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Ryan Decembrino knew something was seriously wrong. When he began experiencing constant abdominal pain five years ago, the 29-year-old in Philadelphia went to the doctor. At that doctor's insistence, Decembrino underwent a colonoscopy, which found a dozen polyps, but the other doctor who oversaw the scan "wasn't very concerned because cancer didn't run in my family," Decembrino recalls. He was due to come back in three years for a follow-up.




But two years later, the pain got so severe he insisted the doctors take it seriously. A colonoscopy found a tumor in his colon. He went in for surgery and chemotherapy right away. "If I would have waited until my three-year follow-up, I wouldn't be here today," he says.




Now, Decembrino advocates for cancer awareness. "We have to get the word out," he says. "Cancer can happen to anyone."




[image: A photo of Ryan Decembrino]Ryan Decembrino (right) was in his mid-20s when doctors found a tumor in his colon. After experiencing initial disbelief that he could have cancer due to his age, Decembrino became an awareness advocate.Courtesy of R. Decembrino





Cancer is typically a disease of older people. In the United States, about 88 percent of cancer cases are among those over 50. Of the roughly 2 million people in the country diagnosed with cancer annually, less than 100,000 people are between 15 and 39. But since the 1990s, rates of early onset cancer -- diagnosed before the age of 50 -- have been rapidly increasing globally.




One major study found that the global incidence of early onset cancer increased by 79 percent between 1990 and 2019, while deaths rose by 28 percent. Another study, published in the Lancet Public Health last year, found that the incidence of 17 cancers in the United States has risen steadily among young men and women, particularly among those born after 1990. The steepest rises were seen in cancers of the small intestine and pancreas, says study coauthor Hyuna Sung, a cancer epidemiologist at the American Cancer Society in Atlanta.
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Lack of historical data in many countries makes it difficult to pinpoint when these trends really began, Sung says. But people born after the 1980s are four times more likely to be diagnosed with rectal cancer than those born around 1950. Compared with 2019, the global incidence of early onset cancers is projected to rise by 31 percent by 2030, and deaths will go up by 21 percent. Millennials and Gen Zers will carry disproportionate cancer risks with them as they age, "potentially slowing decades of progress against cancer," Sung says.




The data reflect what oncologist Alok Khorana sees in his practice at the Cleveland Clinic. Older adults still make up a majority of cancer cases, but Khorana is seeing more otherwise healthy young people without family histories of cancer. "It's a question we're all asking," he says. "Why are we seeing more and more younger people in our clinics, and why are they ... presenting [cancers] at more advanced stages?"




Scientists are researching those questions, but don't yet know the answers. Better cancer surveillance and screening methods don't fully explain this rise, Sung says. It can't account for "this kind of broad, across-age effect of rapid and concentrated increases observed in certain cancers among younger adults."




The leading hypothesis is that young people have been exposed to certain environmental and lifestyle factors that weren't prevalent before the 1990s. While some older people have been exposed to the same risks, researchers suspect that bioaccumulation of these factors from an early age exacerbates the risks of early onset cancer. Potential factors include changes to the gut microbiome and rising exposures to antibiotics, microplastics and "forever" chemicals known collectively as PFAS. Researchers are also investigating links between cancer and the spread of the Western diet and rising obesity rates.




"But if there had been one risk factor, we would have identified it by this point," says Sonia Kupfer, a gastroenterologist and cancer expert at the University of Chicago Medical Center. It "makes you think that it's probably a combination of a number of different factors."




Is cancer related to diet?




Some epidemiological evidence points to obesity being a key risk factor for early onset cancers. An analysis of 21 cancers in 25- to 49-year-olds between 2000 and 2012 found global increases in colon, rectal, pancreatic and kidney cancers may be partly explained by increases in excess body weight. But the link between obesity and cancer isn't clear-cut: One U.S.-based study did not show an association between obesity rates and the development of early onset colorectal cancer between 1995 and 2015.




Rather than obesity itself being the problem, Khorana thinks certain aspects of modern diets, particularly the Western diet, might be the key cause. He points to a high intake of ultraprocessed foods, sugar and red meat. "The more components of the Western diet, the greater the risk of early onset colorectal cancer," he says. A 2022 review study in Frontiers in Nutrition linked a diet high in fat, deep-fried foods, refined foods and sugary drinks and desserts with higher rates of colorectal cancer in young people. On the other hand, a protective effect was observed for people who eat healthy diets of more fruits and vegetables.




"We have to get the word out. Cancer can happen to anyone."
 Ryan Decembrino 
29, colon cancer





So far, scientists haven't been able to pin down how any individual dietary component might spur cancer. But lab studies are beginning to show how sugar, saturated fat, high-fructose corn syrup and other ingredients might influence the growth of colorectal tumors. A 2022 study in mice, for example, found that high-fat diets alter the body's gut microbiome and metabolism in ways that increase the chances of cancer-related gene mutations popping up when cells divide. Whether this happens in humans is unknown.






It's hard to pin down how diet influences cancer, Khorana says, because "there are too many factors to capture in studies."




Could microplastics cause cancer?




Another area of interest is in certain materials that have become more commonly used over the last decades. These include environmental chemicals as well as microplastics that now permeate the environment, including the air we breathe, and that have even been found in the human body. Per- and polyfluoroalkyl substances, PFAS for short, are found in a range of products that people come in contact with, such as textiles and food packaging. PFAS are "suspected" to be linked to cancers at all ages, Sung says. Several studies have found associations between PFAS in drinking water, air and work environments with cancers in different organs. However, studies are yet to specifically investigate the link between PFAS and the rise in early onset cancers.
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Similarly, the evidence that microplastics cause early onset cancers is "weak but increasing," says Frank Frizelle, a colorectal surgeon at the University of Otago in New Zealand. Global plastic production increased from around 120 million metric tons in 1990 to over 460 million tons in 2023, which coincides with the rising incidence of early onset cancer. When plastics degrade, they create micro- and nanoplastics that can be ingested and inhaled. Microplastics have been found in the majority of organs in the body, and in cancer tumors "in higher levels than normal tissue, but it is just an association for now and not cause and effect," Frizelle says.




These plastic particles, defined as being less than 5 millimeters across, are inert, Frizelle says, but it's possible they ferry viruses or bacteria that can cause cancer into our bodies. For instance, human papillomavirus, or HPV, has been linked to cervical and throat cancers. Other researchers question whether microplastics really are inert. How mammalian cells respond to plastic is not well understood. Laboratory studies in mice indicate microplastics can cause inflammation, a well-known promoter of cancer. But the lab studies to date have not looked at the health effects of years of microplastics accumulating in rodents, which makes it hard to glean much insight into how they might cause early onset cancers in humans.




Is cancer linked to gut health?




Colorectal cancer is now the leading cause of cancer death in American men under 50 and the second leading cause for women. The incidence of early onset colorectal cancers has also risen in 27 of 50 countries and territories analyzed in a study published in January. The steep rise, particularly in those under the age of 40, has led to a lot of research, making colorectal cancer among the better studied early onset cancers and at the leading edge of understanding causes.





Cancer rates rising among the young




Using data from millions of U.S. patients, scientists examined cancer diagnoses and related deaths recorded from 2000 to 2019. After grouping patients into birth cohorts based on the year they were born, they calculated the relative rate of cancer among people in certain age groups versus those born in 1955, the midpoint of their dataset.



[image: Charts showing rising rates of kidney and thyroid cancers]H. Sung et al./Lancet Public Health 2024, adapted by T. TibbittsH. Sung et al./Lancet Public Health 2024, adapted by T. Tibbitts




They found that rates of 17 cancers have increased steadily, especially among younger groups. The steepest increases involve intestinal and pancreatic cancers, diseases traditionally seen in older populations.



[image: Charts showing rising rates of intestinal and pancreatic cancers]H. Sung et al./Lancet Public Health 2024, adapted by T. TibbittsH. Sung et al./Lancet Public Health 2024, adapted by T. Tibbitts






Given the link between gut health and gut microbes, it's perhaps not surprising that scientists suspect diet, microplastics and environmental chemicals may promote early onset colorectal cancer by influencing the gut microbiome, the ecosystem of bacteria and other microbes that live in the intestines. Observational studies point to environmental exposures and dietary changes since the 1990s that allow certain species of gut bacteria to dominate the bowels. Several species -- including Fusobacterium, E. faecalis, colibactin-producing E. coli, S. gallolyticus and B. fragilis -- have been linked with cancer in different parts of the digestive tract. Now researchers are zeroing in on how these harmful bacteria might trigger early onset cancer.




A study published in April in Nature put the blame on a certain bacterial toxin. Researchers studied colon cells from 981 patients with colorectal cancer in 11 countries. A certain pattern of cancer-causing genetic mutations was more than three times as common in early onset cases than in later onset ones. The researchers found that this pattern coincided with childhood exposure to colibactin.




"These mutation patterns are a kind of historical record in the genome, and they point to early life exposure to colibactin as a driving force behind early onset disease," says Ludmil Alexandrov, a computational biologist at the University of California, San Diego who led the study. If someone acquires these mutations as a child, they could be decades ahead of schedule for developing colorectal cancer, getting it at age 40 instead of 60, he says.




Alberto Bardelli, a molecular geneticist at the University of Torino and the AIRC Institute of Molecular Oncology, Milan, says the study shows a "beautiful correlation" between the mutational signature of colibactin and early onset colorectal cancers. But, he says, we need to understand the causes and mechanisms of early onset colorectal cancer. It's possible the food children eat, as well as their lifestyles and immune systems, could give rise to colibactin-producing E. coli toxins, but it's not well understood. What's more, colibactin exposure explains perhaps only 15 percent of early onset cases, according to previous studies, which means many more mechanisms are yet to be discovered.




Do early onset tumors grow more quickly?




A complete understanding of the causes of early onset cancers won't come any time soon, so scientists are also working to come up with better ways to diagnose cancers in young people much earlier.




One reason younger people tend to be diagnosed with cancer at a late stage is because early-onset tumors might progress more quickly than tumors in older adults.




Bardelli is one of several scientists who hypothesize that early onset cancers might not follow the same timeline of progression as typical cancers. Scientists have mapped the molecular alterations that typically cause colorectal cancer -- evidence indicates it takes five to 15 years for tumors to develop, invade and metastasize. But Bardelli has started to look into the pace of growth in early onset colorectal cancers, and they seem to advance much faster, perhaps in one to two years. If true, it could make the typical five- to seven-year screening gaps much less effective for younger people, he says.




Bardelli is trying to develop ways to determine how long a tumor has been growing. By studying tumor age in lots of people with early onset cancer, doctors would be able to figure out how often to screen for it and know which tumors are "born to be bad" -- are fast-developing and require aggressive treatment.




"My previous doctors had told me I shouldn't be concerned ... "
 Samantha-Rose Evans 
26, endometrial cancer





Other researchers are trying to find ways to identify people likely to develop early onset cancers, then send them for screenings. The idea is to use other kinds of tools besides symptoms to create risk prediction models. If someone has unexplained anemia or weight loss, these are warning signs, says Kupfer, the gastroenterologist at the University of Chicago.




However, she says, these attempts are "aspirational" because scientists haven't yet identified the biological causes of early onset cancers, or how to score the risk factors we know. There is low-hanging fruit, she says, like trying to identify cases based on family history, but "we do a really bad job of identifying those people, and so we wait often until a cancer develops in the family until someone says, 'Oh, wait a second.' "




What should younger people do to reduce cancer risk?




Because research into early onset cancer is still in its infancy, medical experts don't yet have specific recommendations for how young adults can reduce their risks of developing most cancers. Getting vaccinated against HPV can help reduce the risks of cervical and throat cancers, and there is some evidence that the hepatitis B vaccines help prevent liver cancer. Aside from that, the best advice is to follow the basics of a healthy lifestyle: eating a balanced diet, exercising and limiting alcohol, smoking and sun exposure.




Decembrino says being aware of the signs of cancer and knowing your own body is the best thing you can do. But because early onset cancer is still not the norm, many young adults describe a grave challenge: being taken seriously by doctors. Samantha-Rose Evans, an administrator in Lincolnshire, England, was diagnosed and treated for endometrial cancer at the age of 26 only because her then-fiance encouraged her to seek medical help about her irregular periods. "My previous doctors had told me I shouldn't be concerned," she says.




One survey in the U.K., Australia and New Zealand found that young people with colorectal cancer perceived doctors to not suspect cancer because of their age, which contributed to delays in treatment. A common issue is misdiagnosis of cancer-related symptoms as more benign health issues. In a U.S. survey of nearly 900 people with early onset colorectal cancer, 54 percent of patients were initially misdiagnosed, usually with hemorrhoids. "Thirty-six percent of patients saw three or more doctors before receiving a diagnosis of colorectal cancer," says Michael Sapienza, CEO of the nonprofit Colorectal Cancer Alliance in Washington, D.C., which led the survey.




"If anything worries you ... get it checked."
 Rosalind Holden 
38, uterine cancer





Rosalind Holden, 38, assistant principal of a school in London, had to be "an absolute pain in the arse" to her doctors two years ago to get rapid medical attention for uterine cancer, which has an average age at diagnosis of 60. "If anything worries you, especially women's health like heavy periods, get it checked," she says. The hysterectomy to treat her cancer stopped her family planning in its tracks. "If I had gone to the doctor sooner, would the treatment have been different so it wouldn't have impacted my ability to have another child?"




The success story buried in the gloomy data is that scientists have made tremendous strides reducing overall cancer mortality. Improved screening and treatment methods have dramatically lowered cancer rates in older populations for many cancers, Khorana says.




Austria and Italy have already been screening populations in their 40s for colorectal cancer. A 2019 study shows both nations bucking the trend for rising colorectal cancer rates in people aged 40 to 49, though not for those under 40. In the United States, the American Cancer Society recommended lowering the screening age for bowel cancers from 50 to 45 in 2018, but it's too soon to know if this helped catch cancers at younger ages.




Spreading awareness among both the general population and physicians is vital for catching cancers early, says Kupfer. The most useful advocacy has been around making people aware of their symptoms, she says, so they know that rectal bleeding might not be hemorrhoids but colorectal cancer.




In the three weeks following the Colorectal Cancer Alliance's LEAD FROM BEHIND screening awareness campaign featuring Ryan Reynolds, "appointments for colonoscopies increased by 36 percent," Sapienza says, according to the digital health care marketplace Zocdoc. The Alliance State of Screening Survey revealed that 57 percent of Americans are unaware that colonoscopies can prevent colorectal cancer by removing precancerous polyps. "If they knew this, 98 percent reported they would be more likely to undergo the screening," Sapienza says.




Evans, Holden and Decembrino all say one of the challenges dealing with cancer is the difficulty finding stories from people closer to their age. That's why they're all involved in support programs for young people going through cancer.




"Cancer sucks," Decembrino says. "The only way I got through it was by having great people around me. I'm part of a buddy program now, but thankfully I haven't needed to be called up yet."
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Astronomy is the oldest science, and the sky is among our first laboratories. Long before the written word, people erected stone circles to frame the first dawn rays of the summer solstice, etched lunar calendars in bone and wove the planets into their myths. Eventually, we learned to measure the heavens, and in the 16th century the Copernican revolution rewrote our world's place within them. But for all the long millennia that men of science had peered up at the heavens, it was a woman who would be the first to truly know the stars.




Cecilia Payne-Gaposchkin was just 25 years old when she discovered what stars are made of: hydrogen, helium and just a dash of nearly every other element. Her finding in 1925 was among the first successful attempts to apply the nascent field of quantum physics to observations of stars, and it was immediately controversial. At the time, astronomers believed that stars were essentially just hot Earths -- incandescent orbs of iron, silicon and the other heavy elements that constitute our rocky world. Payne-Gaposchkin, a young woman astronomer, was asking her senior colleagues to throw out everything they thought they'd known about stars and write the universe anew.
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It took a while. But, eventually, they did.




"You can't overstate the impact," says astronomer David Charbonneau of Harvard University. By revealing the stuff of the stars, Payne-Gaposchkin paved the way for understanding how stars form and evolve, where chemical elements come from and even how the universe began. "That has revolutionized our picture of the cosmos."




Amid the quantum revolution




Payne-Gaposchkin was born in 1900 in England, the same year that Max Planck caught a first glimpse of the quantum world through his work on how hot objects emit light. Gregor Mendel's previously obscure laws of inheritance had been rediscovered and a new field, genetics, was starting to take shape. Thanks to breakthroughs in sanitation and medicine, child mortality was in unprecedented decline: Between 1900 and 1950 in Britain, it would fall from 23 percent to just 3.7 percent. And scientists had finally convinced themselves that the universe was made of atoms -- something one could still respectably dispute up until around the time of Payne-Gaposchkin's birth.




It must have seemed to her that there was nothing nature could conceal from a curious mind. "At a very early age," Payne-Gaposchkin recalled in her 1979 autobiography The Dyer's Hand, "I made up my mind to do research, and was seized with panic at the thought that everything might be found out before I was old enough to begin!"




There was, of course, no need for panic. When Payne-Gaposchkin arrived at the University of Cambridge in 1919, physicists were still coming to grips with the basic structure and behavior of atoms, especially how they interact with light.




Centuries earlier, scientists had realized that light streaming through a prism smears out into a rainbow, what Isaac Newton dubbed a "spectrum." In the early 1800s, English scientist William Hyde Wollaston used a prism to smear sunlight into a spectrum. This revealed a gappy rainbow, interrupted with mysterious blank lines that no one had noticed before. In the mid-1800s, German scientists Robert Bunsen and Gustav Kirchhoff realized that these lines, which appear in the spectra not just of stars but of anything that sheds light, were the spectral fingerprints of specific chemical elements.




These gaps in spectra arise from the quantum nature of atoms. In an atom, negatively charged electrons occupy regions of space around the nucleus called orbitals. The energies of electrons in different orbitals are "quantized," meaning they can only have specific, discrete values, like rungs on a ladder. To move up a step, electrons must absorb a photon, or a quantum packet of light, with exactly the right amount of energy. They can only ever climb from rung to rung -- and never into the gaps between rungs.




Light's wavelength corresponds to its energy; redder light is less energetic than violet light. And the electrons in different chemical elements have different energy levels -- the "rungs" on their orbital energy ladders sit at different heights. So, different elements absorb photons of different wavelengths. This allows scientists to read off spectral gaps like a kind of chemical barcode.




When Payne-Gaposchkin arrived at Cambridge, there was perhaps no better place in the world to study atomic physics. At the Cavendish Laboratory -- a pioneering experimental physics laboratory -- Payne-Gaposchkin learned from giants like J.J. Thomson, who discovered the electron, and Ernest Rutherford, a pioneer of nuclear physics. When Niels Bohr visited the lab to share his new quantum understanding of the hydrogen atom, with electrons zipping about the nucleus in discrete orbitals, he showed that this schema could be used to predict the spectral lines of hydrogen. Payne-Gaposchkin was a ready convert to the quantum revolution he evangelized. A few short years later, that revolution would be her way to the stars.
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The atomic world meets the stars




First, though, she needed a job. For bright young Englishwomen in the 1920s, there was generally only one professional path, and it led to the schoolhouse. But an ocean away, in another Cambridge, there was a place for her at the Harvard Observatory in Massachusetts. It had for decades employed women as "astronomical computers." With support from a fellowship for woman astronomers at Harvard, Payne-Gaposchkin had a chance to conduct research at the observatory for a year. That year would turn into two, and then into a lifetime. But Payne-Gaposchkin couldn't have known it when she boarded a ship in 1923 to start a new life in the United States.




[image: 1925, women at Harvard University as ]In 1925, women at Harvard University worked as "astronomical computers," studying glass photographic plates with images of stars. Cecelia Payne-Gaposhkin sits at the drafting table.Harvard Plate Stacks/Center for Astrophysics | Harvard & Smithsonian





For Franciele Kruczkiewicz, an astrochemist at Leiden University in the Netherlands, this part of Payne-Gaposchkin's story strikes a nerve. "I related to Cecilia," she says. "I left Brazil to go to Europe, where I could also follow my dreams." Having Payne-Gaposchkin as a role model made her feel less alone.




Beginning in the 1880s, the Harvard Observatory produced an enormous collection of astronomical data in the form of glass plates. These flat surfaces were coated with light- sensitive chemicals and used to photograph the sky. But more interesting to Payne-Gaposchkin, they were also used to collect stellar spectra.




In the decades before Payne-Gaposchkin arrived at Harvard, the woman computers had carefully annotated a lot of that spectral data. One computer, Annie Jump Cannon, had even devised a system for grouping stars into classes based on their spectral features that is still used today. Astronomers thought those classes corresponded to stars of different compositions. But there was another possibility that Payne-Gaposchkin, with her training in atomic physics and access to Harvard's glass plates, was in a unique position to test.




At high temperatures, atoms ionize; their electrons absorb enough energy to break free of the nucleus' hold and zip away. Ions masquerade as other atoms, producing spectral lines that mimic those of adjacent elements on the periodic table. This is a problem for astronomers because stars are very hot. Which means they're full of ions.




It wasn't until the early 1920s that scientists started to figure out how to account for this fact when analyzing stellar spectra.





Gaps in Stellar Spectra




[image: A refractor paired with a telescope spreads incoming starlight by wavelength, producing a spectrum. ]A refractor paired with a telescope spreads incoming starlight by wavelength, producing a spectrum. By capturing spectra on glass plates, astronomers at the turn of the 20th century could study compositions of stars. This black-and-white spectrum of the star Capella is one that Cecilia Payne-Gaposchkin frequently used. The spectrum was labeled, likely by Payne-Gaposchkin, with hydrogen's energy "gaps." Those gaps match the ones in a modern, full-color spectrum from the same class of star as Capella.From top: Plate C05256/Harvard Plate Stacks/Center for Astrophysics | Harvard & Smithsonian; IAU OAE/SDSS/Niall Deacon







While Payne-Gaposchkin was learning physics at the Cavendish Lab, an astrophysicist half a world away in India named Meghnad Saha devised a formula relating the temperature and pressure of a gas to the fraction of atoms that had lost electrons and become ions. It was the key to connecting the properties of gaps in stellar spectra to the actual physical conditions -- and compositions -- of stars. Saha's formula was improved by astrophysicist Edward Arthur Milne and mathematician Ralph Fowler, both at the University of Cambridge. But neither Saha, Milne nor Fowler had applied the ionization equations to real observations of stars. Shortly before Payne-Gaposchkin departed for Harvard, Milne told her that if he were in her shoes, he'd use the Harvard glass plates to take Saha's work from theory to practice.




In her first two busy years at Harvard, that's exactly what she did. Using Saha's theory of thermal ionization, Payne-Gaposchkin showed that Cannon's spectral classes reflected differences mainly in the temperatures of stars, not their compositions. But Payne-Gaposchkin wasn't done. She turned Saha's equation around to take a star's spectrum and temperature and then determine the relative abundances of the elements and ions that made it up. According to her calculations, published in her now-legendary Ph.D. thesis in 1925, hydrogen and helium absolutely dominate the compositions of stars.




The simplest atoms were the stuff of the universe.




The lasting legacy




Much has been written about how Payne-Gaposchkin's work met opposition and how another scientist, a man named Henry Norris Russell, received credit for the same finding after he independently came to the same conclusions a few years later. Kruczkiewicz says she learned about Payne-Gaposchkin's discovery without learning about her -- Kruczkiewicz first heard about Payne-Gaposchkin from a TV show, not a textbook. Emma Chapman, an astrophysicist at the University of Nottingham in England, likewise says she found out about Payne-Gaposchkin's contributions to astronomy only while tracing the history of astrophysics for her 2021 book First Light.




But Payne-Gaposchkin is starting to get the recognition she deserves, Charbonneau says. Today, her work on the compositions of stars -- and later, on variable stars and the structures of galaxies -- is widely recognized as having laid the foundation for modern astrophysics. Kruczkiewicz, who studies the composition of interstellar clouds using methods related to those Payne-Gaposchkin pioneered 100 years ago, sees her work as one of the foundation stones of not just astrophysics, but also astrochemistry.




[image: ]Seen in a posthumous portrait, English-born Cecilia Payne-Gaposchkin took a research position in the 1920s at Harvard, where she made her now-legendary observations revealing the elements that make up stars.Portrait by Patricia Watwood





"I say that she's one of the first astrochemists because she was the one that found out the composition of the universe," she says. Chapman studies the very first stars, which coalesced out of the hydrogen and helium left over from the Big Bang. This pursuit owes a serious debt to Payne-Gaposchkin's realization that the universe abounds in light elements.




"She was critical in us starting to understand what a star was and how it was different from the ground underneath our feet, from planet Earth," Chapman says.




Payne-Gaposchkin's discovery stands alongside the discovery of the cosmic microwave background -- the afterglow of the Big Bang -- and the first exoplanets as a major milestone in astrophysics, says Charbonneau, who chairs the astronomy department that Payne-Gaposchkin's Ph.D. thesis effectively established. The scientists behind those other discoveries won Nobel Prizes. Payne-Gaposchkin did not. It is impossible not to wonder if things might have been different had she been a man.




Payne-Gaposchkin ultimately was the first woman promoted to full professor at Harvard and chair of the astronomy department. As she would later reflect: "The truth will prevail in the end. Nonsense will fall of its own weight, by a sort of intellectual law of gravitation."
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On the morning of Jaiwen Hsu's stem cell transplant in November 2023, the atmosphere in the hospital felt electric. Doctors had never before tried what they were going to attempt with someone like Hsu.




There was this building buzz, he says, a sense of anticipation mingled with hope. The procedure wasn't like surgeries Hsu had had in the past, some 15 to 20 since being diagnosed with bone cancer at age 11. Those surgeries were often large-scale, scary operations that ended with him waking in pain.






But this morning, at UPMC Magee-Womens Hospital in Pittsburgh, "no one was scared," Hsu says. "It was just excitement."




In 2011, doctors had snipped a piece of tissue from Hsu's prepubescent testicles. They chilled a suspension of his cells and stored them in liquid nitrogen, a process called testicular tissue cryopreservation. The goal was to save Hsu's fertility.




[image: A photo of Jaiwen Hsu]As a child, Jaiwen Hsu had testicular cells frozen to try and preserve his fertility after cancer treatment. Doctors have now implanted those cells back into his body.Jaiwen Hsu





At the time, he had just begun an intense regimen of chemotherapy to treat a tumor growing in his femur. Though chemo could save his life, the toxic treatment would likely damage his sperm-making cells -- unless his doctors could preserve them.




Freezing sperm -- the standard option to preserve a man's fertility -- isn't possible for boys who haven't gone through puberty. But freezing testicular tissue might offer a work-around. One day, after Hsu had grown up, doctors could reimplant his cells into his body, giving him the potential to conceive.




At 24 years old, Hsu was ready. Doctors put him under anesthesia, injected his preteen cells into one of his testicles and woke him about 20 minutes later. "It was completely pain-free," Hsu says. He was driving back home before lunchtime.




Hsu is the first childhood cancer survivor in the world to have his testicular cells injected back into his testes, reproductive scientist Kyle Orwig and his team reported in March in a preprint posted at medRxiv.org. Though it may take years before doctors know if the procedure worked, efforts like this represent a concerted focus on improving young cancer patients' quality of life. There are even projects in the works to help people who survived cancers more pervasive than Hsu's, like leukemia.
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It's not enough to just treat patients' cancer, says Tyler Ketterl, an oncologist at Seattle Children's Hospital. He wants his patients to live long, healthy, fulfilling lives. That means looking to the future, to the decades they have ahead of them, and the families they may one day build. "We don't want you just to survive," he tells patients. "We want you to thrive."




Transplants like Hsu's will likely be increasingly common, says Orwig, of the University of Pittsburgh School of Medicine. Worldwide, more than 3,000 boys under age 18 have had their testicular tissue frozen. Most of them haven't yet reclaimed their tissue. But "it's exactly the time for it to start happening," Orwig says.




Sponsor Message



  






And an influx of women who've had ovarian tissue frozen as young girls may be coming, too, says Veronica Gomez-Lobo, an obstetrician-gynecologist at the National Institute of Child Health and Human Development in Bethesda, Md. "In the next 10 years, we're going to see a tsunami of these patients starting to come back for their tissue."




Looking beyond survival




Not long ago, a childhood cancer diagnosis was often a death sentence. From 1975 through 1979, nearly 5 in 100,000 children died from the disease. Since then, the number has been more than cut in half. From 2010 through 2019, cancer was the cause of death for roughly 2 kids per 100,000, researchers reported this year. That's thanks largely to improvements in treatment.




Today, a child diagnosed with cancer has an 85 percent chance of surviving five years or more, according to the American Cancer Society. Physicians and scientists are now thinking more about what comes next for these children. And there are a lot of them. In the United States alone, the number of childhood cancer survivors could reach nearly 600,000 by 2040, scientists estimate. Treatments like chemotherapy and radiation may have saved their lives, but they can also cause lasting harm to the body.




Childhood cancer survivors seem to age faster, for one. They tend to experience age-related health conditions like heart attacks and strokes nearly 20 years earlier than the general population, scientists reported in March in JAMA Oncology. And scientists have long known that highly toxic cancer therapies can wipe out egg cells and cells that make sperm. For girls, a lack of healthy eggs means not just infertility, but also the need to use hormone replacement therapy to start puberty like their peers.




When a patient faces the sometimes rocky aftermath of childhood cancer treatment, the knowledge that they may be able to have biological kids one day can be a lifeline.




It "plays an important role in coping," Ketterl said in November at the 2024 Oncofertility Consortium meeting in Detroit. "We hear this over and over again."




Hope for female patients




Charlie Stenson had one of her ovaries removed when she was just 3 years old.




In 2023, her surgeon slipped the organ out of her body via a small incision in her abdomen. Later, scientists peeled off the outer layer of the ovary like the skin of a grape, sliced it into strips and then deep-froze the tissue. The process is called ovarian tissue cryopreservation, and until 2019, it was considered an experimental treatment.




[image: A photo of Charlie Stenson with her parents]Charlie Stenson, shown with her parents, had an ovary removed and frozen when she was 3 years old.Emily Stenson





For young patients like Charlie, whose cancer had spread from its original site in her tailbone to her liver, the choice to freeze reproductive tissue can be tough. "It wasn't an easy decision, because you're removing part of your kid's body," says Charlie's mother, Emily Stenson. But "we knew that this would be giving her the best chance of having a family in the future." Just a few years ago, Charlie might not have had the option.




In 2006, reproductive biologist Teresa Woodruff coined the term oncofertility to describe a field that merges cancer care with reproductive health care. In the late '90s, she saw an adolescent male cancer patient on his way to bank sperm before treatment. She asked the team at her cancer center how they preserved fertility for female patients. They just need to focus on surviving, the team told her.




Woodruff, of Michigan State University in East Lansing, calls that her "lightning bolt moment." As a reproductive scientist, she says, "I knew that was wrong."




Since then, scientists around the world have taken steps to make things right for their young female patients. Today, experts estimate that more than 200 babies worldwide have been born to women who relied on frozen ovarian tissue. But the vast majority had their tissues frozen as women or teenagers, not as young girls like Charlie. Scientists don't know if ovarian tissue from toddlers and infants will have the same success. "We're going to see how well this works," Gomez-Lobo says.




The situation is even more uncertain for young boys. No baby has yet been born of a father who's had cryopreserved testicular tissue. But Hsu remains hopeful.




"Despite everything I've been through," he says, "I still might be able to have kids in a few years."




Watching and waiting




Every six months, Hsu will give Orwig's team a semen sample and get an ultrasound to see if he's begun producing sperm.




The testicular cells transplanted into Hsu's body contained stem cells with the potential to make sperm. But even if they one day achieve that, Hsu's tissue may not produce enough sperm for it to appear in his ejaculate. "It's theoretically possible," Orwig says, but not realistic. Instead, he thinks the cells may eventually form small pockets of sperm in the testes that a doctor could later surgically extract.




[image: A microscopy image of Hsu's testicular tissue]In this microscopy image of Hsu's testicular tissue, green dots represent a protein found in sperm stem cells, suggesting the cells have the potential to create sperm.A.C. Zielen et al./medRxiv 2025





It could take a while. "There's no rush," Hsu says. But burning like an ember in the back of his mind is the pressure of being the first childhood cancer survivor to undergo this procedure. "I hope this works," he says. "I hope I have the opportunity to start a family."




Hsu is not alone. The majority of male childhood cancer survivors want to have children, according to a 2023 survey of more than 1,300 survivors. Compared with their siblings, though, that desire is five times as likely to go unfulfilled. Stem cell transplants like the one Hsu had might change that. And scientists are now testing transplanting whole chunks of testicular tissue, rather than solely stem cells.




In 2024, about a year after Hsu's transplant, a group in Belgium performed the first transplant of frozen testicular tissue fragments, 16 years after a man had undergone treatment for childhood cancer. These intact tissue fragments may contain more sperm stem cells than cell suspensions do, providing more chances for sperm production. The technique is still considered experimental. But Orwig's team has seen success in monkeys.




Most recently, Orwig and colleagues welcomed a newborn macaque named Tiger to the world. Tiger's father had had testicular tissue removed and frozen, just like thousands of human cancer survivors. To mimic cancer treatment, Orwig's team used chemotherapy and radiation to wipe out the monkey's sperm-producing cells. Later, they transplanted the frozen tissue back into his body. The tissue "developed fine and made sperm," which the team used for in vitro fertilization, Orwig says. Tiger was born to a surrogate mother in October 2024, the team reported at the Oncofertility Consortium meeting.




[image: A photo of Tiger the macaque]Tiger the macaque was born to a father that had testicular tissue cryopreserved and later reimplanted. Scientists used sperm from this tissue for in vitro fertilization.Orwig lab/Oncofertility 2024





There's still much to learn, though, and reason for caution, he says -- like ensuring doctors transplanting frozen tissue don't accidentally reintroduce cancer back into a survivor's body. That is "the worst thing we could do," Orwig says.




Zapping or trapping rogue cells




For bone cancer that's caught early and confined to one area, like Hsu's, the risk of cancer cells sneaking into the testicular tissue is low. Doctors aren't too worried frozen reproductive tissue is carrying cancerous hitchhikers.




Other cancers aren't so stationary. They can meander throughout the body, riding the currents of the bloodstream. Leukemia cells, for instance, can infiltrate all sorts of tissues and organs, including the ovaries and testes.




Transplanting tissues from patients who had leukemia can risk reintroducing malignant cells back into patients' bodies. One potential way to avoid that is collecting tissue only after doctors can no longer detect leukemia in the blood -- but before the reproductive tissue is too badly damaged. Two experimental strategies might also help. Researchers could obliterate leukemia cells in frozen tissue before transplantation, or they could confine the cells inside in a jellylike jail.




At the tissue bank in Universite Catholique de Louvain in Brussels, about 11 percent of people who've stored their frozen tissues are patients with leukemia, says reproduction researcher Christiani Amorim.




Those patients froze their tissues in the hope that scientists like Amorim and her graduate students would figure out a plan. "What can I do?" patients have asked Amorim. "Have you found a solution for me?" Other patients have tracked her down on the internet, sharing their stories and asking for help. "Every time I receive an email like this, I tell my students, 'We need to hurry!' "




Amorim is working on ways to purge leukemia cells from ovarian tissues. One approach relies on light-sensitive molecules to kill cancer. Scientists could add these molecules to ovarian tissue before a transplant, then shine a laser to switch them on. The molecules then produce chemicals called reactive oxygen species, which tend to kill off cancer cells, not healthy ones.




In human ovarian tissue spiked with leukemia cells in the lab, this strategy, called photodynamic therapy, successfully eradicated cancer cells, Amorim's team reported in Human Reproduction Open in 2023. The researchers are now testing other light-sensitive molecules, including one activated by LED light, Amorim reported at the Oncofertility Consortium meeting. Amorim hopes that the therapy will be available within a decade. But first, scientists have to prove that it doesn't affect the quality of the eggs or any potential offspring, she says.




At the University of Michigan in Ann Arbor, biomaterials scientist Ariella Shikanov is trying to protect patients from rogue cancer cells using a different approach. Her team has created a squishy capsule that surrounds chunks of ovarian tissue before transplantation. It's like Jell-O, she says. Hormones, nutrients and oxygen can pass through, but cells can't go in or out.




That would trap any potential cancer cells inside the jelly bubble. For leukemia survivors looking to get pregnant, Shikanov envisions placing their cryopreserved ovarian tissue into a capsule, transplanting it into their body and then letting the tissue develop until eggs have matured. At that point, doctors could remove the capsule to retrieve eggs for IVF.




The capsule technique could also help young cancer survivors go through puberty. A recent transplantation experiment in mice showed that encapsulated human ovarian tissue functioned like normal, pumping out estrogen in regular cycles, Shikanov's team reported in a paper posted in March at bioRxiv.org. Such a capsule strategy could one day give young survivors an option beyond hormone replacement therapy, which doesn't mimic the changing hormone levels girls' bodies experience over time, Shikanov says. She's planning a similar study in monkeys and is preparing to apply to the U.S. Food and Drug Administration for a clinical trial.




Developing technologies like these and other efforts to manage reproductive health in a cancer setting still have a long road to travel. "We have miles to go before we're done," Woodruff says. One issue: making sure cancer patients know the options available to them -- and can afford them.




Who gets access?




Though doctors can cryopreserve sperm, eggs, embryos and ovarian and testicular tissue, these options often aren't shared with people who have cancer. Only about half of patients reported discussing fertility preservation options before treatment, researchers reported in JAMA Network Open in 2024.




Even fully informed patients can face barriers trying to access fertility preservation care. Cost is a big one. Charlie Stenson's family pays over $400 per year to store her ovarian tissue. Insurance doesn't cover it. Thirty years of cryopreservation equals more than $12,000.









Today, only about 20 states require insurance companies to provide some kind of fertility preservation coverage. And because testicular tissue freezing is still considered experimental, that "means largely that patients are paying out of pocket," Orwig says.




He thinks that's unacceptable. Insurance covers many other therapies for side effects of cancer treatments, Orwig says. Because infertility can also be a side effect, why would we not cover fertility preservation, too, he asks. "We need to figure out a way to make it affordable to anybody who needs it," Orwig says.




Emily Stenson is grateful to be able to give Charlie, now 6 years old, a chance at future fertility. As a survivor of Stage 4 cancer, she's been through a lot. Charlie, who Stenson describes as a thoughtful and fun little girl who loves to dance, has lived through high-dose chemotherapy, more than 15 surgeries and the removal of a cancerous tailbone.




Hsu is also thankful that his family was able to get him fertility preservation care. Though the outcome of his stem cell transplant remains unknown, that doesn't keep him up at night, he says. "If it works, that's fantastic," he says. And if it doesn't, there's still good that can come of it. Orwig's team can learn from Hsu's experience to advance the technology. "It is definitely very cool to know I'm helping the field progress," he says.
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	A new book explores the link between film giant Kodak and the atomic bomb

	Tales of Militant Chemistry unveils how film companies helped create weapons during the world wars

			
				




[image: book cover for Tales of Militant Chemistry by Alice Lovejoy showing the silhouette of a film factory over a black and green background]




Tales of Militant Chemistry
Alice Lovejoy
Univ. of California Press, $27.95




Despite the digitalization of pictures and movies, some cinephiles and moviemakers still favor film. For instance, Christopher Nolan's 2023 blockbuster Oppenheimer, a thriller about the theoretical physicist who oversaw the Manhattan Project to develop the first atomic bomb, was shot on Kodak's 70 millimeter film. But few of that movie's fans know what a significant role Kodak itself played in the Manhattan Project.




In Tales of Militant Chemistry: The Film Factory in a Century of War, media and cultural historian Alice Lovejoy unveils how some of the biggest players in the photographic film industry moonlighted in arms manufacturing in the 20th century and supported the creation of history's most devastating weapon.
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Lovejoy begins her story with Kodak's sprawling journey from a Rochester, N.Y.-based start-up producing cameras and glass plates in 1883 into a global chemical giant by the 1920s. Playing a strong supporting role in the book's narrative is Agfa, a film production company centered in Wolfen, Germany, and Kodak's main competitor. The two companies manufactured materials for a breadth of products, including synthetic fibers, plastic toys, pesticides, artificial flavors and painkillers. But their most well-known product was photographic film.




In the early 1900s, film was typically made of cellulose nitrate, a highly flammable material created by soaking cotton in nitric acid.  The lethal hazards of nitrate film were compounded by the noxious fumes that were released should it catch fire. Indeed, these fumes were similar to the poison gas used in World War I -- so much so that Agfa's filmmaking factories were well-placed to produce poison gas in abundance for Germany in the Great War.




By the 1920s, Kodak had begun selling safety film, a nonflammable film made from cellulose acetate. But nitrate film remained widely used by consumers because, until Kodak had refined and optimised the process, acetate film was more expensive and difficult to produce. Fortunately for Kodak, cellulose acetate became profitable as demand for the material, which was useful as a weatherproof coating for airplanes, skyrocketed during  WWI.




Kodak's expertise on and capacity for producing acetate en masse led to a lucrative side hustle for its subsidiary Tennessee Eastman -- producing a different research department explosive, or RDX, in WWII. The production of the highly potent explosive, used widely by both the Allied and Axis warring powers, required acetic acid, also involved in the production of cellulose acetate. The company churned out 570 tons of RDX a day by the end of the war and remained the United States' sole producer of the explosive until 1999.




Tennessee Eastman's chemical engineering expertise also made in the U.S. government's prime choice to produce an entirely different substance -- fissionable uranium for the Manhattan Project. The company set up the Y-12 plant in Oak Ridge, Tenn., which used huge electromagnets to separate fissionable uranium from its heavier counterpart, nonfissionable uranium. The fissionable uranium was then sent to Los Alamos, N.M., to produce atomic bombs.




Chemistry enthusiasts may feel left wanting of details on the chemical and nuclear reactions mentioned in the book. But what Lovejoy does deliver with aplomb is tales rife with intrigue, twists and surprises worthy of the silver screen. Along the way, we meet Kodak cofounder George Eastman, who set his sights "on work instead of school" at 8 years old after his father's death. We're also introduced to Aleksandra Lawrik, a victim of Germany's invasion of the Soviet Union during World War II. She was displaced from Dnipro, Ukraine, to one of Agfa's factories in Wolfen, Germany, where she was a forced laborer pouring caustic soda over wood cellulose to create synthetic textile fibers -- toxic work that ruined her lungs.




Throughout the narrative, Lovejoy deftly weaves a cornucopia of strands and recurring threads in politics, economics, history, biography and technology. The result is a compelling illustration of how fascinating and frightening the world of industrial chemistry can be.









Buy Tales of Militant Chemistry from Bookshop.org. Science News is a Bookshop.org affiliate and will earn a commission on purchases made from links in this article. 
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	This ancient Siberian ice mummy had a talented tattooist

	The roughly 2,000-year-old woman sported tattoos with varying levels of intricacy

			
				




Some tattoos do age well.




More than two millennia ago, a woman sat down for a couple of inking sessions. After, she rocked some sick sleeves -- her arms etched with intense hunting scenes of prowling leopards, lanky stags and even a fantastical creature that resembles a griffin, researchers report July 31 in Antiquity.




Subtle differences in style and technique suggest the work of at least two artists, one more skilled and the other likely still learning. Yet the tattoo designs are so elaborate that even modern professionals would find them challenging to replicate, says Gino Caspari of the Max Planck Institute of Geoanthropology in Jena, Germany. "I hope people walk away with a deeper appreciation for the prehistory of the craft and the people behind the ink -- both the tattooer and the tattooed."
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Prehistoric tattoos are rare, as skin decays rapidly after death. But in Siberia, permafrost preserved the bodies of several people from the Pazyryk culture, horse-riding nomads of the Eurasian steppes. This inked woman, who died at 50, was one of them.




Though invisible to the naked eye, her tattoos reemerged under near-infrared photography. Her right forearm is masterfully inked, depicting two striped tigers and a spotted leopard interlocked with two stags. The design flows along the arm's muscles and plays expertly with perspective.




Her left forearm, by contrast, has less anatomical accuracy and rougher execution. The researchers suggest this could reflect either two tattoo artists with different skill levels, or early and late stages of a single artist's career.





Exquisite ink




The woman's tattoos show different animals and symbols. On her left forearm (top), the current state of the tattoo (left) shows what looks to be a hooved animal, an ungulate, with no head, being attacked by a griffinlike animal. The artist's rendition (right) fills in more of the head and antlers. The right forearm ink (bottom), in its current state (left), shows catlike creatures attacking antlered animals. The artist's rendition (right) fills in additional details of the animals in the fight scene.




[image: Scans and artist's renditions of the mummy's tattoos]D. Riday







The tattoos were made using several pointed instruments in a stick-and-poke technique, the team says. The conclusion is based partly on a past experiment where coauthor Daniel Riday, an expert in ancestral art living in southern France, tattooed himself with replica prehistoric tools. A multi-pointed tool probably made the thick lines, while fine lines around the stags' antlers suggest use of a finer single-point tool.




No archaeological evidence of these tools has yet been found, possibly because they were organic materials such as thorn bundles that didn't survive, Caspari says. Still, "it's a fascinating look into the past of a talented practitioner and a great addition to the prehistory of a craft that is important for people around the world today."
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A spacecraft slowly descends to the surface of Mars.
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 Brains don't all act their age

 Mapping healthy brain function and structure at each age can help us understand deviations

 
 




This is a human-written story voiced by AI.
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 A child's biological sex may not always be a random 50-50 chance

 The parent's biology may skew the probability of a baby being born male or female

 
 




Some people may be predisposed to having children of just one sex.
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 Can AI 'feel' guilt?

 Artificial intelligence that 'feels' guilt could lead to more cooperation

 
 




Some sci-fi scenarios depict robots as cold-hearted clankers eager to manipulate human stooges. But that's not the only possible path for artificial intelligence.
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 A Midwest 'megaflash' is the longest lightning on record

 The bolt sparked over 100 ground strikes and outpaced the previous record by 120 kilometers

 
 




A massive bolt of lightning that lit up the sky from Dallas to Kansas City, Mo.,
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 Two colliding galaxies may have birthed this black hole

 The growing giant contains the mass of 1 million suns

 
 




Something unusual may have risen from the ashes of an epic smashup.
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 A quantum computer goes to space

 The computer, now orbiting Earth on a satellite, demonstrates the technology is workable in space

 
 




A quantum computer has reached new heights.
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 Dinosaur teeth reveal some were picky eaters

 Calcium in fossilized dino teeth determined the animals' diets

 
 




Some dinosaurs were fussy eaters.
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 AI reveals new details about a famous Latin inscription

 An AI system dubbed Aeneas is "a new way of modeling historical uncertainty," one expert says

 
 




An artificial intelligence system has revealed fresh details about one of the most famous Latin inscriptions: the Res Gestae Divi Augusti, once inscribed on two bronze pillars in Rome and in copies throughout the Roman Empire.
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 Potatoes have their roots in ancient tomatoes

 Potatoes originated 9 million years ago, likely from one instance of hybridization

 
 




The potato came from a surprising mashup.
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 How flossing a mouse's teeth could lead to a new kind of vaccine

 Tests of a needle-free flu vaccine delivered through the gums required some creative thinking 

 
 




Bioengineer Rohan Ingrole needed to floss a mouse's teeth.
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 Seven superclouds sit just beyond the solar system

 Most likely parents to star-forming gas clouds, they're the sun's largest neighbors

 
 




Astronomers have found a septet of superclouds lying just beyond the solar system.
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 Betelgeuse's companion star revealed in new images

 Astronomers glimpse a long-sought companion to the red supergiant star

 
 




Hidden cozied up to Betelgeuse, a bright red star in the constellation Orion, astronomers may have finally found the giant star's long-sought companion.
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 How many steps a day do you really need to take?

 Even a small increase in steps per day can lower risk of heart disease, dementia and cancer

 
 




Walking just 7,000 steps per day can lower a person's risk of certain health issues, according to a new study.
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 Seeing sick faces may prime the immune system to repel invaders

 A new study suggests your body responds to visual infection cues before you're even exposed

 
 




Our brains might prime our immune system merely by seeing someone who looks sick.
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 The mystery of melting sea stars may finally be solved 

 A bacterium called Vibrio pectenicida is causing the mass marine die-offs 

 
 




A mysterious disease has been turning sea stars into goo since 2013.
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 Sunlight is all that's needed to keep these tiny aircraft aloft

 The devices could measure weather in Earth's neglected upper atmosphere

 
 




Earth's mesosphere is a "no-fly zone."
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 This snail may hold a secret to human eye regeneration

 Apple snails can rebuild eyes, offering clues for treating human eye injuries and disease

 
 




A snail may hold the key to restoring vision for people with some eye diseases.




Golden apple snails (Pomacea canaliculata) are freshwater snails from South America. Alice Accorsi became familiar with the species as a graduate student in Italy.
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 This desert beetle runs to cool off

 Onymacris plana appears to be the first known animal to do this

 
 




In the hot dunes of Southern Africa's Namib Desert, the black beetle Onymacris plana runs fast for its tiny size.
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 A dog's taste for TV may depend on its temperament

 High-energy dogs tend to follow movement, while some anxious ones don't like doorbell noises

 
 




Maybe your Pomeranian is a little too into The Secret Lives of Mormon Wives.
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 Math puzzle: The four islands

 
 




Once upon a time, four queens known as the queens of blue, red, green and pink were locked in a bitter feud. The monarchs lived on four islands, all the same size, yet each with its own distinctive wildlife and vegetation. Each queen plotted to conquer all four islands for herself, and war would certainly have begun, if not for the timely intervention of the four queens' wise and peacemaking daughters.
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 When cancer targets the young

 
 




Cancer is usually a curse of time. In the United States, the vast majority of cancer diagnoses are in people over age 50. Our bodies' cells accumulate DNA damage over time, and older immune systems are not as good at making repairs. At the same time, decades of interaction with sunlight, tobacco products, alcohol, carcinogenic chemicals and other risk factors also take their toll.
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