather on the conscious registration of aspects of oneself." These aspects include bodily states, perceptions, sensations, thoughts, and actions.

A simple example of reflexive consciousness is recognizing oneself in a mirror. Human children usually develop this ability around 18 months of age. It has also been observed in certain animals, including chimpanzees, dolphins, and magpies. At its core, reflexive conscious experience supports social integration and coordination with others, helping individuals function within groups.




What Birds Perceive

Research by Gianmarco Maldarelli and Onur Gunturkun suggests that birds may also possess basic forms of conscious perception. Their work highlights three main areas where birds show strong similarities to mammals: sensory consciousness, underlying brain structures, and forms of self-consciousness.

Evidence of Sensory Experience in Birds

Studies of sensory consciousness show that birds do more than automatically react to stimuli. They appear to have subjective experiences. When pigeons are shown visually ambiguous images, they alternate between different interpretations, much like humans do. Research on crows provides further evidence. Certain nerve signals in their brains reflect what the animal perceives rather than the physical stimulus itself. When a crow sometimes consciously detects a stimulus and sometimes does not, specific nerve cells respond in line with that internal experience.

Bird Brains and Conscious Processing

Bird brains also contain structures that support conscious processing, even though their anatomy differs from that of mammals. Gunturkun explains, "The avian equivalent to the prefrontal cortex, the NCL, is immensely connected and allows the brain to integrate and flexibly process information." He adds, "The connectome of the avian forebrain, which presents the entirety of the flows of information between the regions of the brain, shares many similarities with mammals. Birds thus meet many criteria of established theories of consciousness, such as the Global Neuronal Workspace theory."

Signs of Self Perception in Birds

More recent experiments indicate that birds may also show forms of self-perception. While some corvid species pass the classic mirror test, other studies use alternative approaches that better reflect birds' natural behaviors. These experiments reveal additional forms of self-consciousness in different species. Gunturkun notes, "Experiments indicate that pigeons and chickens differentiate between their reflection in a mirror and a real fellow member of their species, and react to these according to context. This is a sign of situational, basic self-consciousness."

Taken together, these findings suggest that consciousness did not emerge recently or exclusively in humans. Instead, it appears to be an ancient and widespread feature of evolution. Birds demonstrate that conscious processing can occur without a cerebral cortex and that very different brain structures can arrive at similar functional outcomes.
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A hidden climate shift may have sparked epic Pacific voyages 1,000 years ago | ScienceDaily
A new study led by the University of Southampton and University of East Anglia (UEA) points to a major change in South Pacific climate conditions, beginning around 1,000 years ago, that may have encouraged people to move and settle farther to the east. The research suggests that as parts of the western region became steadily drier, communities may have been pushed to seek out islands with more dependable rainfall.


						
The team reports that inhabited islands in Western Polynesia, including Samoa and Tonga, experienced drying over time. Meanwhile, islands farther east in Eastern Polynesia, such as French Polynesia (Tahiti), gradually became wetter, potentially making them more appealing places to live and farm.

The work is part of a larger Southampton and UEA collaboration known as PROMS (Pacific Rainfall over Millennial Timescales), which investigates how Pacific rainfall has shifted over long periods and how those changes may have influenced human migration.

The findings are published in the journal Nature: Communications Earth and Environment.

Evidence from PROMS and the idea of "chasing the rain"

Principal Investigator for PROMS, Professor David Sear comments: "The Pacific Islands today are under threat from changing climate, but we can see from our research that this is not the first time the inhabitants of the region have had to adapt to a changing climate.

"Our research suggests that beginning around 1,000 years ago, people in the region were effectively chasing the rain eastwards as part of adapting to the stress placed on growing populations by a period of drier conditions developing in the western South Pacific."

Plant wax clues and 1,500 years of rainfall history




To reconstruct past rainfall, researchers collected sediment cores from Tahiti and Nuku Hiva in Eastern Polynesia and examined plant waxes -- fatty layers left on leaves. Advanced laboratory testing of these waxes can indicate how wet or dry conditions were at the time the plants grew. The team then combined these new results with other climate records from around Polynesia and the wider Pacific.

Using this high-resolution dataset, the researchers estimated how rainfall patterns across the Pacific changed over the last 1,500 years. They also used new climate model simulations to pinpoint when and where the rainfall shift happened, and to identify the most likely driver behind it.

The team concludes that the most probable cause was a natural change in sea surface temperature patterns across the Pacific, which appears to have nudged the South Pacific Convergence Zone (SPCZ) eastward between approximately 1,100 and 400 years ago. The SPCZ is one of the largest structures in the global climate system, forming a high-rainfall zone that stretches more than 7,000 km from Papua New Guinea to beyond the Cook Islands. In the shift identified by this study, the western end of this rainfall band became increasingly dry, while the eastern end became wetter.

Migration push and pull as freshwater changed

Researchers say the long-term drying in the west could have acted as a "push," making life more difficult where populations were already established. At the same time, rising rainfall and improved freshwater availability in the east could have created a "pull" toward settling new islands. The study suggests this climate pattern may have helped motivate people to travel step by step farther east, including to islands such as the Cooks and Tahiti.

Co-lead author on the paper, Dr. Mark Peaple of the University of Southampton says: "The timing and nature of the hydroclimatic change align with the final wave of human settlement into Eastern Polynesia, which began around 1000 years ago.




"Water is essential for people's survival, for drinking and successful agriculture. If this vital natural resource was running low, it's logical that over time the population would follow it and colonize in areas with more reliable water security -- even if this meant adventurous journeys across the ocean."

Co-lead author at UEA, Dr. Daniel Skinner adds: "Bringing together knowledge from paleoclimate archives and climate models has given us key insights into how and why a critically understudied region of the world changed over the last 1,500 years."

Co-Principal Investigator Professor Manoj Joshi, also from UEA, says: "By better understanding how the climate of the South Pacific has been affected by larger-scale climate changes over past millennia, we can build better predictions for how future climate change will affect the region."

What comes next and who supported the fieldwork

The researchers say additional studies, including further archaeological work, could help narrow down the timing and scale of both environmental shifts and social changes across the South Pacific.

Fieldwork was supported by Explorer grants from National Geographic Society.
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Giant sea monsters lived in rivers at the end of the dinosaur age | ScienceDaily
Mosasaurs were enormous marine reptiles that lived more than 66 million years ago, but new evidence shows they did not spend all their time in the ocean. Researchers analyzing a mosasaur tooth discovered in North Dakota have found strong signs that some of these animals lived in rivers. The tooth likely came from an individual that grew up to 11 meters long. Led by scientists at Uppsala University, the international research team concluded that mosasaurs adapted to freshwater river systems during the final million years before their extinction.


						
The tooth was uncovered in 2022 from a river deposit in North Dakota. It was found alongside a tooth from a Tyrannosaurus rex and a jawbone from a crocodylian, in a region already known for fossils of the duck-billed dinosaur Edmontosaurus. The unusual mix of land dinosaurs, river-dwelling crocodiles, and a giant marine reptile immediately stood out. If mosasaurs were ocean animals, how did one of their teeth end up preserved in a river?

Isotopes Provide the Answer

To solve this puzzle, researchers from the United States, Sweden, and the Netherlands examined the chemical makeup of the mosasaur tooth enamel using isotope analysis.

Because the mosasaur tooth, the T. rex tooth, and the crocodylian jawbone all date to roughly the same time, about 66 million years ago, the scientists could directly compare their chemistry. The work was carried out at the Vrije Universiteit (VU) in Amsterdam and focused on isotopes of oxygen, strontium, and carbon. The mosasaur tooth contained unusually high levels of the lighter oxygen isotope (16O), which is typical of freshwater environments rather than marine ones. Strontium isotope ratios also pointed to a freshwater habitat.

"Carbon isotopes in teeth generally reflect what the animal ate. Many mosasaurs have low 13C values because they dive deep. The mosasaur tooth found with the T. rex tooth, on the other hand, has a higher 13C value than all known mosasaurs, dinosaurs and crocodiles, suggesting that it did not dive deep and may sometimes have fed on drowned dinosaurs," says Melanie During, one of the study's corresponding authors.

"The isotope signatures indicated that this mosasaur had inhabited this freshwater riverine environment. When we looked at two additional mosasaur teeth found at nearby, slightly older, sites in North Dakota, we saw similar freshwater signatures. These analyses shows that mosasaurs lived in riverine environments in the final million years before going extinct," says During.




When Seas Slowly Turned Into Rivers

The findings also help explain how this lifestyle shift became possible. Over time, increasing amounts of freshwater flowed into the Western Interior Seaway, a vast inland sea that once ran north to south across what is now central North America and split the continent in two. As freshwater input grew, the seaway gradually changed from salty to brackish and eventually to mostly freshwater, similar to conditions seen today in the Gulf of Bothnia. The researchers suggest this process created a 'halocline', with lighter freshwater forming a surface layer above denser saltwater. Isotope data supports this idea.

"For comparison with the mosasaur teeth, we also measured fossils from other marine animals and found a clear difference. All gill-breathing animals had isotope signatures linking them to brackish or salty water, while all lung-breathing animals lacked such signatures. This shows that mosasaurs, which needed to come to the surface to breathe, inhabited the upper freshwater layer and not the lower layer where the water was more saline," says Per Ahlberg, coauthor of the study and promotor of Dr. During.

Adapting to a Changing World

The researchers argue that the teeth studied clearly belonged to mosasaurs that had adjusted to these new conditions. Large predators shifting between habitats is not unheard of in evolutionary history.

"Unlike the complex adaptation required to move from freshwater to marine habitats, the reverse adaptation is generally simpler," says During.




Modern animals show similar flexibility. River dolphins live entirely in freshwater even though their ancestors were marine. The estuarine crocodile, known in Australia as the saltwater crocodile, regularly moves between rivers and the open ocean, hunting wherever prey is available.

A Bus-Sized Predator in Unexpected Places

Mosasaur fossils are common in marine deposits across North America, Europe, and Africa dating from 98-66 million years ago. In contrast, they are rarely found in North Dakota, making this discovery especially striking. The size of the tooth suggests an animal up to 11 meters long, roughly the length of a bus. Earlier discoveries of mosasaur bones at a nearby site support this estimate. The tooth likely belonged to a prognathodontine mosasaur, although its exact genus cannot be identified. Close relatives in the genus Prognathodon had massive heads, powerful jaws, and robust teeth, and are thought to have been opportunistic predators capable of attacking large prey.

"The size means that the animal would rival the largest killer whales, making it an extraordinary predator to encounter in riverine environments not previously associated with such giant marine reptiles," says Ahlberg.

The research was carried out by scientists from Uppsala University in collaboration with Eastern West Virginia Community and Technical College, Moorefield, West Virginia, Vrije Universiteit Amsterdam, and the North Dakota Geological Survey. The article draws on a chapter from Melanie During's doctoral thesis, which she defended at Uppsala University in November 2024.
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Scientists find the missing links between genes and disease | ScienceDaily
Biomedical scientists are racing to identify the genes that contribute to illness, hoping that these discoveries will lead to treatments that target the right genes and help bring the body back to health.


						
When one faulty gene is responsible, the path to understanding the problem can be fairly direct. Many conditions, however, are far more complicated. In these cases, multiple genes, sometimes even thousands, play a role, and it becomes much harder to sort out how they connect to the disease.

A new genomic mapping approach could make that challenge easier to tackle. In a Nature study, researchers at Gladstone Institutes and Stanford University used a broad strategy that tests the impact of every gene in a cell, linking diseases and other traits to the underlying genetic systems that shape them. The resulting maps could cut through confusing biology and spotlight the genes most likely to be useful targets for new therapies.

"We can now look across every gene in the genome and get a sense of how each one affects a particular cell type," says Gladstone Senior Investigator Alex Marson, MD, PhD, the Connie and Bob Lurie Director of the Gladstone-UCSF Institute of Genomic Immunology, who co-led the study. "Our goal is to use this information as a map to gain new insights into how certain genes influence specific traits."

Finding the 'Why' Behind Genetic Risk

For years, scientists have relied heavily on "genome-wide association studies," which scan the DNA of thousands of people to find statistical links between genetic differences and traits, including disease risk. These efforts have generated enormous datasets, but turning those signals into clear biological explanations can be difficult, especially for traits influenced by many genes.

"Even with these studies, there remains a huge gap in understanding disease biology on a genetic level," says first author Mineto Ota, MD, PhD. Ota is a postdoctoral scholar in Marson's Gladstone lab, as well as in the lab of Stanford scientist Jonathan Pritchard, PhD. "We understand that many variants are associated with disease; we just don't understand why."

Mineto compares it to having a map with a clear starting point and endpoint, but no routes connecting the two.




"To understand complex traits, we really need to focus on the network," says Pritchard, a professor of Biology and Genetics at Stanford, who co-led the study with Marson. "How do we think about biology when thousands and thousands of genes, with many different functions, are all affecting a trait?"

Combining Cell Experiments With Big Population Data

To dig into that network problem, the researchers pulled information from two databases.

One dataset came from a human leukemia cell line that is commonly used to study red blood cell traits. In earlier work, an MIT researcher who was not involved in this study had switched off each gene in that cell line, one at a time, and tracked how losing that gene changed genetic activity.

Marson's team then paired those results with UK Biobank data, which includes genomic sequences from more than 500,000 people. Ota searched for individuals with genetic mutations that lowered gene function in ways that changed their red blood cells.

Putting the two sources together allowed the researchers to build a detailed map of the gene networks that influence red blood cell traits. The picture that emerged showed a remarkably complex genetic landscape. With this approach, they could see the starting point, the destination, and the intricate set of connections in between.




They also discovered that some genes affect several biological processes at the same time, weakening certain activities while increasing others. One example is SUPT5H, a gene associated with beta thalassemia, a blood disorder that disrupts hemoglobin production and can lead to moderate to severe anemia. The researchers connected SUPT5H to three key blood cell programs: hemoglobin production, cell cycle, and autophagy. They also showed how the gene influences each program, either increasing or reducing gene activity.

"SUPT5H regulates all three main pathways that affect hemoglobin," Pritchard says. "It activates hemoglobin synthesis, slows down the cell cycle, and slows down autophagy, which together have a synergistic effect."

Why This Mapping Method Could Matter for Immunology

Being able to reveal the detailed genetic pathways that control how cells function could reshape both basic biology and drug development.

Although the team identified multiple ways gene networks shape blood cell behavior, the bigger story is the tool itself. The research group, and potentially many other scientists, can now apply the same strategy to other human cell types to uncover the molecular patterns that drive disease.

For the Marson lab, which focuses on T cells and other parts of the immune system, the method could open the door to many more discoveries.

"The genetic burden associated with many autoimmune diseases, immune deficiencies, and allergies are overwhelmingly linked to T cells," Marson says. "We look forward to developing additional detailed maps that will help us really understand the genetic architecture behind these immune-mediated diseases."

The study, "Causal modeling of gene effects from regulators to programs to traits," appears in the December 10, 2025 issue of Nature. Authors include: Mineto Ota, Jeffrey Spence, Tony Zeng, Emma Dann, Nikhil Milind, Alexander Marson, and Jonathan Pritchard. This research was funded by the National Institutes of Health, the Simons Foundation, the Lloyd J. Old STAR Award, the Parker Institute for Cancer Immunotherapy, the Innovative Genomics Institute, the Larry L. Hillblom Foundation, the Northern California JDRF Center of Excellence, the Byers family, K. Jordan, the CRISPR Cures for Cancer Initiative, the Astellas Foundation for Research on Metabolic Disorders, the Chugai Foundation for Innovative Drug Discovery Science, and the EMBO Postdoctoral Fellowship.
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This rare earthquake did everything scientists hoped to see | ScienceDaily
The powerful earthquake that struck Myanmar on March 28, 2025, has given researchers an uncommon chance to observe how some of the planet's most dangerous fault systems behave, including faults similar to California's San Andreas. Earthquakes are usually chaotic and difficult to study, but this one occurred along an unusually straight and geologically "mature" fault, creating nearly ideal conditions to examine how energy is released during a major continental rupture.


						
Scientists have long struggled to observe earthquakes that behave in such a clean and predictable way. The Myanmar event stood out because its fault geometry removed many of the complications that typically obscure how seismic energy moves through the Earth.

Investigating the Longstanding Shallow Slip Deficit Mystery

An international research team led by The University of New Mexico focused on understanding how mature faults behave during large earthquakes, with special attention on a debated phenomenon called the "shallow slip deficit." In many earthquakes, surface movement is far smaller than the motion that occurs deep underground. This gap has raised questions about whether some of the energy is absorbed by surrounding rock or simply goes undetected.

By closely analyzing the 2025 Myanmar earthquake, the researchers aimed to determine how energy moves along an ancient, relatively simple fault system and whether deep motion is fully transferred to the surface.

The study, titled "Mature fault mechanics revealed by the highly efficient 2025 Mandalay earthquake," was published in Nature Communications. It was led by UNM Assistant Professor Eric Lindsey, working alongside collaborators from Taiwan and Myanmar.

Studying a Major Earthquake From Space

Because Myanmar is currently affected by armed conflict and the earthquake caused further damage to infrastructure, researchers were unable to quickly conduct on-the-ground investigations. Instead, they turned to satellite-based observations to collect the data needed for their analysis.




"We used two primary satellite technologies: Optical Image Correlation (using Sentinel-2 satellites) to track how pixels in satellite photos moved between two images collected before and after the quake, and Interferometric Synthetic Aperture Radar (InSAR) using Sentinel-1 satellites, which measures the change in distance to the ground from the satellite between two consecutive passes. These tools allowed us to measure ground shifts with incredible precision without setting foot in the danger zone," explained Lindsey.

How InSAR Reveals Ground Movement in Extreme Detail

InSAR functions like a sophisticated version of "spot the difference," using radar signals to detect extremely small changes in the Earth's surface from orbit. As a satellite circles the planet, it sends radar waves toward the ground and records the returning signals.

"By comparing the time it takes for the signal to bounce back to the satellite from each point on the ground, we can detect changes in the ground's elevation or position down to a fraction of an inch. It allows us to map exactly how the Earth warped over an area hundreds of miles wide, day or night, and through clouds," Lindsey said.

This approach allowed the team to reconstruct the earthquake's impact across an enormous region with remarkable accuracy.

A 500-Kilometer Rupture Unlike Most Earthquakes

The rupture caused by the Myanmar earthquake extended for nearly 500 kilometers. To visualize that scale, it is similar to a crack stretching from Albuquerque to Denver, with the ground on either side suddenly sliding past each other by 10 to 15 feet.




"Most earthquakes we study break much shorter fault segments -- perhaps 30 to 60 miles long. It is incredibly rare and scientifically significant to see a rupture that is this long, continuous, and straight," Lindsey said.

Such a long, uninterrupted rupture provided scientists with an exceptional natural experiment.

A Fault System Comparable to California's San Andreas

The earthquake occurred along the Sagaing Fault, which is a strike-slip fault. In this type of fault, the two sides move horizontally past one another, similar to cars scraping by each other on a highway.

"This is just like the San Andreas fault in California," Lindsey said. "We also describe the Sagaing fault as 'mature,' which means it has been slipping in the same way for millions of years. Over that vast time, the rough edges and bends in the fault have been ground down. Because it is so smooth and straight, the earthquake rupture could travel very efficiently across a huge distance."

This long history of motion has shaped the fault into a structure that allows seismic energy to move with little resistance.

No Missing Energy at the Surface

For decades, researchers have observed that many earthquakes show far less movement at the surface than deep underground, a phenomenon known as the "Shallow Slip Deficit."

"We found that in the 2025 Mandalay earthquake, this deficit was non-existent. The massive amount of slip that happened miles underground was transferred 100% to the surface," Lindsey explained.

This result contrasts sharply with many recent earthquakes where surface motion was reduced because energy was spread across networks of small fractures rather than concentrated on a single fault.

"This shows that on mature, smooth faults, the energy is highly focused and comes right to the surface," Lindsey said. "This is significant because it means the ground shaking near the fault line might be more intense than our current hazard models predict for these types of faults."

How One Earthquake Linked Multiple Fault Segments

The research also revealed that the rupture was able to connect several fault sections into one continuous 500-km event, passing through boundaries that scientists previously believed might halt an earthquake.

"We found that the fault followed a historical pattern: it slipped less in areas that had experienced earthquakes in the 20th century and slipped the most in areas that hadn't broken since the 1800s," Lindsey said. This behavior is known as "slip predictability" and suggests scientists may be able to estimate how much movement could occur on fault segments that have not yet ruptured.

Such insights could improve long-term earthquake forecasting and preparedness efforts.

Why Satellite Science Matters for Global Safety

The study demonstrates the growing power of satellite-based observation. Even in a conflict zone where traditional fieldwork was not possible, researchers were able to produce one of the most detailed analyses of earthquake mechanics to date.

"It's a testament to how global scientific collaboration and open data access (like the Copernicus Sentinel missions) can help us understand natural hazards that affect millions of people," Lindsey said. "The significance lies in safety. This earthquake showed us that mature faults can be much more efficient at transmitting energy to the surface than younger ones, which has direct implications for how we build infrastructure to withstand the 'Big One' in the United States."

Applying These Methods Closer to Home

Lindsey noted that New Mexico sits on a very different fault system known as the Rio Grande Rift, which is pulling apart inside of sliding sideways.

"The remote sensing techniques we refined in this paper are the exact same methods we can use to monitor safety issues close to home," he explained.

By using InSAR to track land subsidence caused by aquifer depletion in New Mexico, as well as slow ground movement related to the rift and deep magma body inflation beneath Socorro, researchers can help state officials better plan for future risks.

"Understanding the physics of 'mature' faults helps us understand the general mechanics of the earth's crust, which improves earthquake hazard models globally," Lindsey concluded.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251215084159.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



AI found a way to stop a virus before it enters cells | ScienceDaily
Washington State University scientists have identified a way to interfere with a key viral protein, stopping viruses from entering cells where they can trigger disease. The finding points to a potential new direction for antiviral therapies in the future.


						
The study, published in the journal Nanoscale, focused on uncovering and blocking a specific molecular interaction that herpes viruses rely on to gain access to cells. The work brought together researchers from the School of Mechanical and Materials Engineering and the Department of Veterinary Microbiology and Pathology.

"Viruses are very smart," said Jin Liu, corresponding author of the study and a professor in the School of Mechanical and Materials Engineering. "The whole process of invading cells is very complex, and there are a lot of interactions. Not all of the interactions are equally important -- most of them may just be background noise, but there are some critical interactions."

Understanding the Viral Fusion Process

The team examined a viral "fusion" protein that herpes viruses use to merge with and enter cells, a process responsible for many infections. Scientists still have limited insight into how this large and complex protein changes shape to make cell entry possible, which helps explain why vaccines for these widespread viruses have been difficult to develop.

To tackle this challenge, researchers turned to artificial intelligence and detailed molecular simulations. Professors Prashanta Dutta and Jin Liu analyzed thousands of potential interactions within the protein to identify a single amino acid that plays an essential role in viral entry. They created an algorithm to examine interactions among amino acids, the basic components of proteins, and then applied machine learning to sort through them and pinpoint the most influential ones.

Using AI to Pinpoint a Critical Weak Spot

After identifying the key amino acid, the research team moved to laboratory experiments led by Anthony Nicola from the Department of Veterinary Microbiology and Pathology. By introducing a targeted mutation to this amino acid, they found that the virus could no longer successfully fuse with cells. As a result, the herpes virus was blocked from entering the cells altogether.




According to Liu, the use of simulations and machine learning was essential because experimentally testing even a single interaction can take months. Narrowing down the most important interaction ahead of time made the experimental work far more efficient.

"It was just a single interaction from thousands of interactions. If we don't do the simulation and instead did this work by trial and error, it could have taken years to find," said Liu. "The combination of theoretical computational work with the experiments is so efficient and can accelerate the discovery of these important biological interactions."

What Researchers Still Need to Learn

Although the team confirmed the importance of this specific interaction, many questions remain about how the mutation changes the structure of the full fusion protein. The researchers plan to continue using simulations and machine learning to better understand how small molecular changes ripple through the entire protein.

"There is a gap between what the experimentalists see and what we can see in the simulation," said Liu. "The next step is how this small interaction affects the structural change at larger scales. That is also very challenging for us."

The research was carried out by Liu, Dutta, and Nicola along with PhD students Ryan Odstrcil, Albina Makio, and McKenna Hull. Funding for the project was provided by the National Institutes of Health.
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New orbital clue reveals how hot Jupiters really formed | ScienceDaily
The first exoplanet ever confirmed in 1995 turned out to be what researchers now describe as a "hot Jupiter," a giant world similar in mass to Jupiter but orbiting its star in only a few days. Scientists now think these planets originally formed far from their host stars, similar to how Jupiter formed in our own Solar System, and then later moved inward. Two leading explanations have been developed to describe how this inward shift occurs: (1) high-eccentricity migration, in which gravitational interactions with other objects stretch the planet's orbit before tidal forces close to the star eventually make it more circular; and (2) disk migration, in which the planet slowly spirals inward while still embedded in the surrounding protoplanetary disk.


						
Determining which of these two routes a specific hot Jupiter followed has been challenging. High-eccentricity migration can tilt a planet's orbital axis compared with the rotational axis of its star, creating a detectable misalignment. Yet tidal forces near the star can gradually erase that misalignment over time. Because an aligned orbit could result from either process, astronomers have lacked a dependable way to identify planets that formed through disk migration.

A New Strategy Based on Migration Timescales

To overcome this problem, a team led by PhD student Yugo Kawai and Assistant Professor Akihiko Fukui at the Graduate School of Arts and Sciences, the University of Tokyo, introduced a new method that focuses on the length of time required for high-eccentricity migration to occur.

In this migration scenario, a planet first follows a highly stretched path before its orbit becomes circular again as it repeatedly swings close to its star. The amount of time needed for this circularization depends on several factors, including the planet's mass, orbital characteristics, and tidal forces. For a hot Jupiter to have formed through high-eccentricity migration, this circularization time must be shorter than the age of its planetary system. After calculating circularization times for more than 500 known hot Jupiters, the researchers found about 30 planets that did not meet this requirement. These planets have circular orbits even though their calculated circularization times exceed the ages of their systems.

Evidence Supporting Disk Migration

The hot Jupiters in this group also match other expectations for planets that traveled inward within a disk. Their orbits show no signs of misalignment, suggesting that their movement toward the star was smooth rather than heavily influenced by disruptive gravitational interactions. A number of these planets are also part of multi-planet systems, a configuration that high-eccentricity migration typically disrupts, since that process can scatter or eject neighboring planets.

Looking Ahead to What These Planets Can Reveal

Finding planets that retain clear evidence of how they migrated is essential for piecing together the history of planetary systems. Future studies of their atmospheres and elemental compositions may pinpoint the regions of the disk where they originally formed, offering deeper insight into the origins and evolution of hot Jupiters.
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Light-printed electrodes turn skin and clothing into sensors | ScienceDaily
Researchers at Linkoping and Lund universities in Sweden have demonstrated that visible light can be used to form electrodes from conductive plastics without the need for dangerous chemicals. Their results show that these electrodes can be produced on a wide variety of surfaces, creating opportunities for new types of electronics and medical sensing technologies.


						
"I think this is something of a breakthrough. It's another way of creating electronics that is simpler and doesn't require any expensive equipment," says Xenofon Strakosas, assistant professor at the Laboratory of Organic Electronics, LOE, at Linkoping University.

Conductive Plastics and Their Role in Electronics

Scientists at LOE focus on conductive plastics, also known as conjugated polymers, to advance fields such as renewable energy and medical technology. These materials combine the functional qualities of metals and semiconductors with the bendability and light weight of plastics.

Polymers are made up of long chains of hydrocarbons. Each unit in the chain is called a monomer, and linking these monomers creates a polymer. The formation process, known as polymerization, is often carried out with strong or toxic chemicals, which restricts both scaling and the safe use of the materials in areas such as medicine.

Visible Light Enables a Chemical-Free Polymerization Process

Researchers at Campus Norrkoping, collaborating with colleagues in Lund and New Jersey, have developed a technique that allows polymerization to occur using only visible light. This advance relies on specially engineered water-soluble monomers. Because the monomers activate under visible light, creating electrodes no longer requires toxic chemicals, harmful UV light or additional processing steps.




"It's possible to create electrodes on different surfaces such as glass, textiles and even skin. This opens up a much wider range of applications," says Xenofon Strakosas.

Patterning Electrodes Directly With Light

In practical use, a solution containing the monomers is placed on a surface. By directing a laser or another light source across the material, researchers can form electrodes in detailed patterns right where they are needed. Any portion of the solution that does not undergo polymerization can be washed away, leaving the finished electrodes behind.

"The electrical properties of the material are at the very forefront. As the material can transport both electrons and ions, it can communicate with the body in a natural way, and its gentle chemistry ensures that tissue tolerates it -- a combination that is crucial for medical applications," says Tobias Abrahamsson, researcher at LOE and lead author of the article published in the scientific journal Angewandte Chemie.

Improved Brain Signal Recording and Future Applications

The team evaluated their approach by photo-patterning electrodes directly onto the skin of anaesthetised mice. These tests revealed significantly better recordings of low-frequency brain activity compared to conventional metal EEG electrodes.




"As the method works on many different surfaces, you can also imagine sensors built into garments. In addition, the method could be used for large-scale manufacture of organic electronics circuits, without dangerous solvents," says Tobias Abrahamsson.

Visible light can be used to create electrodes from conductive plastics completely without hazardous chemicals. This is shown in a new study carried out by researchers at Linkoping and Lund universities, Sweden. The electrodes can be created on different types of surfaces, which opens up for a new type of electronics and medical sensors.

"I think this is something of a breakthrough. It's another way of creating electronics that is simpler and doesn't require any expensive equipment," says Xenofon Strakosas, assistant professor at the Laboratory of Organic Electronics, LOE, at Linkoping University.

LOE's researchers are working with conductive plastics, also known as conjugated polymers, to develop new technologies in areas such as medicine and renewable energy. Conjugated polymers combine the electrical properties of metals and semiconductors with the flexibility of plastics.

Polymers consist of long chains of hydrocarbons. Each link in the chain is called a monomer. When the monomers are connected, polymers are formed. The process, called polymerization, is often carried out using strong and sometimes toxic chemicals, which limits the ability to scale up the process and use the technology in e.g. medicine.

The Campus Norrkoping researchers, together with colleagues in Lund and New Jersey, have now succeeded in creating a method where polymerization can happen using visible light only. This is possible due to specially designed water-soluble monomers developed by the researchers. Thus, no toxic chemicals, harmful UV light or subsequent processes are needed to create the electrodes.

"It's possible to create electrodes on different surfaces such as glass, textiles and even skin. This opens up a much wider range of applications," says Xenofon Strakosas.

In practice, the solution containing the monomers could be placed on a substrate. Using, for example, a laser or other light source, it is possible to create electrodes in intricate patterns directly on the surface. The solution that is not polymerized can then be rinsed away and the electrodes remain.

"The electrical properties of the material are at the very forefront. As the material can transport both electrons and ions, it can communicate with the body in a natural way, and its gentle chemistry ensures that tissue tolerates it -- a combination that is crucial for medical applications," says Tobias Abrahamsson, researcher at LOE and lead author of the article published in the scientific journal Angewandte Chemie.

The researchers have tested the technology by photo-patterning electrodes directly onto the skin of anaesthetised mice. The results show a clear improvement in the recording of low-frequency brain activity compared to traditional metal EEG electrodes.

"As the method works on many different surfaces, you can also imagine sensors built into garments. In addition, the method could be used for large-scale manufacture of organic electronics circuits, without dangerous solvents," says Tobias Abrahamsson.
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Cannabis compounds show unexpected power against ovarian cancer | ScienceDaily
In the future, medications derived from cannabis may play a role in treating ovarian cancer. A research team examining two natural compounds found in cannabis discovered that both produced notable anti-cancer activity when tested on ovarian cancer cells. Although significant work is still needed before any patient-ready drug can be developed, the early results highlight a promising path toward new therapies for a cancer that is difficult to detect and even more challenging to manage.


						
"Ovarian cancer remains one of the deadliest gynecological malignancies, characterized by late diagnosis, high recurrence rates, and limited effective treatment options," said Dr. Siyao Tong of Khon Kaen University, lead author of the article in Frontiers in Pharmacology. "Our goal is to find alternative drugs that can improve efficacy and potentially reduce toxicity, ultimately bringing new hope to patients facing this challenging disease."

Why Current Treatments Fall Short

Of all gynecological cancers, ovarian cancer causes the highest number of deaths. Even with progress in medical care, available drugs often fail to produce long-lasting results and can cause severe side effects. Because new approaches are urgently needed, the researchers turned their attention to CBD (cannabidiol, which is not psychoactive) and THC (delta-9-tetrahydrocannabinol, which is), two cannabis-derived compounds that have shown signs of anti-cancer activity in other diseases.

The team worked with two ovarian cancer cell lines, one responsive to platinum-based drugs and one resistant, and exposed them to CBD, THC, or a combination of both. They also tested the compounds on healthy cells to determine whether normal tissue would be harmed.

CBD and THC Significantly Reduce Cancer Cell Growth

Cancer cells treated with either CBD or THC formed fewer colonies, and those colonies were smaller than usual. Both compounds slowed the ability of cancer cells to reproduce, but the strongest effects appeared when CBD and THC were used together. Although neither compound alone killed large numbers of cancer cells, the combination proved highly effective. This suggests that the two chemicals may influence cancer cells through different mechanisms, and these mechanisms may reinforce one another.




"Notably, the inhibitory effect was most pronounced when CBD and THC were used in a 1:1 ratio," said Tong.

Additional experiments showed that the compounds reduced cancer cell migration, an important finding because metastasis is a major cause of death in ovarian cancer. A therapy that limits the spread of cancer could significantly improve patient outcomes.

Potential for Less Toxic Cancer Treatments

Both cell lines responded similarly, indicating that the compounds might work across multiple ovarian cancer types. The cannabis-derived treatments also caused little harm to healthy cells, suggesting that future therapies based on these compounds might be easier for patients to tolerate than many current options.

To better understand why the compounds were effective, the researchers analyzed cancer cell signaling. They found that the PI3K/AKT/mTOR pathway, which is often overactivated in ovarian cancer and contributes to tumor progression and drug resistance, appeared to return to more normal activity after treatment with CBD and THC. This restoration of control may explain the reduced growth and increased cell death observed in the experiments.

Next Steps and Remaining Challenges

Despite the encouraging results, the scientists emphasize that far more research is needed before CBD or THC can be considered viable treatment options for ovarian cancer. Additional studies must determine whether these compounds can be safely and effectively used in clinical settings.

"Although our study is still preliminary, it lays an important foundation for future research into the potential applications of CBD and THC in ovarian cancer treatment," said Tong. "By confirming their anti-cancer activity and identifying key molecular mechanisms, our findings are expected to drive further preclinical research. If future studies confirm these effects, CBD-THC combination therapy may ultimately contribute to the development of new treatment strategies."

"However, this study has some limitations," Tong added. "All experiments were conducted in vitro, so the results may not fully reflect the complexity of tumor behavior in living organisms. We did not include in vivo models and pharmacokinetic data, which are crucial for determining whether CBD/THC can be safely and effectively used clinically. Finally, regulatory and legal issues surrounding cannabinoid therapy may also affect future translational research. While the results are encouraging, more studies are needed before these findings can be applied to patient treatment."
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Male bonobos use hidden clues to boost mating success | ScienceDaily
Male bonobos are able to interpret female fertility signals that do not reliably reflect ovulation. This ability lets them direct their mating attempts toward the moments when conception is most likely, according to research led by Heungjin Ryu at Kyoto University, Japan. The work was published December 9th in the open-access journal PLOS Biology.


						
In many mammals, females are receptive to mating only when ovulating, which gives males a clear window to maximize reproductive success. Bonobos (Pan paniscus) differ from this pattern because females remain sexually receptive for long periods and develop a bright pink genital swelling that persists well beyond the actual fertile stage.

Tracking Wild Bonobos to Understand Fertility Signals

To examine how males respond to this unreliable signal, researchers observed a wild bonobo community at Wamba in the Luo Scientific Reserve in the Democratic Republic of the Congo. The team documented sexual interactions each day and visually assessed the degree of genital swelling in every female. They also collected urine samples on filter paper to measure estrogen and progesterone, allowing them to identify when ovulation occurred.

The data showed that the likelihood of ovulation was highest between 8 and 27 days after a female reached maximum swelling, a range that makes prediction challenging. Even so, male behavior closely followed the true timing of ovulation. Males focused their mating activity on females who had reached maximum swelling earlier and who had older infants, two indicators linked to a greater chance of ovulation.

Flexible Mating Strategies Maintain an Imperfect System

These findings reveal that males improve their reproductive success by combining information about swelling patterns with knowledge of a female's reproductive history. Because males are able to estimate fertility reasonably well despite the lack of a precise signal, the researchers suggest there has been little evolutionary pressure to make the signal more accurate. This may help explain why the system has persisted over long evolutionary timescales.




The authors add, "In this study, we found that bonobo males, instead of trying to predict precise ovulation timing, use a flexible strategy -- paying attention to the end-signal cue of the sexual swelling along with infant age -- to fine-tune their mating efforts. This finding reveals that even imprecise signals can remain evolutionarily functional when animals use them flexibly rather than expecting perfect accuracy. Our results help explain how conspicuous but noisy ovulatory signals, like those of bonobos, can persist and shape mating strategies in complex social environments."

Researchers Reflect on Months of Field Observation

"The male bonobos weren't the only ones paying close attention to sexual swelling -- we spent countless days in the rainforest at Wamba, DRC doing exactly the same thing! All that watching, sweating, and scribbling in our notebooks eventually paid off. By tracking these daily changes, we uncovered just how impressively bonobos can read meaning in a signal that seems noisy and confusing to us."

This study was supported by the Global Environment Research Fund (D-1007 to TF) of the Japanese Ministry of the Environment, the Japan Society for the Promotion of Science (JSPS) Grants-in-Aid for Scientific Research (22255007 to TF; and 25304019 to CH;), and the JSPS Asia-Africa Science Platform Program (2012-2014 to TF). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
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Mayo Clinic neurosurgeon reveals 8 back pain myths to stop believing | ScienceDaily
Back pain affects many people, yet a surprising number of misunderstandings continue to circulate. Meghan Murphy, M.D., a neurosurgeon at the Mayo Clinic Health System in Mankato, reviews eight common beliefs and explains what research and clinical experience actually show.


						
Myth: Lifting heavy objects is the main cause of back pain.

Fact: Lifting heavy objects with poor form can contribute to back pain, but the major culprits are a sedentary lifestyle, poor posture, obesity and genetic factors.

Myth: Bed rest will make my back pain better.

Fact: Probably not, but it depends on the cause of your pain. If it's muscle strain, taking it easy for a few days may help. However, bed rest can also make back pain last longer or even worsen. If your pain is from nerve compression, a disc issue or joint degeneration, inactivity can cause muscles to tighten, pain to worsen, loss of physical condition and more debility. In these cases, you should modify your activities, switch to low-impact exercises like walking and swimming, and avoid movements like bending, twisting or lifting. Maintaining some degree of physical activity can help you heal faster.

Myth: Back pain is caused by sitting on a fat wallet. 

Fact: Sitting with a large wallet in your back pocket can cause leg or hip pain and numbness, but typically not back pain. A large wallet can tilt your pelvis and compress your sciatic nerve. This nerve is the largest in your body, branching from the lower back through your hips, buttocks and down each leg. Compressing it causes pain or numbness while sitting or driving. After sitting for a long time, you may find walking difficult or feel pins and needles in your legs.




First, try removing the wallet and taking over-the-counter anti-inflammatory medications. If the leg pain persists, check with a healthcare professional.

Myth: Back pain is always due to a serious underlying condition. 

Fact: Back pain is usually caused by muscle strains or sprains, not by a serious condition like a disc or vertebrae issue. Most back pain resolves on its own.

Myth: Avoid exercise when experiencing back pain.

Fact: Exercise and physical activity are usually recommended for managing and preventing back pain. Strengthening the core muscles, including your back muscles, improving flexibility, and maintaining a healthy weight can contribute to a healthier back. Depending on your pain, you may need to modify your activity. You know your body best, so listen to it. If something isn't getting better or grows progressively worse, contact a healthcare professional for an evaluation.

Myth: Surgery is the only solution for chronic back pain.

Fact: Back pain is often caused by issues that aren't relieved with surgery. Non-surgical treatments like physical therapy, medications, injections and lifestyle modifications are often effective in managing and reducing chronic back pain. Surgery may be necessary if your pain:
    	Intensifies, especially at night or when you lie down.
    	Spreads down one or both legs.
    	Causes weakness, numbness or tingling in one or both legs.
    	Occurs with new bowel or bladder control problems.




Seek an immediate medical evaluation if you experience any of these symptoms.

Myth: A firm mattress is the best for alleviating back pain.

Fact: The ideal mattress firmness varies from person to person. Some people may find relief with a firm mattress, while others may prefer a medium or soft one. When shopping for a new mattress, look for one that provides support and comfort based on your preferences and needs.

Myth: Poor posture doesn't contribute to back pain.

Fact: Many people spend hours slouching while staring at a computer or focusing on cellphones that draw the eyes down and curve the neck. These habits can strain muscles and joints, causing body pain over time. Practice good posture habits and take advantage of ergonomic office equipment to help prevent and alleviate back pain.

Some back problems are unavoidable because they are linked to injuries, arthritis or genetics. However, several strategies can support long-term back health:
    	Maintain an ideal body weight. Excess weight causes increased stress on all joints, including the spine.
    	Strengthen your core. Stronger core muscles, including abdominal and intrinsic back muscles, can help take the stress off your spine.
    	Stay active. Regular movement is essential for keeping your body active.
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These simple habits could make your brain 8 years younger, study finds | ScienceDaily
Your birth certificate may show 65, but your brain might be functioning as if it were ten years younger -- or older -- depending on the experiences and habits that shape your daily life.


						
A team at the University of Florida reports that optimism, regular high-quality sleep, strong social ties and similar positive influences are closely connected to healthier brain profiles. Their findings indicate that lifestyle choices and stress management can meaningfully affect the rate of brain aging, even among individuals who live with chronic pain.

"These are things that people have some level of control over," said Jared Tanner, Ph.D., a research associate professor of clinical and health psychology at the University of Florida and one of the study's leaders. "You can learn how to perceive stress differently. Poor sleep is very treatable. Optimism can be practiced."

Measuring Brain Age With MRI and Machine Learning

The study tracked 128 adults in midlife and older adulthood, most of whom had chronic musculoskeletal pain related to or at risk of knee osteoarthritis. Over a period of two years, researchers used MRI scans processed through a machine learning model to estimate each participant's "brain age" and compare it to their chronological age. The difference between the two, known as the brain age gap, offered a single measure of whole-brain health.

Certain hardships, including chronic pain, lower income, limited education and social disadvantages, were linked to brains that appeared older. However, those associations decreased over time. Instead, protective behaviors such as restorative sleep, healthy body weight, effective stress management, avoiding tobacco and maintaining supportive relationships showed a stronger and more lasting connection to younger appearing brains.

Protective Habits Linked to Slower Brain Aging

Participants who reported the highest number of protective factors began the study with brains that looked eight years younger than their actual age, and their brain aging continued to progress more slowly throughout the two-year follow-up.




"The message is consistent across our studies, health promoting behaviors are not only associated with lower pain and better physical functioning, they appear to actually bolster health in an additive fashion at a meaningful level," said Kimberly Sibille, Ph.D., an associate professor of physical medicine and rehabilitation at UF and senior author of the report.

Sibille, Tanner and collaborators across UF and other institutions published their results on in the journal Brain Communications.

Why Brain Age Matters for Long-Term Health

Researchers have known for years that aging brains are more susceptible to cognitive decline, dementia and Alzheimer's disease. Earlier studies often examined isolated brain regions, but pain, stress and major life events tend to influence widespread neural networks. The brain age gap -- the difference between someone's actual age and how old their brain appears on imaging -- provides a single measurement that reflects these broader effects.

Although the research centered on people experiencing chronic pain, the authors note that habits such as lowering stress, strengthening social support and maintaining healthy sleep patterns are likely to benefit brain aging in a wide range of individuals.

"Literally for every additional healthy promoting factor there is some evidence of neurobiological benefit," Sibille said. "Our findings support the growing body of evidence that Lifestyle is medicine."
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Scientists finally uncovered why the Indus Valley Civilization collapsed | ScienceDaily

The Indus Valley Civilization (IVC) was among the earliest known urban cultures, thriving between 5,000 and 3,500 years ago along the Indus River and its tributaries in what is now Pakistan and northwest India. At its height from 4,500 to 3,900 years ago, the society was known for its planned cities, extensive infrastructure, and innovative water management systems. Despite this high level of development, the reasons behind its long, gradual downturn have remained difficult for researchers to fully explain.

Climate Simulations Reveal Temperature Rise and Reduced Rainfall

To investigate past conditions, Vimal Mishra and colleagues reconstructed climate patterns across the region spanning 5,000 to 3,000 years ago. Their analysis combined climate modeling with several indirect indicators of ancient environmental change. These included the chemical signatures preserved in stalactites and stalagmites from two Indian caves and water level histories recorded in five lakes across northwest India. Together, the data point to a temperature increase of about 0.5 degrees Celsius during this interval, along with a 10 to 20 percent reduction in annual rainfall.

The team also identified four extended drought periods occurring between 4,450 and 3,400 years ago. Each drought lasted more than 85 years and affected between 65 percent and 91 percent of the area associated with the IVC, indicating widespread and long-lasting impacts on water availability.

Shifts in Settlement Patterns During Prolonged Dry Periods

According to the authors, these droughts likely influenced where people chose to establish settlements. Between 5,000 and 4,500 years ago, most communities were situated in regions that received higher rainfall. After 4,500 years ago, settlement patterns changed, with populations moving closer to the Indus River. This shift may reflect increasing dependence on a more reliable water source as drought conditions intensified.

One particularly long drought lasting 113 years, identified between 3,531 and 3,418 years ago, aligns with archaeological evidence of widespread deurbanization in the region. Based on these findings, the researchers conclude that the Indus Valley Civilization did not collapse abruptly from a single climate event. Instead, the society likely experienced a prolonged and uneven decline in which repeated droughts became a significant contributing factor.
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New study shows some plant-based diets may raise heart disease risk | ScienceDaily
Previous studies have indicated that eating large amounts of ultra-processed foods[1] is linked with a higher likelihood of developing cardiovascular diseases. Other research[2] has found that diets centered on plant-based foods can lower this risk when those foods offer balanced nutrition and are consumed in appropriate proportions.


						
To explore how nutrition relates to cardiovascular health in more detail, scientists from INRAE, Inserm, Universite Sorbonne Paris Nord, and Cnam examined more than whether foods came from plant or animal sources. Their assessment also incorporated the nutritional makeup of foods, including factors such as carbohydrate, fat, and antioxidant vitamin and mineral content, along with the level of industrial processing involved.

How the Study Evaluated Diets and Food Choices

The team evaluated data from 63,835 adults enrolled in the French NutriNet-Sante cohort. Participants were followed for an average of 9.1 years, with some tracked for as long as 15 years. Information on what they ate and drank (collected over at least three days) was gathered through online questionnaires. This detailed approach allowed researchers to classify diets based on the share of plant-based and animal-based foods, while also considering both nutritional quality and processing level.

The findings showed that adults who consumed more plant-based foods of higher nutritional quality (lower in fat, sugar, and salt) and with minimal industrial processing had about a 40 percent lower risk of cardiovascular disease compared with those who ate fewer nutritious plant-based foods and more animal-based products[3].

However, people who ate larger amounts of plant-based foods that were nutritionally higher quality but ultra-processed, including items such as industrial wholemeal breads, store-bought soups, ready-made pasta dishes, or commercially prepared salads with dressing, did not experience a reduced cardiovascular risk relative to individuals who consumed fewer of these products and more animal-based foods.

Ultra-Processed Plant Foods and Increased Heart Disease Risk

A notably higher risk emerged for adults whose diets were dominated by plant-based foods that were both lower in nutritional quality and ultra-processed. These items included crisps, sweetened fruit drinks or sodas made from plant extracts, chocolate-based sweets or confectionery, sugary breakfast cereals, and savory biscuits. Their cardiovascular disease risk was roughly 40 percent higher than that of people who consumed more plant-based foods of good nutritional quality with little or no industrial processing.




Why Processing Level Matters for Plant-Based Eating

Overall, the results show that understanding the relationship between diet and cardiovascular health requires considering the nutritional quality of foods and how heavily they are processed, in addition to the balance of plant-based and animal-based components. These findings support public health recommendations that encourage the consumption of plant-based foods that are both nutritionally high quality and minimally processed (such as fresh, frozen, or high-quality canned fruits and vegetables without added fats, salt, sugar, or additives).

Notes

[1] According to the NOVA classification, these are foods that have undergone significant biological, chemical, or physical processing (such as extrusion, pre-frying, hydrolysis, or ultra-high-temperature heating), and/or whose formulation includes certain food additives not necessary for the product's food safety (such as colourings, emulsifiers, or sweeteners), or industrial substances such as hydrogenated oils, glucose/fructose syrup, hydrolysed proteins and inverted sugar.

[2] Rauber F., da Costa Louzada M.L., Chang C. et al. (2024). Implications of food ultra-processing on cardiovascular risk considering plant origin foods: an analysis of the UK biobank cohort. The Lancet Regional Health-Europe, DOI: https://doi.org/10.1016/j.lanepe.2024.100948 Daas M.C., Vellinga R.E., Pinho M.G.M. et al. (2024). The role of ultra-processed foods in plant-based diets: associations with human health and environmental sustainability. European Journal of Nutrition. DOI: https://doi.org/10.1007/s00394-024-03477-w

[3] That is, with a consumption of about 280 g per day of fruits and vegetables -- half the recommendation of the French National Health and Nutrition Plan (PNNS) -- 54.1 g per day of red meat (about 380 g per week),

The NutriNet-Sante study is a public health initiative coordinated by the Nutritional Epidemiology Research Team (CRESS-EREN, Inserm/INRAE/Cnam/Universite Sorbonne Paris Nord/Universite Paris Cite). Thanks to the commitment and long-term participation of over 180,000 "nutrinauts," the study is helping advance research into the links between nutrition (diet, physical activity, nutritional status) and health. Launched in 2009, it has already led to over 300 international scientific publications. Recruitment of new participants is ongoing, to continue supporting public research into the relationship between nutrition and health.

By spending just a few minutes each month on the secure platform etude-nutrinet-sante.fr to complete questionnaires on diet, physical activity, and health, participants are helping build knowledge toward healthier and more sustainable eating habits.
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Harvard gut discovery could change how we treat obesity and diabetes | ScienceDaily
A research project supported by FAPESP and carried out at Harvard University in the United States has identified a set of metabolites that move from the intestine to the liver and then on to the heart, which distributes them throughout the body. These circulating compounds appear to influence how metabolic pathways function within the liver and how sensitive the body is to insulin. The findings point to potential new strategies for treating obesity and type 2 diabetes. The study was published in Cell Metabolism.


						
"The hepatic portal vein drains much of the blood from the intestine to the liver. Therefore, it's the first place to receive products from the gut microbiome. In the liver, they can be conjugated, transformed, or eliminated, and then enter the systemic circulation," explains Vitor Rosetto Munoz, first author of the study and postdoctoral researcher at the Ribeirao Preto School of Physical Education and Sports at the University of Sao Paulo (EEFERP-USP) in Brazil.

"By analyzing the blood leaving the intestine and the peripheral blood circulating throughout the body, we were able to more accurately observe the enrichment of these metabolites derived from the gut microbiome in each location and, consequently, how they can modify hepatic metabolism and metabolic health," adds Munoz. He completed this work during an internship at the Joslin Diabetes Center at Harvard Medical School in the United States with support from a FAPESP scholarship under the guidance of researcher Carl Ronald Kahn.

Gut Microbiome Diversity and Metabolic Disease Risk

Over the past several years, scientists have increasingly recognized that the gut microbiome acts as a key link between genetics, environmental factors, and the development of metabolic disorders. Studies have shown that people and animals with obesity, type 2 diabetes, glucose intolerance, or insulin resistance often have distinct gut microbial compositions compared to those without these conditions.

Even so, researchers still struggle to determine which specific bacteria or microbial products drive these differences or how they interact with intestinal tissues. To explore this question, the recently published study examined metabolites in the blood of mice that varied in their susceptibility to obesity and diabetes. Samples were taken from the hepatic portal vein, which carries blood from the intestine to the liver, and from peripheral blood, which travels from the liver to the heart before circulating through the body.

"Normally, studies tend to look at metabolites present in fecal material or peripheral blood, but they don't accurately reflect what's first reaching the tissue of the liver, which is an important metabolic organ linked to different diseases," says the researcher.




Environmental and Genetic Effects on Metabolite Profiles

In healthy mice, the team detected 111 metabolites enriched in the hepatic portal vein and 74 in peripheral blood. When mice genetically predisposed to obesity and type 2 diabetes were fed a hyperlipidemic diet (rich in fat), the number of metabolites enriched in the hepatic portal vein dropped from 111 to 48. This finding indicates that environmental factors, such as diet, can strongly influence the distribution of these compounds.

The metabolite profiles in these susceptible mice also differed from those observed in a strain of mice naturally resistant to metabolic syndrome. This contrast suggests that genetic background plays a central role in shaping which metabolites appear in the hepatic portal vein.

"This shows that both the environment and the host's genetics can interact in complex ways with the gut microbiome. As a result of these interactions, different combinations of metabolites may be sent to the liver and subsequently to the peripheral circulation. These metabolites likely play an important role in mediating the conditions that lead to obesity, diabetes, and metabolic syndrome," says Munoz.

Testing Microbiome Disruption and Metabolite Effects

To identify which bacteria and microbial byproducts contribute to these metabolite patterns, the researchers treated obesity and diabetes susceptible mice with an antibiotic designed to target specific intestinal microorganisms. As expected, the treatment altered the microbiome and changed the balance of metabolites in both peripheral blood and the hepatic portal vein.




One outcome was an increase in metabolites such as mesaconate, which participates in the Krebs cycle, a fundamental energy-producing pathway in cells.

Using this insight, the scientists exposed hepatocytes (liver cells) to mesaconate and its isomers, which are chemical compounds with the same molecular formula but different structures. The treatments improved insulin signaling and regulated genes involved in hepatic fat accumulation (lipogenesis) and fatty acid oxidation, both of which are crucial processes for maintaining metabolic health.

"The metabolites found in the blood of these two sites, therefore, play important roles in mediating the effects of the microbiome on liver metabolism and the pathogenesis of type 2 diabetes insulin resistance, which is related to eating a high-fat diet," says Munoz.

Next Steps in Mapping Gut Driven Metabolic Pathways

The scientists now aim to characterize each metabolite in greater detail and determine how they are produced. This deeper understanding of microbial influences on metabolism may eventually lead to the identification of molecules that could serve as new therapeutic options for metabolic diseases.
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Anxiety and insomnia linked to sharp drops in key immune cells | ScienceDaily
Natural killer (NK) cells act as key defenders within the immune system. They help control infections by targeting invading microbes, foreign materials, and damaged or infected cells early on, which limits their ability to spread. NK cells travel through the bloodstream (circulatory) or remain in specific tissues and organs. When NK cell numbers drop too low, the immune system may no longer function properly, increasing the risk of illness.


						
Anxiety disorder and insomnia are both known to interfere with healthy immune activity. With these conditions becoming more common, researchers in Saudi Arabia investigated how they relate to NK cell levels in young female students. Their findings were published in Frontiers in Immunology.

"We found that in students with insomnia symptoms, count and percentage of total NK cells and their sub-populations were declined," said first author Dr. Renad Alhamawi, an assistant professor of immunology and immunotherapy at Taibah University. "Students with general anxiety symptoms, on the other hand, had a lower percentage and number of circulatory NK cells and their sub-populations, compared to symptom-free students."

Study Design and Student Health Profiles

60 female students aged 17 to 23 took part in the research. Each participant completed three questionnaires on sociodemographic information and on symptoms related to anxiety and insomnia. Reports of anxiety and sleep disturbance were self-described. According to the surveys, about 53 percent of the students experienced sleep difficulties consistent with insomnia, and 75 percent reported anxiety symptoms, with approximately 17 percent and 13 percent falling into moderate and severe categories.

Blood samples were also collected to measure different NK cell types. NK cells include two main subgroups: CD16+CD56dim cells, which form most of the NK cells in the nervous system that links the central nervous system to the rest of the body (peripheral NK cells). This subtype is cytotoxic, meaning it can destroy cells that enter or harm the body. The second subgroup, CD16+CD56high cells, is less common and contributes to the release of proteins that act as chemical messengers and support immunoregulation. Both groups are considered circulatory NK cells.

How Anxiety and Insomnia Affected NK Cell Levels

Results showed that students who reported anxiety symptoms had both a lower percentage and lower number of circulatory NK cells and their subtypes compared to those without symptoms. The severity of anxiety mattered as well. Students with moderate or severe symptoms showed a notably reduced percentage of circulatory NK cells, while those with minimal or mild symptoms showed only a small and statistically insignificant decrease. Among students with insomnia symptoms, higher anxiety scores were associated with a lower proportion of total peripheral NK cells.




Consequences of Declining Immune Defenses

A drop in NK cells can weaken immune performance, raising the likelihood of various health issues, including infectious diseases, cancers, and mental health conditions such as depression. "Understanding how these psychological stressors influence the distribution and activity of immune cells, especially peripheral NK cells, may provide valuable insights into the mechanisms underlying inflammation and tumorigenesis," Alhamawi explained.

The researchers noted some limitations. Only young female participants were included, a group in which anxiety and sleep problems have been increasing at a disproportionate rate. This narrow focus limits how widely the results can be applied. The team emphasized that studies involving a wider range of ages, sexes, and geographic regions are needed for a more complete understanding of how anxiety and insomnia influence NK cell levels and function.

Lifestyle Measures and the Impact of Stress on Immunity

Previous research suggests that healthy habits, including consistent physical activity, lowered stress levels, and a balanced diet, may help improve NK cell levels and performance. Even so, anxiety and insomnia can interfere with normal biological processes throughout the body, including immune responses, and may contribute to chronic and inflammatory diseases. "Such impacts ultimately compromise overall health and quality of life," concluded Alhamawi.
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Researchers find how plants survive without sunlight or sex | ScienceDaily
Some plants lack both green pigments and sexual reproduction, yet these unusual traits reveal important insights into what defines plant life. A new study involving Kobe University examined species in the genus Balanophora to understand how non-green, asexual plants develop and survive.


						
"My long-standing aim is to rethink what it truly means to be a plant," says Kobe University botanist Kenji Suetsugu. He continues, "For many years I have been fascinated by plants that have abandoned photosynthesis, and I want to uncover the changes that occur in the process." Balanophora species represent an extreme case because they do not photosynthesize and instead draw nutrients from the roots of host plants. They remain underground for most of their lives and appear above the soil only during flowering season, and some species reproduce only through asexual means. "However, while there have been individual studies on changes in the plants' genomes, their ecology and their reproduction, we don't know how they relate to each other," explains Suetsugu.

Linking Evolution, Plastids, and Ecology in Balanophora

To address this gap, Suetsugu set out to unify three areas of research that had never been examined together for Balanophora. He aimed to clarify the relationships among species, investigate how their plastids have been altered (a part of a plant's cells which in green plants serves as the cell's "solar panels"), and determine how their reproductive strategies fit within their ecological context. Describing the difficulty of the work, he says: "These plants are rare, patchy and often restricted to steep, humid forests. But years of experience with studying Balanophora both in the lab and in field studies, as well as long-standing relationships with local naturalists made this project possible." To expand the project, he collaborated with experts at the Okinawa Institute of Science and Technology who specialize in highly reduced genomes.

Extreme Plastid Reduction Suggests a Shared Ancestral Shift

The study, now published in the journal New Phytologist, reports that all members of the group possess a dramatically reduced plastid genome (DNA not kept in the plant cell's nucleus but directly in the plastid). The team concluded that this reduction likely occurred in a common ancestor before the lineage split into multiple species. Suetsugu says: "It is exciting to see how far a plant can reduce its plastid genome, which at first glance looks as though the plastid is on the verge of disappearing. But looking more closely we found that many proteins are still transported to the plastid, showing that even though the plant has abandoned photosynthesis, the plastid is still a vital part of the plant's metabolism."

Repeated Evolution of Asexual Reproduction Across the Region

The researchers also determined that asexual reproduction probably emerged several times within the group. Their findings suggest that the plants may have developed the capacity to produce seeds without fertilization early on, which would have helped them colonize the chain of islands extending from mainland Japan through Okinawa to Taiwan. "Over the past decade I have studied Balanophora pollination and seed dispersal where camel crickets and cockroaches play an unexpected role, but I also noticed that asexual seed production often ensured reproduction when mates or pollinators are scarce," explains Suetsugu. In some species, this reproductive approach may have become the primary mode of producing offspring.




Understanding How Parasitic, Non-Photosynthetic Plants Persist

For Suetsugu, the work represents a major step toward understanding how plants that no longer perform photosynthesis continue to function and survive in natural environments. Suetsugu says, "For someone who has spent many hours observing these plants in dark, humid forests, seeing their story unfold at the genomic level is deeply satisfying. My next goal is to connect these results with biochemical measurements to find out what Balanophora plastids actually produce and how these products help sustain the parasitic plants' growth within the roots of their hosts."

This research was funded by the Japan Society for the Promotion of Science (grant 23K14256), the Human Frontier Science Program (grant RGEC29/2024), the Japan Science and Technology Agency (grants JPMJPR21D6, JPMJFR2339) and the National Science and Technology Council, Taiwan (grant 109-2311-B-845-001). It was conducted in collaboration with researchers from the Okinawa Institute of Science and Technology and the University of Taipei.
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Indoor tanning triples melanoma risk and seeds broad DNA mutations | ScienceDaily
Indoor tanning drastically increases melanoma risk, and scientists have now mapped the sweeping DNA damage tanning beds inflict across nearly the entire skin surface -- damage far beyond what sunlight causes.


						    	Researchers examined thousands of medical records to compare melanoma rates in people who used tanning beds and those who did not, then performed genomic analysis on 182 skin biopsies from both groups to track mutation patterns.
    	People who used tanning beds showed nearly twice as many DNA mutations as individuals in the control group.
    	These mutations were found not only on commonly exposed skin, but also in body areas that rarely see sunlight, revealing how far tanning bed damage can spread.

Indoor tanning, melanoma risk and DNA damage

Using tanning beds is linked to nearly a threefold increase in the risk of melanoma, and for the first time, researchers have shown how these devices create melanoma-related DNA damage across almost the entire surface of the skin, according to a new study led by Northwestern Medicine and the University of California, San Francisco.

Melanoma is the most lethal form of skin cancer and is responsible for about 11,000 deaths in the U.S. each year. For years, health experts have warned about the dangers of indoor tanning, yet the exact biological pathway connecting tanning beds to cancer had not been fully mapped. The indoor tanning industry, which has been experiencing a resurgence in popularity, has pointed to that gap in knowledge to claim that tanning beds are no more dangerous than natural sunlight.

The new research, the authors say, "irrefutably" counters those arguments by demonstrating that tanning beds, at the molecular level, change skin cells in ways that go far beyond the impact of everyday sun exposure.

"Even in normal skin from indoor tanning patients, areas where there are no moles, we found DNA changes that are precursor mutations that predispose to melanoma," said study first author Dr. Pedram Gerami, professor of skin cancer research at Northwestern University Feinberg School of Medicine. "That has never been shown before."

Melanoma survivors who previously used tanning beds and donated their skin biopsies for this work are available for interviews upon request.




The findings were published Dec. 12 in the journal Science Advances.

Clinical mystery in younger melanoma patients

Gerami, who also directs the melanoma program in dermatology at Northwestern, has treated people with melanoma for two decades. During that time, he began to notice a striking pattern: an unusually high number of women under age 50 who had experienced multiple melanomas and reported using tanning beds. He suspected that frequent indoor tanning was the shared factor tying these cases together.

To investigate, Gerami and his team designed the epidemiologic portion of the study. They analyzed medical records for about 3,000 people with a history of tanning bed use and compared them with roughly 3,000 age-matched individuals who had never used indoor tanning devices.

In this comparison, melanoma was diagnosed in 5.1% of people who used tanning beds, versus 2.1% of those who did not. Even after the researchers accounted for age, sex, history of sunburn, and family history of melanoma, indoor tanning was still associated with a 2.85-fold increase in melanoma risk.

The study also found that people who used tanning beds were more likely to develop melanoma on body areas that are usually shielded from the sun, such as the lower back and buttocks. These observations supported the idea that tanning beds may inflict more widespread DNA damage than ordinary sun exposure.




DNA sequencing reveals widespread mutations

To explore that possibility further, the scientists turned to advanced genomic tools. They used newer technologies to perform single-cell DNA sequencing on melanocytes (the pigment-producing skin cells where melanoma begins) from three different groups of skin donors.

The first group consisted of 11 patients from Gerami's clinic who had long histories of indoor tanning. The second group included nine individuals who had never used tanning beds but were otherwise similar in age, sex and overall cancer risk. A third group of six cadaver donors provided additional skin samples to strengthen the control group.

In total, the team sequenced 182 individual melanocytes. They discovered that melanocytes from tanning bed users carried nearly twice as many genetic mutations as those from the control groups and were more likely to harbor mutations associated with melanoma. In people who tanned indoors, these mutations also showed up in areas of the body that typically stay covered and are not regularly exposed to the sun, reinforcing the conclusion that tanning beds cause a broad field of DNA damage.

"In outdoor sun exposure, maybe 20% of your skin gets the most damage," Gerami said. "In tanning bed users, we saw those same dangerous mutations across almost the entire skin surface."

Cancer survivor shares the toll of tanning beds

The study depended on the willingness of Gerami's patients to donate skin biopsies. One participant, 49-year-old Heidi Tarr from the Chicago area, used tanning beds frequently as a teenager in high school -- two to three sessions a week -- because friends and celebrities at the time were also doing it and "it felt like that's what made you beautiful."

Years later, in her thirties and now a mother, she spotted a mole on her back and immediately feared it might be something serious. The spot turned out to be melanoma, leading to surgery, years of regular follow-up appointments and more than 15 additional biopsies as new moles appeared. "The biopsies can be painful, but the mental anxiety is worse," she said. "You're always waiting for the call that it's melanoma again."

After Gerami described the new research project, Tarr readily agreed to provide additional biopsies. "I value science, and I wanted to help," she said. "If what happened to my skin can help others understand the real risks of tanning beds, then it matters."

'Wronged by the industry'

Seeing the genetic data and the clinical trends together convinced Gerami that stronger safeguards are needed. "At the very least, indoor tanning should be illegal for minors," he said.

"Most of my patients started tanning when they were young, vulnerable and didn't have the same level of knowledge and education they have as adults," he said. "They feel wronged by the industry and regret the mistakes of their youth."

Gerami also believes tanning beds should carry warnings comparable to those on cigarette packages. "When you buy a pack of cigarettes, it says this may result in lung cancer," he said. "We should have a similar campaign with tanning bed usage. The World Health Organization has deemed tanning beds to be the same level of carcinogen as smoking and asbestos. It's a class one carcinogen."

He recommends that anyone who frequently used tanning beds earlier in life schedule a total-body skin examination with a dermatologist and talk with their doctor about whether they should have ongoing, routine skin checks.

Gerami is a member of the Robert H. Lurie Comprehensive Cancer Center of Northwestern University.

The study, titled "Molecular effects of indoor tanning," was funded by the National Institutes of Health (grants R01 CA265786 and AR080626), the Department of Defense Melanoma Research Program (grant ME210014), the Melanoma Research Alliance Team Science Award, the Melanoma Research Alliance Dermatology Fellows Award, the LEO Foundation Region Americas Award, Cancer Center Support (grant P30CA082103), the IDP Foundation Award and the Greg and Anna Brown Family Foundation Award.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251214100919.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Stem cell pain sponge soaks up osteoarthritis joint pain and protects cartilage | ScienceDaily
SereNeuro Therapeutics, a preclinical biotechnology company focused on non-opioid pain treatments, reported new findings on December 12 that describe a different way to manage chronic pain while helping protect joint tissue. The update centers on SN101, a first-in-class therapy created from induced pluripotent stem cells (iPSCs).


						
SN101 is made from mature iPSC-derived peripheral pain-sensing neurons (nociceptors) and is being developed to address chronic osteoarthritis pain. The findings showcase an approach that departs from traditional pain management methods.

How SN101 Uses Engineered Neurons to Reduce Pain

"Our approach utilizes high-purity, iPSC-derived nociceptors (SN101) that effectively function as a sponge for pain factors. By injecting SN101 cells, we counterintuitively relieve pain and halt cartilage degradation," said Gabsang Lee, scientific co-founder of SereNeuro and a professor of neurology and neuroscience at Johns Hopkins University.

According to the new data, SN101 neurons act by absorbing inflammatory pain molecules rather than passing pain signals to the brain. The cells also release regenerative factors that have been confirmed through mechanistic studies, supporting their potential as a disease-modifying osteoarthritis drug (DMOAD).

Comparing SN101 to Single-Target Therapies

The presentation further explains how SN101 differs from emerging drug classes such as Nav 1.8 inhibitors. While those therapies focus on blocking a single pain-related pathway, SN101 cells naturally express all major pain receptors and ion channels. This broad biological profile allows the treatment to influence multiple pathways at once to help reduce both pain and inflammation.




The findings also compare SN101 with commonly used options like corticosteroids.

Limitations of Current Treatments and the Potential of SN101

"Current standard-of-care treatments, particularly corticosteroids, provide temporary relief but are known to accelerate cartilage degradation over time, ultimately worsening the disease," said Dr. Daniel Saris, a member of SereNeuro's Clinical Advisory Board and a professor of orthopedics and regenerative medicine at Mayo Clinic.

In contrast, the evidence presented indicates that SN101 supports the preservation of joint tissue while easing chronic pain, and it does so without the risk of addiction.
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Researchers identify viral suspects that could be fueling long COVID | ScienceDaily
For many people living with long COVID, ongoing issues such as breathlessness, fatigue and brain fog remain difficult to explain. A team of prominent microbiologists now believes they may have uncovered an important clue.


						
Their view is that, for some individuals, long COVID symptoms could stem from additional infections that occur alongside SARS-CoV-2.

A review published in eLife by 17 experts, including researchers at Rutgers Health, suggests that co-infections acquired before or during a bout of COVID may help drive long-lasting symptoms.

"This is an aspect of long COVID that is not talked about a lot," said Maria Laura Gennaro, a microbiologist at the Rutgers New Jersey Medical School who chaired the Microbiology Task Force for the National Institutes of Health's Researching COVID to Enhance Recovery initiative, a large-scale study of long COVID.

Growing Evidence That Other Pathogens May Play a Role

Long COVID has affected up to 400 million people worldwide and can cause problems ranging from mild disruption to severe disability. It can involve the brain, heart, lungs and digestive system. Despite its widespread impact, no proven treatments exist because the underlying cause remains unclear.

The new review brings together existing scientific findings and expert opinion to highlight an idea that has received relatively little attention: infections other than the coronavirus itself may be important contributors.




EBV Reactivation as a Leading Suspect

One of the strongest lines of evidence centers on Epstein-Barr virus (EBV), the virus that causes mononucleosis. Roughly 95 percent of adults carry EBV in a latent form that usually remains silent until an immune challenge such as COVID triggers its reactivation.

In one early study, researchers reported that two-thirds of people with long COVID showed markers of recent EBV activity, and those with more symptoms had higher antibody levels. Subsequent studies also linked EBV reactivation with well known features of long COVID, including fatigue and cognitive difficulties.

TB and Immune Disruption

Another pathogen receiving attention is tuberculosis (TB). About one-quarter of the global population carries latent TB. Evidence indicates that COVID may reduce the immune cells that normally contain TB, raising the risk that it could reactivate. The connection may also work in the opposite direction, since TB appears capable of worsening COVID outcomes.

The researchers emphasize that timing is important. Infections that occur before COVID may weaken the immune system. Infections during the initial illness may intensify tissue damage. Infections that arise after recovery could take advantage of lingering immune dysfunction caused by COVID.




Rising Rates of Other Diseases and the Idea of Immunity Theft

According to the authors, 44 countries have seen tenfold increases in at least 13 infectious diseases compared with levels observed before the pandemic. One idea they discuss, known as "immunity theft," proposes that an episode of acute COVID may leave people more susceptible to other infections.

If co-infections truly contribute to long COVID, treatments already available could potentially help. Existing antibiotics and antivirals might be repurposed to target specific underlying infections, and clinical trials could examine whether treating these infections improves long COVID symptoms.

A Hypothesis That Still Requires Proof

The researchers caution that their argument remains preliminary. Although the connections they outline are biologically reasonable, they are still unproven. No causal relationship has been confirmed between any co-infection and long COVID.

"Everyone has heard it a million times, but it bears repeating: Correlation doesn't equal causation," Gennaro said.

She added that verifying the hypothesis would require large epidemiological studies and animal research, yet this work is made more difficult by the lack of reliable animal models for long COVID.

Expanding the Search for Answers

The authors hope their findings will encourage more investigation into how co-infections might shape long COVID. While the review does not provide immediate solutions for those currently dealing with long-term symptoms, the researchers suggest that effective treatment may involve looking beyond the coronavirus alone.
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        A hidden T cell switch could make cancer immunotherapy work for more people
        Scientists have discovered that T cell receptors activate through a hidden spring-like motion that had never been seen before. This breakthrough may help explain why immunotherapy works for some cancers and how it could be improved for others.

      

      
        Astronomers just watched a black hole twist spacetime
        Astronomers have detected spacetime itself being dragged and twisted by a spinning black hole for the first time. The discovery, seen during a star's violent destruction, confirms a prediction made over 100 years ago and reveals new clues about how black holes spin and launch jets.

      

      
        The western U.S. Tried to stop wildfires and it backfired
        Much of the western U.S. is overdue for wildfire, with decades of suppression allowing fuel to build up across millions of hectares. Researchers estimate that 74% of the region is in a fire deficit, meaning far more land needs to burn to restore healthy forest conditions. Catching up would require an unprecedented amount of controlled and managed fire.

      

      
        Your body feels cold in two different ways
        Researchers have uncovered that the body uses different molecular systems to sense cold in the skin versus internal organs. This explains why surface chills feel very different from cold experienced deep inside the body.

      

      
        AI detects cancer but it's also reading who you are
        AI tools designed to diagnose cancer from tissue samples are quietly learning more than just disease patterns. New research shows these systems can infer patient demographics from pathology slides, leading to biased results for certain groups. The bias stems from how the models are trained and the data they see, not just from missing samples. Researchers also demonstrated a way to significantly reduce these disparities.

      

      
        This tiny protein helps control how hungry you feel
        Researchers have identified a previously overlooked protein that helps regulate appetite and energy use in the body. This "helper" protein supports a key system that decides whether the body burns energy or stores it, and when it does not function properly, appetite signals can weaken.

      

      
        Mystery of King Tut's jars solved? Yale researchers find opium clues
        Traces of opium found inside an ancient alabaster vase suggest drug use was common in ancient Egypt, not rare or accidental. The discovery raises the possibility that King Tut's famous jars once held opiates valued enough to be buried with pharaohs--and stolen by tomb raiders.

      

      
        A quantum mystery that stumped scientists for decades is solved
        A long-standing physics mystery has been solved with the discovery of emergent photon-like behavior inside a strange quantum material. The finding confirms a true 3D quantum spin liquid and unlocks a new way to study deeply entangled matter.

      

      
        Scientists rewired Down syndrome brain circuits by restoring a missing molecule
        A missing brain molecule may be disrupting neural wiring in Down syndrome, according to new research. Replacing it in adult mice rewired brain circuits and improved brain flexibility, challenging the idea that treatment must happen before birth.

      

      
        Scientists spent 10 years chasing a particle that wasn't there
        After a decade of painstaking measurements, scientists have delivered a major plot twist in particle physics: a long-hypothesized "mystery particle" likely doesn't exist. Using the MicroBooNE experiment at Fermilab, researchers analyzed neutrinos from two powerful beams and found no evidence for a sterile neutrino, ruling it out with 95% certainty.

      

      
        A flesh-eating fly once eradicated is moving back toward the U.S.
        California researchers are preparing for the possible return of the New World screwworm, a parasitic fly that feeds on living flesh and once devastated U.S. livestock. By monitoring traps and educating veterinarians and farmers, they hope to stop the pest before it gains a foothold.

      

      
        He ate a hamburger and died hours later. Doctors found a shocking cause
        A rare tick-borne allergy linked to red meat has now been confirmed as deadly for the first time. A healthy New Jersey man collapsed and died hours after eating beef, with later testing revealing a severe allergic reaction tied to alpha-gal, a sugar spread by Lone Star tick bites. Symptoms often appear hours later, making the condition easy to miss. Researchers warn that growing tick populations could put more people at risk.

      

      
        Ramanujan's 100-year-old pi formula is still revealing the Universe
        Ramanujan's elegant formulas for calculating pi, developed more than a century ago, have unexpectedly resurfaced at the heart of modern physics. Researchers at IISc discovered that the same mathematical structures behind these formulas also describe real-world phenomena like turbulence, percolation, and even black holes. What once seemed like pure mathematics now appears deeply intertwined with the physical laws governing the universe.

      

      
        A simple turn reveals a 1,500-year-old secret on Roman glass
        A museum visit sparked a revelation when a Roman glass cup was turned around and its overlooked markings came into focus. These symbols, once dismissed as decoration, appear to be workshop identifiers used by teams of skilled artisans. The findings challenge centuries of assumptions about how Roman glass was made. They also restore identity and agency to the anonymous makers behind these stunning objects.

      

      
        A new test could reveal Alzheimer's before symptoms appear
        Scientists at Northern Arizona University are developing a promising new way to detect Alzheimer's disease earlier than ever before--by tracking how the brain uses sugar. Using tiny particles in the blood called microvesicles, researchers may soon be able to gather brain-specific information without invasive procedures. If successful, this approach could transform Alzheimer's diagnosis, monitoring, and even prevention, much like how doctors manage heart disease today.

      

      
        A hidden star found where dust shouldn't exist
        A mysterious cloud of ultra-hot dust around Kappa Tucanae A may finally have an explanation: a hidden companion star. The star's extreme orbit carries it straight through the dust zone, strongly suggesting it plays a key role in keeping the dust alive. This finding could help astronomers untangle one of the biggest challenges in imaging Earth-like exoplanets. It also opens the door to discovering similar hidden companions around other stars.

      

      
        Scientists reveal why some brains stop growing too soon
        Researchers used miniature human brains grown in the lab to uncover why certain genetic mutations lead to abnormally small brains. Changes in actin disrupted the orientation of early brain cell divisions, causing crucial progenitor cells to disappear too soon. This reduced the brain's ability to grow normally. The work offers a clear cellular explanation for microcephaly linked to Baraitser-Winter syndrome.

      

      
        This 8,000-year-old art shows math before numbers existed
        Over 8,000 years ago, early farming communities in northern Mesopotamia were already thinking mathematically--long before numbers were written down. By closely studying Halafian pottery, researchers uncovered floral and plant designs arranged with precise symmetry and numerical patterns, revealing a surprisingly advanced sense of geometry.

      

      
        Scientists reveal a 1.5-million-year-old human face
        Scientists have digitally reconstructed the face of a 1.5-million-year-old Homo erectus fossil from Ethiopia, uncovering an unexpectedly primitive appearance. While its braincase fits with classic Homo erectus, the face and teeth resemble much older human ancestors. This discovery challenges long-held ideas about where and how Homo erectus evolved. It also hints at a complex web of migrations and possible mixing between early human species.

      

      
        A loud minority makes the Internet look far more toxic than it is
        People think online platforms are overflowing with toxic and misleading content, but the reality is far calmer. A small group of highly active users creates most of the harm, while the majority remain relatively civil. Still, many Americans assume the worst about each other because of this imbalance. Correcting that belief can noticeably improve how people feel about society.

      

      
        Living cells may generate electricity from motion
        Cells may generate their own electrical signals through microscopic membrane motions. Researchers show that active molecular processes can create voltage spikes similar to those used by neurons. These signals could help drive ion transport and explain key biological functions. The work may also guide the design of intelligent, bio-inspired materials.

      

      
        Hidden dimensions could explain where mass comes from
        A new theory proposes that the universe's fundamental forces and particle properties may arise from the geometry of hidden extra dimensions. These dimensions could twist and evolve over time, forming stable structures that generate mass and symmetry breaking on their own. The approach may even explain cosmic expansion and predict a new particle. It hints at a universe built entirely from geometry.

      

      
        A new way to prevent gum disease without wiping out good bacteria
        Scientists are uncovering a surprising way to influence bacteria--not by killing them, but by changing how they communicate. Researchers studying oral bacteria found that disrupting chemical signals used in bacterial "conversations" can shift dental plaque toward healthier, less harmful communities. The discovery could open the door to new treatments that prevent disease by maintaining a balanced microbiome rather than wiping bacteria out entirely.

      

      
        Physicists found a way to see heat in empty space
        Physicists have found a clever way to detect the elusive Unruh effect without extreme accelerations. By using atoms that emit light cooperatively between mirrors, acceleration subtly shifts when a powerful light burst appears. That early flash acts like a timestamped signature of the effect. The method could make once-theoretical physics experimentally reachable.

      

      
        Why consciousness exists at all
        Consciousness evolved in stages, starting with basic survival responses like pain and alarm, then expanding into focused awareness and self-reflection. These layers help organisms avoid danger, learn from the environment, and coordinate socially. Surprisingly, birds show many of these same traits, from subjective perception to basic self-awareness. This suggests consciousness is far older and more widespread than once believed.

      

      
        A hidden climate shift may have sparked epic Pacific voyages 1,000 years ago
        Around 1,000 years ago, a major climate shift reshaped rainfall across the South Pacific, making western islands like Samoa and Tonga drier while eastern islands such as Tahiti became increasingly wet. New evidence from plant waxes preserved in island sediments shows this change coincided with the final major wave of Polynesian expansion eastward. As freshwater became scarcer in the west and more abundant in the east, people may have been pushed to migrate, effectively "chasing the rain" across v...

      

      
        Giant sea monsters lived in rivers at the end of the dinosaur age
        Giant mosasaurs, once thought to be strictly ocean-dwelling predators, may have spent their final chapter prowling freshwater rivers alongside dinosaurs and crocodiles. A massive tooth found in North Dakota, analyzed using chemical isotope techniques, reveals that some mosasaurs adapted to river systems as seas gradually freshened near the end of the age of dinosaurs. These enormous reptiles, possibly as long as a bus, appear to have hunted near the surface, perhaps even feeding on drowned dinosa...

      

      
        This rare earthquake did everything scientists hoped to see
        A rare, ultra-long earthquake in Myanmar revealed that mature faults can deliver their full force directly to the surface. The discovery could mean stronger shaking near faults like California's San Andreas than current models predict.

      

      
        AI found a way to stop a virus before it enters cells
        Researchers discovered a hidden molecular "switch" that herpes viruses rely on to invade cells. By combining AI, simulations, and lab experiments, they identified and altered a single amino acid that shut down viral entry. What once might have taken years was achieved far faster using computational tools. The findings open new possibilities for designing future antiviral treatments.

      

      
        New orbital clue reveals how hot Jupiters really formed
        Hot Jupiters were once cosmic oddities, but unraveling how they moved so close to their stars has remained a stubborn mystery. Scientists have long debated whether these giants were violently flung inward or peacefully drifted through their birth disks. A new approach from researchers in Tokyo cracks open this puzzle by using the timescale of orbital circularization as a diagnostic.

      

      
        Male bonobos use hidden clues to boost mating success
        Male bonobos have an impressive ability to detect when females are most fertile, even though the usual visual cues are unreliable. Researchers tracking wild bonobos in the Congo discovered that males skillfully interpret a mix of swelling timing and a female's reproductive history to pinpoint the optimal moment for mating. By blending these clues, they overcome nature's misleading signals and maximize their chances of fathering offspring.

      

      
        Scientists finally uncovered why the Indus Valley Civilization collapsed
        A series of century-scale droughts may have quietly reshaped one of the world's earliest urban civilizations. New climate reconstructions show that the Indus Valley Civilization endured repeated long dry periods that gradually pushed its people toward the Indus River as rainfall diminished. These environmental stresses coincided with shrinking cities, shifting settlements, and eventually widespread deurbanization. Rather than a dramatic collapse, the civilization appears to have faded slowly unde...

      

      
        Harvard gut discovery could change how we treat obesity and diabetes
        Scientists found that certain molecules made by gut bacteria travel to the liver and help control how the body uses energy. These molecules change depending on diet, genetics, and shifts in the microbiome. Some even improved insulin response in liver cells when tested in the lab. The findings could open the door to new ways of preventing or managing obesity and diabetes.

      

      
        Anxiety and insomnia linked to sharp drops in key immune cells
        Natural killer cells act as the immune system's rapid-response team, but the stress of anxiety and insomnia may be quietly thinning their ranks. A study of young women in Saudi Arabia found that both conditions were linked to significantly fewer NK cells--especially the circulating types responsible for destroying infected or abnormal cells. As anxiety severity increased, NK cell levels dropped even further, suggesting a stress-driven weakening of immune defenses.

      

      
        Researchers find how plants survive without sunlight or sex
        The study reveals how Balanophora plants function despite abandoning photosynthesis and, in some species, sexual reproduction. Their plastid genomes shrank dramatically in a shared ancestor, yet the plastids remain vital. Asexual reproduction appears to have evolved repeatedly, helping the plants survive in isolated, humid forest habitats. The research highlights surprising resilience in these bizarre parasitic species.

      

      
        Researchers identify viral suspects that could be fueling long COVID
        Scientists are uncovering a new possibility behind long COVID's stubborn symptoms: hidden infections that awaken or emerge alongside SARS-CoV-2. Evidence is mounting that viruses like Epstein-Barr and even latent tuberculosis may flare up when COVID disrupts the immune system, creating lingering fatigue, brain fog, and other debilitating issues.

      

      
        The brain switch that could rewrite how we treat mental illness
        Scientists exploring how the brain responds to stress discovered molecular changes that can influence behavior long after an experience ends. They also identified natural resilience systems that help protect certain individuals from harm. These findings are opening the door to treatments that focus on building strength, not just correcting problems. The work is also fueling a broader effort to keep science open, independent, and accessible.

      

      
        Ozempic may offer a surprising bonus benefit for brain health
        A new analysis suggests that people with type 2 diabetes who use GLP-1 medications like Ozempic, Trulicity or Victoza may be less likely to develop epilepsy than those taking DPP-4 inhibitors. Semaglutide showed the strongest connection to lowered risk. Researchers caution that the findings show an association, not proof of cause and effect. More rigorous long-term studies are needed to understand the link.

      

      
        Kids' anxiety and depression dropped fast after COVID school reopenings
        Researchers discovered that children who went back to school during COVID experienced far fewer mental health diagnoses than those who stayed remote. Anxiety, depression, and ADHD all declined as in-person learning resumed. Healthcare spending tied to these conditions also dropped. Girls showed the largest improvements, highlighting the importance of school-based structure and support.

      

      
        A grad student's wild idea triggers a major aging breakthrough
        Senescent "zombie" cells are linked to aging and multiple diseases, but spotting them in living tissue has been notoriously difficult. Researchers at Mayo Clinic have now taken an inventive leap by using aptamers--tiny, shape-shifting DNA molecules--to selectively tag these elusive cells. The project began as an offbeat conversation between two graduate students and quickly evolved into a collaborative, cross-lab effort that uncovered aptamers capable of binding to unique surface proteins on senesc...

      

      
        New ghost marsupial related to the kangaroo found in Australia
        Researchers analyzing ancient fossils from caves across Western Australia have uncovered a completely new species of bettong along with two new woylie subspecies--remarkable finds made bittersweet by signs that some may already be extinct.

      

      
        A long-nosed chameleon hid its true identity for 150 years
        Scientists have discovered that Madagascar's iconic Pinocchio chameleon is actually a distinct species now named Calumma pinocchio. DNA from both modern samples and centuries-old museum specimens also exposed another hidden species, Calumma hofreiteri. The study shows that the chameleons' elongated snouts evolve surprisingly quickly, likely influenced by female mate choice. These findings highlight Madagascar as a hotspot of rapidly diversifying reptile life.

      

      
        Natural compound supercharges treatment for aggressive leukemia
        Forskolin, a plant-derived compound, shows surprising potential against one of the most aggressive forms of leukemia. Researchers discovered that it not only stops cancer cells from growing but also makes them far more vulnerable to chemotherapy by preventing them from pumping out the drugs meant to kill them. Experts say this dual action could help create safer, more powerful AML treatments with fewer harsh side effects.

      

      
        Astronomers watched a sleeping neutron star roar back to life
        Astronomers tracked a decade of dramatic changes in P13, a neutron star undergoing supercritical accretion. Its X-ray luminosity rose and fell by factors of hundreds while its rotation rate accelerated. These synchronized shifts suggest the accretion structure itself evolved over time. The findings offer fresh clues to how ultraluminous X-ray sources reach such extreme power.

      

      
        Webb finds a hidden atmosphere on a molten super-Earth
        Webb's latest observations reveal a hellish world cloaked in an unexpected atmosphere: TOI-561 b, an ultra-hot rocky planet racing around its star in under 11 hours. Despite being blasted by intense radiation that should strip it bare, the planet appears to host a thick layer of gases above a global magma ocean, making it far less dense than expected.

      

      
        AI finds a surprising monkeypox weak spot that could rewrite vaccines
        Researchers used AI to pinpoint a little-known monkeypox protein that provokes strong protective antibodies. When the team tested this protein as a vaccine ingredient in mice, it produced a potent immune response. The discovery could lead to simpler, more effective mpox vaccines and therapies. It may also help guide future efforts against smallpox.

      

      
        New discovery offers real hope for rare genetic disease
        Scientists discovered that certain gene changes allow cells to function even when frataxin, the protein lost in Friedreich's ataxia, is missing. Experiments in worms, human cells, and mice revealed that lowering a gene called FDX2 helps restore vital energy processes. The work points to a new, more targeted treatment strategy.

      

      
        Ghost particles slip through Earth and spark a hidden atomic reaction
        Scientists have managed to observe solar neutrinos carrying out a rare atomic transformation deep underground, converting carbon-13 into nitrogen-13 inside the SNO+ detector. By tracking two faint flashes of light separated by several minutes, researchers confirmed one of the lowest-energy neutrino interactions ever detected.

      

      
        Scientists find dark chocolate ingredient that slows aging
        Scientists have uncovered a surprising link between dark chocolate and slower aging. A natural cocoa compound called theobromine was found in higher levels among people who appeared biologically younger than their real age.

      

      
        New fossils in Qatar reveal a tiny sea cow hidden for 21 million years
        Fossils from Qatar have revealed a small, newly identified sea cow species that lived in the Arabian Gulf more than 20 million years ago. The site contains the densest known collection of fossil sea cow bones, showing that these animals once thrived in rich seagrass meadows. Their ecological role mirrors that of modern dugongs, which still reshape the Gulf's seafloor as they graze. The findings may help researchers understand how seagrass ecosystems respond to long-term environmental change.
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A hidden T cell switch could make cancer immunotherapy work for more people | ScienceDaily
Over the past ten years, T cell immunotherapy has emerged as one of the most promising developments in cancer treatment. These therapies work by training a patient's own immune system to detect and destroy dangerous cells. Despite their success, scientists have struggled to fully explain how these treatments function at a molecular level. This lack of understanding has slowed progress, especially since T cell therapies work well for only a small number of cancer types and fail in most others, for reasons that have remained unclear. Gaining insight into their modus operandi could help make these therapies effective for far more patients.


						
Scientists at The Rockefeller University have now uncovered crucial details about the T cell receptor (TCR), a protein complex embedded in the cell membrane that plays a central role in T cell therapies. Using cryo-EM, researchers from the Laboratory of Molecular Electron Microscopy studied the receptor in a biochemical setting designed to closely resemble its native milieu. They discovered that the TCR behaves like a jack-in-the-box, staying compact until it encounters an antigen or another suspicious particle, at which point it rapidly opens. This behavior contradicts what earlier cryo-EM studies of the receptor had shown.

The findings, published in Nature Communications, could help researchers improve and expand the use of T cell immunotherapies.

"This new fundamental understanding of how the signaling system works may help re-engineer that next generation of treatments," says first author Ryan Notti, an instructor in clinical investigation in Walz's lab and a special fellow in the Department of Medicine at Memorial Sloan Kettering Cancer Center, where he treats patients with sarcomas, or cancers that arise in soft tissue or bone.

"The T cell receptor is really the basis of virtually all oncological immunotherapies, so it's remarkable that we use the system but really have had no idea how it actually works -- and that's where basic science steps in," says Walz, a world expert in cryo-EM imaging. "This is some of the most important work to ever come out of my lab."

How T Cells Detect Threats

Walz's lab focuses on producing detailed images of macromolecular complexes, especially proteins found in cell membranes that help cells communicate with their surroundings. The TCR is one such complex. Made up of multiple proteins, it enables T cells to recognize antigens displayed by human leukocyte antigen (HLA) complexes on other cells. This recognition process is what T cell therapies rely on to mobilize the immune system against cancer.




Although scientists have known the individual parts of the TCR for many years, the earliest steps that trigger its activation have remained elusive. Notti, who works as both a physician and a researcher, found this gap especially troubling because many of his sarcoma patients were not benefiting from T cell immunotherapies.

"Determining that would help us understand how the information gets from outside the cell, where those antigens are being presented by HLAs, to the inside of the cell, where signaling turns on the T cell," he says.

Notti earned his Ph.D. in structural microbiology at Rockefeller before moving into oncology, and he suggested to Walz that they investigate this unanswered question together.

Rebuilding the TCR's Natural Environment

Walz's team is known for creating custom membrane environments that closely mimic the natural surroundings of membrane proteins. "We can change the biochemical composition, the thickness of the membrane, the tension and curvature, the size -- all kinds of parameters that we know have an influence on the embedded protein," Walz says.

For this study, the researchers set out to observe the TCR in conditions that closely resemble those inside a living cell. They placed the receptor into a nanodisc, a tiny disc-shaped section of membrane held in solution by a scaffold protein wrapped around its edge. Assembling the full receptor was difficult, and "getting all eight of these proteins properly assembled into the nanodisc was challenging," Notti says.




Previous structural studies of the TCR had relied on detergent, which often strips away the surrounding membrane. Walz notes that this was the first time the receptor complex had been restored to a membrane environment for detailed imaging.

Seeing the Receptor Switch On

Once the TCR was embedded in the nanodisc, the researchers used cryo-EM to visualize it. The images showed that the receptor remains closed and compact when inactive. When it encounters an antigen-presenting molecule, however, the structure opens and extends outward, resembling a wide-reaching motion.

The result surprised the team. "The data that were available when we began this research depicted this complex as being open and extended in its dormant state," Notti explains. "As far as anyone knew, the T cell receptor didn't undergo any conformational changes when binding to these antigens. But we found that it does, springing open like a sort of jack-in-the-box."

The researchers believe two factors made this discovery possible. First, they carefully recreated the TCR's in vivo membrane environment using the right lipid mixture. Second, they reinserted the receptor into a membrane using nanodiscs before conducting cryo-EM imaging. They found that an intact membrane keeps the receptor in a closed position until activation occurs. In earlier studies, detergent may have removed this restraint, allowing the receptor to open prematurely.

"It was important that we used a lipid mixture that resembled that of the native T cell membrane," says Walz. "If we had just used a model lipid, we wouldn't have seen this closed dormant state either."

Implications for Cancer Therapies and Vaccines

The team believes their findings could help improve treatments that rely on T cell receptors. "Re-engineering the next generation of immunotherapies tops the charts in terms of unmet clinical needs," Notti says. "For example, adoptive T cell therapies are being used successfully to treat certain very rare sarcomas, so one could imagine using our insights to re-engineer the sensitivity of those receptors by tuning their activation threshold."

Walz also sees potential applications beyond cancer therapy. "This information may be used for vaccine design as well," he adds. "People in the field can now use our structures to see refined details about the interactions between different antigens presented by HLA and T cell receptors. Those different modes of interaction might have some implication for how the receptor functions -- and ways to optimize it."
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Astronomers just watched a black hole twist spacetime | ScienceDaily
The universe has delivered a rare breakthrough for researchers chasing one of the hardest effects to catch in the night sky.


						
In findings reported in Science Advances, scientists describe the first observations of a spiraling swirl in spacetime linked to a fast spinning black hole.

First evidence of black hole frame dragging

This phenomenon is called Lense-Thirring precession or frame-dragging. It refers to the way a rotating black hole twists the spacetime around it, tugging on nearby matter such as stars and causing their paths to wobble.

The research team was led by the National Astronomical Observatories at the Chinese Academy of Sciences, with support from Cardiff University. They focused on AT2020afhd, a tidal disruption event (TDE) where a star was ripped apart by a supermassive black hole.

As the star was destroyed, its remains formed a spinning disk around the black hole. From this disk, intense jets of material were launched at nearly the speed of light.

A 20 day cosmic wobble seen in X rays and radio

By tracking repeating patterns in both X ray and radio signals from the event, the researchers found that the disk and the jet were wobbling together. The motion repeated on a 20 day cycle.




Einstein first proposed the idea behind this effect in 1913, and it was later put into mathematical form by Lense and Thirring in 1918. These new measurements support a key prediction of general relativity and could help scientists investigate black hole spin, accretion physics, and how jets form.

Dr. Cosimo Inserra, a Reader in the School of Physics and Astronomy at Cardiff University and one of the paper's co-authors, said: "Our study shows the most compelling evidence yet of Lense-Thirring precession -- a black hole dragging space time along with it in much the same way that a spinning top might drag the water around it in a whirlpool.

"This is a real gift for physicists as we confirm predictions made more than a century ago. Not only that, but these observations also tell us more about the nature of TDEs -- when a star is shredded by the immense gravitational forces exerted by a black hole.

"Unlike previous TDEs studied, which have steady radio signals, the signal for AT2020afhd showed short-term changes, which we were unable to attribute to the energy release from the black hole and its surrounding components. This is further confirmed the dragging effect in our minds and offers scientists a new method for probing black holes."

Swift and VLA data plus spectroscopy

To pin down the frame dragging signal, the team analyzed X ray observations from the Neil Gehrels Swift Observatory (Swift) and radio measurements from the Karl G. Jansky Very Large Array (VLA).




They also examined the composition, structure and behavior of the material involved using electromagnetic spectroscopy, which helped them describe and identify the effect.

"By showing that a black hole can drag space time and create this frame-dragging effect, we are also beginning to understand the mechanics of the process," explains Dr. Inserra.

"So, in the same way a charged object creates a magnetic field when it rotates, we're seeing how a massive spinning object -- in this case a black hole -- generates a gravitomagnetic field that influences the motion of stars and other cosmic objects nearby.

"It's a reminder to us, especially during the festive season as we gaze up at the night sky in wonder, that we have within our grasp the opportunity to identify ever more extraordinary objects in all the variations and flavors that nature has produced."

The paper, 'Detection of disk-jet coprecession in a tidal disruption event', is published in Science Advances.
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The western U.S. Tried to stop wildfires and it backfired | ScienceDaily
Wildfires are not always purely destructive. In many forests, fire can clear out built up dead material, return nutrients to the soil, and help ecosystems reset. For more than 100 years, the United States has spent billions of dollars on fire suppression to protect people, homes, and sensitive environments. But putting out too many fires can also prevent landscapes from getting the burns they need, allowing extra fuel to accumulate and raising the risk of larger fires later.


						
New research to be presented at AGU's 2025 Annual Meeting in New Orleans reports that nearly 38 million hectares of land in the western United States are historically behind on burning. The researchers describe these areas as being in a "fire deficit." This estimate was revised from 59 million hectares in the abstract to a final total of 38 million hectares.

"Conditions are getting so warm and dry that it's causing huge amounts of fire compared to the historical record," said Winslow Hansen, director of the Western Fire and Forest Resilience Collaborative and scientist at Cary Institute of Ecosystem Studies. "However, we still are dealing with the legacy of 150 years of fire suppression. Together, drying conditions and overly dense fuels portend a challenging and more fiery future."

Hansen will present the findings on December 18 at AGU25, joining more than 20,000 scientists discussing the latest Earth and space science research.

How scientists mapped fire deficit and fire surplus

To determine where fire is missing and where it is happening too often, the team used geospatial evidence such as pollen records and dirt samples. From that information, they estimated historical fire return intervals, which were then reconstructed through the Landfire program.

When the team compared modern annual burn patterns with the historical record revealed by the data, they found that 74% of the western U.S. is currently in a fire deficit. To close that gap, forests would need about 3.8 million hectares to burn each year for a decade. That annual amount is three times the forest area that burned in 2020, which remains the record year for wildfire burn area in the U.S.




Strategies to reduce wildfire risk and restore healthier fire cycles

The scale of that burning is intimidating, but Hansen and his colleagues say there are several ways to make progress. They point to a mix of prescribed burns, mechanical thinning, and the use of managed wildfire to reduce the deficit.

"There are still lots of wildfires that burn today... that are reducing our fuel loads and revitalizing ecosystems," said Hansen. "Instead of suppressing those fires and putting them out, we've got to let them do good ecological work to help us tackle this challenge when risk is low."

Some regions have the opposite problem too much fire

Even as much of the West is overdue for fire, the southwest is dealing with the reverse situation. Human started wildfires have pushed shrublands and chapparal ecosystems into a fire surplus, especially in Southern California.

"You're getting more fire than you would have historically, which can even threaten resilience," Hansen said. "These shrubland ecosystems might not be able to regenerate if the fire is too frequent."

Parts of Cascadia are also showing a fire surplus, which the researchers link to climate change driving higher temperatures and more drought, conditions that can set the stage for blazes.




"I was a little bit surprised to see these signals of climate change-driven surplus already," said Hansen. "I'd expected that would be something we would see in the next decade or two instead."

Abstract information

B42C-08 Erasing the western US forest-fire deficit will require approximately 60 million hectares of ecologically beneficial burning over the next decade.

Thursday, December 18, 11:45 -- 11:55 Central Time

Room 265-266 NOLA Convention Center
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Your body feels cold in two different ways | ScienceDaily
Researchers led by Felix Viana, co-director of the Sensory Transduction and Nociception laboratory at the Institute for Neurosciences (IN), have discovered that the body does not sense cold in a single, uniform way. Instead, the skin and internal organs rely on different molecular systems to detect drops in temperature. The Institute for Neurosciences (IN) is a joint research center of the Spanish National Research Council (CSIC) and Miguel Hernandez University of Elche (UMH). This work provides new insight into how the body maintains temperature balance and may help explain disorders linked to abnormal cold sensitivity.


						
The findings were published in the scientific journal Acta Physiologica and show that cold perception varies depending on where it occurs in the body. In the skin, low temperatures are mainly detected by an ion channel called TRPM8, which is specialized for sensing cool environmental conditions. Inside the body, however, organs such as the lungs and stomach depend largely on a different molecular sensor known as TRPA1 to register temperature changes.

Why Cold Feels Different on Skin and Inside the Body

This division helps explain a familiar experience: cold on the skin feels very different from the sensation of breathing icy air or swallowing a cold drink. Each tissue type activates its own biological pathways to detect temperature shifts. As Felix Viana explains, "The skin is equipped with specific sensors that allow us to detect environmental cold and adapt defensive behaviors." He adds: "In contrast, cold detection inside the body appears to depend on different sensory circuits and molecular receptors, reflecting its deeper physiological role in internal regulation and responses to environmental stimuli."

Studying Cold-Sensing Nerves

To uncover these differences, the researchers used animal models that made it possible to directly study the sensory neurons responsible for detecting cold. They focused on two major nerve pathways. One was the trigeminal nerve, which carries sensory information from the skin and surface of the head. The other was the vagus nerve, a key communication route between the brain and internal organs such as the lungs and digestive system.

The team examined how neurons from these nerves responded to temperature changes using calcium imaging and electrophysiological recordings. These techniques allowed scientists to observe nerve activity in real time. They also applied drugs that selectively block certain molecular sensors, making it possible to pinpoint which ion channels were active in each type of neuron.




Genetic Evidence Confirms Distinct Roles

The researchers further strengthened their findings by studying genetically modified mice that lacked either the TRPM8 or TRPA1 sensors. By combining these experiments with gene expression analyses, they confirmed that each sensor plays a distinct role in cold perception depending on the tissue involved. The results show that temperature detection is closely matched to the specific physiological role of each part of the body, with internal organs using molecular mechanisms that differ from those found in the skin.

Katharina Gers-Barlag, first author of the study, emphasizes the broader significance of the work. "Our findings reveal a more complex and nuanced view of how sensory systems in different tissues encode thermal information. This opens new avenues to study how these signals are integrated and how they may be altered in pathological conditions, such as certain neuropathies in which cold sensitivity is disrupted."

Funding and International Collaboration

The research was supported by multiple funding sources, including the Spanish National Plan for Scientific and Technical Research and Innovation; the Spanish State Research Agency-Ministry of Science, Innovation and Universities, through the Severo Ochoa Programme for Centres of Excellence; and the Valencian Regional Government (Generalitat Valenciana). The study is also part of an international project funded by the Human Frontier Science Program (HFSP) and coordinated by Viana at the Institute for Neurosciences, which aims to understand the molecular foundations of cold perception in species adapted to extreme thermal environments.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251218060548.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



AI detects cancer but it's also reading who you are | ScienceDaily
    	A new study shows that artificial intelligence systems used to diagnose cancer from pathology slides do not perform equally for all patients, with accuracy varying across different demographic groups.
    	Researchers pinpointed three key reasons behind this bias and created a new approach that significantly reduced these differences.
    	The results emphasize why medical AI must be routinely evaluated for bias to help ensure fair and reliable cancer care for everyone.

Pathology and the Foundations of Cancer Diagnosis

For decades, pathology has been essential to how doctors diagnose and treat cancer. A pathologist studies an extremely thin slice of human tissue under a microscope, searching for visual signs that reveal whether cancer is present and, if so, what type and stage it has reached.

To a trained specialist, examining a pink, swirling tissue sample dotted with purple cells is like grading a test without a name on it -- the slide contains vital information about the disease, but it offers no clues about who the patient is.

When AI Sees More Than Expected

That assumption does not fully apply to artificial intelligence systems now entering pathology labs. A new study led by researchers at Harvard Medical School shows that pathology AI models can infer demographic details directly from tissue slides. This unexpected ability can introduce bias into cancer diagnosis across different patient groups.

After evaluating several widely used AI models designed to identify cancer, the researchers found that these systems did not perform equally for all patients. Diagnostic accuracy varied based on patients' self-reported race, gender, and age. The team also uncovered several reasons why these disparities occur.




To address the issue, the researchers developed a framework called FAIR-Path, which significantly reduced bias in the tested models.

"Reading demographics from a pathology slide is thought of as a 'mission impossible' for a human pathologist, so the bias in pathology AI was a surprise to us," said senior author Kun-Hsing Yu, associate professor of biomedical informatics in the Blavatnik Institute at HMS and HMS assistant professor of pathology at Brigham and Women's Hospital.

Yu emphasized that recognizing and correcting bias in medical AI is critical, since it can directly influence diagnostic accuracy and patient outcomes. The success of FAIR-Path suggests that improving fairness in cancer pathology AI, and possibly other medical AI tools, may not require major changes to existing systems.

The work, which was supported in part by federal funding, is described Dec. 16 in Cell Reports Medicine.

Putting Cancer AI to the Test

Yu and his colleagues examined bias in four commonly used pathology AI models currently being developed for cancer diagnosis. These deep-learning systems were trained on large collections of labeled pathology slides, allowing them to learn biological patterns and apply that knowledge to new samples.




The team evaluated the models using a large, multi-institutional dataset that included pathology slides from 20 different types of cancer.

Across all four models, performance gaps consistently emerged. The AI systems were less accurate for certain demographic groups defined by race, gender, and age. For example, the models struggled to distinguish lung cancer subtypes in African American patients and in male patients. They also showed reduced accuracy when classifying breast cancer subtypes in younger patients. In addition, the models had difficulty detecting breast, renal, thyroid, and stomach cancers in some demographic groups. Overall, these disparities appeared in roughly 29 percent of the diagnostic tasks analyzed.

According to Yu, these errors arise because the AI systems extract demographic information from the tissue images -- and then rely on patterns linked to those demographics when making diagnostic decisions.

The findings were unexpected. "Because we would expect pathology evaluation to be objective," Yu said. "When evaluating images, we don't necessarily need to know a patient's demographics to make a diagnosis."

This led the researchers to ask a key question: Why was pathology AI failing to meet the same standard of objectivity?

Why Bias Appears in Pathology AI

The team identified three main contributors to the bias.

First, training data are often uneven. Tissue samples are easier to obtain from some demographic groups than others, resulting in imbalanced datasets. This makes it harder for AI models to accurately diagnose cancers in groups that are underrepresented, including some populations defined by race, age, or gender.

However, Yu noted that "the problem turned out to be much deeper than that." In several cases, the models performed worse for certain demographic groups even when sample sizes were similar.

Further analysis pointed to differences in disease incidence. Some cancers occur more frequently in specific populations, allowing AI models to become especially accurate for those groups. As a result, the same models may struggle to diagnose cancers in populations where those diseases are less common.

The researchers also found that AI models can detect subtle molecular differences across demographic groups. For example, the systems may identify mutations in cancer driver genes and use them as shortcuts to classify cancer type -- which can reduce accuracy in populations where those mutations are less prevalent.

"We found that because AI is so powerful, it can differentiate many obscure biological signals that cannot be detected by standard human evaluation," Yu said.

Over time, this can cause AI models to focus on signals tied more closely to demographics than to the disease itself, weakening diagnostic performance across diverse patient groups.

Taken together, Yu said, these findings show that bias in pathology AI is influenced not only by the quality and balance of training data, but also by the way the models are trained to interpret what they see.

A New Approach to Reducing Bias

After identifying the sources of bias, the researchers set out to correct them.

They developed FAIR-Path, a framework based on an existing machine-learning method known as contrastive learning. This approach modifies AI training so that models focus more strongly on critical distinctions, such as differences between cancer types, while reducing attention to less relevant differences, including demographic characteristics.

When FAIR-Path was applied to the tested models, diagnostic disparities dropped by about 88 percent.

"We show that by making this small adjustment, the models can learn robust features that make them more generalizable and fairer across different populations," Yu said.

The result is encouraging, he added, because it suggests that meaningful reductions in bias are possible even without perfectly balanced or fully representative training datasets.

Looking ahead, Yu and his team are working with institutions worldwide to study pathology AI bias in regions with different demographics, clinical practices, and laboratory settings. They are also exploring how FAIR-Path could be adapted for situations with limited data. Another area of interest is understanding how AI-driven bias contributes to broader disparities in health care and patient outcomes.

Ultimately, Yu said, the goal is to develop pathology AI systems that support human experts by delivering fast, accurate, and fair diagnoses for all patients.

"I think there's hope that if we are more aware of and careful about how we design AI systems, we can build models that perform well in every population," he said.

Authorship, funding, disclosures
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This tiny protein helps control how hungry you feel | ScienceDaily
New research suggests that a protein the body relies on to manage appetite and energy levels cannot function on its own. Instead, it depends on a partner protein to work properly. This discovery could help scientists better understand how genetic factors contribute to obesity.


						
In a study published in Science Signaling on December 16, an international research team led by scientists at the University of Birmingham examined how a helper protein known as MRAP2 supports an appetite regulating protein called MC3R. MC3R plays a key role in deciding whether the body stores energy or uses it.

Building on earlier hunger research

Previous studies had already shown that MRAP2 is essential for the activity of a related protein (MC4R), which is known to control hunger. The new research set out to determine whether MRAP2 provides the same kind of support for the closely related protein MC4R.

To explore this question, the researchers used cell models to observe how the proteins interact. They found that when MRAP2 was present in equal amounts with MC3R, cellular signaling became stronger. This result suggests that MRAP2 helps MC3R do its job of balancing energy intake with energy use. The team also identified specific regions of MRAP2 that are required for supporting signaling through both MC3R and MC4R.

How genetic mutations weaken appetite signals

The researchers then investigated what happens when MRAP2 carries genetic mutations that have been identified in some people with obesity. In these experiments, mutated versions of the supporter protein (MRAP2) failed to boost MC3R signaling. As a result, the appetite regulating protein did not respond as effectively.




These findings indicate that changes in MRAP2 can interfere with the hormone system that normally helps maintain energy balance. When this system does not work as intended, appetite regulation may be disrupted.

New clues for obesity risk and future treatments

Dr. Caroline Gorvin, Associate Professor at the University of Birmingham and lead author of the study, said: "The findings give us some important insights into what's going on in the hormonal system, related to some key functions like energy balance, appetite, and puberty timing.

"The identification of this protein, MRAP2, as a key aide or supporter to these essential appetite-regulating proteins also gives us new clues for people who have a genetic predisposition to obesity, and how MRAP2 mutations are a clear indication of risk."

By learning more about how MRAP2 supports appetite related signaling, researchers hope to determine whether future drugs could target this protein. Such treatments might strengthen feelings of fullness, reduce overeating, and improve the body's overall energy balance, offering new options for weight loss when dieting alone is not effective.

A collaborative effort in metabolism and cell signaling research

The research was carried out by a team from the Department of Metabolism and Systems Science and the Centre of Membrane Proteins and Receptors (COMPARE). COMPARE is a cross-University Research Centre involving the Universities of Birmingham and Nottingham, focused on studying how cells communicate in both health and disease. Its goal is to develop new therapies for widespread conditions such as cardiovascular disease, diabetes, and cancer. The center is supported by advanced research facilities, including the COMPARE Advanced Imaging Facility, which is available to researchers from academia and industry.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251217231141.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Mystery of King Tut's jars solved? Yale researchers find opium clues | ScienceDaily
Scientists examining an ancient alabaster vase in the Yale Peabody Museum's Babylonian Collection detected chemical traces of opiates. The Yale Ancient Pharmacology Program (YAPP) says this is the strongest evidence so far that opium use was widespread in ancient Egyptian society.


						
Andrew J. Koh, YAPP's principal investigator and the study's lead author, said the results also point to a bigger possibility. Similar ancient Egyptian alabaster vessels (all made of calcite mined from the same quarries in Egypt) including several remarkable examples from the tomb of Pharaoh Tutankhamun could also still carry traces of ancient opiates.

"Our findings combined with prior research indicate that opium use was more than accidental or sporadic in ancient Egyptian cultures and surrounding lands and was, to some degree, a fixture of daily life," said Koh, a research scientist at the Yale Peabody Museum. "We think it's possible, if not probable, that alabaster jars found in King Tut's tomb contained opium as part of an ancient tradition of opiate use that we are only now beginning to understand."

The study appeared in the Journal of Eastern Mediterranean Archaeology. It was coauthored by Agnete W. Lassen, associate curator of the Yale Babylonian Collection, and Alison M. Crandall, YAPP's lab manager.

A Vase Linked to Xerxes and Written in Four Ancient Languages

The alabaster vase bears inscriptions in four ancient languages: Akkadian, Elamite, Persian, and Egyptian. The text is dedicated to Xerxes I, who ruled the Achaemenid Empire from 486 to 465 BCE. Centered in Persia, that empire at its peak included Egypt, Mesopotamia, the Levant, Anatolia, and parts of Eastern Arabia and Central Asia.

Another inscription on the vessel is written in Demotic script, a simplified form of ancient Egyptian writing. It states the vase holds about 1,200 millimeters. (It is 22 centimeters tall.) The researchers noted that intact inscribed ancient Egyptian alabaster vessels are extremely rare, likely fewer than 10 in museum collections worldwide.




The team said the origins of these intact vessels are generally uncertain. Even so, the surviving examples appear to span the reigns of Achaemenid emperors Darius, Xerxes, and Artaxerxes, covering 550 to 425 BCE. Yale's vase has been in the Babylonian Collection since shortly after the university established the collection of about 40,000 ancient artifacts in 1911.

How YAPP Studies Ancient Residues in Museum Vessels

YAPP is based at the Peabody Museum and combines ethnography, science, and technology to investigate everyday life thousands of years ago. The group focuses on organic residues left on or inside ancient containers, which can reveal details about diet and lifestyle. To do this work, the program developed methods designed for residues that deteriorate over time and that can be contaminated, whether the objects come from museum collections or recent excavations.

"Scholars tend to study and admire ancient vessels for their aesthetic qualities, but our program focuses on how they were used and the organic substances they contained, knowledge that reveals a great deal of information about the daily lives of ancient peoples, included what they ate, the medicines they used, and how they spent their leisure time," Koh said.

Koh's attention was first drawn to the vase after he noticed dark-brown aromatic material inside it.

Chemical Biomarkers Confirm Opium Compounds

YAPP's testing found strong evidence of noscapine, hydrocotarnine, morphine, thebaine, and papaverine. These compounds are well-known diagnostic biomarkers for opium.




Researchers said the results align with earlier work that identified opiate residues in Egyptian alabaster vessels and Cypriot base-ring juglets. Those items came from a typical tomb in Sedment, Egypt, south of Cairo, believed to belong to a merchant family. That burial dates to the New Kingdom, when the Egyptian empire lasted from the 16th to the 11th century BCE.

Koh said these two discoveries, separated by more than a millennium and connected to different socio-economic groups, make it plausible that opium could be present in the many alabaster vessels found in Tutankhamun's tomb in the Valley of the Kings.

Opium Use Beyond Medicine and Into Ritual Life

Koh noted that historical signals of opium use often go beyond healing and into spiritual or ritual contexts across antiquity, from ancient Mesopotamia to Egypt and through the Aegean. During Tutankhamun's lifetime, for instance, people in Crete were linked to the so-called "poppy goddess" in clearly ritualistic settings. The poppy plant is also referenced in several ancient texts, including the Ebers Papyrus, Hippocrates, Dioscorides's De Materia Medica, and Galen.

King Tut's Tomb, Sticky Residues, and an Unfinished Investigation

Howard Carter, the Egyptologist and archaeologist, discovered Tutankhamun's tomb in November 1922. The find included an enormous collection of artifacts, among them many exquisitely preserved Egyptian alabaster vessels that likely represented the finest available during Tutankhamen's reign, which last from 1,333 to 1,323 BCE.

In 1933, analytical chemist Alfred Lucas, who worked with Carter's team, carried out a limited chemical study of the vessels. Many contained sticky, dark brown, aromatic organic material. Lucas could not identify the substances at the time, but he concluded most were not unguents or perfumes.

"That Lucas questioned whether any of the vessels contained perfumes or unguents at all and did not identify the remaining vessel contents as primarily aromatic in nature is significant given that the prevailing conventions at the time would have pressured him to do so," Koh said.

No additional testing of those organic materials has been done since Lucas' early effort. The vessels (along with most other artifacts from Tutankhamun's tomb) are now housed at the Grand Egyptian Museum in Giza, Egypt.

Looters Targeted the Contents, Not Just the Containers

The researchers said Carter recorded evidence of an ancient looting episode that focused on what was inside the alabaster vessels. Finger marks inside some jars suggest looters tried to scrape out the contents as completely as possible. Many of the looted vessels held the same kind of dark-brown aromatic material that Lucas concluded was not perfume. A small number of jars were not looted and still contain their original contents.

Koh said whatever was stored in these vessels was considered valuable enough to accompany Tutankhamen into the afterlife, and important enough that grave robbers were willing to risk an attempted theft.

He added that it seems unlikely people would have treated ordinary unguents and perfumes of the period as that valuable.

"We now have found opiate chemical signatures that Egyptian alabaster vessels attached to elite societies in Mesopotamia and embedded in more ordinary cultural circumstances within ancient Egypt," Koh said. "It's possible these vessels were easily recognizable cultural markers for opium use in ancient times, just as hookahs today are attached to shisha tobacco consumption. Analyzing the contents of the jars from King Tut's tomb would further clarify the role of opium in these ancient societies."
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A quantum mystery that stumped scientists for decades is solved | ScienceDaily
A global research team led by Rice University physicist Pengcheng Dai has verified the presence of emergent photons and fractionalized spin excitations in an unusual quantum spin liquid. Reported in Nature Physics, the work points to the crystal cerium zirconium oxide (Ce2Zr2O7) as a clean three-dimensional example of this exotic state of matter.


						
Quantum spin liquids have fascinated physicists for years because they could eventually support transformative technologies, including quantum computing and dissipationless energy transmission. Unlike ordinary magnets that settle into an orderly pattern, these materials avoid conventional magnetic order. Instead, their magnetic moments remain strongly quantum-entangled and in constant collective motion at temperatures close to absolute zero, producing behavior that resembles emergent quantum electrodynamics.

"We've answered a major open question by directly detecting these excitations," said Dai, the Sam and Helen Worden Professor of Physics and Astronomy. "This confirms that Ce2Zr2O7 behaves as a true quantum spin ice, a special class of quantum spin liquids in three dimensions."

Cleaner Measurements With Polarized Neutron Scattering

To pin down these elusive signatures, the researchers relied on advanced polarized neutron scattering. This approach helped them isolate the magnetic scattering they cared about while filtering out other signals, even as the system approached the zero temperature limit.

Their measurements also revealed emergent photon signals near zero energy -- a defining trait that separates quantum spin ice from more familiar phases found in conventional magnets. Additional evidence came from specific heat measurements, which supported the idea that these predicted emergent photons follow a dispersion resembling the way sound moves through a solid.

Earlier attempts to confirm this kind of behavior were often undermined by technical noise and incomplete data. The Rice-led team addressed those challenges through improved sample preparation and high-precision instruments, supported by an international effort involving major laboratories across Europe and North America.




First-of-Its-Kind Observation With Big Implications

In this three-dimensional candidate material, the researchers observed both emergent photons and spinons -- key hallmarks of quantum spin ice. The result resolves a long-running debate in condensed matter physics and gives scientists a strong platform for studying next-generation quantum phenomena and potential technology pathways.

Bin Gao, a research scientist in Rice's Department of Physics and Astronomy and the study's first author, said the findings back up decades of theoretical expectations.

"This surprising result encourages scientists to look deeper into such unique materials, potentially changing how we understand magnets and the behavior of materials in the extreme quantum regime," Gao said.

Research Team and Funding

Co-authors of this study include Felix Desrochers and Yong Baek Kim of the University of Toronto; Rice alumnus David Tam of the Paul Scherrer Institut; Silke Paschen, Diana Kirschbaum and Duy Ha Nguyen of Vienna University of Technology; Paul Steffens and Arno Hiess of the Institut Laue-Langevin; Yixi Su of Julich Centre of Heinz Maier-Leibnitz Zentrum; and Sang-Wook Cheong of Rutgers University.

The U.S. Department of Energy, the Gordon and Betty Moore Foundation and the Robert A. Welch Foundation supported this study.
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Scientists rewired Down syndrome brain circuits by restoring a missing molecule | ScienceDaily
New research suggests that disrupted brain circuits in Down syndrome may be linked to a shortage of a specific molecule that the nervous system relies on to develop and work properly. The team says that bringing this molecule back, known as pleiotrophin, might help support brain function in Down syndrome and potentially other neurological conditions, possibly even later in life.


						
The work was done in laboratory mice, not in people, so it is not close to becoming a treatment. Even so, the researchers found that giving pleiotrophin improved brain function in adult mice after the brain had already finished forming. This raises the possibility of an advantage over earlier strategies aimed at strengthening Down syndrome related brain circuits, which would have required action during very narrow windows in pregnancy.

"This study is really exciting because it serves as proof-of-concept that we can target astrocytes, a cell type in the brain specialized for secreting synapse-modulating molecules, to rewire the brain circuitry at adult ages," said researcher Ashley N. Brandebura, PhD, who was part of the research team while at the Salk Institute for Biological Studies and is now part of the University of Virginia School of Medicine. "This is still far off from use in humans, but it gives us hope that secreted molecules can be delivered with effective gene therapies or potentially protein infusions to improve quality of life in Down syndrome."

Understanding Down syndrome and its health impacts

Down syndrome affects about 1 in 640 babies born each year in the United States, according to the federal Centers for Disease Control and Prevention. It results from an error in cell division during development and can be associated with developmental delays, hyperactivity, a shorter lifespan, and a higher risk of health issues that can include heart defects, thyroid problems, and hearing or vision difficulties.

Salk scientists led by Nicola J. Allen, PhD, set out to learn more about what drives Down syndrome by examining proteins inside brain cells in mouse models of the condition. They focused on pleiotrophin because it normally appears at very high levels at key stages of brain development and plays important roles in building synapses, the connections between nerve cells, and in shaping axons and dendrites, which help neurons send and receive signals. The researchers also noted that pleiotrophin levels are reduced in Down syndrome.

To test whether restoring pleiotrophin could improve brain function, the team used engineered viruses called viral vectors to deliver it to the right place. Viruses are often associated with illnesses like the flu, but researchers can modify them so they do not cause disease and instead carry helpful material. In this case, the virus was stripped of harmful components and loaded with beneficial cargo -- pleiotrophin -- so it could deliver the molecule directly into cells.




Astrocytes, synapses, and brain plasticity

The scientists reported that supplying pleiotrophin to astrocytes, a major type of brain cell, produced substantial effects. Among the changes, the number of synapses increased in the hippocampus, a region involved in learning and memory. The team also saw an increase in brain "plasticity" -- the ability to create or adjust connections that support learning and memory.

"These results suggest we can use astrocytes as vectors to deliver plasticity-inducing molecules to the brain," Allen said. "This could one day allow us to rewire faulty connections and improve brain performance."

Broader implications and next steps

The researchers emphasize that pleiotrophin is unlikely to be the only factor behind circuit problems in Down syndrome. They say more work is needed to understand the many contributors involved. Still, they argue that the results show the approach itself can work, and that it might eventually help beyond Down syndrome, including in other neurological diseases.

"This idea that astrocytes can deliver molecules to induce brain plasticity has implications for many neurological disorders, including other neurodevelopmental disorders like fragile X syndrome but also maybe even to neurodegenerative disorders like Alzheimer's disease," Brandebura said. "If we can figure out how to 'reprogram' disordered astrocytes to deliver synaptogenic molecules, we can have some greatly beneficial impact on many different disease states."

After finishing her postdoctoral training at Salk, Brandebura plans to continue this line of research at UVA Health. There, she is part of the UVA Brain Institute, the Department of Neuroscience and the Center for Brain Immunology and Glia (BIG Center).




Findings published and funding

The results were published in the journal Cell Reports. The article is opening access, meaning it is free to read. The research team included Brandebura, Adrien Paumier, Quinn N. Asbell, Tao Tao, Mariel Kristine B. Micael, Sherlyn Sanchez and Allen. The scientists report no financial interest in the work.

Support came from the Chan Zuckerberg Initiative and the National Institutes of Health's National Institute of Neurological Disorders and Stroke, grant F32NS117776.
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Scientists spent 10 years chasing a particle that wasn't there | ScienceDaily
After ten years of gathering and studying data, an international team of physicists that included researchers from Rutgers has overturned a long-standing idea about a mysterious type of particle.


						
The results were published in Nature and come from the MicroBooNE experiment at the U.S. Department of Energy's Fermi National Accelerator Laboratory (Fermilab) in Batavia, Illinois. (The acronym MicroBooNE stands for "Micro Booster Neutrino Experiment.")

A Decade-Long Test at Fermilab

MicroBooNE relies on a large liquid-argon detector and observations from two separate neutrino beams. By carefully tracking how neutrinos behave, scientists were able to rule out the existence of a single sterile neutrino with 95% certainty.

Andrew Mastbaum, an associate professor in the Department of Physics and Astronomy in the Rutgers School of Arts and Sciences and a member of the MicroBooNE leadership team, described the finding as a major shift for the field.

"This result will spark innovative ideas across neutrino research to understand what is really going on," he said. "We can rule out a great suspect, but that doesn't quite solve a mystery."

Why Neutrinos Matter

Neutrinos are extremely small particles that rarely interact with matter. They can travel straight through entire planets without slowing down. According to the Standard Model, which is the leading framework in particle physics, there are three known types of neutrinos: electron, muon and tau. These particles can transform from one type to another through a phenomenon known as oscillation.




In earlier experiments, however, scientists observed neutrino behavior that did not fully match the predictions of the Standard Model. To explain those results, researchers suggested the existence of a fourth type of neutrino called the sterile neutrino. Unlike the known types, a sterile neutrino would not interact with matter at all, except through gravity, making it exceptionally difficult to detect.

Putting the Sterile Neutrino to the Test

To investigate this idea, the MicroBooNE team measured neutrinos produced by two different beams and analyzed how they changed as they traveled. After ten years of collecting and interpreting data, the researchers found no evidence supporting the sterile neutrino hypothesis. This effectively shuts down one of the most widely discussed explanations for unusual neutrino behavior.

Mastbaum played a central role in guiding the experiment's analysis efforts as co-coordinator for analysis tools and techniques. His work focused on how raw detector signals were converted into meaningful scientific conclusions. He also previously led efforts to understand what the team calls systematic uncertainties, which are possible sources of error in the measurements.

These uncertainties include how neutrinos interact with atomic nuclei, the exact number of neutrinos in the beam and how the detector itself responds to incoming particles. Accurately accounting for these factors is essential for drawing firm conclusions from the data.

Getting these uncertainties right is critical because it allows scientists to make strong, reliable statements about what the data really shows, Mastbaum said.




Graduate Researchers and Data Accuracy

Graduate students from Rutgers also contributed to the project. Panagiotis Englezos, a doctoral student in the Department of Physics and Astronomy in the Rutgers School of Arts and Sciences, worked on the MicroBooNE Data Management Team, helping process experimental data and create simulations that supported the analysis.

Keng Lin, another doctoral student in the department, focused on validating the neutrino flux from Fermilab's NuMI (Neutrinos from the Main Injector) beam, which was one of the two neutrino sources used in the study. Together, these efforts helped ensure the precision and reliability of the final results.

What This Means for Physics

According to Mastbaum, the finding is significant because it removes a major candidate for new physics beyond the Standard Model. While the Standard Model has been highly successful, it does not explain phenomena such as dark matter, dark energy or gravity. Researchers continue to search for clues that point beyond the model, and eliminating one possibility helps narrow the field.

Rutgers scientists also helped advance methods for measuring how neutrinos interact in liquid argon. These improved techniques will benefit future projects, including the Deep Underground Neutrino Experiment (DUNE).

"With careful modeling and clever analysis approaches, the MicroBooNE team has squeezed an incredible amount of information out of this detector," Mastbaum said. "With the next generation of experiments, such as DUNE, we are already using these techniques to address even more fundamental questions about the nature of matter and the existence of the universe."
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A flesh-eating fly once eradicated is moving back toward the U.S. | ScienceDaily
When the New World screwworm last spread across the United States, it caused widespread damage to livestock and took decades to eliminate. That history is now driving a new effort by researchers at the University of California Riverside, who are working to stop the parasitic fly before it can reestablish itself.


						
Despite its name, the New World screwworm is not a worm. It is the larval, or maggot, stage of a metallic-looking blowfly known as Cochliomyia hominivorax. Most blowflies are harmless and play an important role by breaking down dead animals. This species is different because it feeds on living tissue.

"Not all blowflies are this species. We don't have to be afraid of all flies," said Amy Murillo, UCR assistant professor of entomology and principal investigator of the project. "But this particular species isn't one we want here."

Monitoring California for Early Warning Signs

Backed by $507,000 from the California Department of Food and Agriculture, UCR entomologists are launching a statewide monitoring program to detect any early signs of the fly's return. The screwworm lays its eggs in open wounds on warm-blooded animals, including humans. Once the eggs hatch, the maggots burrow into flesh in a corkscrew motion, which is how the insect got its name.

The New World screwworm was once common across California and much of the southern United States. About 60 years ago, it was successfully wiped out using a large-scale program that released millions of sterile male flies. Because female screwworms mate only once, the strategy caused the population to collapse. That effort pushed the species south to Panama, where the U.S. Department of Agriculture has maintained a protective barrier ever since.

A Growing Threat to the North

In recent years, the screwworm has started appearing again in parts of Central America and southern Mexico. Experts believe the resurgence is linked to the movement of infested animals, often transported by people who unknowingly help the pest spread.




"It hasn't been found in California yet, but it's within 70 miles of the Texas border," Murillo said. "We need to be prepared."

Traps, Lures, and Early Detection

Murillo is working with Alec Gerry, a UCR veterinary entomology professor and CE Specialist, to deploy traps across California. These traps use a lure developed by the USDA that mimics the smell of rotting flesh. While many blowfly species are attracted to it, the lure is also effective at drawing in the New World screwworm. Researchers will regularly check the traps for any sign that the invasive fly has crossed into the state.

The project also includes an outreach effort aimed at veterinarians, livestock handlers, and entomologists. These groups are the most likely to encounter screwworm infestations early, and catching an outbreak quickly is key to stopping it from spreading.

Why Livestock Face the Greatest Risk

Screwworms pose a serious threat to farm animals, especially those with common injuries from barbed wire, birthing, or procedures such as dehorning. Without treatment, infestations can quickly worsen as flies lay more eggs, enlarging wounds and sometimes leading to death.




California's dairy and cattle industries are particularly vulnerable. "Most people think of citrus or avocados as being our top exports, but it's actually dairy that leads our agricultural economy," Murillo said.

Public Awareness as a Line of Defense

Even though the fly has not been detected in California, researchers say public awareness is an important part of prevention. "Not all blowflies are harmful, and many are beneficial," Murillo said. "But if you notice something unusual on your pet or livestock, reach out to a vet. Don't ignore it."

If an outbreak were to happen again, Murillo said the same sterile insect technique used in the past would still be the most effective tool for stopping it.

Rare but Possible Human Infections

Although screwworms primarily target animals, humans can also be affected under certain conditions, particularly when open wounds go untreated. Infections have been documented in people who traveled to regions where the fly is active. Even so, livestock remain the primary concern.

"They need an opening in the flesh, and it doesn't have to be large. They don't make wounds, but they do exploit them," Murillo said.

Staying Alert Without Panic

Murillo emphasized that the goal is preparedness, not fear.

"You don't have to worry that they're going to start eating your flesh," Murillo said. "But we do hope that this project will help people to be more vigilant in recognizing and preventing screwworm infestations in animals should they return to California."
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He ate a hamburger and died hours later. Doctors found a shocking cause | ScienceDaily
Researchers at the University of Virginia School of Medicine have confirmed the first known death caused by the condition commonly referred to as the meat allergy, which is transmitted by ticks.


						
The case involved a 47 year old man from New Jersey who was previously healthy and died suddenly about four hours after eating beef. For months, the cause of his death remained unclear. That changed when Thomas Platts Mills, MD, PhD, a UVA Health physician and internationally recognized allergy specialist, took a closer look. Platts Mills originally identified the condition years ago and continues to lead research into how it affects patients.

How Lone Star Tick Bites Trigger Alpha Gal Allergy

The allergy develops after a bite from the Lone Star tick. These bites can cause the immune system to become sensitive to alpha gal, a sugar naturally found in meat from mammals. Once sensitized, people may experience allergic symptoms after eating foods such as beef, pork, or lamb. Common reactions include skin rashes, nausea, and vomiting.

Scientists have long suspected that severe cases could escalate into life threatening anaphylaxis. Until now, however, no fatal cases had been officially confirmed.

"The important information for the public is: First, that severe abdominal pain occurring 3 to 5 hours after eating beef, pork or lamb should be investigated as a possible episode of anaphylaxis; and, second, that tick bites that itch for more than a week or larvae of ticks often called 'chiggers' can induce or increase sensitization to mammalian-derived meat," said Platts Mills, former chief of UVA Health's Division of Asthma, Allergy and Clinical Immunology. "On the other hand, most individuals who have mild to moderate episodes of hives can control symptoms with an appropriate diet."

What Happened Before the Man's Death

The man, whose name was not made public, had gone camping with his wife and children during the summer of 2024. One evening, the family ate a late steak dinner at 10 p.m. Around 2 a.m., the man woke up with intense stomach pain, diarrhea, and vomiting. Although he felt better by morning, he later told his son that the episode had felt life threatening.




About two weeks later, still unaware that he had developed the meat allergy, he attended a barbeque and ate a hamburger. He began feeling unwell shortly after 7 p.m. At 7:37 p.m., his son found him collapsed in the bathroom.

Autopsy Raises More Questions Than Answers

An autopsy did not reveal a clear explanation for his death. The official cause was listed as "sudden unexplained death."

His wife was not satisfied with that conclusion and asked another physician to review the findings. That doctor contacted Platts Mills and his team to explore whether alpha gal sensitivity could be involved.

Blood Tests Reveal Severe Allergic Reaction

Platts Mills obtained blood samples that had been collected after the man's death. Testing showed that he had indeed been sensitized to alpha gal. The results also pointed to an extreme immune response consistent with fatal anaphylaxis.




When asked about recent tick exposure, the man's wife said he had not noticed any tick bites in the past year. However, she recalled that he had suffered 12 or 13 itchy bites around his ankles earlier in the summer, which they believed were caused by chiggers. Platts Mills recognized that many bites thought to be from chiggers in the eastern United States are actually from Lone Star tick larvae.

Factors That May Have Worsened the Reaction

Platts Mills and his colleagues believe several conditions may have intensified the man's allergic response. These include drinking a beer with the hamburger, exposure to ragweed pollen, and physical exercise earlier that day. Family members also noted that he rarely ate red meat, which may have influenced how his immune system reacted.

Growing Tick Populations Increase Risk

Following the case, Platts Mills is urging doctors to stay alert for patients who may have developed this allergy or who face higher exposure risk. He pointed out that deer populations are rapidly increasing in many states, creating ideal conditions for the Lone Star tick to spread.

"It is important that both doctors and patients who live in an area of the country where Lone Star ticks are common should be aware of the risk of sensitization," Platts Mills said. "More specifically, if they have unexpected episodes of severe abdominal pain occurring several hours after eating mammalian meat, they should be investigated for possible sensitization to the oligosaccharide alpha-gal."

Case Findings Published in Medical Journal

Details of the case have been published in the Journal of Allergy and Clinical Immunology: In Practice. The article is open access, meaning it is available to read for free. The authors include Platts Mills, Lisa J. Workman, Nathan E. Richards, Jeffrey M. Wilson, and Erin M. McFeely.

The research team obtained consent from the man's widow before releasing the findings.
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Ramanujan's 100-year-old pi formula is still revealing the Universe | ScienceDaily
Most people first encounter the irrational number p (pi) -- commonly approximated as 3.14 and extending infinitely without repeating -- during school lessons about circles. In recent decades, advances in computing have pushed this familiar constant far beyond the classroom, with powerful supercomputers now calculating pi to trillions of decimal places.


						
Researchers have now uncovered an unexpected twist. Physicists at the Centre for High Energy Physics (CHEP), Indian Institute of Science (IISc) report that mathematical formulas developed a century ago to compute pi are closely linked to some of today's most important ideas in fundamental physics. These connections appear in theoretical descriptions of percolation, fluid turbulence, and even certain features of black holes.

Ramanujan's Remarkable Pi Formulae

In 1914, shortly before leaving Madras for Cambridge, renowned Indian mathematician Srinivasa Ramanujan published a paper presenting 17 different formulas for calculating pi. These expressions were strikingly efficient, allowing pi to be computed much faster than existing techniques of the time. Despite containing only a small number of mathematical terms, the formulas produced an impressive number of accurate digits.

Their impact has endured. Ramanujan's methods became foundational to modern mathematical and computational approaches for calculating pi, including those used by today's most advanced machines. "Scientists have computed pi up to 200 trillion digits using an algorithm called the Chudnovsky algorithm," says Aninda Sinha, Professor at CHEP and senior author of the study. "These algorithms are actually based on Ramanujan's work."

A Deeper Question Behind the Mathematics

For Sinha and Faizan Bhat, the study's first author and a former IISc PhD student, the mystery went beyond computational efficiency. They asked why such powerful formulas should exist in the first place. Rather than treating them as purely abstract results, the team searched for an explanation rooted in physics.




"We wanted to see whether the starting point of his formulae fit naturally into some physics," says Sinha. "In other words, is there a physical world where Ramanujan's mathematics appears on its own?"

Where Pi Meets Scale Invariance and Physics Extremes

Their investigation led them to a broad family of theories known as conformal field theories, and more specifically to logarithmic conformal field theories. These theories describe systems that exhibit scale invariance symmetry -- meaning they look the same regardless of how closely they are examined, similar to fractals.

A familiar physical example appears at the critical point of water, defined by a precise temperature and pressure at which liquid water and water vapor become indistinguishable. At this point, water displays scale invariance symmetry, and its behavior can be captured using conformal field theory. Similar critical behavior arises in percolation (how substances spread through a material), during the onset of turbulence in fluids, and in certain theoretical treatments of black holes. These phenomena fall within the domain of logarithmic conformal field theories.

Using Ramanujan's Structure to Solve Physics Problems

The researchers discovered that the mathematical framework at the heart of Ramanujan's pi formulas also appears in the equations underlying these logarithmic conformal field theories. By exploiting this shared structure, they were able to compute key quantities within the theories more efficiently. Such calculations could ultimately improve scientists' understanding of complex processes like turbulence and percolation.




The approach mirrors Ramanujan's own method of starting from a compact mathematical expression and rapidly arriving at precise results for pi. "[In] any piece of beautiful mathematics, you almost always find that there is a physical system which actually mirrors the mathematics," says Bhat. "Ramanujan's motivation might have been very mathematical, but without his knowledge, he was also studying black holes, turbulence, percolation, all sorts of things."

A Century-Old Insight With Modern Impact

The findings reveal that Ramanujan's formulas, developed more than 100 years ago, offer a previously hidden advantage for making modern high-energy physics calculations faster and more manageable. Beyond their practical value, the researchers say the work highlights the extraordinary reach of Ramanujan's ideas.

"We were simply fascinated by the way a genius working in early 20th century India, with almost no contact with modern physics, anticipated structures that are now central to our understanding of the universe," says Sinha.
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A simple turn reveals a 1,500-year-old secret on Roman glass | ScienceDaily
In the quiet glow of a museum gallery, Hallie Meredith noticed something unexpected about ancient Roman glass that had gone unnoticed for generations.


						
In February 2023, the Washington State University art history professor and practicing glassblower was studying a private collection of Roman glass cage cups at the Metropolitan Museum of Art in New York City. These rare luxury vessels, carved from a single block of glass between 300 and 500 CE, have long been admired and analyzed for their craftsmanship. Meredith's insight did not come from new technology or specialized imaging. It came from curiosity and a simple physical action. She turned one of the cups around.

Overlooked Symbols and Ancient Makers' Marks

On the back of the late Roman vessel, Meredith noticed abstract openwork shapes carved alongside a short inscription wishing the owner a long life. The designs included (such as, diamonds, leaves, or crosses). For decades, these elements were treated as ornamental details. Meredith's research suggests a different interpretation. She believes these symbols functioned as makers' marks, identifying the workshops and artisans responsible for producing some of the most complex glass objects in the Roman world.

"Because I am trained as a maker, I kept wanting to flip things over," Meredith said. She began glassblowing as an undergraduate and has continued the practice throughout her career. "When that happens, patterns appear that everyone else has literally photographed out of the frame."

Tracing a Network of Roman Glassworkers

That moment of observation led Meredith to a broader investigation into how Roman glassmakers organized their work. In two recent academic papers, one published in April in the Journal of Glass Studies and another in October in World Archaeology, she documented the same symbols appearing on multiple carved glass objects. The repeated marks point to a shared visual system used by glassworkers between the fourth and sixth centuries CE.




By analyzing tool marks, inscriptions, and unfinished pieces, Meredith found evidence that these vessels were created by teams rather than individual artisans. Engravers, polishers, and apprentices appear to have worked together in coordinated workshops. What began as a simple act of turning a vessel revealed a previously unrecognized community of makers whose identities had faded from view.

Rethinking How Roman Glass Was Made

For more than two centuries, scholars have debated how Roman openwork glass vessels were produced. Theories have ranged from hand carving to casting or blowing. Much of this discussion focused narrowly on manufacturing techniques and inscriptions. Meredith's findings suggest that a fuller understanding requires attention to the people involved, not just the methods they used.

Each vessel, known as a diatretum, started as a thick-walled glass form that was carefully carved into two concentric layers connected by thin glass bridges. The finished lattice appears remarkably delicate, yet producing it demanded extraordinary time and physical endurance. Meredith's research indicates that multiple specialists collaborated on a single cup over extended periods. She argues that the abstract symbols marked workshop identity rather than individual authorship. "They weren't personal autographs," she said. "They were the ancient equivalent of a brand."

A Broader History of Ancient Craft Labor

Meredith expands on these ideas in her forthcoming book, The Roman Craftworkers of Late Antiquity: A Social History of Glass Production and Related Industries. The monograph is currently in production with Cambridge University Press and is expected to be released in 2026 or 2027.




Her hands-on experience as a glassblower strongly informs her academic work. She understands the physical demands of working molten glass and applies that practical knowledge to her study of ancient objects. At WSU, she teaches a course called Experiencing Ancient Making. Students recreate artifacts using 3D printing, attempt traditional making techniques, and use a digital app she developed to virtually disassemble historical objects. "The goal isn't perfect replication," she said. "It's empathy. Ancient craftworkers can be understood differently when their production processes are experienced."

Restoring Visibility to Ancient Artisans

That emphasis on empathy shapes Meredith's broader goal of bringing attention back to the laborers behind ancient material culture. "There's been a static picture of people who do the work," she said. "We presume we understand them because we focus on elites. But when the evidence is assembled, far more is known about these craftworkers than previously thought."

Her next research project combines art history with data science. Collaborating with WSU computer science students, Meredith is creating a searchable database that tracks unconventional writing across thousands of portable artifacts. The database includes misspellings, mixed alphabets, and coded inscriptions. She believes these features, once dismissed as meaningless errors, may reflect multilingual artisans adjusting written language for diverse audiences.

Seeing Ancient Objects Through New Eyes

Meredith's work encourages scholars and museum visitors alike to reconsider what ancient artifacts can reveal. When light catches the lattice of a diatretum, the glass shows more than technical brilliance. It also reflects the skill, collaboration, and creativity of the people who shaped it centuries ago.
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A new test could reveal Alzheimer's before symptoms appear | ScienceDaily
Researchers at Northern Arizona University (NAU) are testing a new approach that could make it easier for clinicians to spot Alzheimer's disease sooner and slow its progression.


						
The project is led by Travis Gibbons, an assistant professor in the Department of Biological Sciences. Supported in part by a grant from the Arizona Alzheimer's Association, the work focuses on brain metabolism and how the brain uses glucose, the sugar that powers thinking, movement, and emotion.

"The brain is like a muscle," Gibbons said. "It needs fuel to do work, and its gasoline is blood glucose. A healthy brain is greedy; it burns through glucose fast. But brain metabolism is slower when you have Alzheimer's. It can be viewed as a canary in the coal mine in the development of the disease."

Tracking Brain Glucose Metabolism Without Invasive Procedures

Because the brain is difficult to reach, measuring glucose metabolism has historically been tough for researchers. In earlier studies, scientists sometimes inserted catheters into veins in a patient's neck to collect blood as it left the brain. That kind of invasive sampling is not something that can be done during a routine checkup.

Gibbons and his NAU team are now pursuing a simpler option using commercially available kits designed to isolate and analyze microvesicles circulating in the bloodstream.

"Some of these microvesicles originate in a neuron in your brain, and they're like messengers carrying cargo," Gibbons explained. "With these test kits, we can find what kind of cargo is in a microvesicle and run tests on it. It's been described as a biopsy for the brain, but much less invasive. That's the appeal of it."

Microvesicles as a Potential "Biopsy for the Brain"




The method is still being developed, but it could reshape how Alzheimer's is detected and followed over time. Gibbons said the workflow is demanding and requires careful technique and patience, yet the possible payoff is significant.

In an earlier study, Gibbons and colleagues delivered insulin through the nose, which helps it reach the brain more effectively than standard injections. After that, the team collected blood leaving the brain and identified biomarkers linked to improved neuroplasticity. The group is now trying to find those same biomarkers in microvesicles.

Study Stages From Healthy Volunteers to Alzheimer's Patients

The research is moving step by step. Gibbons is first validating the approach in healthy participants. Next, he plans to compare findings among people with mild cognitive impairment and people diagnosed with Alzheimer's to see whether shifts in glucose metabolism can help track how the disease progresses.

"Brain function is notoriously hard to measure, but we're getting better and better at interrogating brain function through biomarkers," Gibbons said. "Soon, we might be able to help people protect their brain health and prevent Alzheimer's disease the same way we protect people from cardiovascular disease by prescribing moderate exercise and a healthy diet. That will help us manage the burden on aging people and society as a whole."

Gibbons, a member of the Arizona Alzheimer's Consortium (AAC), is conducting the study with Emily Cope, an NAU associate professor of biological sciences and fellow AAC member; K. Riley Connor, a Ph.D. student in biological sciences at NAU; and Philip Ainslie, a professor at the University of British Columbia's Centre for Heart, Lung & Vascular Health.
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A hidden star found where dust shouldn't exist | ScienceDaily
About 70 light-years from Earth, a star known as Kappa Tucanae A has long puzzled astronomers. It is surrounded by dust heated to more than 1,000 degrees Fahrenheit, glowing intensely while orbiting extremely close to the star. Under such conditions, the dust should not survive. It should either evaporate or be pushed away by the star's radiation in a short time.


						
Now, researchers at the University of Arizona believe they have found a crucial missing piece. They have identified a companion star that repeatedly passes through the same region where this unusually hot dust remains.

A Record-Setting Discovery

The findings were published in The Astronomical Journal and led by Thomas Stuber, a postdoctoral research associate at the University of Arizona's Steward Observatory. Using the European Southern Observatory's MATISSE instrument, the team achieved the highest-contrast detection of a stellar companion ever recorded with this technology.

This discovery gives scientists a rare natural "laboratory" for studying hot exozodiacal dust. This type of dust has become a major obstacle in the search for Earth-like planets around other stars.

Why Hot Exozodiacal Dust Is So Confusing

Hot exozodiacal dust challenges basic ideas about how planetary systems behave. The particles are incredibly small, comparable to smoke from a fire, and they orbit extremely close to their stars. The intense heat and radiation in these regions should destroy the dust almost immediately.




"If we see dust in such large amounts, it needs to be replaced rapidly, or there needs to be some sort of mechanism that extends the lifetime of the dust," Stuber said.

A Problem for Finding Other Earths

The mystery becomes even more important because hot dust often appears around stars that scientists hope might host Earth-like planets. NASA's planned Habitable Worlds Observatory (HWO), expected to launch in the 2040s, is designed to block out starlight using advanced coronagraphs so faint planets can be seen.

Hot dust interferes with this process by creating what researchers call "coronagraphic leakage" -- scattered light that can hide the signals of potentially habitable worlds. Learning where this dust comes from and how it behaves will be essential for future planet-hunting missions.

A Surprise Revealed by Interferometry

To investigate the system more closely, Stuber's team used interferometry, a method that combines light from multiple telescopes to simulate a much larger one. The researchers observed Kappa Tucanae A repeatedly between 2022 and 2024.




The international team initially planned to track changes in the dust over time. Instead, they uncovered something unexpected: a companion star moving on a highly elongated orbit. At its closest approach, it comes within 0.3 astronomical units of the main star -- closer than any planet in our solar system gets to the sun.

A Stellar Laboratory Takes Shape

According to Stuber, this finding changes how scientists view the entire system. Rather than being a simple mystery, Kappa Tucanae A now serves as a complex environment for studying extreme stellar interactions. The companion star travels far from the system before plunging back through the dust-filled inner region.

"There's basically no way that this companion is not somehow connected to that dust production," said Steward Observatory Associate Astronomer Steve Ertel, a co-author of the study. "It has to be dynamically interacting with the dust."

Decades of Technical Expertise

The breakthrough reflects years of leadership in interferometry at Steward Observatory. Its Large Binocular Telescope Interferometer (LBTI), funded by NASA and located on Mount Graham, transformed the study of warm exozodiacal dust, which is less extreme than the hot dust seen around Kappa Tucanae A.

The instrument's stability and sensitivity helped establish Steward as a global center for exozodiacal dust research. This success attracted major support from NASA, the National Science Foundation, and private donors, and placed the observatory at the forefront of exoplanet science.

Building the Next Generation of Instruments

That experience is now shaping future technology. Steward researchers are contributing to a new European nulling interferometer that will be 50 times more sensitive than earlier instruments.

The connection is personal as well as technical. Denis Defrere, who leads development of the European instrument, previously trained at Steward Observatory as a postdoctoral researcher and helped build the LBTI.

"Steward has established itself as the global leader to this kind of research, which is really critical for exo-Earth imaging," said Ertel, who received a NASA grant to study exozodiacal dust using the new instrument.

New Paths for Understanding Cosmic Dust

The Kappa Tucanae A system opens many new research opportunities. By examining how the companion star interacts with the dust, scientists hope to learn more about where hot dust comes from, what it is made of, how large the particles are, and how they are distributed.

The work may clarify whether magnetic fields trap charged dust particles, as suggested by Steward researchers George Rieke and Andras Gaspar. It could also test whether frequent comet activity replenishes the dust, a process studied by Steward researcher Virginie Faramaz-Gorka, who is also a co-author on the paper. Other, entirely different physical processes may also be at play.

Looking Ahead to Future Discoveries

The findings suggest that other stars with hot dust may also host hidden companions. Researchers at Steward Observatory now plan to reexamine systems observed in the past, searching for stars that may have been overlooked.

As NASA's Habitable Worlds Observatory moves closer to launch, discoveries like this provide essential insight into the environments astronomers will face.

"Considering the Kappa Tucanae A system was observed many times before, we did not even expect to find this companion star," Stuber said. "This makes it even more exciting to now have this unique system that opens up new pathways to explore the enigmatic hot exozodiacal dust."
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Scientists reveal why some brains stop growing too soon | ScienceDaily
Why do some children develop a brain that is unusually small (microcephaly)? A global team of scientists from the German Primate Center -- Leibniz Institute for Primate Research (DPZ), Hannover Medical School (MHH), and the Max Planck Institute of Molecular Cell Biology and Genetics set out to answer this question using human brain organoids. These lab-grown models allowed the researchers to closely examine how changes in key structural proteins inside cells can interfere with early brain development.


						
Their work, documented in EMBO Reports, shows that mutations in actin genes disrupt how early brain progenitor cells divide. When these cells fail to divide correctly, their numbers drop, limiting overall brain growth and resulting in a smaller brain. "Our findings provide the first cellular explanation for microcephaly in people with the rare Baraitser-Winter syndrome," says Indra Niehaus, first author of the study and research associate at Hannover Medical School.

How the Cell's Internal Framework Shapes Brain Development

Actin plays a central role in the cytoskeleton, the internal framework that gives cells structure and helps move materials inside them. In people with Baraitser-Winter syndrome, a mutation affects one of two crucial actin genes. To understand the consequences, the researchers reprogrammed skin cells from affected patients into induced pluripotent stem cells. These stem cells were then used to grow three-dimensional brain organoids that mimic early stages of human brain formation.

After thirty days of development, the differences were striking. Organoids grown from patient cells were about 25 percent smaller than those grown from healthy donor cells. The ventricle-like regions inside the organoids, where progenitor cells gather and begin forming early nerve cells, were also much smaller.

A Shift in Crucial Brain Cell Populations

When the scientists examined the types of cells inside the organoids, they found a clear imbalance. The number of apical progenitor cells, which are essential for building the cerebral cortex, was significantly lower. At the same time, there was an increase in basal progenitor cells, which usually appear later as development progresses.




This shift suggested that the timing and outcome of cell division had been altered, potentially explaining why the brain tissue failed to expand normally.

When Cell Division Orientation Goes Wrong

Using high-resolution microscopy, the team closely tracked how apical progenitor cells divided. Under normal conditions, these cells divide mainly at right angles to the ventricular surface. This orientation ensures that cellular components are evenly shared and that two new apical progenitor cells are produced.

In organoids carrying the actin mutation, this pattern changed dramatically. Vertical divisions became far less common, while horizontal and angled divisions dominated. As a result, apical progenitor cells were less able to renew themselves. They detached from the ventricular zone more often and were more likely to become basal progenitor cells instead.

"Our analyses show very clearly that a change in the division orientation of the progenitor cells is the decisive trigger for the reduced brain size," says Michael Heide, group leader at the German Primate Center and last author of the study. "A single change in the cytoskeleton is sufficient to disrupt the course of early brain development."

Tiny Structural Changes With Lasting Effects

Electron microscopy revealed additional, subtle defects at the ventricular surface. Cell shapes appeared uneven, and extra protrusions formed between neighboring cells. Researchers also observed unusually high levels of tubulin at cell junctions. Tubulin is another cytoskeletal protein that plays a key role in cell division.




Although the overall structure of the cells remained intact, these small abnormalities may be enough to permanently alter how cells orient themselves during division.

Proving the Mutation Is the Cause

To confirm that the observed differences were truly caused by the actin mutation and not by other genetic variations, the researchers performed a crucial control experiment. They used CRISPR/Cas9 to introduce the exact same mutation into a healthy stem cell line. Brain organoids grown from these edited cells developed the same defects seen in patient-derived organoids -- a proof that the mutation itself is the driving factor.

What This Discovery Means for Medicine

The findings shed light on how rare genetic mutations can lead to complex brain malformations and demonstrate the value of brain organoids in biomedical research. "Our findings help us understand how rare genetic disorders lead to complex brain malformations and highlight the potential of brain organoids for biomedical research," says Michael Heide.

"The therapeutic potential of this study lies in diagnostics, as our data helps to better classify genetic findings in patients. Since the disease affects early fetal development processes, interventions in humans would be complex. However, new drugs that influence the interaction between actin and microtubules could open up new approaches in the long term," says Nataliya Di Donato, Director of the Institute of Human Genetics at Hannover Medical School.
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This 8,000-year-old art shows math before numbers existed | ScienceDaily

By closely examining prehistoric pottery, Prof. Yosef Garfinkel and Sarah Krulwich of the Hebrew University traced the oldest consistent use of plant imagery in human art to more than 8,000 years ago. The pottery comes from the Halafian culture of northern Mesopotamia (c. 6200-5500 BCE). Their findings show that early farming communities carefully painted flowers, shrubs, branches, and trees, arranging them in ways that reflect deliberate geometric structure and numerical order.

Botanical Imagery Enters Prehistoric Art

In earlier periods, prehistoric artists mainly depicted people and animals. Halafian pottery marks a turning point, introducing plants as a recurring and thoughtfully designed subject in visual culture.

The researchers examined artifacts from 29 archaeological sites and recorded hundreds of plant motifs. Some were drawn in a realistic style, while others were more abstract, but all showed intentional design rather than random ornamentation.

"These vessels represent the first moment in history when people chose to portray the botanical world as a subject worthy of artistic attention," the authors note. "It reflects a cognitive shift tied to village life and a growing awareness of symmetry and aesthetics."

Hidden Numerical Patterns in Floral Designs

One of the most notable discoveries involves the way flowers were arranged on the pottery. Many bowls display floral patterns with petal numbers that follow clear numerical sequences, including 4, 8, 16, 32, and even groupings of 64 flowers.




The researchers argue that these patterns were planned rather than accidental and indicate an advanced understanding of how to divide space evenly. This type of reasoning appears thousands of years before the first written numerical systems.

"The ability to divide space evenly, reflected in these floral motifs, likely had practical roots in daily life, such as sharing harvests or allocating communal fields," Garfinkel explains.

This research contributes to the growing field of ethnomathematics, which explores how mathematical ideas are expressed through cultural practices and artistic traditions.

A Broad Range of Plant Motifs

The pottery designs reflect a wide variety of plant forms, including:
    	Flowers with carefully balanced petals
    	Seedlings and shrubs depicted with clear botanical features
    	Branches arranged in repeating, rhythmic patterns
    	Large trees sometimes shown alongside animals or architectural elements

Interestingly, none of the images portray edible plants. This absence suggests the designs were not meant to document agriculture or ritual practices. Instead, the authors suggest the emphasis on flowers may relate to their association with positive emotional responses, making them especially appealing subjects for decoration.




Rethinking the Origins of Mathematics

Although written mathematical records appear much later in Sumer, the Halafian pottery points to an earlier and more intuitive form of mathematical reasoning. This reasoning relied on symmetry, repetition, and visual organization rather than written symbols.

"These patterns show that mathematical thinking began long before writing," Krulwich says. "People visualized divisions, sequences, and balance through their art."

By systematically documenting these plant-based designs and uncovering their mathematical structure, the study provides fresh insight into how early societies perceived nature, organized shared spaces, and demonstrated complex cognitive abilities long before formal mathematics emerged.
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1.5-million-year-old fossil face is forcing a rethink of human origins | ScienceDaily
An international research team led by Dr. Karen Baab, a paleoanthropologist at the College of Graduate Studies, Glendale Campus of Midwestern University in Arizona, created a digital reconstruction of the face of early Homo erectus. The fossil, known as DAN5, is dated to about 1.5 to 1.6 million years old and was discovered at Gona in Ethiopia's Afar region. The rebuilt face looks more archaic than many scientists expected, offering fresh clues about one of the first human species to expand across Africa and Eurasia. The results were published in Nature Communications.


						
Dr. Baab says the reconstruction adds a surprising new twist: "We already knew that the DAN5 fossil had a small brain, but this new reconstruction shows that the face is also more primitive than classic African Homo erectus of the same antiquity. One explanation is that the Gona population retained the anatomy of the population that originally migrated out of Africa approximately 300,000 years earlier."

Gona's Deep Record of Fossils and Stone Tools

The Gona Paleoanthropological Research Project in Ethiopia's Afar region is co-directed by Dr. Sileshi Semaw (Centro Nacional de Investigacion sobre la Evolucion Humana, Spain) and Dr. Michael Rogers (Southern Connecticut State University). The Gona area has produced hominin fossils older than 6.3 million years ago, along with stone tools covering the past 2.6 million years of human evolution.

For this reconstruction, scientists combined a fossil brain case (previously described in 2020) with smaller facial fragments from the same individual, DAN5, dated to between 1.6 and 1.5 million years ago. Using virtual methods, the team reassembled the face fragments (and teeth) to build what they describe as the most complete fossil human skull from the Horn of Africa for this time period. Researchers classify DAN5 as Homo erectus, a long-lasting species found across Africa, Asia, and Europe after about 1.8 million years ago.

How Micro-CT Scans Rebuilt the DAN5 Skull

To piece the fossil together, the team used high-resolution micro-CT scans of four major facial fragments recovered during fieldwork at Gona in 2000. They built 3D digital models from those scans, then carefully aligned and reassembled the fragments on a computer. Where possible, they positioned the teeth into the upper jaw. The final stage involved "attaching" the reconstructed face to the braincase to create a mostly complete cranium. The process took about a year and required multiple rounds of refinement before the team settled on the final reconstruction.




Dr. Baab, who led the reconstruction work, compared it to "a very complicated 3D puzzle, and one where you do not know the exact outcome in advance. Fortunately, we do know how faces fit together in general, so we were not starting from scratch."

A Mix of Homo erectus Traits and Older Features

The study suggests that the Gona population living around 1.5 million years ago combined traits typically associated with Homo erectus in the braincase with more ancestral features in the face and teeth that are usually linked to earlier species. The researchers point to examples such as a relatively flat bridge of the nose and large molars.

To reach these conclusions, the team compared the size and shape of the DAN5 face and teeth with fossils from the same geological age, as well as specimens that are older and younger. A similar trait combination has been reported before in Eurasia, but DAN5 is described as the first fossil showing this pattern within Africa. That finding challenges the idea that Homo erectus evolved outside Africa. "I'll never forget the shock I felt when Dr. Baab first showed me the reconstructed face and jaw," says Dr. Yousuke Kaifu of the University of Tokyo, a co-author of the study.

Dr. Baab argues the broader fossil record still points toward an African origin for the species: "The oldest fossils belonging to Homo erectus are from Africa, and the new fossil reconstruction shows that transitional fossils also existed there, so it makes sense that this species emerged on the African continent. But the DAN5 fossil postdates the initial exit from Africa, so other interpretations are possible."

Dr. Rogers agrees that the new skull highlights how varied early humans could be. "This newly reconstructed cranium further emphasizes the anatomical diversity seen in early members of our genus, which is only likely to increase with future discoveries."

Dr. Semaw adds that the fossil is also notable for its archaeological context: "It is remarkable that the DAN5 Homo erectus was making both simple Oldowan stone tools and early Acheulian handaxes, among the earliest evidence for the two stone tool traditions to be found directly associated with a hominin fossil."




What Comes Next for DAN5 and Early European Fossils

Next, the researchers want to compare DAN5 with some of the earliest known human fossils from Europe. These include remains assigned to Homo erectus as well as Homo antecessor, a distinct species, with both dated to around one million years ago. "Comparing DAN5 to these fossils will not only deepen our understanding of facial variability within Homo erectus but also shed light on how the species adapted and evolved," says study co-author Dr. Sarah Freidline of the University of Central Florida.

The team also hopes future discoveries will help test other possibilities, including scenarios involving genetic admixture between species, similar to what has been documented much later among Neanderthals, modern humans and "Denisovans." One idea is that DAN5 could reflect admixture between classic African Homo erectus and the earlier Homo habilis species. As Dr. Rogers puts it, "We're going to need several more fossils dated between one to two million years ago to sort this out."
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A loud minority makes the Internet look far more toxic than it is | ScienceDaily
Americans tend to believe that online spaces are far more hostile than they actually are. Many assume that nearly half of people on major platforms regularly post cruel, aggressive, or abusive comments. In reality, truly severe online toxicity is much rarer. One striking example is Reddit, where Americans estimate that 43% of users post highly toxic comments, even though research shows the real figure is closer to just 3%. This gap between perception and reality can quietly fuel a broader sense of pessimism about other people and about society as a whole.


						
To better understand this disconnect, researchers Angela Y. Lee, Eric Neumann, and their colleagues surveyed 1,090 American adults using the online research platform CloudResearch Connect. The goal was to compare what people believe about harmful online behavior with actual data collected in previous large-scale studies of social media platforms.

The results showed that people dramatically overestimate how common toxic behavior is. On Reddit, participants believed toxic commenters were 13 times more common than they truly are. A similar pattern appeared on Facebook. Participants guessed that 47% of users share false or misleading news stories, even though existing research suggests the real number is about 8.5%. In other words, people assume that misinformation and harmful content dominate social media feeds far more than they actually do.

Recognizing Toxic Content Does Not Fix the Misbelief

Interestingly, this inflated perception was not simply due to confusion about what counts as toxic content. In a signal detection task, a type of psychological test used to measure how accurately people can identify specific signals amid noise, many participants correctly recognized examples of toxic online posts. Even so, they still believed that a large share of users regularly produce such content.

This suggests that the problem is not an inability to spot harmful behavior, but a mistaken belief about how widespread it is. People may remember extreme posts more vividly or encounter them more often because social media algorithms amplify attention grabbing content, leading them to assume that such behavior is the norm.

How Correcting the Misperception Changes Attitudes

The researchers also tested whether changing these beliefs could influence how people feel about society. In an experiment, participants were shown accurate information about how rare severe online toxicity actually is. Afterward, many reported feeling more optimistic and less concerned that society is in moral decline. They were also less likely to believe that most Americans are comfortable with harmful or aggressive online behavior.

According to the authors, people often confuse a very small but extremely vocal group of users with the majority. A limited number of highly active accounts produce most toxic and harmful content, creating the illusion that it reflects widespread attitudes. Recognizing this distinction may help reduce the negative emotional effects associated with social media and could improve social cohesion by reminding people that most users are not behaving badly online.
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Living cells may generate electricity from motion | ScienceDaily
Scientists have developed a new theoretical explanation for how living cells might generate electricity on their own. At the center of the idea is the cell membrane, the thin, flexible layer that surrounds every living cell and controls what enters and leaves it. Rather than being a static barrier, this membrane is constantly moving and reshaping itself at very small scales. The new framework shows that these tiny motions can give rise to real electrical effects.


						
The research was led by Pradeep Sharma and his colleagues, who built a mathematical model to explore how physical forces inside cells interact with biological activity. Their work focuses on how motion at the molecular level can translate into electrical signals across the membrane.

Molecular Activity That Makes Membranes Move

Inside every cell, proteins are constantly changing shape, interacting with other molecules, and carrying out chemical reactions. One important process is ATP hydrolysis, which is how cells break down adenosine triphosphate to release energy. These active biological processes do not happen quietly. They push and pull on the cell membrane, causing it to bend, ripple, and fluctuate.

The model shows that these ongoing membrane movements can trigger a phenomenon known as flexoelectricity. Flexoelectricity occurs when bending or deformation in a material produces an electrical response. In this case, the bending of the cell membrane can create an electrical difference between the inside and outside of the cell.

Voltage Levels Comparable to Nerve Signals

According to the framework, the electrical voltages created across the membrane can be surprisingly strong. In some cases, they can reach up to 90 millivolts. That level is notable because it is similar to the voltage changes seen in neurons when they fire electrical signals.




The timing also matches what happens in the nervous system. The voltage shifts can occur within milliseconds, which aligns closely with the shape and speed of typical action potential curves for neurons. This suggests that the same physical principles could play a role in how nerve cells communicate.

Driving Ion Movement Against Natural Gradients

The theory goes further by predicting that these membrane driven voltages could actively move ions. Ions are electrically charged atoms that cells use to send signals and maintain balance. Normally, ions flow along electrochemical gradients, meaning they move from areas of high concentration to low concentration.

The new model suggests that active membrane fluctuations could push ions in the opposite direction, working against those gradients. The researchers connect this behavior to specific properties of the membrane, including how stretchy it is and how it responds to electric fields. These properties help determine which direction ions move and what type of charge they carry.

From Single Cells to Tissues and New Materials

Looking ahead, the authors suggest that this framework could be expanded beyond individual cells. By applying the same principles to groups of cells, scientists could explore how coordinated membrane activity leads to larger scale electrical patterns across tissues.

The researchers argue that this mechanism offers a physical foundation for understanding sensory perception, neuronal firing, and even how living cells might harvest energy internally. It may also help bridge neuroscience with the development of bio inspired and physically intelligent materials, offering new ways to design systems that mimic the electrical behavior of living tissue.
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Hidden dimensions could explain where mass comes from | ScienceDaily
The geometry of space itself may play a far more central role in physics than previously thought. Instead of serving only as the backdrop where forces act, spacetime may be responsible for the forces and particles that make up the universe.


						
New theoretical work suggests that the fundamental behavior of nature could arise directly from the structure of spacetime, pointing to geometry as the common origin of physical interactions.

Hidden Dimensions and Seven-Dimensional Geometry

In a paper published in Nuclear Physics B, physicist Richard Pincak and collaborators examine whether the properties of matter and forces can emerge from the geometry of unseen dimensions beyond everyday space.

Their research proposes that the universe includes additional dimensions that are not directly observable. These dimensions may be compact and folded into complex seven-dimensional shapes called G2-manifolds. Until now, such geometric structures were typically treated as fixed and unchanging. The new study instead explores what happens when these shapes are allowed to evolve over time through a mathematical process known as the G2-Ricci flow, which gradually alters their internal geometry.

Twisting Geometry and Stable Structures

"As in organic systems, such as the twisting of DNA or the handedness of amino acids, these extra-dimensional structures can possess torsion, a kind of intrinsic twist," explains Pincak. This torsion introduces a built-in rotation within the geometry itself.




When the researchers modeled how these twisted shapes change over time, they found that the geometry can naturally settle into stable patterns called solitons. "When we let them evolve in time, we find that they can settle into stable configurations called solitons. These solitons could provide a purely geometric explanation of phenomena such as spontaneous symmetry breaking."

Rethinking the Origin of Mass

In the Standard Model of particle physics, mass arises through interactions with the Higgs field, which gives weight to particles such as the W and Z bosons. The new theory suggests a different possibility. Instead of relying on a separate field, mass may result from torsion within extra-dimensional geometry itself.

"In our picture," Pincak says, "matter emerges from the resistance of geometry itself, not from an external field." In this view, mass reflects how spacetime responds to its own internal structure rather than the influence of an added physical ingredient.

Cosmic Expansion and a Possible New Particle

The researchers also connect geometric torsion to the curvature of spacetime on large scales. This relationship could help explain the positive cosmological constant associated with the accelerating expansion of the universe.




Beyond these cosmological implications, the team speculates about the existence of a previously unknown particle linked to torsion, which they call the "Torstone." If real, it could potentially be detected in future experiments.

Extending Einstein's Geometric Vision

The broader ambition of the work is to push Einstein's idea further. If gravity arises from geometry, the authors ask whether all fundamental forces might share the same origin. As Pincak puts it, "Nature often prefers simple solutions. Perhaps the masses of the W and Z bosons come not from the famous Higgs field, but directly from the geometry of seven-dimensional space."

The article published in the journal Nuclear Physics B.

The research was supported by R3 project No.09I03-03-V04-00356.
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A new way to prevent gum disease without wiping out good bacteria | ScienceDaily
All living organisms adapt in order to survive, and bacteria are no exception. Over many decades, some bacteria have gradually become resistant to widely used antibiotics and disinfectants, creating serious challenges for medicine and public health. At the same time, countless bacterial species play a helpful and often critical role in keeping the human body healthy. This raises an important question. Instead of trying to eliminate bacteria, could scientists find ways to influence how they behave to reduce disease and improve health?


						
Bacteria are far from silent. Inside the human mouth, roughly 700 different bacterial species constantly exchange information through a process called quorum sensing. This chemical communication allows bacteria to coordinate their actions as a group. Many oral bacteria rely on signaling molecules known as N-acyl homoserine lactones (AHLs) to send and receive these messages.

Investigating Bacterial Communication in Dental Plaque

Researchers at the University of Minnesota, Twin Cities College of Biological Sciences and the School of Dentistry set out to explore how bacteria in the mouth communicate and whether that communication could be deliberately disrupted. Their goal was to determine if interfering with these signals could help prevent plaque buildup and support a healthier oral microbiome. The findings, published in the journal npj Biofilms and Microbiomes, suggest this approach could reshape how doctors think about treating bacterial diseases.

Key Findings From the Study

The researchers discovered several important patterns in how oral bacteria communicate and organize themselves:
    	Bacteria in dental plaque generate AHL signals in oxygen-rich areas (such as above the gumline), and those signals can be detected by bacteria living in oxygen-poor regions (beneath the gumline).
    	Eliminating AHL signals using specialized enzymes called lactonases led to an increase in bacterial species associated with good oral health.
    	These results indicate that carefully chosen enzymes might be used to reshape dental plaque communities and help maintain a healthy balance of microbes.

Dental Plaque as a Living Ecosystem

"Dental plaque develops in a sequence, much like a forest ecosystem," said Mikael Elias, associate professor in the College of Biological Sciences and senior author of the study. "Pioneer species like Streptococcus and Actinomyces are the initial settlers in simple communities -- they're generally harmless and associated with good oral health. Increasingly diverse late colonizers include the 'red complex' bacteria like Porphyromonas gingivalis, which are strongly linked to periodontal disease. By disrupting the chemical signals bacteria use to communicate, one could manipulate the plaque community to remain or return to its health-associated stage."




"What's particularly striking is how oxygen availability changes everything," said lead author Rakesh Sikdar. "When we blocked AHL signaling in aerobic conditions, we saw more health-associated bacteria. But when we added AHLs under anaerobic conditions, we promoted the growth of disease-associated late colonizers. Quorum sensing may play very different roles above and below the gumline, which has major implications for how we approach treatment of periodontal diseases."

Toward New Microbiome-Based Treatments

The researchers plan to next examine how bacterial signaling differs across various regions of the mouth and among patients at different stages of periodontal disease. "Understanding how bacterial communities communicate and organize themselves may ultimately give us new tools to prevent periodontal disease -- not by waging war on all oral bacteria, but by strategically maintaining a healthy microbial balance," said Elias. The team believes this strategy could eventually lead to therapies for other parts of the body, where imbalances in the microbiome are linked to illness and certain forms of cancer.

Funding for the research was provided by the National Institutes of Health.
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Physicists found a way to see heat in empty space | ScienceDaily
Scientists at Stockholm University and the Indian Institute of Science Education and Research (IISER) Mohali have outlined a realistic strategy to observe one of the most unusual ideas in modern physics: the Unruh effect. This effect predicts that an object that is speeding up (accelerating) would experience empty space as slightly warm. In practice, however, producing enough acceleration to directly heat something is far beyond what laboratory experiments can achieve. The researchers instead describe how this extremely weak effect could be transformed into a distinct, precisely timed burst of light.


						
The basic setup is easier to picture than the underlying physics. Consider a collection of atoms placed between two parallel mirrors. These mirrors can influence how quickly the atoms release light. Under the right conditions, the atoms stop acting independently and instead emit light together, like a choir singing in unison -- much louder than solo singers. This phenomenon is known as superradiance.

According to the new work, if the atoms experience the subtle warmth associated with the Unruh effect, that influence gently shifts their behavior. The result is that the collective flash of light occurs slightly earlier than it would if the atoms were not accelerating. This advance in timing becomes a clear and measurable sign of the Unruh effect.

Turning a Whisper Into a Clear Signal

"We've found a way to turn the Unruh effect's whisper into a shout," said Akhil Deswal, a PhD student at IISER Mohali. "By using carefully spaced high-quality mirrors, we make ordinary background signals quieter while the acceleration-seeded burst comes out early and clean."

An important advantage of this approach is that it dramatically reduces how much acceleration is needed. Without high-quality mirrors, the required acceleration would be far greater and well beyond practical limits.

Why Timing Makes the Difference

"Timing is the key," added Navdeep Arya, a postdoctoral researcher at Stockholm University. "The choir of atoms is not only louder but also shouts earlier if they feel the faint Unruh effect-related warmth of empty space. That simple clock-like marker can make it easier to separate the Unruh signal from everyday noise."




By focusing on when the light appears rather than how intense it is, the method offers a new way to isolate the desired signal from background effects that normally overwhelm it.

Connecting Laboratory Experiments to Extreme Physics

By tackling a detection problem that has challenged physicists for decades, the proposal helps narrow the gap between standard laboratory equipment and phenomena usually associated with extreme environments. Since acceleration and gravity are closely linked, similar timing-based methods could eventually allow scientists to study delicate quantum effects driven by gravity -- right on the lab bench.

The research, co-authored with Kinjalk Lochan and Sandeep K. Goyal of IISER Mohali, has been published in Physical Review Letters.
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Why consciousness exists at all | ScienceDaily
Our everyday lives are shaped by conscious experience. At times, this experience is pleasant, such as feeling sunlight on your skin, hearing birds sing, or simply enjoying a peaceful moment. At other times, it is painful, whether from a physical injury like hurting your knee on the stairs or from ongoing emotional struggles such as chronic pessimism. This raises a fundamental question: why did living beings evolve a form of perception that includes pleasure, pain, and even intense suffering?


						
Albert Newen and Carlos Montemayor describe consciousness as having three distinct forms, each serving a different role: 1. basic arousal, 2. general alertness, and 3. a reflexive (self-)consciousness. According to Newen, basic arousal was the first to emerge in evolutionary history. "Evolutionarily, basic arousal developed first, with the base function of putting the body in a state of ALARM in life-threatening situations so that the organism can stay alive," he explains. Pain plays a crucial role here. "Pain is an extremely efficient means for perceiving damage to the body and to indicate the associated threat to its continued life. This often triggers a survival response, such as fleeing or freezing."

How Attention and Learning Evolved

A later evolutionary development is general alertness. This form of consciousness allows an individual to focus on one important signal while filtering out others. For example, if someone is talking to you and you suddenly notice smoke, your attention shifts immediately to the smoke as you look for its source. As Carlos Montemayor explains, "This makes it possible to learn about new correlations: first the simple, causal correlation that smoke comes from fire and shows where a fire is located. But targeted alertness also lets us identify complex, scientific correlations."

Self Awareness and Social Life

Humans and some other animals go a step further by developing reflexive (self-)consciousness. In its more advanced form, this ability allows individuals to think about themselves, remember the past, and anticipate the future. It also makes it possible to build a mental image of oneself and use that image to guide decisions and plans. Newen notes, "Reflexive consciousness, in its simple forms, developed parallel to the two basic forms of consciousness. In such cases conscious experience focuses not on perceiving the environment, but rather on the conscious registration of aspects of oneself." These aspects include bodily states, perceptions, sensations, thoughts, and actions.

A simple example of reflexive consciousness is recognizing oneself in a mirror. Human children usually develop this ability around 18 months of age. It has also been observed in certain animals, including chimpanzees, dolphins, and magpies. At its core, reflexive conscious experience supports social integration and coordination with others, helping individuals function within groups.




What Birds Perceive

Research by Gianmarco Maldarelli and Onur Gunturkun suggests that birds may also possess basic forms of conscious perception. Their work highlights three main areas where birds show strong similarities to mammals: sensory consciousness, underlying brain structures, and forms of self-consciousness.

Evidence of Sensory Experience in Birds

Studies of sensory consciousness show that birds do more than automatically react to stimuli. They appear to have subjective experiences. When pigeons are shown visually ambiguous images, they alternate between different interpretations, much like humans do. Research on crows provides further evidence. Certain nerve signals in their brains reflect what the animal perceives rather than the physical stimulus itself. When a crow sometimes consciously detects a stimulus and sometimes does not, specific nerve cells respond in line with that internal experience.

Bird Brains and Conscious Processing

Bird brains also contain structures that support conscious processing, even though their anatomy differs from that of mammals. Gunturkun explains, "The avian equivalent to the prefrontal cortex, the NCL, is immensely connected and allows the brain to integrate and flexibly process information." He adds, "The connectome of the avian forebrain, which presents the entirety of the flows of information between the regions of the brain, shares many similarities with mammals. Birds thus meet many criteria of established theories of consciousness, such as the Global Neuronal Workspace theory."

Signs of Self Perception in Birds

More recent experiments indicate that birds may also show forms of self-perception. While some corvid species pass the classic mirror test, other studies use alternative approaches that better reflect birds' natural behaviors. These experiments reveal additional forms of self-consciousness in different species. Gunturkun notes, "Experiments indicate that pigeons and chickens differentiate between their reflection in a mirror and a real fellow member of their species, and react to these according to context. This is a sign of situational, basic self-consciousness."

Taken together, these findings suggest that consciousness did not emerge recently or exclusively in humans. Instead, it appears to be an ancient and widespread feature of evolution. Birds demonstrate that conscious processing can occur without a cerebral cortex and that very different brain structures can arrive at similar functional outcomes.
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A hidden climate shift may have sparked epic Pacific voyages 1,000 years ago | ScienceDaily
A new study led by the University of Southampton and University of East Anglia (UEA) points to a major change in South Pacific climate conditions, beginning around 1,000 years ago, that may have encouraged people to move and settle farther to the east. The research suggests that as parts of the western region became steadily drier, communities may have been pushed to seek out islands with more dependable rainfall.


						
The team reports that inhabited islands in Western Polynesia, including Samoa and Tonga, experienced drying over time. Meanwhile, islands farther east in Eastern Polynesia, such as French Polynesia (Tahiti), gradually became wetter, potentially making them more appealing places to live and farm.

The work is part of a larger Southampton and UEA collaboration known as PROMS (Pacific Rainfall over Millennial Timescales), which investigates how Pacific rainfall has shifted over long periods and how those changes may have influenced human migration.

The findings are published in the journal Nature: Communications Earth and Environment.

Evidence from PROMS and the idea of "chasing the rain"

Principal Investigator for PROMS, Professor David Sear comments: "The Pacific Islands today are under threat from changing climate, but we can see from our research that this is not the first time the inhabitants of the region have had to adapt to a changing climate.

"Our research suggests that beginning around 1,000 years ago, people in the region were effectively chasing the rain eastwards as part of adapting to the stress placed on growing populations by a period of drier conditions developing in the western South Pacific."

Plant wax clues and 1,500 years of rainfall history




To reconstruct past rainfall, researchers collected sediment cores from Tahiti and Nuku Hiva in Eastern Polynesia and examined plant waxes -- fatty layers left on leaves. Advanced laboratory testing of these waxes can indicate how wet or dry conditions were at the time the plants grew. The team then combined these new results with other climate records from around Polynesia and the wider Pacific.

Using this high-resolution dataset, the researchers estimated how rainfall patterns across the Pacific changed over the last 1,500 years. They also used new climate model simulations to pinpoint when and where the rainfall shift happened, and to identify the most likely driver behind it.

The team concludes that the most probable cause was a natural change in sea surface temperature patterns across the Pacific, which appears to have nudged the South Pacific Convergence Zone (SPCZ) eastward between approximately 1,100 and 400 years ago. The SPCZ is one of the largest structures in the global climate system, forming a high-rainfall zone that stretches more than 7,000 km from Papua New Guinea to beyond the Cook Islands. In the shift identified by this study, the western end of this rainfall band became increasingly dry, while the eastern end became wetter.

Migration push and pull as freshwater changed

Researchers say the long-term drying in the west could have acted as a "push," making life more difficult where populations were already established. At the same time, rising rainfall and improved freshwater availability in the east could have created a "pull" toward settling new islands. The study suggests this climate pattern may have helped motivate people to travel step by step farther east, including to islands such as the Cooks and Tahiti.

Co-lead author on the paper, Dr. Mark Peaple of the University of Southampton says: "The timing and nature of the hydroclimatic change align with the final wave of human settlement into Eastern Polynesia, which began around 1000 years ago.




"Water is essential for people's survival, for drinking and successful agriculture. If this vital natural resource was running low, it's logical that over time the population would follow it and colonize in areas with more reliable water security -- even if this meant adventurous journeys across the ocean."

Co-lead author at UEA, Dr. Daniel Skinner adds: "Bringing together knowledge from paleoclimate archives and climate models has given us key insights into how and why a critically understudied region of the world changed over the last 1,500 years."

Co-Principal Investigator Professor Manoj Joshi, also from UEA, says: "By better understanding how the climate of the South Pacific has been affected by larger-scale climate changes over past millennia, we can build better predictions for how future climate change will affect the region."

What comes next and who supported the fieldwork

The researchers say additional studies, including further archaeological work, could help narrow down the timing and scale of both environmental shifts and social changes across the South Pacific.

Fieldwork was supported by Explorer grants from National Geographic Society.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251215084206.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Giant sea monsters lived in rivers at the end of the dinosaur age | ScienceDaily
Mosasaurs were enormous marine reptiles that lived more than 66 million years ago, but new evidence shows they did not spend all their time in the ocean. Researchers analyzing a mosasaur tooth discovered in North Dakota have found strong signs that some of these animals lived in rivers. The tooth likely came from an individual that grew up to 11 meters long. Led by scientists at Uppsala University, the international research team concluded that mosasaurs adapted to freshwater river systems during the final million years before their extinction.


						
The tooth was uncovered in 2022 from a river deposit in North Dakota. It was found alongside a tooth from a Tyrannosaurus rex and a jawbone from a crocodylian, in a region already known for fossils of the duck-billed dinosaur Edmontosaurus. The unusual mix of land dinosaurs, river-dwelling crocodiles, and a giant marine reptile immediately stood out. If mosasaurs were ocean animals, how did one of their teeth end up preserved in a river?

Isotopes Provide the Answer

To solve this puzzle, researchers from the United States, Sweden, and the Netherlands examined the chemical makeup of the mosasaur tooth enamel using isotope analysis.

Because the mosasaur tooth, the T. rex tooth, and the crocodylian jawbone all date to roughly the same time, about 66 million years ago, the scientists could directly compare their chemistry. The work was carried out at the Vrije Universiteit (VU) in Amsterdam and focused on isotopes of oxygen, strontium, and carbon. The mosasaur tooth contained unusually high levels of the lighter oxygen isotope (16O), which is typical of freshwater environments rather than marine ones. Strontium isotope ratios also pointed to a freshwater habitat.

"Carbon isotopes in teeth generally reflect what the animal ate. Many mosasaurs have low 13C values because they dive deep. The mosasaur tooth found with the T. rex tooth, on the other hand, has a higher 13C value than all known mosasaurs, dinosaurs and crocodiles, suggesting that it did not dive deep and may sometimes have fed on drowned dinosaurs," says Melanie During, one of the study's corresponding authors.

"The isotope signatures indicated that this mosasaur had inhabited this freshwater riverine environment. When we looked at two additional mosasaur teeth found at nearby, slightly older, sites in North Dakota, we saw similar freshwater signatures. These analyses shows that mosasaurs lived in riverine environments in the final million years before going extinct," says During.




When Seas Slowly Turned Into Rivers

The findings also help explain how this lifestyle shift became possible. Over time, increasing amounts of freshwater flowed into the Western Interior Seaway, a vast inland sea that once ran north to south across what is now central North America and split the continent in two. As freshwater input grew, the seaway gradually changed from salty to brackish and eventually to mostly freshwater, similar to conditions seen today in the Gulf of Bothnia. The researchers suggest this process created a 'halocline', with lighter freshwater forming a surface layer above denser saltwater. Isotope data supports this idea.

"For comparison with the mosasaur teeth, we also measured fossils from other marine animals and found a clear difference. All gill-breathing animals had isotope signatures linking them to brackish or salty water, while all lung-breathing animals lacked such signatures. This shows that mosasaurs, which needed to come to the surface to breathe, inhabited the upper freshwater layer and not the lower layer where the water was more saline," says Per Ahlberg, coauthor of the study and promotor of Dr. During.

Adapting to a Changing World

The researchers argue that the teeth studied clearly belonged to mosasaurs that had adjusted to these new conditions. Large predators shifting between habitats is not unheard of in evolutionary history.

"Unlike the complex adaptation required to move from freshwater to marine habitats, the reverse adaptation is generally simpler," says During.




Modern animals show similar flexibility. River dolphins live entirely in freshwater even though their ancestors were marine. The estuarine crocodile, known in Australia as the saltwater crocodile, regularly moves between rivers and the open ocean, hunting wherever prey is available.

A Bus-Sized Predator in Unexpected Places

Mosasaur fossils are common in marine deposits across North America, Europe, and Africa dating from 98-66 million years ago. In contrast, they are rarely found in North Dakota, making this discovery especially striking. The size of the tooth suggests an animal up to 11 meters long, roughly the length of a bus. Earlier discoveries of mosasaur bones at a nearby site support this estimate. The tooth likely belonged to a prognathodontine mosasaur, although its exact genus cannot be identified. Close relatives in the genus Prognathodon had massive heads, powerful jaws, and robust teeth, and are thought to have been opportunistic predators capable of attacking large prey.

"The size means that the animal would rival the largest killer whales, making it an extraordinary predator to encounter in riverine environments not previously associated with such giant marine reptiles," says Ahlberg.

The research was carried out by scientists from Uppsala University in collaboration with Eastern West Virginia Community and Technical College, Moorefield, West Virginia, Vrije Universiteit Amsterdam, and the North Dakota Geological Survey. The article draws on a chapter from Melanie During's doctoral thesis, which she defended at Uppsala University in November 2024.
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This rare earthquake did everything scientists hoped to see | ScienceDaily
The powerful earthquake that struck Myanmar on March 28, 2025, has given researchers an uncommon chance to observe how some of the planet's most dangerous fault systems behave, including faults similar to California's San Andreas. Earthquakes are usually chaotic and difficult to study, but this one occurred along an unusually straight and geologically "mature" fault, creating nearly ideal conditions to examine how energy is released during a major continental rupture.


						
Scientists have long struggled to observe earthquakes that behave in such a clean and predictable way. The Myanmar event stood out because its fault geometry removed many of the complications that typically obscure how seismic energy moves through the Earth.

Investigating the Longstanding Shallow Slip Deficit Mystery

An international research team led by The University of New Mexico focused on understanding how mature faults behave during large earthquakes, with special attention on a debated phenomenon called the "shallow slip deficit." In many earthquakes, surface movement is far smaller than the motion that occurs deep underground. This gap has raised questions about whether some of the energy is absorbed by surrounding rock or simply goes undetected.

By closely analyzing the 2025 Myanmar earthquake, the researchers aimed to determine how energy moves along an ancient, relatively simple fault system and whether deep motion is fully transferred to the surface.

The study, titled "Mature fault mechanics revealed by the highly efficient 2025 Mandalay earthquake," was published in Nature Communications. It was led by UNM Assistant Professor Eric Lindsey, working alongside collaborators from Taiwan and Myanmar.

Studying a Major Earthquake From Space

Because Myanmar is currently affected by armed conflict and the earthquake caused further damage to infrastructure, researchers were unable to quickly conduct on-the-ground investigations. Instead, they turned to satellite-based observations to collect the data needed for their analysis.




"We used two primary satellite technologies: Optical Image Correlation (using Sentinel-2 satellites) to track how pixels in satellite photos moved between two images collected before and after the quake, and Interferometric Synthetic Aperture Radar (InSAR) using Sentinel-1 satellites, which measures the change in distance to the ground from the satellite between two consecutive passes. These tools allowed us to measure ground shifts with incredible precision without setting foot in the danger zone," explained Lindsey.

How InSAR Reveals Ground Movement in Extreme Detail

InSAR functions like a sophisticated version of "spot the difference," using radar signals to detect extremely small changes in the Earth's surface from orbit. As a satellite circles the planet, it sends radar waves toward the ground and records the returning signals.

"By comparing the time it takes for the signal to bounce back to the satellite from each point on the ground, we can detect changes in the ground's elevation or position down to a fraction of an inch. It allows us to map exactly how the Earth warped over an area hundreds of miles wide, day or night, and through clouds," Lindsey said.

This approach allowed the team to reconstruct the earthquake's impact across an enormous region with remarkable accuracy.

A 500-Kilometer Rupture Unlike Most Earthquakes

The rupture caused by the Myanmar earthquake extended for nearly 500 kilometers. To visualize that scale, it is similar to a crack stretching from Albuquerque to Denver, with the ground on either side suddenly sliding past each other by 10 to 15 feet.




"Most earthquakes we study break much shorter fault segments -- perhaps 30 to 60 miles long. It is incredibly rare and scientifically significant to see a rupture that is this long, continuous, and straight," Lindsey said.

Such a long, uninterrupted rupture provided scientists with an exceptional natural experiment.

A Fault System Comparable to California's San Andreas

The earthquake occurred along the Sagaing Fault, which is a strike-slip fault. In this type of fault, the two sides move horizontally past one another, similar to cars scraping by each other on a highway.

"This is just like the San Andreas fault in California," Lindsey said. "We also describe the Sagaing fault as 'mature,' which means it has been slipping in the same way for millions of years. Over that vast time, the rough edges and bends in the fault have been ground down. Because it is so smooth and straight, the earthquake rupture could travel very efficiently across a huge distance."

This long history of motion has shaped the fault into a structure that allows seismic energy to move with little resistance.

No Missing Energy at the Surface

For decades, researchers have observed that many earthquakes show far less movement at the surface than deep underground, a phenomenon known as the "Shallow Slip Deficit."

"We found that in the 2025 Mandalay earthquake, this deficit was non-existent. The massive amount of slip that happened miles underground was transferred 100% to the surface," Lindsey explained.

This result contrasts sharply with many recent earthquakes where surface motion was reduced because energy was spread across networks of small fractures rather than concentrated on a single fault.

"This shows that on mature, smooth faults, the energy is highly focused and comes right to the surface," Lindsey said. "This is significant because it means the ground shaking near the fault line might be more intense than our current hazard models predict for these types of faults."

How One Earthquake Linked Multiple Fault Segments

The research also revealed that the rupture was able to connect several fault sections into one continuous 500-km event, passing through boundaries that scientists previously believed might halt an earthquake.

"We found that the fault followed a historical pattern: it slipped less in areas that had experienced earthquakes in the 20th century and slipped the most in areas that hadn't broken since the 1800s," Lindsey said. This behavior is known as "slip predictability" and suggests scientists may be able to estimate how much movement could occur on fault segments that have not yet ruptured.

Such insights could improve long-term earthquake forecasting and preparedness efforts.

Why Satellite Science Matters for Global Safety

The study demonstrates the growing power of satellite-based observation. Even in a conflict zone where traditional fieldwork was not possible, researchers were able to produce one of the most detailed analyses of earthquake mechanics to date.

"It's a testament to how global scientific collaboration and open data access (like the Copernicus Sentinel missions) can help us understand natural hazards that affect millions of people," Lindsey said. "The significance lies in safety. This earthquake showed us that mature faults can be much more efficient at transmitting energy to the surface than younger ones, which has direct implications for how we build infrastructure to withstand the 'Big One' in the United States."

Applying These Methods Closer to Home

Lindsey noted that New Mexico sits on a very different fault system known as the Rio Grande Rift, which is pulling apart inside of sliding sideways.

"The remote sensing techniques we refined in this paper are the exact same methods we can use to monitor safety issues close to home," he explained.

By using InSAR to track land subsidence caused by aquifer depletion in New Mexico, as well as slow ground movement related to the rift and deep magma body inflation beneath Socorro, researchers can help state officials better plan for future risks.

"Understanding the physics of 'mature' faults helps us understand the general mechanics of the earth's crust, which improves earthquake hazard models globally," Lindsey concluded.
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AI found a way to stop a virus before it enters cells | ScienceDaily
Washington State University scientists have identified a way to interfere with a key viral protein, stopping viruses from entering cells where they can trigger disease. The finding points to a potential new direction for antiviral therapies in the future.


						
The study, published in the journal Nanoscale, focused on uncovering and blocking a specific molecular interaction that herpes viruses rely on to gain access to cells. The work brought together researchers from the School of Mechanical and Materials Engineering and the Department of Veterinary Microbiology and Pathology.

"Viruses are very smart," said Jin Liu, corresponding author of the study and a professor in the School of Mechanical and Materials Engineering. "The whole process of invading cells is very complex, and there are a lot of interactions. Not all of the interactions are equally important -- most of them may just be background noise, but there are some critical interactions."

Understanding the Viral Fusion Process

The team examined a viral "fusion" protein that herpes viruses use to merge with and enter cells, a process responsible for many infections. Scientists still have limited insight into how this large and complex protein changes shape to make cell entry possible, which helps explain why vaccines for these widespread viruses have been difficult to develop.

To tackle this challenge, researchers turned to artificial intelligence and detailed molecular simulations. Professors Prashanta Dutta and Jin Liu analyzed thousands of potential interactions within the protein to identify a single amino acid that plays an essential role in viral entry. They created an algorithm to examine interactions among amino acids, the basic components of proteins, and then applied machine learning to sort through them and pinpoint the most influential ones.

Using AI to Pinpoint a Critical Weak Spot

After identifying the key amino acid, the research team moved to laboratory experiments led by Anthony Nicola from the Department of Veterinary Microbiology and Pathology. By introducing a targeted mutation to this amino acid, they found that the virus could no longer successfully fuse with cells. As a result, the herpes virus was blocked from entering the cells altogether.




According to Liu, the use of simulations and machine learning was essential because experimentally testing even a single interaction can take months. Narrowing down the most important interaction ahead of time made the experimental work far more efficient.

"It was just a single interaction from thousands of interactions. If we don't do the simulation and instead did this work by trial and error, it could have taken years to find," said Liu. "The combination of theoretical computational work with the experiments is so efficient and can accelerate the discovery of these important biological interactions."

What Researchers Still Need to Learn

Although the team confirmed the importance of this specific interaction, many questions remain about how the mutation changes the structure of the full fusion protein. The researchers plan to continue using simulations and machine learning to better understand how small molecular changes ripple through the entire protein.

"There is a gap between what the experimentalists see and what we can see in the simulation," said Liu. "The next step is how this small interaction affects the structural change at larger scales. That is also very challenging for us."

The research was carried out by Liu, Dutta, and Nicola along with PhD students Ryan Odstrcil, Albina Makio, and McKenna Hull. Funding for the project was provided by the National Institutes of Health.
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New orbital clue reveals how hot Jupiters really formed | ScienceDaily
The first exoplanet ever confirmed in 1995 turned out to be what researchers now describe as a "hot Jupiter," a giant world similar in mass to Jupiter but orbiting its star in only a few days. Scientists now think these planets originally formed far from their host stars, similar to how Jupiter formed in our own Solar System, and then later moved inward. Two leading explanations have been developed to describe how this inward shift occurs: (1) high-eccentricity migration, in which gravitational interactions with other objects stretch the planet's orbit before tidal forces close to the star eventually make it more circular; and (2) disk migration, in which the planet slowly spirals inward while still embedded in the surrounding protoplanetary disk.


						
Determining which of these two routes a specific hot Jupiter followed has been challenging. High-eccentricity migration can tilt a planet's orbital axis compared with the rotational axis of its star, creating a detectable misalignment. Yet tidal forces near the star can gradually erase that misalignment over time. Because an aligned orbit could result from either process, astronomers have lacked a dependable way to identify planets that formed through disk migration.

A New Strategy Based on Migration Timescales

To overcome this problem, a team led by PhD student Yugo Kawai and Assistant Professor Akihiko Fukui at the Graduate School of Arts and Sciences, the University of Tokyo, introduced a new method that focuses on the length of time required for high-eccentricity migration to occur.

In this migration scenario, a planet first follows a highly stretched path before its orbit becomes circular again as it repeatedly swings close to its star. The amount of time needed for this circularization depends on several factors, including the planet's mass, orbital characteristics, and tidal forces. For a hot Jupiter to have formed through high-eccentricity migration, this circularization time must be shorter than the age of its planetary system. After calculating circularization times for more than 500 known hot Jupiters, the researchers found about 30 planets that did not meet this requirement. These planets have circular orbits even though their calculated circularization times exceed the ages of their systems.

Evidence Supporting Disk Migration

The hot Jupiters in this group also match other expectations for planets that traveled inward within a disk. Their orbits show no signs of misalignment, suggesting that their movement toward the star was smooth rather than heavily influenced by disruptive gravitational interactions. A number of these planets are also part of multi-planet systems, a configuration that high-eccentricity migration typically disrupts, since that process can scatter or eject neighboring planets.

Looking Ahead to What These Planets Can Reveal

Finding planets that retain clear evidence of how they migrated is essential for piecing together the history of planetary systems. Future studies of their atmospheres and elemental compositions may pinpoint the regions of the disk where they originally formed, offering deeper insight into the origins and evolution of hot Jupiters.
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Male bonobos use hidden clues to boost mating success | ScienceDaily
Male bonobos are able to interpret female fertility signals that do not reliably reflect ovulation. This ability lets them direct their mating attempts toward the moments when conception is most likely, according to research led by Heungjin Ryu at Kyoto University, Japan. The work was published December 9th in the open-access journal PLOS Biology.


						
In many mammals, females are receptive to mating only when ovulating, which gives males a clear window to maximize reproductive success. Bonobos (Pan paniscus) differ from this pattern because females remain sexually receptive for long periods and develop a bright pink genital swelling that persists well beyond the actual fertile stage.

Tracking Wild Bonobos to Understand Fertility Signals

To examine how males respond to this unreliable signal, researchers observed a wild bonobo community at Wamba in the Luo Scientific Reserve in the Democratic Republic of the Congo. The team documented sexual interactions each day and visually assessed the degree of genital swelling in every female. They also collected urine samples on filter paper to measure estrogen and progesterone, allowing them to identify when ovulation occurred.

The data showed that the likelihood of ovulation was highest between 8 and 27 days after a female reached maximum swelling, a range that makes prediction challenging. Even so, male behavior closely followed the true timing of ovulation. Males focused their mating activity on females who had reached maximum swelling earlier and who had older infants, two indicators linked to a greater chance of ovulation.

Flexible Mating Strategies Maintain an Imperfect System

These findings reveal that males improve their reproductive success by combining information about swelling patterns with knowledge of a female's reproductive history. Because males are able to estimate fertility reasonably well despite the lack of a precise signal, the researchers suggest there has been little evolutionary pressure to make the signal more accurate. This may help explain why the system has persisted over long evolutionary timescales.




The authors add, "In this study, we found that bonobo males, instead of trying to predict precise ovulation timing, use a flexible strategy -- paying attention to the end-signal cue of the sexual swelling along with infant age -- to fine-tune their mating efforts. This finding reveals that even imprecise signals can remain evolutionarily functional when animals use them flexibly rather than expecting perfect accuracy. Our results help explain how conspicuous but noisy ovulatory signals, like those of bonobos, can persist and shape mating strategies in complex social environments."

Researchers Reflect on Months of Field Observation

"The male bonobos weren't the only ones paying close attention to sexual swelling -- we spent countless days in the rainforest at Wamba, DRC doing exactly the same thing! All that watching, sweating, and scribbling in our notebooks eventually paid off. By tracking these daily changes, we uncovered just how impressively bonobos can read meaning in a signal that seems noisy and confusing to us."

This study was supported by the Global Environment Research Fund (D-1007 to TF) of the Japanese Ministry of the Environment, the Japan Society for the Promotion of Science (JSPS) Grants-in-Aid for Scientific Research (22255007 to TF; and 25304019 to CH;), and the JSPS Asia-Africa Science Platform Program (2012-2014 to TF). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
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Scientists finally uncovered why the Indus Valley Civilization collapsed | ScienceDaily

The Indus Valley Civilization (IVC) was among the earliest known urban cultures, thriving between 5,000 and 3,500 years ago along the Indus River and its tributaries in what is now Pakistan and northwest India. At its height from 4,500 to 3,900 years ago, the society was known for its planned cities, extensive infrastructure, and innovative water management systems. Despite this high level of development, the reasons behind its long, gradual downturn have remained difficult for researchers to fully explain.

Climate Simulations Reveal Temperature Rise and Reduced Rainfall

To investigate past conditions, Vimal Mishra and colleagues reconstructed climate patterns across the region spanning 5,000 to 3,000 years ago. Their analysis combined climate modeling with several indirect indicators of ancient environmental change. These included the chemical signatures preserved in stalactites and stalagmites from two Indian caves and water level histories recorded in five lakes across northwest India. Together, the data point to a temperature increase of about 0.5 degrees Celsius during this interval, along with a 10 to 20 percent reduction in annual rainfall.

The team also identified four extended drought periods occurring between 4,450 and 3,400 years ago. Each drought lasted more than 85 years and affected between 65 percent and 91 percent of the area associated with the IVC, indicating widespread and long-lasting impacts on water availability.

Shifts in Settlement Patterns During Prolonged Dry Periods

According to the authors, these droughts likely influenced where people chose to establish settlements. Between 5,000 and 4,500 years ago, most communities were situated in regions that received higher rainfall. After 4,500 years ago, settlement patterns changed, with populations moving closer to the Indus River. This shift may reflect increasing dependence on a more reliable water source as drought conditions intensified.

One particularly long drought lasting 113 years, identified between 3,531 and 3,418 years ago, aligns with archaeological evidence of widespread deurbanization in the region. Based on these findings, the researchers conclude that the Indus Valley Civilization did not collapse abruptly from a single climate event. Instead, the society likely experienced a prolonged and uneven decline in which repeated droughts became a significant contributing factor.
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Harvard gut discovery could change how we treat obesity and diabetes | ScienceDaily
A research project supported by FAPESP and carried out at Harvard University in the United States has identified a set of metabolites that move from the intestine to the liver and then on to the heart, which distributes them throughout the body. These circulating compounds appear to influence how metabolic pathways function within the liver and how sensitive the body is to insulin. The findings point to potential new strategies for treating obesity and type 2 diabetes. The study was published in Cell Metabolism.


						
"The hepatic portal vein drains much of the blood from the intestine to the liver. Therefore, it's the first place to receive products from the gut microbiome. In the liver, they can be conjugated, transformed, or eliminated, and then enter the systemic circulation," explains Vitor Rosetto Munoz, first author of the study and postdoctoral researcher at the Ribeirao Preto School of Physical Education and Sports at the University of Sao Paulo (EEFERP-USP) in Brazil.

"By analyzing the blood leaving the intestine and the peripheral blood circulating throughout the body, we were able to more accurately observe the enrichment of these metabolites derived from the gut microbiome in each location and, consequently, how they can modify hepatic metabolism and metabolic health," adds Munoz. He completed this work during an internship at the Joslin Diabetes Center at Harvard Medical School in the United States with support from a FAPESP scholarship under the guidance of researcher Carl Ronald Kahn.

Gut Microbiome Diversity and Metabolic Disease Risk

Over the past several years, scientists have increasingly recognized that the gut microbiome acts as a key link between genetics, environmental factors, and the development of metabolic disorders. Studies have shown that people and animals with obesity, type 2 diabetes, glucose intolerance, or insulin resistance often have distinct gut microbial compositions compared to those without these conditions.

Even so, researchers still struggle to determine which specific bacteria or microbial products drive these differences or how they interact with intestinal tissues. To explore this question, the recently published study examined metabolites in the blood of mice that varied in their susceptibility to obesity and diabetes. Samples were taken from the hepatic portal vein, which carries blood from the intestine to the liver, and from peripheral blood, which travels from the liver to the heart before circulating through the body.

"Normally, studies tend to look at metabolites present in fecal material or peripheral blood, but they don't accurately reflect what's first reaching the tissue of the liver, which is an important metabolic organ linked to different diseases," says the researcher.




Environmental and Genetic Effects on Metabolite Profiles

In healthy mice, the team detected 111 metabolites enriched in the hepatic portal vein and 74 in peripheral blood. When mice genetically predisposed to obesity and type 2 diabetes were fed a hyperlipidemic diet (rich in fat), the number of metabolites enriched in the hepatic portal vein dropped from 111 to 48. This finding indicates that environmental factors, such as diet, can strongly influence the distribution of these compounds.

The metabolite profiles in these susceptible mice also differed from those observed in a strain of mice naturally resistant to metabolic syndrome. This contrast suggests that genetic background plays a central role in shaping which metabolites appear in the hepatic portal vein.

"This shows that both the environment and the host's genetics can interact in complex ways with the gut microbiome. As a result of these interactions, different combinations of metabolites may be sent to the liver and subsequently to the peripheral circulation. These metabolites likely play an important role in mediating the conditions that lead to obesity, diabetes, and metabolic syndrome," says Munoz.

Testing Microbiome Disruption and Metabolite Effects

To identify which bacteria and microbial byproducts contribute to these metabolite patterns, the researchers treated obesity and diabetes susceptible mice with an antibiotic designed to target specific intestinal microorganisms. As expected, the treatment altered the microbiome and changed the balance of metabolites in both peripheral blood and the hepatic portal vein.




One outcome was an increase in metabolites such as mesaconate, which participates in the Krebs cycle, a fundamental energy-producing pathway in cells.

Using this insight, the scientists exposed hepatocytes (liver cells) to mesaconate and its isomers, which are chemical compounds with the same molecular formula but different structures. The treatments improved insulin signaling and regulated genes involved in hepatic fat accumulation (lipogenesis) and fatty acid oxidation, both of which are crucial processes for maintaining metabolic health.

"The metabolites found in the blood of these two sites, therefore, play important roles in mediating the effects of the microbiome on liver metabolism and the pathogenesis of type 2 diabetes insulin resistance, which is related to eating a high-fat diet," says Munoz.

Next Steps in Mapping Gut Driven Metabolic Pathways

The scientists now aim to characterize each metabolite in greater detail and determine how they are produced. This deeper understanding of microbial influences on metabolism may eventually lead to the identification of molecules that could serve as new therapeutic options for metabolic diseases.
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Anxiety and insomnia linked to sharp drops in key immune cells | ScienceDaily
Natural killer (NK) cells act as key defenders within the immune system. They help control infections by targeting invading microbes, foreign materials, and damaged or infected cells early on, which limits their ability to spread. NK cells travel through the bloodstream (circulatory) or remain in specific tissues and organs. When NK cell numbers drop too low, the immune system may no longer function properly, increasing the risk of illness.


						
Anxiety disorder and insomnia are both known to interfere with healthy immune activity. With these conditions becoming more common, researchers in Saudi Arabia investigated how they relate to NK cell levels in young female students. Their findings were published in Frontiers in Immunology.

"We found that in students with insomnia symptoms, count and percentage of total NK cells and their sub-populations were declined," said first author Dr. Renad Alhamawi, an assistant professor of immunology and immunotherapy at Taibah University. "Students with general anxiety symptoms, on the other hand, had a lower percentage and number of circulatory NK cells and their sub-populations, compared to symptom-free students."

Study Design and Student Health Profiles

60 female students aged 17 to 23 took part in the research. Each participant completed three questionnaires on sociodemographic information and on symptoms related to anxiety and insomnia. Reports of anxiety and sleep disturbance were self-described. According to the surveys, about 53 percent of the students experienced sleep difficulties consistent with insomnia, and 75 percent reported anxiety symptoms, with approximately 17 percent and 13 percent falling into moderate and severe categories.

Blood samples were also collected to measure different NK cell types. NK cells include two main subgroups: CD16+CD56dim cells, which form most of the NK cells in the nervous system that links the central nervous system to the rest of the body (peripheral NK cells). This subtype is cytotoxic, meaning it can destroy cells that enter or harm the body. The second subgroup, CD16+CD56high cells, is less common and contributes to the release of proteins that act as chemical messengers and support immunoregulation. Both groups are considered circulatory NK cells.

How Anxiety and Insomnia Affected NK Cell Levels

Results showed that students who reported anxiety symptoms had both a lower percentage and lower number of circulatory NK cells and their subtypes compared to those without symptoms. The severity of anxiety mattered as well. Students with moderate or severe symptoms showed a notably reduced percentage of circulatory NK cells, while those with minimal or mild symptoms showed only a small and statistically insignificant decrease. Among students with insomnia symptoms, higher anxiety scores were associated with a lower proportion of total peripheral NK cells.




Consequences of Declining Immune Defenses

A drop in NK cells can weaken immune performance, raising the likelihood of various health issues, including infectious diseases, cancers, and mental health conditions such as depression. "Understanding how these psychological stressors influence the distribution and activity of immune cells, especially peripheral NK cells, may provide valuable insights into the mechanisms underlying inflammation and tumorigenesis," Alhamawi explained.

The researchers noted some limitations. Only young female participants were included, a group in which anxiety and sleep problems have been increasing at a disproportionate rate. This narrow focus limits how widely the results can be applied. The team emphasized that studies involving a wider range of ages, sexes, and geographic regions are needed for a more complete understanding of how anxiety and insomnia influence NK cell levels and function.

Lifestyle Measures and the Impact of Stress on Immunity

Previous research suggests that healthy habits, including consistent physical activity, lowered stress levels, and a balanced diet, may help improve NK cell levels and performance. Even so, anxiety and insomnia can interfere with normal biological processes throughout the body, including immune responses, and may contribute to chronic and inflammatory diseases. "Such impacts ultimately compromise overall health and quality of life," concluded Alhamawi.
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Researchers find how plants survive without sunlight or sex | ScienceDaily
Some plants lack both green pigments and sexual reproduction, yet these unusual traits reveal important insights into what defines plant life. A new study involving Kobe University examined species in the genus Balanophora to understand how non-green, asexual plants develop and survive.


						
"My long-standing aim is to rethink what it truly means to be a plant," says Kobe University botanist Kenji Suetsugu. He continues, "For many years I have been fascinated by plants that have abandoned photosynthesis, and I want to uncover the changes that occur in the process." Balanophora species represent an extreme case because they do not photosynthesize and instead draw nutrients from the roots of host plants. They remain underground for most of their lives and appear above the soil only during flowering season, and some species reproduce only through asexual means. "However, while there have been individual studies on changes in the plants' genomes, their ecology and their reproduction, we don't know how they relate to each other," explains Suetsugu.

Linking Evolution, Plastids, and Ecology in Balanophora

To address this gap, Suetsugu set out to unify three areas of research that had never been examined together for Balanophora. He aimed to clarify the relationships among species, investigate how their plastids have been altered (a part of a plant's cells which in green plants serves as the cell's "solar panels"), and determine how their reproductive strategies fit within their ecological context. Describing the difficulty of the work, he says: "These plants are rare, patchy and often restricted to steep, humid forests. But years of experience with studying Balanophora both in the lab and in field studies, as well as long-standing relationships with local naturalists made this project possible." To expand the project, he collaborated with experts at the Okinawa Institute of Science and Technology who specialize in highly reduced genomes.

Extreme Plastid Reduction Suggests a Shared Ancestral Shift

The study, now published in the journal New Phytologist, reports that all members of the group possess a dramatically reduced plastid genome (DNA not kept in the plant cell's nucleus but directly in the plastid). The team concluded that this reduction likely occurred in a common ancestor before the lineage split into multiple species. Suetsugu says: "It is exciting to see how far a plant can reduce its plastid genome, which at first glance looks as though the plastid is on the verge of disappearing. But looking more closely we found that many proteins are still transported to the plastid, showing that even though the plant has abandoned photosynthesis, the plastid is still a vital part of the plant's metabolism."

Repeated Evolution of Asexual Reproduction Across the Region

The researchers also determined that asexual reproduction probably emerged several times within the group. Their findings suggest that the plants may have developed the capacity to produce seeds without fertilization early on, which would have helped them colonize the chain of islands extending from mainland Japan through Okinawa to Taiwan. "Over the past decade I have studied Balanophora pollination and seed dispersal where camel crickets and cockroaches play an unexpected role, but I also noticed that asexual seed production often ensured reproduction when mates or pollinators are scarce," explains Suetsugu. In some species, this reproductive approach may have become the primary mode of producing offspring.




Understanding How Parasitic, Non-Photosynthetic Plants Persist

For Suetsugu, the work represents a major step toward understanding how plants that no longer perform photosynthesis continue to function and survive in natural environments. Suetsugu says, "For someone who has spent many hours observing these plants in dark, humid forests, seeing their story unfold at the genomic level is deeply satisfying. My next goal is to connect these results with biochemical measurements to find out what Balanophora plastids actually produce and how these products help sustain the parasitic plants' growth within the roots of their hosts."

This research was funded by the Japan Society for the Promotion of Science (grant 23K14256), the Human Frontier Science Program (grant RGEC29/2024), the Japan Science and Technology Agency (grants JPMJPR21D6, JPMJFR2339) and the National Science and Technology Council, Taiwan (grant 109-2311-B-845-001). It was conducted in collaboration with researchers from the Okinawa Institute of Science and Technology and the University of Taipei.
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Researchers identify viral suspects that could be fueling long COVID | ScienceDaily
For many people living with long COVID, ongoing issues such as breathlessness, fatigue and brain fog remain difficult to explain. A team of prominent microbiologists now believes they may have uncovered an important clue.


						
Their view is that, for some individuals, long COVID symptoms could stem from additional infections that occur alongside SARS-CoV-2.

A review published in eLife by 17 experts, including researchers at Rutgers Health, suggests that co-infections acquired before or during a bout of COVID may help drive long-lasting symptoms.

"This is an aspect of long COVID that is not talked about a lot," said Maria Laura Gennaro, a microbiologist at the Rutgers New Jersey Medical School who chaired the Microbiology Task Force for the National Institutes of Health's Researching COVID to Enhance Recovery initiative, a large-scale study of long COVID.

Growing Evidence That Other Pathogens May Play a Role

Long COVID has affected up to 400 million people worldwide and can cause problems ranging from mild disruption to severe disability. It can involve the brain, heart, lungs and digestive system. Despite its widespread impact, no proven treatments exist because the underlying cause remains unclear.

The new review brings together existing scientific findings and expert opinion to highlight an idea that has received relatively little attention: infections other than the coronavirus itself may be important contributors.




EBV Reactivation as a Leading Suspect

One of the strongest lines of evidence centers on Epstein-Barr virus (EBV), the virus that causes mononucleosis. Roughly 95 percent of adults carry EBV in a latent form that usually remains silent until an immune challenge such as COVID triggers its reactivation.

In one early study, researchers reported that two-thirds of people with long COVID showed markers of recent EBV activity, and those with more symptoms had higher antibody levels. Subsequent studies also linked EBV reactivation with well known features of long COVID, including fatigue and cognitive difficulties.

TB and Immune Disruption

Another pathogen receiving attention is tuberculosis (TB). About one-quarter of the global population carries latent TB. Evidence indicates that COVID may reduce the immune cells that normally contain TB, raising the risk that it could reactivate. The connection may also work in the opposite direction, since TB appears capable of worsening COVID outcomes.

The researchers emphasize that timing is important. Infections that occur before COVID may weaken the immune system. Infections during the initial illness may intensify tissue damage. Infections that arise after recovery could take advantage of lingering immune dysfunction caused by COVID.




Rising Rates of Other Diseases and the Idea of Immunity Theft

According to the authors, 44 countries have seen tenfold increases in at least 13 infectious diseases compared with levels observed before the pandemic. One idea they discuss, known as "immunity theft," proposes that an episode of acute COVID may leave people more susceptible to other infections.

If co-infections truly contribute to long COVID, treatments already available could potentially help. Existing antibiotics and antivirals might be repurposed to target specific underlying infections, and clinical trials could examine whether treating these infections improves long COVID symptoms.

A Hypothesis That Still Requires Proof

The researchers caution that their argument remains preliminary. Although the connections they outline are biologically reasonable, they are still unproven. No causal relationship has been confirmed between any co-infection and long COVID.

"Everyone has heard it a million times, but it bears repeating: Correlation doesn't equal causation," Gennaro said.

She added that verifying the hypothesis would require large epidemiological studies and animal research, yet this work is made more difficult by the lack of reliable animal models for long COVID.

Expanding the Search for Answers

The authors hope their findings will encourage more investigation into how co-infections might shape long COVID. While the review does not provide immediate solutions for those currently dealing with long-term symptoms, the researchers suggest that effective treatment may involve looking beyond the coronavirus alone.
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The brain switch that could rewrite how we treat mental illness | ScienceDaily

Dr. Nestler traces his interest in science back to an unusual home laboratory in the basement of his family's house in Nassau County, Long Island. Guided by his father, a high school biology teacher in the New York City public school system, he learned how to design and carry out experiments. These projects later became award-winning science fair entries and set the stage for an academic path through Yale University, where he earned BA, PhD, and MD degrees while training under Dr. Greengard.

Building a New Field in Molecular Psychiatry

His decision to name his research group at Yale Medical School "The Laboratory of Molecular Psychiatry" turned out to be remarkably forward-thinking. At a time when applying molecular biology to psychiatric questions was still considered bold, Dr. Nestler and colleague Dr. Ron Duman recognized that the field was ready for a new scientific direction. The name reflected genuine ambition. Within a few years, he was appointed Founding Director of the Division of Molecular Psychiatry at Yale, a role made possible when the sitting Director, Dr. George Heninger, voluntarily stepped aside. Dr. Nestler often recalls this moment as an example of generosity that he has tried to extend to younger scientists throughout his career.

Breakthrough Insights Into Brain Adaptation

One of the most influential discoveries associated with his work involves the transcription factor DFosB. This protein accumulates in the brain's reward circuits during prolonged drug exposure and sustained stress, altering patterns of gene expression in affected neurons. While most proteins break down quickly, DFosB remains active for weeks or months. This unusually long lifespan provides a biological explanation for how relatively brief experiences can produce long-lasting changes in mood, motivation, and behavior. Researchers around the world now view DFosB as a key contributor to vulnerability to addiction.

The interview highlights the type of forward-looking scientific dialogue that characterizes Genomic Press's open-access publications, which make cutting-edge findings accessible to researchers globally. The organization's commitment to broad, barrier-free dissemination has helped accelerate progress across multiple branches of medical science.




From Signaling Pathways to Single-Cell Biology

Over roughly forty years, the direction of this research has shifted in notable ways. Early work focused on intracellular signaling cascades, then expanded into the study of transcription factors and gene networks that shape behavior in specific parts of the brain. Approximately twenty years ago, Dr. Nestler's team began exploring epigenetic regulation, the chromatin modifications that allow environmental conditions to produce lasting changes in brain function. Improvements in scientific tools have since enabled increasingly detailed studies: first at the level of whole brain regions, then individual cell types, and now single-cell analyses that reveal subtle differences unseen in earlier studies. These advances raise an important question: could these insights eventually lead to personalized treatments tailored to select neuron populations within a single patient?

Resilience as a New Direction in Mental Health Science

A defining aspect of this research program is the emphasis on resilience rather than solely on pathology. His laboratory identified specific molecular, cellular, and circuit-level signatures in animals that maintain normal behavior despite exposure to stress or drugs. These animals show natural protective features that are absent in more susceptible individuals. The idea that some brains possess built-in defenses has far-reaching implications, suggesting new ways to develop treatments that strengthen resilience instead of only repairing damage.

"In addition to seeking ways to reverse the deleterious effects of drug or stress exposure, it is possible to develop treatments that promote mechanisms of natural resilience in individuals who are inherently more susceptible," Dr. Nestler explains in the interview. Several of these resilience-based approaches are now in clinical testing for depression, offering one of the clearest examples of basic research informing new therapeutic possibilities. The potential success of these treatments prompts important questions about how psychiatric care may evolve in the coming decade.

Cross-Species Evidence and the Need to Protect Scientific Integrity

Key discoveries from animal research have been supported by findings in postmortem human brain tissue from individuals with addiction and stress disorders, providing strong evidence that the principles uncovered in the laboratory translate to humans. Dr. Nestler's publication record includes more than 800 papers and major textbooks on the neurobiology of mental illness and molecular neuropharmacology. His work has been cited more than 177,000 times, and his h-index of 210 places him among the most influential scientists worldwide.




When asked about his greatest concern for the future of science, he offers a clear warning: "My greatest fear is that science becomes politicized, whereas science must never be political. People in blue and red states get the same illnesses." His message emphasizes the need to safeguard scientific independence at a time when political pressures threaten evidence-based research in many regions. The mission of Genomic Press to advance open-access medical science aligns strongly with this vision of science serving people everywhere.

A Life Shaped by Family, Mentorship, and Service

Outside of his research, Dr. Nestler values time spent with his wife Susan of 45 years, their three children David, Matt, and Jane, their spouses, and their five grandchildren, who range in age from eighteen months to four years. He describes his defining traits as hard work and generosity and considers organization and discipline to be his strongest skills. He also shares a desire to cultivate more patience and to become more willing to challenge unkind behavior.

When asked what brings him the most pride, he points not to the major honors he has received, including the Julius Axelrod Prize for Mentorship, the Gold Medal Award from the Society of Biological Psychiatry, election to the National Academy of Sciences and the National Academy of Medicine, and honorary doctorates from Uppsala University and Concordia University. Instead, he cites the achievements of his former students and postdoctoral fellows. Additional information about Dr. Nestler and other leaders in science can be found on the Genomic Press website: https://genomicpress.kglmeridian.com/.

His guiding philosophy comes from Theodore Roosevelt, who wrote that credit belongs to "the man who is actually in the arena, whose face is marred by dust and sweat and blood." For nearly four decades, Dr. Nestler has remained in that arena, contributing discoveries that continue to shape how the world understands the brain and its response to adversity.
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Ozempic may offer a surprising bonus benefit for brain health | ScienceDaily
    	GLP-1 medications, commonly used for type 2 diabetes, were linked to a possible reduction in epilepsy risk, offering an encouraging early signal for researchers.
    	Participants who used GLP-1 drugs were 16 percent less likely to develop epilepsy compared with those who took DPP-4 inhibitors.
    	Among the GLP-1 options studied, semaglutide stood out with the strongest association to a lower epilepsy risk.
    	The findings come from preliminary research and do not confirm cause and effect, so randomized, controlled clinical trials are still needed.
    	Tirzepatide was not part of the analysis because it was introduced after the study period began.

Early research suggests a possible connection between GLP-1 drugs and epilepsy risk

A preliminary study involving people with diabetes has found a possible link between the use of glucose-lowering GLP-1 drugs and a reduced chance of developing epilepsy. The findings were released on December 10, 2025, in Neurology, the medical journal of the American Academy of Neurology. GLP-1 drugs, known scientifically as glucagon-like peptide-1 receptor agonists, are commonly used to manage diabetes and support weight loss.

The study does not prove that GLP-1 drugs lower the risk of developing epilepsy; it only shows an association.

"Additional randomized, controlled trials that follow people over time are needed to confirm these findings, but these results are promising, since people with diabetes are at increased risk for developing epilepsy later in life," said study author Edy Kornelius, MD, PhD, of Chung Shan Medical University in Taichung, Taiwan. "Epilepsy can have many physical, psychological and social consequences, and many people do not respond to the current medications, so finding ways to reduce this risk is critical."

How researchers compared GLP-1 drugs with other diabetes medications

To explore this potential relationship, researchers reviewed data from a U.S. health database that included adults with type 2 diabetes. These individuals had begun treatment with either a GLP-1 drug or a different type of diabetes medication called a dipeptidyl peptidase-4 inhibitor (known as DPP-4 inhibitors or gliptins). None of the participants had a prior diagnosis of epilepsy or seizure. The GLP-1 medications included dulaglutide, liraglutide and semaglutide.




The study followed 452,766 people with an average age of 61. Half of them were prescribed GLP-1 drugs, and the other half received DPP-4 inhibitors. Each person was monitored for at least five years. During that time, 1,670 people using GLP-1 medications developed epilepsy, or 2.35%, compared with 1,886 people taking DPP-4 inhibitors, or 2.41%.  Adjusted results show a modest reduction in epilepsy risk

After the researchers accounted for other health conditions that might influence epilepsy risk, including age, high blood pressure and cardiovascular disease, they found that people taking GLP-1 drugs were 16% less likely to develop epilepsy than people using DPP-4 inhibitors.

When the team evaluated the individual GLP-1 medications, semaglutide showed the strongest association with a lower epilepsy risk.

"More research is needed, but these findings support the theory that GLP-1 drugs may have neurological benefits beyond controlling blood sugar," Kornelius said. "It should be noted that these findings do not imply that DPP-4 inhibitors are harmful in any way or that GLP-1 drugs are definitely beneficial for brain health."

Additional considerations and study limitations

Kornelius also noted that tirzepatide, a dual GLP-1 and GIP (glucose-dependent insulinotropic polypeptide) receptor agonist, was not part of the analysis because it became available after the study period began. As a result, the findings may not apply to tirzepatide.

In addition to the limitations of the retrospective, observational design, researchers lacked information on several other factors that might influence epilepsy risk, such as family medical history, genetic susceptibility or alcohol use. It is also possible that cost, insurance requirements or the severity of a person's diabetes played a role in which medication they were prescribed, which could create differences between the groups that were not fully captured.

The study was supported by Chung Shan Medical University Hospital.
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Kids' anxiety and depression dropped fast after COVID school reopenings | ScienceDaily
    	Children who returned to in-person school during the COVID-19 pandemic were much less likely to receive mental health diagnoses than children whose schools stayed closed. Reductions were seen in anxiety, depression, and ADHD, and girls experienced the greatest improvements.
    	Mental health care spending fell notably after schools reopened, reaching an 11 percent decrease by the ninth month.
    	This research represents one of the largest and most comprehensive analyses to date on how pandemic school closures affected children's mental health.

School Reopening During COVID Linked to Better Mental Health for Children

A new study from Harvard T.H. Chan School of Public Health and collaborating institutions reports that children experienced far fewer mental health diagnoses when their schools reopened during the COVID-19 pandemic. The reductions were seen across conditions such as anxiety, depression, and attention-deficit/hyperactivity disorder (ADHD). Health care spending connected to these diagnoses also declined, and girls showed the strongest improvements.

The study was published on Dec. 8, 2025, in Epidemiology.

"Our results provide solid evidence to parents, educators, and policymakers that in-person school plays a crucial role in kids' well-being," said senior author Rita Hamad, professor of social epidemiology and public policy. "The findings offer lessons for future public health emergencies and provide insight into why mental health worsened for children during the pandemic."

Background on Youth Mental Health During the Pandemic

Earlier research consistently showed that children and teens struggled emotionally during COVID-19. Some studies suggested that returning to classrooms offered important support, but many of those investigations relied on small samples or self-reported experiences rather than comprehensive data.




To produce a more detailed picture, the research team examined health diagnoses and spending information for 185,735 children between the ages of five and 18 years from March 2020 through June 2021. The dataset indicated whether a child received mental health treatment or filled a prescription related to anxiety, depression, or ADHD. Participants lived in 24 counties and 224 school districts across California, a state where school closures lasted longer than in most of the country and reopening timelines varied widely. These differences created a natural opportunity to compare outcomes. Data came from the Healthcare Integrated Research Database, which includes individual-level commercial insurance claims, along with school-level administrative data from the California Department of Education.

Large Reductions in Diagnoses and Spending After Reopening

The study documented an overall rise in mental health diagnoses during the pandemic, increasing from 2.8% to 3.5%. However, children who returned to in-person school were substantially less likely to receive new diagnoses than peers whose schools stayed closed. By the ninth month after reopening, the chance of being diagnosed with a mental health condition had dropped by 43% compared with the period before reopening. This trend included fewer cases of anxiety, depression, and ADHD.

Health care spending reflected a similar pattern. Nine months after schools reopened, non-drug medical spending related to mental health was 11% lower, spending on psychiatric medications was 8% lower, and spending on ADHD-specific medications was 5% lower. Girls saw greater improvements than boys over the same period.

How School Closures May Have Affected Children

The research team outlined several possible reasons for the mental health challenges children experienced while schools were closed. These included limited social interaction, disrupted sleep routines, more screen time, poorer dietary patterns, academic struggles, family stress linked to economic hardship or increased time at home, and reduced access to school-based mental health services.




"As we consider future public health emergencies, this study suggests we need to prioritize safe school reopenings and ensure children have access to the social and emotional resources that schools provide," Hamad said. "Policies should focus not only on infection control, but also on the mental wellbeing of children, recognizing that schools are a critical part of their support system."

Study Limitations and Future Directions

The authors noted that the study focused on children living in relatively higher-income areas in California who were enrolled in commercial insurance plans, meaning they generally had better access to health care. More research is needed to explore how school reopening influenced children in marginalized communities, where the impact may have been even more significant.

The study received funding from the National Institutes of Health (grant U01MH129968).
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A grad student's wild idea triggers a major aging breakthrough | ScienceDaily
One potential strategy for treating a wide range of illnesses involves targeting senescent cells. These cells -- also known as "zombie cells" -- stop multiplying but fail to clear themselves from the body as healthy cells normally do. They appear in many conditions, including cancer, Alzheimer's disease, and throughout the aging process. Although scientists are working on ways to eliminate or repair these cells, a major challenge has been detecting them within living tissue without disturbing nearby healthy cells.


						
Researchers at Mayo Clinic, writing in the journal Aging Cell, describe a new method for labeling senescent cells. Their approach uses "aptamers" -- short pieces of synthetic DNA that fold into three-dimensional structures. These structures can attach to proteins found on the outer surfaces of cells. In experiments with mouse cells, the team identified several rare aptamers, selected from more than 100 trillion random DNA sequences, that were able to recognize specific surface proteins and mark senescent cells.

"This approach established the principle that aptamers are a technology that can be used to distinguish senescent cells from healthy ones," says biochemist and molecular biologist Jim Maher, III, Ph.D., a principal investigator of the study. "Though this study is a first step, the results suggest the approach could eventually apply to human cells."

How a Chance Conversation Sparked a Collaboration

The idea that led to this project began when a Mayo Clinic graduate student shared an offbeat thought during a casual discussion with a classmate.

Keenan Pearson, Ph.D. -- who recently received his degree from Mayo Clinic Graduate School of Biomedical Sciences -- had been working with Dr. Maher on how aptamers might be used for neurodegenerative diseases or brain cancer.

Meanwhile, several floors above, fellow graduate student Sarah Jachim, Ph.D., was studying senescent cells and aging in the lab of researcher Nathan LeBrasseur, Ph.D.




Their paths crossed at a scientific gathering, where they exchanged ideas about their thesis projects. Dr. Pearson wondered if aptamers could be adapted to detect senescent cells. "I thought the idea was a good one, but I didn't know about the process of preparing senescent cells to test them, and that was Sarah's expertise," says Dr. Pearson, who became lead author of the publication.

Mentors Back a Bold Student Idea

The students brought their concept to their advisors and to researcher Darren Baker, Ph.D., whose work centers on senescent cell therapies. Dr. Maher recalls that the idea initially struck him as "crazy" but worth exploring. All three mentors supported the proposal. "We frankly loved that it was the students' idea and a real synergy of two research areas," says Dr. Maher.

As early experiments produced promising results, the pair enlisted more students from their labs. Then-graduate students Brandon Wilbanks, Ph.D., Luis Prieto, Ph.D., and M.D.-Ph.D. student Caroline Doherty added new techniques, including advanced microscopy and additional tissue types. "It became encouraging to expend more effort," Dr. Jachim says, "because we could tell it was a project that was going to succeed."

Revealing New Clues About Senescent Cells

Beyond providing a tagging method, the research offered insight into the biology of senescent cells. "To date, there aren't universal markers that characterize senescent cells," says Dr. Maher. "Our study was set up to be open-ended about the target surface molecules on senescent cells. The beauty of this approach is that we let the aptamers choose the molecules to bind to."

The team found that several aptamers attached to a variant of a protein called fibronectin on the surface of mouse cells. Scientists do not yet know how this fibronectin variant relates to senescence. However, its discovery suggests that aptamers may help identify features unique to senescent cells.




Potential Applications for Human Health

More work will be needed to find aptamers that can reliably detect senescent cells in human tissue. If aptamers can be adapted for this purpose, they could eventually be used to deliver treatments directly to these cells. Dr. Pearson notes that aptamers are less costly and more flexible than traditional antibodies, which are commonly used to distinguish one cell type from another.

"This project demonstrated a novel concept," says Dr. Maher. "Future studies may extend the approach to applications related to senescent cells in human disease."
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New ghost marsupial related to the kangaroo found in Australia | ScienceDaily
A previously unknown species of native bushland marsupial, closely related to the kangaroo, has been identified through new research. Scientists report that this animal was already likely extinct by the time its remains were studied.


						
By analyzing fossils recovered from caves across the Nullarbor and southwest Australia, researchers from Curtin University, the Western Australian Museum and Murdoch University identified a completely new species of bettong, along with two newly recognized subspecies of woylie.

Woylies as Key Ecosystem Engineers

Woylies play an important ecological role because they can move several tonnes of soil each year while searching for their preferred mushroom foods. These small kangaroo relatives are native to Western Australia and have become the country's most frequently translocated mammal due to ongoing conservation programs aimed at protecting the critically endangered species.

Lead author Mr. Jake Newman-Martin, a PhD student in Curtin's School of Molecular and Life Sciences, explained that the findings provide essential insight into the diversity of woylies, also known as brush-tailed bettong.

"Woylies are critically endangered marsupials that have been the focus of conservation efforts for decades," Mr. Newman-Martin said.

New Species and Subspecies Identified Through Fossil Material

"In this new research, we've named a completely new species based on fossil material, and two new subspecies of woylies for the first time. Sadly, many of them have become extinct before we've even been aware of them.




"Our results split the critically endangered woylie into two living subspecies, which is very important for conservation when we're considering breeding and translocation initiatives to increase the size and fitness of populations."

Co-author Dr. Kenny Travouillon, Curator of Terrestrial Zoology at the Western Australian Museum, said the team used detailed bone measurements to better understand the number and variety of woylie species.

Fossils Offer New Clues for Conservation

"This research confirmed several distinct species and expanded the known diversity of woylies by measuring skull and body fossil material that had previously not been looked at in detail," Dr. Travouillon said.

"What we've found through this research tells us that examining fossils alongside genetic tools could offer significant insights that may help conservation efforts of this critically endangered native species."

The scientific name proposed for the new Nullarbor species is Bettongia haoucharae. The team will work with Indigenous groups to develop an appropriate collaborative name because woylie is a Noongar word.

Extensive Museum Collections Support the Findings

The study examined specimens held by the Western Australian Museum, South Australia Museum, Australian Museum, Queensland Museum, Museums Victoria, Flinders University research collection, Natural History Museum London and Oxford University Museum of Natural History.
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A long-nosed chameleon hid its true identity for 150 years | ScienceDaily
Madagascar is widely recognized for its extraordinary variety of chameleons. More than 40% of all species known worldwide live on this island off the East African coast. Among them is the so called Pinocchio chameleon, a reptile described for nearly 150 years. This animal is part of the Calumma gallus species complex, a group in which males are known for their elongated nasal appendages. Until recently, the length and shape of this distinctive snout were the primary traits used to identify the species.


						
Genetic and anatomical studies now show that the reptile long referred to as the Pinocchio chameleon is not the species scientists thought it was. According to the research team, it represents a completely new species, which they named Calumma pinocchio so that its scientific and common names align.

Additional Hidden Species Within Nose Chameleons

By analyzing DNA from historically collected specimens, the researchers uncovered even more complexity within the group. Their work revealed a second previously unrecognized species, Calumma hofreiteri, which had been classified for years as Calumma nasutum because of similarities in the nasal appendage and other visible traits.

"The genetic analyses are conclusive: the nose chameleons have virtually fooled previous research," explains first author Dr. Frank Glaw from the Bavarian State Collections of Natural History (SNSB). "Our study also revealed that the nasal appendages can change quickly in terms of length, shape, and color. Their evolution is possibly driven by the respective preferences of females in mate selection."

Using Museomics to Identify Species From the Past

To update the classification of nose chameleons, the team applied a museomics approach, a method that allows scientists to extract DNA from long-preserved museum specimens. The oldest sample in the project was a chameleon collected in 1836. "The study shows the great potential of the new museomics methods to correctly identify historically collected specimens especially in species complexes," notes Prof. Miguel Vences from the Technical University of Braunschweig.

With these two newly described species, Madagascar is now known to host exactly 100 chameleon species, contributing to a global total of 236.
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Natural compound supercharges treatment for aggressive leukemia | ScienceDaily
Forskolin, a plant-derived compound, may offer a meaningful improvement in therapies for a highly aggressive leukemia known as KMT2A-rearranged Acute Myeloid Leukemia (KMT2A-r AML). Researchers at the University of Surrey report that this natural molecule could play a valuable role in enhancing patient outcomes.


						
According to findings published in the British Journal of Pharmacology, forskolin not only slows the growth of leukemia cells but also increases how well chemotherapy drugs work. The Surrey team discovered that forskolin activates Protein Phosphatase 2A (PP2A) and reduces the activity of several cancer-linked genes (MYC, HOXA9 and HOXA10).

Natural Compound Greatly Improves Chemo Sensitivity

The study also identified a notable and unexpected effect. Forskolin made KMT2A-r AML cells far more responsive to daunorubicin, which is a standard chemotherapy option. This improvement did not rely on PP2A activation. Instead, forskolin appeared to interfere with P-glycoprotein 1, a protein that cancer cells use to remove chemotherapy drugs. By limiting the function of P-glycoprotein 1, more daunorubicin remained inside the leukemia cells, increasing the strength of the treatment.

Dr. Maria Teresa Esposito, Senior Lecturer in Biochemistry at the University of Surrey, said:

"Our findings have highlighted an exciting dual mechanism of action for forskolin. Not only does it have direct anti-leukemic effects, but it also acts as a powerful enhancer to conventional chemotherapy. Combining forskolin with daunorubicin could lead to a more effective treatment strategy, potentially allowing for lower doses of chemotherapy and reducing the severe side effects often associated with AML treatments."

Dr. Simon Ridley, Director of Research and Advocacy at Leukemia UK, says:

"We are committed to funding innovative research and are proud to have supported Dr. Esposito's work. AML is one of the most aggressive and deadly cancer types, and this study not only deepens our understanding of KMT2A-rearranged AML but also opens the door to kinder, more effective treatments. Work like this is essential if we are to achieve our goal of doubling the five-year survival rate for AML within the next decade."

Large Research Collaboration Supports Findings

The work was funded by Leukaemia UK and carried out through a broad collaboration involving scientists at the University of Surrey, University of Roehampton, Barts Cancer Institute-Queen Mary University of London, Great Ormond Street Institute of Child Health London- UCL and the Genomic Regulation, CRG Barcelona (Spain).
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Astronomers watched a sleeping neutron star roar back to life | ScienceDaily
When gas falls onto a compact object, such as a neutron star or black hole, due to its strong gravity (a process called accretion), it emits electromagnetic waves. High-sensitivity observations have discovered objects with extremely high X-ray luminosities. One possible explanation for the ultraluminosity is that an extraordinary amount of gas falls onto a compact object through a process called supercritical accretion. However, the mechanism of supercritical accretion remains unclear.


						
The research team focused on NGC 7793 P13 (hereafter, P13), which is a neutron star in supercritical accretion, located in the galaxy NGC 7793 (about 10 million light-years from the Earth). As gas falls onto a neutron star, it forms a column structure (called an accretion column) on magnetic poles, from which intense X-ray is thought to be emitted. Then, coherent X-ray pulsation accompanied by the rotation of a neutron star can be detected. According to previous studies, P13 rotates with a period of 0.4 s with a constant acceleration rate. Moreover, the luminosity changed by more than two orders of magnitude in about 10 years. Both rotation velocity and luminosity are effective parameters to estimate the amount of gas accreted. However, the relation between them was not found for P13.

The research team investigated the long-term evolution of the X-ray luminosity and rotation period of P13 from 2011 to 2024, using the archival data of XMM-Newton, Chandra, NuSTAR, and NICER. It was found that P13 was in a faint phase in 2021 and started to be bright again in 2022. By 2024, it reached a high luminosity, more than two orders of magnitude higher than in 2021. Moreover, in the rebrightening phase in 2022, the acceleration rate of the rotation velocity was increased by a factor of 2, and it was maintained until 2024. This result suggests a relationship between X-ray luminosity and rotation velocity, and that the accretion system changed during the faint phase. The research team then focused on the pulsation and performed detailed analyses. It was suggested that the height of the accretion column was changed with the 10-year flux modulation. Those results are expected to be clues to reveal the mechanism of supercritical accretion.
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Webb finds a hidden atmosphere on a molten super-Earth | ScienceDaily
Researchers using NASA's James Webb Space Telescope have found the clearest sign so far that a rocky planet beyond our solar system is wrapped in an atmosphere.


						
Their observations of the ultra-hot super-Earth TOI-561 b indicate that this exoplanet is likely enveloped in a thick layer of gases sitting above a global ocean of molten rock.

The team reported the results on December 11 in The Astrophysical Journal Letters. They explain that the new data help account for the planet's surprisingly low density and challenge the long-standing idea that relatively small planets orbiting very close to their stars cannot hold on to atmospheres.

Extreme orbit and ultra-short period super-Earth

TOI-561 b has a radius about 1.4 times that of Earth and completes one orbit in less than 11 hours, placing it in a rare group known as ultra-short period exoplanets.

Its host star is only slightly smaller and cooler than the Sun, but TOI-561 b circles it at an extremely close distance -- less than one million miles or one-fortieth the distance between Mercury and the Sun -- which almost certainly locks one side permanently facing the star. On this unending dayside, temperatures are expected to soar far beyond the melting point of typical rock.

Co-author Dr. Anjali Piette, from the University of Birmingham, said: "We really need a thick volatile-rich atmosphere to explain all the observations. Strong winds would cool the dayside by transporting heat over to the nightside.




"Gases like water vapor would absorb some wavelengths of near-infrared light emitted by the surface before they make it all the way up through the atmosphere. The planet would look colder because the telescope detects less light, but it's also possible that there are bright silicate clouds that cool the atmosphere by reflecting starlight."

Probing the planet's unusual low density

One possible explanation the researchers explored for the planet's low density is that TOI-561 b might contain a relatively small iron core along with a mantle made of rock that is less dense than Earth's interior.

Lead author Johanna Teske, staff scientist at Carnegie Science Earth and Planets Laboratory, said: "What really sets this planet apart is its anomalously low density. It is less dense than you would expect if it had an Earth-like composition.

"TOI-561 b is distinct among ultra-short period planets in that it orbits a very old, iron-poor star -- twice as old as our sun -- in a region of the Milky Way known as the thick disk. It must have formed in a very different chemical environment from planets in our own solar system."

Because of this, the planet's make-up may resemble worlds that formed when the universe itself was still relatively young.




A thick atmosphere above a global magma ocean

The team also proposed that TOI-561 b could be wrapped in a substantial atmosphere that makes the planet appear larger than its solid body alone. Although theory suggests that small planets left for billions of years in intense stellar radiation should lose any gases they once had, a few such worlds still show signs that they are not just bare rock or exposed lava.

Using Webb's NIRSpec (Near-Infrared Spectrograph) to measure the planet's dayside temperature based on its near-infrared brightness, researchers tested the idea that TOI-561 b has an atmosphere. The method involves tracking the drop in brightness of the combined star and planet system when the planet moves behind the star. It is similar to techniques used to search for atmospheres in the TRAPPIST-1 system and on other small rocky exoplanets.

If TOI-561 b were simply a bare rocky surface with no atmosphere to move heat to the nightside, its illuminated hemisphere should reach about 4,900 degrees Fahrenheit (2,700 degrees Celsius). Instead, the NIRSpec data indicate that the dayside temperature is closer to 3,200 degrees Fahrenheit (1,800 degrees Celsius) -- still extremely hot, but significantly cooler than expected.

Testing heat transport and atmospheric scenarios

To account for this lower-than-expected temperature, the researchers evaluated several scenarios. A global magma ocean might move some heat from the dayside toward the nightside, but without an atmosphere the permanently dark side would solidify, limiting how much energy could be redistributed. A thin layer of rock vapor over the molten surface could exist, yet by itself this would not provide enough cooling to match the observations.

While the Webb measurements strongly support the presence of an atmosphere, an important puzzle remains: how can a relatively small planet that is bombarded by such intense radiation keep any atmosphere at all, especially one that appears so substantial?

Co-author Tim Lichtenberg from the University of Groningen, Netherlands, said: "We think there is an equilibrium between the magma ocean and the atmosphere. While gases are coming out of the planet to feed the atmosphere, the magma ocean is sucking them back into the interior. This planet must be much, much more volatile-rich than Earth to explain the observations. It's really like a wet lava ball."

Webb's long look at TOI-561 b and its broader mission

These findings come from the first results of Webb's General Observers Program 3860, which monitored the system continuously for more than 37 hours while TOI-561 b completed nearly four full orbits of its star. The team is now studying the complete data set in detail to chart how temperature varies around the entire planet and to better pin down the makeup of its atmosphere.

The James Webb Space Telescope is the world's premier space science observatory. Webb is solving mysteries in our solar system, looking beyond to distant worlds around other stars, and probing the mysterious structures and origins of our universe and our place in it. Webb is an international program led by NASA with its partners, ESA (European Space Agency) and CSA (Canadian Space Agency).
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AI finds a surprising monkeypox weak spot that could rewrite vaccines | ScienceDaily
With support from artificial intelligence, an international group of scientists has taken an important early step toward creating more effective defenses against the monkeypox virus (MPXV). This virus can cause intense pain and, in severe cases, death, with the greatest risk to children, pregnant women and people with compromised immune systems. In a study published in Science Translational Medicine, the researchers reported that mice produced strong neutralizing antibodies after receiving a viral surface protein identified through AI analysis. The result suggests a promising direction for future mpox vaccines or antibody treatments.


						
During 2022, mpox spread across many countries and sickened more than 150,000 people. The illness caused flulike symptoms along with rashes and lesions, and nearly 500 people died. Health officials relied on smallpox vaccines to protect those most vulnerable, but these vaccines are costly and difficult to manufacture because they use a whole, weakened virus.

"Unlike a whole-virus vaccine that's big and complicated to produce, our innovation is just a single protein that's easy to make," said Jason McLellan, a professor of molecular biosciences at The University of Texas at Austin and co-lead author of the study.

Identifying Powerful Antibodies From Patients

The study's other lead authors, Rino Rappuoli and Emanuele Andreano at the Fondazione Biotecnopolo di Siena in Italy, identified 12 antibodies that neutralize MPXV. They found these antibodies by analyzing blood from people who had recovered from the virus or who had previously been vaccinated. Although the antibodies were clear, the team did not yet know which parts of the virus they targeted.

MPXV displays many different proteins on its surface, and at least one of them is essential for spreading infection. Some of the newly discovered antibodies were known to interfere with this process, but researchers did not know which surface protein was responsible. To design new treatments or vaccines, they needed to determine the correct pairing between antibody and viral protein. This key viral feature is known as an antigen.

AI Pinpoints a Previously Overlooked Viral Protein

To solve this puzzle, McLellan's group used the AlphaFold 3 model to predict which of the roughly 35 viral surface proteins were likely to bind strongly to the patient-derived antibodies. The model identified a protein called OPG153 with high confidence, and laboratory tests confirmed the prediction. This finding indicated that OPG153 could serve as a valuable target for developing antibody-based therapies or for designing a new type of vaccine that activates the immune system to fight mpox.




"It would have taken years to find this target without AI," said McLellan, who also holds the Robert A. Welch Chair in Chemistry and helps lead Texas Biologics, a UT Austin research group focused on therapeutic innovation. "It was really exciting because no one had ever considered it before for vaccine or antibody development. It had never been shown to be a target of neutralizing antibodies."

Because MPXV is closely related to the virus responsible for smallpox, this discovery may support the creation of improved vaccines or treatments for smallpox as well, a disease of concern due to its ease of transmission and high mortality rate.

Toward Next-Generation Vaccines and Antibody Therapies

The team is now refining versions of the antigen and antibodies that could be more effective, less expensive and easier to manufacture compared with current options that rely on weakened poxviruses. Their long-term goal is to test these mpox and smallpox vaccine antigens and antibody treatments in humans. McLellan refers to their strategy as "reverse vaccinology."

"We started with people who survived infection with monkeypox virus, isolated antibodies that they naturally produced and worked backward to find what part of the virus acted as the antigen for those antibodies. Then we engineered the antigen to elicit similar antibodies in mice," McLellan said.

UT Austin has filed a patent application for the use of OPG153 (and its derivatives) as a vaccine antigen. The Fondazione Biotecnopolo di Siena has filed a patent application for antibodies that target OPG153.

Additional UT Austin contributors include Emily Rundlet, Ling Zhou and Connor Mullins.

Funding support for this work came in part from the Welch Foundation.
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New discovery offers real hope for rare genetic disease | ScienceDaily
Friedreich's ataxia (FA) is an uncommon but very serious inherited condition. Symptoms usually appear in childhood or early adolescence, often between ages 5 and 15, and many affected individuals live only into their 30s or 40s. There is currently no broadly approved therapy that slows or alters the disease itself, and available treatments may not work for everyone. Scientists from Mass General Brigham and the Broad Institute are exploring new therapeutic approaches and have identified a genetic modifier that could point toward a future treatment strategy. Their results appear in Nature.


						
To investigate why FA develops and how it might be treated, researchers rely on small but powerful model organisms. The disease is caused by the loss of frataxin, a mitochondrial protein needed for the production of iron sulfur clusters, which help cells carry out essential energy-related tasks. Earlier work from the Mootha lab showed that exposing human cells, worms, and mice to low oxygen (hypoxia) can partly offset the effects of missing frataxin.

"In this paper, instead of trying to pursue hypoxia to slow or postpone the disease as a therapy, we simply used it as a trick. We used it as a laboratory tool with which to discover genetic suppressors," said lead and co-corresponding author Joshua Meisel, a former postdoctoral fellow at Massachusetts General Hospital (MGH), part of Mass General Brigham. Meisel, now an assistant professor at Brandeis University, added, "The reason this is exciting is because the suppressor that we've identified, FDX2, is now a protein that can be targeted using more conventional medicines."

Using Worm Models to Reveal Hidden Genetic Interactions

The team, which included Nobel laureate Gary Ruvkun, PhD, studied a tiny roundworm species called C. elegans to understand how cells might function without frataxin. They engineered worms that completely lacked the protein and kept them alive by growing them in low-oxygen environments. This allowed the researchers to test genetic changes one by one and search for rare worms that could survive even when oxygen levels were increased (a normally deadly condition for worms without frataxin).

By sequencing the genomes of the worms that survived these higher oxygen levels, the researchers uncovered mutations in two mitochondrial genes: FDX2 and NFS1. They then verified these findings through advanced genetic engineering, biochemical experiments, and follow-up studies in mouse and human cells to assess whether the same compensation might occur in more complex organisms.

A New Understanding of How Cells Compensate for Frataxin Loss

The results showed that certain mutations in FDX2 and NFS1 allow cells to work around the absence of frataxin by restoring their ability to make iron sulfur clusters. These clusters are crucial for producing cellular energy and supporting many metabolic functions. The team also discovered that excessive levels of FDX2 interfere with this process, while reducing FDX2, either through mutation or by removing one copy of the gene, helps restore cluster production and improves cell health.




"The balance between frataxin and FDX2 is key," said senior and co-corresponding author Vamsi Mootha, MD, of the Department of Molecular Biology and Center for Genome Medicine at MGH. Mootha, also an institute member and co-director of the Metabolism Program at Broad, explained, "When you are born with too little frataxin, bringing down FDX2 a bit helps. So, it's a delicate balancing act to ensure proper biochemical homeostasis."

Therapeutic Potential and Remaining Questions

Lowering FDX2 levels in a mouse model of FA led to meaningful improvements in neurological symptoms, suggesting that this approach could form the basis for a future therapy. Overall, the findings indicate that carefully adjusting proteins that interact genetically with frataxin may help counteract the damage caused by frataxin loss.

Although these discoveries are encouraging, the researchers caution that the ideal balance between frataxin and FDX2 likely varies among tissues and conditions. Additional research will be needed to understand how this balance is controlled in people. Future pre-clinical studies will also be required to determine whether modifying FDX2 levels is both safe and effective before any potential human trials could be considered.

Study Team, Patents, and Funding

In addition to Meisel, Mootha, and Ruvkun, authors include Pallavi R. Joshi, Amy N. Spelbring, Hong Wang, Sandra M. Wellner, Presli P. Wiesenthal, Maria Miranda, Jason G. McCoy, and David P. Barondeau.

Mootha is listed as an inventor on patents filed by MGH involving therapeutic uses of hypoxia. Meisel, Ruvkun, and Mootha are inventors on a patent filed by MGH related to the technology described in this work; Meisel, Ruvkun, and Mootha own equity in and receive compensation from Falcon Bio, a company developing this technology. Mootha also serves as a paid advisor to 5am Ventures.

This research was supported by the Friedreich's Ataxia Research Alliance, the National Institutes of Health (R00GM140217, R01NS124679, R01AG016636, and R01GM096100), and the Robert A. Welch Foundation (A-1647). Meisel received support from The Jane Coffin Childs Memorial Fund for Medical Research. Miranda received support from the Deutsche Forschungsgemeinschaft (431313887). Mootha is an Investigator of the Howard Hughes Medical Institute.
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Ghost particles slip through Earth and spark a hidden atomic reaction | ScienceDaily
Neutrinos are among the most puzzling particles known to science and are often called 'ghost particles' because they so rarely interact with matter. Trillions pass through each person every second without leaving any mark. These particles are created during nuclear reactions, including those inside the Sun's core. Their extremely weak interactions make them exceptionally challenging to study. Only a few materials have ever been shown to respond to solar neutrinos. Scientists have now added another to that short list by observing neutrinos convert carbon atoms into nitrogen inside a massive underground detector.


						
This achievement came from a project led by Oxford researchers using the SNO+ detector, which sits two kilometers underground at SNOLAB in Sudbury, Canada. SNOLAB operates within an active mine and provides the shielding needed to block cosmic rays and background radiation that would otherwise overwhelm the delicate neutrino measurements.

Capturing a Rare Two-Part Flash From Carbon-13

The research team focused on detecting moments when a high-energy neutrino hits a carbon-13 nucleus and converts it into nitrogen-13, a radioactive form of nitrogen that decays roughly ten minutes later. To spot these events, they relied on a 'delayed coincidence' technique that searches for two related bursts of light: the first from the neutrino striking the carbon-13 nucleus and the second from the decay of nitrogen-13 several minutes afterward. This paired signal makes it possible to confidently distinguish true neutrino events from background noise.

Over a span of 231 days, from May 4, 2022, to June 29, 2023, the detector recorded 5.6 such events. This matches expectations, which predicted that 4.7 events would occur due to solar neutrinos during this period.

A New Window Into How the Universe Works

Neutrinos behave in unusual ways and are key to understanding how stars operate, how nuclear fusion unfolds, and how the universe evolves. The researchers say this new measurement opens opportunities for future studies of other low-energy neutrino interactions.




Lead author Gulliver Milton, a PhD student in the University of Oxford's Department of Physics, said: "Capturing this interaction is an extraordinary achievement. Despite the rarity of the carbon isotope, we were able to observe its interaction with neutrinos, which were born in the Sun's core and traveled vast distances to reach our detector."

Co-author Professor Steven Biller (Department of Physics, University of Oxford) added: "Solar neutrinos themselves have been an intriguing subject of study for many years, and the measurements of these by our predecessor experiment, SNO, led to the 2015 Nobel Prize in physics. It is remarkable that our understanding of neutrinos from the Sun has advanced so much that we can now use them for the first time as a 'test beam' to study other kinds of rare atomic reactions!"

Building on the SNO Legacy and Advancing Neutrino Research

SNO+ is a successor to the earlier SNO experiment, which demonstrated that neutrinos switch between three forms known as electron, muon, and tau neutrinos as they travel from the Sun to Earth. According to SNOLAB staff scientist Dr. Christine Kraus, SNO's original findings, led by Arthur B. McDonald, resolved the long-standing solar neutrino problem and contributed to the 2015 Nobel Prize in Physics. These results paved the way for deeper investigations into how neutrinos behave and their significance in the universe.

"This discovery uses the natural abundance of carbon-13 within the experiment's liquid scintillator to measure a specific, rare interaction," Kraus said. "To our knowledge, these results represent the lowest energy observation of neutrino interactions on carbon-13 nuclei to date and provides the first direct cross-section measurement for this specific nuclear reaction to the ground state of the resulting nitrogen-13 nucleus."
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Scientists find dark chocolate ingredient that slows aging | ScienceDaily
A natural chemical in dark chocolate may play a role in slowing certain signs of biological aging. Researchers at King's College London have identified theobromine, a plant compound found in cocoa, as a possible contributor to this effect.


						
The study, published on December 10 in Aging, analyzed how much theobromine was present in participants' blood and compared those levels with biological aging markers measured in blood samples.

What Biological Age Reveals

Biological age reflects how well a person's body is functioning, rather than the number of years they have lived. This measure is based on DNA methylation, a collection of tiny chemical tags on DNA that shift as we grow older.

The research team examined data from two European groups, including 509 people from TwinsUK and 1,160 from KORA. Individuals with higher amounts of theobromine in their bloodstream tended to have a biological age that appeared younger than their chronological age.

Professor Jordana Bell, senior author and Professor in Epigenomics at King's College London, said: "Our study finds links between a key component of dark chocolate and staying younger for longer. While we're not saying that people should eat more dark chocolate, this research can help us understand how everyday foods may hold clues to healthier, longer lives."

Theobromine Stands Out Among Cocoa Compounds

The team also investigated whether other cocoa or coffee metabolites showed similar patterns. Their results suggested that theobromine was the only compound with this specific association.




To estimate biological age, the researchers used two approaches. One method examined DNA changes that reflect the pace of aging. The second measured telomere length, which refers to protective structures at the ends of chromosomes. Telomeres naturally shorten with age and are linked to age-related health risks.

How Plant Molecules Influence Aging

Many plant compounds in foods can influence how genes operate by turning them on or off. These compounds, known as alkaloids, can interact with cellular systems that regulate gene activity and contribute to long-term health.

Theobromine is one such alkaloid. Although it is widely known for being toxic to dogs, it has been connected to possible benefits in humans, including a reduced risk of heart disease. Despite this, it has received relatively limited scientific attention until now.

Next Questions for Aging Research

Dr. Ramy Saad, lead researcher at King's College London and also affiliated with University College London as a doctor in Clinical Genetics, said: "This is a very exciting finding, and the next important questions are what is behind this association and how can we explore the interactions between dietary metabolites and our epigenome further? This approach could lead us to important discoveries towards aging, and beyond, in common and rare diseases."

The team, which includes Professor Ana Rodriguez-Mateos, a Professor of Human Nutrition at King's College London, is now examining whether theobromine's effect occurs on its own or if it works alongside other well-known components of dark chocolate such as polyphenols, which are recognized for their positive effects on health.




Why More Chocolate Is Not a Shortcut

Dr. Ricardo Costeira, a Postdoctoral Research Associate at King's College London, said: "This study identifies another molecular mechanism through which naturally occurring compounds in cocoa may support health. While more research is needed, the findings from this study highlight the value of population-level analyses in aging and genetics."

Although the findings are encouraging, the researchers caution that increasing dark chocolate consumption is not automatically beneficial. Chocolate also contains sugar, fat and other ingredients, and more work is needed to fully understand how theobromine interacts with the body and how it may influence aging.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251212022249.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New fossils in Qatar reveal a tiny sea cow hidden for 21 million years | ScienceDaily
Today the Arabian Gulf supports large numbers of dugongs, marine mammals related to manatees that feed on seagrass and leave trails in the sediment as they graze. Newly examined fossils from Qatar show that sea cows living more than 20 million years ago shaped their environments in much the same way.


						
The findings, published December 10 in the journal PeerJ, come from a partnership between scientists at the Smithsonian's National Museum of Natural History and Qatar Museums. The team also identified a previously unknown species of ancient sea cow that was much smaller than modern dugongs.

"We discovered a distant relative of dugongs in rocks less than 10 miles away from a bay with seagrass meadows that make up their prime habitat today," said Nicholas Pyenson, curator of fossil marine mammals at the National Museum of Natural History and a lead author of the study. "This part of the world has been prime sea cow habitat for the past 21 million years -- it's just that the sea cow role has been occupied by different species over time."

Modern Dugong Biology and Behavior

Dugongs (Dugong dugon) have a stout body and a downward-facing snout lined with bristles that help them sense food, giving them a broad resemblance to manatees. Their tails distinguish them from their relatives. Manatees have a rounded, paddle-shaped tail while dugongs have a dolphin-like tail with flukes (however, dugongs and manatees are more closely related to elephants than they are to dolphins, whales and porpoises).

These herbivores occupy shallow coastal habitats across a wide range that includes western Africa, the Indo-Pacific, and northern Australia. The largest single herd of dugongs occurs in the Arabian Gulf, where their constant grazing stirs up sediment and releases nutrients that benefit surrounding marine ecosystems.

A Long Fossil History and Growing Modern Threats

Fossil evidence shows that sea cow ancestors have fed on aquatic plants for roughly 50 million years. Despite this long history, dugongs in the Gulf now face significant challenges. They are sometimes caught accidentally by local fishers, and development along the coast affects the waters where they feed. Rising temperatures and increasing salinity place further pressures on the seagrass meadows that dugongs depend on.




Ferhan Sakal, head of excavation and site management at Qatar Museums and a coauthor of the study, noted that crucial information about past seagrass environments is preserved in the region's rock record.

"If we can learn from past records how the seagrass communities survived climate stress or other major disturbances like sea-level changes and salinity shifts, we might set goals for a better future of the Arabian Gulf," he said.

Researchers rely heavily on fossilized bones to understand these environments, since the soft blades of seagrass rarely leave impressions in the geologic record.

Exploring the Al Maszhabiya Fossil Site

One of the most significant sources of these fossils is Al Maszhabiya [AL mahz-HA-bee-yah], a site in southwestern Qatar. Geologists first encountered the site in the 1970s while conducting mining and petroleum surveys and believed they had found reptile bones. When paleontologists revisited the area in the early 2000s, they recognized the bones as belonging to ancient sea cows.

"The area was called 'dugong cemetery' among the members of our authority," Sakal said. "But at the time, we had no idea just how rich and vast the bonebed actually was."

After obtaining the required permits in 2023, Pyenson, Sakal, and their team surveyed the site. Surrounding rock layers suggest that the fossils date to the Early Miocene, approximately 21 million years ago. The area was once a shallow sea inhabited by sharks, barracuda-like fish, prehistoric dolphins, and sea turtles.




The World's Densest Sea Cow Bonebed

The team documented sea cow remains at more than 170 separate locations across the site. Pyenson described Al Maszhabiya as the richest fossil sea cow assemblage known. He compared it to Cerro Ballena in Chile's Atacama Desert, where he and other researchers had uncovered a large collection of whale fossils.

Although the bones share similarities with those of modern dugongs, they also show differences. The ancient animals still had hind limb bones, which living dugongs and manatees lost during their evolution. The prehistoric species also had a straighter snout and smaller tusks.

Naming a New Species: Salwasiren qatarensis

The team formally designated the Al Maszhabiya sea cows as a new species, Salwasiren qatarensis. The genus name refers to the Bay of Salwa, a nearby section of the Gulf where dugongs live today. Although the Bay of Salwa touches the waters of several countries, the species name "qatarensis" honors Qatar, where the fossils were discovered.

"It seemed only fitting to use the country's name for the species as it clearly points to where the fossils were discovered," Sakal said.

Based on their estimates, the researchers believe Salwasiren weighed around 250 pounds, similar to the weight of an adult panda or a heavyweight boxer. Even at that size, it was relatively small compared with some dugongs living today, which can weigh nearly eight times more.

Ancient Seagrass Meadows and the Role of Sea Cows

The fossils provide evidence that abundant seagrass beds existed in the region more than 20 million years ago, during a period when the Gulf supported high marine biodiversity. Sea cows would have helped maintain these underwater meadows by feeding and disturbing the sediment.

"The density of the Al Maszhabiya bonebed gives us a big clue that Salwasiren played the role of a seagrass ecosystem engineer in the Early Miocene the way that dugongs do today," Pyenson said. "There's been a full replacement of the evolutionary actors but not their ecological roles."

Pyenson also noted that sea cow fossils often appear in mixed species groups, making it likely that further research at the site could uncover additional dugong relatives.

Preserving Qatar's Fossil Heritage

Sakal hopes continued collaboration between Qatar Museums and the Smithsonian will lead to further discoveries at Al Maszhabiya and other nearby locations. Protecting the site is a top priority, and the team plans to nominate it for recognition as a UNESCO World Heritage site.

"The most important part of our collaboration is ensuring that we provide the best possible protection and management for these sites, so we can preserve them for future generations," Sakal said.

"Dugongs are an integral part of our heritage, not only as a living presence in our waters today, but also in the archaeological record that connects us to generations past," said Faisal Al Naimi, coauthor and director of the Archaeology Department at Qatar Museums. "The findings at Al Maszhabiya remind us that this heritage is not confined to memory or tradition alone, but extends deep into geologic time, reinforcing the timeless relationship between our people and the natural world. In preserving and studying these remarkable creatures, we are also safeguarding a narrative that speaks to our nation's identity, resilience and enduring connection to the sea."

Digital Access and Continued Research

To make their data widely available, Pyenson and Sakal worked with the Smithsonian's Digitization Program Office to create digital scans of several fossil sites and of the fossil skull, vertebrae, tooth, and other skeletal parts of the newly described species. These 3D models can be explored through the open-source Smithsonian Voyager platform, which includes interactive educational materials and a virtual tour of the excavation.

The study's authors also include researchers from the Smithsonian's Digitization Program Office, the Stone Ridge School of the Sacred Heart, Texas A&M University at Galveston, Texas A&M University College Station, and the Natural History Museum of Los Angeles County.

This work was supported by a collaborative agreement between the Smithsonian Institution and Qatar Museums and received additional funding from the National Museum of Natural History and the Qatar National Research Fund.
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        The gear meant to protect firefighters may carry hidden dangers
        Firefighter turnout gear is designed to shield first responders from extreme heat and danger, but new research suggests it may also introduce chemical exposures. A U.S. study found that brominated flame retardants are present across multiple layers of firefighter gear, including newer equipment marketed as PFAS-free. In some cases, these chemicals appeared at higher levels than the substances they were meant to replace.

      

      
        A hidden T cell switch could make cancer immunotherapy work for more people
        Scientists have discovered that T cell receptors activate through a hidden spring-like motion that had never been seen before. This breakthrough may help explain why immunotherapy works for some cancers and how it could be improved for others.

      

      
        AI detects cancer but it's also reading who you are
        AI tools designed to diagnose cancer from tissue samples are quietly learning more than just disease patterns. New research shows these systems can infer patient demographics from pathology slides, leading to biased results for certain groups. The bias stems from how the models are trained and the data they see, not just from missing samples. Researchers also demonstrated a way to significantly reduce these disparities.

      

      
        This tiny protein helps control how hungry you feel
        Researchers have identified a previously overlooked protein that helps regulate appetite and energy use in the body. This "helper" protein supports a key system that decides whether the body burns energy or stores it, and when it does not function properly, appetite signals can weaken.

      

      
        Young adults are using cannabis to sleep at alarming rates
        More than 20% of young adults say they use cannabis or alcohol to fall asleep, with cannabis leading by a wide margin. Researchers warn this strategy can backfire, disrupting sleep quality and increasing the risk of long-term sleep and substance-use problems.

      

      
        Scientists rewired Down syndrome brain circuits by restoring a missing molecule
        A missing brain molecule may be disrupting neural wiring in Down syndrome, according to new research. Replacing it in adult mice rewired brain circuits and improved brain flexibility, challenging the idea that treatment must happen before birth.

      

      
        He ate a hamburger and died hours later. Doctors found a shocking cause
        A rare tick-borne allergy linked to red meat has now been confirmed as deadly for the first time. A healthy New Jersey man collapsed and died hours after eating beef, with later testing revealing a severe allergic reaction tied to alpha-gal, a sugar spread by Lone Star tick bites. Symptoms often appear hours later, making the condition easy to miss. Researchers warn that growing tick populations could put more people at risk.

      

      
        New study reveals how kimchi boosts the immune system
        Kimchi may do far more than add flavor to meals--it could help fine-tune the human immune system. A clinical study using advanced single-cell genetic analysis found that regular kimchi consumption strengthens immune defenses while preventing harmful overreactions. Researchers observed improved activity in key immune cells, with effects varying depending on fermentation methods.

      

      
        A new test could reveal Alzheimer's before symptoms appear
        Scientists at Northern Arizona University are developing a promising new way to detect Alzheimer's disease earlier than ever before--by tracking how the brain uses sugar. Using tiny particles in the blood called microvesicles, researchers may soon be able to gather brain-specific information without invasive procedures. If successful, this approach could transform Alzheimer's diagnosis, monitoring, and even prevention, much like how doctors manage heart disease today.

      

      
        Scientists reveal why some brains stop growing too soon
        Researchers used miniature human brains grown in the lab to uncover why certain genetic mutations lead to abnormally small brains. Changes in actin disrupted the orientation of early brain cell divisions, causing crucial progenitor cells to disappear too soon. This reduced the brain's ability to grow normally. The work offers a clear cellular explanation for microcephaly linked to Baraitser-Winter syndrome.

      

      
        AI learns to decode the diseases written in your DNA
        A newly developed AI can predict which diseases specific genetic mutations are likely to cause, not just whether they are harmful. The breakthrough could speed up diagnoses and open new paths for personalized treatment.

      

      
        Colon cancer is surging in younger adults and doctors are alarmed
        Cases of colorectal cancer in younger adults are climbing worldwide, driven by lifestyle changes and inherited genetic risks. Diet, obesity, and lack of early screening are playing a major role in this shift. New genetic tests offer hope for earlier detection, but access and awareness lag behind. Health experts say urgent action is needed to reverse the trend.

      

      
        A new way to prevent gum disease without wiping out good bacteria
        Scientists are uncovering a surprising way to influence bacteria--not by killing them, but by changing how they communicate. Researchers studying oral bacteria found that disrupting chemical signals used in bacterial "conversations" can shift dental plaque toward healthier, less harmful communities. The discovery could open the door to new treatments that prevent disease by maintaining a balanced microbiome rather than wiping bacteria out entirely.

      

      
        Why consciousness exists at all
        Consciousness evolved in stages, starting with basic survival responses like pain and alarm, then expanding into focused awareness and self-reflection. These layers help organisms avoid danger, learn from the environment, and coordinate socially. Surprisingly, birds show many of these same traits, from subjective perception to basic self-awareness. This suggests consciousness is far older and more widespread than once believed.

      

      
        Scientists find the missing links between genes and disease
        A new genetic mapping strategy reveals how entire networks of genes work together to cause disease, filling in the missing links left by traditional genetic studies. The technique could transform how scientists identify drug targets for complex conditions.

      

      
        AI found a way to stop a virus before it enters cells
        Researchers discovered a hidden molecular "switch" that herpes viruses rely on to invade cells. By combining AI, simulations, and lab experiments, they identified and altered a single amino acid that shut down viral entry. What once might have taken years was achieved far faster using computational tools. The findings open new possibilities for designing future antiviral treatments.

      

      
        Cannabis compounds show unexpected power against ovarian cancer
        Scientists have discovered that key compounds from cannabis--CBD and THC--show surprisingly strong effects against ovarian cancer cells. Used together, they slow cell growth, reduce colony formation, and may even block the cancer's ability to spread. Even more promising, the treatment caused minimal harm to healthy cells and appears to work by restoring a disrupted signaling pathway that fuels tumor growth.

      

      
        Mayo Clinic neurosurgeon reveals 8 back pain myths to stop believing
        Back pain is wrapped in persistent myths, but many are far from the truth. From misconceptions about heavy lifting and bed rest to confusion over posture, exercise, and surgery, Dr. Meghan Murphy breaks down what really causes pain and what actually helps. Her insights reveal that everyday habits, movement, and smart prevention often make a bigger difference than people realize.

      

      
        These simple habits could make your brain 8 years younger, study finds
        New research shows that your brain's "true age" can shift dramatically depending on how you live, with optimism, restorative sleep, stress management, and strong social support acting like powerful anti-aging tools. Using advanced MRI-based brain-age estimates, scientists found that people with multiple healthy lifestyle factors had brains up to eight years younger than expected -- even among those living with chronic pain.

      

      
        New study shows some plant-based diets may raise heart disease risk
        Researchers tracking over 63,000 adults found that high-quality, minimally processed plant foods significantly reduce cardiovascular risk. But when those plant foods are ultra-processed, the advantage disappears--and can even backfire. Some ultra-processed plant diets increased risk by 40%. The study urges a shift toward whole, naturally nutrient-rich plant foods.

      

      
        Harvard gut discovery could change how we treat obesity and diabetes
        Scientists found that certain molecules made by gut bacteria travel to the liver and help control how the body uses energy. These molecules change depending on diet, genetics, and shifts in the microbiome. Some even improved insulin response in liver cells when tested in the lab. The findings could open the door to new ways of preventing or managing obesity and diabetes.

      

      
        Anxiety and insomnia linked to sharp drops in key immune cells
        Natural killer cells act as the immune system's rapid-response team, but the stress of anxiety and insomnia may be quietly thinning their ranks. A study of young women in Saudi Arabia found that both conditions were linked to significantly fewer NK cells--especially the circulating types responsible for destroying infected or abnormal cells. As anxiety severity increased, NK cell levels dropped even further, suggesting a stress-driven weakening of immune defenses.

      

      
        Indoor tanning triples melanoma risk and seeds broad DNA mutations
        Researchers discovered that tanning beds cause widespread, mutation-laden DNA damage across almost all skin, explaining the sharply increased melanoma risk. Single-cell genomic analysis revealed dangerous mutations even in sun-protected regions. Survivors' stories underscore how early tanning habits have lifelong consequences. The findings push for stricter policies and clear public warnings.

      

      
        Stem cell pain sponge soaks up osteoarthritis joint pain and protects cartilage
        SereNeuro Therapeutics revealed promising results for SN101, a first-in-class iPSC-derived therapy designed to treat chronic osteoarthritis pain while protecting joint tissue. Instead of blocking pain pathways, SN101 uses lab-grown nociceptors that act like sponges, soaking up inflammatory pain factors without sending pain signals. These cells also release regenerative molecules, offering disease-modifying potential that stands apart from traditional corticosteroids and single-target drugs like N...

      

      
        Researchers identify viral suspects that could be fueling long COVID
        Scientists are uncovering a new possibility behind long COVID's stubborn symptoms: hidden infections that awaken or emerge alongside SARS-CoV-2. Evidence is mounting that viruses like Epstein-Barr and even latent tuberculosis may flare up when COVID disrupts the immune system, creating lingering fatigue, brain fog, and other debilitating issues.

      

      
        The brain switch that could rewrite how we treat mental illness
        Scientists exploring how the brain responds to stress discovered molecular changes that can influence behavior long after an experience ends. They also identified natural resilience systems that help protect certain individuals from harm. These findings are opening the door to treatments that focus on building strength, not just correcting problems. The work is also fueling a broader effort to keep science open, independent, and accessible.

      

      
        Ozempic may offer a surprising bonus benefit for brain health
        A new analysis suggests that people with type 2 diabetes who use GLP-1 medications like Ozempic, Trulicity or Victoza may be less likely to develop epilepsy than those taking DPP-4 inhibitors. Semaglutide showed the strongest connection to lowered risk. Researchers caution that the findings show an association, not proof of cause and effect. More rigorous long-term studies are needed to understand the link.

      

      
        Kids' anxiety and depression dropped fast after COVID school reopenings
        Researchers discovered that children who went back to school during COVID experienced far fewer mental health diagnoses than those who stayed remote. Anxiety, depression, and ADHD all declined as in-person learning resumed. Healthcare spending tied to these conditions also dropped. Girls showed the largest improvements, highlighting the importance of school-based structure and support.

      

      
        A grad student's wild idea triggers a major aging breakthrough
        Senescent "zombie" cells are linked to aging and multiple diseases, but spotting them in living tissue has been notoriously difficult. Researchers at Mayo Clinic have now taken an inventive leap by using aptamers--tiny, shape-shifting DNA molecules--to selectively tag these elusive cells. The project began as an offbeat conversation between two graduate students and quickly evolved into a collaborative, cross-lab effort that uncovered aptamers capable of binding to unique surface proteins on senesc...

      

      
        Natural compound supercharges treatment for aggressive leukemia
        Forskolin, a plant-derived compound, shows surprising potential against one of the most aggressive forms of leukemia. Researchers discovered that it not only stops cancer cells from growing but also makes them far more vulnerable to chemotherapy by preventing them from pumping out the drugs meant to kill them. Experts say this dual action could help create safer, more powerful AML treatments with fewer harsh side effects.

      

      
        AI finds a hidden stress signal inside routine CT scans
        Researchers used a deep learning AI model to uncover the first imaging-based biomarker of chronic stress by measuring adrenal gland volume on routine CT scans. This new metric, the Adrenal Volume Index, correlates strongly with cortisol levels, allostatic load, perceived stress, and even long-term cardiovascular outcomes, including heart failure risk.

      

      
        Tea may strengthen bones in older women while heavy coffee weakens them
        A decade-long study of older women found that tea drinkers had slightly stronger bones, while moderate coffee drinking caused no harm. Heavy coffee intake--over five cups a day--was linked to lower bone density, especially in women who consumed more alcohol. Tea's benefits may stem from catechins that support bone formation. The researchers say small daily habits could make a meaningful difference over time.

      

      
        AI finds a surprising monkeypox weak spot that could rewrite vaccines
        Researchers used AI to pinpoint a little-known monkeypox protein that provokes strong protective antibodies. When the team tested this protein as a vaccine ingredient in mice, it produced a potent immune response. The discovery could lead to simpler, more effective mpox vaccines and therapies. It may also help guide future efforts against smallpox.

      

      
        New discovery offers real hope for rare genetic disease
        Scientists discovered that certain gene changes allow cells to function even when frataxin, the protein lost in Friedreich's ataxia, is missing. Experiments in worms, human cells, and mice revealed that lowering a gene called FDX2 helps restore vital energy processes. The work points to a new, more targeted treatment strategy.

      

      
        Scientists find dark chocolate ingredient that slows aging
        Scientists have uncovered a surprising link between dark chocolate and slower aging. A natural cocoa compound called theobromine was found in higher levels among people who appeared biologically younger than their real age.

      

      
        NAD+ supplement shows early promise for long COVID fatigue and brain fog
        Long COVID still affects people worldwide with stubborn symptoms like fatigue and cognitive issues. A clinical trial tested whether boosting NAD+ using nicotinamide riboside could help. Although overall group differences were limited, many participants showed encouraging improvements after taking NR for at least 10 weeks. The findings suggest NAD+ enhancement may offer symptom relief for some individuals.

      

      
        Daily multivitamins quietly lower blood pressure in some older adults
        Emerging evidence hints that daily multivitamins might quietly help certain older adults keep their blood pressure in check--especially those with poorer diets and normal readings at the start. While the overall results showed no broad benefit, intriguing improvements appeared in targeted groups, suggesting that micronutrient gaps may play a subtle but meaningful role in hypertension risk.

      

      
        Nerve injuries can trigger hidden immune changes throughout the entire body
        Researchers discovered that nerve injuries can alter the immune system throughout the body, and males and females react very differently. Male mice showed strong inflammatory responses, while females showed none, yet both transmitted pain-inducing signals through their blood. These findings reveal previously unknown pathways driving pain, especially in females. The work points toward new opportunities for personalized chronic pain therapies.

      

      
        Scientists reveal the real benefits and hidden risks of medical cannabis
        A sweeping review of more than 2,500 studies reveals that despite booming public enthusiasm, cannabis has strong scientific support for only a few medical uses, leaving most popular claims--like relief for chronic pain, anxiety, and insomnia--on shaky ground. The findings spotlight a persistent gap between what people believe cannabis can do and what clinical evidence actually shows.
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The gear meant to protect firefighters may carry hidden dangers | ScienceDaily
A new study published on Dec. 16 in Environmental Science & Technology Letters reports that some firefighter protective gear contains brominated flame retardants, chemicals that may pose health risks to firefighters.


						
The research is the first U.S. study to formally examine and document the use of brominated flame retardants in firefighter turnout gear, which is worn during emergency responses. The findings could play a role in how fire departments decide whether to continue using existing equipment or invest in replacements.

Structural firefighters -- those working in the built environment -- rely on turnout gear made up of three distinct layers. These include a flame-resistant outer shell, a middle moisture barrier that blocks germs while allowing airflow, and an inner lining designed to help regulate body temperature.

According to lead author Heather Stapleton, Ronie-Richele Garcia-Johnson Distinguished Professor at Duke University's Nicholas School of the Environment, manufacturers apply chemical treatments to these garments to ensure they meet strict safety standards set by the National Fire Protection Association.

PFAS Concerns Raise New Questions

For several years, firefighters have expressed concern about the presence of PFAS in turnout gear. These chemicals are used to repel oil and water and can also contribute to flame resistance. Numerous studies involving humans and animals have linked PFAS exposure to health problems, including certain cancers.

While no studies have directly connected PFAS treated turnout gear to health outcomes in firefighters, manufacturers have begun moving away from these chemicals. In addition, multiple states have passed laws that will ban the purchase of PFAS treated turnout gear starting in 2027.




As PFAS are phased out, attention has turned to what substances may be taking their place. Chemical ingredients used in turnout gear treatments are not typically disclosed by manufacturers.

"There was a rumor that one of the turnout gear manufacturers might be using brominated flame retardants in the non-PFAS treated textiles," Stapleton said. "Because some brominated flame retardants have known toxicity, I requested a sample of the gear in question to test.'"

Why Brominated Flame Retardants Matter

Brominated flame retardants are commonly added to fabrics and other products to reduce how easily they ignite. Exposure to these chemicals has been linked to health concerns including cancer, thyroid disease, and problems with brain development.

Stapleton's initial testing confirmed the presence of brominated flame retardants in the turnout gear sample. That finding led to a broader study conducted in collaboration with researchers at North Carolina State University's Wilson College of Textiles and the International Association of Fire Fighters. The goal was to examine how often PFAS and brominated flame retardants appeared in turnout gear made during different time periods.

Peeling Back the Layers

The research team analyzed nine sets of used turnout gear manufactured between 2013 and 2020, along with three sets produced in 2024 that were marketed as non-PFAS treated. Using two analytical techniques, the scientists tested each layer of the gear for both PFAS and brominated flame retardants. This approach allowed them to measure total chemical content as well as the portion that could transfer during use, referred to as "extractable" levels.




"We wanted to know which chemicals were intentionally applied during manufacturing, and we wanted to know what was likely to leach out over time, which could raise the risk of exposure through skin absorption or inhalation," Stapleton said.

As expected, PFAS were detected in all turnout gear produced between 2013 and 2020. In contrast, gear manufactured in 2024 showed only low or non-detectable extractable PFAS levels, indicating the garments had not been treated with these chemicals, consistent with manufacturer claims. The small amounts detected were likely picked up from the surrounding environment during use, the authors noted.

Every set of turnout gear tested also contained brominated flame retardants, with extractable levels generally higher than those measured for PFAS.

Higher Levels in PFAS Free Gear

The highest extractable concentrations of brominated flame retardants were found in gear marketed as non-PFAS treated, particularly within the moisture barrier. Stapleton said this suggests manufacturers intentionally added brominated flame retardants to meet flammability requirements, likely replacing a PFAS compound previously used in that layer.

Among the chemicals identified, decabromodiphenyl ethane, or DBDPE, appeared at the highest extractable levels.

Although no U.S. studies have examined health effects linked to DBDPE exposure, the researchers pointed to a 2019 study of workers at a chemical manufacturing plant in China. That study found associations between DBDPE exposure, altered thyroid hormone levels, and signs of thyroid disease.

"I was really surprised that the manufacturers used DBDPE in turnout gear," Stapleton said. "It has similar properties as a toxic chemical called decaBDE that has been largely phased out globally, raising questions about its safety."

Fire Exposure Versus Manufacturing Choices

For turnout gear produced between 2013 and 2020, the outer shell typically contained higher extractable levels of brominated flame retardants than the moisture barrier or inner lining. Stapleton said this pattern likely reflects buildup from smoke and soot encountered during fires.

"When building materials burn, they can release brominated flame retardants into the air that stick to gear and don't wash out very well," she explained.

At the same time, the presence of these chemicals in internal layers suggests that some manufacturers had incorporated brominated flame retardants into turnout gear treatments for years, even before PFAS began to be phased out, according to the authors.

Weighing the Costs

While researchers have not yet determined firefighters' exact exposure levels or the long-term health effects associated with these chemicals, the study provides new information for fire departments evaluating protective gear.

"Turnout gear is really expensive -- one set costs thousands of dollars -- and firefighters often use these garments for many years. Fire departments must consider both the financial and personal safety costs of keeping or replacing gear," said coauthor R. Bryan Ormond, an associate professor at the Wilson College of Textiles and director of NC State's Milliken Textile Protection and Comfort Center, who studies trade-offs in gear performance.

Stapleton noted that some manufacturers now offer turnout gear that avoids both PFAS and brominated flame retardants. She encouraged fire departments to push for clearer disclosure about chemical treatments used in protective equipment.

"We know firefighters receive higher exposure to multiple chemicals from all the hazards they face during their duty, and they shouldn't have to worry about receiving additional chemical exposures from their gear," said Stapleton, who also leads a study on cancer incidence in firefighters. "These first responders are a critically important component of our public safety and deserve to be respected and protected."

Study Support and Funding

This project was supported by the North Carolina Collaboratory at the University of North Carolina at Chapel Hill, with funding appropriated by the North Carolina General Assembly (to HMS and BO). HMS also wishes to thank Michael and Annie Falk for establishing the Falk Exposomics Laboratory.
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A hidden T cell switch could make cancer immunotherapy work for more people | ScienceDaily
Over the past ten years, T cell immunotherapy has emerged as one of the most promising developments in cancer treatment. These therapies work by training a patient's own immune system to detect and destroy dangerous cells. Despite their success, scientists have struggled to fully explain how these treatments function at a molecular level. This lack of understanding has slowed progress, especially since T cell therapies work well for only a small number of cancer types and fail in most others, for reasons that have remained unclear. Gaining insight into their modus operandi could help make these therapies effective for far more patients.


						
Scientists at The Rockefeller University have now uncovered crucial details about the T cell receptor (TCR), a protein complex embedded in the cell membrane that plays a central role in T cell therapies. Using cryo-EM, researchers from the Laboratory of Molecular Electron Microscopy studied the receptor in a biochemical setting designed to closely resemble its native milieu. They discovered that the TCR behaves like a jack-in-the-box, staying compact until it encounters an antigen or another suspicious particle, at which point it rapidly opens. This behavior contradicts what earlier cryo-EM studies of the receptor had shown.

The findings, published in Nature Communications, could help researchers improve and expand the use of T cell immunotherapies.

"This new fundamental understanding of how the signaling system works may help re-engineer that next generation of treatments," says first author Ryan Notti, an instructor in clinical investigation in Walz's lab and a special fellow in the Department of Medicine at Memorial Sloan Kettering Cancer Center, where he treats patients with sarcomas, or cancers that arise in soft tissue or bone.

"The T cell receptor is really the basis of virtually all oncological immunotherapies, so it's remarkable that we use the system but really have had no idea how it actually works -- and that's where basic science steps in," says Walz, a world expert in cryo-EM imaging. "This is some of the most important work to ever come out of my lab."

How T Cells Detect Threats

Walz's lab focuses on producing detailed images of macromolecular complexes, especially proteins found in cell membranes that help cells communicate with their surroundings. The TCR is one such complex. Made up of multiple proteins, it enables T cells to recognize antigens displayed by human leukocyte antigen (HLA) complexes on other cells. This recognition process is what T cell therapies rely on to mobilize the immune system against cancer.




Although scientists have known the individual parts of the TCR for many years, the earliest steps that trigger its activation have remained elusive. Notti, who works as both a physician and a researcher, found this gap especially troubling because many of his sarcoma patients were not benefiting from T cell immunotherapies.

"Determining that would help us understand how the information gets from outside the cell, where those antigens are being presented by HLAs, to the inside of the cell, where signaling turns on the T cell," he says.

Notti earned his Ph.D. in structural microbiology at Rockefeller before moving into oncology, and he suggested to Walz that they investigate this unanswered question together.

Rebuilding the TCR's Natural Environment

Walz's team is known for creating custom membrane environments that closely mimic the natural surroundings of membrane proteins. "We can change the biochemical composition, the thickness of the membrane, the tension and curvature, the size -- all kinds of parameters that we know have an influence on the embedded protein," Walz says.

For this study, the researchers set out to observe the TCR in conditions that closely resemble those inside a living cell. They placed the receptor into a nanodisc, a tiny disc-shaped section of membrane held in solution by a scaffold protein wrapped around its edge. Assembling the full receptor was difficult, and "getting all eight of these proteins properly assembled into the nanodisc was challenging," Notti says.




Previous structural studies of the TCR had relied on detergent, which often strips away the surrounding membrane. Walz notes that this was the first time the receptor complex had been restored to a membrane environment for detailed imaging.

Seeing the Receptor Switch On

Once the TCR was embedded in the nanodisc, the researchers used cryo-EM to visualize it. The images showed that the receptor remains closed and compact when inactive. When it encounters an antigen-presenting molecule, however, the structure opens and extends outward, resembling a wide-reaching motion.

The result surprised the team. "The data that were available when we began this research depicted this complex as being open and extended in its dormant state," Notti explains. "As far as anyone knew, the T cell receptor didn't undergo any conformational changes when binding to these antigens. But we found that it does, springing open like a sort of jack-in-the-box."

The researchers believe two factors made this discovery possible. First, they carefully recreated the TCR's in vivo membrane environment using the right lipid mixture. Second, they reinserted the receptor into a membrane using nanodiscs before conducting cryo-EM imaging. They found that an intact membrane keeps the receptor in a closed position until activation occurs. In earlier studies, detergent may have removed this restraint, allowing the receptor to open prematurely.

"It was important that we used a lipid mixture that resembled that of the native T cell membrane," says Walz. "If we had just used a model lipid, we wouldn't have seen this closed dormant state either."

Implications for Cancer Therapies and Vaccines

The team believes their findings could help improve treatments that rely on T cell receptors. "Re-engineering the next generation of immunotherapies tops the charts in terms of unmet clinical needs," Notti says. "For example, adoptive T cell therapies are being used successfully to treat certain very rare sarcomas, so one could imagine using our insights to re-engineer the sensitivity of those receptors by tuning their activation threshold."

Walz also sees potential applications beyond cancer therapy. "This information may be used for vaccine design as well," he adds. "People in the field can now use our structures to see refined details about the interactions between different antigens presented by HLA and T cell receptors. Those different modes of interaction might have some implication for how the receptor functions -- and ways to optimize it."
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AI detects cancer but it's also reading who you are | ScienceDaily
    	A new study shows that artificial intelligence systems used to diagnose cancer from pathology slides do not perform equally for all patients, with accuracy varying across different demographic groups.
    	Researchers pinpointed three key reasons behind this bias and created a new approach that significantly reduced these differences.
    	The results emphasize why medical AI must be routinely evaluated for bias to help ensure fair and reliable cancer care for everyone.

Pathology and the Foundations of Cancer Diagnosis

For decades, pathology has been essential to how doctors diagnose and treat cancer. A pathologist studies an extremely thin slice of human tissue under a microscope, searching for visual signs that reveal whether cancer is present and, if so, what type and stage it has reached.

To a trained specialist, examining a pink, swirling tissue sample dotted with purple cells is like grading a test without a name on it -- the slide contains vital information about the disease, but it offers no clues about who the patient is.

When AI Sees More Than Expected

That assumption does not fully apply to artificial intelligence systems now entering pathology labs. A new study led by researchers at Harvard Medical School shows that pathology AI models can infer demographic details directly from tissue slides. This unexpected ability can introduce bias into cancer diagnosis across different patient groups.

After evaluating several widely used AI models designed to identify cancer, the researchers found that these systems did not perform equally for all patients. Diagnostic accuracy varied based on patients' self-reported race, gender, and age. The team also uncovered several reasons why these disparities occur.




To address the issue, the researchers developed a framework called FAIR-Path, which significantly reduced bias in the tested models.

"Reading demographics from a pathology slide is thought of as a 'mission impossible' for a human pathologist, so the bias in pathology AI was a surprise to us," said senior author Kun-Hsing Yu, associate professor of biomedical informatics in the Blavatnik Institute at HMS and HMS assistant professor of pathology at Brigham and Women's Hospital.

Yu emphasized that recognizing and correcting bias in medical AI is critical, since it can directly influence diagnostic accuracy and patient outcomes. The success of FAIR-Path suggests that improving fairness in cancer pathology AI, and possibly other medical AI tools, may not require major changes to existing systems.

The work, which was supported in part by federal funding, is described Dec. 16 in Cell Reports Medicine.

Putting Cancer AI to the Test

Yu and his colleagues examined bias in four commonly used pathology AI models currently being developed for cancer diagnosis. These deep-learning systems were trained on large collections of labeled pathology slides, allowing them to learn biological patterns and apply that knowledge to new samples.




The team evaluated the models using a large, multi-institutional dataset that included pathology slides from 20 different types of cancer.

Across all four models, performance gaps consistently emerged. The AI systems were less accurate for certain demographic groups defined by race, gender, and age. For example, the models struggled to distinguish lung cancer subtypes in African American patients and in male patients. They also showed reduced accuracy when classifying breast cancer subtypes in younger patients. In addition, the models had difficulty detecting breast, renal, thyroid, and stomach cancers in some demographic groups. Overall, these disparities appeared in roughly 29 percent of the diagnostic tasks analyzed.

According to Yu, these errors arise because the AI systems extract demographic information from the tissue images -- and then rely on patterns linked to those demographics when making diagnostic decisions.

The findings were unexpected. "Because we would expect pathology evaluation to be objective," Yu said. "When evaluating images, we don't necessarily need to know a patient's demographics to make a diagnosis."

This led the researchers to ask a key question: Why was pathology AI failing to meet the same standard of objectivity?

Why Bias Appears in Pathology AI

The team identified three main contributors to the bias.

First, training data are often uneven. Tissue samples are easier to obtain from some demographic groups than others, resulting in imbalanced datasets. This makes it harder for AI models to accurately diagnose cancers in groups that are underrepresented, including some populations defined by race, age, or gender.

However, Yu noted that "the problem turned out to be much deeper than that." In several cases, the models performed worse for certain demographic groups even when sample sizes were similar.

Further analysis pointed to differences in disease incidence. Some cancers occur more frequently in specific populations, allowing AI models to become especially accurate for those groups. As a result, the same models may struggle to diagnose cancers in populations where those diseases are less common.

The researchers also found that AI models can detect subtle molecular differences across demographic groups. For example, the systems may identify mutations in cancer driver genes and use them as shortcuts to classify cancer type -- which can reduce accuracy in populations where those mutations are less prevalent.

"We found that because AI is so powerful, it can differentiate many obscure biological signals that cannot be detected by standard human evaluation," Yu said.

Over time, this can cause AI models to focus on signals tied more closely to demographics than to the disease itself, weakening diagnostic performance across diverse patient groups.

Taken together, Yu said, these findings show that bias in pathology AI is influenced not only by the quality and balance of training data, but also by the way the models are trained to interpret what they see.

A New Approach to Reducing Bias

After identifying the sources of bias, the researchers set out to correct them.

They developed FAIR-Path, a framework based on an existing machine-learning method known as contrastive learning. This approach modifies AI training so that models focus more strongly on critical distinctions, such as differences between cancer types, while reducing attention to less relevant differences, including demographic characteristics.

When FAIR-Path was applied to the tested models, diagnostic disparities dropped by about 88 percent.

"We show that by making this small adjustment, the models can learn robust features that make them more generalizable and fairer across different populations," Yu said.

The result is encouraging, he added, because it suggests that meaningful reductions in bias are possible even without perfectly balanced or fully representative training datasets.

Looking ahead, Yu and his team are working with institutions worldwide to study pathology AI bias in regions with different demographics, clinical practices, and laboratory settings. They are also exploring how FAIR-Path could be adapted for situations with limited data. Another area of interest is understanding how AI-driven bias contributes to broader disparities in health care and patient outcomes.

Ultimately, Yu said, the goal is to develop pathology AI systems that support human experts by delivering fast, accurate, and fair diagnoses for all patients.

"I think there's hope that if we are more aware of and careful about how we design AI systems, we can build models that perform well in every population," he said.
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This tiny protein helps control how hungry you feel | ScienceDaily
New research suggests that a protein the body relies on to manage appetite and energy levels cannot function on its own. Instead, it depends on a partner protein to work properly. This discovery could help scientists better understand how genetic factors contribute to obesity.


						
In a study published in Science Signaling on December 16, an international research team led by scientists at the University of Birmingham examined how a helper protein known as MRAP2 supports an appetite regulating protein called MC3R. MC3R plays a key role in deciding whether the body stores energy or uses it.

Building on earlier hunger research

Previous studies had already shown that MRAP2 is essential for the activity of a related protein (MC4R), which is known to control hunger. The new research set out to determine whether MRAP2 provides the same kind of support for the closely related protein MC4R.

To explore this question, the researchers used cell models to observe how the proteins interact. They found that when MRAP2 was present in equal amounts with MC3R, cellular signaling became stronger. This result suggests that MRAP2 helps MC3R do its job of balancing energy intake with energy use. The team also identified specific regions of MRAP2 that are required for supporting signaling through both MC3R and MC4R.

How genetic mutations weaken appetite signals

The researchers then investigated what happens when MRAP2 carries genetic mutations that have been identified in some people with obesity. In these experiments, mutated versions of the supporter protein (MRAP2) failed to boost MC3R signaling. As a result, the appetite regulating protein did not respond as effectively.




These findings indicate that changes in MRAP2 can interfere with the hormone system that normally helps maintain energy balance. When this system does not work as intended, appetite regulation may be disrupted.

New clues for obesity risk and future treatments

Dr. Caroline Gorvin, Associate Professor at the University of Birmingham and lead author of the study, said: "The findings give us some important insights into what's going on in the hormonal system, related to some key functions like energy balance, appetite, and puberty timing.

"The identification of this protein, MRAP2, as a key aide or supporter to these essential appetite-regulating proteins also gives us new clues for people who have a genetic predisposition to obesity, and how MRAP2 mutations are a clear indication of risk."

By learning more about how MRAP2 supports appetite related signaling, researchers hope to determine whether future drugs could target this protein. Such treatments might strengthen feelings of fullness, reduce overeating, and improve the body's overall energy balance, offering new options for weight loss when dieting alone is not effective.

A collaborative effort in metabolism and cell signaling research

The research was carried out by a team from the Department of Metabolism and Systems Science and the Centre of Membrane Proteins and Receptors (COMPARE). COMPARE is a cross-University Research Centre involving the Universities of Birmingham and Nottingham, focused on studying how cells communicate in both health and disease. Its goal is to develop new therapies for widespread conditions such as cardiovascular disease, diabetes, and cancer. The center is supported by advanced research facilities, including the COMPARE Advanced Imaging Facility, which is available to researchers from academia and industry.
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Young adults are using cannabis to sleep at alarming rates | ScienceDaily
New data from the University of Michigan's annual Monitoring the Future Panel Study shows that using substances to help with sleep is common among young adults. The study, funded by the National Institute on Drug Abuse, found that 22% of Americans ages 19 to 30 said they used cannabis, alcohol, or both to help themselves sleep.


						
Cannabis was used much more often than alcohol for sleep. About 18% of young adults reported using cannabis to fall asleep, while 7% said they used alcohol for the same reason. Among those who had used cannabis at any point in the past year, 41% said helping themselves fall asleep was one reason they used it.

Experts Warn Sleep Quality May Suffer

Researchers caution that relying on substances for sleep can cause problems over time. "Using these substances to get to sleep can backfire because they can interfere with the ability to stay asleep and with the quality of sleep," said Megan Patrick, research professor at the Institute for Social Research and principal investigator of the MTF Panel Study. "They appear to actually disrupt sleep in the long term. The fact that so many young adults reported that they use cannabis to sleep is alarming."

The study, published in JAMA Pediatrics, examined responses from 1,473 young adults across the United States. The researchers found notable differences based on gender and race in how substances were used for sleep.

Women were almost twice as likely as men to use cannabis to help them fall asleep. Participants who identified as another gender were more than four times as likely as men to report using cannabis for sleep. Black young adults were three times more likely than white young adults to say they used alcohol as a sleep aid.

Long-Term Use May Increase Risks

Patrick said repeated use of cannabis or alcohol for sleep may worsen sleep difficulties rather than solve them. "Long-term, regular use of these substances to get to sleep may lead to worse sleep problems and increased risk for substance use disorder," she said. "For example, frequently using a substance to get to sleep may lead to tolerance, or needing more of it to get the same effect. In other words, rather than resulting in better sleep, it may lead to additional sleep problems and escalating substance use."




This research is among the first national studies to closely examine how and why young adults use substances to manage sleep. The Monitoring the Future Panel Study follows nationally representative groups of U.S. students over time, tracking patterns of substance use as they move into adulthood.

Misconceptions About Substances and Sleep

Patrick emphasized that many young adults may believe cannabis or alcohol can improve sleep, even though evidence suggests the opposite. "Unfortunately, there is a misconception that substance use can be helpful for sleep problems, but it can make things worse," she said. "High-quality sleep is critical for mental health and regulating mood. Young adults told us that they are using cannabis to try to get to sleep, but doing so may make their sleep problems even worse. They need to know the potential risks."

Why Health Care Providers Should Pay Attention

Because sleep problems and substance use often occur together in young adulthood, the researchers say clinicians should be alert to this connection. The findings highlight the importance of screening for both issues and offering coordinated support when needed.

"Health care providers should understand how common both sleep problems and substance use are during young adulthood," Patrick said. "And that many young adults are using cannabis specifically to get to sleep. People who are trying to manage sleep problems should talk to their doctors or other providers."

The study was conducted by researchers at the University of Michigan's Institute for Social Research. Additional authors included Yuk Pang and Yvonne Terry-McElrath.
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Scientists rewired Down syndrome brain circuits by restoring a missing molecule | ScienceDaily
New research suggests that disrupted brain circuits in Down syndrome may be linked to a shortage of a specific molecule that the nervous system relies on to develop and work properly. The team says that bringing this molecule back, known as pleiotrophin, might help support brain function in Down syndrome and potentially other neurological conditions, possibly even later in life.


						
The work was done in laboratory mice, not in people, so it is not close to becoming a treatment. Even so, the researchers found that giving pleiotrophin improved brain function in adult mice after the brain had already finished forming. This raises the possibility of an advantage over earlier strategies aimed at strengthening Down syndrome related brain circuits, which would have required action during very narrow windows in pregnancy.

"This study is really exciting because it serves as proof-of-concept that we can target astrocytes, a cell type in the brain specialized for secreting synapse-modulating molecules, to rewire the brain circuitry at adult ages," said researcher Ashley N. Brandebura, PhD, who was part of the research team while at the Salk Institute for Biological Studies and is now part of the University of Virginia School of Medicine. "This is still far off from use in humans, but it gives us hope that secreted molecules can be delivered with effective gene therapies or potentially protein infusions to improve quality of life in Down syndrome."

Understanding Down syndrome and its health impacts

Down syndrome affects about 1 in 640 babies born each year in the United States, according to the federal Centers for Disease Control and Prevention. It results from an error in cell division during development and can be associated with developmental delays, hyperactivity, a shorter lifespan, and a higher risk of health issues that can include heart defects, thyroid problems, and hearing or vision difficulties.

Salk scientists led by Nicola J. Allen, PhD, set out to learn more about what drives Down syndrome by examining proteins inside brain cells in mouse models of the condition. They focused on pleiotrophin because it normally appears at very high levels at key stages of brain development and plays important roles in building synapses, the connections between nerve cells, and in shaping axons and dendrites, which help neurons send and receive signals. The researchers also noted that pleiotrophin levels are reduced in Down syndrome.

To test whether restoring pleiotrophin could improve brain function, the team used engineered viruses called viral vectors to deliver it to the right place. Viruses are often associated with illnesses like the flu, but researchers can modify them so they do not cause disease and instead carry helpful material. In this case, the virus was stripped of harmful components and loaded with beneficial cargo -- pleiotrophin -- so it could deliver the molecule directly into cells.




Astrocytes, synapses, and brain plasticity

The scientists reported that supplying pleiotrophin to astrocytes, a major type of brain cell, produced substantial effects. Among the changes, the number of synapses increased in the hippocampus, a region involved in learning and memory. The team also saw an increase in brain "plasticity" -- the ability to create or adjust connections that support learning and memory.

"These results suggest we can use astrocytes as vectors to deliver plasticity-inducing molecules to the brain," Allen said. "This could one day allow us to rewire faulty connections and improve brain performance."

Broader implications and next steps

The researchers emphasize that pleiotrophin is unlikely to be the only factor behind circuit problems in Down syndrome. They say more work is needed to understand the many contributors involved. Still, they argue that the results show the approach itself can work, and that it might eventually help beyond Down syndrome, including in other neurological diseases.

"This idea that astrocytes can deliver molecules to induce brain plasticity has implications for many neurological disorders, including other neurodevelopmental disorders like fragile X syndrome but also maybe even to neurodegenerative disorders like Alzheimer's disease," Brandebura said. "If we can figure out how to 'reprogram' disordered astrocytes to deliver synaptogenic molecules, we can have some greatly beneficial impact on many different disease states."

After finishing her postdoctoral training at Salk, Brandebura plans to continue this line of research at UVA Health. There, she is part of the UVA Brain Institute, the Department of Neuroscience and the Center for Brain Immunology and Glia (BIG Center).




Findings published and funding

The results were published in the journal Cell Reports. The article is opening access, meaning it is free to read. The research team included Brandebura, Adrien Paumier, Quinn N. Asbell, Tao Tao, Mariel Kristine B. Micael, Sherlyn Sanchez and Allen. The scientists report no financial interest in the work.

Support came from the Chan Zuckerberg Initiative and the National Institutes of Health's National Institute of Neurological Disorders and Stroke, grant F32NS117776.
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He ate a hamburger and died hours later. Doctors found a shocking cause | ScienceDaily
Researchers at the University of Virginia School of Medicine have confirmed the first known death caused by the condition commonly referred to as the meat allergy, which is transmitted by ticks.


						
The case involved a 47 year old man from New Jersey who was previously healthy and died suddenly about four hours after eating beef. For months, the cause of his death remained unclear. That changed when Thomas Platts Mills, MD, PhD, a UVA Health physician and internationally recognized allergy specialist, took a closer look. Platts Mills originally identified the condition years ago and continues to lead research into how it affects patients.

How Lone Star Tick Bites Trigger Alpha Gal Allergy

The allergy develops after a bite from the Lone Star tick. These bites can cause the immune system to become sensitive to alpha gal, a sugar naturally found in meat from mammals. Once sensitized, people may experience allergic symptoms after eating foods such as beef, pork, or lamb. Common reactions include skin rashes, nausea, and vomiting.

Scientists have long suspected that severe cases could escalate into life threatening anaphylaxis. Until now, however, no fatal cases had been officially confirmed.

"The important information for the public is: First, that severe abdominal pain occurring 3 to 5 hours after eating beef, pork or lamb should be investigated as a possible episode of anaphylaxis; and, second, that tick bites that itch for more than a week or larvae of ticks often called 'chiggers' can induce or increase sensitization to mammalian-derived meat," said Platts Mills, former chief of UVA Health's Division of Asthma, Allergy and Clinical Immunology. "On the other hand, most individuals who have mild to moderate episodes of hives can control symptoms with an appropriate diet."

What Happened Before the Man's Death

The man, whose name was not made public, had gone camping with his wife and children during the summer of 2024. One evening, the family ate a late steak dinner at 10 p.m. Around 2 a.m., the man woke up with intense stomach pain, diarrhea, and vomiting. Although he felt better by morning, he later told his son that the episode had felt life threatening.




About two weeks later, still unaware that he had developed the meat allergy, he attended a barbeque and ate a hamburger. He began feeling unwell shortly after 7 p.m. At 7:37 p.m., his son found him collapsed in the bathroom.

Autopsy Raises More Questions Than Answers

An autopsy did not reveal a clear explanation for his death. The official cause was listed as "sudden unexplained death."

His wife was not satisfied with that conclusion and asked another physician to review the findings. That doctor contacted Platts Mills and his team to explore whether alpha gal sensitivity could be involved.

Blood Tests Reveal Severe Allergic Reaction

Platts Mills obtained blood samples that had been collected after the man's death. Testing showed that he had indeed been sensitized to alpha gal. The results also pointed to an extreme immune response consistent with fatal anaphylaxis.




When asked about recent tick exposure, the man's wife said he had not noticed any tick bites in the past year. However, she recalled that he had suffered 12 or 13 itchy bites around his ankles earlier in the summer, which they believed were caused by chiggers. Platts Mills recognized that many bites thought to be from chiggers in the eastern United States are actually from Lone Star tick larvae.

Factors That May Have Worsened the Reaction

Platts Mills and his colleagues believe several conditions may have intensified the man's allergic response. These include drinking a beer with the hamburger, exposure to ragweed pollen, and physical exercise earlier that day. Family members also noted that he rarely ate red meat, which may have influenced how his immune system reacted.

Growing Tick Populations Increase Risk

Following the case, Platts Mills is urging doctors to stay alert for patients who may have developed this allergy or who face higher exposure risk. He pointed out that deer populations are rapidly increasing in many states, creating ideal conditions for the Lone Star tick to spread.

"It is important that both doctors and patients who live in an area of the country where Lone Star ticks are common should be aware of the risk of sensitization," Platts Mills said. "More specifically, if they have unexpected episodes of severe abdominal pain occurring several hours after eating mammalian meat, they should be investigated for possible sensitization to the oligosaccharide alpha-gal."

Case Findings Published in Medical Journal

Details of the case have been published in the Journal of Allergy and Clinical Immunology: In Practice. The article is open access, meaning it is available to read for free. The authors include Platts Mills, Lisa J. Workman, Nathan E. Richards, Jeffrey M. Wilson, and Erin M. McFeely.

The research team obtained consent from the man's widow before releasing the findings.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251217082457.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New study reveals how kimchi boosts the immune system | ScienceDaily
Growing seasonal concern about overlapping respiratory illnesses such as the common cold and influenza has increased interest in ways to support immune health. New clinical research now suggests that kimchi, a traditional Korean fermented food, can help strengthen immune cell function while keeping the immune system in balance.


						
Scientists have found that regular kimchi consumption supports the body's ability to defend against threats without triggering unnecessary immune activity. The findings add scientific weight to kimchi's long-held reputation as a health-promoting food.

Single Cell Study Reveals How Kimchi Regulates Immunity

The World Institute of Kimchi (President: Hae Choon Chang), a government-funded research organization under the Ministry of Science and ICT, released results from an advanced single-cell genetic study examining kimchi's effects on human immunity. The analysis indicates that kimchi has immunomodulatory properties, meaning it can calm excessive immune reactions while also improving protective immune functions.

According to the researchers, this is the first study worldwide to identify kimchi's immune-related effects at the single-cell level. The results also suggest that kimchi may benefit not only metabolic health but immune health as well.

Human Trial Design and Advanced Genetic Analysis

The clinical trial involved overweight adults who were divided into three groups (n = 13 each). Over a 12-week period, participants consumed either a placebo, kimchi powder made from naturally fermented kimchi, or kimchi powder produced using a starter culture fermentation method.




At the end of the intervention, researchers collected peripheral blood mononuclear cells (PBMCs) and analyzed them using single-cell transcriptomics analysis (scRNA-seq). This technique allowed the team to monitor changes in gene activity within individual immune cells, revealing subtle immune shifts that traditional testing methods often fail to detect.

Immune Cells Show Stronger Defense and Better Balance

The findings showed that participants who consumed kimchi experienced enhanced activity in antigen-presenting cells (APCs), which play a key role in detecting bacteria and viruses and signaling other immune cells. The study also found that CD4+ T cells developed into both protective and regulatory types in a balanced way.

These outcomes suggest that kimchi does more than simply activate immune responses. Instead, it functions as a "precision regulator," boosting immune defenses when needed while preventing excessive or unnecessary immune reactions.

Fermentation Method Influences Immune Benefits

Researchers also observed differences based on how the kimchi was fermented. While both naturally fermented kimchi and starter-fermented kimchi supported immune balance, the starter-fermented version produced stronger effects. These included improved antigen recognition by immune cells and a greater reduction in unnecessary immune signaling.




The team noted that these findings point to the potential for enhancing kimchi's health benefits through controlled fermentation technologies in the future.

Dr. Woo Jae Lee of the World Institute of Kimchi, who led the research, said, "Our research has proven for the first time in the world that kimchi has two different simultaneous effects: activating defense cells and suppressing excessive response." He added, "We plan to expand international research on kimchi and lactic acid bacteria in relation to immune and metabolic health in the future."

Kimchi's Growing Role as a Functional Food

The study helps position kimchi not only as a traditional fermented dish but as a functional food with scientifically demonstrated immune benefits. Researchers expect the findings to support future applications ranging from the development of health functional foods to improving vaccine effectiveness and reducing the risk of immune-related diseases.

The research was published in npj Science of Food (IF 7.8), a leading international journal in the field of food science.
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A new test could reveal Alzheimer's before symptoms appear | ScienceDaily
Researchers at Northern Arizona University (NAU) are testing a new approach that could make it easier for clinicians to spot Alzheimer's disease sooner and slow its progression.


						
The project is led by Travis Gibbons, an assistant professor in the Department of Biological Sciences. Supported in part by a grant from the Arizona Alzheimer's Association, the work focuses on brain metabolism and how the brain uses glucose, the sugar that powers thinking, movement, and emotion.

"The brain is like a muscle," Gibbons said. "It needs fuel to do work, and its gasoline is blood glucose. A healthy brain is greedy; it burns through glucose fast. But brain metabolism is slower when you have Alzheimer's. It can be viewed as a canary in the coal mine in the development of the disease."

Tracking Brain Glucose Metabolism Without Invasive Procedures

Because the brain is difficult to reach, measuring glucose metabolism has historically been tough for researchers. In earlier studies, scientists sometimes inserted catheters into veins in a patient's neck to collect blood as it left the brain. That kind of invasive sampling is not something that can be done during a routine checkup.

Gibbons and his NAU team are now pursuing a simpler option using commercially available kits designed to isolate and analyze microvesicles circulating in the bloodstream.

"Some of these microvesicles originate in a neuron in your brain, and they're like messengers carrying cargo," Gibbons explained. "With these test kits, we can find what kind of cargo is in a microvesicle and run tests on it. It's been described as a biopsy for the brain, but much less invasive. That's the appeal of it."

Microvesicles as a Potential "Biopsy for the Brain"




The method is still being developed, but it could reshape how Alzheimer's is detected and followed over time. Gibbons said the workflow is demanding and requires careful technique and patience, yet the possible payoff is significant.

In an earlier study, Gibbons and colleagues delivered insulin through the nose, which helps it reach the brain more effectively than standard injections. After that, the team collected blood leaving the brain and identified biomarkers linked to improved neuroplasticity. The group is now trying to find those same biomarkers in microvesicles.

Study Stages From Healthy Volunteers to Alzheimer's Patients

The research is moving step by step. Gibbons is first validating the approach in healthy participants. Next, he plans to compare findings among people with mild cognitive impairment and people diagnosed with Alzheimer's to see whether shifts in glucose metabolism can help track how the disease progresses.

"Brain function is notoriously hard to measure, but we're getting better and better at interrogating brain function through biomarkers," Gibbons said. "Soon, we might be able to help people protect their brain health and prevent Alzheimer's disease the same way we protect people from cardiovascular disease by prescribing moderate exercise and a healthy diet. That will help us manage the burden on aging people and society as a whole."

Gibbons, a member of the Arizona Alzheimer's Consortium (AAC), is conducting the study with Emily Cope, an NAU associate professor of biological sciences and fellow AAC member; K. Riley Connor, a Ph.D. student in biological sciences at NAU; and Philip Ainslie, a professor at the University of British Columbia's Centre for Heart, Lung & Vascular Health.
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Scientists reveal why some brains stop growing too soon | ScienceDaily
Why do some children develop a brain that is unusually small (microcephaly)? A global team of scientists from the German Primate Center -- Leibniz Institute for Primate Research (DPZ), Hannover Medical School (MHH), and the Max Planck Institute of Molecular Cell Biology and Genetics set out to answer this question using human brain organoids. These lab-grown models allowed the researchers to closely examine how changes in key structural proteins inside cells can interfere with early brain development.


						
Their work, documented in EMBO Reports, shows that mutations in actin genes disrupt how early brain progenitor cells divide. When these cells fail to divide correctly, their numbers drop, limiting overall brain growth and resulting in a smaller brain. "Our findings provide the first cellular explanation for microcephaly in people with the rare Baraitser-Winter syndrome," says Indra Niehaus, first author of the study and research associate at Hannover Medical School.

How the Cell's Internal Framework Shapes Brain Development

Actin plays a central role in the cytoskeleton, the internal framework that gives cells structure and helps move materials inside them. In people with Baraitser-Winter syndrome, a mutation affects one of two crucial actin genes. To understand the consequences, the researchers reprogrammed skin cells from affected patients into induced pluripotent stem cells. These stem cells were then used to grow three-dimensional brain organoids that mimic early stages of human brain formation.

After thirty days of development, the differences were striking. Organoids grown from patient cells were about 25 percent smaller than those grown from healthy donor cells. The ventricle-like regions inside the organoids, where progenitor cells gather and begin forming early nerve cells, were also much smaller.

A Shift in Crucial Brain Cell Populations

When the scientists examined the types of cells inside the organoids, they found a clear imbalance. The number of apical progenitor cells, which are essential for building the cerebral cortex, was significantly lower. At the same time, there was an increase in basal progenitor cells, which usually appear later as development progresses.




This shift suggested that the timing and outcome of cell division had been altered, potentially explaining why the brain tissue failed to expand normally.

When Cell Division Orientation Goes Wrong

Using high-resolution microscopy, the team closely tracked how apical progenitor cells divided. Under normal conditions, these cells divide mainly at right angles to the ventricular surface. This orientation ensures that cellular components are evenly shared and that two new apical progenitor cells are produced.

In organoids carrying the actin mutation, this pattern changed dramatically. Vertical divisions became far less common, while horizontal and angled divisions dominated. As a result, apical progenitor cells were less able to renew themselves. They detached from the ventricular zone more often and were more likely to become basal progenitor cells instead.

"Our analyses show very clearly that a change in the division orientation of the progenitor cells is the decisive trigger for the reduced brain size," says Michael Heide, group leader at the German Primate Center and last author of the study. "A single change in the cytoskeleton is sufficient to disrupt the course of early brain development."

Tiny Structural Changes With Lasting Effects

Electron microscopy revealed additional, subtle defects at the ventricular surface. Cell shapes appeared uneven, and extra protrusions formed between neighboring cells. Researchers also observed unusually high levels of tubulin at cell junctions. Tubulin is another cytoskeletal protein that plays a key role in cell division.




Although the overall structure of the cells remained intact, these small abnormalities may be enough to permanently alter how cells orient themselves during division.

Proving the Mutation Is the Cause

To confirm that the observed differences were truly caused by the actin mutation and not by other genetic variations, the researchers performed a crucial control experiment. They used CRISPR/Cas9 to introduce the exact same mutation into a healthy stem cell line. Brain organoids grown from these edited cells developed the same defects seen in patient-derived organoids -- a proof that the mutation itself is the driving factor.

What This Discovery Means for Medicine

The findings shed light on how rare genetic mutations can lead to complex brain malformations and demonstrate the value of brain organoids in biomedical research. "Our findings help us understand how rare genetic disorders lead to complex brain malformations and highlight the potential of brain organoids for biomedical research," says Michael Heide.

"The therapeutic potential of this study lies in diagnostics, as our data helps to better classify genetic findings in patients. Since the disease affects early fetal development processes, interventions in humans would be complex. However, new drugs that influence the interaction between actin and microtubules could open up new approaches in the long term," says Nataliya Di Donato, Director of the Institute of Human Genetics at Hannover Medical School.
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AI learns to decode the diseases written in your DNA | ScienceDaily
Scientists at the Icahn School of Medicine at Mount Sinai have created a new artificial intelligence system that can do more than flag harmful genetic mutations. The tool can also forecast the types of diseases those mutations are most likely to cause.


						
The approach, known as V2P (Variant to Phenotype), is intended to speed up genetic testing and support the development of new therapies for rare and complex illnesses. The research was published in the December 15 online issue of Nature Communications.

Predicting disease from genetic variation

Most existing genetic analysis tools are able to estimate whether a mutation is potentially damaging, but they typically stop there. They do not explain what kind of disease may result. V2P is designed to overcome this limitation by using advanced machine learning to connect genetic variants with their expected phenotypic outcomes -- meaning the diseases or traits a mutation may produce. In this way, the system helps predict how a person's DNA could affect their health.

"Our approach allows us to pinpoint the genetic changes that are most relevant to a patient's condition, rather than sifting through thousands of possible variants," says first author David Stein, PhD, who recently completed his doctoral training in the labs of Yuval Itan, PhD, and Avner Schlessinger, PhD. "By determining not only whether a variant is pathogenic but also the type of disease it is likely to cause, we can improve both the speed and accuracy of genetic interpretation and diagnostics."

Training the AI to find the right mutation

To build the model, the researchers trained V2P on a large dataset containing both harmful and harmless genetic variants, along with detailed disease information. This training allowed the system to learn patterns linking specific variants to health outcomes. When tested using real, de-identified patient data, V2P frequently ranked the true disease-causing mutation within the top 10 candidates, demonstrating its potential to simplify and accelerate genetic diagnosis.




"Beyond diagnostics, V2P could help researchers and drug developers identify the genes and pathways most closely linked to specific diseases," says Dr. Schlessinger, co-senior and co-corresponding author, Professor of Pharmacological Sciences, and Director of the AI Small Molecule Drug Discovery Center at the Icahn School of Medicine at Mount Sinai. "This can guide the development of therapies that are genetically tailored to the mechanisms of disease, particularly in rare and complex conditions."

Expanding precision medicine and drug discovery

At present, V2P sorts mutations into broad disease categories, such as nervous system disorders or cancers. The research team plans to enhance the system so it can make more detailed predictions and combine its results with additional data sources to further assist drug discovery.

The researchers say this advance marks meaningful progress toward precision medicine, where treatments are selected based on an individual's genetic profile. By linking genetic variants to their likely disease effects, V2P could help clinicians reach diagnoses faster and help scientists uncover new targets for therapy.

"V2P gives us a clearer window into how genetic changes translate into disease, which has important implications for both research and patient care," says Dr. Itan, co-senior and co-corresponding author, Associate Professor of Artificial Intelligence and Human Health, and Genetics and Genomic Sciences, a core member of The Charles Bronfman Institute for Personalized Medicine, and a member of The Mindich Child Health and Development Institute at the Icahn School of Medicine at Mount Sinai. "By connecting specific variants to the types of diseases they are most likely to cause, we can better prioritize which genes and pathways warrant deeper investigation. This helps us move more efficiently from understanding the biology to identifying potential therapeutic approaches and, ultimately, tailoring interventions to an individual's specific genomic profile."

The paper is titled "Expanding the utility of variant effect predictions with phenotype-specific models."

The study's authors, as listed in the journal, are David Stein, Meltem Ece Kars, Baptiste Milisavljevic, Matthew Mort, Peter D. Stenson, Jean-Laurent Casanova, David N. Cooper, Bertrand Boisson, Peng Zhang, Avner Schlessinger, and Yuval Itan.

This research was supported by National Institutes of Health (NIH) grants R24AI167802 and P01AI186771, funding from the Fondation Leducq, and the Leona M. and Harry B. Helmsley Charitable Trust grant 2209-05535. Additional support came from NIH grants R01CA277794, R01HD107528, and R01NS145483. The work also received partial support through Clinical and Translational Science Awards (CTSA) grant UL1TR004419 from the National Center for Advancing Translational Sciences, as well as support from the Office of Research Infrastructure of the NIH under award numbers S10OD026880 and S10OD030463.
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Colon cancer is surging in younger adults and doctors are alarmed | ScienceDaily
Colorectal cancer has long been viewed as a condition that primarily affects older adults. That assumption is changing as more cases are now being diagnosed in younger people, a shift that is raising concern among health experts around the world. Public awareness increased sharply after the death of actor Chadwick Boseman in 2020 at age 43, which highlighted the growing number of colorectal cancer (CRC) cases occurring in people under 50 and challenged long-standing ideas about who is most at risk.


						
As Colon Cancer Awareness Month draws attention to this trend, researchers are examining the forces behind the rise in early-onset CRC. At the same time, advances in genetic testing are opening new possibilities for prevention and earlier detection.

Rising Rates of Colorectal Cancer in Younger Adults

A large international study published in The Lancet Oncology found a clear increase in CRC diagnoses among younger adults. From 2013 to 2017, incidence rates rose in 27 of the 50 countries included in the analysis for people under the age of 50. Although the highest numbers continue to appear in North America and Europe, notable increases were also reported across Eastern Europe, South-Central and Southeastern Asia, and South America.

Researchers believe this global pattern reflects broad changes in daily life, including shifts in diet, reduced physical activity, urban living, and environmental exposures. Specialists emphasize that earlier screening, healthier eating habits, and stronger public education are essential to slow this trend. Without effective intervention, experts warn that early-onset CRC cases are likely to continue rising over the coming decades.

Lifestyle and Diet Linked to Increased Risk

Research increasingly points to diet as a major contributor to colorectal cancer risk. High intake of ultra-processed foods, red and processed meats, and sugary drinks has been associated with inflammation and a greater susceptibility to cancer.




One example comes from Kazakhstan, where a population study found that average meat consumption was almost double the World Cancer Research Fund's recommended limit of 500 grams per week. The same study showed that only 8.6% of participants consumed fish at recommended levels, a pattern that may contribute to nutritional imbalances linked to higher cancer risk.

Obesity is another important factor tied to CRC. Excess body fat can drive chronic inflammation and interfere with normal metabolic processes. However, researchers note that obesity's role may be more complex than it appears. An analysis of 18 studies revealed that many CRC patients experience unintended weight loss before diagnosis, suggesting that standard measures used to assess obesity-related risk may not fully capture its impact.

Genetic Factors and Inherited Cancer Syndromes

Genetics also plays a significant role in early-onset colorectal cancer. According to Dr. Alexei Tsukanov, head of the Laboratory of Genetics at the National Medical Research Center for Radiology, many younger CRC cases are linked to inherited cancer syndromes such as Lynch syndrome and familial adenomatous polyposis. These disorders are caused by mutations in tumor-suppressor genes, which sharply increase the likelihood of developing CRC at a younger age.

Despite the importance of early diagnosis, warning signs are often overlooked. Symptoms can include lasting changes in bowel habits, blood in the stool, unexplained weight loss, and ongoing abdominal discomfort.

Dr. Tsukanov emphasizes the value of genetic testing for individuals with a family history of colorectal cancer. "Identifying a hereditary mutation allows us to implement lifelong clinical monitoring and early intervention, significantly improving survival rates," he explains.




New screening technologies are also expanding detection options. Tools such as BGI Genomics' COLOTECT(r) Stool DNA Methylation Test identifies CRC-related genetic markers (SDC2, ADHFE1, and PPP2R5C) through stool DNA analysis, providing a non-invasive approach to identifying cancer-related changes at an earlier stage.

Screening Gaps and the Need for Public Awareness

Access to colorectal cancer screening varies widely across regions. In parts of Eastern Europe and Central Asia, screening programs remain uneven. Countries including Kazakhstan, Lithuania, Latvia, and Georgia have established national screening efforts, while others depend on opportunistic testing. This inconsistency leaves many cases undetected until later stages.

Education is seen as a critical step toward improving outcomes. "To improve early detection, we must educate both healthcare providers and the public about the importance of screening," says Jemma Arakelyan, an advisor at the Immune Oncology Research Institute and CEO of The Institute of Cancer and Crisis in Armenia.

Colorectal cancer is no longer confined to older populations. Younger adults are increasingly affected, with unhealthy lifestyle patterns playing a major role. Addressing this growing challenge will require coordinated action from governments, healthcare systems, and individuals to raise awareness, support healthier choices, and expand access to early screening. The urgency of the situation continues to grow.
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A new way to prevent gum disease without wiping out good bacteria | ScienceDaily
All living organisms adapt in order to survive, and bacteria are no exception. Over many decades, some bacteria have gradually become resistant to widely used antibiotics and disinfectants, creating serious challenges for medicine and public health. At the same time, countless bacterial species play a helpful and often critical role in keeping the human body healthy. This raises an important question. Instead of trying to eliminate bacteria, could scientists find ways to influence how they behave to reduce disease and improve health?


						
Bacteria are far from silent. Inside the human mouth, roughly 700 different bacterial species constantly exchange information through a process called quorum sensing. This chemical communication allows bacteria to coordinate their actions as a group. Many oral bacteria rely on signaling molecules known as N-acyl homoserine lactones (AHLs) to send and receive these messages.

Investigating Bacterial Communication in Dental Plaque

Researchers at the University of Minnesota, Twin Cities College of Biological Sciences and the School of Dentistry set out to explore how bacteria in the mouth communicate and whether that communication could be deliberately disrupted. Their goal was to determine if interfering with these signals could help prevent plaque buildup and support a healthier oral microbiome. The findings, published in the journal npj Biofilms and Microbiomes, suggest this approach could reshape how doctors think about treating bacterial diseases.

Key Findings From the Study

The researchers discovered several important patterns in how oral bacteria communicate and organize themselves:
    	Bacteria in dental plaque generate AHL signals in oxygen-rich areas (such as above the gumline), and those signals can be detected by bacteria living in oxygen-poor regions (beneath the gumline).
    	Eliminating AHL signals using specialized enzymes called lactonases led to an increase in bacterial species associated with good oral health.
    	These results indicate that carefully chosen enzymes might be used to reshape dental plaque communities and help maintain a healthy balance of microbes.

Dental Plaque as a Living Ecosystem

"Dental plaque develops in a sequence, much like a forest ecosystem," said Mikael Elias, associate professor in the College of Biological Sciences and senior author of the study. "Pioneer species like Streptococcus and Actinomyces are the initial settlers in simple communities -- they're generally harmless and associated with good oral health. Increasingly diverse late colonizers include the 'red complex' bacteria like Porphyromonas gingivalis, which are strongly linked to periodontal disease. By disrupting the chemical signals bacteria use to communicate, one could manipulate the plaque community to remain or return to its health-associated stage."




"What's particularly striking is how oxygen availability changes everything," said lead author Rakesh Sikdar. "When we blocked AHL signaling in aerobic conditions, we saw more health-associated bacteria. But when we added AHLs under anaerobic conditions, we promoted the growth of disease-associated late colonizers. Quorum sensing may play very different roles above and below the gumline, which has major implications for how we approach treatment of periodontal diseases."

Toward New Microbiome-Based Treatments

The researchers plan to next examine how bacterial signaling differs across various regions of the mouth and among patients at different stages of periodontal disease. "Understanding how bacterial communities communicate and organize themselves may ultimately give us new tools to prevent periodontal disease -- not by waging war on all oral bacteria, but by strategically maintaining a healthy microbial balance," said Elias. The team believes this strategy could eventually lead to therapies for other parts of the body, where imbalances in the microbiome are linked to illness and certain forms of cancer.

Funding for the research was provided by the National Institutes of Health.
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Why consciousness exists at all | ScienceDaily
Our everyday lives are shaped by conscious experience. At times, this experience is pleasant, such as feeling sunlight on your skin, hearing birds sing, or simply enjoying a peaceful moment. At other times, it is painful, whether from a physical injury like hurting your knee on the stairs or from ongoing emotional struggles such as chronic pessimism. This raises a fundamental question: why did living beings evolve a form of perception that includes pleasure, pain, and even intense suffering?


						
Albert Newen and Carlos Montemayor describe consciousness as having three distinct forms, each serving a different role: 1. basic arousal, 2. general alertness, and 3. a reflexive (self-)consciousness. According to Newen, basic arousal was the first to emerge in evolutionary history. "Evolutionarily, basic arousal developed first, with the base function of putting the body in a state of ALARM in life-threatening situations so that the organism can stay alive," he explains. Pain plays a crucial role here. "Pain is an extremely efficient means for perceiving damage to the body and to indicate the associated threat to its continued life. This often triggers a survival response, such as fleeing or freezing."

How Attention and Learning Evolved

A later evolutionary development is general alertness. This form of consciousness allows an individual to focus on one important signal while filtering out others. For example, if someone is talking to you and you suddenly notice smoke, your attention shifts immediately to the smoke as you look for its source. As Carlos Montemayor explains, "This makes it possible to learn about new correlations: first the simple, causal correlation that smoke comes from fire and shows where a fire is located. But targeted alertness also lets us identify complex, scientific correlations."

Self Awareness and Social Life

Humans and some other animals go a step further by developing reflexive (self-)consciousness. In its more advanced form, this ability allows individuals to think about themselves, remember the past, and anticipate the future. It also makes it possible to build a mental image of oneself and use that image to guide decisions and plans. Newen notes, "Reflexive consciousness, in its simple forms, developed parallel to the two basic forms of consciousness. In such cases conscious experience focuses not on perceiving the environment, but rather on the conscious registration of aspects of oneself." These aspects include bodily states, perceptions, sensations, thoughts, and actions.

A simple example of reflexive consciousness is recognizing oneself in a mirror. Human children usually develop this ability around 18 months of age. It has also been observed in certain animals, including chimpanzees, dolphins, and magpies. At its core, reflexive conscious experience supports social integration and coordination with others, helping individuals function within groups.




What Birds Perceive

Research by Gianmarco Maldarelli and Onur Gunturkun suggests that birds may also possess basic forms of conscious perception. Their work highlights three main areas where birds show strong similarities to mammals: sensory consciousness, underlying brain structures, and forms of self-consciousness.

Evidence of Sensory Experience in Birds

Studies of sensory consciousness show that birds do more than automatically react to stimuli. They appear to have subjective experiences. When pigeons are shown visually ambiguous images, they alternate between different interpretations, much like humans do. Research on crows provides further evidence. Certain nerve signals in their brains reflect what the animal perceives rather than the physical stimulus itself. When a crow sometimes consciously detects a stimulus and sometimes does not, specific nerve cells respond in line with that internal experience.

Bird Brains and Conscious Processing

Bird brains also contain structures that support conscious processing, even though their anatomy differs from that of mammals. Gunturkun explains, "The avian equivalent to the prefrontal cortex, the NCL, is immensely connected and allows the brain to integrate and flexibly process information." He adds, "The connectome of the avian forebrain, which presents the entirety of the flows of information between the regions of the brain, shares many similarities with mammals. Birds thus meet many criteria of established theories of consciousness, such as the Global Neuronal Workspace theory."

Signs of Self Perception in Birds

More recent experiments indicate that birds may also show forms of self-perception. While some corvid species pass the classic mirror test, other studies use alternative approaches that better reflect birds' natural behaviors. These experiments reveal additional forms of self-consciousness in different species. Gunturkun notes, "Experiments indicate that pigeons and chickens differentiate between their reflection in a mirror and a real fellow member of their species, and react to these according to context. This is a sign of situational, basic self-consciousness."

Taken together, these findings suggest that consciousness did not emerge recently or exclusively in humans. Instead, it appears to be an ancient and widespread feature of evolution. Birds demonstrate that conscious processing can occur without a cerebral cortex and that very different brain structures can arrive at similar functional outcomes.
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Scientists find the missing links between genes and disease | ScienceDaily
Biomedical scientists are racing to identify the genes that contribute to illness, hoping that these discoveries will lead to treatments that target the right genes and help bring the body back to health.


						
When one faulty gene is responsible, the path to understanding the problem can be fairly direct. Many conditions, however, are far more complicated. In these cases, multiple genes, sometimes even thousands, play a role, and it becomes much harder to sort out how they connect to the disease.

A new genomic mapping approach could make that challenge easier to tackle. In a Nature study, researchers at Gladstone Institutes and Stanford University used a broad strategy that tests the impact of every gene in a cell, linking diseases and other traits to the underlying genetic systems that shape them. The resulting maps could cut through confusing biology and spotlight the genes most likely to be useful targets for new therapies.

"We can now look across every gene in the genome and get a sense of how each one affects a particular cell type," says Gladstone Senior Investigator Alex Marson, MD, PhD, the Connie and Bob Lurie Director of the Gladstone-UCSF Institute of Genomic Immunology, who co-led the study. "Our goal is to use this information as a map to gain new insights into how certain genes influence specific traits."

Finding the 'Why' Behind Genetic Risk

For years, scientists have relied heavily on "genome-wide association studies," which scan the DNA of thousands of people to find statistical links between genetic differences and traits, including disease risk. These efforts have generated enormous datasets, but turning those signals into clear biological explanations can be difficult, especially for traits influenced by many genes.

"Even with these studies, there remains a huge gap in understanding disease biology on a genetic level," says first author Mineto Ota, MD, PhD. Ota is a postdoctoral scholar in Marson's Gladstone lab, as well as in the lab of Stanford scientist Jonathan Pritchard, PhD. "We understand that many variants are associated with disease; we just don't understand why."

Mineto compares it to having a map with a clear starting point and endpoint, but no routes connecting the two.




"To understand complex traits, we really need to focus on the network," says Pritchard, a professor of Biology and Genetics at Stanford, who co-led the study with Marson. "How do we think about biology when thousands and thousands of genes, with many different functions, are all affecting a trait?"

Combining Cell Experiments With Big Population Data

To dig into that network problem, the researchers pulled information from two databases.

One dataset came from a human leukemia cell line that is commonly used to study red blood cell traits. In earlier work, an MIT researcher who was not involved in this study had switched off each gene in that cell line, one at a time, and tracked how losing that gene changed genetic activity.

Marson's team then paired those results with UK Biobank data, which includes genomic sequences from more than 500,000 people. Ota searched for individuals with genetic mutations that lowered gene function in ways that changed their red blood cells.

Putting the two sources together allowed the researchers to build a detailed map of the gene networks that influence red blood cell traits. The picture that emerged showed a remarkably complex genetic landscape. With this approach, they could see the starting point, the destination, and the intricate set of connections in between.




They also discovered that some genes affect several biological processes at the same time, weakening certain activities while increasing others. One example is SUPT5H, a gene associated with beta thalassemia, a blood disorder that disrupts hemoglobin production and can lead to moderate to severe anemia. The researchers connected SUPT5H to three key blood cell programs: hemoglobin production, cell cycle, and autophagy. They also showed how the gene influences each program, either increasing or reducing gene activity.

"SUPT5H regulates all three main pathways that affect hemoglobin," Pritchard says. "It activates hemoglobin synthesis, slows down the cell cycle, and slows down autophagy, which together have a synergistic effect."

Why This Mapping Method Could Matter for Immunology

Being able to reveal the detailed genetic pathways that control how cells function could reshape both basic biology and drug development.

Although the team identified multiple ways gene networks shape blood cell behavior, the bigger story is the tool itself. The research group, and potentially many other scientists, can now apply the same strategy to other human cell types to uncover the molecular patterns that drive disease.

For the Marson lab, which focuses on T cells and other parts of the immune system, the method could open the door to many more discoveries.

"The genetic burden associated with many autoimmune diseases, immune deficiencies, and allergies are overwhelmingly linked to T cells," Marson says. "We look forward to developing additional detailed maps that will help us really understand the genetic architecture behind these immune-mediated diseases."

The study, "Causal modeling of gene effects from regulators to programs to traits," appears in the December 10, 2025 issue of Nature. Authors include: Mineto Ota, Jeffrey Spence, Tony Zeng, Emma Dann, Nikhil Milind, Alexander Marson, and Jonathan Pritchard. This research was funded by the National Institutes of Health, the Simons Foundation, the Lloyd J. Old STAR Award, the Parker Institute for Cancer Immunotherapy, the Innovative Genomics Institute, the Larry L. Hillblom Foundation, the Northern California JDRF Center of Excellence, the Byers family, K. Jordan, the CRISPR Cures for Cancer Initiative, the Astellas Foundation for Research on Metabolic Disorders, the Chugai Foundation for Innovative Drug Discovery Science, and the EMBO Postdoctoral Fellowship.
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AI found a way to stop a virus before it enters cells | ScienceDaily
Washington State University scientists have identified a way to interfere with a key viral protein, stopping viruses from entering cells where they can trigger disease. The finding points to a potential new direction for antiviral therapies in the future.


						
The study, published in the journal Nanoscale, focused on uncovering and blocking a specific molecular interaction that herpes viruses rely on to gain access to cells. The work brought together researchers from the School of Mechanical and Materials Engineering and the Department of Veterinary Microbiology and Pathology.

"Viruses are very smart," said Jin Liu, corresponding author of the study and a professor in the School of Mechanical and Materials Engineering. "The whole process of invading cells is very complex, and there are a lot of interactions. Not all of the interactions are equally important -- most of them may just be background noise, but there are some critical interactions."

Understanding the Viral Fusion Process

The team examined a viral "fusion" protein that herpes viruses use to merge with and enter cells, a process responsible for many infections. Scientists still have limited insight into how this large and complex protein changes shape to make cell entry possible, which helps explain why vaccines for these widespread viruses have been difficult to develop.

To tackle this challenge, researchers turned to artificial intelligence and detailed molecular simulations. Professors Prashanta Dutta and Jin Liu analyzed thousands of potential interactions within the protein to identify a single amino acid that plays an essential role in viral entry. They created an algorithm to examine interactions among amino acids, the basic components of proteins, and then applied machine learning to sort through them and pinpoint the most influential ones.

Using AI to Pinpoint a Critical Weak Spot

After identifying the key amino acid, the research team moved to laboratory experiments led by Anthony Nicola from the Department of Veterinary Microbiology and Pathology. By introducing a targeted mutation to this amino acid, they found that the virus could no longer successfully fuse with cells. As a result, the herpes virus was blocked from entering the cells altogether.




According to Liu, the use of simulations and machine learning was essential because experimentally testing even a single interaction can take months. Narrowing down the most important interaction ahead of time made the experimental work far more efficient.

"It was just a single interaction from thousands of interactions. If we don't do the simulation and instead did this work by trial and error, it could have taken years to find," said Liu. "The combination of theoretical computational work with the experiments is so efficient and can accelerate the discovery of these important biological interactions."

What Researchers Still Need to Learn

Although the team confirmed the importance of this specific interaction, many questions remain about how the mutation changes the structure of the full fusion protein. The researchers plan to continue using simulations and machine learning to better understand how small molecular changes ripple through the entire protein.

"There is a gap between what the experimentalists see and what we can see in the simulation," said Liu. "The next step is how this small interaction affects the structural change at larger scales. That is also very challenging for us."

The research was carried out by Liu, Dutta, and Nicola along with PhD students Ryan Odstrcil, Albina Makio, and McKenna Hull. Funding for the project was provided by the National Institutes of Health.
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Cannabis compounds show unexpected power against ovarian cancer | ScienceDaily
In the future, medications derived from cannabis may play a role in treating ovarian cancer. A research team examining two natural compounds found in cannabis discovered that both produced notable anti-cancer activity when tested on ovarian cancer cells. Although significant work is still needed before any patient-ready drug can be developed, the early results highlight a promising path toward new therapies for a cancer that is difficult to detect and even more challenging to manage.


						
"Ovarian cancer remains one of the deadliest gynecological malignancies, characterized by late diagnosis, high recurrence rates, and limited effective treatment options," said Dr. Siyao Tong of Khon Kaen University, lead author of the article in Frontiers in Pharmacology. "Our goal is to find alternative drugs that can improve efficacy and potentially reduce toxicity, ultimately bringing new hope to patients facing this challenging disease."

Why Current Treatments Fall Short

Of all gynecological cancers, ovarian cancer causes the highest number of deaths. Even with progress in medical care, available drugs often fail to produce long-lasting results and can cause severe side effects. Because new approaches are urgently needed, the researchers turned their attention to CBD (cannabidiol, which is not psychoactive) and THC (delta-9-tetrahydrocannabinol, which is), two cannabis-derived compounds that have shown signs of anti-cancer activity in other diseases.

The team worked with two ovarian cancer cell lines, one responsive to platinum-based drugs and one resistant, and exposed them to CBD, THC, or a combination of both. They also tested the compounds on healthy cells to determine whether normal tissue would be harmed.

CBD and THC Significantly Reduce Cancer Cell Growth

Cancer cells treated with either CBD or THC formed fewer colonies, and those colonies were smaller than usual. Both compounds slowed the ability of cancer cells to reproduce, but the strongest effects appeared when CBD and THC were used together. Although neither compound alone killed large numbers of cancer cells, the combination proved highly effective. This suggests that the two chemicals may influence cancer cells through different mechanisms, and these mechanisms may reinforce one another.




"Notably, the inhibitory effect was most pronounced when CBD and THC were used in a 1:1 ratio," said Tong.

Additional experiments showed that the compounds reduced cancer cell migration, an important finding because metastasis is a major cause of death in ovarian cancer. A therapy that limits the spread of cancer could significantly improve patient outcomes.

Potential for Less Toxic Cancer Treatments

Both cell lines responded similarly, indicating that the compounds might work across multiple ovarian cancer types. The cannabis-derived treatments also caused little harm to healthy cells, suggesting that future therapies based on these compounds might be easier for patients to tolerate than many current options.

To better understand why the compounds were effective, the researchers analyzed cancer cell signaling. They found that the PI3K/AKT/mTOR pathway, which is often overactivated in ovarian cancer and contributes to tumor progression and drug resistance, appeared to return to more normal activity after treatment with CBD and THC. This restoration of control may explain the reduced growth and increased cell death observed in the experiments.

Next Steps and Remaining Challenges

Despite the encouraging results, the scientists emphasize that far more research is needed before CBD or THC can be considered viable treatment options for ovarian cancer. Additional studies must determine whether these compounds can be safely and effectively used in clinical settings.

"Although our study is still preliminary, it lays an important foundation for future research into the potential applications of CBD and THC in ovarian cancer treatment," said Tong. "By confirming their anti-cancer activity and identifying key molecular mechanisms, our findings are expected to drive further preclinical research. If future studies confirm these effects, CBD-THC combination therapy may ultimately contribute to the development of new treatment strategies."

"However, this study has some limitations," Tong added. "All experiments were conducted in vitro, so the results may not fully reflect the complexity of tumor behavior in living organisms. We did not include in vivo models and pharmacokinetic data, which are crucial for determining whether CBD/THC can be safely and effectively used clinically. Finally, regulatory and legal issues surrounding cannabinoid therapy may also affect future translational research. While the results are encouraging, more studies are needed before these findings can be applied to patient treatment."
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Mayo Clinic neurosurgeon reveals 8 back pain myths to stop believing | ScienceDaily
Back pain affects many people, yet a surprising number of misunderstandings continue to circulate. Meghan Murphy, M.D., a neurosurgeon at the Mayo Clinic Health System in Mankato, reviews eight common beliefs and explains what research and clinical experience actually show.


						
Myth: Lifting heavy objects is the main cause of back pain.

Fact: Lifting heavy objects with poor form can contribute to back pain, but the major culprits are a sedentary lifestyle, poor posture, obesity and genetic factors.

Myth: Bed rest will make my back pain better.

Fact: Probably not, but it depends on the cause of your pain. If it's muscle strain, taking it easy for a few days may help. However, bed rest can also make back pain last longer or even worsen. If your pain is from nerve compression, a disc issue or joint degeneration, inactivity can cause muscles to tighten, pain to worsen, loss of physical condition and more debility. In these cases, you should modify your activities, switch to low-impact exercises like walking and swimming, and avoid movements like bending, twisting or lifting. Maintaining some degree of physical activity can help you heal faster.

Myth: Back pain is caused by sitting on a fat wallet. 

Fact: Sitting with a large wallet in your back pocket can cause leg or hip pain and numbness, but typically not back pain. A large wallet can tilt your pelvis and compress your sciatic nerve. This nerve is the largest in your body, branching from the lower back through your hips, buttocks and down each leg. Compressing it causes pain or numbness while sitting or driving. After sitting for a long time, you may find walking difficult or feel pins and needles in your legs.




First, try removing the wallet and taking over-the-counter anti-inflammatory medications. If the leg pain persists, check with a healthcare professional.

Myth: Back pain is always due to a serious underlying condition. 

Fact: Back pain is usually caused by muscle strains or sprains, not by a serious condition like a disc or vertebrae issue. Most back pain resolves on its own.

Myth: Avoid exercise when experiencing back pain.

Fact: Exercise and physical activity are usually recommended for managing and preventing back pain. Strengthening the core muscles, including your back muscles, improving flexibility, and maintaining a healthy weight can contribute to a healthier back. Depending on your pain, you may need to modify your activity. You know your body best, so listen to it. If something isn't getting better or grows progressively worse, contact a healthcare professional for an evaluation.

Myth: Surgery is the only solution for chronic back pain.

Fact: Back pain is often caused by issues that aren't relieved with surgery. Non-surgical treatments like physical therapy, medications, injections and lifestyle modifications are often effective in managing and reducing chronic back pain. Surgery may be necessary if your pain:
    	Intensifies, especially at night or when you lie down.
    	Spreads down one or both legs.
    	Causes weakness, numbness or tingling in one or both legs.
    	Occurs with new bowel or bladder control problems.




Seek an immediate medical evaluation if you experience any of these symptoms.

Myth: A firm mattress is the best for alleviating back pain.

Fact: The ideal mattress firmness varies from person to person. Some people may find relief with a firm mattress, while others may prefer a medium or soft one. When shopping for a new mattress, look for one that provides support and comfort based on your preferences and needs.

Myth: Poor posture doesn't contribute to back pain.

Fact: Many people spend hours slouching while staring at a computer or focusing on cellphones that draw the eyes down and curve the neck. These habits can strain muscles and joints, causing body pain over time. Practice good posture habits and take advantage of ergonomic office equipment to help prevent and alleviate back pain.

Some back problems are unavoidable because they are linked to injuries, arthritis or genetics. However, several strategies can support long-term back health:
    	Maintain an ideal body weight. Excess weight causes increased stress on all joints, including the spine.
    	Strengthen your core. Stronger core muscles, including abdominal and intrinsic back muscles, can help take the stress off your spine.
    	Stay active. Regular movement is essential for keeping your body active.
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These simple habits could make your brain 8 years younger, study finds | ScienceDaily
Your birth certificate may show 65, but your brain might be functioning as if it were ten years younger -- or older -- depending on the experiences and habits that shape your daily life.


						
A team at the University of Florida reports that optimism, regular high-quality sleep, strong social ties and similar positive influences are closely connected to healthier brain profiles. Their findings indicate that lifestyle choices and stress management can meaningfully affect the rate of brain aging, even among individuals who live with chronic pain.

"These are things that people have some level of control over," said Jared Tanner, Ph.D., a research associate professor of clinical and health psychology at the University of Florida and one of the study's leaders. "You can learn how to perceive stress differently. Poor sleep is very treatable. Optimism can be practiced."

Measuring Brain Age With MRI and Machine Learning

The study tracked 128 adults in midlife and older adulthood, most of whom had chronic musculoskeletal pain related to or at risk of knee osteoarthritis. Over a period of two years, researchers used MRI scans processed through a machine learning model to estimate each participant's "brain age" and compare it to their chronological age. The difference between the two, known as the brain age gap, offered a single measure of whole-brain health.

Certain hardships, including chronic pain, lower income, limited education and social disadvantages, were linked to brains that appeared older. However, those associations decreased over time. Instead, protective behaviors such as restorative sleep, healthy body weight, effective stress management, avoiding tobacco and maintaining supportive relationships showed a stronger and more lasting connection to younger appearing brains.

Protective Habits Linked to Slower Brain Aging

Participants who reported the highest number of protective factors began the study with brains that looked eight years younger than their actual age, and their brain aging continued to progress more slowly throughout the two-year follow-up.




"The message is consistent across our studies, health promoting behaviors are not only associated with lower pain and better physical functioning, they appear to actually bolster health in an additive fashion at a meaningful level," said Kimberly Sibille, Ph.D., an associate professor of physical medicine and rehabilitation at UF and senior author of the report.

Sibille, Tanner and collaborators across UF and other institutions published their results on in the journal Brain Communications.

Why Brain Age Matters for Long-Term Health

Researchers have known for years that aging brains are more susceptible to cognitive decline, dementia and Alzheimer's disease. Earlier studies often examined isolated brain regions, but pain, stress and major life events tend to influence widespread neural networks. The brain age gap -- the difference between someone's actual age and how old their brain appears on imaging -- provides a single measurement that reflects these broader effects.

Although the research centered on people experiencing chronic pain, the authors note that habits such as lowering stress, strengthening social support and maintaining healthy sleep patterns are likely to benefit brain aging in a wide range of individuals.

"Literally for every additional healthy promoting factor there is some evidence of neurobiological benefit," Sibille said. "Our findings support the growing body of evidence that Lifestyle is medicine."
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New study shows some plant-based diets may raise heart disease risk | ScienceDaily
Previous studies have indicated that eating large amounts of ultra-processed foods[1] is linked with a higher likelihood of developing cardiovascular diseases. Other research[2] has found that diets centered on plant-based foods can lower this risk when those foods offer balanced nutrition and are consumed in appropriate proportions.


						
To explore how nutrition relates to cardiovascular health in more detail, scientists from INRAE, Inserm, Universite Sorbonne Paris Nord, and Cnam examined more than whether foods came from plant or animal sources. Their assessment also incorporated the nutritional makeup of foods, including factors such as carbohydrate, fat, and antioxidant vitamin and mineral content, along with the level of industrial processing involved.

How the Study Evaluated Diets and Food Choices

The team evaluated data from 63,835 adults enrolled in the French NutriNet-Sante cohort. Participants were followed for an average of 9.1 years, with some tracked for as long as 15 years. Information on what they ate and drank (collected over at least three days) was gathered through online questionnaires. This detailed approach allowed researchers to classify diets based on the share of plant-based and animal-based foods, while also considering both nutritional quality and processing level.

The findings showed that adults who consumed more plant-based foods of higher nutritional quality (lower in fat, sugar, and salt) and with minimal industrial processing had about a 40 percent lower risk of cardiovascular disease compared with those who ate fewer nutritious plant-based foods and more animal-based products[3].

However, people who ate larger amounts of plant-based foods that were nutritionally higher quality but ultra-processed, including items such as industrial wholemeal breads, store-bought soups, ready-made pasta dishes, or commercially prepared salads with dressing, did not experience a reduced cardiovascular risk relative to individuals who consumed fewer of these products and more animal-based foods.

Ultra-Processed Plant Foods and Increased Heart Disease Risk

A notably higher risk emerged for adults whose diets were dominated by plant-based foods that were both lower in nutritional quality and ultra-processed. These items included crisps, sweetened fruit drinks or sodas made from plant extracts, chocolate-based sweets or confectionery, sugary breakfast cereals, and savory biscuits. Their cardiovascular disease risk was roughly 40 percent higher than that of people who consumed more plant-based foods of good nutritional quality with little or no industrial processing.




Why Processing Level Matters for Plant-Based Eating

Overall, the results show that understanding the relationship between diet and cardiovascular health requires considering the nutritional quality of foods and how heavily they are processed, in addition to the balance of plant-based and animal-based components. These findings support public health recommendations that encourage the consumption of plant-based foods that are both nutritionally high quality and minimally processed (such as fresh, frozen, or high-quality canned fruits and vegetables without added fats, salt, sugar, or additives).

Notes

[1] According to the NOVA classification, these are foods that have undergone significant biological, chemical, or physical processing (such as extrusion, pre-frying, hydrolysis, or ultra-high-temperature heating), and/or whose formulation includes certain food additives not necessary for the product's food safety (such as colourings, emulsifiers, or sweeteners), or industrial substances such as hydrogenated oils, glucose/fructose syrup, hydrolysed proteins and inverted sugar.

[2] Rauber F., da Costa Louzada M.L., Chang C. et al. (2024). Implications of food ultra-processing on cardiovascular risk considering plant origin foods: an analysis of the UK biobank cohort. The Lancet Regional Health-Europe, DOI: https://doi.org/10.1016/j.lanepe.2024.100948 Daas M.C., Vellinga R.E., Pinho M.G.M. et al. (2024). The role of ultra-processed foods in plant-based diets: associations with human health and environmental sustainability. European Journal of Nutrition. DOI: https://doi.org/10.1007/s00394-024-03477-w

[3] That is, with a consumption of about 280 g per day of fruits and vegetables -- half the recommendation of the French National Health and Nutrition Plan (PNNS) -- 54.1 g per day of red meat (about 380 g per week),

The NutriNet-Sante study is a public health initiative coordinated by the Nutritional Epidemiology Research Team (CRESS-EREN, Inserm/INRAE/Cnam/Universite Sorbonne Paris Nord/Universite Paris Cite). Thanks to the commitment and long-term participation of over 180,000 "nutrinauts," the study is helping advance research into the links between nutrition (diet, physical activity, nutritional status) and health. Launched in 2009, it has already led to over 300 international scientific publications. Recruitment of new participants is ongoing, to continue supporting public research into the relationship between nutrition and health.

By spending just a few minutes each month on the secure platform etude-nutrinet-sante.fr to complete questionnaires on diet, physical activity, and health, participants are helping build knowledge toward healthier and more sustainable eating habits.
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Harvard gut discovery could change how we treat obesity and diabetes | ScienceDaily
A research project supported by FAPESP and carried out at Harvard University in the United States has identified a set of metabolites that move from the intestine to the liver and then on to the heart, which distributes them throughout the body. These circulating compounds appear to influence how metabolic pathways function within the liver and how sensitive the body is to insulin. The findings point to potential new strategies for treating obesity and type 2 diabetes. The study was published in Cell Metabolism.


						
"The hepatic portal vein drains much of the blood from the intestine to the liver. Therefore, it's the first place to receive products from the gut microbiome. In the liver, they can be conjugated, transformed, or eliminated, and then enter the systemic circulation," explains Vitor Rosetto Munoz, first author of the study and postdoctoral researcher at the Ribeirao Preto School of Physical Education and Sports at the University of Sao Paulo (EEFERP-USP) in Brazil.

"By analyzing the blood leaving the intestine and the peripheral blood circulating throughout the body, we were able to more accurately observe the enrichment of these metabolites derived from the gut microbiome in each location and, consequently, how they can modify hepatic metabolism and metabolic health," adds Munoz. He completed this work during an internship at the Joslin Diabetes Center at Harvard Medical School in the United States with support from a FAPESP scholarship under the guidance of researcher Carl Ronald Kahn.

Gut Microbiome Diversity and Metabolic Disease Risk

Over the past several years, scientists have increasingly recognized that the gut microbiome acts as a key link between genetics, environmental factors, and the development of metabolic disorders. Studies have shown that people and animals with obesity, type 2 diabetes, glucose intolerance, or insulin resistance often have distinct gut microbial compositions compared to those without these conditions.

Even so, researchers still struggle to determine which specific bacteria or microbial products drive these differences or how they interact with intestinal tissues. To explore this question, the recently published study examined metabolites in the blood of mice that varied in their susceptibility to obesity and diabetes. Samples were taken from the hepatic portal vein, which carries blood from the intestine to the liver, and from peripheral blood, which travels from the liver to the heart before circulating through the body.

"Normally, studies tend to look at metabolites present in fecal material or peripheral blood, but they don't accurately reflect what's first reaching the tissue of the liver, which is an important metabolic organ linked to different diseases," says the researcher.




Environmental and Genetic Effects on Metabolite Profiles

In healthy mice, the team detected 111 metabolites enriched in the hepatic portal vein and 74 in peripheral blood. When mice genetically predisposed to obesity and type 2 diabetes were fed a hyperlipidemic diet (rich in fat), the number of metabolites enriched in the hepatic portal vein dropped from 111 to 48. This finding indicates that environmental factors, such as diet, can strongly influence the distribution of these compounds.

The metabolite profiles in these susceptible mice also differed from those observed in a strain of mice naturally resistant to metabolic syndrome. This contrast suggests that genetic background plays a central role in shaping which metabolites appear in the hepatic portal vein.

"This shows that both the environment and the host's genetics can interact in complex ways with the gut microbiome. As a result of these interactions, different combinations of metabolites may be sent to the liver and subsequently to the peripheral circulation. These metabolites likely play an important role in mediating the conditions that lead to obesity, diabetes, and metabolic syndrome," says Munoz.

Testing Microbiome Disruption and Metabolite Effects

To identify which bacteria and microbial byproducts contribute to these metabolite patterns, the researchers treated obesity and diabetes susceptible mice with an antibiotic designed to target specific intestinal microorganisms. As expected, the treatment altered the microbiome and changed the balance of metabolites in both peripheral blood and the hepatic portal vein.




One outcome was an increase in metabolites such as mesaconate, which participates in the Krebs cycle, a fundamental energy-producing pathway in cells.

Using this insight, the scientists exposed hepatocytes (liver cells) to mesaconate and its isomers, which are chemical compounds with the same molecular formula but different structures. The treatments improved insulin signaling and regulated genes involved in hepatic fat accumulation (lipogenesis) and fatty acid oxidation, both of which are crucial processes for maintaining metabolic health.

"The metabolites found in the blood of these two sites, therefore, play important roles in mediating the effects of the microbiome on liver metabolism and the pathogenesis of type 2 diabetes insulin resistance, which is related to eating a high-fat diet," says Munoz.

Next Steps in Mapping Gut Driven Metabolic Pathways

The scientists now aim to characterize each metabolite in greater detail and determine how they are produced. This deeper understanding of microbial influences on metabolism may eventually lead to the identification of molecules that could serve as new therapeutic options for metabolic diseases.
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Anxiety and insomnia linked to sharp drops in key immune cells | ScienceDaily
Natural killer (NK) cells act as key defenders within the immune system. They help control infections by targeting invading microbes, foreign materials, and damaged or infected cells early on, which limits their ability to spread. NK cells travel through the bloodstream (circulatory) or remain in specific tissues and organs. When NK cell numbers drop too low, the immune system may no longer function properly, increasing the risk of illness.


						
Anxiety disorder and insomnia are both known to interfere with healthy immune activity. With these conditions becoming more common, researchers in Saudi Arabia investigated how they relate to NK cell levels in young female students. Their findings were published in Frontiers in Immunology.

"We found that in students with insomnia symptoms, count and percentage of total NK cells and their sub-populations were declined," said first author Dr. Renad Alhamawi, an assistant professor of immunology and immunotherapy at Taibah University. "Students with general anxiety symptoms, on the other hand, had a lower percentage and number of circulatory NK cells and their sub-populations, compared to symptom-free students."

Study Design and Student Health Profiles

60 female students aged 17 to 23 took part in the research. Each participant completed three questionnaires on sociodemographic information and on symptoms related to anxiety and insomnia. Reports of anxiety and sleep disturbance were self-described. According to the surveys, about 53 percent of the students experienced sleep difficulties consistent with insomnia, and 75 percent reported anxiety symptoms, with approximately 17 percent and 13 percent falling into moderate and severe categories.

Blood samples were also collected to measure different NK cell types. NK cells include two main subgroups: CD16+CD56dim cells, which form most of the NK cells in the nervous system that links the central nervous system to the rest of the body (peripheral NK cells). This subtype is cytotoxic, meaning it can destroy cells that enter or harm the body. The second subgroup, CD16+CD56high cells, is less common and contributes to the release of proteins that act as chemical messengers and support immunoregulation. Both groups are considered circulatory NK cells.

How Anxiety and Insomnia Affected NK Cell Levels

Results showed that students who reported anxiety symptoms had both a lower percentage and lower number of circulatory NK cells and their subtypes compared to those without symptoms. The severity of anxiety mattered as well. Students with moderate or severe symptoms showed a notably reduced percentage of circulatory NK cells, while those with minimal or mild symptoms showed only a small and statistically insignificant decrease. Among students with insomnia symptoms, higher anxiety scores were associated with a lower proportion of total peripheral NK cells.




Consequences of Declining Immune Defenses

A drop in NK cells can weaken immune performance, raising the likelihood of various health issues, including infectious diseases, cancers, and mental health conditions such as depression. "Understanding how these psychological stressors influence the distribution and activity of immune cells, especially peripheral NK cells, may provide valuable insights into the mechanisms underlying inflammation and tumorigenesis," Alhamawi explained.

The researchers noted some limitations. Only young female participants were included, a group in which anxiety and sleep problems have been increasing at a disproportionate rate. This narrow focus limits how widely the results can be applied. The team emphasized that studies involving a wider range of ages, sexes, and geographic regions are needed for a more complete understanding of how anxiety and insomnia influence NK cell levels and function.

Lifestyle Measures and the Impact of Stress on Immunity

Previous research suggests that healthy habits, including consistent physical activity, lowered stress levels, and a balanced diet, may help improve NK cell levels and performance. Even so, anxiety and insomnia can interfere with normal biological processes throughout the body, including immune responses, and may contribute to chronic and inflammatory diseases. "Such impacts ultimately compromise overall health and quality of life," concluded Alhamawi.
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Indoor tanning triples melanoma risk and seeds broad DNA mutations | ScienceDaily
Indoor tanning drastically increases melanoma risk, and scientists have now mapped the sweeping DNA damage tanning beds inflict across nearly the entire skin surface -- damage far beyond what sunlight causes.


						    	Researchers examined thousands of medical records to compare melanoma rates in people who used tanning beds and those who did not, then performed genomic analysis on 182 skin biopsies from both groups to track mutation patterns.
    	People who used tanning beds showed nearly twice as many DNA mutations as individuals in the control group.
    	These mutations were found not only on commonly exposed skin, but also in body areas that rarely see sunlight, revealing how far tanning bed damage can spread.

Indoor tanning, melanoma risk and DNA damage

Using tanning beds is linked to nearly a threefold increase in the risk of melanoma, and for the first time, researchers have shown how these devices create melanoma-related DNA damage across almost the entire surface of the skin, according to a new study led by Northwestern Medicine and the University of California, San Francisco.

Melanoma is the most lethal form of skin cancer and is responsible for about 11,000 deaths in the U.S. each year. For years, health experts have warned about the dangers of indoor tanning, yet the exact biological pathway connecting tanning beds to cancer had not been fully mapped. The indoor tanning industry, which has been experiencing a resurgence in popularity, has pointed to that gap in knowledge to claim that tanning beds are no more dangerous than natural sunlight.

The new research, the authors say, "irrefutably" counters those arguments by demonstrating that tanning beds, at the molecular level, change skin cells in ways that go far beyond the impact of everyday sun exposure.

"Even in normal skin from indoor tanning patients, areas where there are no moles, we found DNA changes that are precursor mutations that predispose to melanoma," said study first author Dr. Pedram Gerami, professor of skin cancer research at Northwestern University Feinberg School of Medicine. "That has never been shown before."

Melanoma survivors who previously used tanning beds and donated their skin biopsies for this work are available for interviews upon request.




The findings were published Dec. 12 in the journal Science Advances.

Clinical mystery in younger melanoma patients

Gerami, who also directs the melanoma program in dermatology at Northwestern, has treated people with melanoma for two decades. During that time, he began to notice a striking pattern: an unusually high number of women under age 50 who had experienced multiple melanomas and reported using tanning beds. He suspected that frequent indoor tanning was the shared factor tying these cases together.

To investigate, Gerami and his team designed the epidemiologic portion of the study. They analyzed medical records for about 3,000 people with a history of tanning bed use and compared them with roughly 3,000 age-matched individuals who had never used indoor tanning devices.

In this comparison, melanoma was diagnosed in 5.1% of people who used tanning beds, versus 2.1% of those who did not. Even after the researchers accounted for age, sex, history of sunburn, and family history of melanoma, indoor tanning was still associated with a 2.85-fold increase in melanoma risk.

The study also found that people who used tanning beds were more likely to develop melanoma on body areas that are usually shielded from the sun, such as the lower back and buttocks. These observations supported the idea that tanning beds may inflict more widespread DNA damage than ordinary sun exposure.




DNA sequencing reveals widespread mutations

To explore that possibility further, the scientists turned to advanced genomic tools. They used newer technologies to perform single-cell DNA sequencing on melanocytes (the pigment-producing skin cells where melanoma begins) from three different groups of skin donors.

The first group consisted of 11 patients from Gerami's clinic who had long histories of indoor tanning. The second group included nine individuals who had never used tanning beds but were otherwise similar in age, sex and overall cancer risk. A third group of six cadaver donors provided additional skin samples to strengthen the control group.

In total, the team sequenced 182 individual melanocytes. They discovered that melanocytes from tanning bed users carried nearly twice as many genetic mutations as those from the control groups and were more likely to harbor mutations associated with melanoma. In people who tanned indoors, these mutations also showed up in areas of the body that typically stay covered and are not regularly exposed to the sun, reinforcing the conclusion that tanning beds cause a broad field of DNA damage.

"In outdoor sun exposure, maybe 20% of your skin gets the most damage," Gerami said. "In tanning bed users, we saw those same dangerous mutations across almost the entire skin surface."

Cancer survivor shares the toll of tanning beds

The study depended on the willingness of Gerami's patients to donate skin biopsies. One participant, 49-year-old Heidi Tarr from the Chicago area, used tanning beds frequently as a teenager in high school -- two to three sessions a week -- because friends and celebrities at the time were also doing it and "it felt like that's what made you beautiful."

Years later, in her thirties and now a mother, she spotted a mole on her back and immediately feared it might be something serious. The spot turned out to be melanoma, leading to surgery, years of regular follow-up appointments and more than 15 additional biopsies as new moles appeared. "The biopsies can be painful, but the mental anxiety is worse," she said. "You're always waiting for the call that it's melanoma again."

After Gerami described the new research project, Tarr readily agreed to provide additional biopsies. "I value science, and I wanted to help," she said. "If what happened to my skin can help others understand the real risks of tanning beds, then it matters."

'Wronged by the industry'

Seeing the genetic data and the clinical trends together convinced Gerami that stronger safeguards are needed. "At the very least, indoor tanning should be illegal for minors," he said.

"Most of my patients started tanning when they were young, vulnerable and didn't have the same level of knowledge and education they have as adults," he said. "They feel wronged by the industry and regret the mistakes of their youth."

Gerami also believes tanning beds should carry warnings comparable to those on cigarette packages. "When you buy a pack of cigarettes, it says this may result in lung cancer," he said. "We should have a similar campaign with tanning bed usage. The World Health Organization has deemed tanning beds to be the same level of carcinogen as smoking and asbestos. It's a class one carcinogen."

He recommends that anyone who frequently used tanning beds earlier in life schedule a total-body skin examination with a dermatologist and talk with their doctor about whether they should have ongoing, routine skin checks.

Gerami is a member of the Robert H. Lurie Comprehensive Cancer Center of Northwestern University.

The study, titled "Molecular effects of indoor tanning," was funded by the National Institutes of Health (grants R01 CA265786 and AR080626), the Department of Defense Melanoma Research Program (grant ME210014), the Melanoma Research Alliance Team Science Award, the Melanoma Research Alliance Dermatology Fellows Award, the LEO Foundation Region Americas Award, Cancer Center Support (grant P30CA082103), the IDP Foundation Award and the Greg and Anna Brown Family Foundation Award.
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Stem cell pain sponge soaks up osteoarthritis joint pain and protects cartilage | ScienceDaily
SereNeuro Therapeutics, a preclinical biotechnology company focused on non-opioid pain treatments, reported new findings on December 12 that describe a different way to manage chronic pain while helping protect joint tissue. The update centers on SN101, a first-in-class therapy created from induced pluripotent stem cells (iPSCs).


						
SN101 is made from mature iPSC-derived peripheral pain-sensing neurons (nociceptors) and is being developed to address chronic osteoarthritis pain. The findings showcase an approach that departs from traditional pain management methods.

How SN101 Uses Engineered Neurons to Reduce Pain

"Our approach utilizes high-purity, iPSC-derived nociceptors (SN101) that effectively function as a sponge for pain factors. By injecting SN101 cells, we counterintuitively relieve pain and halt cartilage degradation," said Gabsang Lee, scientific co-founder of SereNeuro and a professor of neurology and neuroscience at Johns Hopkins University.

According to the new data, SN101 neurons act by absorbing inflammatory pain molecules rather than passing pain signals to the brain. The cells also release regenerative factors that have been confirmed through mechanistic studies, supporting their potential as a disease-modifying osteoarthritis drug (DMOAD).

Comparing SN101 to Single-Target Therapies

The presentation further explains how SN101 differs from emerging drug classes such as Nav 1.8 inhibitors. While those therapies focus on blocking a single pain-related pathway, SN101 cells naturally express all major pain receptors and ion channels. This broad biological profile allows the treatment to influence multiple pathways at once to help reduce both pain and inflammation.




The findings also compare SN101 with commonly used options like corticosteroids.

Limitations of Current Treatments and the Potential of SN101

"Current standard-of-care treatments, particularly corticosteroids, provide temporary relief but are known to accelerate cartilage degradation over time, ultimately worsening the disease," said Dr. Daniel Saris, a member of SereNeuro's Clinical Advisory Board and a professor of orthopedics and regenerative medicine at Mayo Clinic.

In contrast, the evidence presented indicates that SN101 supports the preservation of joint tissue while easing chronic pain, and it does so without the risk of addiction.
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Researchers identify viral suspects that could be fueling long COVID | ScienceDaily
For many people living with long COVID, ongoing issues such as breathlessness, fatigue and brain fog remain difficult to explain. A team of prominent microbiologists now believes they may have uncovered an important clue.


						
Their view is that, for some individuals, long COVID symptoms could stem from additional infections that occur alongside SARS-CoV-2.

A review published in eLife by 17 experts, including researchers at Rutgers Health, suggests that co-infections acquired before or during a bout of COVID may help drive long-lasting symptoms.

"This is an aspect of long COVID that is not talked about a lot," said Maria Laura Gennaro, a microbiologist at the Rutgers New Jersey Medical School who chaired the Microbiology Task Force for the National Institutes of Health's Researching COVID to Enhance Recovery initiative, a large-scale study of long COVID.

Growing Evidence That Other Pathogens May Play a Role

Long COVID has affected up to 400 million people worldwide and can cause problems ranging from mild disruption to severe disability. It can involve the brain, heart, lungs and digestive system. Despite its widespread impact, no proven treatments exist because the underlying cause remains unclear.

The new review brings together existing scientific findings and expert opinion to highlight an idea that has received relatively little attention: infections other than the coronavirus itself may be important contributors.




EBV Reactivation as a Leading Suspect

One of the strongest lines of evidence centers on Epstein-Barr virus (EBV), the virus that causes mononucleosis. Roughly 95 percent of adults carry EBV in a latent form that usually remains silent until an immune challenge such as COVID triggers its reactivation.

In one early study, researchers reported that two-thirds of people with long COVID showed markers of recent EBV activity, and those with more symptoms had higher antibody levels. Subsequent studies also linked EBV reactivation with well known features of long COVID, including fatigue and cognitive difficulties.

TB and Immune Disruption

Another pathogen receiving attention is tuberculosis (TB). About one-quarter of the global population carries latent TB. Evidence indicates that COVID may reduce the immune cells that normally contain TB, raising the risk that it could reactivate. The connection may also work in the opposite direction, since TB appears capable of worsening COVID outcomes.

The researchers emphasize that timing is important. Infections that occur before COVID may weaken the immune system. Infections during the initial illness may intensify tissue damage. Infections that arise after recovery could take advantage of lingering immune dysfunction caused by COVID.




Rising Rates of Other Diseases and the Idea of Immunity Theft

According to the authors, 44 countries have seen tenfold increases in at least 13 infectious diseases compared with levels observed before the pandemic. One idea they discuss, known as "immunity theft," proposes that an episode of acute COVID may leave people more susceptible to other infections.

If co-infections truly contribute to long COVID, treatments already available could potentially help. Existing antibiotics and antivirals might be repurposed to target specific underlying infections, and clinical trials could examine whether treating these infections improves long COVID symptoms.

A Hypothesis That Still Requires Proof

The researchers caution that their argument remains preliminary. Although the connections they outline are biologically reasonable, they are still unproven. No causal relationship has been confirmed between any co-infection and long COVID.

"Everyone has heard it a million times, but it bears repeating: Correlation doesn't equal causation," Gennaro said.

She added that verifying the hypothesis would require large epidemiological studies and animal research, yet this work is made more difficult by the lack of reliable animal models for long COVID.

Expanding the Search for Answers

The authors hope their findings will encourage more investigation into how co-infections might shape long COVID. While the review does not provide immediate solutions for those currently dealing with long-term symptoms, the researchers suggest that effective treatment may involve looking beyond the coronavirus alone.
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The brain switch that could rewrite how we treat mental illness | ScienceDaily

Dr. Nestler traces his interest in science back to an unusual home laboratory in the basement of his family's house in Nassau County, Long Island. Guided by his father, a high school biology teacher in the New York City public school system, he learned how to design and carry out experiments. These projects later became award-winning science fair entries and set the stage for an academic path through Yale University, where he earned BA, PhD, and MD degrees while training under Dr. Greengard.

Building a New Field in Molecular Psychiatry

His decision to name his research group at Yale Medical School "The Laboratory of Molecular Psychiatry" turned out to be remarkably forward-thinking. At a time when applying molecular biology to psychiatric questions was still considered bold, Dr. Nestler and colleague Dr. Ron Duman recognized that the field was ready for a new scientific direction. The name reflected genuine ambition. Within a few years, he was appointed Founding Director of the Division of Molecular Psychiatry at Yale, a role made possible when the sitting Director, Dr. George Heninger, voluntarily stepped aside. Dr. Nestler often recalls this moment as an example of generosity that he has tried to extend to younger scientists throughout his career.

Breakthrough Insights Into Brain Adaptation

One of the most influential discoveries associated with his work involves the transcription factor DFosB. This protein accumulates in the brain's reward circuits during prolonged drug exposure and sustained stress, altering patterns of gene expression in affected neurons. While most proteins break down quickly, DFosB remains active for weeks or months. This unusually long lifespan provides a biological explanation for how relatively brief experiences can produce long-lasting changes in mood, motivation, and behavior. Researchers around the world now view DFosB as a key contributor to vulnerability to addiction.

The interview highlights the type of forward-looking scientific dialogue that characterizes Genomic Press's open-access publications, which make cutting-edge findings accessible to researchers globally. The organization's commitment to broad, barrier-free dissemination has helped accelerate progress across multiple branches of medical science.




From Signaling Pathways to Single-Cell Biology

Over roughly forty years, the direction of this research has shifted in notable ways. Early work focused on intracellular signaling cascades, then expanded into the study of transcription factors and gene networks that shape behavior in specific parts of the brain. Approximately twenty years ago, Dr. Nestler's team began exploring epigenetic regulation, the chromatin modifications that allow environmental conditions to produce lasting changes in brain function. Improvements in scientific tools have since enabled increasingly detailed studies: first at the level of whole brain regions, then individual cell types, and now single-cell analyses that reveal subtle differences unseen in earlier studies. These advances raise an important question: could these insights eventually lead to personalized treatments tailored to select neuron populations within a single patient?

Resilience as a New Direction in Mental Health Science

A defining aspect of this research program is the emphasis on resilience rather than solely on pathology. His laboratory identified specific molecular, cellular, and circuit-level signatures in animals that maintain normal behavior despite exposure to stress or drugs. These animals show natural protective features that are absent in more susceptible individuals. The idea that some brains possess built-in defenses has far-reaching implications, suggesting new ways to develop treatments that strengthen resilience instead of only repairing damage.

"In addition to seeking ways to reverse the deleterious effects of drug or stress exposure, it is possible to develop treatments that promote mechanisms of natural resilience in individuals who are inherently more susceptible," Dr. Nestler explains in the interview. Several of these resilience-based approaches are now in clinical testing for depression, offering one of the clearest examples of basic research informing new therapeutic possibilities. The potential success of these treatments prompts important questions about how psychiatric care may evolve in the coming decade.

Cross-Species Evidence and the Need to Protect Scientific Integrity

Key discoveries from animal research have been supported by findings in postmortem human brain tissue from individuals with addiction and stress disorders, providing strong evidence that the principles uncovered in the laboratory translate to humans. Dr. Nestler's publication record includes more than 800 papers and major textbooks on the neurobiology of mental illness and molecular neuropharmacology. His work has been cited more than 177,000 times, and his h-index of 210 places him among the most influential scientists worldwide.




When asked about his greatest concern for the future of science, he offers a clear warning: "My greatest fear is that science becomes politicized, whereas science must never be political. People in blue and red states get the same illnesses." His message emphasizes the need to safeguard scientific independence at a time when political pressures threaten evidence-based research in many regions. The mission of Genomic Press to advance open-access medical science aligns strongly with this vision of science serving people everywhere.

A Life Shaped by Family, Mentorship, and Service

Outside of his research, Dr. Nestler values time spent with his wife Susan of 45 years, their three children David, Matt, and Jane, their spouses, and their five grandchildren, who range in age from eighteen months to four years. He describes his defining traits as hard work and generosity and considers organization and discipline to be his strongest skills. He also shares a desire to cultivate more patience and to become more willing to challenge unkind behavior.

When asked what brings him the most pride, he points not to the major honors he has received, including the Julius Axelrod Prize for Mentorship, the Gold Medal Award from the Society of Biological Psychiatry, election to the National Academy of Sciences and the National Academy of Medicine, and honorary doctorates from Uppsala University and Concordia University. Instead, he cites the achievements of his former students and postdoctoral fellows. Additional information about Dr. Nestler and other leaders in science can be found on the Genomic Press website: https://genomicpress.kglmeridian.com/.

His guiding philosophy comes from Theodore Roosevelt, who wrote that credit belongs to "the man who is actually in the arena, whose face is marred by dust and sweat and blood." For nearly four decades, Dr. Nestler has remained in that arena, contributing discoveries that continue to shape how the world understands the brain and its response to adversity.
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Ozempic may offer a surprising bonus benefit for brain health | ScienceDaily
    	GLP-1 medications, commonly used for type 2 diabetes, were linked to a possible reduction in epilepsy risk, offering an encouraging early signal for researchers.
    	Participants who used GLP-1 drugs were 16 percent less likely to develop epilepsy compared with those who took DPP-4 inhibitors.
    	Among the GLP-1 options studied, semaglutide stood out with the strongest association to a lower epilepsy risk.
    	The findings come from preliminary research and do not confirm cause and effect, so randomized, controlled clinical trials are still needed.
    	Tirzepatide was not part of the analysis because it was introduced after the study period began.

Early research suggests a possible connection between GLP-1 drugs and epilepsy risk

A preliminary study involving people with diabetes has found a possible link between the use of glucose-lowering GLP-1 drugs and a reduced chance of developing epilepsy. The findings were released on December 10, 2025, in Neurology, the medical journal of the American Academy of Neurology. GLP-1 drugs, known scientifically as glucagon-like peptide-1 receptor agonists, are commonly used to manage diabetes and support weight loss.

The study does not prove that GLP-1 drugs lower the risk of developing epilepsy; it only shows an association.

"Additional randomized, controlled trials that follow people over time are needed to confirm these findings, but these results are promising, since people with diabetes are at increased risk for developing epilepsy later in life," said study author Edy Kornelius, MD, PhD, of Chung Shan Medical University in Taichung, Taiwan. "Epilepsy can have many physical, psychological and social consequences, and many people do not respond to the current medications, so finding ways to reduce this risk is critical."

How researchers compared GLP-1 drugs with other diabetes medications

To explore this potential relationship, researchers reviewed data from a U.S. health database that included adults with type 2 diabetes. These individuals had begun treatment with either a GLP-1 drug or a different type of diabetes medication called a dipeptidyl peptidase-4 inhibitor (known as DPP-4 inhibitors or gliptins). None of the participants had a prior diagnosis of epilepsy or seizure. The GLP-1 medications included dulaglutide, liraglutide and semaglutide.




The study followed 452,766 people with an average age of 61. Half of them were prescribed GLP-1 drugs, and the other half received DPP-4 inhibitors. Each person was monitored for at least five years. During that time, 1,670 people using GLP-1 medications developed epilepsy, or 2.35%, compared with 1,886 people taking DPP-4 inhibitors, or 2.41%.  Adjusted results show a modest reduction in epilepsy risk

After the researchers accounted for other health conditions that might influence epilepsy risk, including age, high blood pressure and cardiovascular disease, they found that people taking GLP-1 drugs were 16% less likely to develop epilepsy than people using DPP-4 inhibitors.

When the team evaluated the individual GLP-1 medications, semaglutide showed the strongest association with a lower epilepsy risk.

"More research is needed, but these findings support the theory that GLP-1 drugs may have neurological benefits beyond controlling blood sugar," Kornelius said. "It should be noted that these findings do not imply that DPP-4 inhibitors are harmful in any way or that GLP-1 drugs are definitely beneficial for brain health."

Additional considerations and study limitations

Kornelius also noted that tirzepatide, a dual GLP-1 and GIP (glucose-dependent insulinotropic polypeptide) receptor agonist, was not part of the analysis because it became available after the study period began. As a result, the findings may not apply to tirzepatide.

In addition to the limitations of the retrospective, observational design, researchers lacked information on several other factors that might influence epilepsy risk, such as family medical history, genetic susceptibility or alcohol use. It is also possible that cost, insurance requirements or the severity of a person's diabetes played a role in which medication they were prescribed, which could create differences between the groups that were not fully captured.

The study was supported by Chung Shan Medical University Hospital.
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Kids' anxiety and depression dropped fast after COVID school reopenings | ScienceDaily
    	Children who returned to in-person school during the COVID-19 pandemic were much less likely to receive mental health diagnoses than children whose schools stayed closed. Reductions were seen in anxiety, depression, and ADHD, and girls experienced the greatest improvements.
    	Mental health care spending fell notably after schools reopened, reaching an 11 percent decrease by the ninth month.
    	This research represents one of the largest and most comprehensive analyses to date on how pandemic school closures affected children's mental health.

School Reopening During COVID Linked to Better Mental Health for Children

A new study from Harvard T.H. Chan School of Public Health and collaborating institutions reports that children experienced far fewer mental health diagnoses when their schools reopened during the COVID-19 pandemic. The reductions were seen across conditions such as anxiety, depression, and attention-deficit/hyperactivity disorder (ADHD). Health care spending connected to these diagnoses also declined, and girls showed the strongest improvements.

The study was published on Dec. 8, 2025, in Epidemiology.

"Our results provide solid evidence to parents, educators, and policymakers that in-person school plays a crucial role in kids' well-being," said senior author Rita Hamad, professor of social epidemiology and public policy. "The findings offer lessons for future public health emergencies and provide insight into why mental health worsened for children during the pandemic."

Background on Youth Mental Health During the Pandemic

Earlier research consistently showed that children and teens struggled emotionally during COVID-19. Some studies suggested that returning to classrooms offered important support, but many of those investigations relied on small samples or self-reported experiences rather than comprehensive data.




To produce a more detailed picture, the research team examined health diagnoses and spending information for 185,735 children between the ages of five and 18 years from March 2020 through June 2021. The dataset indicated whether a child received mental health treatment or filled a prescription related to anxiety, depression, or ADHD. Participants lived in 24 counties and 224 school districts across California, a state where school closures lasted longer than in most of the country and reopening timelines varied widely. These differences created a natural opportunity to compare outcomes. Data came from the Healthcare Integrated Research Database, which includes individual-level commercial insurance claims, along with school-level administrative data from the California Department of Education.

Large Reductions in Diagnoses and Spending After Reopening

The study documented an overall rise in mental health diagnoses during the pandemic, increasing from 2.8% to 3.5%. However, children who returned to in-person school were substantially less likely to receive new diagnoses than peers whose schools stayed closed. By the ninth month after reopening, the chance of being diagnosed with a mental health condition had dropped by 43% compared with the period before reopening. This trend included fewer cases of anxiety, depression, and ADHD.

Health care spending reflected a similar pattern. Nine months after schools reopened, non-drug medical spending related to mental health was 11% lower, spending on psychiatric medications was 8% lower, and spending on ADHD-specific medications was 5% lower. Girls saw greater improvements than boys over the same period.

How School Closures May Have Affected Children

The research team outlined several possible reasons for the mental health challenges children experienced while schools were closed. These included limited social interaction, disrupted sleep routines, more screen time, poorer dietary patterns, academic struggles, family stress linked to economic hardship or increased time at home, and reduced access to school-based mental health services.




"As we consider future public health emergencies, this study suggests we need to prioritize safe school reopenings and ensure children have access to the social and emotional resources that schools provide," Hamad said. "Policies should focus not only on infection control, but also on the mental wellbeing of children, recognizing that schools are a critical part of their support system."

Study Limitations and Future Directions

The authors noted that the study focused on children living in relatively higher-income areas in California who were enrolled in commercial insurance plans, meaning they generally had better access to health care. More research is needed to explore how school reopening influenced children in marginalized communities, where the impact may have been even more significant.

The study received funding from the National Institutes of Health (grant U01MH129968).
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A grad student's wild idea triggers a major aging breakthrough | ScienceDaily
One potential strategy for treating a wide range of illnesses involves targeting senescent cells. These cells -- also known as "zombie cells" -- stop multiplying but fail to clear themselves from the body as healthy cells normally do. They appear in many conditions, including cancer, Alzheimer's disease, and throughout the aging process. Although scientists are working on ways to eliminate or repair these cells, a major challenge has been detecting them within living tissue without disturbing nearby healthy cells.


						
Researchers at Mayo Clinic, writing in the journal Aging Cell, describe a new method for labeling senescent cells. Their approach uses "aptamers" -- short pieces of synthetic DNA that fold into three-dimensional structures. These structures can attach to proteins found on the outer surfaces of cells. In experiments with mouse cells, the team identified several rare aptamers, selected from more than 100 trillion random DNA sequences, that were able to recognize specific surface proteins and mark senescent cells.

"This approach established the principle that aptamers are a technology that can be used to distinguish senescent cells from healthy ones," says biochemist and molecular biologist Jim Maher, III, Ph.D., a principal investigator of the study. "Though this study is a first step, the results suggest the approach could eventually apply to human cells."

How a Chance Conversation Sparked a Collaboration

The idea that led to this project began when a Mayo Clinic graduate student shared an offbeat thought during a casual discussion with a classmate.

Keenan Pearson, Ph.D. -- who recently received his degree from Mayo Clinic Graduate School of Biomedical Sciences -- had been working with Dr. Maher on how aptamers might be used for neurodegenerative diseases or brain cancer.

Meanwhile, several floors above, fellow graduate student Sarah Jachim, Ph.D., was studying senescent cells and aging in the lab of researcher Nathan LeBrasseur, Ph.D.




Their paths crossed at a scientific gathering, where they exchanged ideas about their thesis projects. Dr. Pearson wondered if aptamers could be adapted to detect senescent cells. "I thought the idea was a good one, but I didn't know about the process of preparing senescent cells to test them, and that was Sarah's expertise," says Dr. Pearson, who became lead author of the publication.

Mentors Back a Bold Student Idea

The students brought their concept to their advisors and to researcher Darren Baker, Ph.D., whose work centers on senescent cell therapies. Dr. Maher recalls that the idea initially struck him as "crazy" but worth exploring. All three mentors supported the proposal. "We frankly loved that it was the students' idea and a real synergy of two research areas," says Dr. Maher.

As early experiments produced promising results, the pair enlisted more students from their labs. Then-graduate students Brandon Wilbanks, Ph.D., Luis Prieto, Ph.D., and M.D.-Ph.D. student Caroline Doherty added new techniques, including advanced microscopy and additional tissue types. "It became encouraging to expend more effort," Dr. Jachim says, "because we could tell it was a project that was going to succeed."

Revealing New Clues About Senescent Cells

Beyond providing a tagging method, the research offered insight into the biology of senescent cells. "To date, there aren't universal markers that characterize senescent cells," says Dr. Maher. "Our study was set up to be open-ended about the target surface molecules on senescent cells. The beauty of this approach is that we let the aptamers choose the molecules to bind to."

The team found that several aptamers attached to a variant of a protein called fibronectin on the surface of mouse cells. Scientists do not yet know how this fibronectin variant relates to senescence. However, its discovery suggests that aptamers may help identify features unique to senescent cells.




Potential Applications for Human Health

More work will be needed to find aptamers that can reliably detect senescent cells in human tissue. If aptamers can be adapted for this purpose, they could eventually be used to deliver treatments directly to these cells. Dr. Pearson notes that aptamers are less costly and more flexible than traditional antibodies, which are commonly used to distinguish one cell type from another.

"This project demonstrated a novel concept," says Dr. Maher. "Future studies may extend the approach to applications related to senescent cells in human disease."
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Natural compound supercharges treatment for aggressive leukemia | ScienceDaily
Forskolin, a plant-derived compound, may offer a meaningful improvement in therapies for a highly aggressive leukemia known as KMT2A-rearranged Acute Myeloid Leukemia (KMT2A-r AML). Researchers at the University of Surrey report that this natural molecule could play a valuable role in enhancing patient outcomes.


						
According to findings published in the British Journal of Pharmacology, forskolin not only slows the growth of leukemia cells but also increases how well chemotherapy drugs work. The Surrey team discovered that forskolin activates Protein Phosphatase 2A (PP2A) and reduces the activity of several cancer-linked genes (MYC, HOXA9 and HOXA10).

Natural Compound Greatly Improves Chemo Sensitivity

The study also identified a notable and unexpected effect. Forskolin made KMT2A-r AML cells far more responsive to daunorubicin, which is a standard chemotherapy option. This improvement did not rely on PP2A activation. Instead, forskolin appeared to interfere with P-glycoprotein 1, a protein that cancer cells use to remove chemotherapy drugs. By limiting the function of P-glycoprotein 1, more daunorubicin remained inside the leukemia cells, increasing the strength of the treatment.

Dr. Maria Teresa Esposito, Senior Lecturer in Biochemistry at the University of Surrey, said:

"Our findings have highlighted an exciting dual mechanism of action for forskolin. Not only does it have direct anti-leukemic effects, but it also acts as a powerful enhancer to conventional chemotherapy. Combining forskolin with daunorubicin could lead to a more effective treatment strategy, potentially allowing for lower doses of chemotherapy and reducing the severe side effects often associated with AML treatments."

Dr. Simon Ridley, Director of Research and Advocacy at Leukemia UK, says:

"We are committed to funding innovative research and are proud to have supported Dr. Esposito's work. AML is one of the most aggressive and deadly cancer types, and this study not only deepens our understanding of KMT2A-rearranged AML but also opens the door to kinder, more effective treatments. Work like this is essential if we are to achieve our goal of doubling the five-year survival rate for AML within the next decade."

Large Research Collaboration Supports Findings

The work was funded by Leukaemia UK and carried out through a broad collaboration involving scientists at the University of Surrey, University of Roehampton, Barts Cancer Institute-Queen Mary University of London, Great Ormond Street Institute of Child Health London- UCL and the Genomic Regulation, CRG Barcelona (Spain).
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AI finds a hidden stress signal inside routine CT scans | ScienceDaily
Researchers have used a deep learning artificial intelligence model to identify what they describe as the first biomarker of chronic stress that can be directly seen on standard medical images. The findings are being presented next week at the annual meeting of the Radiological Society of North America (RSNA).
Chronic stress does not just affect mood. It can influence both physical and mental health, contributing to problems such as anxiety, trouble sleeping, muscle pain, high blood pressure and a less effective immune system, according to the American Psychological Association. Studies have also linked ongoing stress to major conditions including heart disease, depression and obesity.
AI measures adrenal glands on routine CT scans
The study's lead author, Elena Ghotbi, M.D., a postdoctoral research fellow at Johns Hopkins University School of Medicine in Baltimore, Maryland, created and trained a deep learning tool designed to calculate the size of the adrenal glands using CT scans that had already been performed.
Each year, tens of millions of chest CT scans are performed in the United States alone.
"Our approach leverages widely available imaging data and opens the door to large-scale evaluations of the biological impact of chronic stress across a range of conditions using existing chest CT scans," Dr. Ghotbi said. "This AI-driven biomarker has the potential to enhance cardiovascular risk stratification and guide preventive care without additional testing or radiation."
Making the burden of stress visible in the body
Senior author Shadpour Demehri, M.D., professor of radiology at Johns Hopkins, noted that chronic stress is extremely common and is something many adults experience every day.
"For the first time, we can 'see' the long-term burden of stress inside the body, using a scan that patients already get every day in hospitals across the country. Until now, we haven't had a way to measure and quantify the cumulative effects of chronic stress, other than questionnaires, surrogate serum markers like chronic inflammation, and cortisol measurement, which is very cumbersome to obtain." Dr. Demehri said.
Unlike a single cortisol test, which reflects stress at just one point in time, the size of the adrenal glands functions more like a long-term gauge of chronic stress.
Large multi-ethnic cohort links imaging, hormones and stress load
In this research, the team analyzed information from 2,842 participants (mean age 69.3; 51% women) enrolled in the Multi-Ethnic Study of Atherosclerosis, a large study that combines chest CT imaging, validated stress questionnaires, cortisol measurements and indicators of allostatic load -- the cumulative physiological and psychological effects of chronic stress on the body. Because it integrates imaging, biochemical data and psychosocial assessments in the same individuals, this cohort was uniquely suited, and likely the only one available, for creating an imaging-based marker of chronic stress.
The investigators applied their deep learning model to the CT scans to automatically outline and measure adrenal gland volume. They defined Adrenal Volume Index (AVI) as adrenal volume (cm3) divided by height2 (m2). To capture hormonal patterns, participants provided salivary cortisol eight times per day over the course of two days. Allostatic load was calculated using body mass index, creatinine, hemoglobin, albumin, glucose, white blood count, heart rate and blood pressure.
Adrenal Volume Index tracks stress, hormones and heart risk
The team then examined how AVI related to cortisol, allostatic load and a range of psychosocial stress indicators, such as depression scores and perceived stress questionnaires. They discovered that AVI generated by the AI model aligned with established stress questionnaires, with circulating cortisol levels and with future adverse cardiovascular events.
Higher AVI values were linked with greater overall cortisol exposure, higher peak cortisol levels and increased allostatic load. People who reported high levels of perceived stress had higher AVI compared with those who reported low stress. AVI was also connected to a higher left ventricular mass index, a measure related to heart structure. For every 1 cm3/m2 increase in AVI, the risk of heart failure and death increased.
"With up to 10-year follow-up data on our participants, we were able to correlate AI-derived AVI with clinically meaningful and relevant outcomes," Dr. Ghotbi said. "This is the very first imaging marker of chronic stress that has been validated and shown to have an independent impact on a cardiovascular outcome, namely, heart failure."
A new way to quantify the cumulative impact of stress
"For over three decades, we've known that chronic stress can wear down the body across multiple systems," said Teresa E. Seeman, Ph.D., study co-author and professor of epidemiology at UCLA and a pioneering researcher in stress and health. "What makes this work so exciting is that it links a routinely obtained imaging feature, adrenal volume, with validated biological and psychological measures of stress and shows that it independently predicts a major clinical outcome. It's a true step forward in operationalizing the cumulative impact of stress on health."
Dr. Demehri explained that connecting a simple imaging measure with several well-established markers of stress and disease outcomes creates a new, practical approach to measuring chronic stress in everyday clinical practice.
"The key significance of this work is that this biomarker is obtainable from CTs that are performed widely in United States for various reasons," Dr. Demehri said. "Secondly, it is a physiologically sound measure of adrenal volume, which is part of the chronic stress physiologic cascade."
The researchers noted that this imaging biomarker could potentially be applied to many stress-related diseases that commonly affect middle-aged and older adults.
Other co-authors are Roham Hadidchi, Seyedhouman Seyedekrami, Quincy A. Hathaway, M.D., Ph.D., Michael Bancks, Nikhil Subhas, Matthew J. Budoff, M.D., David A. Bluemke, M.D., Ph.D., R. Graham Barr and Joao A.C. Lima, M.D.
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Tea may strengthen bones in older women while heavy coffee weakens them | ScienceDaily
A recent investigation from Flinders University sheds new light on how two widely consumed drinks, coffee and tea, could play a role in bone health for women later in life.


						
The study, published in the journal Nutrients, monitored nearly 10,000 women aged 65 and older for ten years to examine whether regularly drinking coffee or tea was connected to changes in bone mineral density (BMD). BMD is a central marker used to assess osteoporosis risk.

Osteoporosis affects one in three women over 50 and leads to millions of fractures every year, making bone health an important global issue. Because coffee and tea are part of daily routines for billions of people, researchers note that understanding their long-term effects on bones is essential. Previous findings have often been inconsistent, and few studies have followed such a large group across an entire decade.

Study Design and Long-Term Tracking

Researchers at Flinders University used information from the Study of Osteoporotic Fractures, drawing on repeated measures of beverage intake and BMD at the hip and femoral neck. These areas are closely tied to fracture risk.

Throughout the ten-year period, participants regularly reported how much coffee and tea they consumed. At the same time, bone density was assessed using advanced imaging tools.

Tea's Modest but Meaningful Bone Benefits

Results showed that women who drank tea had slightly higher total hip BMD than those who did not. Although the improvement was small, it was statistically significant and may matter when considering the health of a large population.




"Even small improvements in bone density can translate into fewer fractures across large groups," says Adjunct Associate Professor Enwu Liu from the College of Medicine and Public Health.

Coffee Consumption and Bone Density Risks

Findings for coffee were more varied. Moderate intake, roughly two to three cups a day, was not associated with harm. However, consuming more than five cups per day was linked to lower BMD, indicating that very high levels of coffee could negatively affect bone strength.

Women with higher lifetime alcohol intake appeared particularly vulnerable to coffee's negative effects, whereas tea showed stronger benefits in women with obesity.

Ryan Liu, co-author of the study, explains that tea is rich in catechins, compounds that may encourage bone formation and help slow bone loss.

"Coffee's caffeine content, by contrast, has been shown in laboratory studies to interfere with calcium absorption and bone metabolism, though these effects are small and can be offset by adding milk," says Ryan Liu from Flinders University.




Practical Implications for Aging Women

Adjunct Associate Professor Enwu Liu notes that the research suggests drinking tea daily may be an easy way to support bone health as people grow older.

"While moderate coffee drinking appears safe, very high consumption may not be ideal, especially for women who drink alcohol," he says.

The researchers emphasize that while the results are statistically meaningful, the differences are not dramatic enough to require sweeping lifestyle changes.

"Our results don't mean you need to give up coffee or start drinking tea by the gallon," says Associate Professor Liu.

"But they do suggest that moderate tea consumption could be one simple way to support bone health, and that very high coffee intake might not be ideal, especially for women who drink alcohol.

"While calcium and vitamin D remain cornerstones of bone health, what's in your cup could play a role too. For older women, enjoying a daily cup of tea may be more than a comforting ritual, it could be a small step toward stronger bones," he concludes.

Study Funding

The SOF study received support from the National Institute on Aging (NIA) and the National Institute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS), with funding provided through grants (AG05407, AR35582, AG05394, AR35584, and AR35583).
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AI finds a surprising monkeypox weak spot that could rewrite vaccines | ScienceDaily
With support from artificial intelligence, an international group of scientists has taken an important early step toward creating more effective defenses against the monkeypox virus (MPXV). This virus can cause intense pain and, in severe cases, death, with the greatest risk to children, pregnant women and people with compromised immune systems. In a study published in Science Translational Medicine, the researchers reported that mice produced strong neutralizing antibodies after receiving a viral surface protein identified through AI analysis. The result suggests a promising direction for future mpox vaccines or antibody treatments.


						
During 2022, mpox spread across many countries and sickened more than 150,000 people. The illness caused flulike symptoms along with rashes and lesions, and nearly 500 people died. Health officials relied on smallpox vaccines to protect those most vulnerable, but these vaccines are costly and difficult to manufacture because they use a whole, weakened virus.

"Unlike a whole-virus vaccine that's big and complicated to produce, our innovation is just a single protein that's easy to make," said Jason McLellan, a professor of molecular biosciences at The University of Texas at Austin and co-lead author of the study.

Identifying Powerful Antibodies From Patients

The study's other lead authors, Rino Rappuoli and Emanuele Andreano at the Fondazione Biotecnopolo di Siena in Italy, identified 12 antibodies that neutralize MPXV. They found these antibodies by analyzing blood from people who had recovered from the virus or who had previously been vaccinated. Although the antibodies were clear, the team did not yet know which parts of the virus they targeted.

MPXV displays many different proteins on its surface, and at least one of them is essential for spreading infection. Some of the newly discovered antibodies were known to interfere with this process, but researchers did not know which surface protein was responsible. To design new treatments or vaccines, they needed to determine the correct pairing between antibody and viral protein. This key viral feature is known as an antigen.

AI Pinpoints a Previously Overlooked Viral Protein

To solve this puzzle, McLellan's group used the AlphaFold 3 model to predict which of the roughly 35 viral surface proteins were likely to bind strongly to the patient-derived antibodies. The model identified a protein called OPG153 with high confidence, and laboratory tests confirmed the prediction. This finding indicated that OPG153 could serve as a valuable target for developing antibody-based therapies or for designing a new type of vaccine that activates the immune system to fight mpox.




"It would have taken years to find this target without AI," said McLellan, who also holds the Robert A. Welch Chair in Chemistry and helps lead Texas Biologics, a UT Austin research group focused on therapeutic innovation. "It was really exciting because no one had ever considered it before for vaccine or antibody development. It had never been shown to be a target of neutralizing antibodies."

Because MPXV is closely related to the virus responsible for smallpox, this discovery may support the creation of improved vaccines or treatments for smallpox as well, a disease of concern due to its ease of transmission and high mortality rate.

Toward Next-Generation Vaccines and Antibody Therapies

The team is now refining versions of the antigen and antibodies that could be more effective, less expensive and easier to manufacture compared with current options that rely on weakened poxviruses. Their long-term goal is to test these mpox and smallpox vaccine antigens and antibody treatments in humans. McLellan refers to their strategy as "reverse vaccinology."

"We started with people who survived infection with monkeypox virus, isolated antibodies that they naturally produced and worked backward to find what part of the virus acted as the antigen for those antibodies. Then we engineered the antigen to elicit similar antibodies in mice," McLellan said.

UT Austin has filed a patent application for the use of OPG153 (and its derivatives) as a vaccine antigen. The Fondazione Biotecnopolo di Siena has filed a patent application for antibodies that target OPG153.

Additional UT Austin contributors include Emily Rundlet, Ling Zhou and Connor Mullins.

Funding support for this work came in part from the Welch Foundation.
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New discovery offers real hope for rare genetic disease | ScienceDaily
Friedreich's ataxia (FA) is an uncommon but very serious inherited condition. Symptoms usually appear in childhood or early adolescence, often between ages 5 and 15, and many affected individuals live only into their 30s or 40s. There is currently no broadly approved therapy that slows or alters the disease itself, and available treatments may not work for everyone. Scientists from Mass General Brigham and the Broad Institute are exploring new therapeutic approaches and have identified a genetic modifier that could point toward a future treatment strategy. Their results appear in Nature.


						
To investigate why FA develops and how it might be treated, researchers rely on small but powerful model organisms. The disease is caused by the loss of frataxin, a mitochondrial protein needed for the production of iron sulfur clusters, which help cells carry out essential energy-related tasks. Earlier work from the Mootha lab showed that exposing human cells, worms, and mice to low oxygen (hypoxia) can partly offset the effects of missing frataxin.

"In this paper, instead of trying to pursue hypoxia to slow or postpone the disease as a therapy, we simply used it as a trick. We used it as a laboratory tool with which to discover genetic suppressors," said lead and co-corresponding author Joshua Meisel, a former postdoctoral fellow at Massachusetts General Hospital (MGH), part of Mass General Brigham. Meisel, now an assistant professor at Brandeis University, added, "The reason this is exciting is because the suppressor that we've identified, FDX2, is now a protein that can be targeted using more conventional medicines."

Using Worm Models to Reveal Hidden Genetic Interactions

The team, which included Nobel laureate Gary Ruvkun, PhD, studied a tiny roundworm species called C. elegans to understand how cells might function without frataxin. They engineered worms that completely lacked the protein and kept them alive by growing them in low-oxygen environments. This allowed the researchers to test genetic changes one by one and search for rare worms that could survive even when oxygen levels were increased (a normally deadly condition for worms without frataxin).

By sequencing the genomes of the worms that survived these higher oxygen levels, the researchers uncovered mutations in two mitochondrial genes: FDX2 and NFS1. They then verified these findings through advanced genetic engineering, biochemical experiments, and follow-up studies in mouse and human cells to assess whether the same compensation might occur in more complex organisms.

A New Understanding of How Cells Compensate for Frataxin Loss

The results showed that certain mutations in FDX2 and NFS1 allow cells to work around the absence of frataxin by restoring their ability to make iron sulfur clusters. These clusters are crucial for producing cellular energy and supporting many metabolic functions. The team also discovered that excessive levels of FDX2 interfere with this process, while reducing FDX2, either through mutation or by removing one copy of the gene, helps restore cluster production and improves cell health.




"The balance between frataxin and FDX2 is key," said senior and co-corresponding author Vamsi Mootha, MD, of the Department of Molecular Biology and Center for Genome Medicine at MGH. Mootha, also an institute member and co-director of the Metabolism Program at Broad, explained, "When you are born with too little frataxin, bringing down FDX2 a bit helps. So, it's a delicate balancing act to ensure proper biochemical homeostasis."

Therapeutic Potential and Remaining Questions

Lowering FDX2 levels in a mouse model of FA led to meaningful improvements in neurological symptoms, suggesting that this approach could form the basis for a future therapy. Overall, the findings indicate that carefully adjusting proteins that interact genetically with frataxin may help counteract the damage caused by frataxin loss.

Although these discoveries are encouraging, the researchers caution that the ideal balance between frataxin and FDX2 likely varies among tissues and conditions. Additional research will be needed to understand how this balance is controlled in people. Future pre-clinical studies will also be required to determine whether modifying FDX2 levels is both safe and effective before any potential human trials could be considered.

Study Team, Patents, and Funding

In addition to Meisel, Mootha, and Ruvkun, authors include Pallavi R. Joshi, Amy N. Spelbring, Hong Wang, Sandra M. Wellner, Presli P. Wiesenthal, Maria Miranda, Jason G. McCoy, and David P. Barondeau.

Mootha is listed as an inventor on patents filed by MGH involving therapeutic uses of hypoxia. Meisel, Ruvkun, and Mootha are inventors on a patent filed by MGH related to the technology described in this work; Meisel, Ruvkun, and Mootha own equity in and receive compensation from Falcon Bio, a company developing this technology. Mootha also serves as a paid advisor to 5am Ventures.

This research was supported by the Friedreich's Ataxia Research Alliance, the National Institutes of Health (R00GM140217, R01NS124679, R01AG016636, and R01GM096100), and the Robert A. Welch Foundation (A-1647). Meisel received support from The Jane Coffin Childs Memorial Fund for Medical Research. Miranda received support from the Deutsche Forschungsgemeinschaft (431313887). Mootha is an Investigator of the Howard Hughes Medical Institute.
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Scientists find dark chocolate ingredient that slows aging | ScienceDaily
A natural chemical in dark chocolate may play a role in slowing certain signs of biological aging. Researchers at King's College London have identified theobromine, a plant compound found in cocoa, as a possible contributor to this effect.


						
The study, published on December 10 in Aging, analyzed how much theobromine was present in participants' blood and compared those levels with biological aging markers measured in blood samples.

What Biological Age Reveals

Biological age reflects how well a person's body is functioning, rather than the number of years they have lived. This measure is based on DNA methylation, a collection of tiny chemical tags on DNA that shift as we grow older.

The research team examined data from two European groups, including 509 people from TwinsUK and 1,160 from KORA. Individuals with higher amounts of theobromine in their bloodstream tended to have a biological age that appeared younger than their chronological age.

Professor Jordana Bell, senior author and Professor in Epigenomics at King's College London, said: "Our study finds links between a key component of dark chocolate and staying younger for longer. While we're not saying that people should eat more dark chocolate, this research can help us understand how everyday foods may hold clues to healthier, longer lives."

Theobromine Stands Out Among Cocoa Compounds

The team also investigated whether other cocoa or coffee metabolites showed similar patterns. Their results suggested that theobromine was the only compound with this specific association.




To estimate biological age, the researchers used two approaches. One method examined DNA changes that reflect the pace of aging. The second measured telomere length, which refers to protective structures at the ends of chromosomes. Telomeres naturally shorten with age and are linked to age-related health risks.

How Plant Molecules Influence Aging

Many plant compounds in foods can influence how genes operate by turning them on or off. These compounds, known as alkaloids, can interact with cellular systems that regulate gene activity and contribute to long-term health.

Theobromine is one such alkaloid. Although it is widely known for being toxic to dogs, it has been connected to possible benefits in humans, including a reduced risk of heart disease. Despite this, it has received relatively limited scientific attention until now.

Next Questions for Aging Research

Dr. Ramy Saad, lead researcher at King's College London and also affiliated with University College London as a doctor in Clinical Genetics, said: "This is a very exciting finding, and the next important questions are what is behind this association and how can we explore the interactions between dietary metabolites and our epigenome further? This approach could lead us to important discoveries towards aging, and beyond, in common and rare diseases."

The team, which includes Professor Ana Rodriguez-Mateos, a Professor of Human Nutrition at King's College London, is now examining whether theobromine's effect occurs on its own or if it works alongside other well-known components of dark chocolate such as polyphenols, which are recognized for their positive effects on health.




Why More Chocolate Is Not a Shortcut

Dr. Ricardo Costeira, a Postdoctoral Research Associate at King's College London, said: "This study identifies another molecular mechanism through which naturally occurring compounds in cocoa may support health. While more research is needed, the findings from this study highlight the value of population-level analyses in aging and genetics."

Although the findings are encouraging, the researchers caution that increasing dark chocolate consumption is not automatically beneficial. Chocolate also contains sugar, fat and other ingredients, and more work is needed to fully understand how theobromine interacts with the body and how it may influence aging.
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NAD+ supplement shows early promise for long COVID fatigue and brain fog | ScienceDaily
Long COVID continues to disrupt millions of lives, especially through persistent neurological symptoms like fatigue, sleep problems, and brain fog. Researchers tested whether raising NAD+ levels with high-dose nicotinamide riboside could help restore energy metabolism and ease symptoms. While the randomized trial didn't show major differences in cognitive scores between treatment and placebo groups, participants who took NR for at least 10 weeks reported improvements in fatigue, sleep, mood, and some executive function tasks. The results highlight both the complexity of long COVID and a promising direction for future therapies focused on cellular energy and inflammation.


						
Chao-Yi Wu, PhD, OT, from the Department of Neurology and Edmarie Guzman-Velez, PhD, of the Department of Psychiatry at Mass General Brigham, are the lead and senior authors of a paper published in eClinicalMedicine, "Effects of Nicotinamide Riboside on NAD+ Levels, Cognition, and Symptom Recovery in Long-COVID: A Randomized Controlled Trial."

Q: How would you summarize your study for a lay audience?

Millions of people worldwide continue to experience lingering symptoms after COVID-19, a condition known as long COVID. These symptoms can affect people of all ages and often include neurological issues such as "brain fog," which makes thinking and memory difficult. Because these problems can significantly disrupt daily life, researchers are working to find effective treatments.

Our clinical trial tested whether raising levels of NAD+ -- a molecule that helps cells produce energy -- through nicotinamide riboside (NR), a form of vitamin B3, could improve health outcomes. Participants took NR supplements for up to 20 weeks, and we tracked changes over time.

Q: What question were you investigating? 

The NAD+ molecule is present in all human cells and is essential for energy production, immune function and inflammation control. Previous research suggests COVID-19 may interfere with NAD+-related biological processes, possibly contributing to neurological symptoms.




In our study, we wanted to know if boosting NAD+ through NR supplementation could improve cognitive function and ease common long COVID symptoms.

Q: What methods or approach did you use?

We ran a 24-week clinical trial at Massachusetts General Hospital between August 2021 and September 2023. We enrolled 58 people with long COVID and randomly split them into two groups:
    	One group took 2,000 mg of NR every day for 20 weeks.
    	The other group took a placebo (a fake pill) for 10 weeks, then switched to NR for the next 10 weeks.

To ensure unbiased results, neither the participants nor the researchers knew who was getting the real supplement at first.

We measured NAD+ levels through blood tests and asked participants to complete surveys and cognitive tests about memory, sleep, fatigue and mood at the beginning, at 10 weeks and at 20 weeks.

Q: What did you find?

Of the 58 people who joined the study, 37 started NR right away, and 21 began with the placebo. Only 18 people completed the full 22-week protocol. The others left the study for reasons such as getting COVID again, moving, changing medications or experiencing possible side effects.




When we compared the two groups, we didn't see major differences in thinking or memory scores, which were the main focuses of the study. Other symptoms like fatigue, sleep and mood also didn't show big differences between groups.

However, in exploratory post hoc analyses with a slightly larger sample size of everyone who took NR for at least 10 weeks, we observed improvements in self-reported fatigue, sleep, and depressive symptoms after 10 weeks of NR supplementation compared to baseline. Some also performed better on a task of executive functioning, a set of mental skills that help us, for example, plan, organize, and switch between tasks. This suggests that some people may benefit from the use of NR, even if the overall results didn't show clear differences between groups.

Q: What are the implications?

Long COVID affects an estimated 400 million people worldwide, yet its causes remain unclear. In this study, high-dose NR safely boosted NAD+ levels. While results were mixed, findings suggest that boosting NAD+ may play a role in easing symptoms like fatigue and poor sleep for some people. This points to a promising direction for future treatments.

The most common side effects were mild, such as easy bruising or rash. None were serious, and only a few participants discontinued due to side effects

Q: What are the next steps?

Future studies should include larger and more diverse groups to confirm these findings and identify who benefits most. For example, do men and women respond differently? Are people with lower baseline NAD+ levels or higher inflammation more likely to improve? Because long COVID often involves inflammation, an important question is whether boosting NAD+ can help reduce it.

We also plan to analyze physical activity data collected during the trial, as well as examine whether other supplements taken by participants influenced NR's effects.

In addition to Guzman-Velez, Mass General Brigham authors include William Cody Reynolds, Isabel Abril, Alison J. McManus, Charles Brenner, Gabriel Gonzalez-Irizarry, Leidys Gutierrez-Martinez, Jonathan Rosand, Rudolph E. Tanzi, and Steven Arnold.

This work was supported by Niagen Bioscience, the MGH McCance Center for Brain Health, Lavine Brain Health Innovation Fund, MGH ECOR CDI Physician-Scientist Development Award, and the Alzheimer's Association (AARGD-23-114103).

Rudolph Tanzi is on the scientific advisory board and holds equity in Niagen Bioscience. He was not involved in the execution of the trial but contributed to conception, design and interpretation.
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Daily multivitamins quietly lower blood pressure in some older adults | ScienceDaily
New findings from investigators at Mass General Brigham indicate that taking a daily multivitamin over the long term may help lower blood pressure (BP) and reduce the risk of hypertension for certain groups of older adults. The team conducted a secondary analysis of data from the COcoa Supplement and Multivitamin Outcomes Study (COSMOS). When they looked at the entire group of participants, they did not see meaningful differences in hypertension risk or blood pressure between those who took a daily multivitamin and those who received a placebo. However, when they focused on specific subgroups, they observed small but statistically significant improvements among people who had lower diet quality and normal BP at the start of the study. Results are published in the American Journal of Hypertension.


						
"Nutrition is one of the cornerstones for controlling blood pressure and hypertension. We found that a daily multivitamin might be useful for reducing the risk of hypertension in people with poorer nutritional intake," said corresponding author Rikuta Hamaya, MD, PhD, MS, of the Division of Preventive Medicine in the Mass General Brigham Department of Medicine.

"Our findings suggest that a daily multivitamin may not be a one-size-fits-all solution for controlling blood pressure but could be beneficial for important subsets of older adults," said corresponding and senior author Howard Sesso, ScD, MPH, of the Division of Preventive Medicine in the Mass General Brigham Department of Medicine.

Inside the COSMOS Trial

COSMOS is a randomized, placebo-controlled clinical trial that examined how cocoa extract and multivitamin supplements affect health outcomes in older adults in the United States. For this analysis, researchers focused on 8,905 older adults who did not have hypertension at baseline and who were randomly assigned to take either Centrum Silver or a placebo every day. They were followed for a median of 3.4 years. The team also studied blood pressure changes over two years in two additional groups of 529 and 994 participants, with BP measurements collected either in a clinic or at home, respectively.

Across the full study population, the investigators did not find differences in self-reported new-onset hypertension between the multivitamin and placebo groups. However, when they examined diet quality, they saw that multivitamin use was linked to a lower risk of hypertension among participants with relatively poorer diets, based on scores from the Alternative Healthy Eating Index (AHEI) and Alternate Mediterranean Diet (aMED). Among participants who had normal BP at the beginning of the study and took a daily multivitamin, there were also small but significant reductions in BP measurements over the two-year period.

The authors note that additional studies are needed to assess how a daily multivitamin might affect blood pressure in younger and middle-aged adults, as well as in different populations defined by their nutritional status.




Research Team, Disclosures, and Funding

In addition to Hamaya and Sesso, Mass General Brigham authors include Sidong Li, Jessica Lau, Pamela M. Rist, and JoAnn E. Manson. Additional authors include Susanne Rautiainen, Bernhard Haring, Simin Liu, Aladdin H. Shadyab, Lisa Warsinger Martin, and Sylvia Wassertheil-Smoller.

Sesso and Manson received investigator-initiated grants from Mars Edge, a segment of Mars Incorporated dedicated to nutrition research and products, which provided infrastructure support and donated COSMOS study pills and packaging, and from Pfizer Consumer Healthcare (now Haleon), which also donated COSMOS study pills and packaging during the trial. Sesso additionally reported investigator-initiated grants from Haleon and Pure Encapsulations, as well as honoraria and/or travel support for lectures from the Council for Responsible Nutrition, BASF, and NIH during the conduct of the study. No other authors reported any conflicts of interests for this study.

The COcoa Supplement and Multivitamin Outcomes Study (COSMOS) is supported by an investigator-initiated grant from Mars Edge, a segment of Mars dedicated to nutrition research and products, which provided infrastructure support and donated study pills and packaging. Pfizer Consumer Healthcare (now Haleon) offered additional support through partial provision of study pills and packaging. COSMOS also receives partial support from grants AG050657, AG071611, EY025623, and HL157665 from the National Institutes of Health, Bethesda, MD, and from an investigator-initiated grant from Haleon. Neither Mars Edge nor Haleon had any role in trial design or conduct, data collection, data analysis, or preparation or review of the manuscript. Bernhard Haring reports lecture fees from Pfizer, Bristol Myers Squibb, Inari, Daiichi Sankyo and Boehringer Ingelheim, all unrelated to this study.
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Nerve injuries can trigger hidden immune changes throughout the entire body | ScienceDaily
Preclinical research from McGill University suggests that nerve injuries can create long-term changes in the immune system, and these changes may not be the same for males and females.


						
Nerve injuries are common and can occur from stretching, pressure or cuts. They often lead to persistent problems such as chronic pain. Although the immune system normally works to repair damaged tissue, the new findings indicate that nerve injuries can also shift immune activity throughout the entire body.

Laboratory analysis of blood from mice showed clear evidence of bodywide inflammation after a nerve injury. Researchers also found that males and females did not respond in the same way.

Distinct Immune Patterns in Males and Females

In male mice, inflammatory markers in the bloodstream increased and remained elevated. In female mice, those same markers did not rise at all. Yet when blood taken from injured males or females was transferred into healthy mice, it produced increased sensitivity to pain in both cases. According to the researchers, this means that something in the bloodstream -- although not the same in males and females -- is capable of spreading pain responses throughout the body.

"That means whatever is causing pain in females is working through a completely different biological pathway that we don't yet understand," said co-author Jeffrey Mogil, E.P. Taylor Professor of Pain Studies at McGill and a Distinguished James McGill Professor.

"By understanding how men and women react differently to nerve injuries, we can work toward more personalized and effective treatments for chronic pain," added Sam Zhou, the study's lead author and a PhD student at McGill.




Wider Health Implications

The researchers report that nerve injuries may influence much more than the damaged site. Long-lasting disruptions to immune function could raise the likelihood of chronic pain and potentially contribute to related conditions such as anxiety and depression.

"Recognizing the full impact of nerve injuries is important for both doctors and patients," said Dr. Ji Zhang, the senior author and a professor at McGill's Department of Neurology and Neurosurgery and Faculty of Dental Medicine and Oral Health Sciences. "A localized nerve injury can affect whole body. Men and women may respond differently."

"The impact of nerve injury on the immune system across the lifespan is sexually dimorphic" by Sam Zhou, Xiang Shi, Alain Zhang, Magali Millecamps, Jeffrey Mogil and Ji Zhang was published in Neurobiology of Pain. The study was funded by the Canadian Institutes of Health Research and the Louise and Alan Edwards Foundation.
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Scientists reveal the real benefits and hidden risks of medical cannabis | ScienceDaily
Medical cannabis is widely used for issues such as chronic pain, anxiety and insomnia, but a major analysis led by UCLA Health reports that the scientific support for these uses remains weak.


						
A study published in JAMA examined more than 2,500 scientific papers released from January 2010 through September 2025, including randomized clinical trials, meta-analyses and clinical guidelines. Over 120 of these studies were given priority based on sample size, recency, relevance and the range of health conditions they addressed. Interest in cannabis and related compounds such as CBD has steadily increased, and a 2018 survey found that 27% of adults in the U.S. and Canada had used them for concerns like pain, anxiety and sleep.

Public Belief Outpaces Current Scientific Evidence

According to first author Dr. Michael Hsu of UCLA Health, many people assume cannabis provides reliable medical benefits, yet recent research does not fully support those assumptions.

"While many people turn to cannabis seeking relief, our review highlights significant gaps between public perception and scientific evidence regarding its effectiveness for most medical conditions" said Hsu, health sciences clinical assistant professor at the UCLA Health Department of Psychiatry and Biobehavioral Sciences. "Clear guidance from clinicians is essential to support safe, evidence-based decision-making when discussing medical cannabis with their patients."

Proven Benefits Remain Narrow

The review found that only specific pharmaceutical-grade cannabinoid products approved by the U.S. Food and Drug Administration have demonstrated clear clinical benefits. These medications are limited to certain conditions, including HIV/AIDS-related appetite loss, chemotherapy-induced nausea and vomiting and severe pediatric seizure disorders such as Dravet syndrome and Lennox-Gastaut syndrome.




For many other health problems, the available evidence remains uncertain or insufficient. Although more than half of medical cannabis users try it for chronic pain, current clinical guidelines do not recommend cannabis-based treatments as the first option for pain management.

Potential Health Risks Identified

The analysis also examined safety concerns. Long-term studies in adolescents showed that high-potency cannabis may be associated with higher rates of psychotic symptoms (12.4% versus 7.1% for low-potency) and generalized anxiety disorder (19.1% versus 11.6%).

Around 29% of medical cannabis users also met the criteria for cannabis use disorder. Daily consumption, especially of inhaled or high-potency products, may contribute to cardiovascular problems, including elevated risks of coronary heart disease, heart attack and stroke when compared with non-daily use.

Guidance for Clinicians

The review recommends that clinicians screen for cardiovascular disease and psychotic disorders, consider possible drug interactions and evaluate whether potential harms outweigh the benefits before recommending THC-containing products.




"Patients deserve honest conversations about what the science does and doesn't tell us about medical cannabis," Hsu said.

Study Limitations and the Need for More Research

The authors acknowledged several limitations. The analysis was not a systemic review, and no formal risk of bias assessment was completed. Some of the research included was observational and may have been influenced by confounding factors. Clinical trial findings may also not apply to every patient due to differences in study design, participant characteristics and the cannabis products evaluated.

"Further research is crucial to better understand the potential benefits and risks of medical cannabis. By supporting more rigorous studies, we can provide clearer guidance and improve clinical care for patients," said Dr. Hsu.

Researchers from Harvard, UC San Francisco, Washington University School of Medicine, and New York University contributed to the study.
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        Astronomers just watched a black hole twist spacetime
        Astronomers have detected spacetime itself being dragged and twisted by a spinning black hole for the first time. The discovery, seen during a star's violent destruction, confirms a prediction made over 100 years ago and reveals new clues about how black holes spin and launch jets.

      

      
        AI detects cancer but it's also reading who you are
        AI tools designed to diagnose cancer from tissue samples are quietly learning more than just disease patterns. New research shows these systems can infer patient demographics from pathology slides, leading to biased results for certain groups. The bias stems from how the models are trained and the data they see, not just from missing samples. Researchers also demonstrated a way to significantly reduce these disparities.

      

      
        Scientists prove "impossible" Earth-to-space quantum link is feasible
        Researchers have shown that quantum signals can be sent from Earth up to satellites, not just down from space as previously believed. This breakthrough could make global quantum networks far more powerful, affordable, and practical.

      

      
        A quantum mystery that stumped scientists for decades is solved
        A long-standing physics mystery has been solved with the discovery of emergent photon-like behavior inside a strange quantum material. The finding confirms a true 3D quantum spin liquid and unlocks a new way to study deeply entangled matter.

      

      
        Scientists spent 10 years chasing a particle that wasn't there
        After a decade of painstaking measurements, scientists have delivered a major plot twist in particle physics: a long-hypothesized "mystery particle" likely doesn't exist. Using the MicroBooNE experiment at Fermilab, researchers analyzed neutrinos from two powerful beams and found no evidence for a sterile neutrino, ruling it out with 95% certainty.

      

      
        Ramanujan's 100-year-old pi formula is still revealing the Universe
        Ramanujan's elegant formulas for calculating pi, developed more than a century ago, have unexpectedly resurfaced at the heart of modern physics. Researchers at IISc discovered that the same mathematical structures behind these formulas also describe real-world phenomena like turbulence, percolation, and even black holes. What once seemed like pure mathematics now appears deeply intertwined with the physical laws governing the universe.

      

      
        A hidden star found where dust shouldn't exist
        A mysterious cloud of ultra-hot dust around Kappa Tucanae A may finally have an explanation: a hidden companion star. The star's extreme orbit carries it straight through the dust zone, strongly suggesting it plays a key role in keeping the dust alive. This finding could help astronomers untangle one of the biggest challenges in imaging Earth-like exoplanets. It also opens the door to discovering similar hidden companions around other stars.

      

      
        A loud minority makes the Internet look far more toxic than it is
        People think online platforms are overflowing with toxic and misleading content, but the reality is far calmer. A small group of highly active users creates most of the harm, while the majority remain relatively civil. Still, many Americans assume the worst about each other because of this imbalance. Correcting that belief can noticeably improve how people feel about society.

      

      
        AI learns to decode the diseases written in your DNA
        A newly developed AI can predict which diseases specific genetic mutations are likely to cause, not just whether they are harmful. The breakthrough could speed up diagnoses and open new paths for personalized treatment.

      

      
        Hidden dimensions could explain where mass comes from
        A new theory proposes that the universe's fundamental forces and particle properties may arise from the geometry of hidden extra dimensions. These dimensions could twist and evolve over time, forming stable structures that generate mass and symmetry breaking on their own. The approach may even explain cosmic expansion and predict a new particle. It hints at a universe built entirely from geometry.

      

      
        Physicists found a way to see heat in empty space
        Physicists have found a clever way to detect the elusive Unruh effect without extreme accelerations. By using atoms that emit light cooperatively between mirrors, acceleration subtly shifts when a powerful light burst appears. That early flash acts like a timestamped signature of the effect. The method could make once-theoretical physics experimentally reachable.

      

      
        New orbital clue reveals how hot Jupiters really formed
        Hot Jupiters were once cosmic oddities, but unraveling how they moved so close to their stars has remained a stubborn mystery. Scientists have long debated whether these giants were violently flung inward or peacefully drifted through their birth disks. A new approach from researchers in Tokyo cracks open this puzzle by using the timescale of orbital circularization as a diagnostic.

      

      
        Light-printed electrodes turn skin and clothing into sensors
        Researchers in Sweden have unveiled a way to create high-performance electronic electrodes using nothing more than visible light and specially designed water-soluble monomers. This gentle, chemical-free approach lets conductive plastics form directly on surfaces ranging from glass to textiles to living skin, enabling surprisingly versatile electronic and medical applications.

      

      
        New quantum antenna reveals a hidden terahertz world
        Researchers at the University of Warsaw have unveiled a breakthrough method for detecting and precisely calibrating terahertz frequency combs using a quantum antenna made from Rydberg atoms. By combining atomic electrometry with a powerful terahertz-to-light conversion technique, they achieved the first measurement of a single terahertz comb tooth--something previously impossible due to the limits of electronics and optical tools.

      

      
        AI finds a hidden stress signal inside routine CT scans
        Researchers used a deep learning AI model to uncover the first imaging-based biomarker of chronic stress by measuring adrenal gland volume on routine CT scans. This new metric, the Adrenal Volume Index, correlates strongly with cortisol levels, allostatic load, perceived stress, and even long-term cardiovascular outcomes, including heart failure risk.

      

      
        A clear new material could make windows super efficient
        MOCHI uses microscopic, air-filled channels to stop heat in its tracks while remaining nearly crystal clear. If scaled up, it could transform windows into powerful energy savers and solar harvesters.

      

      
        Astronomers watched a sleeping neutron star roar back to life
        Astronomers tracked a decade of dramatic changes in P13, a neutron star undergoing supercritical accretion. Its X-ray luminosity rose and fell by factors of hundreds while its rotation rate accelerated. These synchronized shifts suggest the accretion structure itself evolved over time. The findings offer fresh clues to how ultraluminous X-ray sources reach such extreme power.

      

      
        Webb finds a hidden atmosphere on a molten super-Earth
        Webb's latest observations reveal a hellish world cloaked in an unexpected atmosphere: TOI-561 b, an ultra-hot rocky planet racing around its star in under 11 hours. Despite being blasted by intense radiation that should strip it bare, the planet appears to host a thick layer of gases above a global magma ocean, making it far less dense than expected.

      

      
        Ghost particles slip through Earth and spark a hidden atomic reaction
        Scientists have managed to observe solar neutrinos carrying out a rare atomic transformation deep underground, converting carbon-13 into nitrogen-13 inside the SNO+ detector. By tracking two faint flashes of light separated by several minutes, researchers confirmed one of the lowest-energy neutrino interactions ever detected.

      

      
        A nearby Earth-size planet just got much more mysterious
        TRAPPIST-1e, an Earth-sized world in the system's habitable zone, is drawing scientific attention as researchers hunt for signs of an atmosphere--and potentially life-supporting conditions. Early James Webb observations hint at methane, but the signals may instead come from the star itself, a small ultracool M dwarf whose atmospheric behavior complicates interpretation.
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Astronomers just watched a black hole twist spacetime | ScienceDaily
The universe has delivered a rare breakthrough for researchers chasing one of the hardest effects to catch in the night sky.


						
In findings reported in Science Advances, scientists describe the first observations of a spiraling swirl in spacetime linked to a fast spinning black hole.

First evidence of black hole frame dragging

This phenomenon is called Lense-Thirring precession or frame-dragging. It refers to the way a rotating black hole twists the spacetime around it, tugging on nearby matter such as stars and causing their paths to wobble.

The research team was led by the National Astronomical Observatories at the Chinese Academy of Sciences, with support from Cardiff University. They focused on AT2020afhd, a tidal disruption event (TDE) where a star was ripped apart by a supermassive black hole.

As the star was destroyed, its remains formed a spinning disk around the black hole. From this disk, intense jets of material were launched at nearly the speed of light.

A 20 day cosmic wobble seen in X rays and radio

By tracking repeating patterns in both X ray and radio signals from the event, the researchers found that the disk and the jet were wobbling together. The motion repeated on a 20 day cycle.




Einstein first proposed the idea behind this effect in 1913, and it was later put into mathematical form by Lense and Thirring in 1918. These new measurements support a key prediction of general relativity and could help scientists investigate black hole spin, accretion physics, and how jets form.

Dr. Cosimo Inserra, a Reader in the School of Physics and Astronomy at Cardiff University and one of the paper's co-authors, said: "Our study shows the most compelling evidence yet of Lense-Thirring precession -- a black hole dragging space time along with it in much the same way that a spinning top might drag the water around it in a whirlpool.

"This is a real gift for physicists as we confirm predictions made more than a century ago. Not only that, but these observations also tell us more about the nature of TDEs -- when a star is shredded by the immense gravitational forces exerted by a black hole.

"Unlike previous TDEs studied, which have steady radio signals, the signal for AT2020afhd showed short-term changes, which we were unable to attribute to the energy release from the black hole and its surrounding components. This is further confirmed the dragging effect in our minds and offers scientists a new method for probing black holes."

Swift and VLA data plus spectroscopy

To pin down the frame dragging signal, the team analyzed X ray observations from the Neil Gehrels Swift Observatory (Swift) and radio measurements from the Karl G. Jansky Very Large Array (VLA).




They also examined the composition, structure and behavior of the material involved using electromagnetic spectroscopy, which helped them describe and identify the effect.

"By showing that a black hole can drag space time and create this frame-dragging effect, we are also beginning to understand the mechanics of the process," explains Dr. Inserra.

"So, in the same way a charged object creates a magnetic field when it rotates, we're seeing how a massive spinning object -- in this case a black hole -- generates a gravitomagnetic field that influences the motion of stars and other cosmic objects nearby.

"It's a reminder to us, especially during the festive season as we gaze up at the night sky in wonder, that we have within our grasp the opportunity to identify ever more extraordinary objects in all the variations and flavors that nature has produced."

The paper, 'Detection of disk-jet coprecession in a tidal disruption event', is published in Science Advances.
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AI detects cancer but it's also reading who you are | ScienceDaily
    	A new study shows that artificial intelligence systems used to diagnose cancer from pathology slides do not perform equally for all patients, with accuracy varying across different demographic groups.
    	Researchers pinpointed three key reasons behind this bias and created a new approach that significantly reduced these differences.
    	The results emphasize why medical AI must be routinely evaluated for bias to help ensure fair and reliable cancer care for everyone.

Pathology and the Foundations of Cancer Diagnosis

For decades, pathology has been essential to how doctors diagnose and treat cancer. A pathologist studies an extremely thin slice of human tissue under a microscope, searching for visual signs that reveal whether cancer is present and, if so, what type and stage it has reached.

To a trained specialist, examining a pink, swirling tissue sample dotted with purple cells is like grading a test without a name on it -- the slide contains vital information about the disease, but it offers no clues about who the patient is.

When AI Sees More Than Expected

That assumption does not fully apply to artificial intelligence systems now entering pathology labs. A new study led by researchers at Harvard Medical School shows that pathology AI models can infer demographic details directly from tissue slides. This unexpected ability can introduce bias into cancer diagnosis across different patient groups.

After evaluating several widely used AI models designed to identify cancer, the researchers found that these systems did not perform equally for all patients. Diagnostic accuracy varied based on patients' self-reported race, gender, and age. The team also uncovered several reasons why these disparities occur.




To address the issue, the researchers developed a framework called FAIR-Path, which significantly reduced bias in the tested models.

"Reading demographics from a pathology slide is thought of as a 'mission impossible' for a human pathologist, so the bias in pathology AI was a surprise to us," said senior author Kun-Hsing Yu, associate professor of biomedical informatics in the Blavatnik Institute at HMS and HMS assistant professor of pathology at Brigham and Women's Hospital.

Yu emphasized that recognizing and correcting bias in medical AI is critical, since it can directly influence diagnostic accuracy and patient outcomes. The success of FAIR-Path suggests that improving fairness in cancer pathology AI, and possibly other medical AI tools, may not require major changes to existing systems.

The work, which was supported in part by federal funding, is described Dec. 16 in Cell Reports Medicine.

Putting Cancer AI to the Test

Yu and his colleagues examined bias in four commonly used pathology AI models currently being developed for cancer diagnosis. These deep-learning systems were trained on large collections of labeled pathology slides, allowing them to learn biological patterns and apply that knowledge to new samples.




The team evaluated the models using a large, multi-institutional dataset that included pathology slides from 20 different types of cancer.

Across all four models, performance gaps consistently emerged. The AI systems were less accurate for certain demographic groups defined by race, gender, and age. For example, the models struggled to distinguish lung cancer subtypes in African American patients and in male patients. They also showed reduced accuracy when classifying breast cancer subtypes in younger patients. In addition, the models had difficulty detecting breast, renal, thyroid, and stomach cancers in some demographic groups. Overall, these disparities appeared in roughly 29 percent of the diagnostic tasks analyzed.

According to Yu, these errors arise because the AI systems extract demographic information from the tissue images -- and then rely on patterns linked to those demographics when making diagnostic decisions.

The findings were unexpected. "Because we would expect pathology evaluation to be objective," Yu said. "When evaluating images, we don't necessarily need to know a patient's demographics to make a diagnosis."

This led the researchers to ask a key question: Why was pathology AI failing to meet the same standard of objectivity?

Why Bias Appears in Pathology AI

The team identified three main contributors to the bias.

First, training data are often uneven. Tissue samples are easier to obtain from some demographic groups than others, resulting in imbalanced datasets. This makes it harder for AI models to accurately diagnose cancers in groups that are underrepresented, including some populations defined by race, age, or gender.

However, Yu noted that "the problem turned out to be much deeper than that." In several cases, the models performed worse for certain demographic groups even when sample sizes were similar.

Further analysis pointed to differences in disease incidence. Some cancers occur more frequently in specific populations, allowing AI models to become especially accurate for those groups. As a result, the same models may struggle to diagnose cancers in populations where those diseases are less common.

The researchers also found that AI models can detect subtle molecular differences across demographic groups. For example, the systems may identify mutations in cancer driver genes and use them as shortcuts to classify cancer type -- which can reduce accuracy in populations where those mutations are less prevalent.

"We found that because AI is so powerful, it can differentiate many obscure biological signals that cannot be detected by standard human evaluation," Yu said.

Over time, this can cause AI models to focus on signals tied more closely to demographics than to the disease itself, weakening diagnostic performance across diverse patient groups.

Taken together, Yu said, these findings show that bias in pathology AI is influenced not only by the quality and balance of training data, but also by the way the models are trained to interpret what they see.

A New Approach to Reducing Bias

After identifying the sources of bias, the researchers set out to correct them.

They developed FAIR-Path, a framework based on an existing machine-learning method known as contrastive learning. This approach modifies AI training so that models focus more strongly on critical distinctions, such as differences between cancer types, while reducing attention to less relevant differences, including demographic characteristics.

When FAIR-Path was applied to the tested models, diagnostic disparities dropped by about 88 percent.

"We show that by making this small adjustment, the models can learn robust features that make them more generalizable and fairer across different populations," Yu said.

The result is encouraging, he added, because it suggests that meaningful reductions in bias are possible even without perfectly balanced or fully representative training datasets.

Looking ahead, Yu and his team are working with institutions worldwide to study pathology AI bias in regions with different demographics, clinical practices, and laboratory settings. They are also exploring how FAIR-Path could be adapted for situations with limited data. Another area of interest is understanding how AI-driven bias contributes to broader disparities in health care and patient outcomes.

Ultimately, Yu said, the goal is to develop pathology AI systems that support human experts by delivering fast, accurate, and fair diagnoses for all patients.

"I think there's hope that if we are more aware of and careful about how we design AI systems, we can build models that perform well in every population," he said.
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Scientists prove "impossible" Earth-to-space quantum link is feasible | ScienceDaily
Quantum satellites are best known for sending entangled particles of light from orbit down to ground stations, a method used to create extremely secure communication links. New research now shows that the process can also work in reverse, with quantum signals sent from Earth up to a satellite, an approach long considered impractical.


						
This finding removes several major limitations facing today's quantum satellite systems. Equipment on the ground can draw on far more power, is simpler to service, and can produce much stronger signals. These advantages could be critical for building future networks that link quantum computers through satellites acting as relays.

Study Details and Recent Milestones

The research, titled "Quantum entanglement distribution via uplink satellite channels," by Professor Simon Devitt, Professor Alexander Solntsev and a research team from the University of Technology Sydney (UTS), was recently published in the journal Physical Review Research.

Quantum satellite communication has already seen important advances. China's Micius satellite, launched in 2016, enabled the first demonstrations of quantum-encrypted data sent from space. In 2025, the Jinan-1 microsatellite pushed this work further by establishing a 12,900 km quantum connection between China and South Africa.

Why Uplink Quantum Communication Was Dismissed

"Current quantum satellites create entangled pairs in space and then send each half of the pair down to two places on Earth -- called a 'downlink'," said Professor Solntsev. "It's mostly used for cryptography, where only a few photons (particles of light) are needed to generate a secret key."

Scientists largely ignored the opposite approach, in which entangled photons are produced on Earth and transmitted upward. This idea was seen as unrealistic because of expected losses, interference, and the scattering of light as it travels through the atmosphere.




Modeling the "Impossible" Scenario

"The idea is to fire two single particles of light from separate ground stations to a satellite orbiting 500 km above Earth, traveling at about 20,000 km per hour, so that they meet so perfectly as to undergo quantum interference. Is this even possible?" said Professor Devitt.

According to the researchers, careful modeling suggests the answer is yes. "Surprisingly, our modeling showed that an uplink is feasible. We included real-world effects such as background light from the Earth and sunlight reflections from the Moon, atmospheric effects and the imperfect alignment of optical systems," he said.

Toward a Scalable Quantum Internet

The team says the idea could be tested soon using drones or balloon-mounted receivers, providing a stepping stone toward large-scale quantum networks that span nations and continents using small satellites in low Earth orbit.

"A quantum internet is a very different beast from current nascent cryptographic applications. It's the same primary mechanism but you need significantly more photons -- more bandwidth -- to connect quantum computers," said Professor Devitt.




The uplink strategy may offer a practical solution. "The uplink method could provide that bandwidth. The satellite only needs a compact optical unit to interfere incoming photons and report the result, rather than quantum hardware to produce the trillions upon trillions of photons per second needed to overcome losses to the ground, allowing for a high-bandwidth quantum link. That keeps costs and size down and makes the approach more practical."

Quantum Entanglement as Everyday Infrastructure

Professor Devitt compares the long-term vision to modern electricity. "In the future, quantum entanglement is going to be a bit like electricity. A commodity that we talk about that powers other things. It's generated and transmitted in a way that is often invisible to the user; we just plug in our appliances and use it. This will ultimately be the same for large quantum entanglement networks. There will be quantum devices that plug into an entanglement source as well as a power source, utilizing both to do something useful," he said.

The project combines expertise from the UTS Faculty of Engineering and IT and the Faculty of Science, bringing together specialists in quantum networking, systems modeling, and photonics. It demonstrates how collaboration across disciplines at UTS is helping address some of the most demanding challenges in emerging technology.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251217082515.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A quantum mystery that stumped scientists for decades is solved | ScienceDaily
A global research team led by Rice University physicist Pengcheng Dai has verified the presence of emergent photons and fractionalized spin excitations in an unusual quantum spin liquid. Reported in Nature Physics, the work points to the crystal cerium zirconium oxide (Ce2Zr2O7) as a clean three-dimensional example of this exotic state of matter.


						
Quantum spin liquids have fascinated physicists for years because they could eventually support transformative technologies, including quantum computing and dissipationless energy transmission. Unlike ordinary magnets that settle into an orderly pattern, these materials avoid conventional magnetic order. Instead, their magnetic moments remain strongly quantum-entangled and in constant collective motion at temperatures close to absolute zero, producing behavior that resembles emergent quantum electrodynamics.

"We've answered a major open question by directly detecting these excitations," said Dai, the Sam and Helen Worden Professor of Physics and Astronomy. "This confirms that Ce2Zr2O7 behaves as a true quantum spin ice, a special class of quantum spin liquids in three dimensions."

Cleaner Measurements With Polarized Neutron Scattering

To pin down these elusive signatures, the researchers relied on advanced polarized neutron scattering. This approach helped them isolate the magnetic scattering they cared about while filtering out other signals, even as the system approached the zero temperature limit.

Their measurements also revealed emergent photon signals near zero energy -- a defining trait that separates quantum spin ice from more familiar phases found in conventional magnets. Additional evidence came from specific heat measurements, which supported the idea that these predicted emergent photons follow a dispersion resembling the way sound moves through a solid.

Earlier attempts to confirm this kind of behavior were often undermined by technical noise and incomplete data. The Rice-led team addressed those challenges through improved sample preparation and high-precision instruments, supported by an international effort involving major laboratories across Europe and North America.




First-of-Its-Kind Observation With Big Implications

In this three-dimensional candidate material, the researchers observed both emergent photons and spinons -- key hallmarks of quantum spin ice. The result resolves a long-running debate in condensed matter physics and gives scientists a strong platform for studying next-generation quantum phenomena and potential technology pathways.

Bin Gao, a research scientist in Rice's Department of Physics and Astronomy and the study's first author, said the findings back up decades of theoretical expectations.

"This surprising result encourages scientists to look deeper into such unique materials, potentially changing how we understand magnets and the behavior of materials in the extreme quantum regime," Gao said.

Research Team and Funding

Co-authors of this study include Felix Desrochers and Yong Baek Kim of the University of Toronto; Rice alumnus David Tam of the Paul Scherrer Institut; Silke Paschen, Diana Kirschbaum and Duy Ha Nguyen of Vienna University of Technology; Paul Steffens and Arno Hiess of the Institut Laue-Langevin; Yixi Su of Julich Centre of Heinz Maier-Leibnitz Zentrum; and Sang-Wook Cheong of Rutgers University.

The U.S. Department of Energy, the Gordon and Betty Moore Foundation and the Robert A. Welch Foundation supported this study.
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Scientists spent 10 years chasing a particle that wasn't there | ScienceDaily
After ten years of gathering and studying data, an international team of physicists that included researchers from Rutgers has overturned a long-standing idea about a mysterious type of particle.


						
The results were published in Nature and come from the MicroBooNE experiment at the U.S. Department of Energy's Fermi National Accelerator Laboratory (Fermilab) in Batavia, Illinois. (The acronym MicroBooNE stands for "Micro Booster Neutrino Experiment.")

A Decade-Long Test at Fermilab

MicroBooNE relies on a large liquid-argon detector and observations from two separate neutrino beams. By carefully tracking how neutrinos behave, scientists were able to rule out the existence of a single sterile neutrino with 95% certainty.

Andrew Mastbaum, an associate professor in the Department of Physics and Astronomy in the Rutgers School of Arts and Sciences and a member of the MicroBooNE leadership team, described the finding as a major shift for the field.

"This result will spark innovative ideas across neutrino research to understand what is really going on," he said. "We can rule out a great suspect, but that doesn't quite solve a mystery."

Why Neutrinos Matter

Neutrinos are extremely small particles that rarely interact with matter. They can travel straight through entire planets without slowing down. According to the Standard Model, which is the leading framework in particle physics, there are three known types of neutrinos: electron, muon and tau. These particles can transform from one type to another through a phenomenon known as oscillation.




In earlier experiments, however, scientists observed neutrino behavior that did not fully match the predictions of the Standard Model. To explain those results, researchers suggested the existence of a fourth type of neutrino called the sterile neutrino. Unlike the known types, a sterile neutrino would not interact with matter at all, except through gravity, making it exceptionally difficult to detect.

Putting the Sterile Neutrino to the Test

To investigate this idea, the MicroBooNE team measured neutrinos produced by two different beams and analyzed how they changed as they traveled. After ten years of collecting and interpreting data, the researchers found no evidence supporting the sterile neutrino hypothesis. This effectively shuts down one of the most widely discussed explanations for unusual neutrino behavior.

Mastbaum played a central role in guiding the experiment's analysis efforts as co-coordinator for analysis tools and techniques. His work focused on how raw detector signals were converted into meaningful scientific conclusions. He also previously led efforts to understand what the team calls systematic uncertainties, which are possible sources of error in the measurements.

These uncertainties include how neutrinos interact with atomic nuclei, the exact number of neutrinos in the beam and how the detector itself responds to incoming particles. Accurately accounting for these factors is essential for drawing firm conclusions from the data.

Getting these uncertainties right is critical because it allows scientists to make strong, reliable statements about what the data really shows, Mastbaum said.




Graduate Researchers and Data Accuracy

Graduate students from Rutgers also contributed to the project. Panagiotis Englezos, a doctoral student in the Department of Physics and Astronomy in the Rutgers School of Arts and Sciences, worked on the MicroBooNE Data Management Team, helping process experimental data and create simulations that supported the analysis.

Keng Lin, another doctoral student in the department, focused on validating the neutrino flux from Fermilab's NuMI (Neutrinos from the Main Injector) beam, which was one of the two neutrino sources used in the study. Together, these efforts helped ensure the precision and reliability of the final results.

What This Means for Physics

According to Mastbaum, the finding is significant because it removes a major candidate for new physics beyond the Standard Model. While the Standard Model has been highly successful, it does not explain phenomena such as dark matter, dark energy or gravity. Researchers continue to search for clues that point beyond the model, and eliminating one possibility helps narrow the field.

Rutgers scientists also helped advance methods for measuring how neutrinos interact in liquid argon. These improved techniques will benefit future projects, including the Deep Underground Neutrino Experiment (DUNE).

"With careful modeling and clever analysis approaches, the MicroBooNE team has squeezed an incredible amount of information out of this detector," Mastbaum said. "With the next generation of experiments, such as DUNE, we are already using these techniques to address even more fundamental questions about the nature of matter and the existence of the universe."
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Ramanujan's 100-year-old pi formula is still revealing the Universe | ScienceDaily
Most people first encounter the irrational number p (pi) -- commonly approximated as 3.14 and extending infinitely without repeating -- during school lessons about circles. In recent decades, advances in computing have pushed this familiar constant far beyond the classroom, with powerful supercomputers now calculating pi to trillions of decimal places.


						
Researchers have now uncovered an unexpected twist. Physicists at the Centre for High Energy Physics (CHEP), Indian Institute of Science (IISc) report that mathematical formulas developed a century ago to compute pi are closely linked to some of today's most important ideas in fundamental physics. These connections appear in theoretical descriptions of percolation, fluid turbulence, and even certain features of black holes.

Ramanujan's Remarkable Pi Formulae

In 1914, shortly before leaving Madras for Cambridge, renowned Indian mathematician Srinivasa Ramanujan published a paper presenting 17 different formulas for calculating pi. These expressions were strikingly efficient, allowing pi to be computed much faster than existing techniques of the time. Despite containing only a small number of mathematical terms, the formulas produced an impressive number of accurate digits.

Their impact has endured. Ramanujan's methods became foundational to modern mathematical and computational approaches for calculating pi, including those used by today's most advanced machines. "Scientists have computed pi up to 200 trillion digits using an algorithm called the Chudnovsky algorithm," says Aninda Sinha, Professor at CHEP and senior author of the study. "These algorithms are actually based on Ramanujan's work."

A Deeper Question Behind the Mathematics

For Sinha and Faizan Bhat, the study's first author and a former IISc PhD student, the mystery went beyond computational efficiency. They asked why such powerful formulas should exist in the first place. Rather than treating them as purely abstract results, the team searched for an explanation rooted in physics.




"We wanted to see whether the starting point of his formulae fit naturally into some physics," says Sinha. "In other words, is there a physical world where Ramanujan's mathematics appears on its own?"

Where Pi Meets Scale Invariance and Physics Extremes

Their investigation led them to a broad family of theories known as conformal field theories, and more specifically to logarithmic conformal field theories. These theories describe systems that exhibit scale invariance symmetry -- meaning they look the same regardless of how closely they are examined, similar to fractals.

A familiar physical example appears at the critical point of water, defined by a precise temperature and pressure at which liquid water and water vapor become indistinguishable. At this point, water displays scale invariance symmetry, and its behavior can be captured using conformal field theory. Similar critical behavior arises in percolation (how substances spread through a material), during the onset of turbulence in fluids, and in certain theoretical treatments of black holes. These phenomena fall within the domain of logarithmic conformal field theories.

Using Ramanujan's Structure to Solve Physics Problems

The researchers discovered that the mathematical framework at the heart of Ramanujan's pi formulas also appears in the equations underlying these logarithmic conformal field theories. By exploiting this shared structure, they were able to compute key quantities within the theories more efficiently. Such calculations could ultimately improve scientists' understanding of complex processes like turbulence and percolation.




The approach mirrors Ramanujan's own method of starting from a compact mathematical expression and rapidly arriving at precise results for pi. "[In] any piece of beautiful mathematics, you almost always find that there is a physical system which actually mirrors the mathematics," says Bhat. "Ramanujan's motivation might have been very mathematical, but without his knowledge, he was also studying black holes, turbulence, percolation, all sorts of things."

A Century-Old Insight With Modern Impact

The findings reveal that Ramanujan's formulas, developed more than 100 years ago, offer a previously hidden advantage for making modern high-energy physics calculations faster and more manageable. Beyond their practical value, the researchers say the work highlights the extraordinary reach of Ramanujan's ideas.

"We were simply fascinated by the way a genius working in early 20th century India, with almost no contact with modern physics, anticipated structures that are now central to our understanding of the universe," says Sinha.
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A hidden star found where dust shouldn't exist | ScienceDaily
About 70 light-years from Earth, a star known as Kappa Tucanae A has long puzzled astronomers. It is surrounded by dust heated to more than 1,000 degrees Fahrenheit, glowing intensely while orbiting extremely close to the star. Under such conditions, the dust should not survive. It should either evaporate or be pushed away by the star's radiation in a short time.


						
Now, researchers at the University of Arizona believe they have found a crucial missing piece. They have identified a companion star that repeatedly passes through the same region where this unusually hot dust remains.

A Record-Setting Discovery

The findings were published in The Astronomical Journal and led by Thomas Stuber, a postdoctoral research associate at the University of Arizona's Steward Observatory. Using the European Southern Observatory's MATISSE instrument, the team achieved the highest-contrast detection of a stellar companion ever recorded with this technology.

This discovery gives scientists a rare natural "laboratory" for studying hot exozodiacal dust. This type of dust has become a major obstacle in the search for Earth-like planets around other stars.

Why Hot Exozodiacal Dust Is So Confusing

Hot exozodiacal dust challenges basic ideas about how planetary systems behave. The particles are incredibly small, comparable to smoke from a fire, and they orbit extremely close to their stars. The intense heat and radiation in these regions should destroy the dust almost immediately.




"If we see dust in such large amounts, it needs to be replaced rapidly, or there needs to be some sort of mechanism that extends the lifetime of the dust," Stuber said.

A Problem for Finding Other Earths

The mystery becomes even more important because hot dust often appears around stars that scientists hope might host Earth-like planets. NASA's planned Habitable Worlds Observatory (HWO), expected to launch in the 2040s, is designed to block out starlight using advanced coronagraphs so faint planets can be seen.

Hot dust interferes with this process by creating what researchers call "coronagraphic leakage" -- scattered light that can hide the signals of potentially habitable worlds. Learning where this dust comes from and how it behaves will be essential for future planet-hunting missions.

A Surprise Revealed by Interferometry

To investigate the system more closely, Stuber's team used interferometry, a method that combines light from multiple telescopes to simulate a much larger one. The researchers observed Kappa Tucanae A repeatedly between 2022 and 2024.




The international team initially planned to track changes in the dust over time. Instead, they uncovered something unexpected: a companion star moving on a highly elongated orbit. At its closest approach, it comes within 0.3 astronomical units of the main star -- closer than any planet in our solar system gets to the sun.

A Stellar Laboratory Takes Shape

According to Stuber, this finding changes how scientists view the entire system. Rather than being a simple mystery, Kappa Tucanae A now serves as a complex environment for studying extreme stellar interactions. The companion star travels far from the system before plunging back through the dust-filled inner region.

"There's basically no way that this companion is not somehow connected to that dust production," said Steward Observatory Associate Astronomer Steve Ertel, a co-author of the study. "It has to be dynamically interacting with the dust."

Decades of Technical Expertise

The breakthrough reflects years of leadership in interferometry at Steward Observatory. Its Large Binocular Telescope Interferometer (LBTI), funded by NASA and located on Mount Graham, transformed the study of warm exozodiacal dust, which is less extreme than the hot dust seen around Kappa Tucanae A.

The instrument's stability and sensitivity helped establish Steward as a global center for exozodiacal dust research. This success attracted major support from NASA, the National Science Foundation, and private donors, and placed the observatory at the forefront of exoplanet science.

Building the Next Generation of Instruments

That experience is now shaping future technology. Steward researchers are contributing to a new European nulling interferometer that will be 50 times more sensitive than earlier instruments.

The connection is personal as well as technical. Denis Defrere, who leads development of the European instrument, previously trained at Steward Observatory as a postdoctoral researcher and helped build the LBTI.

"Steward has established itself as the global leader to this kind of research, which is really critical for exo-Earth imaging," said Ertel, who received a NASA grant to study exozodiacal dust using the new instrument.

New Paths for Understanding Cosmic Dust

The Kappa Tucanae A system opens many new research opportunities. By examining how the companion star interacts with the dust, scientists hope to learn more about where hot dust comes from, what it is made of, how large the particles are, and how they are distributed.

The work may clarify whether magnetic fields trap charged dust particles, as suggested by Steward researchers George Rieke and Andras Gaspar. It could also test whether frequent comet activity replenishes the dust, a process studied by Steward researcher Virginie Faramaz-Gorka, who is also a co-author on the paper. Other, entirely different physical processes may also be at play.

Looking Ahead to Future Discoveries

The findings suggest that other stars with hot dust may also host hidden companions. Researchers at Steward Observatory now plan to reexamine systems observed in the past, searching for stars that may have been overlooked.

As NASA's Habitable Worlds Observatory moves closer to launch, discoveries like this provide essential insight into the environments astronomers will face.

"Considering the Kappa Tucanae A system was observed many times before, we did not even expect to find this companion star," Stuber said. "This makes it even more exciting to now have this unique system that opens up new pathways to explore the enigmatic hot exozodiacal dust."
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A loud minority makes the Internet look far more toxic than it is | ScienceDaily
Americans tend to believe that online spaces are far more hostile than they actually are. Many assume that nearly half of people on major platforms regularly post cruel, aggressive, or abusive comments. In reality, truly severe online toxicity is much rarer. One striking example is Reddit, where Americans estimate that 43% of users post highly toxic comments, even though research shows the real figure is closer to just 3%. This gap between perception and reality can quietly fuel a broader sense of pessimism about other people and about society as a whole.


						
To better understand this disconnect, researchers Angela Y. Lee, Eric Neumann, and their colleagues surveyed 1,090 American adults using the online research platform CloudResearch Connect. The goal was to compare what people believe about harmful online behavior with actual data collected in previous large-scale studies of social media platforms.

The results showed that people dramatically overestimate how common toxic behavior is. On Reddit, participants believed toxic commenters were 13 times more common than they truly are. A similar pattern appeared on Facebook. Participants guessed that 47% of users share false or misleading news stories, even though existing research suggests the real number is about 8.5%. In other words, people assume that misinformation and harmful content dominate social media feeds far more than they actually do.

Recognizing Toxic Content Does Not Fix the Misbelief

Interestingly, this inflated perception was not simply due to confusion about what counts as toxic content. In a signal detection task, a type of psychological test used to measure how accurately people can identify specific signals amid noise, many participants correctly recognized examples of toxic online posts. Even so, they still believed that a large share of users regularly produce such content.

This suggests that the problem is not an inability to spot harmful behavior, but a mistaken belief about how widespread it is. People may remember extreme posts more vividly or encounter them more often because social media algorithms amplify attention grabbing content, leading them to assume that such behavior is the norm.

How Correcting the Misperception Changes Attitudes

The researchers also tested whether changing these beliefs could influence how people feel about society. In an experiment, participants were shown accurate information about how rare severe online toxicity actually is. Afterward, many reported feeling more optimistic and less concerned that society is in moral decline. They were also less likely to believe that most Americans are comfortable with harmful or aggressive online behavior.

According to the authors, people often confuse a very small but extremely vocal group of users with the majority. A limited number of highly active accounts produce most toxic and harmful content, creating the illusion that it reflects widespread attitudes. Recognizing this distinction may help reduce the negative emotional effects associated with social media and could improve social cohesion by reminding people that most users are not behaving badly online.
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AI learns to decode the diseases written in your DNA | ScienceDaily
Scientists at the Icahn School of Medicine at Mount Sinai have created a new artificial intelligence system that can do more than flag harmful genetic mutations. The tool can also forecast the types of diseases those mutations are most likely to cause.


						
The approach, known as V2P (Variant to Phenotype), is intended to speed up genetic testing and support the development of new therapies for rare and complex illnesses. The research was published in the December 15 online issue of Nature Communications.

Predicting disease from genetic variation

Most existing genetic analysis tools are able to estimate whether a mutation is potentially damaging, but they typically stop there. They do not explain what kind of disease may result. V2P is designed to overcome this limitation by using advanced machine learning to connect genetic variants with their expected phenotypic outcomes -- meaning the diseases or traits a mutation may produce. In this way, the system helps predict how a person's DNA could affect their health.

"Our approach allows us to pinpoint the genetic changes that are most relevant to a patient's condition, rather than sifting through thousands of possible variants," says first author David Stein, PhD, who recently completed his doctoral training in the labs of Yuval Itan, PhD, and Avner Schlessinger, PhD. "By determining not only whether a variant is pathogenic but also the type of disease it is likely to cause, we can improve both the speed and accuracy of genetic interpretation and diagnostics."

Training the AI to find the right mutation

To build the model, the researchers trained V2P on a large dataset containing both harmful and harmless genetic variants, along with detailed disease information. This training allowed the system to learn patterns linking specific variants to health outcomes. When tested using real, de-identified patient data, V2P frequently ranked the true disease-causing mutation within the top 10 candidates, demonstrating its potential to simplify and accelerate genetic diagnosis.




"Beyond diagnostics, V2P could help researchers and drug developers identify the genes and pathways most closely linked to specific diseases," says Dr. Schlessinger, co-senior and co-corresponding author, Professor of Pharmacological Sciences, and Director of the AI Small Molecule Drug Discovery Center at the Icahn School of Medicine at Mount Sinai. "This can guide the development of therapies that are genetically tailored to the mechanisms of disease, particularly in rare and complex conditions."

Expanding precision medicine and drug discovery

At present, V2P sorts mutations into broad disease categories, such as nervous system disorders or cancers. The research team plans to enhance the system so it can make more detailed predictions and combine its results with additional data sources to further assist drug discovery.

The researchers say this advance marks meaningful progress toward precision medicine, where treatments are selected based on an individual's genetic profile. By linking genetic variants to their likely disease effects, V2P could help clinicians reach diagnoses faster and help scientists uncover new targets for therapy.

"V2P gives us a clearer window into how genetic changes translate into disease, which has important implications for both research and patient care," says Dr. Itan, co-senior and co-corresponding author, Associate Professor of Artificial Intelligence and Human Health, and Genetics and Genomic Sciences, a core member of The Charles Bronfman Institute for Personalized Medicine, and a member of The Mindich Child Health and Development Institute at the Icahn School of Medicine at Mount Sinai. "By connecting specific variants to the types of diseases they are most likely to cause, we can better prioritize which genes and pathways warrant deeper investigation. This helps us move more efficiently from understanding the biology to identifying potential therapeutic approaches and, ultimately, tailoring interventions to an individual's specific genomic profile."

The paper is titled "Expanding the utility of variant effect predictions with phenotype-specific models."

The study's authors, as listed in the journal, are David Stein, Meltem Ece Kars, Baptiste Milisavljevic, Matthew Mort, Peter D. Stenson, Jean-Laurent Casanova, David N. Cooper, Bertrand Boisson, Peng Zhang, Avner Schlessinger, and Yuval Itan.

This research was supported by National Institutes of Health (NIH) grants R24AI167802 and P01AI186771, funding from the Fondation Leducq, and the Leona M. and Harry B. Helmsley Charitable Trust grant 2209-05535. Additional support came from NIH grants R01CA277794, R01HD107528, and R01NS145483. The work also received partial support through Clinical and Translational Science Awards (CTSA) grant UL1TR004419 from the National Center for Advancing Translational Sciences, as well as support from the Office of Research Infrastructure of the NIH under award numbers S10OD026880 and S10OD030463.
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Hidden dimensions could explain where mass comes from | ScienceDaily
The geometry of space itself may play a far more central role in physics than previously thought. Instead of serving only as the backdrop where forces act, spacetime may be responsible for the forces and particles that make up the universe.


						
New theoretical work suggests that the fundamental behavior of nature could arise directly from the structure of spacetime, pointing to geometry as the common origin of physical interactions.

Hidden Dimensions and Seven-Dimensional Geometry

In a paper published in Nuclear Physics B, physicist Richard Pincak and collaborators examine whether the properties of matter and forces can emerge from the geometry of unseen dimensions beyond everyday space.

Their research proposes that the universe includes additional dimensions that are not directly observable. These dimensions may be compact and folded into complex seven-dimensional shapes called G2-manifolds. Until now, such geometric structures were typically treated as fixed and unchanging. The new study instead explores what happens when these shapes are allowed to evolve over time through a mathematical process known as the G2-Ricci flow, which gradually alters their internal geometry.

Twisting Geometry and Stable Structures

"As in organic systems, such as the twisting of DNA or the handedness of amino acids, these extra-dimensional structures can possess torsion, a kind of intrinsic twist," explains Pincak. This torsion introduces a built-in rotation within the geometry itself.




When the researchers modeled how these twisted shapes change over time, they found that the geometry can naturally settle into stable patterns called solitons. "When we let them evolve in time, we find that they can settle into stable configurations called solitons. These solitons could provide a purely geometric explanation of phenomena such as spontaneous symmetry breaking."

Rethinking the Origin of Mass

In the Standard Model of particle physics, mass arises through interactions with the Higgs field, which gives weight to particles such as the W and Z bosons. The new theory suggests a different possibility. Instead of relying on a separate field, mass may result from torsion within extra-dimensional geometry itself.

"In our picture," Pincak says, "matter emerges from the resistance of geometry itself, not from an external field." In this view, mass reflects how spacetime responds to its own internal structure rather than the influence of an added physical ingredient.

Cosmic Expansion and a Possible New Particle

The researchers also connect geometric torsion to the curvature of spacetime on large scales. This relationship could help explain the positive cosmological constant associated with the accelerating expansion of the universe.




Beyond these cosmological implications, the team speculates about the existence of a previously unknown particle linked to torsion, which they call the "Torstone." If real, it could potentially be detected in future experiments.

Extending Einstein's Geometric Vision

The broader ambition of the work is to push Einstein's idea further. If gravity arises from geometry, the authors ask whether all fundamental forces might share the same origin. As Pincak puts it, "Nature often prefers simple solutions. Perhaps the masses of the W and Z bosons come not from the famous Higgs field, but directly from the geometry of seven-dimensional space."

The article published in the journal Nuclear Physics B.

The research was supported by R3 project No.09I03-03-V04-00356.
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Physicists found a way to see heat in empty space | ScienceDaily
Scientists at Stockholm University and the Indian Institute of Science Education and Research (IISER) Mohali have outlined a realistic strategy to observe one of the most unusual ideas in modern physics: the Unruh effect. This effect predicts that an object that is speeding up (accelerating) would experience empty space as slightly warm. In practice, however, producing enough acceleration to directly heat something is far beyond what laboratory experiments can achieve. The researchers instead describe how this extremely weak effect could be transformed into a distinct, precisely timed burst of light.


						
The basic setup is easier to picture than the underlying physics. Consider a collection of atoms placed between two parallel mirrors. These mirrors can influence how quickly the atoms release light. Under the right conditions, the atoms stop acting independently and instead emit light together, like a choir singing in unison -- much louder than solo singers. This phenomenon is known as superradiance.

According to the new work, if the atoms experience the subtle warmth associated with the Unruh effect, that influence gently shifts their behavior. The result is that the collective flash of light occurs slightly earlier than it would if the atoms were not accelerating. This advance in timing becomes a clear and measurable sign of the Unruh effect.

Turning a Whisper Into a Clear Signal

"We've found a way to turn the Unruh effect's whisper into a shout," said Akhil Deswal, a PhD student at IISER Mohali. "By using carefully spaced high-quality mirrors, we make ordinary background signals quieter while the acceleration-seeded burst comes out early and clean."

An important advantage of this approach is that it dramatically reduces how much acceleration is needed. Without high-quality mirrors, the required acceleration would be far greater and well beyond practical limits.

Why Timing Makes the Difference

"Timing is the key," added Navdeep Arya, a postdoctoral researcher at Stockholm University. "The choir of atoms is not only louder but also shouts earlier if they feel the faint Unruh effect-related warmth of empty space. That simple clock-like marker can make it easier to separate the Unruh signal from everyday noise."




By focusing on when the light appears rather than how intense it is, the method offers a new way to isolate the desired signal from background effects that normally overwhelm it.

Connecting Laboratory Experiments to Extreme Physics

By tackling a detection problem that has challenged physicists for decades, the proposal helps narrow the gap between standard laboratory equipment and phenomena usually associated with extreme environments. Since acceleration and gravity are closely linked, similar timing-based methods could eventually allow scientists to study delicate quantum effects driven by gravity -- right on the lab bench.

The research, co-authored with Kinjalk Lochan and Sandeep K. Goyal of IISER Mohali, has been published in Physical Review Letters.
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New orbital clue reveals how hot Jupiters really formed | ScienceDaily
The first exoplanet ever confirmed in 1995 turned out to be what researchers now describe as a "hot Jupiter," a giant world similar in mass to Jupiter but orbiting its star in only a few days. Scientists now think these planets originally formed far from their host stars, similar to how Jupiter formed in our own Solar System, and then later moved inward. Two leading explanations have been developed to describe how this inward shift occurs: (1) high-eccentricity migration, in which gravitational interactions with other objects stretch the planet's orbit before tidal forces close to the star eventually make it more circular; and (2) disk migration, in which the planet slowly spirals inward while still embedded in the surrounding protoplanetary disk.


						
Determining which of these two routes a specific hot Jupiter followed has been challenging. High-eccentricity migration can tilt a planet's orbital axis compared with the rotational axis of its star, creating a detectable misalignment. Yet tidal forces near the star can gradually erase that misalignment over time. Because an aligned orbit could result from either process, astronomers have lacked a dependable way to identify planets that formed through disk migration.

A New Strategy Based on Migration Timescales

To overcome this problem, a team led by PhD student Yugo Kawai and Assistant Professor Akihiko Fukui at the Graduate School of Arts and Sciences, the University of Tokyo, introduced a new method that focuses on the length of time required for high-eccentricity migration to occur.

In this migration scenario, a planet first follows a highly stretched path before its orbit becomes circular again as it repeatedly swings close to its star. The amount of time needed for this circularization depends on several factors, including the planet's mass, orbital characteristics, and tidal forces. For a hot Jupiter to have formed through high-eccentricity migration, this circularization time must be shorter than the age of its planetary system. After calculating circularization times for more than 500 known hot Jupiters, the researchers found about 30 planets that did not meet this requirement. These planets have circular orbits even though their calculated circularization times exceed the ages of their systems.

Evidence Supporting Disk Migration

The hot Jupiters in this group also match other expectations for planets that traveled inward within a disk. Their orbits show no signs of misalignment, suggesting that their movement toward the star was smooth rather than heavily influenced by disruptive gravitational interactions. A number of these planets are also part of multi-planet systems, a configuration that high-eccentricity migration typically disrupts, since that process can scatter or eject neighboring planets.

Looking Ahead to What These Planets Can Reveal

Finding planets that retain clear evidence of how they migrated is essential for piecing together the history of planetary systems. Future studies of their atmospheres and elemental compositions may pinpoint the regions of the disk where they originally formed, offering deeper insight into the origins and evolution of hot Jupiters.
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Light-printed electrodes turn skin and clothing into sensors | ScienceDaily
Researchers at Linkoping and Lund universities in Sweden have demonstrated that visible light can be used to form electrodes from conductive plastics without the need for dangerous chemicals. Their results show that these electrodes can be produced on a wide variety of surfaces, creating opportunities for new types of electronics and medical sensing technologies.


						
"I think this is something of a breakthrough. It's another way of creating electronics that is simpler and doesn't require any expensive equipment," says Xenofon Strakosas, assistant professor at the Laboratory of Organic Electronics, LOE, at Linkoping University.

Conductive Plastics and Their Role in Electronics

Scientists at LOE focus on conductive plastics, also known as conjugated polymers, to advance fields such as renewable energy and medical technology. These materials combine the functional qualities of metals and semiconductors with the bendability and light weight of plastics.

Polymers are made up of long chains of hydrocarbons. Each unit in the chain is called a monomer, and linking these monomers creates a polymer. The formation process, known as polymerization, is often carried out with strong or toxic chemicals, which restricts both scaling and the safe use of the materials in areas such as medicine.

Visible Light Enables a Chemical-Free Polymerization Process

Researchers at Campus Norrkoping, collaborating with colleagues in Lund and New Jersey, have developed a technique that allows polymerization to occur using only visible light. This advance relies on specially engineered water-soluble monomers. Because the monomers activate under visible light, creating electrodes no longer requires toxic chemicals, harmful UV light or additional processing steps.




"It's possible to create electrodes on different surfaces such as glass, textiles and even skin. This opens up a much wider range of applications," says Xenofon Strakosas.

Patterning Electrodes Directly With Light

In practical use, a solution containing the monomers is placed on a surface. By directing a laser or another light source across the material, researchers can form electrodes in detailed patterns right where they are needed. Any portion of the solution that does not undergo polymerization can be washed away, leaving the finished electrodes behind.

"The electrical properties of the material are at the very forefront. As the material can transport both electrons and ions, it can communicate with the body in a natural way, and its gentle chemistry ensures that tissue tolerates it -- a combination that is crucial for medical applications," says Tobias Abrahamsson, researcher at LOE and lead author of the article published in the scientific journal Angewandte Chemie.

Improved Brain Signal Recording and Future Applications

The team evaluated their approach by photo-patterning electrodes directly onto the skin of anaesthetised mice. These tests revealed significantly better recordings of low-frequency brain activity compared to conventional metal EEG electrodes.




"As the method works on many different surfaces, you can also imagine sensors built into garments. In addition, the method could be used for large-scale manufacture of organic electronics circuits, without dangerous solvents," says Tobias Abrahamsson.

Visible light can be used to create electrodes from conductive plastics completely without hazardous chemicals. This is shown in a new study carried out by researchers at Linkoping and Lund universities, Sweden. The electrodes can be created on different types of surfaces, which opens up for a new type of electronics and medical sensors.

"I think this is something of a breakthrough. It's another way of creating electronics that is simpler and doesn't require any expensive equipment," says Xenofon Strakosas, assistant professor at the Laboratory of Organic Electronics, LOE, at Linkoping University.

LOE's researchers are working with conductive plastics, also known as conjugated polymers, to develop new technologies in areas such as medicine and renewable energy. Conjugated polymers combine the electrical properties of metals and semiconductors with the flexibility of plastics.

Polymers consist of long chains of hydrocarbons. Each link in the chain is called a monomer. When the monomers are connected, polymers are formed. The process, called polymerization, is often carried out using strong and sometimes toxic chemicals, which limits the ability to scale up the process and use the technology in e.g. medicine.

The Campus Norrkoping researchers, together with colleagues in Lund and New Jersey, have now succeeded in creating a method where polymerization can happen using visible light only. This is possible due to specially designed water-soluble monomers developed by the researchers. Thus, no toxic chemicals, harmful UV light or subsequent processes are needed to create the electrodes.

"It's possible to create electrodes on different surfaces such as glass, textiles and even skin. This opens up a much wider range of applications," says Xenofon Strakosas.

In practice, the solution containing the monomers could be placed on a substrate. Using, for example, a laser or other light source, it is possible to create electrodes in intricate patterns directly on the surface. The solution that is not polymerized can then be rinsed away and the electrodes remain.

"The electrical properties of the material are at the very forefront. As the material can transport both electrons and ions, it can communicate with the body in a natural way, and its gentle chemistry ensures that tissue tolerates it -- a combination that is crucial for medical applications," says Tobias Abrahamsson, researcher at LOE and lead author of the article published in the scientific journal Angewandte Chemie.

The researchers have tested the technology by photo-patterning electrodes directly onto the skin of anaesthetised mice. The results show a clear improvement in the recording of low-frequency brain activity compared to traditional metal EEG electrodes.

"As the method works on many different surfaces, you can also imagine sensors built into garments. In addition, the method could be used for large-scale manufacture of organic electronics circuits, without dangerous solvents," says Tobias Abrahamsson.
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New quantum antenna reveals a hidden terahertz world | ScienceDaily
A research team from the Faculty of Physics and the Centre for Quantum Optical Technologies at the Centre of New Technologies, University of Warsaw has introduced a new way to measure hard-to-detect terahertz signals using a "quantum antenna." In their work, the scientists applied an innovative radio wave detection setup based on Rydberg atoms that not only senses terahertz radiation, but also accurately calibrates a so-called frequency comb in this part of the spectrum. Until recently, the terahertz range was considered a blank area in the electromagnetic spectrum, and the method reported in the journal Optica opens the door to extremely sensitive spectroscopy and a new class of room-temperature quantum sensors.


						
Terahertz (THz) radiation, being part of the electromagnetic spectrum, lies at the boundary of electronics and optics, positioned between microwaves (used, for example, in Wi-Fi) and infrared. Although it holds immense potential for applications that include inspecting packages without harmful X-rays, superspeed 6G communication, and spectroscopy and imaging of organic compounds, turning this potential into precise and sensitive measurements has been technically very difficult. In the past few years, scientists have made major strides in both generating and detecting terahertz radiation, yet until now they had not been able to measure a frequency comb in this region with the required precision.

Frequency combs as ultra-precise electromagnetic rulers

Why is this so important? Frequency combs, which earned a Nobel Prize in 2005, can be imagined as an incredibly accurate ruler made not from a solid material, but from light or radio waves. Instead of millimeter markings, there is a sequence of evenly spaced lines ("teeth") at strictly defined frequencies. This "electromagnetic ruler" lets physicists determine the frequency of an unknown signal with extraordinary accuracy simply by seeing which "tooth" it matches. Because of this, frequency combs act as reference standards that can be used to calibrate and stabilize many types of instruments over a wide range of frequencies. Depending on where in the electromagnetic spectrum this ruler sits, scientists talk about optical, radio, or terahertz frequency combs.

Terahertz frequency combs are particularly attractive because they can support calibration and highly accurate measurements in a band where the oscillation frequencies are higher than typical radio waves but lower than optical waves (light). However, such combs are notoriously difficult to measure with high precision, since their oscillations are too rapid for conventional electronics and cannot be directly captured with standard optical methods. Researchers have been able to determine the spacing between the comb "teeth" and to measure the total power spread across the spectrum, but determining how much power belongs to a single tooth has remained a major challenge.

Rydberg atoms turned into quantum antennas

The scientists from the Faculty of Physics and the Centre for Quantum Optical Technologies at the Centre of New Technologies, University of Warsaw have now overcome this obstacle and, for the first time, measured the signal emitted by a single terahertz comb tooth. To achieve this, they employed a gas of rubidium atoms prepared in a Rydberg state. A Rydberg atom is defined as having a single electron excited to a very high orbit by being illuminated with precisely tuned lasers. This "swollen" atom acts as a quantum antenna that is extremely sensitive to external electric fields. In addition, by using tunable lasers, the detector can be adjusted to respond to one specific frequency within such a field, across a range that extends up to terahertz waves.




Traditionally, in Rydberg electrometry, the phenomenon of Autler-Townes splitting is used to measure the electric field. Its huge advantage is that the measurement result depends only on fundamental atomic constants, providing an absolutely calibrated readout. Unlike classical antennas, which require laborious calibration in specialized radio laboratories, the atomic-based system is, in a sense, a standard unto itself. Moreover, thanks to the richness of energy states in the atom, such a sensor can be tuned almost continuously over an enormous range, from a direct current (DC) signal up to the aforementioned terahertz.

Hybrid terahertz to light conversion for extreme sensitivity

However, this method has a limitation: on its own, it is not sensitive enough to record very weak terahertz signals. To remedy this, the research team additionally applied a radio wave-to-light conversion technique invented at the University of Warsaw and adapted it to the needs of terahertz radiation. In this process, the weak terahertz signal is converted into optical photons, which can then be detected with immense sensitivity using single-photon counters. This hybrid approach is the key to success: it combines the extreme sensitivity of photon detection with the ability to "recover" the calibration capabilities of the Autler-Townes method even for the weakest signals.

The sensor based on Rydberg atoms possesses all the features needed to perform precise frequency comb calibration: it can be tuned to a single tooth of the comb, and then retuned to the next, and the next. The scientists managed to observe several dozen teeth in a very wide frequency range this way. Additionally, thanks to the knowledge of the fundamental properties of atoms, the comb was directly calibrated, precisely determining its intensity.

New path for terahertz metrology and future technologies

The results obtained by the physicists from the University of Warsaw Wiktor Krokosz, Jan Nowosielski, Bartosz Kasza, Sebastian Borowka, Mateusz Mazelanik, Wojciech Wasilewski, and Michal Parniak represent much more than the development of another sensitive detector. Their work lays the groundwork for a new area of metrology. With the help of Rydberg atoms, the transformative uses of optical frequency combs can now be extended into the previously difficult terahertz region. Importantly, unlike many quantum technologies that require extremely low temperatures, this system functions at room temperature, which greatly lowers costs and makes future commercialization more realistic. This creates an opportunity to build reference measurement standards for the coming generation of terahertz technologies.

The project "Quantum Optical Technologies" (FENG.02.01-IP.05-0017/23) is implemented as part of Measure 2.1 International Research Agendas of the Foundation for Polish Science, co-financed by the European Union from Priority 2 of the European Funds for Modern Economy Programme 2021-2027 (FENG). The research is also one of the results of the SONATA17 and PRELUDIUM23 projects funded by the National Science Centre.)
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AI finds a hidden stress signal inside routine CT scans | ScienceDaily
Researchers have used a deep learning artificial intelligence model to identify what they describe as the first biomarker of chronic stress that can be directly seen on standard medical images. The findings are being presented next week at the annual meeting of the Radiological Society of North America (RSNA).
Chronic stress does not just affect mood. It can influence both physical and mental health, contributing to problems such as anxiety, trouble sleeping, muscle pain, high blood pressure and a less effective immune system, according to the American Psychological Association. Studies have also linked ongoing stress to major conditions including heart disease, depression and obesity.
AI measures adrenal glands on routine CT scans
The study's lead author, Elena Ghotbi, M.D., a postdoctoral research fellow at Johns Hopkins University School of Medicine in Baltimore, Maryland, created and trained a deep learning tool designed to calculate the size of the adrenal glands using CT scans that had already been performed.
Each year, tens of millions of chest CT scans are performed in the United States alone.
"Our approach leverages widely available imaging data and opens the door to large-scale evaluations of the biological impact of chronic stress across a range of conditions using existing chest CT scans," Dr. Ghotbi said. "This AI-driven biomarker has the potential to enhance cardiovascular risk stratification and guide preventive care without additional testing or radiation."
Making the burden of stress visible in the body
Senior author Shadpour Demehri, M.D., professor of radiology at Johns Hopkins, noted that chronic stress is extremely common and is something many adults experience every day.
"For the first time, we can 'see' the long-term burden of stress inside the body, using a scan that patients already get every day in hospitals across the country. Until now, we haven't had a way to measure and quantify the cumulative effects of chronic stress, other than questionnaires, surrogate serum markers like chronic inflammation, and cortisol measurement, which is very cumbersome to obtain." Dr. Demehri said.
Unlike a single cortisol test, which reflects stress at just one point in time, the size of the adrenal glands functions more like a long-term gauge of chronic stress.
Large multi-ethnic cohort links imaging, hormones and stress load
In this research, the team analyzed information from 2,842 participants (mean age 69.3; 51% women) enrolled in the Multi-Ethnic Study of Atherosclerosis, a large study that combines chest CT imaging, validated stress questionnaires, cortisol measurements and indicators of allostatic load -- the cumulative physiological and psychological effects of chronic stress on the body. Because it integrates imaging, biochemical data and psychosocial assessments in the same individuals, this cohort was uniquely suited, and likely the only one available, for creating an imaging-based marker of chronic stress.
The investigators applied their deep learning model to the CT scans to automatically outline and measure adrenal gland volume. They defined Adrenal Volume Index (AVI) as adrenal volume (cm3) divided by height2 (m2). To capture hormonal patterns, participants provided salivary cortisol eight times per day over the course of two days. Allostatic load was calculated using body mass index, creatinine, hemoglobin, albumin, glucose, white blood count, heart rate and blood pressure.
Adrenal Volume Index tracks stress, hormones and heart risk
The team then examined how AVI related to cortisol, allostatic load and a range of psychosocial stress indicators, such as depression scores and perceived stress questionnaires. They discovered that AVI generated by the AI model aligned with established stress questionnaires, with circulating cortisol levels and with future adverse cardiovascular events.
Higher AVI values were linked with greater overall cortisol exposure, higher peak cortisol levels and increased allostatic load. People who reported high levels of perceived stress had higher AVI compared with those who reported low stress. AVI was also connected to a higher left ventricular mass index, a measure related to heart structure. For every 1 cm3/m2 increase in AVI, the risk of heart failure and death increased.
"With up to 10-year follow-up data on our participants, we were able to correlate AI-derived AVI with clinically meaningful and relevant outcomes," Dr. Ghotbi said. "This is the very first imaging marker of chronic stress that has been validated and shown to have an independent impact on a cardiovascular outcome, namely, heart failure."
A new way to quantify the cumulative impact of stress
"For over three decades, we've known that chronic stress can wear down the body across multiple systems," said Teresa E. Seeman, Ph.D., study co-author and professor of epidemiology at UCLA and a pioneering researcher in stress and health. "What makes this work so exciting is that it links a routinely obtained imaging feature, adrenal volume, with validated biological and psychological measures of stress and shows that it independently predicts a major clinical outcome. It's a true step forward in operationalizing the cumulative impact of stress on health."
Dr. Demehri explained that connecting a simple imaging measure with several well-established markers of stress and disease outcomes creates a new, practical approach to measuring chronic stress in everyday clinical practice.
"The key significance of this work is that this biomarker is obtainable from CTs that are performed widely in United States for various reasons," Dr. Demehri said. "Secondly, it is a physiologically sound measure of adrenal volume, which is part of the chronic stress physiologic cascade."
The researchers noted that this imaging biomarker could potentially be applied to many stress-related diseases that commonly affect middle-aged and older adults.
Other co-authors are Roham Hadidchi, Seyedhouman Seyedekrami, Quincy A. Hathaway, M.D., Ph.D., Michael Bancks, Nikhil Subhas, Matthew J. Budoff, M.D., David A. Bluemke, M.D., Ph.D., R. Graham Barr and Joao A.C. Lima, M.D.
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A clear new material could make windows super efficient | ScienceDaily
Physicists at the University of Colorado Boulder have developed a new window insulation material that could significantly improve how buildings manage heat around the world. Their creation functions somewhat like a high-tech form of Bubble Wrap, but it is designed for energy performance rather than packaging.


						
The material is called Mesoporous Optically Clear Heat Insulator, or MOCHI. It can be manufactured as thick blocks or thin flexible sheets that attach to the interior surface of standard windows. At present, MOCHI is only produced in the laboratory and is not yet available to consumers, but the researchers report that it is durable and nearly completely see-through.

Because of its clarity, MOCHI maintains an unobstructed view, which sets it apart from many other window insulation products.

"To block heat exchange, you can put a lot of insulation in your walls, but windows need to be transparent," said Ivan Smalyukh, senior author of the study and a professor of physics at CU Boulder. "Finding insulators that are transparent is really challenging."

The research team published its findings on Dec. 11 in the journal Science.

Why Window Heat Loss Matters

Buildings of all kinds, from houses to large office towers, account for about 40% of global energy consumption. Much of that energy is wasted as heat escapes to the outdoors during winter or enters buildings during hot weather.




Smalyukh and his collaborators hope MOCHI will slow that unwanted heat flow.

The new material is a silicone-based gel with a complex internal structure. It contains air trapped within extremely fine pores that are far thinner than a human hair. These microscopic pockets make MOCHI an excellent thermal barrier. In fact, a sheet only 5 millimeters thick is enough to let a person safely hold a flame against it.

"No matter what the temperatures are outside, we want people to be able to have comfortable temperatures inside without having to waste energy," said Smalyukh, a fellow at the Renewable And Sustainable Energy Institute (RASEI) at CU Boulder.

How MOCHI Controls Light and Heat

Smalyukh described the key to MOCHI's performance as its precisely arranged air pockets.

The new material shares similarities with aerogels, which are well-known insulators used in many industries. (NASA uses aerogels inside its Mars rovers to keep electronics warm). Aerogels also rely on air-filled pores, but those pores are typically arranged in a random pattern that scatters light. This is why aerogels often appear cloudy and are sometimes referred to as "frozen smoke."

The CU Boulder team wanted an insulating material that would maintain clarity while providing strong thermal resistance.




To build MOCHI, researchers combined surfactant molecules with a liquid mixture. These molecules naturally cluster into thread-like shapes, somewhat like the separation that occurs when oil and vinegar form layers in salad dressing. Silicone molecules in the same mixture attach themselves to the surface of those tiny threads.

Through several controlled steps, the researchers then remove the detergent clusters and replace them with air. This leaves behind a silicone framework surrounding a network of ultra-small, air-filled channels. Smalyukh likens the intricate pattern to a "plumber's nightmare."

Air accounts for more than 90% of MOCHI's volume.

Stopping Heat at the Molecular Scale

Heat travels through a gas in a way similar to a billiards-style chain reaction. Energy causes gas molecules and atoms to move faster and collide with one another, passing heat along as they strike.

The pores inside MOCHI are so tiny that the gas molecules cannot freely collide. Instead, they repeatedly hit the silicone walls, which prevents heat from easily spreading through the material.

"The molecules don't have a chance to collide freely with each other and exchange energy," Smalyukh said. "Instead, they bump into the walls of the pores."

Despite this strong heat blocking ability, MOCHI reflects only about .2% of incoming light, allowing nearly all visible light to pass through.

Potential Uses and Future Development

The researchers envision many applications for a clear material that effectively traps heat. One possibility is a device that captures warmth from sunlight and converts it into low-cost, sustainable energy.

"Even when it's a somewhat cloudy day, you could still harness a lot of energy and then use it to heat your water and your building interior," Smalyukh said.

For now, MOCHI is not ready for commercial release. Its laboratory production requires considerable time, although Smalyukh believes that more efficient manufacturing methods can be developed. The components used to make MOCHI are relatively low-cost, which supports the long-term potential for scaling the technology.

For the moment, the outlook for MOCHI remains promising, much like the clear view through a window coated with this material.

Co-authors of the study include Amit Bhardwaj, Blaise Fleury, Eldo Abraham and Taewoo Lee, all postdoctoral research associates in the Department of Physics at CU Boulder. Bohdan Senyuk, Jan Bart ten Hove and Vladyslav Cherpak, former postdoctoral researchers at CU Boulder, also contributed as co-authors.
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Astronomers watched a sleeping neutron star roar back to life | ScienceDaily
When gas falls onto a compact object, such as a neutron star or black hole, due to its strong gravity (a process called accretion), it emits electromagnetic waves. High-sensitivity observations have discovered objects with extremely high X-ray luminosities. One possible explanation for the ultraluminosity is that an extraordinary amount of gas falls onto a compact object through a process called supercritical accretion. However, the mechanism of supercritical accretion remains unclear.


						
The research team focused on NGC 7793 P13 (hereafter, P13), which is a neutron star in supercritical accretion, located in the galaxy NGC 7793 (about 10 million light-years from the Earth). As gas falls onto a neutron star, it forms a column structure (called an accretion column) on magnetic poles, from which intense X-ray is thought to be emitted. Then, coherent X-ray pulsation accompanied by the rotation of a neutron star can be detected. According to previous studies, P13 rotates with a period of 0.4 s with a constant acceleration rate. Moreover, the luminosity changed by more than two orders of magnitude in about 10 years. Both rotation velocity and luminosity are effective parameters to estimate the amount of gas accreted. However, the relation between them was not found for P13.

The research team investigated the long-term evolution of the X-ray luminosity and rotation period of P13 from 2011 to 2024, using the archival data of XMM-Newton, Chandra, NuSTAR, and NICER. It was found that P13 was in a faint phase in 2021 and started to be bright again in 2022. By 2024, it reached a high luminosity, more than two orders of magnitude higher than in 2021. Moreover, in the rebrightening phase in 2022, the acceleration rate of the rotation velocity was increased by a factor of 2, and it was maintained until 2024. This result suggests a relationship between X-ray luminosity and rotation velocity, and that the accretion system changed during the faint phase. The research team then focused on the pulsation and performed detailed analyses. It was suggested that the height of the accretion column was changed with the 10-year flux modulation. Those results are expected to be clues to reveal the mechanism of supercritical accretion.
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Webb finds a hidden atmosphere on a molten super-Earth | ScienceDaily
Researchers using NASA's James Webb Space Telescope have found the clearest sign so far that a rocky planet beyond our solar system is wrapped in an atmosphere.


						
Their observations of the ultra-hot super-Earth TOI-561 b indicate that this exoplanet is likely enveloped in a thick layer of gases sitting above a global ocean of molten rock.

The team reported the results on December 11 in The Astrophysical Journal Letters. They explain that the new data help account for the planet's surprisingly low density and challenge the long-standing idea that relatively small planets orbiting very close to their stars cannot hold on to atmospheres.

Extreme orbit and ultra-short period super-Earth

TOI-561 b has a radius about 1.4 times that of Earth and completes one orbit in less than 11 hours, placing it in a rare group known as ultra-short period exoplanets.

Its host star is only slightly smaller and cooler than the Sun, but TOI-561 b circles it at an extremely close distance -- less than one million miles or one-fortieth the distance between Mercury and the Sun -- which almost certainly locks one side permanently facing the star. On this unending dayside, temperatures are expected to soar far beyond the melting point of typical rock.

Co-author Dr. Anjali Piette, from the University of Birmingham, said: "We really need a thick volatile-rich atmosphere to explain all the observations. Strong winds would cool the dayside by transporting heat over to the nightside.




"Gases like water vapor would absorb some wavelengths of near-infrared light emitted by the surface before they make it all the way up through the atmosphere. The planet would look colder because the telescope detects less light, but it's also possible that there are bright silicate clouds that cool the atmosphere by reflecting starlight."

Probing the planet's unusual low density

One possible explanation the researchers explored for the planet's low density is that TOI-561 b might contain a relatively small iron core along with a mantle made of rock that is less dense than Earth's interior.

Lead author Johanna Teske, staff scientist at Carnegie Science Earth and Planets Laboratory, said: "What really sets this planet apart is its anomalously low density. It is less dense than you would expect if it had an Earth-like composition.

"TOI-561 b is distinct among ultra-short period planets in that it orbits a very old, iron-poor star -- twice as old as our sun -- in a region of the Milky Way known as the thick disk. It must have formed in a very different chemical environment from planets in our own solar system."

Because of this, the planet's make-up may resemble worlds that formed when the universe itself was still relatively young.




A thick atmosphere above a global magma ocean

The team also proposed that TOI-561 b could be wrapped in a substantial atmosphere that makes the planet appear larger than its solid body alone. Although theory suggests that small planets left for billions of years in intense stellar radiation should lose any gases they once had, a few such worlds still show signs that they are not just bare rock or exposed lava.

Using Webb's NIRSpec (Near-Infrared Spectrograph) to measure the planet's dayside temperature based on its near-infrared brightness, researchers tested the idea that TOI-561 b has an atmosphere. The method involves tracking the drop in brightness of the combined star and planet system when the planet moves behind the star. It is similar to techniques used to search for atmospheres in the TRAPPIST-1 system and on other small rocky exoplanets.

If TOI-561 b were simply a bare rocky surface with no atmosphere to move heat to the nightside, its illuminated hemisphere should reach about 4,900 degrees Fahrenheit (2,700 degrees Celsius). Instead, the NIRSpec data indicate that the dayside temperature is closer to 3,200 degrees Fahrenheit (1,800 degrees Celsius) -- still extremely hot, but significantly cooler than expected.

Testing heat transport and atmospheric scenarios

To account for this lower-than-expected temperature, the researchers evaluated several scenarios. A global magma ocean might move some heat from the dayside toward the nightside, but without an atmosphere the permanently dark side would solidify, limiting how much energy could be redistributed. A thin layer of rock vapor over the molten surface could exist, yet by itself this would not provide enough cooling to match the observations.

While the Webb measurements strongly support the presence of an atmosphere, an important puzzle remains: how can a relatively small planet that is bombarded by such intense radiation keep any atmosphere at all, especially one that appears so substantial?

Co-author Tim Lichtenberg from the University of Groningen, Netherlands, said: "We think there is an equilibrium between the magma ocean and the atmosphere. While gases are coming out of the planet to feed the atmosphere, the magma ocean is sucking them back into the interior. This planet must be much, much more volatile-rich than Earth to explain the observations. It's really like a wet lava ball."

Webb's long look at TOI-561 b and its broader mission

These findings come from the first results of Webb's General Observers Program 3860, which monitored the system continuously for more than 37 hours while TOI-561 b completed nearly four full orbits of its star. The team is now studying the complete data set in detail to chart how temperature varies around the entire planet and to better pin down the makeup of its atmosphere.

The James Webb Space Telescope is the world's premier space science observatory. Webb is solving mysteries in our solar system, looking beyond to distant worlds around other stars, and probing the mysterious structures and origins of our universe and our place in it. Webb is an international program led by NASA with its partners, ESA (European Space Agency) and CSA (Canadian Space Agency).



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251213032607.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Ghost particles slip through Earth and spark a hidden atomic reaction | ScienceDaily
Neutrinos are among the most puzzling particles known to science and are often called 'ghost particles' because they so rarely interact with matter. Trillions pass through each person every second without leaving any mark. These particles are created during nuclear reactions, including those inside the Sun's core. Their extremely weak interactions make them exceptionally challenging to study. Only a few materials have ever been shown to respond to solar neutrinos. Scientists have now added another to that short list by observing neutrinos convert carbon atoms into nitrogen inside a massive underground detector.


						
This achievement came from a project led by Oxford researchers using the SNO+ detector, which sits two kilometers underground at SNOLAB in Sudbury, Canada. SNOLAB operates within an active mine and provides the shielding needed to block cosmic rays and background radiation that would otherwise overwhelm the delicate neutrino measurements.

Capturing a Rare Two-Part Flash From Carbon-13

The research team focused on detecting moments when a high-energy neutrino hits a carbon-13 nucleus and converts it into nitrogen-13, a radioactive form of nitrogen that decays roughly ten minutes later. To spot these events, they relied on a 'delayed coincidence' technique that searches for two related bursts of light: the first from the neutrino striking the carbon-13 nucleus and the second from the decay of nitrogen-13 several minutes afterward. This paired signal makes it possible to confidently distinguish true neutrino events from background noise.

Over a span of 231 days, from May 4, 2022, to June 29, 2023, the detector recorded 5.6 such events. This matches expectations, which predicted that 4.7 events would occur due to solar neutrinos during this period.

A New Window Into How the Universe Works

Neutrinos behave in unusual ways and are key to understanding how stars operate, how nuclear fusion unfolds, and how the universe evolves. The researchers say this new measurement opens opportunities for future studies of other low-energy neutrino interactions.




Lead author Gulliver Milton, a PhD student in the University of Oxford's Department of Physics, said: "Capturing this interaction is an extraordinary achievement. Despite the rarity of the carbon isotope, we were able to observe its interaction with neutrinos, which were born in the Sun's core and traveled vast distances to reach our detector."

Co-author Professor Steven Biller (Department of Physics, University of Oxford) added: "Solar neutrinos themselves have been an intriguing subject of study for many years, and the measurements of these by our predecessor experiment, SNO, led to the 2015 Nobel Prize in physics. It is remarkable that our understanding of neutrinos from the Sun has advanced so much that we can now use them for the first time as a 'test beam' to study other kinds of rare atomic reactions!"

Building on the SNO Legacy and Advancing Neutrino Research

SNO+ is a successor to the earlier SNO experiment, which demonstrated that neutrinos switch between three forms known as electron, muon, and tau neutrinos as they travel from the Sun to Earth. According to SNOLAB staff scientist Dr. Christine Kraus, SNO's original findings, led by Arthur B. McDonald, resolved the long-standing solar neutrino problem and contributed to the 2015 Nobel Prize in Physics. These results paved the way for deeper investigations into how neutrinos behave and their significance in the universe.

"This discovery uses the natural abundance of carbon-13 within the experiment's liquid scintillator to measure a specific, rare interaction," Kraus said. "To our knowledge, these results represent the lowest energy observation of neutrino interactions on carbon-13 nuclei to date and provides the first direct cross-section measurement for this specific nuclear reaction to the ground state of the resulting nitrogen-13 nucleus."
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A nearby Earth-size planet just got much more mysterious | ScienceDaily
Of the seven Earth-sized planets circling the red dwarf star TRAPPIST-1, one world has become a special focus for astronomers. This planet, TRAPPIST-1e, orbits within the star's "Goldilocks zone" -- a region where temperatures could allow liquid water to exist on the surface -- but only if the planet has an atmosphere to help regulate those conditions. Where liquid water can persist, the possibility of life follows naturally.


						
Two recent scientific papers report the first detailed observations of the TRAPPIST-1 system made with NASA's James Webb Space Telescope. These studies, published in the Astrophysical Journal Letters, come from a research team that includes Sukrit Ranjan of the University of Arizona's Lunar and Planetary Laboratory. The authors carefully examine the data collected so far and describe several plausible possibilities for what TRAPPIST-1e's atmosphere and surface might be like.

A third paper, however, urges restraint. While the early findings are encouraging and represent a major step toward understanding one of the closest potentially Earth-like exoplanets, Ranjan argues that stronger evidence is needed. In particular, he calls for more rigorous studies to test whether TRAPPIST-1e actually possesses an atmosphere and whether the tentative hints of methane seen by James Webb really come from the planet, rather than from its host star.

A Compact Planetary System Close to Home

The TRAPPIST system gets its name from the survey that first identified it -- the "Transiting Planets and Planetesimals Small Telescope project." This planetary family lies roughly 39 light-years from Earth. It can be thought of as a scaled-down version of our own solar system, since the star and all seven planets would fit comfortably inside the orbit of Mercury. Years pass very quickly there: each TRAPPIST planet completes an orbit around the star in just a few Earth days.

"The basic thesis for TRAPPIST-1e is this: If it has an atmosphere, it's habitable," said Ranjan, who is an assistant professor at LPL. "But right now, the first-order question must be, 'Does an atmosphere even exist?'"

How Webb Searches for an Atmosphere

To investigate that question, the team used the James Webb Space Telescope's powerful Near-Infrared Spectrograph (NIRSpec). They pointed the instrument at the TRAPPIST system while TRAPPIST-1e transited -- i.e. passed in front of -- its host star. During a transit, some of the starlight passes through any atmosphere surrounding the planet and certain wavelengths are absorbed. By measuring this filtered starlight, astronomers can infer which gases are present. Repeating this process over multiple transits gradually sharpens the picture of the planet's atmospheric chemistry.




Across four such transits of TRAPPIST-1e, the team saw faint indications of methane. However, TRAPPIST-1 is a so-called M dwarf star, only about one tenth the size of the sun and just slightly larger than Jupiter. Because stars of this type have different physical properties from our sun, Ranjan notes that scientists must be especially cautious when interpreting any potential planetary signal.

"While the sun is a bright, yellow dwarf star, TRAPPIST-1 is an ultracool red dwarf, meaning it is significantly smaller, cooler and dimmer than our sun," he explained. "Cool enough, in fact, to allow for gas molecules in its atmosphere. We reported hints of methane, but the question is, 'is the methane attributable to molecules in the atmosphere of the planet or in the host star?'"

Probing the Methane Mystery

To explore that question, Ranjan and his colleagues modeled a range of possible atmospheres for TRAPPIST-1e, focusing on scenarios rich in methane. They then calculated how likely each case would be, given the Webb data. In the most plausible of the tested situations, TRAPPIST-1e ended up looking broadly similar to Titan, Saturn's methane-rich moon. Even so, the analysis showed that this scenario remained very unlikely.

"Based on our most recent work, we suggest that the previously reported tentative hint of an atmosphere is more likely to be 'noise' from the host star," Ranjan said. "However, this does not mean that TRAPPIST-1e does not have an atmosphere -- we just need more data."

Ranjan also emphasizes that, despite its remarkable capabilities, the James Webb Space Telescope was not built with small, Earth-sized exoplanets as its primary targets.




"It was designed long before we knew such worlds existed, and we are fortunate that it can study them at all," he said. "There's only a handful of Earth-sized planets in existence for which it could potentially ever measure any kind of detailed atmosphere composition."

New Missions and Techniques on the Horizon

Future observations may help resolve the uncertainties. One promising effort is NASA's Pandora mission, a small satellite now being developed and scheduled to launch in early 2026. Led by Daniel Apai, a professor of astronomy and planetary sciences at the U of A's Steward Observatory, Pandora is specifically intended to study exoplanet atmospheres and their host stars. The spacecraft will track stars that host potentially habitable planets before, during and after planetary transits, improving scientists' ability to separate stellar effects from true atmospheric signals.

In parallel, the TRAPPIST-1e research team is working on a larger program of observations and applying new analysis methods that might finally clarify whether the planet has an atmosphere. A key approach is known as dual transit. In this method, astronomers observe the star at times when both TRAPPIST-1e and TRAPPIST-1b, the system's innermost and airless planet, cross in front of the star at the same time.

"These observations will allow us to separate what the star is doing from what is going on in the planet's atmosphere -- should it have one," Ranjan said.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        The western U.S. Tried to stop wildfires and it backfired
        Much of the western U.S. is overdue for wildfire, with decades of suppression allowing fuel to build up across millions of hectares. Researchers estimate that 74% of the region is in a fire deficit, meaning far more land needs to burn to restore healthy forest conditions. Catching up would require an unprecedented amount of controlled and managed fire.

      

      
        Your body feels cold in two different ways
        Researchers have uncovered that the body uses different molecular systems to sense cold in the skin versus internal organs. This explains why surface chills feel very different from cold experienced deep inside the body.

      

      
        Mystery of King Tut's jars solved? Yale researchers find opium clues
        Traces of opium found inside an ancient alabaster vase suggest drug use was common in ancient Egypt, not rare or accidental. The discovery raises the possibility that King Tut's famous jars once held opiates valued enough to be buried with pharaohs--and stolen by tomb raiders.

      

      
        A flesh-eating fly once eradicated is moving back toward the U.S.
        California researchers are preparing for the possible return of the New World screwworm, a parasitic fly that feeds on living flesh and once devastated U.S. livestock. By monitoring traps and educating veterinarians and farmers, they hope to stop the pest before it gains a foothold.

      

      
        A simple turn reveals a 1,500-year-old secret on Roman glass
        A museum visit sparked a revelation when a Roman glass cup was turned around and its overlooked markings came into focus. These symbols, once dismissed as decoration, appear to be workshop identifiers used by teams of skilled artisans. The findings challenge centuries of assumptions about how Roman glass was made. They also restore identity and agency to the anonymous makers behind these stunning objects.

      

      
        This 8,000-year-old art shows math before numbers existed
        Over 8,000 years ago, early farming communities in northern Mesopotamia were already thinking mathematically--long before numbers were written down. By closely studying Halafian pottery, researchers uncovered floral and plant designs arranged with precise symmetry and numerical patterns, revealing a surprisingly advanced sense of geometry.

      

      
        Scientists reveal a 1.5-million-year-old human face
        Scientists have digitally reconstructed the face of a 1.5-million-year-old Homo erectus fossil from Ethiopia, uncovering an unexpectedly primitive appearance. While its braincase fits with classic Homo erectus, the face and teeth resemble much older human ancestors. This discovery challenges long-held ideas about where and how Homo erectus evolved. It also hints at a complex web of migrations and possible mixing between early human species.

      

      
        Living cells may generate electricity from motion
        Cells may generate their own electrical signals through microscopic membrane motions. Researchers show that active molecular processes can create voltage spikes similar to those used by neurons. These signals could help drive ion transport and explain key biological functions. The work may also guide the design of intelligent, bio-inspired materials.

      

      
        A new way to prevent gum disease without wiping out good bacteria
        Scientists are uncovering a surprising way to influence bacteria--not by killing them, but by changing how they communicate. Researchers studying oral bacteria found that disrupting chemical signals used in bacterial "conversations" can shift dental plaque toward healthier, less harmful communities. The discovery could open the door to new treatments that prevent disease by maintaining a balanced microbiome rather than wiping bacteria out entirely.

      

      
        Why consciousness exists at all
        Consciousness evolved in stages, starting with basic survival responses like pain and alarm, then expanding into focused awareness and self-reflection. These layers help organisms avoid danger, learn from the environment, and coordinate socially. Surprisingly, birds show many of these same traits, from subjective perception to basic self-awareness. This suggests consciousness is far older and more widespread than once believed.

      

      
        A hidden climate shift may have sparked epic Pacific voyages 1,000 years ago
        Around 1,000 years ago, a major climate shift reshaped rainfall across the South Pacific, making western islands like Samoa and Tonga drier while eastern islands such as Tahiti became increasingly wet. New evidence from plant waxes preserved in island sediments shows this change coincided with the final major wave of Polynesian expansion eastward. As freshwater became scarcer in the west and more abundant in the east, people may have been pushed to migrate, effectively "chasing the rain" across v...

      

      
        Giant sea monsters lived in rivers at the end of the dinosaur age
        Giant mosasaurs, once thought to be strictly ocean-dwelling predators, may have spent their final chapter prowling freshwater rivers alongside dinosaurs and crocodiles. A massive tooth found in North Dakota, analyzed using chemical isotope techniques, reveals that some mosasaurs adapted to river systems as seas gradually freshened near the end of the age of dinosaurs. These enormous reptiles, possibly as long as a bus, appear to have hunted near the surface, perhaps even feeding on drowned dinosa...

      

      
        This rare earthquake did everything scientists hoped to see
        A rare, ultra-long earthquake in Myanmar revealed that mature faults can deliver their full force directly to the surface. The discovery could mean stronger shaking near faults like California's San Andreas than current models predict.

      

      
        Male bonobos use hidden clues to boost mating success
        Male bonobos have an impressive ability to detect when females are most fertile, even though the usual visual cues are unreliable. Researchers tracking wild bonobos in the Congo discovered that males skillfully interpret a mix of swelling timing and a female's reproductive history to pinpoint the optimal moment for mating. By blending these clues, they overcome nature's misleading signals and maximize their chances of fathering offspring.

      

      
        Scientists finally uncovered why the Indus Valley Civilization collapsed
        A series of century-scale droughts may have quietly reshaped one of the world's earliest urban civilizations. New climate reconstructions show that the Indus Valley Civilization endured repeated long dry periods that gradually pushed its people toward the Indus River as rainfall diminished. These environmental stresses coincided with shrinking cities, shifting settlements, and eventually widespread deurbanization. Rather than a dramatic collapse, the civilization appears to have faded slowly unde...

      

      
        Researchers find how plants survive without sunlight or sex
        The study reveals how Balanophora plants function despite abandoning photosynthesis and, in some species, sexual reproduction. Their plastid genomes shrank dramatically in a shared ancestor, yet the plastids remain vital. Asexual reproduction appears to have evolved repeatedly, helping the plants survive in isolated, humid forest habitats. The research highlights surprising resilience in these bizarre parasitic species.

      

      
        A grad student's wild idea triggers a major aging breakthrough
        Senescent "zombie" cells are linked to aging and multiple diseases, but spotting them in living tissue has been notoriously difficult. Researchers at Mayo Clinic have now taken an inventive leap by using aptamers--tiny, shape-shifting DNA molecules--to selectively tag these elusive cells. The project began as an offbeat conversation between two graduate students and quickly evolved into a collaborative, cross-lab effort that uncovered aptamers capable of binding to unique surface proteins on senesc...

      

      
        New ghost marsupial related to the kangaroo found in Australia
        Researchers analyzing ancient fossils from caves across Western Australia have uncovered a completely new species of bettong along with two new woylie subspecies--remarkable finds made bittersweet by signs that some may already be extinct.

      

      
        A long-nosed chameleon hid its true identity for 150 years
        Scientists have discovered that Madagascar's iconic Pinocchio chameleon is actually a distinct species now named Calumma pinocchio. DNA from both modern samples and centuries-old museum specimens also exposed another hidden species, Calumma hofreiteri. The study shows that the chameleons' elongated snouts evolve surprisingly quickly, likely influenced by female mate choice. These findings highlight Madagascar as a hotspot of rapidly diversifying reptile life.

      

      
        Natural compound supercharges treatment for aggressive leukemia
        Forskolin, a plant-derived compound, shows surprising potential against one of the most aggressive forms of leukemia. Researchers discovered that it not only stops cancer cells from growing but also makes them far more vulnerable to chemotherapy by preventing them from pumping out the drugs meant to kill them. Experts say this dual action could help create safer, more powerful AML treatments with fewer harsh side effects.

      

      
        New fossils in Qatar reveal a tiny sea cow hidden for 21 million years
        Fossils from Qatar have revealed a small, newly identified sea cow species that lived in the Arabian Gulf more than 20 million years ago. The site contains the densest known collection of fossil sea cow bones, showing that these animals once thrived in rich seagrass meadows. Their ecological role mirrors that of modern dugongs, which still reshape the Gulf's seafloor as they graze. The findings may help researchers understand how seagrass ecosystems respond to long-term environmental change.

      

      
        Scientists find hidden rainfall pattern that could reshape farming
        New research shows that crops are far more vulnerable when too much rainfall originates from land rather than the ocean. Land-sourced moisture leads to weaker, less reliable rainfall, heightening drought risk. The U.S. Midwest and East Africa are particularly exposed due to soil drying and deforestation. Protecting forests and improving land management could help stabilize rainfall and crop yields.

      

      
        A silent ocean pandemic is wiping out sea urchins worldwide
        A sudden, unexplained mass die-off is decimating sea urchins around the world, including catastrophic losses in the Canary Islands. Key reef-grazing species are reaching historic lows, and their ability to reproduce has nearly halted in some regions. Scientists suspect a pathogen but haven't yet confirmed the culprit. The fate of these reefs may hinge on solving this unfolding pandemic.
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The western U.S. Tried to stop wildfires and it backfired | ScienceDaily
Wildfires are not always purely destructive. In many forests, fire can clear out built up dead material, return nutrients to the soil, and help ecosystems reset. For more than 100 years, the United States has spent billions of dollars on fire suppression to protect people, homes, and sensitive environments. But putting out too many fires can also prevent landscapes from getting the burns they need, allowing extra fuel to accumulate and raising the risk of larger fires later.


						
New research to be presented at AGU's 2025 Annual Meeting in New Orleans reports that nearly 38 million hectares of land in the western United States are historically behind on burning. The researchers describe these areas as being in a "fire deficit." This estimate was revised from 59 million hectares in the abstract to a final total of 38 million hectares.

"Conditions are getting so warm and dry that it's causing huge amounts of fire compared to the historical record," said Winslow Hansen, director of the Western Fire and Forest Resilience Collaborative and scientist at Cary Institute of Ecosystem Studies. "However, we still are dealing with the legacy of 150 years of fire suppression. Together, drying conditions and overly dense fuels portend a challenging and more fiery future."

Hansen will present the findings on December 18 at AGU25, joining more than 20,000 scientists discussing the latest Earth and space science research.

How scientists mapped fire deficit and fire surplus

To determine where fire is missing and where it is happening too often, the team used geospatial evidence such as pollen records and dirt samples. From that information, they estimated historical fire return intervals, which were then reconstructed through the Landfire program.

When the team compared modern annual burn patterns with the historical record revealed by the data, they found that 74% of the western U.S. is currently in a fire deficit. To close that gap, forests would need about 3.8 million hectares to burn each year for a decade. That annual amount is three times the forest area that burned in 2020, which remains the record year for wildfire burn area in the U.S.




Strategies to reduce wildfire risk and restore healthier fire cycles

The scale of that burning is intimidating, but Hansen and his colleagues say there are several ways to make progress. They point to a mix of prescribed burns, mechanical thinning, and the use of managed wildfire to reduce the deficit.

"There are still lots of wildfires that burn today... that are reducing our fuel loads and revitalizing ecosystems," said Hansen. "Instead of suppressing those fires and putting them out, we've got to let them do good ecological work to help us tackle this challenge when risk is low."

Some regions have the opposite problem too much fire

Even as much of the West is overdue for fire, the southwest is dealing with the reverse situation. Human started wildfires have pushed shrublands and chapparal ecosystems into a fire surplus, especially in Southern California.

"You're getting more fire than you would have historically, which can even threaten resilience," Hansen said. "These shrubland ecosystems might not be able to regenerate if the fire is too frequent."

Parts of Cascadia are also showing a fire surplus, which the researchers link to climate change driving higher temperatures and more drought, conditions that can set the stage for blazes.




"I was a little bit surprised to see these signals of climate change-driven surplus already," said Hansen. "I'd expected that would be something we would see in the next decade or two instead."

Abstract information

B42C-08 Erasing the western US forest-fire deficit will require approximately 60 million hectares of ecologically beneficial burning over the next decade.

Thursday, December 18, 11:45 -- 11:55 Central Time

Room 265-266 NOLA Convention Center
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Your body feels cold in two different ways | ScienceDaily
Researchers led by Felix Viana, co-director of the Sensory Transduction and Nociception laboratory at the Institute for Neurosciences (IN), have discovered that the body does not sense cold in a single, uniform way. Instead, the skin and internal organs rely on different molecular systems to detect drops in temperature. The Institute for Neurosciences (IN) is a joint research center of the Spanish National Research Council (CSIC) and Miguel Hernandez University of Elche (UMH). This work provides new insight into how the body maintains temperature balance and may help explain disorders linked to abnormal cold sensitivity.


						
The findings were published in the scientific journal Acta Physiologica and show that cold perception varies depending on where it occurs in the body. In the skin, low temperatures are mainly detected by an ion channel called TRPM8, which is specialized for sensing cool environmental conditions. Inside the body, however, organs such as the lungs and stomach depend largely on a different molecular sensor known as TRPA1 to register temperature changes.

Why Cold Feels Different on Skin and Inside the Body

This division helps explain a familiar experience: cold on the skin feels very different from the sensation of breathing icy air or swallowing a cold drink. Each tissue type activates its own biological pathways to detect temperature shifts. As Felix Viana explains, "The skin is equipped with specific sensors that allow us to detect environmental cold and adapt defensive behaviors." He adds: "In contrast, cold detection inside the body appears to depend on different sensory circuits and molecular receptors, reflecting its deeper physiological role in internal regulation and responses to environmental stimuli."

Studying Cold-Sensing Nerves

To uncover these differences, the researchers used animal models that made it possible to directly study the sensory neurons responsible for detecting cold. They focused on two major nerve pathways. One was the trigeminal nerve, which carries sensory information from the skin and surface of the head. The other was the vagus nerve, a key communication route between the brain and internal organs such as the lungs and digestive system.

The team examined how neurons from these nerves responded to temperature changes using calcium imaging and electrophysiological recordings. These techniques allowed scientists to observe nerve activity in real time. They also applied drugs that selectively block certain molecular sensors, making it possible to pinpoint which ion channels were active in each type of neuron.




Genetic Evidence Confirms Distinct Roles

The researchers further strengthened their findings by studying genetically modified mice that lacked either the TRPM8 or TRPA1 sensors. By combining these experiments with gene expression analyses, they confirmed that each sensor plays a distinct role in cold perception depending on the tissue involved. The results show that temperature detection is closely matched to the specific physiological role of each part of the body, with internal organs using molecular mechanisms that differ from those found in the skin.

Katharina Gers-Barlag, first author of the study, emphasizes the broader significance of the work. "Our findings reveal a more complex and nuanced view of how sensory systems in different tissues encode thermal information. This opens new avenues to study how these signals are integrated and how they may be altered in pathological conditions, such as certain neuropathies in which cold sensitivity is disrupted."

Funding and International Collaboration

The research was supported by multiple funding sources, including the Spanish National Plan for Scientific and Technical Research and Innovation; the Spanish State Research Agency-Ministry of Science, Innovation and Universities, through the Severo Ochoa Programme for Centres of Excellence; and the Valencian Regional Government (Generalitat Valenciana). The study is also part of an international project funded by the Human Frontier Science Program (HFSP) and coordinated by Viana at the Institute for Neurosciences, which aims to understand the molecular foundations of cold perception in species adapted to extreme thermal environments.
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Mystery of King Tut's jars solved? Yale researchers find opium clues | ScienceDaily
Scientists examining an ancient alabaster vase in the Yale Peabody Museum's Babylonian Collection detected chemical traces of opiates. The Yale Ancient Pharmacology Program (YAPP) says this is the strongest evidence so far that opium use was widespread in ancient Egyptian society.


						
Andrew J. Koh, YAPP's principal investigator and the study's lead author, said the results also point to a bigger possibility. Similar ancient Egyptian alabaster vessels (all made of calcite mined from the same quarries in Egypt) including several remarkable examples from the tomb of Pharaoh Tutankhamun could also still carry traces of ancient opiates.

"Our findings combined with prior research indicate that opium use was more than accidental or sporadic in ancient Egyptian cultures and surrounding lands and was, to some degree, a fixture of daily life," said Koh, a research scientist at the Yale Peabody Museum. "We think it's possible, if not probable, that alabaster jars found in King Tut's tomb contained opium as part of an ancient tradition of opiate use that we are only now beginning to understand."

The study appeared in the Journal of Eastern Mediterranean Archaeology. It was coauthored by Agnete W. Lassen, associate curator of the Yale Babylonian Collection, and Alison M. Crandall, YAPP's lab manager.

A Vase Linked to Xerxes and Written in Four Ancient Languages

The alabaster vase bears inscriptions in four ancient languages: Akkadian, Elamite, Persian, and Egyptian. The text is dedicated to Xerxes I, who ruled the Achaemenid Empire from 486 to 465 BCE. Centered in Persia, that empire at its peak included Egypt, Mesopotamia, the Levant, Anatolia, and parts of Eastern Arabia and Central Asia.

Another inscription on the vessel is written in Demotic script, a simplified form of ancient Egyptian writing. It states the vase holds about 1,200 millimeters. (It is 22 centimeters tall.) The researchers noted that intact inscribed ancient Egyptian alabaster vessels are extremely rare, likely fewer than 10 in museum collections worldwide.




The team said the origins of these intact vessels are generally uncertain. Even so, the surviving examples appear to span the reigns of Achaemenid emperors Darius, Xerxes, and Artaxerxes, covering 550 to 425 BCE. Yale's vase has been in the Babylonian Collection since shortly after the university established the collection of about 40,000 ancient artifacts in 1911.

How YAPP Studies Ancient Residues in Museum Vessels

YAPP is based at the Peabody Museum and combines ethnography, science, and technology to investigate everyday life thousands of years ago. The group focuses on organic residues left on or inside ancient containers, which can reveal details about diet and lifestyle. To do this work, the program developed methods designed for residues that deteriorate over time and that can be contaminated, whether the objects come from museum collections or recent excavations.

"Scholars tend to study and admire ancient vessels for their aesthetic qualities, but our program focuses on how they were used and the organic substances they contained, knowledge that reveals a great deal of information about the daily lives of ancient peoples, included what they ate, the medicines they used, and how they spent their leisure time," Koh said.

Koh's attention was first drawn to the vase after he noticed dark-brown aromatic material inside it.

Chemical Biomarkers Confirm Opium Compounds

YAPP's testing found strong evidence of noscapine, hydrocotarnine, morphine, thebaine, and papaverine. These compounds are well-known diagnostic biomarkers for opium.




Researchers said the results align with earlier work that identified opiate residues in Egyptian alabaster vessels and Cypriot base-ring juglets. Those items came from a typical tomb in Sedment, Egypt, south of Cairo, believed to belong to a merchant family. That burial dates to the New Kingdom, when the Egyptian empire lasted from the 16th to the 11th century BCE.

Koh said these two discoveries, separated by more than a millennium and connected to different socio-economic groups, make it plausible that opium could be present in the many alabaster vessels found in Tutankhamun's tomb in the Valley of the Kings.

Opium Use Beyond Medicine and Into Ritual Life

Koh noted that historical signals of opium use often go beyond healing and into spiritual or ritual contexts across antiquity, from ancient Mesopotamia to Egypt and through the Aegean. During Tutankhamun's lifetime, for instance, people in Crete were linked to the so-called "poppy goddess" in clearly ritualistic settings. The poppy plant is also referenced in several ancient texts, including the Ebers Papyrus, Hippocrates, Dioscorides's De Materia Medica, and Galen.

King Tut's Tomb, Sticky Residues, and an Unfinished Investigation

Howard Carter, the Egyptologist and archaeologist, discovered Tutankhamun's tomb in November 1922. The find included an enormous collection of artifacts, among them many exquisitely preserved Egyptian alabaster vessels that likely represented the finest available during Tutankhamen's reign, which last from 1,333 to 1,323 BCE.

In 1933, analytical chemist Alfred Lucas, who worked with Carter's team, carried out a limited chemical study of the vessels. Many contained sticky, dark brown, aromatic organic material. Lucas could not identify the substances at the time, but he concluded most were not unguents or perfumes.

"That Lucas questioned whether any of the vessels contained perfumes or unguents at all and did not identify the remaining vessel contents as primarily aromatic in nature is significant given that the prevailing conventions at the time would have pressured him to do so," Koh said.

No additional testing of those organic materials has been done since Lucas' early effort. The vessels (along with most other artifacts from Tutankhamun's tomb) are now housed at the Grand Egyptian Museum in Giza, Egypt.

Looters Targeted the Contents, Not Just the Containers

The researchers said Carter recorded evidence of an ancient looting episode that focused on what was inside the alabaster vessels. Finger marks inside some jars suggest looters tried to scrape out the contents as completely as possible. Many of the looted vessels held the same kind of dark-brown aromatic material that Lucas concluded was not perfume. A small number of jars were not looted and still contain their original contents.

Koh said whatever was stored in these vessels was considered valuable enough to accompany Tutankhamen into the afterlife, and important enough that grave robbers were willing to risk an attempted theft.

He added that it seems unlikely people would have treated ordinary unguents and perfumes of the period as that valuable.

"We now have found opiate chemical signatures that Egyptian alabaster vessels attached to elite societies in Mesopotamia and embedded in more ordinary cultural circumstances within ancient Egypt," Koh said. "It's possible these vessels were easily recognizable cultural markers for opium use in ancient times, just as hookahs today are attached to shisha tobacco consumption. Analyzing the contents of the jars from King Tut's tomb would further clarify the role of opium in these ancient societies."
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A flesh-eating fly once eradicated is moving back toward the U.S. | ScienceDaily
When the New World screwworm last spread across the United States, it caused widespread damage to livestock and took decades to eliminate. That history is now driving a new effort by researchers at the University of California Riverside, who are working to stop the parasitic fly before it can reestablish itself.


						
Despite its name, the New World screwworm is not a worm. It is the larval, or maggot, stage of a metallic-looking blowfly known as Cochliomyia hominivorax. Most blowflies are harmless and play an important role by breaking down dead animals. This species is different because it feeds on living tissue.

"Not all blowflies are this species. We don't have to be afraid of all flies," said Amy Murillo, UCR assistant professor of entomology and principal investigator of the project. "But this particular species isn't one we want here."

Monitoring California for Early Warning Signs

Backed by $507,000 from the California Department of Food and Agriculture, UCR entomologists are launching a statewide monitoring program to detect any early signs of the fly's return. The screwworm lays its eggs in open wounds on warm-blooded animals, including humans. Once the eggs hatch, the maggots burrow into flesh in a corkscrew motion, which is how the insect got its name.

The New World screwworm was once common across California and much of the southern United States. About 60 years ago, it was successfully wiped out using a large-scale program that released millions of sterile male flies. Because female screwworms mate only once, the strategy caused the population to collapse. That effort pushed the species south to Panama, where the U.S. Department of Agriculture has maintained a protective barrier ever since.

A Growing Threat to the North

In recent years, the screwworm has started appearing again in parts of Central America and southern Mexico. Experts believe the resurgence is linked to the movement of infested animals, often transported by people who unknowingly help the pest spread.




"It hasn't been found in California yet, but it's within 70 miles of the Texas border," Murillo said. "We need to be prepared."

Traps, Lures, and Early Detection

Murillo is working with Alec Gerry, a UCR veterinary entomology professor and CE Specialist, to deploy traps across California. These traps use a lure developed by the USDA that mimics the smell of rotting flesh. While many blowfly species are attracted to it, the lure is also effective at drawing in the New World screwworm. Researchers will regularly check the traps for any sign that the invasive fly has crossed into the state.

The project also includes an outreach effort aimed at veterinarians, livestock handlers, and entomologists. These groups are the most likely to encounter screwworm infestations early, and catching an outbreak quickly is key to stopping it from spreading.

Why Livestock Face the Greatest Risk

Screwworms pose a serious threat to farm animals, especially those with common injuries from barbed wire, birthing, or procedures such as dehorning. Without treatment, infestations can quickly worsen as flies lay more eggs, enlarging wounds and sometimes leading to death.




California's dairy and cattle industries are particularly vulnerable. "Most people think of citrus or avocados as being our top exports, but it's actually dairy that leads our agricultural economy," Murillo said.

Public Awareness as a Line of Defense

Even though the fly has not been detected in California, researchers say public awareness is an important part of prevention. "Not all blowflies are harmful, and many are beneficial," Murillo said. "But if you notice something unusual on your pet or livestock, reach out to a vet. Don't ignore it."

If an outbreak were to happen again, Murillo said the same sterile insect technique used in the past would still be the most effective tool for stopping it.

Rare but Possible Human Infections

Although screwworms primarily target animals, humans can also be affected under certain conditions, particularly when open wounds go untreated. Infections have been documented in people who traveled to regions where the fly is active. Even so, livestock remain the primary concern.

"They need an opening in the flesh, and it doesn't have to be large. They don't make wounds, but they do exploit them," Murillo said.

Staying Alert Without Panic

Murillo emphasized that the goal is preparedness, not fear.

"You don't have to worry that they're going to start eating your flesh," Murillo said. "But we do hope that this project will help people to be more vigilant in recognizing and preventing screwworm infestations in animals should they return to California."
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A simple turn reveals a 1,500-year-old secret on Roman glass | ScienceDaily
In the quiet glow of a museum gallery, Hallie Meredith noticed something unexpected about ancient Roman glass that had gone unnoticed for generations.


						
In February 2023, the Washington State University art history professor and practicing glassblower was studying a private collection of Roman glass cage cups at the Metropolitan Museum of Art in New York City. These rare luxury vessels, carved from a single block of glass between 300 and 500 CE, have long been admired and analyzed for their craftsmanship. Meredith's insight did not come from new technology or specialized imaging. It came from curiosity and a simple physical action. She turned one of the cups around.

Overlooked Symbols and Ancient Makers' Marks

On the back of the late Roman vessel, Meredith noticed abstract openwork shapes carved alongside a short inscription wishing the owner a long life. The designs included (such as, diamonds, leaves, or crosses). For decades, these elements were treated as ornamental details. Meredith's research suggests a different interpretation. She believes these symbols functioned as makers' marks, identifying the workshops and artisans responsible for producing some of the most complex glass objects in the Roman world.

"Because I am trained as a maker, I kept wanting to flip things over," Meredith said. She began glassblowing as an undergraduate and has continued the practice throughout her career. "When that happens, patterns appear that everyone else has literally photographed out of the frame."

Tracing a Network of Roman Glassworkers

That moment of observation led Meredith to a broader investigation into how Roman glassmakers organized their work. In two recent academic papers, one published in April in the Journal of Glass Studies and another in October in World Archaeology, she documented the same symbols appearing on multiple carved glass objects. The repeated marks point to a shared visual system used by glassworkers between the fourth and sixth centuries CE.




By analyzing tool marks, inscriptions, and unfinished pieces, Meredith found evidence that these vessels were created by teams rather than individual artisans. Engravers, polishers, and apprentices appear to have worked together in coordinated workshops. What began as a simple act of turning a vessel revealed a previously unrecognized community of makers whose identities had faded from view.

Rethinking How Roman Glass Was Made

For more than two centuries, scholars have debated how Roman openwork glass vessels were produced. Theories have ranged from hand carving to casting or blowing. Much of this discussion focused narrowly on manufacturing techniques and inscriptions. Meredith's findings suggest that a fuller understanding requires attention to the people involved, not just the methods they used.

Each vessel, known as a diatretum, started as a thick-walled glass form that was carefully carved into two concentric layers connected by thin glass bridges. The finished lattice appears remarkably delicate, yet producing it demanded extraordinary time and physical endurance. Meredith's research indicates that multiple specialists collaborated on a single cup over extended periods. She argues that the abstract symbols marked workshop identity rather than individual authorship. "They weren't personal autographs," she said. "They were the ancient equivalent of a brand."

A Broader History of Ancient Craft Labor

Meredith expands on these ideas in her forthcoming book, The Roman Craftworkers of Late Antiquity: A Social History of Glass Production and Related Industries. The monograph is currently in production with Cambridge University Press and is expected to be released in 2026 or 2027.




Her hands-on experience as a glassblower strongly informs her academic work. She understands the physical demands of working molten glass and applies that practical knowledge to her study of ancient objects. At WSU, she teaches a course called Experiencing Ancient Making. Students recreate artifacts using 3D printing, attempt traditional making techniques, and use a digital app she developed to virtually disassemble historical objects. "The goal isn't perfect replication," she said. "It's empathy. Ancient craftworkers can be understood differently when their production processes are experienced."

Restoring Visibility to Ancient Artisans

That emphasis on empathy shapes Meredith's broader goal of bringing attention back to the laborers behind ancient material culture. "There's been a static picture of people who do the work," she said. "We presume we understand them because we focus on elites. But when the evidence is assembled, far more is known about these craftworkers than previously thought."

Her next research project combines art history with data science. Collaborating with WSU computer science students, Meredith is creating a searchable database that tracks unconventional writing across thousands of portable artifacts. The database includes misspellings, mixed alphabets, and coded inscriptions. She believes these features, once dismissed as meaningless errors, may reflect multilingual artisans adjusting written language for diverse audiences.

Seeing Ancient Objects Through New Eyes

Meredith's work encourages scholars and museum visitors alike to reconsider what ancient artifacts can reveal. When light catches the lattice of a diatretum, the glass shows more than technical brilliance. It also reflects the skill, collaboration, and creativity of the people who shaped it centuries ago.
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This 8,000-year-old art shows math before numbers existed | ScienceDaily

By closely examining prehistoric pottery, Prof. Yosef Garfinkel and Sarah Krulwich of the Hebrew University traced the oldest consistent use of plant imagery in human art to more than 8,000 years ago. The pottery comes from the Halafian culture of northern Mesopotamia (c. 6200-5500 BCE). Their findings show that early farming communities carefully painted flowers, shrubs, branches, and trees, arranging them in ways that reflect deliberate geometric structure and numerical order.

Botanical Imagery Enters Prehistoric Art

In earlier periods, prehistoric artists mainly depicted people and animals. Halafian pottery marks a turning point, introducing plants as a recurring and thoughtfully designed subject in visual culture.

The researchers examined artifacts from 29 archaeological sites and recorded hundreds of plant motifs. Some were drawn in a realistic style, while others were more abstract, but all showed intentional design rather than random ornamentation.

"These vessels represent the first moment in history when people chose to portray the botanical world as a subject worthy of artistic attention," the authors note. "It reflects a cognitive shift tied to village life and a growing awareness of symmetry and aesthetics."

Hidden Numerical Patterns in Floral Designs

One of the most notable discoveries involves the way flowers were arranged on the pottery. Many bowls display floral patterns with petal numbers that follow clear numerical sequences, including 4, 8, 16, 32, and even groupings of 64 flowers.




The researchers argue that these patterns were planned rather than accidental and indicate an advanced understanding of how to divide space evenly. This type of reasoning appears thousands of years before the first written numerical systems.

"The ability to divide space evenly, reflected in these floral motifs, likely had practical roots in daily life, such as sharing harvests or allocating communal fields," Garfinkel explains.

This research contributes to the growing field of ethnomathematics, which explores how mathematical ideas are expressed through cultural practices and artistic traditions.

A Broad Range of Plant Motifs

The pottery designs reflect a wide variety of plant forms, including:
    	Flowers with carefully balanced petals
    	Seedlings and shrubs depicted with clear botanical features
    	Branches arranged in repeating, rhythmic patterns
    	Large trees sometimes shown alongside animals or architectural elements

Interestingly, none of the images portray edible plants. This absence suggests the designs were not meant to document agriculture or ritual practices. Instead, the authors suggest the emphasis on flowers may relate to their association with positive emotional responses, making them especially appealing subjects for decoration.




Rethinking the Origins of Mathematics

Although written mathematical records appear much later in Sumer, the Halafian pottery points to an earlier and more intuitive form of mathematical reasoning. This reasoning relied on symmetry, repetition, and visual organization rather than written symbols.

"These patterns show that mathematical thinking began long before writing," Krulwich says. "People visualized divisions, sequences, and balance through their art."

By systematically documenting these plant-based designs and uncovering their mathematical structure, the study provides fresh insight into how early societies perceived nature, organized shared spaces, and demonstrated complex cognitive abilities long before formal mathematics emerged.
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1.5-million-year-old fossil face is forcing a rethink of human origins | ScienceDaily
An international research team led by Dr. Karen Baab, a paleoanthropologist at the College of Graduate Studies, Glendale Campus of Midwestern University in Arizona, created a digital reconstruction of the face of early Homo erectus. The fossil, known as DAN5, is dated to about 1.5 to 1.6 million years old and was discovered at Gona in Ethiopia's Afar region. The rebuilt face looks more archaic than many scientists expected, offering fresh clues about one of the first human species to expand across Africa and Eurasia. The results were published in Nature Communications.


						
Dr. Baab says the reconstruction adds a surprising new twist: "We already knew that the DAN5 fossil had a small brain, but this new reconstruction shows that the face is also more primitive than classic African Homo erectus of the same antiquity. One explanation is that the Gona population retained the anatomy of the population that originally migrated out of Africa approximately 300,000 years earlier."

Gona's Deep Record of Fossils and Stone Tools

The Gona Paleoanthropological Research Project in Ethiopia's Afar region is co-directed by Dr. Sileshi Semaw (Centro Nacional de Investigacion sobre la Evolucion Humana, Spain) and Dr. Michael Rogers (Southern Connecticut State University). The Gona area has produced hominin fossils older than 6.3 million years ago, along with stone tools covering the past 2.6 million years of human evolution.

For this reconstruction, scientists combined a fossil brain case (previously described in 2020) with smaller facial fragments from the same individual, DAN5, dated to between 1.6 and 1.5 million years ago. Using virtual methods, the team reassembled the face fragments (and teeth) to build what they describe as the most complete fossil human skull from the Horn of Africa for this time period. Researchers classify DAN5 as Homo erectus, a long-lasting species found across Africa, Asia, and Europe after about 1.8 million years ago.

How Micro-CT Scans Rebuilt the DAN5 Skull

To piece the fossil together, the team used high-resolution micro-CT scans of four major facial fragments recovered during fieldwork at Gona in 2000. They built 3D digital models from those scans, then carefully aligned and reassembled the fragments on a computer. Where possible, they positioned the teeth into the upper jaw. The final stage involved "attaching" the reconstructed face to the braincase to create a mostly complete cranium. The process took about a year and required multiple rounds of refinement before the team settled on the final reconstruction.




Dr. Baab, who led the reconstruction work, compared it to "a very complicated 3D puzzle, and one where you do not know the exact outcome in advance. Fortunately, we do know how faces fit together in general, so we were not starting from scratch."

A Mix of Homo erectus Traits and Older Features

The study suggests that the Gona population living around 1.5 million years ago combined traits typically associated with Homo erectus in the braincase with more ancestral features in the face and teeth that are usually linked to earlier species. The researchers point to examples such as a relatively flat bridge of the nose and large molars.

To reach these conclusions, the team compared the size and shape of the DAN5 face and teeth with fossils from the same geological age, as well as specimens that are older and younger. A similar trait combination has been reported before in Eurasia, but DAN5 is described as the first fossil showing this pattern within Africa. That finding challenges the idea that Homo erectus evolved outside Africa. "I'll never forget the shock I felt when Dr. Baab first showed me the reconstructed face and jaw," says Dr. Yousuke Kaifu of the University of Tokyo, a co-author of the study.

Dr. Baab argues the broader fossil record still points toward an African origin for the species: "The oldest fossils belonging to Homo erectus are from Africa, and the new fossil reconstruction shows that transitional fossils also existed there, so it makes sense that this species emerged on the African continent. But the DAN5 fossil postdates the initial exit from Africa, so other interpretations are possible."

Dr. Rogers agrees that the new skull highlights how varied early humans could be. "This newly reconstructed cranium further emphasizes the anatomical diversity seen in early members of our genus, which is only likely to increase with future discoveries."

Dr. Semaw adds that the fossil is also notable for its archaeological context: "It is remarkable that the DAN5 Homo erectus was making both simple Oldowan stone tools and early Acheulian handaxes, among the earliest evidence for the two stone tool traditions to be found directly associated with a hominin fossil."




What Comes Next for DAN5 and Early European Fossils

Next, the researchers want to compare DAN5 with some of the earliest known human fossils from Europe. These include remains assigned to Homo erectus as well as Homo antecessor, a distinct species, with both dated to around one million years ago. "Comparing DAN5 to these fossils will not only deepen our understanding of facial variability within Homo erectus but also shed light on how the species adapted and evolved," says study co-author Dr. Sarah Freidline of the University of Central Florida.

The team also hopes future discoveries will help test other possibilities, including scenarios involving genetic admixture between species, similar to what has been documented much later among Neanderthals, modern humans and "Denisovans." One idea is that DAN5 could reflect admixture between classic African Homo erectus and the earlier Homo habilis species. As Dr. Rogers puts it, "We're going to need several more fossils dated between one to two million years ago to sort this out."
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Living cells may generate electricity from motion | ScienceDaily
Scientists have developed a new theoretical explanation for how living cells might generate electricity on their own. At the center of the idea is the cell membrane, the thin, flexible layer that surrounds every living cell and controls what enters and leaves it. Rather than being a static barrier, this membrane is constantly moving and reshaping itself at very small scales. The new framework shows that these tiny motions can give rise to real electrical effects.


						
The research was led by Pradeep Sharma and his colleagues, who built a mathematical model to explore how physical forces inside cells interact with biological activity. Their work focuses on how motion at the molecular level can translate into electrical signals across the membrane.

Molecular Activity That Makes Membranes Move

Inside every cell, proteins are constantly changing shape, interacting with other molecules, and carrying out chemical reactions. One important process is ATP hydrolysis, which is how cells break down adenosine triphosphate to release energy. These active biological processes do not happen quietly. They push and pull on the cell membrane, causing it to bend, ripple, and fluctuate.

The model shows that these ongoing membrane movements can trigger a phenomenon known as flexoelectricity. Flexoelectricity occurs when bending or deformation in a material produces an electrical response. In this case, the bending of the cell membrane can create an electrical difference between the inside and outside of the cell.

Voltage Levels Comparable to Nerve Signals

According to the framework, the electrical voltages created across the membrane can be surprisingly strong. In some cases, they can reach up to 90 millivolts. That level is notable because it is similar to the voltage changes seen in neurons when they fire electrical signals.




The timing also matches what happens in the nervous system. The voltage shifts can occur within milliseconds, which aligns closely with the shape and speed of typical action potential curves for neurons. This suggests that the same physical principles could play a role in how nerve cells communicate.

Driving Ion Movement Against Natural Gradients

The theory goes further by predicting that these membrane driven voltages could actively move ions. Ions are electrically charged atoms that cells use to send signals and maintain balance. Normally, ions flow along electrochemical gradients, meaning they move from areas of high concentration to low concentration.

The new model suggests that active membrane fluctuations could push ions in the opposite direction, working against those gradients. The researchers connect this behavior to specific properties of the membrane, including how stretchy it is and how it responds to electric fields. These properties help determine which direction ions move and what type of charge they carry.

From Single Cells to Tissues and New Materials

Looking ahead, the authors suggest that this framework could be expanded beyond individual cells. By applying the same principles to groups of cells, scientists could explore how coordinated membrane activity leads to larger scale electrical patterns across tissues.

The researchers argue that this mechanism offers a physical foundation for understanding sensory perception, neuronal firing, and even how living cells might harvest energy internally. It may also help bridge neuroscience with the development of bio inspired and physically intelligent materials, offering new ways to design systems that mimic the electrical behavior of living tissue.
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A new way to prevent gum disease without wiping out good bacteria | ScienceDaily
All living organisms adapt in order to survive, and bacteria are no exception. Over many decades, some bacteria have gradually become resistant to widely used antibiotics and disinfectants, creating serious challenges for medicine and public health. At the same time, countless bacterial species play a helpful and often critical role in keeping the human body healthy. This raises an important question. Instead of trying to eliminate bacteria, could scientists find ways to influence how they behave to reduce disease and improve health?


						
Bacteria are far from silent. Inside the human mouth, roughly 700 different bacterial species constantly exchange information through a process called quorum sensing. This chemical communication allows bacteria to coordinate their actions as a group. Many oral bacteria rely on signaling molecules known as N-acyl homoserine lactones (AHLs) to send and receive these messages.

Investigating Bacterial Communication in Dental Plaque

Researchers at the University of Minnesota, Twin Cities College of Biological Sciences and the School of Dentistry set out to explore how bacteria in the mouth communicate and whether that communication could be deliberately disrupted. Their goal was to determine if interfering with these signals could help prevent plaque buildup and support a healthier oral microbiome. The findings, published in the journal npj Biofilms and Microbiomes, suggest this approach could reshape how doctors think about treating bacterial diseases.

Key Findings From the Study

The researchers discovered several important patterns in how oral bacteria communicate and organize themselves:
    	Bacteria in dental plaque generate AHL signals in oxygen-rich areas (such as above the gumline), and those signals can be detected by bacteria living in oxygen-poor regions (beneath the gumline).
    	Eliminating AHL signals using specialized enzymes called lactonases led to an increase in bacterial species associated with good oral health.
    	These results indicate that carefully chosen enzymes might be used to reshape dental plaque communities and help maintain a healthy balance of microbes.

Dental Plaque as a Living Ecosystem

"Dental plaque develops in a sequence, much like a forest ecosystem," said Mikael Elias, associate professor in the College of Biological Sciences and senior author of the study. "Pioneer species like Streptococcus and Actinomyces are the initial settlers in simple communities -- they're generally harmless and associated with good oral health. Increasingly diverse late colonizers include the 'red complex' bacteria like Porphyromonas gingivalis, which are strongly linked to periodontal disease. By disrupting the chemical signals bacteria use to communicate, one could manipulate the plaque community to remain or return to its health-associated stage."




"What's particularly striking is how oxygen availability changes everything," said lead author Rakesh Sikdar. "When we blocked AHL signaling in aerobic conditions, we saw more health-associated bacteria. But when we added AHLs under anaerobic conditions, we promoted the growth of disease-associated late colonizers. Quorum sensing may play very different roles above and below the gumline, which has major implications for how we approach treatment of periodontal diseases."

Toward New Microbiome-Based Treatments

The researchers plan to next examine how bacterial signaling differs across various regions of the mouth and among patients at different stages of periodontal disease. "Understanding how bacterial communities communicate and organize themselves may ultimately give us new tools to prevent periodontal disease -- not by waging war on all oral bacteria, but by strategically maintaining a healthy microbial balance," said Elias. The team believes this strategy could eventually lead to therapies for other parts of the body, where imbalances in the microbiome are linked to illness and certain forms of cancer.

Funding for the research was provided by the National Institutes of Health.
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Why consciousness exists at all | ScienceDaily
Our everyday lives are shaped by conscious experience. At times, this experience is pleasant, such as feeling sunlight on your skin, hearing birds sing, or simply enjoying a peaceful moment. At other times, it is painful, whether from a physical injury like hurting your knee on the stairs or from ongoing emotional struggles such as chronic pessimism. This raises a fundamental question: why did living beings evolve a form of perception that includes pleasure, pain, and even intense suffering?


						
Albert Newen and Carlos Montemayor describe consciousness as having three distinct forms, each serving a different role: 1. basic arousal, 2. general alertness, and 3. a reflexive (self-)consciousness. According to Newen, basic arousal was the first to emerge in evolutionary history. "Evolutionarily, basic arousal developed first, with the base function of putting the body in a state of ALARM in life-threatening situations so that the organism can stay alive," he explains. Pain plays a crucial role here. "Pain is an extremely efficient means for perceiving damage to the body and to indicate the associated threat to its continued life. This often triggers a survival response, such as fleeing or freezing."

How Attention and Learning Evolved

A later evolutionary development is general alertness. This form of consciousness allows an individual to focus on one important signal while filtering out others. For example, if someone is talking to you and you suddenly notice smoke, your attention shifts immediately to the smoke as you look for its source. As Carlos Montemayor explains, "This makes it possible to learn about new correlations: first the simple, causal correlation that smoke comes from fire and shows where a fire is located. But targeted alertness also lets us identify complex, scientific correlations."

Self Awareness and Social Life

Humans and some other animals go a step further by developing reflexive (self-)consciousness. In its more advanced form, this ability allows individuals to think about themselves, remember the past, and anticipate the future. It also makes it possible to build a mental image of oneself and use that image to guide decisions and plans. Newen notes, "Reflexive consciousness, in its simple forms, developed parallel to the two basic forms of consciousness. In such cases conscious experience focuses not on perceiving the environment, but rather on the conscious registration of aspects of oneself." These aspects include bodily states, perceptions, sensations, thoughts, and actions.

A simple example of reflexive consciousness is recognizing oneself in a mirror. Human children usually develop this ability around 18 months of age. It has also been observed in certain animals, including chimpanzees, dolphins, and magpies. At its core, reflexive conscious experience supports social integration and coordination with others, helping individuals function within groups.




What Birds Perceive

Research by Gianmarco Maldarelli and Onur Gunturkun suggests that birds may also possess basic forms of conscious perception. Their work highlights three main areas where birds show strong similarities to mammals: sensory consciousness, underlying brain structures, and forms of self-consciousness.

Evidence of Sensory Experience in Birds

Studies of sensory consciousness show that birds do more than automatically react to stimuli. They appear to have subjective experiences. When pigeons are shown visually ambiguous images, they alternate between different interpretations, much like humans do. Research on crows provides further evidence. Certain nerve signals in their brains reflect what the animal perceives rather than the physical stimulus itself. When a crow sometimes consciously detects a stimulus and sometimes does not, specific nerve cells respond in line with that internal experience.

Bird Brains and Conscious Processing

Bird brains also contain structures that support conscious processing, even though their anatomy differs from that of mammals. Gunturkun explains, "The avian equivalent to the prefrontal cortex, the NCL, is immensely connected and allows the brain to integrate and flexibly process information." He adds, "The connectome of the avian forebrain, which presents the entirety of the flows of information between the regions of the brain, shares many similarities with mammals. Birds thus meet many criteria of established theories of consciousness, such as the Global Neuronal Workspace theory."

Signs of Self Perception in Birds

More recent experiments indicate that birds may also show forms of self-perception. While some corvid species pass the classic mirror test, other studies use alternative approaches that better reflect birds' natural behaviors. These experiments reveal additional forms of self-consciousness in different species. Gunturkun notes, "Experiments indicate that pigeons and chickens differentiate between their reflection in a mirror and a real fellow member of their species, and react to these according to context. This is a sign of situational, basic self-consciousness."

Taken together, these findings suggest that consciousness did not emerge recently or exclusively in humans. Instead, it appears to be an ancient and widespread feature of evolution. Birds demonstrate that conscious processing can occur without a cerebral cortex and that very different brain structures can arrive at similar functional outcomes.
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A hidden climate shift may have sparked epic Pacific voyages 1,000 years ago | ScienceDaily
A new study led by the University of Southampton and University of East Anglia (UEA) points to a major change in South Pacific climate conditions, beginning around 1,000 years ago, that may have encouraged people to move and settle farther to the east. The research suggests that as parts of the western region became steadily drier, communities may have been pushed to seek out islands with more dependable rainfall.


						
The team reports that inhabited islands in Western Polynesia, including Samoa and Tonga, experienced drying over time. Meanwhile, islands farther east in Eastern Polynesia, such as French Polynesia (Tahiti), gradually became wetter, potentially making them more appealing places to live and farm.

The work is part of a larger Southampton and UEA collaboration known as PROMS (Pacific Rainfall over Millennial Timescales), which investigates how Pacific rainfall has shifted over long periods and how those changes may have influenced human migration.

The findings are published in the journal Nature: Communications Earth and Environment.

Evidence from PROMS and the idea of "chasing the rain"

Principal Investigator for PROMS, Professor David Sear comments: "The Pacific Islands today are under threat from changing climate, but we can see from our research that this is not the first time the inhabitants of the region have had to adapt to a changing climate.

"Our research suggests that beginning around 1,000 years ago, people in the region were effectively chasing the rain eastwards as part of adapting to the stress placed on growing populations by a period of drier conditions developing in the western South Pacific."

Plant wax clues and 1,500 years of rainfall history




To reconstruct past rainfall, researchers collected sediment cores from Tahiti and Nuku Hiva in Eastern Polynesia and examined plant waxes -- fatty layers left on leaves. Advanced laboratory testing of these waxes can indicate how wet or dry conditions were at the time the plants grew. The team then combined these new results with other climate records from around Polynesia and the wider Pacific.

Using this high-resolution dataset, the researchers estimated how rainfall patterns across the Pacific changed over the last 1,500 years. They also used new climate model simulations to pinpoint when and where the rainfall shift happened, and to identify the most likely driver behind it.

The team concludes that the most probable cause was a natural change in sea surface temperature patterns across the Pacific, which appears to have nudged the South Pacific Convergence Zone (SPCZ) eastward between approximately 1,100 and 400 years ago. The SPCZ is one of the largest structures in the global climate system, forming a high-rainfall zone that stretches more than 7,000 km from Papua New Guinea to beyond the Cook Islands. In the shift identified by this study, the western end of this rainfall band became increasingly dry, while the eastern end became wetter.

Migration push and pull as freshwater changed

Researchers say the long-term drying in the west could have acted as a "push," making life more difficult where populations were already established. At the same time, rising rainfall and improved freshwater availability in the east could have created a "pull" toward settling new islands. The study suggests this climate pattern may have helped motivate people to travel step by step farther east, including to islands such as the Cooks and Tahiti.

Co-lead author on the paper, Dr. Mark Peaple of the University of Southampton says: "The timing and nature of the hydroclimatic change align with the final wave of human settlement into Eastern Polynesia, which began around 1000 years ago.




"Water is essential for people's survival, for drinking and successful agriculture. If this vital natural resource was running low, it's logical that over time the population would follow it and colonize in areas with more reliable water security -- even if this meant adventurous journeys across the ocean."

Co-lead author at UEA, Dr. Daniel Skinner adds: "Bringing together knowledge from paleoclimate archives and climate models has given us key insights into how and why a critically understudied region of the world changed over the last 1,500 years."

Co-Principal Investigator Professor Manoj Joshi, also from UEA, says: "By better understanding how the climate of the South Pacific has been affected by larger-scale climate changes over past millennia, we can build better predictions for how future climate change will affect the region."

What comes next and who supported the fieldwork

The researchers say additional studies, including further archaeological work, could help narrow down the timing and scale of both environmental shifts and social changes across the South Pacific.

Fieldwork was supported by Explorer grants from National Geographic Society.
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Giant sea monsters lived in rivers at the end of the dinosaur age | ScienceDaily
Mosasaurs were enormous marine reptiles that lived more than 66 million years ago, but new evidence shows they did not spend all their time in the ocean. Researchers analyzing a mosasaur tooth discovered in North Dakota have found strong signs that some of these animals lived in rivers. The tooth likely came from an individual that grew up to 11 meters long. Led by scientists at Uppsala University, the international research team concluded that mosasaurs adapted to freshwater river systems during the final million years before their extinction.


						
The tooth was uncovered in 2022 from a river deposit in North Dakota. It was found alongside a tooth from a Tyrannosaurus rex and a jawbone from a crocodylian, in a region already known for fossils of the duck-billed dinosaur Edmontosaurus. The unusual mix of land dinosaurs, river-dwelling crocodiles, and a giant marine reptile immediately stood out. If mosasaurs were ocean animals, how did one of their teeth end up preserved in a river?

Isotopes Provide the Answer

To solve this puzzle, researchers from the United States, Sweden, and the Netherlands examined the chemical makeup of the mosasaur tooth enamel using isotope analysis.

Because the mosasaur tooth, the T. rex tooth, and the crocodylian jawbone all date to roughly the same time, about 66 million years ago, the scientists could directly compare their chemistry. The work was carried out at the Vrije Universiteit (VU) in Amsterdam and focused on isotopes of oxygen, strontium, and carbon. The mosasaur tooth contained unusually high levels of the lighter oxygen isotope (16O), which is typical of freshwater environments rather than marine ones. Strontium isotope ratios also pointed to a freshwater habitat.

"Carbon isotopes in teeth generally reflect what the animal ate. Many mosasaurs have low 13C values because they dive deep. The mosasaur tooth found with the T. rex tooth, on the other hand, has a higher 13C value than all known mosasaurs, dinosaurs and crocodiles, suggesting that it did not dive deep and may sometimes have fed on drowned dinosaurs," says Melanie During, one of the study's corresponding authors.

"The isotope signatures indicated that this mosasaur had inhabited this freshwater riverine environment. When we looked at two additional mosasaur teeth found at nearby, slightly older, sites in North Dakota, we saw similar freshwater signatures. These analyses shows that mosasaurs lived in riverine environments in the final million years before going extinct," says During.




When Seas Slowly Turned Into Rivers

The findings also help explain how this lifestyle shift became possible. Over time, increasing amounts of freshwater flowed into the Western Interior Seaway, a vast inland sea that once ran north to south across what is now central North America and split the continent in two. As freshwater input grew, the seaway gradually changed from salty to brackish and eventually to mostly freshwater, similar to conditions seen today in the Gulf of Bothnia. The researchers suggest this process created a 'halocline', with lighter freshwater forming a surface layer above denser saltwater. Isotope data supports this idea.

"For comparison with the mosasaur teeth, we also measured fossils from other marine animals and found a clear difference. All gill-breathing animals had isotope signatures linking them to brackish or salty water, while all lung-breathing animals lacked such signatures. This shows that mosasaurs, which needed to come to the surface to breathe, inhabited the upper freshwater layer and not the lower layer where the water was more saline," says Per Ahlberg, coauthor of the study and promotor of Dr. During.

Adapting to a Changing World

The researchers argue that the teeth studied clearly belonged to mosasaurs that had adjusted to these new conditions. Large predators shifting between habitats is not unheard of in evolutionary history.

"Unlike the complex adaptation required to move from freshwater to marine habitats, the reverse adaptation is generally simpler," says During.




Modern animals show similar flexibility. River dolphins live entirely in freshwater even though their ancestors were marine. The estuarine crocodile, known in Australia as the saltwater crocodile, regularly moves between rivers and the open ocean, hunting wherever prey is available.

A Bus-Sized Predator in Unexpected Places

Mosasaur fossils are common in marine deposits across North America, Europe, and Africa dating from 98-66 million years ago. In contrast, they are rarely found in North Dakota, making this discovery especially striking. The size of the tooth suggests an animal up to 11 meters long, roughly the length of a bus. Earlier discoveries of mosasaur bones at a nearby site support this estimate. The tooth likely belonged to a prognathodontine mosasaur, although its exact genus cannot be identified. Close relatives in the genus Prognathodon had massive heads, powerful jaws, and robust teeth, and are thought to have been opportunistic predators capable of attacking large prey.

"The size means that the animal would rival the largest killer whales, making it an extraordinary predator to encounter in riverine environments not previously associated with such giant marine reptiles," says Ahlberg.

The research was carried out by scientists from Uppsala University in collaboration with Eastern West Virginia Community and Technical College, Moorefield, West Virginia, Vrije Universiteit Amsterdam, and the North Dakota Geological Survey. The article draws on a chapter from Melanie During's doctoral thesis, which she defended at Uppsala University in November 2024.
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This rare earthquake did everything scientists hoped to see | ScienceDaily
The powerful earthquake that struck Myanmar on March 28, 2025, has given researchers an uncommon chance to observe how some of the planet's most dangerous fault systems behave, including faults similar to California's San Andreas. Earthquakes are usually chaotic and difficult to study, but this one occurred along an unusually straight and geologically "mature" fault, creating nearly ideal conditions to examine how energy is released during a major continental rupture.


						
Scientists have long struggled to observe earthquakes that behave in such a clean and predictable way. The Myanmar event stood out because its fault geometry removed many of the complications that typically obscure how seismic energy moves through the Earth.

Investigating the Longstanding Shallow Slip Deficit Mystery

An international research team led by The University of New Mexico focused on understanding how mature faults behave during large earthquakes, with special attention on a debated phenomenon called the "shallow slip deficit." In many earthquakes, surface movement is far smaller than the motion that occurs deep underground. This gap has raised questions about whether some of the energy is absorbed by surrounding rock or simply goes undetected.

By closely analyzing the 2025 Myanmar earthquake, the researchers aimed to determine how energy moves along an ancient, relatively simple fault system and whether deep motion is fully transferred to the surface.

The study, titled "Mature fault mechanics revealed by the highly efficient 2025 Mandalay earthquake," was published in Nature Communications. It was led by UNM Assistant Professor Eric Lindsey, working alongside collaborators from Taiwan and Myanmar.

Studying a Major Earthquake From Space

Because Myanmar is currently affected by armed conflict and the earthquake caused further damage to infrastructure, researchers were unable to quickly conduct on-the-ground investigations. Instead, they turned to satellite-based observations to collect the data needed for their analysis.




"We used two primary satellite technologies: Optical Image Correlation (using Sentinel-2 satellites) to track how pixels in satellite photos moved between two images collected before and after the quake, and Interferometric Synthetic Aperture Radar (InSAR) using Sentinel-1 satellites, which measures the change in distance to the ground from the satellite between two consecutive passes. These tools allowed us to measure ground shifts with incredible precision without setting foot in the danger zone," explained Lindsey.

How InSAR Reveals Ground Movement in Extreme Detail

InSAR functions like a sophisticated version of "spot the difference," using radar signals to detect extremely small changes in the Earth's surface from orbit. As a satellite circles the planet, it sends radar waves toward the ground and records the returning signals.

"By comparing the time it takes for the signal to bounce back to the satellite from each point on the ground, we can detect changes in the ground's elevation or position down to a fraction of an inch. It allows us to map exactly how the Earth warped over an area hundreds of miles wide, day or night, and through clouds," Lindsey said.

This approach allowed the team to reconstruct the earthquake's impact across an enormous region with remarkable accuracy.

A 500-Kilometer Rupture Unlike Most Earthquakes

The rupture caused by the Myanmar earthquake extended for nearly 500 kilometers. To visualize that scale, it is similar to a crack stretching from Albuquerque to Denver, with the ground on either side suddenly sliding past each other by 10 to 15 feet.




"Most earthquakes we study break much shorter fault segments -- perhaps 30 to 60 miles long. It is incredibly rare and scientifically significant to see a rupture that is this long, continuous, and straight," Lindsey said.

Such a long, uninterrupted rupture provided scientists with an exceptional natural experiment.

A Fault System Comparable to California's San Andreas

The earthquake occurred along the Sagaing Fault, which is a strike-slip fault. In this type of fault, the two sides move horizontally past one another, similar to cars scraping by each other on a highway.

"This is just like the San Andreas fault in California," Lindsey said. "We also describe the Sagaing fault as 'mature,' which means it has been slipping in the same way for millions of years. Over that vast time, the rough edges and bends in the fault have been ground down. Because it is so smooth and straight, the earthquake rupture could travel very efficiently across a huge distance."

This long history of motion has shaped the fault into a structure that allows seismic energy to move with little resistance.

No Missing Energy at the Surface

For decades, researchers have observed that many earthquakes show far less movement at the surface than deep underground, a phenomenon known as the "Shallow Slip Deficit."

"We found that in the 2025 Mandalay earthquake, this deficit was non-existent. The massive amount of slip that happened miles underground was transferred 100% to the surface," Lindsey explained.

This result contrasts sharply with many recent earthquakes where surface motion was reduced because energy was spread across networks of small fractures rather than concentrated on a single fault.

"This shows that on mature, smooth faults, the energy is highly focused and comes right to the surface," Lindsey said. "This is significant because it means the ground shaking near the fault line might be more intense than our current hazard models predict for these types of faults."

How One Earthquake Linked Multiple Fault Segments

The research also revealed that the rupture was able to connect several fault sections into one continuous 500-km event, passing through boundaries that scientists previously believed might halt an earthquake.

"We found that the fault followed a historical pattern: it slipped less in areas that had experienced earthquakes in the 20th century and slipped the most in areas that hadn't broken since the 1800s," Lindsey said. This behavior is known as "slip predictability" and suggests scientists may be able to estimate how much movement could occur on fault segments that have not yet ruptured.

Such insights could improve long-term earthquake forecasting and preparedness efforts.

Why Satellite Science Matters for Global Safety

The study demonstrates the growing power of satellite-based observation. Even in a conflict zone where traditional fieldwork was not possible, researchers were able to produce one of the most detailed analyses of earthquake mechanics to date.

"It's a testament to how global scientific collaboration and open data access (like the Copernicus Sentinel missions) can help us understand natural hazards that affect millions of people," Lindsey said. "The significance lies in safety. This earthquake showed us that mature faults can be much more efficient at transmitting energy to the surface than younger ones, which has direct implications for how we build infrastructure to withstand the 'Big One' in the United States."

Applying These Methods Closer to Home

Lindsey noted that New Mexico sits on a very different fault system known as the Rio Grande Rift, which is pulling apart inside of sliding sideways.

"The remote sensing techniques we refined in this paper are the exact same methods we can use to monitor safety issues close to home," he explained.

By using InSAR to track land subsidence caused by aquifer depletion in New Mexico, as well as slow ground movement related to the rift and deep magma body inflation beneath Socorro, researchers can help state officials better plan for future risks.

"Understanding the physics of 'mature' faults helps us understand the general mechanics of the earth's crust, which improves earthquake hazard models globally," Lindsey concluded.
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Male bonobos use hidden clues to boost mating success | ScienceDaily
Male bonobos are able to interpret female fertility signals that do not reliably reflect ovulation. This ability lets them direct their mating attempts toward the moments when conception is most likely, according to research led by Heungjin Ryu at Kyoto University, Japan. The work was published December 9th in the open-access journal PLOS Biology.


						
In many mammals, females are receptive to mating only when ovulating, which gives males a clear window to maximize reproductive success. Bonobos (Pan paniscus) differ from this pattern because females remain sexually receptive for long periods and develop a bright pink genital swelling that persists well beyond the actual fertile stage.

Tracking Wild Bonobos to Understand Fertility Signals

To examine how males respond to this unreliable signal, researchers observed a wild bonobo community at Wamba in the Luo Scientific Reserve in the Democratic Republic of the Congo. The team documented sexual interactions each day and visually assessed the degree of genital swelling in every female. They also collected urine samples on filter paper to measure estrogen and progesterone, allowing them to identify when ovulation occurred.

The data showed that the likelihood of ovulation was highest between 8 and 27 days after a female reached maximum swelling, a range that makes prediction challenging. Even so, male behavior closely followed the true timing of ovulation. Males focused their mating activity on females who had reached maximum swelling earlier and who had older infants, two indicators linked to a greater chance of ovulation.

Flexible Mating Strategies Maintain an Imperfect System

These findings reveal that males improve their reproductive success by combining information about swelling patterns with knowledge of a female's reproductive history. Because males are able to estimate fertility reasonably well despite the lack of a precise signal, the researchers suggest there has been little evolutionary pressure to make the signal more accurate. This may help explain why the system has persisted over long evolutionary timescales.




The authors add, "In this study, we found that bonobo males, instead of trying to predict precise ovulation timing, use a flexible strategy -- paying attention to the end-signal cue of the sexual swelling along with infant age -- to fine-tune their mating efforts. This finding reveals that even imprecise signals can remain evolutionarily functional when animals use them flexibly rather than expecting perfect accuracy. Our results help explain how conspicuous but noisy ovulatory signals, like those of bonobos, can persist and shape mating strategies in complex social environments."

Researchers Reflect on Months of Field Observation

"The male bonobos weren't the only ones paying close attention to sexual swelling -- we spent countless days in the rainforest at Wamba, DRC doing exactly the same thing! All that watching, sweating, and scribbling in our notebooks eventually paid off. By tracking these daily changes, we uncovered just how impressively bonobos can read meaning in a signal that seems noisy and confusing to us."

This study was supported by the Global Environment Research Fund (D-1007 to TF) of the Japanese Ministry of the Environment, the Japan Society for the Promotion of Science (JSPS) Grants-in-Aid for Scientific Research (22255007 to TF; and 25304019 to CH;), and the JSPS Asia-Africa Science Platform Program (2012-2014 to TF). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
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Scientists finally uncovered why the Indus Valley Civilization collapsed | ScienceDaily

The Indus Valley Civilization (IVC) was among the earliest known urban cultures, thriving between 5,000 and 3,500 years ago along the Indus River and its tributaries in what is now Pakistan and northwest India. At its height from 4,500 to 3,900 years ago, the society was known for its planned cities, extensive infrastructure, and innovative water management systems. Despite this high level of development, the reasons behind its long, gradual downturn have remained difficult for researchers to fully explain.

Climate Simulations Reveal Temperature Rise and Reduced Rainfall

To investigate past conditions, Vimal Mishra and colleagues reconstructed climate patterns across the region spanning 5,000 to 3,000 years ago. Their analysis combined climate modeling with several indirect indicators of ancient environmental change. These included the chemical signatures preserved in stalactites and stalagmites from two Indian caves and water level histories recorded in five lakes across northwest India. Together, the data point to a temperature increase of about 0.5 degrees Celsius during this interval, along with a 10 to 20 percent reduction in annual rainfall.

The team also identified four extended drought periods occurring between 4,450 and 3,400 years ago. Each drought lasted more than 85 years and affected between 65 percent and 91 percent of the area associated with the IVC, indicating widespread and long-lasting impacts on water availability.

Shifts in Settlement Patterns During Prolonged Dry Periods

According to the authors, these droughts likely influenced where people chose to establish settlements. Between 5,000 and 4,500 years ago, most communities were situated in regions that received higher rainfall. After 4,500 years ago, settlement patterns changed, with populations moving closer to the Indus River. This shift may reflect increasing dependence on a more reliable water source as drought conditions intensified.

One particularly long drought lasting 113 years, identified between 3,531 and 3,418 years ago, aligns with archaeological evidence of widespread deurbanization in the region. Based on these findings, the researchers conclude that the Indus Valley Civilization did not collapse abruptly from a single climate event. Instead, the society likely experienced a prolonged and uneven decline in which repeated droughts became a significant contributing factor.
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Researchers find how plants survive without sunlight or sex | ScienceDaily
Some plants lack both green pigments and sexual reproduction, yet these unusual traits reveal important insights into what defines plant life. A new study involving Kobe University examined species in the genus Balanophora to understand how non-green, asexual plants develop and survive.


						
"My long-standing aim is to rethink what it truly means to be a plant," says Kobe University botanist Kenji Suetsugu. He continues, "For many years I have been fascinated by plants that have abandoned photosynthesis, and I want to uncover the changes that occur in the process." Balanophora species represent an extreme case because they do not photosynthesize and instead draw nutrients from the roots of host plants. They remain underground for most of their lives and appear above the soil only during flowering season, and some species reproduce only through asexual means. "However, while there have been individual studies on changes in the plants' genomes, their ecology and their reproduction, we don't know how they relate to each other," explains Suetsugu.

Linking Evolution, Plastids, and Ecology in Balanophora

To address this gap, Suetsugu set out to unify three areas of research that had never been examined together for Balanophora. He aimed to clarify the relationships among species, investigate how their plastids have been altered (a part of a plant's cells which in green plants serves as the cell's "solar panels"), and determine how their reproductive strategies fit within their ecological context. Describing the difficulty of the work, he says: "These plants are rare, patchy and often restricted to steep, humid forests. But years of experience with studying Balanophora both in the lab and in field studies, as well as long-standing relationships with local naturalists made this project possible." To expand the project, he collaborated with experts at the Okinawa Institute of Science and Technology who specialize in highly reduced genomes.

Extreme Plastid Reduction Suggests a Shared Ancestral Shift

The study, now published in the journal New Phytologist, reports that all members of the group possess a dramatically reduced plastid genome (DNA not kept in the plant cell's nucleus but directly in the plastid). The team concluded that this reduction likely occurred in a common ancestor before the lineage split into multiple species. Suetsugu says: "It is exciting to see how far a plant can reduce its plastid genome, which at first glance looks as though the plastid is on the verge of disappearing. But looking more closely we found that many proteins are still transported to the plastid, showing that even though the plant has abandoned photosynthesis, the plastid is still a vital part of the plant's metabolism."

Repeated Evolution of Asexual Reproduction Across the Region

The researchers also determined that asexual reproduction probably emerged several times within the group. Their findings suggest that the plants may have developed the capacity to produce seeds without fertilization early on, which would have helped them colonize the chain of islands extending from mainland Japan through Okinawa to Taiwan. "Over the past decade I have studied Balanophora pollination and seed dispersal where camel crickets and cockroaches play an unexpected role, but I also noticed that asexual seed production often ensured reproduction when mates or pollinators are scarce," explains Suetsugu. In some species, this reproductive approach may have become the primary mode of producing offspring.




Understanding How Parasitic, Non-Photosynthetic Plants Persist

For Suetsugu, the work represents a major step toward understanding how plants that no longer perform photosynthesis continue to function and survive in natural environments. Suetsugu says, "For someone who has spent many hours observing these plants in dark, humid forests, seeing their story unfold at the genomic level is deeply satisfying. My next goal is to connect these results with biochemical measurements to find out what Balanophora plastids actually produce and how these products help sustain the parasitic plants' growth within the roots of their hosts."

This research was funded by the Japan Society for the Promotion of Science (grant 23K14256), the Human Frontier Science Program (grant RGEC29/2024), the Japan Science and Technology Agency (grants JPMJPR21D6, JPMJFR2339) and the National Science and Technology Council, Taiwan (grant 109-2311-B-845-001). It was conducted in collaboration with researchers from the Okinawa Institute of Science and Technology and the University of Taipei.
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A grad student's wild idea triggers a major aging breakthrough | ScienceDaily
One potential strategy for treating a wide range of illnesses involves targeting senescent cells. These cells -- also known as "zombie cells" -- stop multiplying but fail to clear themselves from the body as healthy cells normally do. They appear in many conditions, including cancer, Alzheimer's disease, and throughout the aging process. Although scientists are working on ways to eliminate or repair these cells, a major challenge has been detecting them within living tissue without disturbing nearby healthy cells.


						
Researchers at Mayo Clinic, writing in the journal Aging Cell, describe a new method for labeling senescent cells. Their approach uses "aptamers" -- short pieces of synthetic DNA that fold into three-dimensional structures. These structures can attach to proteins found on the outer surfaces of cells. In experiments with mouse cells, the team identified several rare aptamers, selected from more than 100 trillion random DNA sequences, that were able to recognize specific surface proteins and mark senescent cells.

"This approach established the principle that aptamers are a technology that can be used to distinguish senescent cells from healthy ones," says biochemist and molecular biologist Jim Maher, III, Ph.D., a principal investigator of the study. "Though this study is a first step, the results suggest the approach could eventually apply to human cells."

How a Chance Conversation Sparked a Collaboration

The idea that led to this project began when a Mayo Clinic graduate student shared an offbeat thought during a casual discussion with a classmate.

Keenan Pearson, Ph.D. -- who recently received his degree from Mayo Clinic Graduate School of Biomedical Sciences -- had been working with Dr. Maher on how aptamers might be used for neurodegenerative diseases or brain cancer.

Meanwhile, several floors above, fellow graduate student Sarah Jachim, Ph.D., was studying senescent cells and aging in the lab of researcher Nathan LeBrasseur, Ph.D.




Their paths crossed at a scientific gathering, where they exchanged ideas about their thesis projects. Dr. Pearson wondered if aptamers could be adapted to detect senescent cells. "I thought the idea was a good one, but I didn't know about the process of preparing senescent cells to test them, and that was Sarah's expertise," says Dr. Pearson, who became lead author of the publication.

Mentors Back a Bold Student Idea

The students brought their concept to their advisors and to researcher Darren Baker, Ph.D., whose work centers on senescent cell therapies. Dr. Maher recalls that the idea initially struck him as "crazy" but worth exploring. All three mentors supported the proposal. "We frankly loved that it was the students' idea and a real synergy of two research areas," says Dr. Maher.

As early experiments produced promising results, the pair enlisted more students from their labs. Then-graduate students Brandon Wilbanks, Ph.D., Luis Prieto, Ph.D., and M.D.-Ph.D. student Caroline Doherty added new techniques, including advanced microscopy and additional tissue types. "It became encouraging to expend more effort," Dr. Jachim says, "because we could tell it was a project that was going to succeed."

Revealing New Clues About Senescent Cells

Beyond providing a tagging method, the research offered insight into the biology of senescent cells. "To date, there aren't universal markers that characterize senescent cells," says Dr. Maher. "Our study was set up to be open-ended about the target surface molecules on senescent cells. The beauty of this approach is that we let the aptamers choose the molecules to bind to."

The team found that several aptamers attached to a variant of a protein called fibronectin on the surface of mouse cells. Scientists do not yet know how this fibronectin variant relates to senescence. However, its discovery suggests that aptamers may help identify features unique to senescent cells.




Potential Applications for Human Health

More work will be needed to find aptamers that can reliably detect senescent cells in human tissue. If aptamers can be adapted for this purpose, they could eventually be used to deliver treatments directly to these cells. Dr. Pearson notes that aptamers are less costly and more flexible than traditional antibodies, which are commonly used to distinguish one cell type from another.

"This project demonstrated a novel concept," says Dr. Maher. "Future studies may extend the approach to applications related to senescent cells in human disease."
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New ghost marsupial related to the kangaroo found in Australia | ScienceDaily
A previously unknown species of native bushland marsupial, closely related to the kangaroo, has been identified through new research. Scientists report that this animal was already likely extinct by the time its remains were studied.


						
By analyzing fossils recovered from caves across the Nullarbor and southwest Australia, researchers from Curtin University, the Western Australian Museum and Murdoch University identified a completely new species of bettong, along with two newly recognized subspecies of woylie.

Woylies as Key Ecosystem Engineers

Woylies play an important ecological role because they can move several tonnes of soil each year while searching for their preferred mushroom foods. These small kangaroo relatives are native to Western Australia and have become the country's most frequently translocated mammal due to ongoing conservation programs aimed at protecting the critically endangered species.

Lead author Mr. Jake Newman-Martin, a PhD student in Curtin's School of Molecular and Life Sciences, explained that the findings provide essential insight into the diversity of woylies, also known as brush-tailed bettong.

"Woylies are critically endangered marsupials that have been the focus of conservation efforts for decades," Mr. Newman-Martin said.

New Species and Subspecies Identified Through Fossil Material

"In this new research, we've named a completely new species based on fossil material, and two new subspecies of woylies for the first time. Sadly, many of them have become extinct before we've even been aware of them.




"Our results split the critically endangered woylie into two living subspecies, which is very important for conservation when we're considering breeding and translocation initiatives to increase the size and fitness of populations."

Co-author Dr. Kenny Travouillon, Curator of Terrestrial Zoology at the Western Australian Museum, said the team used detailed bone measurements to better understand the number and variety of woylie species.

Fossils Offer New Clues for Conservation

"This research confirmed several distinct species and expanded the known diversity of woylies by measuring skull and body fossil material that had previously not been looked at in detail," Dr. Travouillon said.

"What we've found through this research tells us that examining fossils alongside genetic tools could offer significant insights that may help conservation efforts of this critically endangered native species."

The scientific name proposed for the new Nullarbor species is Bettongia haoucharae. The team will work with Indigenous groups to develop an appropriate collaborative name because woylie is a Noongar word.

Extensive Museum Collections Support the Findings

The study examined specimens held by the Western Australian Museum, South Australia Museum, Australian Museum, Queensland Museum, Museums Victoria, Flinders University research collection, Natural History Museum London and Oxford University Museum of Natural History.
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A long-nosed chameleon hid its true identity for 150 years | ScienceDaily
Madagascar is widely recognized for its extraordinary variety of chameleons. More than 40% of all species known worldwide live on this island off the East African coast. Among them is the so called Pinocchio chameleon, a reptile described for nearly 150 years. This animal is part of the Calumma gallus species complex, a group in which males are known for their elongated nasal appendages. Until recently, the length and shape of this distinctive snout were the primary traits used to identify the species.


						
Genetic and anatomical studies now show that the reptile long referred to as the Pinocchio chameleon is not the species scientists thought it was. According to the research team, it represents a completely new species, which they named Calumma pinocchio so that its scientific and common names align.

Additional Hidden Species Within Nose Chameleons

By analyzing DNA from historically collected specimens, the researchers uncovered even more complexity within the group. Their work revealed a second previously unrecognized species, Calumma hofreiteri, which had been classified for years as Calumma nasutum because of similarities in the nasal appendage and other visible traits.

"The genetic analyses are conclusive: the nose chameleons have virtually fooled previous research," explains first author Dr. Frank Glaw from the Bavarian State Collections of Natural History (SNSB). "Our study also revealed that the nasal appendages can change quickly in terms of length, shape, and color. Their evolution is possibly driven by the respective preferences of females in mate selection."

Using Museomics to Identify Species From the Past

To update the classification of nose chameleons, the team applied a museomics approach, a method that allows scientists to extract DNA from long-preserved museum specimens. The oldest sample in the project was a chameleon collected in 1836. "The study shows the great potential of the new museomics methods to correctly identify historically collected specimens especially in species complexes," notes Prof. Miguel Vences from the Technical University of Braunschweig.

With these two newly described species, Madagascar is now known to host exactly 100 chameleon species, contributing to a global total of 236.
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Natural compound supercharges treatment for aggressive leukemia | ScienceDaily
Forskolin, a plant-derived compound, may offer a meaningful improvement in therapies for a highly aggressive leukemia known as KMT2A-rearranged Acute Myeloid Leukemia (KMT2A-r AML). Researchers at the University of Surrey report that this natural molecule could play a valuable role in enhancing patient outcomes.


						
According to findings published in the British Journal of Pharmacology, forskolin not only slows the growth of leukemia cells but also increases how well chemotherapy drugs work. The Surrey team discovered that forskolin activates Protein Phosphatase 2A (PP2A) and reduces the activity of several cancer-linked genes (MYC, HOXA9 and HOXA10).

Natural Compound Greatly Improves Chemo Sensitivity

The study also identified a notable and unexpected effect. Forskolin made KMT2A-r AML cells far more responsive to daunorubicin, which is a standard chemotherapy option. This improvement did not rely on PP2A activation. Instead, forskolin appeared to interfere with P-glycoprotein 1, a protein that cancer cells use to remove chemotherapy drugs. By limiting the function of P-glycoprotein 1, more daunorubicin remained inside the leukemia cells, increasing the strength of the treatment.

Dr. Maria Teresa Esposito, Senior Lecturer in Biochemistry at the University of Surrey, said:

"Our findings have highlighted an exciting dual mechanism of action for forskolin. Not only does it have direct anti-leukemic effects, but it also acts as a powerful enhancer to conventional chemotherapy. Combining forskolin with daunorubicin could lead to a more effective treatment strategy, potentially allowing for lower doses of chemotherapy and reducing the severe side effects often associated with AML treatments."

Dr. Simon Ridley, Director of Research and Advocacy at Leukemia UK, says:

"We are committed to funding innovative research and are proud to have supported Dr. Esposito's work. AML is one of the most aggressive and deadly cancer types, and this study not only deepens our understanding of KMT2A-rearranged AML but also opens the door to kinder, more effective treatments. Work like this is essential if we are to achieve our goal of doubling the five-year survival rate for AML within the next decade."

Large Research Collaboration Supports Findings

The work was funded by Leukaemia UK and carried out through a broad collaboration involving scientists at the University of Surrey, University of Roehampton, Barts Cancer Institute-Queen Mary University of London, Great Ormond Street Institute of Child Health London- UCL and the Genomic Regulation, CRG Barcelona (Spain).
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New fossils in Qatar reveal a tiny sea cow hidden for 21 million years | ScienceDaily
Today the Arabian Gulf supports large numbers of dugongs, marine mammals related to manatees that feed on seagrass and leave trails in the sediment as they graze. Newly examined fossils from Qatar show that sea cows living more than 20 million years ago shaped their environments in much the same way.


						
The findings, published December 10 in the journal PeerJ, come from a partnership between scientists at the Smithsonian's National Museum of Natural History and Qatar Museums. The team also identified a previously unknown species of ancient sea cow that was much smaller than modern dugongs.

"We discovered a distant relative of dugongs in rocks less than 10 miles away from a bay with seagrass meadows that make up their prime habitat today," said Nicholas Pyenson, curator of fossil marine mammals at the National Museum of Natural History and a lead author of the study. "This part of the world has been prime sea cow habitat for the past 21 million years -- it's just that the sea cow role has been occupied by different species over time."

Modern Dugong Biology and Behavior

Dugongs (Dugong dugon) have a stout body and a downward-facing snout lined with bristles that help them sense food, giving them a broad resemblance to manatees. Their tails distinguish them from their relatives. Manatees have a rounded, paddle-shaped tail while dugongs have a dolphin-like tail with flukes (however, dugongs and manatees are more closely related to elephants than they are to dolphins, whales and porpoises).

These herbivores occupy shallow coastal habitats across a wide range that includes western Africa, the Indo-Pacific, and northern Australia. The largest single herd of dugongs occurs in the Arabian Gulf, where their constant grazing stirs up sediment and releases nutrients that benefit surrounding marine ecosystems.

A Long Fossil History and Growing Modern Threats

Fossil evidence shows that sea cow ancestors have fed on aquatic plants for roughly 50 million years. Despite this long history, dugongs in the Gulf now face significant challenges. They are sometimes caught accidentally by local fishers, and development along the coast affects the waters where they feed. Rising temperatures and increasing salinity place further pressures on the seagrass meadows that dugongs depend on.




Ferhan Sakal, head of excavation and site management at Qatar Museums and a coauthor of the study, noted that crucial information about past seagrass environments is preserved in the region's rock record.

"If we can learn from past records how the seagrass communities survived climate stress or other major disturbances like sea-level changes and salinity shifts, we might set goals for a better future of the Arabian Gulf," he said.

Researchers rely heavily on fossilized bones to understand these environments, since the soft blades of seagrass rarely leave impressions in the geologic record.

Exploring the Al Maszhabiya Fossil Site

One of the most significant sources of these fossils is Al Maszhabiya [AL mahz-HA-bee-yah], a site in southwestern Qatar. Geologists first encountered the site in the 1970s while conducting mining and petroleum surveys and believed they had found reptile bones. When paleontologists revisited the area in the early 2000s, they recognized the bones as belonging to ancient sea cows.

"The area was called 'dugong cemetery' among the members of our authority," Sakal said. "But at the time, we had no idea just how rich and vast the bonebed actually was."

After obtaining the required permits in 2023, Pyenson, Sakal, and their team surveyed the site. Surrounding rock layers suggest that the fossils date to the Early Miocene, approximately 21 million years ago. The area was once a shallow sea inhabited by sharks, barracuda-like fish, prehistoric dolphins, and sea turtles.




The World's Densest Sea Cow Bonebed

The team documented sea cow remains at more than 170 separate locations across the site. Pyenson described Al Maszhabiya as the richest fossil sea cow assemblage known. He compared it to Cerro Ballena in Chile's Atacama Desert, where he and other researchers had uncovered a large collection of whale fossils.

Although the bones share similarities with those of modern dugongs, they also show differences. The ancient animals still had hind limb bones, which living dugongs and manatees lost during their evolution. The prehistoric species also had a straighter snout and smaller tusks.

Naming a New Species: Salwasiren qatarensis

The team formally designated the Al Maszhabiya sea cows as a new species, Salwasiren qatarensis. The genus name refers to the Bay of Salwa, a nearby section of the Gulf where dugongs live today. Although the Bay of Salwa touches the waters of several countries, the species name "qatarensis" honors Qatar, where the fossils were discovered.

"It seemed only fitting to use the country's name for the species as it clearly points to where the fossils were discovered," Sakal said.

Based on their estimates, the researchers believe Salwasiren weighed around 250 pounds, similar to the weight of an adult panda or a heavyweight boxer. Even at that size, it was relatively small compared with some dugongs living today, which can weigh nearly eight times more.

Ancient Seagrass Meadows and the Role of Sea Cows

The fossils provide evidence that abundant seagrass beds existed in the region more than 20 million years ago, during a period when the Gulf supported high marine biodiversity. Sea cows would have helped maintain these underwater meadows by feeding and disturbing the sediment.

"The density of the Al Maszhabiya bonebed gives us a big clue that Salwasiren played the role of a seagrass ecosystem engineer in the Early Miocene the way that dugongs do today," Pyenson said. "There's been a full replacement of the evolutionary actors but not their ecological roles."

Pyenson also noted that sea cow fossils often appear in mixed species groups, making it likely that further research at the site could uncover additional dugong relatives.

Preserving Qatar's Fossil Heritage

Sakal hopes continued collaboration between Qatar Museums and the Smithsonian will lead to further discoveries at Al Maszhabiya and other nearby locations. Protecting the site is a top priority, and the team plans to nominate it for recognition as a UNESCO World Heritage site.

"The most important part of our collaboration is ensuring that we provide the best possible protection and management for these sites, so we can preserve them for future generations," Sakal said.

"Dugongs are an integral part of our heritage, not only as a living presence in our waters today, but also in the archaeological record that connects us to generations past," said Faisal Al Naimi, coauthor and director of the Archaeology Department at Qatar Museums. "The findings at Al Maszhabiya remind us that this heritage is not confined to memory or tradition alone, but extends deep into geologic time, reinforcing the timeless relationship between our people and the natural world. In preserving and studying these remarkable creatures, we are also safeguarding a narrative that speaks to our nation's identity, resilience and enduring connection to the sea."

Digital Access and Continued Research

To make their data widely available, Pyenson and Sakal worked with the Smithsonian's Digitization Program Office to create digital scans of several fossil sites and of the fossil skull, vertebrae, tooth, and other skeletal parts of the newly described species. These 3D models can be explored through the open-source Smithsonian Voyager platform, which includes interactive educational materials and a virtual tour of the excavation.

The study's authors also include researchers from the Smithsonian's Digitization Program Office, the Stone Ridge School of the Sacred Heart, Texas A&M University at Galveston, Texas A&M University College Station, and the Natural History Museum of Los Angeles County.

This work was supported by a collaborative agreement between the Smithsonian Institution and Qatar Museums and received additional funding from the National Museum of Natural History and the Qatar National Research Fund.
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Scientists find hidden rainfall pattern that could reshape farming | ScienceDaily
A new study from the University of California San Diego identifies an unexpected influence on global crop stability: the original source of rainfall.


						
Published in Nature Sustainability, the research follows atmospheric moisture back to the place where it first evaporated, whether from the ocean or from land surfaces such as soil, lakes and forests. Sunlight heats these surfaces, converting water to vapor that rises into the atmosphere and eventually returns as rain.

Ocean-derived moisture can travel across continents within large weather systems including atmospheric rivers, monsoons and tropical storms. Moisture that comes from land, often referred to as recycled rainfall, is created when water evaporates from nearby soils and vegetation, fueling more localized storms. According to the study, the ratio of ocean to land moisture strongly shapes regional drought risk and agricultural productivity.

"Our work reframes drought risk -- it's not just about how much it rains, but where that rain comes from," said Yan Jiang, the study's lead author and postdoctoral scholar at UC San Diego with a joint appointment at the School of Global Policy and Strategy and Scripps Institution of Oceanography. "Understanding the origin of rainfall and whether it comes from oceanic or land sources, gives policymakers and farmers a new tool to predict and mitigate drought stress before it happens."

Tracking Moisture Sources to Improve Drought Forecasting 

Using nearly 20 years of satellite measurements, Jiang and co-author Jennifer Burney of Stanford University quantified how much of global rainfall begins as land-based evaporation. They found that when more than roughly one-third of precipitation originates from land, croplands become significantly more susceptible to drought, soil moisture declines and drops in yield. Ocean-driven systems generally produce heavier and more consistent rainfall, while land-driven systems tend to produce lighter and less predictable showers, making crops more vulnerable during stages when water is essential.

This discovery offers a new method for identifying regions at higher risk and for planning water and crop management strategies more effectively.




"For farmers in areas that rely heavily on land-originating moisture -- like parts of the Midwest or eastern Africa -- local water availability becomes the deciding factor for crop success," Jiang explained. "Changes in soil moisture or deforestation can have immediate, cascading impacts on yields."

Two Regions Facing Heightened Risk: The Midwest and East Africa 

The research identifies two prominent global hotspots: the U.S. Midwest and tropical East Africa.

In the Midwest, Jiang notes that droughts have grown more frequent and intense in recent years, despite the region's status as one of the world's most productive agricultural zones.

"Our findings suggest that the Midwest's high reliance on land-sourced moisture, from surrounding soil and vegetation, could amplify droughts through what we call 'rainfall feedback loops,'" Jiang said. "When the land dries out, it reduces evaporation, which in turn reduces future rainfall -- creating a self-reinforcing drought cycle."

Because the region is a major contributor to global grain markets, disruptions there can influence food supply far beyond U.S. borders. Jiang says farmers in the Midwest may need to focus on soil moisture conservation, irrigation efficiency and strategic timing of planting to limit the risk of compounding drought effects.




East Africa faces a different but equally serious challenge. Rapid growth of croplands and the ongoing loss of nearby rainforests threaten the moisture sources that help sustain the region's rainfall.

"This creates a dangerous conflict," Jiang said. "Farmers are clearing forests to grow more crops, but those forests help generate the rainfall that the crops depend on. If that moisture source disappears, local food security will be at greater risk."

Jiang adds that the region still has opportunities to prevent further decline.

"Eastern Africa is on the front line of change, but there is still time to act. Smarter land management -- like conserving forests and restoring vegetation -- can protect rainfall and sustain agricultural growth."

Forests Act as Natural Generators of Rainfall 

The study emphasizes that forests and natural ecosystems play a critical role in maintaining rainfall. Through evaporation and transpiration (when plants produce moisture), forests release large amounts of water vapor into the atmosphere, helping form clouds that later produce rain over surrounding croplands.

"Upland forests are like natural rainmakers," Jiang said. "Protecting these ecosystems isn't just about biodiversity -- it's about sustaining agriculture."

Advancing Climate-Smart Land and Water Planning 

Jiang's work introduces a new framework that links land use decisions, rainfall patterns and agricultural planning. This approach may become increasingly important as regions look for strategies to strengthen drought resilience.

The study also presents a satellite-based mapping method that could guide investments in irrigation, soil water retention and forest conservation to help stabilize rainfall.

Read the full paper, "Crop water origins and hydroclimate vulnerability of global croplands."
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A silent ocean pandemic is wiping out sea urchins worldwide | ScienceDaily
Sea urchins play a crucial role in the ocean, acting as ecosystem engineers much like large grazers on land. As they feed on seaweed and seagrass, they trim back algae and help protect slow-growing species such as corals and certain calcifying algae. In turn, sea urchins are an important food source for many marine mammals, fish, crustaceans, and sea stars.


						
When sea urchin populations grow too large, however, especially if their natural predators are heavily hunted or overfished, the balance can flip. In these cases, intense grazing by urchins can strip seafloors of plant life, damaging marine habitats and creating so-called "urchin barrens."

Global sea urchin pandemic reaches the Canary Islands

A recent study published in Frontiers in Marine Science reports that, over the past four years, a previously unrecognized pandemic killing sea urchins worldwide has also struck the Canary Islands. Scientists are still working to understand the full ecological consequences, but expect the effects on marine ecosystems to be significant.

"Here we show the spread and impacts of a 'mass mortality event' which severely hit populations of the sea urchin Diadema africanum in the Canary Islands and Madeira through 2022 and 2023," said Ivan Cano, a doctoral student at the University of La Laguna on Tenerife in the Canaries Islands, Spain.

"At approximately the same time, ther Diadema species have been observed to be dying off in the Caribbean, the Mediterranean, the Red Sea, the Sea of Oman, and the western Indian Ocean."

Diadema africanum from overabundant grazer to sudden collapse

The genus Diadema consists of eight known species that live in warm subtropical and tropical seas around the world. One of these, D. africanum, historically flourished on rocky reefs along the coast of western Africa and around the Azores, generally at depths between five meters and 20 meters.




In the Canary Islands, numbers of D. africanum have been climbing since the mid-1960s, probably driven by a combination of overfishing of its predators and ongoing global warming. At several locations in the archipelago, this population boom was so intense that it led to extensive urchin barrens. From 2005 to 2019, managers attempted biological control measures to reduce urchin numbers, but these efforts ultimately did not succeed.

Rapid sea urchin die-off spreads across the archipelago

In February 2022, Cano and colleagues noticed that D. africanum had started to die off in large numbers off La Palma and Gomera, islands in the western part of the Canary archipelago. Over the rest of that year, the disease moved eastward across the islands. Infected sea urchins became less active, moved in unusual ways, failed to respond to external stimuli, and eventually lost their flesh and spines before dying.

The team recognized these symptoms from earlier episodes. This was not the first time Diadema populations in the region had suffered severe die-offs. In early 2008, and again in early 2018, a disease killed about 93% of D. africanum off Tenerife and La Palma, and about 90% off the islands of neighboring Madeira.

The 2022 outbreak, however, showed a crucial difference. After the 2008 event, many urchin populations rebounded, sometimes relatively quickly. Following the 2022 mortality, that kind of recovery did not appear to be happening. Instead, a second wave of mass mortality swept through the Canary Islands during 2023.

Surveys reveal historic lows for Diadema africanum

To understand how severe these losses were, Cano et al. carried out extensive field surveys of D. africanum at 76 sites across the seven main islands of the archipelago. They worked from the summer of 2022 through the summer of 2025 and compared their counts with historical records.




The researchers also gathered information from professional divers, asking them to report on the relative abundance of D. africanum at their regular dive locations in 2023 and between 2018 and 2021. To investigate reproduction and early life stages, the team set traps to capture drifting larvae at four sites off eastern Tenerife in September 2023, when spawning typically peaks each year. They then measured how many newly settled juveniles appeared at the same sites in January 2024.

"Our analyses showed that the current abundance of D. africanum across the Canary Islands is at an all-time low, with several populations nearing local extinction," said Cano.

"Moreover, the 2022-2023 mass mortality event affected the entire population of the species across the archipelago. For example, since 2021 there has been a 74% decrease in La Palma and a 99.7 % decrease in Tenerife."

Reproduction collapse and local extinction risk

The authors concluded that, following the 2022-2023 crisis, D. africanum is barely reproducing along the eastern coast of Tenerife. Only extremely small numbers of larvae were caught in the traps, and no early juveniles were detected in any of the shallow rocky habitats that were surveyed.

"Reports from elsewhere suggest that the 2022-2023 die-off in the Canary Islands was another step in a broader marine pandemic, with serious consequences for these key reef grazers," concluded Cano.

Mystery pathogen and uncertain future for reef grazers

"We don't yet know for certain which pathogen is causing these die-offs. Mass mortality events of Diadema elsewhere in the world have been linked to scuticociliate ciliates in the genus Philaster, a kind of single-celled parasitic organisms," said Cano.

"Previous die-offs in the Canary Islands were associated with amoebae such as Neoparamoeba branchiphila and followed episodes of strong southern swells and unusual wave activity, similar to what we saw again in 2022. Without a confirmed identification, we cannot say whether the agent arrived from the Caribbean by currents or shipping, or whether climate change is to blame."

"We aren't yet sure how this pandemic will evolve. So far, it seems to have not spared to other Diadema populationsin Southeast Asia and Australia, which is good news -- but we cannot rule out the possibility that the disease will reappear and potentially spread further."
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        Mystery of King Tut's jars solved? Yale researchers find opium clues
        Traces of opium found inside an ancient alabaster vase suggest drug use was common in ancient Egypt, not rare or accidental. The discovery raises the possibility that King Tut's famous jars once held opiates valued enough to be buried with pharaohs--and stolen by tomb raiders.

      

      
        A simple turn reveals a 1,500-year-old secret on Roman glass
        A museum visit sparked a revelation when a Roman glass cup was turned around and its overlooked markings came into focus. These symbols, once dismissed as decoration, appear to be workshop identifiers used by teams of skilled artisans. The findings challenge centuries of assumptions about how Roman glass was made. They also restore identity and agency to the anonymous makers behind these stunning objects.

      

      
        This 8,000-year-old art shows math before numbers existed
        Over 8,000 years ago, early farming communities in northern Mesopotamia were already thinking mathematically--long before numbers were written down. By closely studying Halafian pottery, researchers uncovered floral and plant designs arranged with precise symmetry and numerical patterns, revealing a surprisingly advanced sense of geometry.

      

      
        A loud minority makes the Internet look far more toxic than it is
        People think online platforms are overflowing with toxic and misleading content, but the reality is far calmer. A small group of highly active users creates most of the harm, while the majority remain relatively civil. Still, many Americans assume the worst about each other because of this imbalance. Correcting that belief can noticeably improve how people feel about society.

      

      
        A hidden climate shift may have sparked epic Pacific voyages 1,000 years ago
        Around 1,000 years ago, a major climate shift reshaped rainfall across the South Pacific, making western islands like Samoa and Tonga drier while eastern islands such as Tahiti became increasingly wet. New evidence from plant waxes preserved in island sediments shows this change coincided with the final major wave of Polynesian expansion eastward. As freshwater became scarcer in the west and more abundant in the east, people may have been pushed to migrate, effectively "chasing the rain" across v...

      

      
        Scientists finally uncovered why the Indus Valley Civilization collapsed
        A series of century-scale droughts may have quietly reshaped one of the world's earliest urban civilizations. New climate reconstructions show that the Indus Valley Civilization endured repeated long dry periods that gradually pushed its people toward the Indus River as rainfall diminished. These environmental stresses coincided with shrinking cities, shifting settlements, and eventually widespread deurbanization. Rather than a dramatic collapse, the civilization appears to have faded slowly unde...

      

      
        Kids' anxiety and depression dropped fast after COVID school reopenings
        Researchers discovered that children who went back to school during COVID experienced far fewer mental health diagnoses than those who stayed remote. Anxiety, depression, and ADHD all declined as in-person learning resumed. Healthcare spending tied to these conditions also dropped. Girls showed the largest improvements, highlighting the importance of school-based structure and support.
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Mystery of King Tut's jars solved? Yale researchers find opium clues | ScienceDaily
Scientists examining an ancient alabaster vase in the Yale Peabody Museum's Babylonian Collection detected chemical traces of opiates. The Yale Ancient Pharmacology Program (YAPP) says this is the strongest evidence so far that opium use was widespread in ancient Egyptian society.


						
Andrew J. Koh, YAPP's principal investigator and the study's lead author, said the results also point to a bigger possibility. Similar ancient Egyptian alabaster vessels (all made of calcite mined from the same quarries in Egypt) including several remarkable examples from the tomb of Pharaoh Tutankhamun could also still carry traces of ancient opiates.

"Our findings combined with prior research indicate that opium use was more than accidental or sporadic in ancient Egyptian cultures and surrounding lands and was, to some degree, a fixture of daily life," said Koh, a research scientist at the Yale Peabody Museum. "We think it's possible, if not probable, that alabaster jars found in King Tut's tomb contained opium as part of an ancient tradition of opiate use that we are only now beginning to understand."

The study appeared in the Journal of Eastern Mediterranean Archaeology. It was coauthored by Agnete W. Lassen, associate curator of the Yale Babylonian Collection, and Alison M. Crandall, YAPP's lab manager.

A Vase Linked to Xerxes and Written in Four Ancient Languages

The alabaster vase bears inscriptions in four ancient languages: Akkadian, Elamite, Persian, and Egyptian. The text is dedicated to Xerxes I, who ruled the Achaemenid Empire from 486 to 465 BCE. Centered in Persia, that empire at its peak included Egypt, Mesopotamia, the Levant, Anatolia, and parts of Eastern Arabia and Central Asia.

Another inscription on the vessel is written in Demotic script, a simplified form of ancient Egyptian writing. It states the vase holds about 1,200 millimeters. (It is 22 centimeters tall.) The researchers noted that intact inscribed ancient Egyptian alabaster vessels are extremely rare, likely fewer than 10 in museum collections worldwide.




The team said the origins of these intact vessels are generally uncertain. Even so, the surviving examples appear to span the reigns of Achaemenid emperors Darius, Xerxes, and Artaxerxes, covering 550 to 425 BCE. Yale's vase has been in the Babylonian Collection since shortly after the university established the collection of about 40,000 ancient artifacts in 1911.

How YAPP Studies Ancient Residues in Museum Vessels

YAPP is based at the Peabody Museum and combines ethnography, science, and technology to investigate everyday life thousands of years ago. The group focuses on organic residues left on or inside ancient containers, which can reveal details about diet and lifestyle. To do this work, the program developed methods designed for residues that deteriorate over time and that can be contaminated, whether the objects come from museum collections or recent excavations.

"Scholars tend to study and admire ancient vessels for their aesthetic qualities, but our program focuses on how they were used and the organic substances they contained, knowledge that reveals a great deal of information about the daily lives of ancient peoples, included what they ate, the medicines they used, and how they spent their leisure time," Koh said.

Koh's attention was first drawn to the vase after he noticed dark-brown aromatic material inside it.

Chemical Biomarkers Confirm Opium Compounds

YAPP's testing found strong evidence of noscapine, hydrocotarnine, morphine, thebaine, and papaverine. These compounds are well-known diagnostic biomarkers for opium.




Researchers said the results align with earlier work that identified opiate residues in Egyptian alabaster vessels and Cypriot base-ring juglets. Those items came from a typical tomb in Sedment, Egypt, south of Cairo, believed to belong to a merchant family. That burial dates to the New Kingdom, when the Egyptian empire lasted from the 16th to the 11th century BCE.

Koh said these two discoveries, separated by more than a millennium and connected to different socio-economic groups, make it plausible that opium could be present in the many alabaster vessels found in Tutankhamun's tomb in the Valley of the Kings.

Opium Use Beyond Medicine and Into Ritual Life

Koh noted that historical signals of opium use often go beyond healing and into spiritual or ritual contexts across antiquity, from ancient Mesopotamia to Egypt and through the Aegean. During Tutankhamun's lifetime, for instance, people in Crete were linked to the so-called "poppy goddess" in clearly ritualistic settings. The poppy plant is also referenced in several ancient texts, including the Ebers Papyrus, Hippocrates, Dioscorides's De Materia Medica, and Galen.

King Tut's Tomb, Sticky Residues, and an Unfinished Investigation

Howard Carter, the Egyptologist and archaeologist, discovered Tutankhamun's tomb in November 1922. The find included an enormous collection of artifacts, among them many exquisitely preserved Egyptian alabaster vessels that likely represented the finest available during Tutankhamen's reign, which last from 1,333 to 1,323 BCE.

In 1933, analytical chemist Alfred Lucas, who worked with Carter's team, carried out a limited chemical study of the vessels. Many contained sticky, dark brown, aromatic organic material. Lucas could not identify the substances at the time, but he concluded most were not unguents or perfumes.

"That Lucas questioned whether any of the vessels contained perfumes or unguents at all and did not identify the remaining vessel contents as primarily aromatic in nature is significant given that the prevailing conventions at the time would have pressured him to do so," Koh said.

No additional testing of those organic materials has been done since Lucas' early effort. The vessels (along with most other artifacts from Tutankhamun's tomb) are now housed at the Grand Egyptian Museum in Giza, Egypt.

Looters Targeted the Contents, Not Just the Containers

The researchers said Carter recorded evidence of an ancient looting episode that focused on what was inside the alabaster vessels. Finger marks inside some jars suggest looters tried to scrape out the contents as completely as possible. Many of the looted vessels held the same kind of dark-brown aromatic material that Lucas concluded was not perfume. A small number of jars were not looted and still contain their original contents.

Koh said whatever was stored in these vessels was considered valuable enough to accompany Tutankhamen into the afterlife, and important enough that grave robbers were willing to risk an attempted theft.

He added that it seems unlikely people would have treated ordinary unguents and perfumes of the period as that valuable.

"We now have found opiate chemical signatures that Egyptian alabaster vessels attached to elite societies in Mesopotamia and embedded in more ordinary cultural circumstances within ancient Egypt," Koh said. "It's possible these vessels were easily recognizable cultural markers for opium use in ancient times, just as hookahs today are attached to shisha tobacco consumption. Analyzing the contents of the jars from King Tut's tomb would further clarify the role of opium in these ancient societies."
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A simple turn reveals a 1,500-year-old secret on Roman glass | ScienceDaily
In the quiet glow of a museum gallery, Hallie Meredith noticed something unexpected about ancient Roman glass that had gone unnoticed for generations.


						
In February 2023, the Washington State University art history professor and practicing glassblower was studying a private collection of Roman glass cage cups at the Metropolitan Museum of Art in New York City. These rare luxury vessels, carved from a single block of glass between 300 and 500 CE, have long been admired and analyzed for their craftsmanship. Meredith's insight did not come from new technology or specialized imaging. It came from curiosity and a simple physical action. She turned one of the cups around.

Overlooked Symbols and Ancient Makers' Marks

On the back of the late Roman vessel, Meredith noticed abstract openwork shapes carved alongside a short inscription wishing the owner a long life. The designs included (such as, diamonds, leaves, or crosses). For decades, these elements were treated as ornamental details. Meredith's research suggests a different interpretation. She believes these symbols functioned as makers' marks, identifying the workshops and artisans responsible for producing some of the most complex glass objects in the Roman world.

"Because I am trained as a maker, I kept wanting to flip things over," Meredith said. She began glassblowing as an undergraduate and has continued the practice throughout her career. "When that happens, patterns appear that everyone else has literally photographed out of the frame."

Tracing a Network of Roman Glassworkers

That moment of observation led Meredith to a broader investigation into how Roman glassmakers organized their work. In two recent academic papers, one published in April in the Journal of Glass Studies and another in October in World Archaeology, she documented the same symbols appearing on multiple carved glass objects. The repeated marks point to a shared visual system used by glassworkers between the fourth and sixth centuries CE.




By analyzing tool marks, inscriptions, and unfinished pieces, Meredith found evidence that these vessels were created by teams rather than individual artisans. Engravers, polishers, and apprentices appear to have worked together in coordinated workshops. What began as a simple act of turning a vessel revealed a previously unrecognized community of makers whose identities had faded from view.

Rethinking How Roman Glass Was Made

For more than two centuries, scholars have debated how Roman openwork glass vessels were produced. Theories have ranged from hand carving to casting or blowing. Much of this discussion focused narrowly on manufacturing techniques and inscriptions. Meredith's findings suggest that a fuller understanding requires attention to the people involved, not just the methods they used.

Each vessel, known as a diatretum, started as a thick-walled glass form that was carefully carved into two concentric layers connected by thin glass bridges. The finished lattice appears remarkably delicate, yet producing it demanded extraordinary time and physical endurance. Meredith's research indicates that multiple specialists collaborated on a single cup over extended periods. She argues that the abstract symbols marked workshop identity rather than individual authorship. "They weren't personal autographs," she said. "They were the ancient equivalent of a brand."

A Broader History of Ancient Craft Labor

Meredith expands on these ideas in her forthcoming book, The Roman Craftworkers of Late Antiquity: A Social History of Glass Production and Related Industries. The monograph is currently in production with Cambridge University Press and is expected to be released in 2026 or 2027.




Her hands-on experience as a glassblower strongly informs her academic work. She understands the physical demands of working molten glass and applies that practical knowledge to her study of ancient objects. At WSU, she teaches a course called Experiencing Ancient Making. Students recreate artifacts using 3D printing, attempt traditional making techniques, and use a digital app she developed to virtually disassemble historical objects. "The goal isn't perfect replication," she said. "It's empathy. Ancient craftworkers can be understood differently when their production processes are experienced."

Restoring Visibility to Ancient Artisans

That emphasis on empathy shapes Meredith's broader goal of bringing attention back to the laborers behind ancient material culture. "There's been a static picture of people who do the work," she said. "We presume we understand them because we focus on elites. But when the evidence is assembled, far more is known about these craftworkers than previously thought."

Her next research project combines art history with data science. Collaborating with WSU computer science students, Meredith is creating a searchable database that tracks unconventional writing across thousands of portable artifacts. The database includes misspellings, mixed alphabets, and coded inscriptions. She believes these features, once dismissed as meaningless errors, may reflect multilingual artisans adjusting written language for diverse audiences.

Seeing Ancient Objects Through New Eyes

Meredith's work encourages scholars and museum visitors alike to reconsider what ancient artifacts can reveal. When light catches the lattice of a diatretum, the glass shows more than technical brilliance. It also reflects the skill, collaboration, and creativity of the people who shaped it centuries ago.
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This 8,000-year-old art shows math before numbers existed | ScienceDaily

By closely examining prehistoric pottery, Prof. Yosef Garfinkel and Sarah Krulwich of the Hebrew University traced the oldest consistent use of plant imagery in human art to more than 8,000 years ago. The pottery comes from the Halafian culture of northern Mesopotamia (c. 6200-5500 BCE). Their findings show that early farming communities carefully painted flowers, shrubs, branches, and trees, arranging them in ways that reflect deliberate geometric structure and numerical order.

Botanical Imagery Enters Prehistoric Art

In earlier periods, prehistoric artists mainly depicted people and animals. Halafian pottery marks a turning point, introducing plants as a recurring and thoughtfully designed subject in visual culture.

The researchers examined artifacts from 29 archaeological sites and recorded hundreds of plant motifs. Some were drawn in a realistic style, while others were more abstract, but all showed intentional design rather than random ornamentation.

"These vessels represent the first moment in history when people chose to portray the botanical world as a subject worthy of artistic attention," the authors note. "It reflects a cognitive shift tied to village life and a growing awareness of symmetry and aesthetics."

Hidden Numerical Patterns in Floral Designs

One of the most notable discoveries involves the way flowers were arranged on the pottery. Many bowls display floral patterns with petal numbers that follow clear numerical sequences, including 4, 8, 16, 32, and even groupings of 64 flowers.




The researchers argue that these patterns were planned rather than accidental and indicate an advanced understanding of how to divide space evenly. This type of reasoning appears thousands of years before the first written numerical systems.

"The ability to divide space evenly, reflected in these floral motifs, likely had practical roots in daily life, such as sharing harvests or allocating communal fields," Garfinkel explains.

This research contributes to the growing field of ethnomathematics, which explores how mathematical ideas are expressed through cultural practices and artistic traditions.

A Broad Range of Plant Motifs

The pottery designs reflect a wide variety of plant forms, including:
    	Flowers with carefully balanced petals
    	Seedlings and shrubs depicted with clear botanical features
    	Branches arranged in repeating, rhythmic patterns
    	Large trees sometimes shown alongside animals or architectural elements

Interestingly, none of the images portray edible plants. This absence suggests the designs were not meant to document agriculture or ritual practices. Instead, the authors suggest the emphasis on flowers may relate to their association with positive emotional responses, making them especially appealing subjects for decoration.




Rethinking the Origins of Mathematics

Although written mathematical records appear much later in Sumer, the Halafian pottery points to an earlier and more intuitive form of mathematical reasoning. This reasoning relied on symmetry, repetition, and visual organization rather than written symbols.

"These patterns show that mathematical thinking began long before writing," Krulwich says. "People visualized divisions, sequences, and balance through their art."

By systematically documenting these plant-based designs and uncovering their mathematical structure, the study provides fresh insight into how early societies perceived nature, organized shared spaces, and demonstrated complex cognitive abilities long before formal mathematics emerged.
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A loud minority makes the Internet look far more toxic than it is | ScienceDaily
Americans tend to believe that online spaces are far more hostile than they actually are. Many assume that nearly half of people on major platforms regularly post cruel, aggressive, or abusive comments. In reality, truly severe online toxicity is much rarer. One striking example is Reddit, where Americans estimate that 43% of users post highly toxic comments, even though research shows the real figure is closer to just 3%. This gap between perception and reality can quietly fuel a broader sense of pessimism about other people and about society as a whole.


						
To better understand this disconnect, researchers Angela Y. Lee, Eric Neumann, and their colleagues surveyed 1,090 American adults using the online research platform CloudResearch Connect. The goal was to compare what people believe about harmful online behavior with actual data collected in previous large-scale studies of social media platforms.

The results showed that people dramatically overestimate how common toxic behavior is. On Reddit, participants believed toxic commenters were 13 times more common than they truly are. A similar pattern appeared on Facebook. Participants guessed that 47% of users share false or misleading news stories, even though existing research suggests the real number is about 8.5%. In other words, people assume that misinformation and harmful content dominate social media feeds far more than they actually do.

Recognizing Toxic Content Does Not Fix the Misbelief

Interestingly, this inflated perception was not simply due to confusion about what counts as toxic content. In a signal detection task, a type of psychological test used to measure how accurately people can identify specific signals amid noise, many participants correctly recognized examples of toxic online posts. Even so, they still believed that a large share of users regularly produce such content.

This suggests that the problem is not an inability to spot harmful behavior, but a mistaken belief about how widespread it is. People may remember extreme posts more vividly or encounter them more often because social media algorithms amplify attention grabbing content, leading them to assume that such behavior is the norm.

How Correcting the Misperception Changes Attitudes

The researchers also tested whether changing these beliefs could influence how people feel about society. In an experiment, participants were shown accurate information about how rare severe online toxicity actually is. Afterward, many reported feeling more optimistic and less concerned that society is in moral decline. They were also less likely to believe that most Americans are comfortable with harmful or aggressive online behavior.

According to the authors, people often confuse a very small but extremely vocal group of users with the majority. A limited number of highly active accounts produce most toxic and harmful content, creating the illusion that it reflects widespread attitudes. Recognizing this distinction may help reduce the negative emotional effects associated with social media and could improve social cohesion by reminding people that most users are not behaving badly online.
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A hidden climate shift may have sparked epic Pacific voyages 1,000 years ago | ScienceDaily
A new study led by the University of Southampton and University of East Anglia (UEA) points to a major change in South Pacific climate conditions, beginning around 1,000 years ago, that may have encouraged people to move and settle farther to the east. The research suggests that as parts of the western region became steadily drier, communities may have been pushed to seek out islands with more dependable rainfall.


						
The team reports that inhabited islands in Western Polynesia, including Samoa and Tonga, experienced drying over time. Meanwhile, islands farther east in Eastern Polynesia, such as French Polynesia (Tahiti), gradually became wetter, potentially making them more appealing places to live and farm.

The work is part of a larger Southampton and UEA collaboration known as PROMS (Pacific Rainfall over Millennial Timescales), which investigates how Pacific rainfall has shifted over long periods and how those changes may have influenced human migration.

The findings are published in the journal Nature: Communications Earth and Environment.

Evidence from PROMS and the idea of "chasing the rain"

Principal Investigator for PROMS, Professor David Sear comments: "The Pacific Islands today are under threat from changing climate, but we can see from our research that this is not the first time the inhabitants of the region have had to adapt to a changing climate.

"Our research suggests that beginning around 1,000 years ago, people in the region were effectively chasing the rain eastwards as part of adapting to the stress placed on growing populations by a period of drier conditions developing in the western South Pacific."

Plant wax clues and 1,500 years of rainfall history




To reconstruct past rainfall, researchers collected sediment cores from Tahiti and Nuku Hiva in Eastern Polynesia and examined plant waxes -- fatty layers left on leaves. Advanced laboratory testing of these waxes can indicate how wet or dry conditions were at the time the plants grew. The team then combined these new results with other climate records from around Polynesia and the wider Pacific.

Using this high-resolution dataset, the researchers estimated how rainfall patterns across the Pacific changed over the last 1,500 years. They also used new climate model simulations to pinpoint when and where the rainfall shift happened, and to identify the most likely driver behind it.

The team concludes that the most probable cause was a natural change in sea surface temperature patterns across the Pacific, which appears to have nudged the South Pacific Convergence Zone (SPCZ) eastward between approximately 1,100 and 400 years ago. The SPCZ is one of the largest structures in the global climate system, forming a high-rainfall zone that stretches more than 7,000 km from Papua New Guinea to beyond the Cook Islands. In the shift identified by this study, the western end of this rainfall band became increasingly dry, while the eastern end became wetter.

Migration push and pull as freshwater changed

Researchers say the long-term drying in the west could have acted as a "push," making life more difficult where populations were already established. At the same time, rising rainfall and improved freshwater availability in the east could have created a "pull" toward settling new islands. The study suggests this climate pattern may have helped motivate people to travel step by step farther east, including to islands such as the Cooks and Tahiti.

Co-lead author on the paper, Dr. Mark Peaple of the University of Southampton says: "The timing and nature of the hydroclimatic change align with the final wave of human settlement into Eastern Polynesia, which began around 1000 years ago.




"Water is essential for people's survival, for drinking and successful agriculture. If this vital natural resource was running low, it's logical that over time the population would follow it and colonize in areas with more reliable water security -- even if this meant adventurous journeys across the ocean."

Co-lead author at UEA, Dr. Daniel Skinner adds: "Bringing together knowledge from paleoclimate archives and climate models has given us key insights into how and why a critically understudied region of the world changed over the last 1,500 years."

Co-Principal Investigator Professor Manoj Joshi, also from UEA, says: "By better understanding how the climate of the South Pacific has been affected by larger-scale climate changes over past millennia, we can build better predictions for how future climate change will affect the region."

What comes next and who supported the fieldwork

The researchers say additional studies, including further archaeological work, could help narrow down the timing and scale of both environmental shifts and social changes across the South Pacific.

Fieldwork was supported by Explorer grants from National Geographic Society.
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Scientists finally uncovered why the Indus Valley Civilization collapsed | ScienceDaily

The Indus Valley Civilization (IVC) was among the earliest known urban cultures, thriving between 5,000 and 3,500 years ago along the Indus River and its tributaries in what is now Pakistan and northwest India. At its height from 4,500 to 3,900 years ago, the society was known for its planned cities, extensive infrastructure, and innovative water management systems. Despite this high level of development, the reasons behind its long, gradual downturn have remained difficult for researchers to fully explain.

Climate Simulations Reveal Temperature Rise and Reduced Rainfall

To investigate past conditions, Vimal Mishra and colleagues reconstructed climate patterns across the region spanning 5,000 to 3,000 years ago. Their analysis combined climate modeling with several indirect indicators of ancient environmental change. These included the chemical signatures preserved in stalactites and stalagmites from two Indian caves and water level histories recorded in five lakes across northwest India. Together, the data point to a temperature increase of about 0.5 degrees Celsius during this interval, along with a 10 to 20 percent reduction in annual rainfall.

The team also identified four extended drought periods occurring between 4,450 and 3,400 years ago. Each drought lasted more than 85 years and affected between 65 percent and 91 percent of the area associated with the IVC, indicating widespread and long-lasting impacts on water availability.

Shifts in Settlement Patterns During Prolonged Dry Periods

According to the authors, these droughts likely influenced where people chose to establish settlements. Between 5,000 and 4,500 years ago, most communities were situated in regions that received higher rainfall. After 4,500 years ago, settlement patterns changed, with populations moving closer to the Indus River. This shift may reflect increasing dependence on a more reliable water source as drought conditions intensified.

One particularly long drought lasting 113 years, identified between 3,531 and 3,418 years ago, aligns with archaeological evidence of widespread deurbanization in the region. Based on these findings, the researchers conclude that the Indus Valley Civilization did not collapse abruptly from a single climate event. Instead, the society likely experienced a prolonged and uneven decline in which repeated droughts became a significant contributing factor.
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Kids' anxiety and depression dropped fast after COVID school reopenings | ScienceDaily
    	Children who returned to in-person school during the COVID-19 pandemic were much less likely to receive mental health diagnoses than children whose schools stayed closed. Reductions were seen in anxiety, depression, and ADHD, and girls experienced the greatest improvements.
    	Mental health care spending fell notably after schools reopened, reaching an 11 percent decrease by the ninth month.
    	This research represents one of the largest and most comprehensive analyses to date on how pandemic school closures affected children's mental health.

School Reopening During COVID Linked to Better Mental Health for Children

A new study from Harvard T.H. Chan School of Public Health and collaborating institutions reports that children experienced far fewer mental health diagnoses when their schools reopened during the COVID-19 pandemic. The reductions were seen across conditions such as anxiety, depression, and attention-deficit/hyperactivity disorder (ADHD). Health care spending connected to these diagnoses also declined, and girls showed the strongest improvements.

The study was published on Dec. 8, 2025, in Epidemiology.

"Our results provide solid evidence to parents, educators, and policymakers that in-person school plays a crucial role in kids' well-being," said senior author Rita Hamad, professor of social epidemiology and public policy. "The findings offer lessons for future public health emergencies and provide insight into why mental health worsened for children during the pandemic."

Background on Youth Mental Health During the Pandemic

Earlier research consistently showed that children and teens struggled emotionally during COVID-19. Some studies suggested that returning to classrooms offered important support, but many of those investigations relied on small samples or self-reported experiences rather than comprehensive data.




To produce a more detailed picture, the research team examined health diagnoses and spending information for 185,735 children between the ages of five and 18 years from March 2020 through June 2021. The dataset indicated whether a child received mental health treatment or filled a prescription related to anxiety, depression, or ADHD. Participants lived in 24 counties and 224 school districts across California, a state where school closures lasted longer than in most of the country and reopening timelines varied widely. These differences created a natural opportunity to compare outcomes. Data came from the Healthcare Integrated Research Database, which includes individual-level commercial insurance claims, along with school-level administrative data from the California Department of Education.

Large Reductions in Diagnoses and Spending After Reopening

The study documented an overall rise in mental health diagnoses during the pandemic, increasing from 2.8% to 3.5%. However, children who returned to in-person school were substantially less likely to receive new diagnoses than peers whose schools stayed closed. By the ninth month after reopening, the chance of being diagnosed with a mental health condition had dropped by 43% compared with the period before reopening. This trend included fewer cases of anxiety, depression, and ADHD.

Health care spending reflected a similar pattern. Nine months after schools reopened, non-drug medical spending related to mental health was 11% lower, spending on psychiatric medications was 8% lower, and spending on ADHD-specific medications was 5% lower. Girls saw greater improvements than boys over the same period.

How School Closures May Have Affected Children

The research team outlined several possible reasons for the mental health challenges children experienced while schools were closed. These included limited social interaction, disrupted sleep routines, more screen time, poorer dietary patterns, academic struggles, family stress linked to economic hardship or increased time at home, and reduced access to school-based mental health services.




"As we consider future public health emergencies, this study suggests we need to prioritize safe school reopenings and ensure children have access to the social and emotional resources that schools provide," Hamad said. "Policies should focus not only on infection control, but also on the mental wellbeing of children, recognizing that schools are a critical part of their support system."

Study Limitations and Future Directions

The authors noted that the study focused on children living in relatively higher-income areas in California who were enrolled in commercial insurance plans, meaning they generally had better access to health care. More research is needed to explore how school reopening influenced children in marginalized communities, where the impact may have been even more significant.

The study received funding from the National Institutes of Health (grant U01MH129968).
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        A flesh-eating fly once eradicated is moving back toward the U.S.
        California researchers are preparing for the possible return of the New World screwworm, a parasitic fly that feeds on living flesh and once devastated U.S. livestock. By monitoring traps and educating veterinarians and farmers, they hope to stop the pest before it gains a foothold.

      

      
        He ate a hamburger and died hours later. Doctors found a shocking cause
        A rare tick-borne allergy linked to red meat has now been confirmed as deadly for the first time. A healthy New Jersey man collapsed and died hours after eating beef, with later testing revealing a severe allergic reaction tied to alpha-gal, a sugar spread by Lone Star tick bites. Symptoms often appear hours later, making the condition easy to miss. Researchers warn that growing tick populations could put more people at risk.

      

      
        Ramanujan's 100-year-old pi formula is still revealing the Universe
        Ramanujan's elegant formulas for calculating pi, developed more than a century ago, have unexpectedly resurfaced at the heart of modern physics. Researchers at IISc discovered that the same mathematical structures behind these formulas also describe real-world phenomena like turbulence, percolation, and even black holes. What once seemed like pure mathematics now appears deeply intertwined with the physical laws governing the universe.

      

      
        New study reveals how kimchi boosts the immune system
        Kimchi may do far more than add flavor to meals--it could help fine-tune the human immune system. A clinical study using advanced single-cell genetic analysis found that regular kimchi consumption strengthens immune defenses while preventing harmful overreactions. Researchers observed improved activity in key immune cells, with effects varying depending on fermentation methods.

      

      
        Hidden dimensions could explain where mass comes from
        A new theory proposes that the universe's fundamental forces and particle properties may arise from the geometry of hidden extra dimensions. These dimensions could twist and evolve over time, forming stable structures that generate mass and symmetry breaking on their own. The approach may even explain cosmic expansion and predict a new particle. It hints at a universe built entirely from geometry.

      

      
        A new way to prevent gum disease without wiping out good bacteria
        Scientists are uncovering a surprising way to influence bacteria--not by killing them, but by changing how they communicate. Researchers studying oral bacteria found that disrupting chemical signals used in bacterial "conversations" can shift dental plaque toward healthier, less harmful communities. The discovery could open the door to new treatments that prevent disease by maintaining a balanced microbiome rather than wiping bacteria out entirely.

      

      
        Why consciousness exists at all
        Consciousness evolved in stages, starting with basic survival responses like pain and alarm, then expanding into focused awareness and self-reflection. These layers help organisms avoid danger, learn from the environment, and coordinate socially. Surprisingly, birds show many of these same traits, from subjective perception to basic self-awareness. This suggests consciousness is far older and more widespread than once believed.

      

      
        Giant sea monsters lived in rivers at the end of the dinosaur age
        Giant mosasaurs, once thought to be strictly ocean-dwelling predators, may have spent their final chapter prowling freshwater rivers alongside dinosaurs and crocodiles. A massive tooth found in North Dakota, analyzed using chemical isotope techniques, reveals that some mosasaurs adapted to river systems as seas gradually freshened near the end of the age of dinosaurs. These enormous reptiles, possibly as long as a bus, appear to have hunted near the surface, perhaps even feeding on drowned dinosa...

      

      
        Cannabis compounds show unexpected power against ovarian cancer
        Scientists have discovered that key compounds from cannabis--CBD and THC--show surprisingly strong effects against ovarian cancer cells. Used together, they slow cell growth, reduce colony formation, and may even block the cancer's ability to spread. Even more promising, the treatment caused minimal harm to healthy cells and appears to work by restoring a disrupted signaling pathway that fuels tumor growth.

      

      
        Male bonobos use hidden clues to boost mating success
        Male bonobos have an impressive ability to detect when females are most fertile, even though the usual visual cues are unreliable. Researchers tracking wild bonobos in the Congo discovered that males skillfully interpret a mix of swelling timing and a female's reproductive history to pinpoint the optimal moment for mating. By blending these clues, they overcome nature's misleading signals and maximize their chances of fathering offspring.

      

      
        Scientists finally uncovered why the Indus Valley Civilization collapsed
        A series of century-scale droughts may have quietly reshaped one of the world's earliest urban civilizations. New climate reconstructions show that the Indus Valley Civilization endured repeated long dry periods that gradually pushed its people toward the Indus River as rainfall diminished. These environmental stresses coincided with shrinking cities, shifting settlements, and eventually widespread deurbanization. Rather than a dramatic collapse, the civilization appears to have faded slowly unde...

      

      
        Researchers find how plants survive without sunlight or sex
        The study reveals how Balanophora plants function despite abandoning photosynthesis and, in some species, sexual reproduction. Their plastid genomes shrank dramatically in a shared ancestor, yet the plastids remain vital. Asexual reproduction appears to have evolved repeatedly, helping the plants survive in isolated, humid forest habitats. The research highlights surprising resilience in these bizarre parasitic species.

      

      
        A long-nosed chameleon hid its true identity for 150 years
        Scientists have discovered that Madagascar's iconic Pinocchio chameleon is actually a distinct species now named Calumma pinocchio. DNA from both modern samples and centuries-old museum specimens also exposed another hidden species, Calumma hofreiteri. The study shows that the chameleons' elongated snouts evolve surprisingly quickly, likely influenced by female mate choice. These findings highlight Madagascar as a hotspot of rapidly diversifying reptile life.

      

      
        Scientists find dark chocolate ingredient that slows aging
        Scientists have uncovered a surprising link between dark chocolate and slower aging. A natural cocoa compound called theobromine was found in higher levels among people who appeared biologically younger than their real age.

      

      
        Scientists reveal the real benefits and hidden risks of medical cannabis
        A sweeping review of more than 2,500 studies reveals that despite booming public enthusiasm, cannabis has strong scientific support for only a few medical uses, leaving most popular claims--like relief for chronic pain, anxiety, and insomnia--on shaky ground. The findings spotlight a persistent gap between what people believe cannabis can do and what clinical evidence actually shows.
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A flesh-eating fly once eradicated is moving back toward the U.S. | ScienceDaily
When the New World screwworm last spread across the United States, it caused widespread damage to livestock and took decades to eliminate. That history is now driving a new effort by researchers at the University of California Riverside, who are working to stop the parasitic fly before it can reestablish itself.


						
Despite its name, the New World screwworm is not a worm. It is the larval, or maggot, stage of a metallic-looking blowfly known as Cochliomyia hominivorax. Most blowflies are harmless and play an important role by breaking down dead animals. This species is different because it feeds on living tissue.

"Not all blowflies are this species. We don't have to be afraid of all flies," said Amy Murillo, UCR assistant professor of entomology and principal investigator of the project. "But this particular species isn't one we want here."

Monitoring California for Early Warning Signs

Backed by $507,000 from the California Department of Food and Agriculture, UCR entomologists are launching a statewide monitoring program to detect any early signs of the fly's return. The screwworm lays its eggs in open wounds on warm-blooded animals, including humans. Once the eggs hatch, the maggots burrow into flesh in a corkscrew motion, which is how the insect got its name.

The New World screwworm was once common across California and much of the southern United States. About 60 years ago, it was successfully wiped out using a large-scale program that released millions of sterile male flies. Because female screwworms mate only once, the strategy caused the population to collapse. That effort pushed the species south to Panama, where the U.S. Department of Agriculture has maintained a protective barrier ever since.

A Growing Threat to the North

In recent years, the screwworm has started appearing again in parts of Central America and southern Mexico. Experts believe the resurgence is linked to the movement of infested animals, often transported by people who unknowingly help the pest spread.




"It hasn't been found in California yet, but it's within 70 miles of the Texas border," Murillo said. "We need to be prepared."

Traps, Lures, and Early Detection

Murillo is working with Alec Gerry, a UCR veterinary entomology professor and CE Specialist, to deploy traps across California. These traps use a lure developed by the USDA that mimics the smell of rotting flesh. While many blowfly species are attracted to it, the lure is also effective at drawing in the New World screwworm. Researchers will regularly check the traps for any sign that the invasive fly has crossed into the state.

The project also includes an outreach effort aimed at veterinarians, livestock handlers, and entomologists. These groups are the most likely to encounter screwworm infestations early, and catching an outbreak quickly is key to stopping it from spreading.

Why Livestock Face the Greatest Risk

Screwworms pose a serious threat to farm animals, especially those with common injuries from barbed wire, birthing, or procedures such as dehorning. Without treatment, infestations can quickly worsen as flies lay more eggs, enlarging wounds and sometimes leading to death.




California's dairy and cattle industries are particularly vulnerable. "Most people think of citrus or avocados as being our top exports, but it's actually dairy that leads our agricultural economy," Murillo said.

Public Awareness as a Line of Defense

Even though the fly has not been detected in California, researchers say public awareness is an important part of prevention. "Not all blowflies are harmful, and many are beneficial," Murillo said. "But if you notice something unusual on your pet or livestock, reach out to a vet. Don't ignore it."

If an outbreak were to happen again, Murillo said the same sterile insect technique used in the past would still be the most effective tool for stopping it.

Rare but Possible Human Infections

Although screwworms primarily target animals, humans can also be affected under certain conditions, particularly when open wounds go untreated. Infections have been documented in people who traveled to regions where the fly is active. Even so, livestock remain the primary concern.

"They need an opening in the flesh, and it doesn't have to be large. They don't make wounds, but they do exploit them," Murillo said.

Staying Alert Without Panic

Murillo emphasized that the goal is preparedness, not fear.

"You don't have to worry that they're going to start eating your flesh," Murillo said. "But we do hope that this project will help people to be more vigilant in recognizing and preventing screwworm infestations in animals should they return to California."
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He ate a hamburger and died hours later. Doctors found a shocking cause | ScienceDaily
Researchers at the University of Virginia School of Medicine have confirmed the first known death caused by the condition commonly referred to as the meat allergy, which is transmitted by ticks.


						
The case involved a 47 year old man from New Jersey who was previously healthy and died suddenly about four hours after eating beef. For months, the cause of his death remained unclear. That changed when Thomas Platts Mills, MD, PhD, a UVA Health physician and internationally recognized allergy specialist, took a closer look. Platts Mills originally identified the condition years ago and continues to lead research into how it affects patients.

How Lone Star Tick Bites Trigger Alpha Gal Allergy

The allergy develops after a bite from the Lone Star tick. These bites can cause the immune system to become sensitive to alpha gal, a sugar naturally found in meat from mammals. Once sensitized, people may experience allergic symptoms after eating foods such as beef, pork, or lamb. Common reactions include skin rashes, nausea, and vomiting.

Scientists have long suspected that severe cases could escalate into life threatening anaphylaxis. Until now, however, no fatal cases had been officially confirmed.

"The important information for the public is: First, that severe abdominal pain occurring 3 to 5 hours after eating beef, pork or lamb should be investigated as a possible episode of anaphylaxis; and, second, that tick bites that itch for more than a week or larvae of ticks often called 'chiggers' can induce or increase sensitization to mammalian-derived meat," said Platts Mills, former chief of UVA Health's Division of Asthma, Allergy and Clinical Immunology. "On the other hand, most individuals who have mild to moderate episodes of hives can control symptoms with an appropriate diet."

What Happened Before the Man's Death

The man, whose name was not made public, had gone camping with his wife and children during the summer of 2024. One evening, the family ate a late steak dinner at 10 p.m. Around 2 a.m., the man woke up with intense stomach pain, diarrhea, and vomiting. Although he felt better by morning, he later told his son that the episode had felt life threatening.




About two weeks later, still unaware that he had developed the meat allergy, he attended a barbeque and ate a hamburger. He began feeling unwell shortly after 7 p.m. At 7:37 p.m., his son found him collapsed in the bathroom.

Autopsy Raises More Questions Than Answers

An autopsy did not reveal a clear explanation for his death. The official cause was listed as "sudden unexplained death."

His wife was not satisfied with that conclusion and asked another physician to review the findings. That doctor contacted Platts Mills and his team to explore whether alpha gal sensitivity could be involved.

Blood Tests Reveal Severe Allergic Reaction

Platts Mills obtained blood samples that had been collected after the man's death. Testing showed that he had indeed been sensitized to alpha gal. The results also pointed to an extreme immune response consistent with fatal anaphylaxis.




When asked about recent tick exposure, the man's wife said he had not noticed any tick bites in the past year. However, she recalled that he had suffered 12 or 13 itchy bites around his ankles earlier in the summer, which they believed were caused by chiggers. Platts Mills recognized that many bites thought to be from chiggers in the eastern United States are actually from Lone Star tick larvae.

Factors That May Have Worsened the Reaction

Platts Mills and his colleagues believe several conditions may have intensified the man's allergic response. These include drinking a beer with the hamburger, exposure to ragweed pollen, and physical exercise earlier that day. Family members also noted that he rarely ate red meat, which may have influenced how his immune system reacted.

Growing Tick Populations Increase Risk

Following the case, Platts Mills is urging doctors to stay alert for patients who may have developed this allergy or who face higher exposure risk. He pointed out that deer populations are rapidly increasing in many states, creating ideal conditions for the Lone Star tick to spread.

"It is important that both doctors and patients who live in an area of the country where Lone Star ticks are common should be aware of the risk of sensitization," Platts Mills said. "More specifically, if they have unexpected episodes of severe abdominal pain occurring several hours after eating mammalian meat, they should be investigated for possible sensitization to the oligosaccharide alpha-gal."

Case Findings Published in Medical Journal

Details of the case have been published in the Journal of Allergy and Clinical Immunology: In Practice. The article is open access, meaning it is available to read for free. The authors include Platts Mills, Lisa J. Workman, Nathan E. Richards, Jeffrey M. Wilson, and Erin M. McFeely.

The research team obtained consent from the man's widow before releasing the findings.
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Ramanujan's 100-year-old pi formula is still revealing the Universe | ScienceDaily
Most people first encounter the irrational number p (pi) -- commonly approximated as 3.14 and extending infinitely without repeating -- during school lessons about circles. In recent decades, advances in computing have pushed this familiar constant far beyond the classroom, with powerful supercomputers now calculating pi to trillions of decimal places.


						
Researchers have now uncovered an unexpected twist. Physicists at the Centre for High Energy Physics (CHEP), Indian Institute of Science (IISc) report that mathematical formulas developed a century ago to compute pi are closely linked to some of today's most important ideas in fundamental physics. These connections appear in theoretical descriptions of percolation, fluid turbulence, and even certain features of black holes.

Ramanujan's Remarkable Pi Formulae

In 1914, shortly before leaving Madras for Cambridge, renowned Indian mathematician Srinivasa Ramanujan published a paper presenting 17 different formulas for calculating pi. These expressions were strikingly efficient, allowing pi to be computed much faster than existing techniques of the time. Despite containing only a small number of mathematical terms, the formulas produced an impressive number of accurate digits.

Their impact has endured. Ramanujan's methods became foundational to modern mathematical and computational approaches for calculating pi, including those used by today's most advanced machines. "Scientists have computed pi up to 200 trillion digits using an algorithm called the Chudnovsky algorithm," says Aninda Sinha, Professor at CHEP and senior author of the study. "These algorithms are actually based on Ramanujan's work."

A Deeper Question Behind the Mathematics

For Sinha and Faizan Bhat, the study's first author and a former IISc PhD student, the mystery went beyond computational efficiency. They asked why such powerful formulas should exist in the first place. Rather than treating them as purely abstract results, the team searched for an explanation rooted in physics.




"We wanted to see whether the starting point of his formulae fit naturally into some physics," says Sinha. "In other words, is there a physical world where Ramanujan's mathematics appears on its own?"

Where Pi Meets Scale Invariance and Physics Extremes

Their investigation led them to a broad family of theories known as conformal field theories, and more specifically to logarithmic conformal field theories. These theories describe systems that exhibit scale invariance symmetry -- meaning they look the same regardless of how closely they are examined, similar to fractals.

A familiar physical example appears at the critical point of water, defined by a precise temperature and pressure at which liquid water and water vapor become indistinguishable. At this point, water displays scale invariance symmetry, and its behavior can be captured using conformal field theory. Similar critical behavior arises in percolation (how substances spread through a material), during the onset of turbulence in fluids, and in certain theoretical treatments of black holes. These phenomena fall within the domain of logarithmic conformal field theories.

Using Ramanujan's Structure to Solve Physics Problems

The researchers discovered that the mathematical framework at the heart of Ramanujan's pi formulas also appears in the equations underlying these logarithmic conformal field theories. By exploiting this shared structure, they were able to compute key quantities within the theories more efficiently. Such calculations could ultimately improve scientists' understanding of complex processes like turbulence and percolation.




The approach mirrors Ramanujan's own method of starting from a compact mathematical expression and rapidly arriving at precise results for pi. "[In] any piece of beautiful mathematics, you almost always find that there is a physical system which actually mirrors the mathematics," says Bhat. "Ramanujan's motivation might have been very mathematical, but without his knowledge, he was also studying black holes, turbulence, percolation, all sorts of things."

A Century-Old Insight With Modern Impact

The findings reveal that Ramanujan's formulas, developed more than 100 years ago, offer a previously hidden advantage for making modern high-energy physics calculations faster and more manageable. Beyond their practical value, the researchers say the work highlights the extraordinary reach of Ramanujan's ideas.

"We were simply fascinated by the way a genius working in early 20th century India, with almost no contact with modern physics, anticipated structures that are now central to our understanding of the universe," says Sinha.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251216081949.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New study reveals how kimchi boosts the immune system | ScienceDaily
Growing seasonal concern about overlapping respiratory illnesses such as the common cold and influenza has increased interest in ways to support immune health. New clinical research now suggests that kimchi, a traditional Korean fermented food, can help strengthen immune cell function while keeping the immune system in balance.


						
Scientists have found that regular kimchi consumption supports the body's ability to defend against threats without triggering unnecessary immune activity. The findings add scientific weight to kimchi's long-held reputation as a health-promoting food.

Single Cell Study Reveals How Kimchi Regulates Immunity

The World Institute of Kimchi (President: Hae Choon Chang), a government-funded research organization under the Ministry of Science and ICT, released results from an advanced single-cell genetic study examining kimchi's effects on human immunity. The analysis indicates that kimchi has immunomodulatory properties, meaning it can calm excessive immune reactions while also improving protective immune functions.

According to the researchers, this is the first study worldwide to identify kimchi's immune-related effects at the single-cell level. The results also suggest that kimchi may benefit not only metabolic health but immune health as well.

Human Trial Design and Advanced Genetic Analysis

The clinical trial involved overweight adults who were divided into three groups (n = 13 each). Over a 12-week period, participants consumed either a placebo, kimchi powder made from naturally fermented kimchi, or kimchi powder produced using a starter culture fermentation method.




At the end of the intervention, researchers collected peripheral blood mononuclear cells (PBMCs) and analyzed them using single-cell transcriptomics analysis (scRNA-seq). This technique allowed the team to monitor changes in gene activity within individual immune cells, revealing subtle immune shifts that traditional testing methods often fail to detect.

Immune Cells Show Stronger Defense and Better Balance

The findings showed that participants who consumed kimchi experienced enhanced activity in antigen-presenting cells (APCs), which play a key role in detecting bacteria and viruses and signaling other immune cells. The study also found that CD4+ T cells developed into both protective and regulatory types in a balanced way.

These outcomes suggest that kimchi does more than simply activate immune responses. Instead, it functions as a "precision regulator," boosting immune defenses when needed while preventing excessive or unnecessary immune reactions.

Fermentation Method Influences Immune Benefits

Researchers also observed differences based on how the kimchi was fermented. While both naturally fermented kimchi and starter-fermented kimchi supported immune balance, the starter-fermented version produced stronger effects. These included improved antigen recognition by immune cells and a greater reduction in unnecessary immune signaling.




The team noted that these findings point to the potential for enhancing kimchi's health benefits through controlled fermentation technologies in the future.

Dr. Woo Jae Lee of the World Institute of Kimchi, who led the research, said, "Our research has proven for the first time in the world that kimchi has two different simultaneous effects: activating defense cells and suppressing excessive response." He added, "We plan to expand international research on kimchi and lactic acid bacteria in relation to immune and metabolic health in the future."

Kimchi's Growing Role as a Functional Food

The study helps position kimchi not only as a traditional fermented dish but as a functional food with scientifically demonstrated immune benefits. Researchers expect the findings to support future applications ranging from the development of health functional foods to improving vaccine effectiveness and reducing the risk of immune-related diseases.

The research was published in npj Science of Food (IF 7.8), a leading international journal in the field of food science.
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Hidden dimensions could explain where mass comes from | ScienceDaily
The geometry of space itself may play a far more central role in physics than previously thought. Instead of serving only as the backdrop where forces act, spacetime may be responsible for the forces and particles that make up the universe.


						
New theoretical work suggests that the fundamental behavior of nature could arise directly from the structure of spacetime, pointing to geometry as the common origin of physical interactions.

Hidden Dimensions and Seven-Dimensional Geometry

In a paper published in Nuclear Physics B, physicist Richard Pincak and collaborators examine whether the properties of matter and forces can emerge from the geometry of unseen dimensions beyond everyday space.

Their research proposes that the universe includes additional dimensions that are not directly observable. These dimensions may be compact and folded into complex seven-dimensional shapes called G2-manifolds. Until now, such geometric structures were typically treated as fixed and unchanging. The new study instead explores what happens when these shapes are allowed to evolve over time through a mathematical process known as the G2-Ricci flow, which gradually alters their internal geometry.

Twisting Geometry and Stable Structures

"As in organic systems, such as the twisting of DNA or the handedness of amino acids, these extra-dimensional structures can possess torsion, a kind of intrinsic twist," explains Pincak. This torsion introduces a built-in rotation within the geometry itself.




When the researchers modeled how these twisted shapes change over time, they found that the geometry can naturally settle into stable patterns called solitons. "When we let them evolve in time, we find that they can settle into stable configurations called solitons. These solitons could provide a purely geometric explanation of phenomena such as spontaneous symmetry breaking."

Rethinking the Origin of Mass

In the Standard Model of particle physics, mass arises through interactions with the Higgs field, which gives weight to particles such as the W and Z bosons. The new theory suggests a different possibility. Instead of relying on a separate field, mass may result from torsion within extra-dimensional geometry itself.

"In our picture," Pincak says, "matter emerges from the resistance of geometry itself, not from an external field." In this view, mass reflects how spacetime responds to its own internal structure rather than the influence of an added physical ingredient.

Cosmic Expansion and a Possible New Particle

The researchers also connect geometric torsion to the curvature of spacetime on large scales. This relationship could help explain the positive cosmological constant associated with the accelerating expansion of the universe.




Beyond these cosmological implications, the team speculates about the existence of a previously unknown particle linked to torsion, which they call the "Torstone." If real, it could potentially be detected in future experiments.

Extending Einstein's Geometric Vision

The broader ambition of the work is to push Einstein's idea further. If gravity arises from geometry, the authors ask whether all fundamental forces might share the same origin. As Pincak puts it, "Nature often prefers simple solutions. Perhaps the masses of the W and Z bosons come not from the famous Higgs field, but directly from the geometry of seven-dimensional space."

The article published in the journal Nuclear Physics B.

The research was supported by R3 project No.09I03-03-V04-00356.
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A new way to prevent gum disease without wiping out good bacteria | ScienceDaily
All living organisms adapt in order to survive, and bacteria are no exception. Over many decades, some bacteria have gradually become resistant to widely used antibiotics and disinfectants, creating serious challenges for medicine and public health. At the same time, countless bacterial species play a helpful and often critical role in keeping the human body healthy. This raises an important question. Instead of trying to eliminate bacteria, could scientists find ways to influence how they behave to reduce disease and improve health?


						
Bacteria are far from silent. Inside the human mouth, roughly 700 different bacterial species constantly exchange information through a process called quorum sensing. This chemical communication allows bacteria to coordinate their actions as a group. Many oral bacteria rely on signaling molecules known as N-acyl homoserine lactones (AHLs) to send and receive these messages.

Investigating Bacterial Communication in Dental Plaque

Researchers at the University of Minnesota, Twin Cities College of Biological Sciences and the School of Dentistry set out to explore how bacteria in the mouth communicate and whether that communication could be deliberately disrupted. Their goal was to determine if interfering with these signals could help prevent plaque buildup and support a healthier oral microbiome. The findings, published in the journal npj Biofilms and Microbiomes, suggest this approach could reshape how doctors think about treating bacterial diseases.

Key Findings From the Study

The researchers discovered several important patterns in how oral bacteria communicate and organize themselves:
    	Bacteria in dental plaque generate AHL signals in oxygen-rich areas (such as above the gumline), and those signals can be detected by bacteria living in oxygen-poor regions (beneath the gumline).
    	Eliminating AHL signals using specialized enzymes called lactonases led to an increase in bacterial species associated with good oral health.
    	These results indicate that carefully chosen enzymes might be used to reshape dental plaque communities and help maintain a healthy balance of microbes.

Dental Plaque as a Living Ecosystem

"Dental plaque develops in a sequence, much like a forest ecosystem," said Mikael Elias, associate professor in the College of Biological Sciences and senior author of the study. "Pioneer species like Streptococcus and Actinomyces are the initial settlers in simple communities -- they're generally harmless and associated with good oral health. Increasingly diverse late colonizers include the 'red complex' bacteria like Porphyromonas gingivalis, which are strongly linked to periodontal disease. By disrupting the chemical signals bacteria use to communicate, one could manipulate the plaque community to remain or return to its health-associated stage."




"What's particularly striking is how oxygen availability changes everything," said lead author Rakesh Sikdar. "When we blocked AHL signaling in aerobic conditions, we saw more health-associated bacteria. But when we added AHLs under anaerobic conditions, we promoted the growth of disease-associated late colonizers. Quorum sensing may play very different roles above and below the gumline, which has major implications for how we approach treatment of periodontal diseases."

Toward New Microbiome-Based Treatments

The researchers plan to next examine how bacterial signaling differs across various regions of the mouth and among patients at different stages of periodontal disease. "Understanding how bacterial communities communicate and organize themselves may ultimately give us new tools to prevent periodontal disease -- not by waging war on all oral bacteria, but by strategically maintaining a healthy microbial balance," said Elias. The team believes this strategy could eventually lead to therapies for other parts of the body, where imbalances in the microbiome are linked to illness and certain forms of cancer.

Funding for the research was provided by the National Institutes of Health.
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Why consciousness exists at all | ScienceDaily
Our everyday lives are shaped by conscious experience. At times, this experience is pleasant, such as feeling sunlight on your skin, hearing birds sing, or simply enjoying a peaceful moment. At other times, it is painful, whether from a physical injury like hurting your knee on the stairs or from ongoing emotional struggles such as chronic pessimism. This raises a fundamental question: why did living beings evolve a form of perception that includes pleasure, pain, and even intense suffering?


						
Albert Newen and Carlos Montemayor describe consciousness as having three distinct forms, each serving a different role: 1. basic arousal, 2. general alertness, and 3. a reflexive (self-)consciousness. According to Newen, basic arousal was the first to emerge in evolutionary history. "Evolutionarily, basic arousal developed first, with the base function of putting the body in a state of ALARM in life-threatening situations so that the organism can stay alive," he explains. Pain plays a crucial role here. "Pain is an extremely efficient means for perceiving damage to the body and to indicate the associated threat to its continued life. This often triggers a survival response, such as fleeing or freezing."

How Attention and Learning Evolved

A later evolutionary development is general alertness. This form of consciousness allows an individual to focus on one important signal while filtering out others. For example, if someone is talking to you and you suddenly notice smoke, your attention shifts immediately to the smoke as you look for its source. As Carlos Montemayor explains, "This makes it possible to learn about new correlations: first the simple, causal correlation that smoke comes from fire and shows where a fire is located. But targeted alertness also lets us identify complex, scientific correlations."

Self Awareness and Social Life

Humans and some other animals go a step further by developing reflexive (self-)consciousness. In its more advanced form, this ability allows individuals to think about themselves, remember the past, and anticipate the future. It also makes it possible to build a mental image of oneself and use that image to guide decisions and plans. Newen notes, "Reflexive consciousness, in its simple forms, developed parallel to the two basic forms of consciousness. In such cases conscious experience focuses not on perceiving the environment, but rather on the conscious registration of aspects of oneself." These aspects include bodily states, perceptions, sensations, thoughts, and actions.

A simple example of reflexive consciousness is recognizing oneself in a mirror. Human children usually develop this ability around 18 months of age. It has also been observed in certain animals, including chimpanzees, dolphins, and magpies. At its core, reflexive conscious experience supports social integration and coordination with others, helping individuals function within groups.




What Birds Perceive

Research by Gianmarco Maldarelli and Onur Gunturkun suggests that birds may also possess basic forms of conscious perception. Their work highlights three main areas where birds show strong similarities to mammals: sensory consciousness, underlying brain structures, and forms of self-consciousness.

Evidence of Sensory Experience in Birds

Studies of sensory consciousness show that birds do more than automatically react to stimuli. They appear to have subjective experiences. When pigeons are shown visually ambiguous images, they alternate between different interpretations, much like humans do. Research on crows provides further evidence. Certain nerve signals in their brains reflect what the animal perceives rather than the physical stimulus itself. When a crow sometimes consciously detects a stimulus and sometimes does not, specific nerve cells respond in line with that internal experience.

Bird Brains and Conscious Processing

Bird brains also contain structures that support conscious processing, even though their anatomy differs from that of mammals. Gunturkun explains, "The avian equivalent to the prefrontal cortex, the NCL, is immensely connected and allows the brain to integrate and flexibly process information." He adds, "The connectome of the avian forebrain, which presents the entirety of the flows of information between the regions of the brain, shares many similarities with mammals. Birds thus meet many criteria of established theories of consciousness, such as the Global Neuronal Workspace theory."

Signs of Self Perception in Birds

More recent experiments indicate that birds may also show forms of self-perception. While some corvid species pass the classic mirror test, other studies use alternative approaches that better reflect birds' natural behaviors. These experiments reveal additional forms of self-consciousness in different species. Gunturkun notes, "Experiments indicate that pigeons and chickens differentiate between their reflection in a mirror and a real fellow member of their species, and react to these according to context. This is a sign of situational, basic self-consciousness."

Taken together, these findings suggest that consciousness did not emerge recently or exclusively in humans. Instead, it appears to be an ancient and widespread feature of evolution. Birds demonstrate that conscious processing can occur without a cerebral cortex and that very different brain structures can arrive at similar functional outcomes.
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Giant sea monsters lived in rivers at the end of the dinosaur age | ScienceDaily
Mosasaurs were enormous marine reptiles that lived more than 66 million years ago, but new evidence shows they did not spend all their time in the ocean. Researchers analyzing a mosasaur tooth discovered in North Dakota have found strong signs that some of these animals lived in rivers. The tooth likely came from an individual that grew up to 11 meters long. Led by scientists at Uppsala University, the international research team concluded that mosasaurs adapted to freshwater river systems during the final million years before their extinction.


						
The tooth was uncovered in 2022 from a river deposit in North Dakota. It was found alongside a tooth from a Tyrannosaurus rex and a jawbone from a crocodylian, in a region already known for fossils of the duck-billed dinosaur Edmontosaurus. The unusual mix of land dinosaurs, river-dwelling crocodiles, and a giant marine reptile immediately stood out. If mosasaurs were ocean animals, how did one of their teeth end up preserved in a river?

Isotopes Provide the Answer

To solve this puzzle, researchers from the United States, Sweden, and the Netherlands examined the chemical makeup of the mosasaur tooth enamel using isotope analysis.

Because the mosasaur tooth, the T. rex tooth, and the crocodylian jawbone all date to roughly the same time, about 66 million years ago, the scientists could directly compare their chemistry. The work was carried out at the Vrije Universiteit (VU) in Amsterdam and focused on isotopes of oxygen, strontium, and carbon. The mosasaur tooth contained unusually high levels of the lighter oxygen isotope (16O), which is typical of freshwater environments rather than marine ones. Strontium isotope ratios also pointed to a freshwater habitat.

"Carbon isotopes in teeth generally reflect what the animal ate. Many mosasaurs have low 13C values because they dive deep. The mosasaur tooth found with the T. rex tooth, on the other hand, has a higher 13C value than all known mosasaurs, dinosaurs and crocodiles, suggesting that it did not dive deep and may sometimes have fed on drowned dinosaurs," says Melanie During, one of the study's corresponding authors.

"The isotope signatures indicated that this mosasaur had inhabited this freshwater riverine environment. When we looked at two additional mosasaur teeth found at nearby, slightly older, sites in North Dakota, we saw similar freshwater signatures. These analyses shows that mosasaurs lived in riverine environments in the final million years before going extinct," says During.




When Seas Slowly Turned Into Rivers

The findings also help explain how this lifestyle shift became possible. Over time, increasing amounts of freshwater flowed into the Western Interior Seaway, a vast inland sea that once ran north to south across what is now central North America and split the continent in two. As freshwater input grew, the seaway gradually changed from salty to brackish and eventually to mostly freshwater, similar to conditions seen today in the Gulf of Bothnia. The researchers suggest this process created a 'halocline', with lighter freshwater forming a surface layer above denser saltwater. Isotope data supports this idea.

"For comparison with the mosasaur teeth, we also measured fossils from other marine animals and found a clear difference. All gill-breathing animals had isotope signatures linking them to brackish or salty water, while all lung-breathing animals lacked such signatures. This shows that mosasaurs, which needed to come to the surface to breathe, inhabited the upper freshwater layer and not the lower layer where the water was more saline," says Per Ahlberg, coauthor of the study and promotor of Dr. During.

Adapting to a Changing World

The researchers argue that the teeth studied clearly belonged to mosasaurs that had adjusted to these new conditions. Large predators shifting between habitats is not unheard of in evolutionary history.

"Unlike the complex adaptation required to move from freshwater to marine habitats, the reverse adaptation is generally simpler," says During.




Modern animals show similar flexibility. River dolphins live entirely in freshwater even though their ancestors were marine. The estuarine crocodile, known in Australia as the saltwater crocodile, regularly moves between rivers and the open ocean, hunting wherever prey is available.

A Bus-Sized Predator in Unexpected Places

Mosasaur fossils are common in marine deposits across North America, Europe, and Africa dating from 98-66 million years ago. In contrast, they are rarely found in North Dakota, making this discovery especially striking. The size of the tooth suggests an animal up to 11 meters long, roughly the length of a bus. Earlier discoveries of mosasaur bones at a nearby site support this estimate. The tooth likely belonged to a prognathodontine mosasaur, although its exact genus cannot be identified. Close relatives in the genus Prognathodon had massive heads, powerful jaws, and robust teeth, and are thought to have been opportunistic predators capable of attacking large prey.

"The size means that the animal would rival the largest killer whales, making it an extraordinary predator to encounter in riverine environments not previously associated with such giant marine reptiles," says Ahlberg.

The research was carried out by scientists from Uppsala University in collaboration with Eastern West Virginia Community and Technical College, Moorefield, West Virginia, Vrije Universiteit Amsterdam, and the North Dakota Geological Survey. The article draws on a chapter from Melanie During's doctoral thesis, which she defended at Uppsala University in November 2024.
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Cannabis compounds show unexpected power against ovarian cancer | ScienceDaily
In the future, medications derived from cannabis may play a role in treating ovarian cancer. A research team examining two natural compounds found in cannabis discovered that both produced notable anti-cancer activity when tested on ovarian cancer cells. Although significant work is still needed before any patient-ready drug can be developed, the early results highlight a promising path toward new therapies for a cancer that is difficult to detect and even more challenging to manage.


						
"Ovarian cancer remains one of the deadliest gynecological malignancies, characterized by late diagnosis, high recurrence rates, and limited effective treatment options," said Dr. Siyao Tong of Khon Kaen University, lead author of the article in Frontiers in Pharmacology. "Our goal is to find alternative drugs that can improve efficacy and potentially reduce toxicity, ultimately bringing new hope to patients facing this challenging disease."

Why Current Treatments Fall Short

Of all gynecological cancers, ovarian cancer causes the highest number of deaths. Even with progress in medical care, available drugs often fail to produce long-lasting results and can cause severe side effects. Because new approaches are urgently needed, the researchers turned their attention to CBD (cannabidiol, which is not psychoactive) and THC (delta-9-tetrahydrocannabinol, which is), two cannabis-derived compounds that have shown signs of anti-cancer activity in other diseases.

The team worked with two ovarian cancer cell lines, one responsive to platinum-based drugs and one resistant, and exposed them to CBD, THC, or a combination of both. They also tested the compounds on healthy cells to determine whether normal tissue would be harmed.

CBD and THC Significantly Reduce Cancer Cell Growth

Cancer cells treated with either CBD or THC formed fewer colonies, and those colonies were smaller than usual. Both compounds slowed the ability of cancer cells to reproduce, but the strongest effects appeared when CBD and THC were used together. Although neither compound alone killed large numbers of cancer cells, the combination proved highly effective. This suggests that the two chemicals may influence cancer cells through different mechanisms, and these mechanisms may reinforce one another.




"Notably, the inhibitory effect was most pronounced when CBD and THC were used in a 1:1 ratio," said Tong.

Additional experiments showed that the compounds reduced cancer cell migration, an important finding because metastasis is a major cause of death in ovarian cancer. A therapy that limits the spread of cancer could significantly improve patient outcomes.

Potential for Less Toxic Cancer Treatments

Both cell lines responded similarly, indicating that the compounds might work across multiple ovarian cancer types. The cannabis-derived treatments also caused little harm to healthy cells, suggesting that future therapies based on these compounds might be easier for patients to tolerate than many current options.

To better understand why the compounds were effective, the researchers analyzed cancer cell signaling. They found that the PI3K/AKT/mTOR pathway, which is often overactivated in ovarian cancer and contributes to tumor progression and drug resistance, appeared to return to more normal activity after treatment with CBD and THC. This restoration of control may explain the reduced growth and increased cell death observed in the experiments.

Next Steps and Remaining Challenges

Despite the encouraging results, the scientists emphasize that far more research is needed before CBD or THC can be considered viable treatment options for ovarian cancer. Additional studies must determine whether these compounds can be safely and effectively used in clinical settings.

"Although our study is still preliminary, it lays an important foundation for future research into the potential applications of CBD and THC in ovarian cancer treatment," said Tong. "By confirming their anti-cancer activity and identifying key molecular mechanisms, our findings are expected to drive further preclinical research. If future studies confirm these effects, CBD-THC combination therapy may ultimately contribute to the development of new treatment strategies."

"However, this study has some limitations," Tong added. "All experiments were conducted in vitro, so the results may not fully reflect the complexity of tumor behavior in living organisms. We did not include in vivo models and pharmacokinetic data, which are crucial for determining whether CBD/THC can be safely and effectively used clinically. Finally, regulatory and legal issues surrounding cannabinoid therapy may also affect future translational research. While the results are encouraging, more studies are needed before these findings can be applied to patient treatment."
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Male bonobos use hidden clues to boost mating success | ScienceDaily
Male bonobos are able to interpret female fertility signals that do not reliably reflect ovulation. This ability lets them direct their mating attempts toward the moments when conception is most likely, according to research led by Heungjin Ryu at Kyoto University, Japan. The work was published December 9th in the open-access journal PLOS Biology.


						
In many mammals, females are receptive to mating only when ovulating, which gives males a clear window to maximize reproductive success. Bonobos (Pan paniscus) differ from this pattern because females remain sexually receptive for long periods and develop a bright pink genital swelling that persists well beyond the actual fertile stage.

Tracking Wild Bonobos to Understand Fertility Signals

To examine how males respond to this unreliable signal, researchers observed a wild bonobo community at Wamba in the Luo Scientific Reserve in the Democratic Republic of the Congo. The team documented sexual interactions each day and visually assessed the degree of genital swelling in every female. They also collected urine samples on filter paper to measure estrogen and progesterone, allowing them to identify when ovulation occurred.

The data showed that the likelihood of ovulation was highest between 8 and 27 days after a female reached maximum swelling, a range that makes prediction challenging. Even so, male behavior closely followed the true timing of ovulation. Males focused their mating activity on females who had reached maximum swelling earlier and who had older infants, two indicators linked to a greater chance of ovulation.

Flexible Mating Strategies Maintain an Imperfect System

These findings reveal that males improve their reproductive success by combining information about swelling patterns with knowledge of a female's reproductive history. Because males are able to estimate fertility reasonably well despite the lack of a precise signal, the researchers suggest there has been little evolutionary pressure to make the signal more accurate. This may help explain why the system has persisted over long evolutionary timescales.




The authors add, "In this study, we found that bonobo males, instead of trying to predict precise ovulation timing, use a flexible strategy -- paying attention to the end-signal cue of the sexual swelling along with infant age -- to fine-tune their mating efforts. This finding reveals that even imprecise signals can remain evolutionarily functional when animals use them flexibly rather than expecting perfect accuracy. Our results help explain how conspicuous but noisy ovulatory signals, like those of bonobos, can persist and shape mating strategies in complex social environments."

Researchers Reflect on Months of Field Observation

"The male bonobos weren't the only ones paying close attention to sexual swelling -- we spent countless days in the rainforest at Wamba, DRC doing exactly the same thing! All that watching, sweating, and scribbling in our notebooks eventually paid off. By tracking these daily changes, we uncovered just how impressively bonobos can read meaning in a signal that seems noisy and confusing to us."

This study was supported by the Global Environment Research Fund (D-1007 to TF) of the Japanese Ministry of the Environment, the Japan Society for the Promotion of Science (JSPS) Grants-in-Aid for Scientific Research (22255007 to TF; and 25304019 to CH;), and the JSPS Asia-Africa Science Platform Program (2012-2014 to TF). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
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Scientists finally uncovered why the Indus Valley Civilization collapsed | ScienceDaily

The Indus Valley Civilization (IVC) was among the earliest known urban cultures, thriving between 5,000 and 3,500 years ago along the Indus River and its tributaries in what is now Pakistan and northwest India. At its height from 4,500 to 3,900 years ago, the society was known for its planned cities, extensive infrastructure, and innovative water management systems. Despite this high level of development, the reasons behind its long, gradual downturn have remained difficult for researchers to fully explain.

Climate Simulations Reveal Temperature Rise and Reduced Rainfall

To investigate past conditions, Vimal Mishra and colleagues reconstructed climate patterns across the region spanning 5,000 to 3,000 years ago. Their analysis combined climate modeling with several indirect indicators of ancient environmental change. These included the chemical signatures preserved in stalactites and stalagmites from two Indian caves and water level histories recorded in five lakes across northwest India. Together, the data point to a temperature increase of about 0.5 degrees Celsius during this interval, along with a 10 to 20 percent reduction in annual rainfall.

The team also identified four extended drought periods occurring between 4,450 and 3,400 years ago. Each drought lasted more than 85 years and affected between 65 percent and 91 percent of the area associated with the IVC, indicating widespread and long-lasting impacts on water availability.

Shifts in Settlement Patterns During Prolonged Dry Periods

According to the authors, these droughts likely influenced where people chose to establish settlements. Between 5,000 and 4,500 years ago, most communities were situated in regions that received higher rainfall. After 4,500 years ago, settlement patterns changed, with populations moving closer to the Indus River. This shift may reflect increasing dependence on a more reliable water source as drought conditions intensified.

One particularly long drought lasting 113 years, identified between 3,531 and 3,418 years ago, aligns with archaeological evidence of widespread deurbanization in the region. Based on these findings, the researchers conclude that the Indus Valley Civilization did not collapse abruptly from a single climate event. Instead, the society likely experienced a prolonged and uneven decline in which repeated droughts became a significant contributing factor.
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Researchers find how plants survive without sunlight or sex | ScienceDaily
Some plants lack both green pigments and sexual reproduction, yet these unusual traits reveal important insights into what defines plant life. A new study involving Kobe University examined species in the genus Balanophora to understand how non-green, asexual plants develop and survive.


						
"My long-standing aim is to rethink what it truly means to be a plant," says Kobe University botanist Kenji Suetsugu. He continues, "For many years I have been fascinated by plants that have abandoned photosynthesis, and I want to uncover the changes that occur in the process." Balanophora species represent an extreme case because they do not photosynthesize and instead draw nutrients from the roots of host plants. They remain underground for most of their lives and appear above the soil only during flowering season, and some species reproduce only through asexual means. "However, while there have been individual studies on changes in the plants' genomes, their ecology and their reproduction, we don't know how they relate to each other," explains Suetsugu.

Linking Evolution, Plastids, and Ecology in Balanophora

To address this gap, Suetsugu set out to unify three areas of research that had never been examined together for Balanophora. He aimed to clarify the relationships among species, investigate how their plastids have been altered (a part of a plant's cells which in green plants serves as the cell's "solar panels"), and determine how their reproductive strategies fit within their ecological context. Describing the difficulty of the work, he says: "These plants are rare, patchy and often restricted to steep, humid forests. But years of experience with studying Balanophora both in the lab and in field studies, as well as long-standing relationships with local naturalists made this project possible." To expand the project, he collaborated with experts at the Okinawa Institute of Science and Technology who specialize in highly reduced genomes.

Extreme Plastid Reduction Suggests a Shared Ancestral Shift

The study, now published in the journal New Phytologist, reports that all members of the group possess a dramatically reduced plastid genome (DNA not kept in the plant cell's nucleus but directly in the plastid). The team concluded that this reduction likely occurred in a common ancestor before the lineage split into multiple species. Suetsugu says: "It is exciting to see how far a plant can reduce its plastid genome, which at first glance looks as though the plastid is on the verge of disappearing. But looking more closely we found that many proteins are still transported to the plastid, showing that even though the plant has abandoned photosynthesis, the plastid is still a vital part of the plant's metabolism."

Repeated Evolution of Asexual Reproduction Across the Region

The researchers also determined that asexual reproduction probably emerged several times within the group. Their findings suggest that the plants may have developed the capacity to produce seeds without fertilization early on, which would have helped them colonize the chain of islands extending from mainland Japan through Okinawa to Taiwan. "Over the past decade I have studied Balanophora pollination and seed dispersal where camel crickets and cockroaches play an unexpected role, but I also noticed that asexual seed production often ensured reproduction when mates or pollinators are scarce," explains Suetsugu. In some species, this reproductive approach may have become the primary mode of producing offspring.




Understanding How Parasitic, Non-Photosynthetic Plants Persist

For Suetsugu, the work represents a major step toward understanding how plants that no longer perform photosynthesis continue to function and survive in natural environments. Suetsugu says, "For someone who has spent many hours observing these plants in dark, humid forests, seeing their story unfold at the genomic level is deeply satisfying. My next goal is to connect these results with biochemical measurements to find out what Balanophora plastids actually produce and how these products help sustain the parasitic plants' growth within the roots of their hosts."

This research was funded by the Japan Society for the Promotion of Science (grant 23K14256), the Human Frontier Science Program (grant RGEC29/2024), the Japan Science and Technology Agency (grants JPMJPR21D6, JPMJFR2339) and the National Science and Technology Council, Taiwan (grant 109-2311-B-845-001). It was conducted in collaboration with researchers from the Okinawa Institute of Science and Technology and the University of Taipei.
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A long-nosed chameleon hid its true identity for 150 years | ScienceDaily
Madagascar is widely recognized for its extraordinary variety of chameleons. More than 40% of all species known worldwide live on this island off the East African coast. Among them is the so called Pinocchio chameleon, a reptile described for nearly 150 years. This animal is part of the Calumma gallus species complex, a group in which males are known for their elongated nasal appendages. Until recently, the length and shape of this distinctive snout were the primary traits used to identify the species.


						
Genetic and anatomical studies now show that the reptile long referred to as the Pinocchio chameleon is not the species scientists thought it was. According to the research team, it represents a completely new species, which they named Calumma pinocchio so that its scientific and common names align.

Additional Hidden Species Within Nose Chameleons

By analyzing DNA from historically collected specimens, the researchers uncovered even more complexity within the group. Their work revealed a second previously unrecognized species, Calumma hofreiteri, which had been classified for years as Calumma nasutum because of similarities in the nasal appendage and other visible traits.

"The genetic analyses are conclusive: the nose chameleons have virtually fooled previous research," explains first author Dr. Frank Glaw from the Bavarian State Collections of Natural History (SNSB). "Our study also revealed that the nasal appendages can change quickly in terms of length, shape, and color. Their evolution is possibly driven by the respective preferences of females in mate selection."

Using Museomics to Identify Species From the Past

To update the classification of nose chameleons, the team applied a museomics approach, a method that allows scientists to extract DNA from long-preserved museum specimens. The oldest sample in the project was a chameleon collected in 1836. "The study shows the great potential of the new museomics methods to correctly identify historically collected specimens especially in species complexes," notes Prof. Miguel Vences from the Technical University of Braunschweig.

With these two newly described species, Madagascar is now known to host exactly 100 chameleon species, contributing to a global total of 236.
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Scientists find dark chocolate ingredient that slows aging | ScienceDaily
A natural chemical in dark chocolate may play a role in slowing certain signs of biological aging. Researchers at King's College London have identified theobromine, a plant compound found in cocoa, as a possible contributor to this effect.


						
The study, published on December 10 in Aging, analyzed how much theobromine was present in participants' blood and compared those levels with biological aging markers measured in blood samples.

What Biological Age Reveals

Biological age reflects how well a person's body is functioning, rather than the number of years they have lived. This measure is based on DNA methylation, a collection of tiny chemical tags on DNA that shift as we grow older.

The research team examined data from two European groups, including 509 people from TwinsUK and 1,160 from KORA. Individuals with higher amounts of theobromine in their bloodstream tended to have a biological age that appeared younger than their chronological age.

Professor Jordana Bell, senior author and Professor in Epigenomics at King's College London, said: "Our study finds links between a key component of dark chocolate and staying younger for longer. While we're not saying that people should eat more dark chocolate, this research can help us understand how everyday foods may hold clues to healthier, longer lives."

Theobromine Stands Out Among Cocoa Compounds

The team also investigated whether other cocoa or coffee metabolites showed similar patterns. Their results suggested that theobromine was the only compound with this specific association.




To estimate biological age, the researchers used two approaches. One method examined DNA changes that reflect the pace of aging. The second measured telomere length, which refers to protective structures at the ends of chromosomes. Telomeres naturally shorten with age and are linked to age-related health risks.

How Plant Molecules Influence Aging

Many plant compounds in foods can influence how genes operate by turning them on or off. These compounds, known as alkaloids, can interact with cellular systems that regulate gene activity and contribute to long-term health.

Theobromine is one such alkaloid. Although it is widely known for being toxic to dogs, it has been connected to possible benefits in humans, including a reduced risk of heart disease. Despite this, it has received relatively limited scientific attention until now.

Next Questions for Aging Research

Dr. Ramy Saad, lead researcher at King's College London and also affiliated with University College London as a doctor in Clinical Genetics, said: "This is a very exciting finding, and the next important questions are what is behind this association and how can we explore the interactions between dietary metabolites and our epigenome further? This approach could lead us to important discoveries towards aging, and beyond, in common and rare diseases."

The team, which includes Professor Ana Rodriguez-Mateos, a Professor of Human Nutrition at King's College London, is now examining whether theobromine's effect occurs on its own or if it works alongside other well-known components of dark chocolate such as polyphenols, which are recognized for their positive effects on health.




Why More Chocolate Is Not a Shortcut

Dr. Ricardo Costeira, a Postdoctoral Research Associate at King's College London, said: "This study identifies another molecular mechanism through which naturally occurring compounds in cocoa may support health. While more research is needed, the findings from this study highlight the value of population-level analyses in aging and genetics."

Although the findings are encouraging, the researchers caution that increasing dark chocolate consumption is not automatically beneficial. Chocolate also contains sugar, fat and other ingredients, and more work is needed to fully understand how theobromine interacts with the body and how it may influence aging.
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Scientists reveal the real benefits and hidden risks of medical cannabis | ScienceDaily
Medical cannabis is widely used for issues such as chronic pain, anxiety and insomnia, but a major analysis led by UCLA Health reports that the scientific support for these uses remains weak.


						
A study published in JAMA examined more than 2,500 scientific papers released from January 2010 through September 2025, including randomized clinical trials, meta-analyses and clinical guidelines. Over 120 of these studies were given priority based on sample size, recency, relevance and the range of health conditions they addressed. Interest in cannabis and related compounds such as CBD has steadily increased, and a 2018 survey found that 27% of adults in the U.S. and Canada had used them for concerns like pain, anxiety and sleep.

Public Belief Outpaces Current Scientific Evidence

According to first author Dr. Michael Hsu of UCLA Health, many people assume cannabis provides reliable medical benefits, yet recent research does not fully support those assumptions.

"While many people turn to cannabis seeking relief, our review highlights significant gaps between public perception and scientific evidence regarding its effectiveness for most medical conditions" said Hsu, health sciences clinical assistant professor at the UCLA Health Department of Psychiatry and Biobehavioral Sciences. "Clear guidance from clinicians is essential to support safe, evidence-based decision-making when discussing medical cannabis with their patients."

Proven Benefits Remain Narrow

The review found that only specific pharmaceutical-grade cannabinoid products approved by the U.S. Food and Drug Administration have demonstrated clear clinical benefits. These medications are limited to certain conditions, including HIV/AIDS-related appetite loss, chemotherapy-induced nausea and vomiting and severe pediatric seizure disorders such as Dravet syndrome and Lennox-Gastaut syndrome.




For many other health problems, the available evidence remains uncertain or insufficient. Although more than half of medical cannabis users try it for chronic pain, current clinical guidelines do not recommend cannabis-based treatments as the first option for pain management.

Potential Health Risks Identified

The analysis also examined safety concerns. Long-term studies in adolescents showed that high-potency cannabis may be associated with higher rates of psychotic symptoms (12.4% versus 7.1% for low-potency) and generalized anxiety disorder (19.1% versus 11.6%).

Around 29% of medical cannabis users also met the criteria for cannabis use disorder. Daily consumption, especially of inhaled or high-potency products, may contribute to cardiovascular problems, including elevated risks of coronary heart disease, heart attack and stroke when compared with non-daily use.

Guidance for Clinicians

The review recommends that clinicians screen for cardiovascular disease and psychotic disorders, consider possible drug interactions and evaluate whether potential harms outweigh the benefits before recommending THC-containing products.




"Patients deserve honest conversations about what the science does and doesn't tell us about medical cannabis," Hsu said.

Study Limitations and the Need for More Research

The authors acknowledged several limitations. The analysis was not a systemic review, and no formal risk of bias assessment was completed. Some of the research included was observational and may have been influenced by confounding factors. Clinical trial findings may also not apply to every patient due to differences in study design, participant characteristics and the cannabis products evaluated.

"Further research is crucial to better understand the potential benefits and risks of medical cannabis. By supporting more rigorous studies, we can provide clearer guidance and improve clinical care for patients," said Dr. Hsu.

Researchers from Harvard, UC San Francisco, Washington University School of Medicine, and New York University contributed to the study.
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