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Toni English's medical team was giddy.




It was six weeks after English had completed an experimental cancer treatment, and she had arrived at the Orlando Health Cancer Institute in Florida with her husband to see the results of her latest scan.




Her team gathered in a patient exam room on the second floor of the institute. English could sense the excitement. Someone held up a phone, ready to take English's picture. Her oncologist stood near a computer screen and pointed to an image. "Here's the picture of your lungs before treatment," he said. In English's left lung, the bulbous white splotch of a tumor was clearly visible -- about the size of a nectarine.
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Then the oncologist showed English her most recent scan. That white spot was gone. "It was history," English says. The team waited for a reaction. English stayed silent for a moment and then said, "Well, good! Isn't that what we were expecting?"




English, who is in her 60s, had mucosal melanoma, a rare form of the disease -- and it can be deadly. Five years after receiving a diagnosis, only about a quarter of patients are still alive. English's melanoma had become metastatic, creeping beyond its initial home in her nose to her lungs, kidney and brain.




Existing therapies can shrink these kinds of tumors and keep the cancer under control, but they don't help every patient. Over the last three years, English had been trying a nightmarish carousel of treatments including surgery, radiation and drugs that boost the immune system. Looking back on that time, "it was pretty rough," she says, but "I was just doing what I had to do." Still, the cancer persisted, and English thought she was out of options -- until her doctor told her about a clinical trial for the new drug.




The trial was testing a treatment developed by the company Iovance Biotherapeutics, and it was unlike anything English had tried: a "living drug" made up of immune cells called T cells. Tumor-infiltrating lymphocyte therapy, or TIL therapy, takes cancer-targeting T cells from a patient's own tumor, grows them to the billions in the lab and then infuses them back into the body. This massive influx zeroes in on and attacks cancer cells and, in some cases, appears to wipe out every last one.



[image: Two side-by-side images. On the left, with 4x magnification, a large black tumor fragment. On the right, with 10x magnification, tumor-infiltrating lymphocytes destroy. the tumor.]After about a week of growing in the lab, tumor-infiltrating lymphocytes from a uveal melanoma tumor (left) expand in number and surround the tumor. The TILs form a halo around cancer cells (dark speckles, right), destroying the tumor.Kammula LabAfter about a week of growing in the lab, tumor-infiltrating lymphocytes from a uveal melanoma tumor (left) expand in number and surround the tumor. The TILs form a halo around cancer cells (dark speckles, right), destroying the tumor.Kammula Lab




Now, six years after English saw her promising scan, TILs are available for patients beyond clinical trials or early access programs. In February, the U.S. Food and Drug Administration approved Iovance's TIL therapy, called lifileucel, brand name Amtagvi, for advanced melanoma. Though other T cell-based therapies that engineer patients' cells have been approved for blood cancers, this is the first time the FDA has approved a T cell therapy for a solid tumor. Such tumors make up some 90 percent of new cancer cases worldwide and may kill more than 550,000 people in the United States this year.




Amtagvi didn't work for everyone with advanced melanoma -- not by a long shot. English was one of the lucky ones. The FDA based its approval on 73 people, including English, who were part of a larger clinical trial. Of those 73, just three saw their cancer disappear. But nearly a third of the patients saw some benefit. Though the number may sound low, TIL therapy can be a lifesaver for some people. And as scientists get a better handle on which patients will benefit and which T cells are most powerful, outcomes should only improve, says cancer surgeon Udai Kammula of the University of Pittsburgh.




The drug's approval has cracked the door open to a potential wide world of TIL therapies, Kammula says. Dozens of TIL trials around the world, including three from Kammula's team, are testing treatment variations and more types of cancer, including breast, pancreatic and colorectal cancers, some of the deadliest forms of the disease.




Oncologist Steven Rosenberg, chief of the Surgery Branch of the National Cancer Institute in Bethesda, Md., pioneered the technology. He began treating patients with TILs in the late 1980s. Rosenberg has now seen dozens of people survive more than a decade cancer-free. "That's pretty convincing evidence that cure is possible," he says.




What is TIL therapy?




Scientists today know that our immune systems can attack cancer, but when Rosenberg started working at the National Cancer Institute in 1974, the idea was dogged with doubts. Most scientists just didn't think our immune systems could tell the difference between a healthy cell and a cancerous one.




[image: A headshot of oncologist Steven Rosenberg]Steven Rosenberg, an oncologist at the National Cancer Institute, pioneered tumor-infilitrating lymphyocyte therapy as a cancer treatment.NCI





Rosenberg wasn't so sure. In 1968, he saw a patient who had undergone surgery more than a decade earlier to remove most of his cancer-ridden stomach. Tumors also riddled his liver and lymph nodes, but his doctors couldn't operate on them, and he hadn't received any further treatment.




While operating on the patient during an unrelated gallbladder surgery, Rosenberg noticed that the man's cancer had entirely disappeared. Somehow, he had fully recovered from cancer without additional treatment. "One of the rarest events in medicine," Rosenberg wrote in a 2021 editorial that chronicled the history of cancer immunotherapies.






That remarkable recovery stuck in his mind. The man's immune system had probably hunted down and destroyed the cancer, Rosenberg thought. The case helped put him on a path toward understanding the immune system's cancer-fighting powers. And "what better place to look for cells doing battle against cancer than within the cancer itself?" he says.




Scientists now know that a variety of factors can suppress T cells' natural tumor-fighting abilities. So our immune systems sometimes need help to quash cancer.




In 1988, after years of experiments in the lab and the clinic, Rosenberg's team reported a breakthrough. In a trial of 20 people with melanoma that had spread from the skin to other places in the body, tumors shrank in more than half of participants treated. The patients had received TILs, cells surgically removed from their tumors and expanded to large numbers in the lab, along with infusions of interleukin-2, or IL-2, a molecule that helps the cells grow. The work "demonstrated for the first time that lymphocytes could be used as a living drug for treating cancer," Rosenberg says.




His team's results inspired a decades-long effort to improve TIL therapy. It's an idea that was ahead of its time, says Jae Park, a hematologist-oncologist at Memorial Sloan Kettering Cancer Center in New York City. And while researchers were getting TIL off the ground, Rosenberg's team and others were also working on other ways to harness T cells to fight cancer.





TIL therapy in action




In TIL therapy, doctors remove part of a patient's tumor (Step 1) and extract tumor-infiltrating lymphocytes, a type of T cell (2). Scientists grow billions of them in the lab with interleukin-2, a molecule that boosts cell growth (3). The patient undergoes chemotherapy to prepare the body to accept the infusion of T cells, which are injected into the bloodstream (4).



[image: A graphic showing four steps: 1. Resection, 2. Extraction, 3. Expansion, 4. Infusion]Source: Moffitt Cancer CenterB. PriceSource: Moffitt Cancer CenterB. Price






One method that took off faster than TIL therapy is called CAR T-cell therapy, for chimeric antigen receptor T cells. Using genetic engineering, scientists modify a patient's own T cells so they can recognize a specific cancer cell signal. These customized cells can hunt down certain cancers like a pack of hounds with the scent of prey in their noses. Since 2017, the FDA has approved a half dozen CAR T-cell therapies for certain leukemias, lymphomas and multiple myeloma, which develops inside the bone marrow (SN: 6/27/18).




But trying to engineer designer T cells that recognize and lock onto cells from solid tumors has been a thorny challenge. It's tricky to find a unique molecular signal on the tumor cells that clearly shouts "cancer" to the T cells. So far, the therapy has been approved only for liquid cancers, like those of the blood.




"Efforts to use CAR T-cells in solid tumors have been uniformly unsuccessful," Kammula says.




What cancers can TILs attack?




CAR T-cell therapy probably wouldn't have worked for English's melanoma, or any disease like hers. But that's where TIL can come in.




"TIL therapy is a relatively primitive treatment," says Marco Donia, an oncologist at the University of Copenhagen Herlev Hospital and Gentofte Hospital in Denmark. The therapy approved by the FDA doesn't rely on genetic engineering nor a predefined molecular target. It's just a messy mix of T cells grown from a patient's tumor.




In fact, as CAR T-cells and a related therapy called T-cell receptor therapy emerged, "people started to think that TIL would be obsolete," says Sylvia Lee, an oncologist at Fred Hutchinson Cancer Center in Seattle. "It was not as sophisticated or as elegant as these fancier ways to create designer T cells."




Scientists simply surgically remove part of a patient's tumor, grow vast quantities of T cells from the tumor over about a month, and then infuse the cells back into the patient's bloodstream. TILs have an innate tumor-detecting ability and can kill cancer cells, sometimes eliminating the disease. But how exactly everything works -- and why it sometimes doesn't -- is something scientists don't completely understand, Lee says.




One aspect of TIL biology seems clear: Tumor-infiltrating cells have a sort of sixth sense for the mutated proteins that can twist a healthy cell's fate toward cancer. Some of these mutated proteins, unleashed by simple tweaks to a cell's DNA, fail to keep cell growth in check; others get growth galloping like a horse touched by spurs.




"The very mutations that cause the cancer are likely to be the Achilles' heel for treatment," Rosenberg says. That's especially relevant for cancers loaded with mutations, like melanomas that form in the skin.




If you rank cancers by mutation level, these melanomas, called cutaneous melanoma, tend to top the list. Not far behind are lung cancer and bladder cancer, which make them promising targets for TIL, says Michael Poch, a urologic oncologist at Moffitt Cancer Center in Tampa, Fla. He's currently recruiting participants for a TIL clinical trial in people with bladder cancer.




It's still early days. His team will first test the treatment's safety in about a dozen patients. But, like many other clinical trials under way, it's taking TIL in new directions -- in this case, with a different type of cancer.





Mutation number in different cancers




[image: A chart comparing the tumor mutational burden (mutations per million bases of DNA) of: Skin cutaneous melanoma, lung squamous cell carcinoma, lung adenocarcinoma, colon adenocarcinoma, liver hepatocellular carcinoma, uterine corpus endometrial carcinoma, kidney renal clear cell carcinoma, kidney renal clear cell carcinoma, breast invasive carcinoma, pancreatic adenocarcinoma, prostate adenocarcinoma, prostate adenocarcinoma, uveal melanoma, and thyroid carcinoma.]Source: Y. Rao et al/Front. Oncol. 2022B. Price





Some cancers carry more genetic mutations, called the tumor mutational burden, than other cancers, though this can vary from person to person. Skin cutaneous melanomas, for example, tend to have far more mutations than uveal melanomas, which affect the eye. 




Here, dots represent patient samples and red lines represent the median number of mutations. Having many mutations may make a cancer more susceptible to TIL therapy.






Kammula is steering into territory that's even less familiar. Rather than tackle another cancer chock-full of mutations, Kammula did an about-face. He's trying TIL therapy on uveal melanomas. Unlike skin melanomas, these cancers arise in the eye. But they neither carry many mutations nor teem with T cells.




By testing uveal melanoma samples in the lab, Kammula's team could identify which ones likely contain cancer-fighting T cells. That let the researchers predict how well people will respond to TIL, they reported in April in Nature Communications. It's an approach that could give doctors a better idea of who might benefit most from treatment and is being tested in a clinical trial expected to be completed in 2027.




Kammula thinks what his team learns from uveal melanoma could serve as a blueprint for treating other cancers. But he notes that improvements in TIL therapy could take many forms -- including how best to create an environment in the body where the cancer-fighting cells can thrive.




Amtagvi and most other TIL therapies in the works require knocking down a patient's immune system before giving them the expanded batch of T cells. "If you're going to reboot and redevelop the immune system," he says, "you've got to get rid of the old one."




That takes chemotherapy; later, patients receive a drug to soup up their newly infused TIL. Honing this process could one day make TIL therapy easier for patients, Kammula says. Right now, it's no cakewalk. "There's a risk of infection, there's a risk of death," he says. "It's a tough treatment." And it's what English went through in her clinical trial in Orlando.




TIL therapy doesn't work for everyone




English's cancer began as a sinus infection. At least, that's what she thought. It was spring 2015, and her nose felt irritated and dried out, perhaps bothered by pollen. Then came the nosebleeds.




It was no big deal at first, says English, an indefatigable optimist with a soft Southern accent. But the nosebleeds began coming more frequently, and they got more severe. She could actually see that something was growing out of her nostril. It was large, it was black and it was cancer.




The tumor stretched up into her nose, pressed against her right eyeball and filled her sinuses, like an invasive fungus flexing its fingers throughout her face. A surgeon operated and removed everything but a tiny spot near her tear duct. English has since learned that people with tumor masses as large as hers often have to have part of their face cut away. But her surgeon promised he wouldn't take her eye. Later, radiation zapped the remaining spot, and scans three months, six months and nine months afterward looked good. English seemed to be in the clear.




Then came her 12-month scans. Almost a year to the day after she had completed radiation, the cancer came back. This time, doctors found spots on her lungs, right kidney and brain. English couldn't believe it. "It was just everywhere," she says.




Doctors got her started on immunotherapy with drugs called checkpoint inhibitors, which rev up the immune system's cancer-fighting abilities (SN: 6/25/15). "These medications are great," Lee says. "They've transformed the care of melanoma over the past 10 years."




But about half of melanoma patients relapse after treatment or don't respond at all, she says. The drugs didn't work for English. A different kind of therapy, called gamma knife radiosurgery, had destroyed the tumors in her brain, but even after two kinds of immunotherapy, scans showed cancer still simmering in her kidney and lungs. She asked her oncologist, "What are we going to do now?"





Before and after




The drug lifileucel, sold as Amtagvi, has been approved for use against melanoma. But it shows promise against other solid tumors too. In a small clinical trial of 28 patients with non-small cell lung cancer, six participants, or 21 percent, saw their tumors shrink after taking the drug. These CT scans show the drug's effectiveness against one man's tumors (shown from two angles).



[image: Four CT scan images, 2 comparing the pretreatment appearance of tumors and the other 2 comparing what the scan looks like 42 days after TIL]A.J. Schoenfeld et al/Cancer Discovery 2024 (CC BY-ND 4.0), Memorial Sloan Kettering Cancer CenterA.J. Schoenfeld et al/Cancer Discovery 2024 (CC BY-ND 4.0), Memorial Sloan Kettering Cancer Center






For English and other trial participants, tumor-infiltrating lymphocytes were a last-ditch treatment. English received her TILs on April 2, 2018, a date that stands out in her mind, though the treatment was largely uneventful. She remembers a nurse hanging up the IV bag that delivered more than 7 billion cells into her veins. After the TILs had infused into her body, nurses wheeled English's bed to the hospital's intensive care unit for the next step. That's when things got difficult. Every eight to 12 hours for about two days, English received a high dose of IL-2, which ramps up TIL growth.




It's a crucial part of the process, but rife with side effects. The medication can cause high fevers, chills, dangerously low blood pressure, kidney problems and fluid to leak from the blood vessels, among other issues.




English doesn't recall much from that time in the hospital. The treatment left her feeling weak, and sleeping at night was difficult. In the shower, her hair fell out by the handful. But about four days later, English's strength had built up enough that she could walk laps in the hospital's halls. She was healthy enough to discharge. Six weeks later, at English's follow-up visit, she saw the scans showing that her lung tumor had vanished. And six months after TIL therapy, all traces of cancer were gone.




Those drastic results weren't the norm. Of the 73 participants whose data the FDA considered, just 23 people -- about 32 percent -- saw their tumors shrink or disappear completely. "We'd love that to be 99 or 100 percent," says Allison Betof Warner, an oncologist at Stanford University School of Medicine who wasn't involved with the trial. But, she says, the results are among the best researchers have seen for melanoma that has continued to advance even after treatment with immunotherapy drugs.




What stands out to Brian Gastman, the executive vice president of medical affairs at Iovance, is how long patients who do well on the treatment can stay healthy -- in some cases, years.




In a longer-term analysis of a larger group of trial participants, 48 of 153 people responded to Amtagvi and nearly half of them were still alive at the study's four-year follow-up, researchers reported in 2023 at the ESMO Immuno-Oncology Congress.




"We know that people are alive today because of this drug," Gastman says. Scientists still can't predict the end point of Amtagvi's tumor-fighting effects, he says. "We haven't even gotten there yet. We have no idea."




What's next for TIL therapy?




After Amtagvi's approval in February, cancer centers around the country began preparing to offer patients the drug. As of May, Iovance reported that more than 100 patients had enrolled for Amtagvi therapy. The company has also taken steps to gain approval elsewhere, including in the European Union, the United Kingdom, Canada and Australia.




Scientists are also trying to make Amtagvi work in a larger proportion of advanced melanoma patients. An ongoing clinical trial, for example, is combining the therapy with checkpoint inhibitor drugs. Early results suggest this combo can increase the number of people who benefit from TIL. Of 22 metastatic melanoma patients who received the combo treatment, nearly 64 percent showed some response, researchers reported in May at the annual meeting of the American Society of Clinical Oncology.




"It's a very exciting time to be in the field," Poch says.




[image: A headshot of Toni English]Toni English received TIL therapy as a treatment for mucosal melanoma. She has been cancer-free for more than six years.Roger English





As for Rosenberg, who has been at the forefront of cell therapy research for decades, finally seeing FDA approval for a TIL therapy felt gratifying, he says. Still, Amtagvi's high price tag -- $515,000 per patient -- is one barrier to widespread availability, Rosenberg wrote in a recent editorial in Science. And he still thinks about the people for whom TIL doesn't work. You go into one patient's room and they're responding to treatment, Rosenberg says, but in the next room over, there's a patient who's not.




"It's a roller coaster," he says. His team and others are working to figure it out -- and how to tailor TILs to other solid tumors. "That's 100 percent of what we're doing now," he says.




English's last scan was August 2, and she's still cancer-free more than six years after receiving her TILs. Her next scan is in February. "Hopefully I'm still going to be negative for a long, long time," she says.




In the time since her treatment, English has picked up a new passion: supporting others with mucosal melanoma. She helped build a website about the disease, coaches people who've been newly diagnosed and facilitates weekly Zoom calls for patients and caregivers where she shares her treatment experiences.




"Being able to share that and motivate and help other people on their journey," she says, "is why I get up every day."
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	NASA's Perseverance rover finds its first possible hint of ancient life on Mars

	The discovery builds the case for bringing pieces of Mars back to Earth for future study

			
				




NASA's Perseverance rover has bagged its first hint of ancient microbes on Mars.




"We're not able to say that this is a sign of life," says Perseverance deputy project scientist Katie Stack Morgan of NASA's Jet Propulsion Lab in Pasadena, Calif.  "But this is the most compelling sample we've found yet."




The rover drilled up the sample on July 21 from a reddish rock, dubbed Cheyava Falls after a feature at the Grand Canyon. It is the first piece of Mars that Perseverance has examined that contains organic molecules, the building blocks of life, project scientist Ken Farley of Caltech reported July 25 at the 10th International Conference on Mars in Pasadena.
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This isn't the first sign of organics on Mars -- the Curiosity rover detected organic molecules in a region called Gale Crater in 2014 (SN: 12/16/14). But scientists have struggled to identify organics since Perseverance landed in an ancient dried-up lake called Jezero Crater in 2021, says Stack Morgan (SN: 2/17/21).




Adding to the excitement, the reddish rock is speckled with little white spots with black rims. "They look like a tricolored leopard spot," Stack Morgan says.




Perseverance examined the spots with instruments that can identify their chemical contents and found that the rims contain iron phosphate molecules. On Earth, rings with similar texture and chemistry are associated with ancient microbial life. The chemical reactions that create the rings can be an energy source for microbes.




"They don't require life, of course, and that's an important caveat," Stack Morgan says. "But based on our experience with similar things on Earth, there is a possibility that life could have been involved, and these could have a biological origin."




[image: A panarama of an ancient river delta on Mars called Jezero Crater, where the NASA rover Perseverance (partially seen in the foreground) found a rock that may hold hints of ancient life on the Red Planet.]NASA's Mars rover Perseverance (partially seen in the foreground) has been exploring an ancient river delta that once flowed into Jezero Crater, where it discovered a rock that has NASA buzzing. The rock lies in the area slightly right of center in this image, about 110 meters from the rover.MSSS/ASU/JPL-Caltech/NASA





The rock has other confusing features that muddy the picture of how it formed, Stack Morgan says. It is shot through with white veins of calcium sulfate. These veins are filled with millimeter-sized crystals of olivine, a mineral that forms from magma. The inclusion of both the spots and these volcanic features in the same rock is "a little bit mysterious," Stack Morgan says, as they point to different origins. Figuring out how the rock formed could help tell how likely it is to have had the right conditions and temperatures to host biology.




Planetary scientist Paul Byrne thinks we should be circumspect about the finding.




"Could this truly be a biosignature? Yes. And if it is, then it really is the kind of society-altering discovery that the discovery of truly extraterrestrial life would be," says Byrne, of Washington University in St. Louis. But it's also possible that the spots came from something other than life, "in which case all this is is an interesting example of water-rock chemistry."




The only way to find out for sure is to bring the rock home. A big part of Perseverance's mission is to collect samples from interesting rocks for a future spacecraft to return to Earth, where they can be studied in more sophisticated laboratories than a rover can carry on its back. Perseverance has thrown everything it has at this rock already, Stack Morgan says.




But funding uncertainty has recently put the program, known as Mars Sample Return, on hold (SN: 5/8/24).






"With this sample, the rationale for MSR is strengthened even more, and should I hope motivate NASA to commit to pulling off this project sooner rather than later," Byrne says.




Stack Morgan says the rover team is carrying on despite the budget uncertainty.




"We have a mission to carry out, and a job to do: collecting compelling samples," Stack Morgan says. "It can only be our hope that the samples that we collect are compelling enough to justify the cost of Mars Sample Return. I think with this exciting sample, that really hits that home."
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	Paper cut physics pinpoints the most hazardous types of paper

	The sheet's thickness and slicing angle determine a finger's fate 

			
				




Any way you slice it, a paper cut is painful. 




Magazines, letters and books harbor a devious potential for minor self-induced agony. But other types of paper -- like thin tissue paper or the thicker stuff used for postcards -- are less likely to offend. Scientists have now explained the physics behind why some paper is more prone to shred fingers.




In experiments with a gelatin replica of human tissue, researchers found that a thin sheet of paper tended to buckle before it could cut. Thick paper typically indented the material but didn't pierce it: Like a dull knife blade, it didn't concentrate force into a small enough area. A thickness of around 65 micrometers was a paper cut sweet spot -- or sore spot -- physicist Kaare Jensen and colleagues report in a paper to appear in Physical Review E.
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That makes dot matrix printer paper the most treacherous, the researchers say. (That paper is seldom used today -- fortunately for pinkies and pointer fingers alike.) Paper from various magazines was a close second in the scientists' tests. (For those who read Science News in print: Sorry!) 




The angle of slicing also played a role. Paper pressed straight down into the gelatin was less likely to cut than paper that cleaved across and down.




Rather than fighting paper's tendency to cut, the researchers embraced it. They designed a 3-D printed tool they call the Papermachete, which, when loaded with a strip of printer paper, acts as a single-use knife. The blade can cut into cucumbers, peppers, apple and even chicken. The cutting-edge device could serve as a new type of cutlery with low-cost replacement blades.




Future work will study more realistic, finger-shaped materials, rather than flat sheets of gelatin, says Jensen, of the Technical University of Denmark in Kongens Lyngby. "Ideally you would want some test subjects, but it's hard to find volunteers."
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	'Turning to Stone' paints rocks as storytellers and mentors

	Marcia Bjornerud's new book explores the hidden wisdom of Earth's stones
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Turning to Stone
Marcia Bjornerud
Flatiron Books, $28.99




Marcia Bjornerud sits in the basement of a soon-to-be-demolished building at Lawrence University in Appleton, Wis. The sole faculty member remaining in a depleted geology department, she sorts through castaway lab equipment, books and rocks. Anything she doesn't save is destined for the dumpster. One of her student helpers moves a display case, revealing a hidden door leading to a secret storage room crammed with crates of granite.
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Bjornerud is exhausted and dizzy. She's grappling with her department's collapse, the sleep deprivation of early motherhood and a strained marriage to a terminally ill husband decades her senior. She empathizes with the forgotten granites. They have persisted for over a billion years, though geologists' interpretations of them have changed. Life is the same, she realizes. "The past is immutable, but its meaning changes with time."




This story and reflection is one of many in Bjornerud's latest book, Turning to Stone -- part memoir, part geology explainer, part meditation on science and society. Bjornerud, now a tenured structural geologist at the same university (which eventually replenished its geology department), stitches together seemingly disparate topics to tell the tales of rocks that helped her "understand what it means to be an Earthling."




Bjornerud's life scaffolds each chapter; the rocks set the scene. The book is largely chronological, from Bjornerud's childhood to the present day. Each chapter features a titular rock type that holds some significance to her life. Sandstone, for instance, shaped her childhood in ways she didn't understand until she was a full-fledged geologist. 




In the part of Wisconsin in which Bjornerud grew up, the rock had once formed the foundation of the Big Woods of Little House in the Big Woods fame. The forests were logged and cleared for agriculture, leaving behind sandy soil that was never meant to host more than pines. Increasing amounts of fertilizer, needed to produce "a reasonable harvest," seeped through the porous sandstone into aquifers, contaminating the groundwater that provided most households in her community with drinking water, she writes.




Bjornerud's eloquent storytelling, complete with tantalizing geologic controversies, entices readers to turn the page -- and learn complex science concepts along the way. Take the loads of granite Bjornerud unearthed in the secret room. How did these rocks form? In the early 20th century, some vocal geologists posited that sedimentary rocks morphed into granite through some cryptic chemical process. But experiments beginning in the 1920s conducted by geologist Norman Bowen revealed how Earth's mantle contained all the necessary ingredients to yield a variety of rocks. He found that, depending on how melted mantle cooled, rocks ranging from basalt to granite could form.




Throughout the narrative, Bjornerud sprinkles tidbits about the people in her orbit. She describes her marriages in varying levels of detail and drops snippets about her children and adopted Ojibwe sister. But readers interested in learning more about these people's lives may leave wanting more. They are not the central characters. Bjornerud and Earth are.




When Bjornerud came of age during the 1980s, geology was "redefining itself as a more rigorous, quantitative science." Numerical modeling and lab experiments were gaining favor over "old-school" geology, which relied mostly on field observations. Bjornerud was small, young and a woman -- she didn't fit the mold of what a geologist looked like. She realized that she could not speak of "field experiences as transcendent spiritual epiphanies" if she wanted to be taken seriously.




But now, Bjornerud feels free to reverently describe her connection to the rocks she studied. "I feel lucky to have spent enough time in the company of rocks to understand their language," she writes. Diamictites from the Norwegian archipelago of Svalbard told her of ancient ice sheets. Pseudotachylyte from New Zealand's South Island hinted at past earthquakes. 




The view that Earth is impassive has paved the path to environmental catastrophe and cultural anomie, Bjornerud writes. "We don't remember who we really are." In this book, readers will see the world through her eyes, and perhaps accept her invitation into a geocentric world view, "in which rocks are raconteurs, companions, mentors, oracles, and sources of existential reassurance."









Buy Turning to Stone 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 maze of jagged curls looks like something out of the world's hardest puzzle book. How fast do you think you can solve it?




Stuck? Don't worry. It's actually more of a connect the dots puzzle.




The labyrinthine black path is the shortest nonintersecting route to connect every point on a kaleidoscopic, "quasicrystalline" surface, researchers report July 10 in Physical Review X.




Shobhna Singh, a theoretical physicist at Cardiff University in Wales and her colleagues examined a type of pattern known as an Ammann-Beenker tiling, which fills a two-dimensional space using square- and rhombus-shaped tiles. Like some kaleidoscope images, Amman-Beenker tilings are organized but the pattern doesn't repeat itself regularly. The atoms in certain types of quasicrystals -- ordered but nonrepeating chemical structures -- adopt a similar geometry (SN: 10/5/11).




[image: A repeating pattern made of blue rhombuses and white squares, resembling tiled flooring.]In an Ammann-Beenker tiling (one shown), squares and rhombuses fill a 2-D space with an organized pattern that doesn't perfectly repeat itself.Claudio Rocchini/Wikimedia (CC BY 3.0)





The researchers found a path that touches on every vertex in an Amman-Beenker tiling, without crossing itself, before ending back where it started. Called Hamiltonian cycles, these pathways form a closed loop that you can trace without picking up your finger.




Solving a Hamiltonian cycle for even one type of tiling is no small feat. But this particular cycle -- and possibly others -- could help address scientific challenges. For example, it could make certain quasicrystals more efficient catalysts, substances that reduce the energy required for a chemical reaction. In theory, if molecules involved in the reaction arranged themselves along the Hamiltonian path of such a quasicrystal, they could attach to the surface with maximum efficiency.




Moving forward, the team will search for Hamiltonian cycles on other types of tilings, Singh says. They're also looking for new ways to apply their Hamiltonian cycle to existing challenges. "The most interesting application could be one which we have not thought about."
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 Komodo dragon teeth get their strength from an iron coat

 The layer may help reinforce tips and serrated edges used for ripping into flesh

 
 




Komodo dragon teeth are ironclad. Literally.




The serrated edges and tips of the reptiles' razor-sharp chompers are lined with a layer of iron, researchers report July 24 in Nature Ecology & Evolution.
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 Aimee Grant investigates the needs of autistic people

 Her research focuses on reproductive health care

 
 




Before becoming a researcher, Aimee Grant worked as a caregiver for six years in Cornwall, England, supporting autistic adults in group homes. But only more than a decade later, after befriending an autistic colleague at a sociology conference, did she realize she was autistic herself.




The stereotypical view of autism as a brain impairment more commonly found in men made it difficult for Grant to make sense of her internal world.
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 Pheromone fingers may help poison frogs mate

 Some males stick their seductive digits near a female's nose

 
 




During mating, some male poison frogs embrace their partner's face in a love-potion-laced hug.
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 The North Star is much heavier than previously thought

 Polaris is nearly 50 percent more massive than an earlier study found

 
 




The star marking true north is a good deal heavier than we thought.




The North Star is 5.1 times as massive as the sun, astronomers report in work submitted July 12 to arXiv.org. That value, calculated from the motion of a much fainter star that orbits the luminary, is nearly 50 percent heavier than a recent estimate of 3.45
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 In a seafloor surprise, metal-rich chunks may generate deep-sea oxygen

 These nodules can act like batteries that split seawater into hydrogen and oxygen

 
 




In an unexpected twist, metal-rich nodules found on the seafloor are generating oxygen, new research suggests.
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 Getting drugs into the brain is hard. Maybe a parasite can do the job

 Some question if a parasite can ever be rendered harmless enough to be used as a treatment

 
 




A mind-bending parasite may one day deliver drugs to the brain.
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 Bird flu viruses may infect mammary glands more commonly than thought

 Virus in cow milk was a big hint. Now tests show H5N1 infects the mammary glands of mice, too

 
 




The discovery of bird flu in dairy cow milk highlighted a previously overlooked target for the H5N1 virus: mammary glands.
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 Why a small seabird dares to fly toward cyclones

 The North Atlantic's Desertas petrel may feed in the wake of intense storms

 
 




Tropical cyclones are synonymous with destruction. But at least one seabird may take advantage of them as feeding opportunities.




The Desertas petrel, a small and threatened seabird native to the North Atlantic Ocean, has long been associated with oncoming storms.
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 A risk-tolerant immune system may enable house sparrows' wanderlust

 The ability to fend off new health threats gives the species an edge in unfamiliar places

 
 




For animals exploring new territory, taking risks is key to survival.
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 Moonquakes are much more common than thought, Apollo data suggest

 Understanding how the moon moves and shakes could help us better prepare for trips there

 
 




A new look at decades-old data from the Apollo missions has uncovered evidence of tens of thousands of previously unrecognized moonquakes. The results could reveal details about the moon's inner workings and could have implications for future human missions.




"There were more tectonic events on the moon, it's more tectonically active than considered before," says planetary seismologist Keisuke Onodera of the University of Tokyo.
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 Dark matter experiments get a first peek at the 'neutrino fog' 

 It's a new way to observe neutrinos, but points to a future obstacle in dark matter detection 

 
 




The neutrino "fog" is beginning to materialize.




Lightweight subatomic particles called neutrinos have begun elbowing their way into the data of experiments not designed to spot them. Two experiments, built to detect particles of dark matter, have caught initial glimpses of neutrinos born in the sun, physicists report.

"That's
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 A black hole made from pure light is impossible, thanks to quantum physics 

 A "kugelblitz" would be foiled by particles and antiparticles that carry energy away

 
 




Black holes can't be formed from pure light. Quantum physics would curb their creation under any foreseeable conditions, a new study suggests.




Typically, matter is responsible for black holes. They're often formed when a star's core implodes at the end of its life.
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 Static electricity may help butterflies and moths gather pollen on the fly

 Electrostatic pollination might be a widespread phenomenon

 
 




Birds do it. Bees do it. Even butterflies and moths do it.




As lepidopterans flutter their wings, friction with the air causes them to accumulate static electricity -- enough to potentially pull pollen from nearby flowers, new research suggests.
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	Freeze-drying turned a woolly mammoth's DNA into 3-D 'chromoglass'

	Exquisite details from the 52,000-year-old sample show active genes in the extinct species' DNA

			
				




Beef jerky and some woolly mammoths have at least one thing in common: Drying turns their DNA into super-tough glass.




This glassy DNA is so stable that it preserved the three-dimensional structure of chromosomes in one woolly mammoth for 52,000 years, researchers report July 11 in Cell. The find gave researchers an unprecedented look at the extinct animal's genetic instruction book, or genome, even revealing genes that were turned on and off before the mammoth died, says genomicist and neuroscientist Cynthia Perez Estrada. If other well-preserved samples can be found, glimpses at gene activity may help scientists understand how extinct organisms functioned, not just how they looked.
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The detailed survey of the mammoth genome was made possible after an international team of scientists figured out how to adapt a technique dubbed Hi-C to examine ancient DNA (SN: 8/24/15).  




"I've known about Hi-C for a while now. I just never could think of a way that you would apply it to ancient DNA," says Christina Warinner, a biomolecular archaeologist at Harvard University who was not involved in the study.




That's because DNA crumbles over time. It was hard to imagine that the tiny bits of ancient DNA could retain the shape of chromosomes, Warinner says. And Hi-C, which is used for looking at the 3-D structure of meters of DNA packed into a cell's nucleus, usually requires fresh, intact samples (SN: 6/10/21).




Even Perez Estrada's colleagues, who work on 3-D DNA structure at Baylor College of Medicine in Houston, weren't convinced such techniques could work on degraded samples. Perez Estrada thought it could, so she tested Hi-C on turkey bones left over after Thanksgiving dinner, on tissue from a dried-out roadkill mouse she found on her way to work, and on a piece of leather from her bag.




"All of those experiments were fascinating, because it actually showed that the structure of the DNA is pretty resilient," she says. "And despite the cooking, and despite the sun and the environment when talking about the mouse, the structure of the DNA was still there."




But she didn't know whether the structure could hold up for thousands of years. So she teamed up with Marcela Sandoval-Velasco, then at the University of Copenhagen. Sandoval-Velasco had been working on ancient DNA for years and was interested in probing 3-D structures. She brought "a bag full of wonders" -- museum specimens of ants, bees, coelacanths, fish, reptiles, birds and animals -- to Houston for testing, Perez Estrada says. And Perez Estrada visited Copenhagen, where the researchers probed ancient polar bear skulls and a mummified wolf.




The experiments often failed. The Hi-C method used on fresh samples wouldn't work for ancient samples, so a new version -- which they called PaleoHi-C -- had to be invented. That's research, says Sandoval-Velasco, who is now at the National Autonomous University of Mexico in Cuernavaca. "It goes slow. It's iterative. It's full of failures, and it's about not giving up." Teamwork helps too, she says. More than 50 scientists with different areas of expertise came together for the study.







Researchers Valerii Plotnikov and Dan Fisher slice a sample from 52,000-year-old mammoth skin. The skin provided the first ever look at the 3-D structure of the extinct animal's DNA.





After years of partial success and failure, the team got access to skin from the head of a woolly mammoth that died in Siberia about 52,000 years ago. The mammoth was freeze-dried and preserved in permafrost.




Rapid drying had locked the ancient DNA into a tight molecular state similar to that of glass, called chromoglass. The geneticists and a team of theoretical physicists deduced that the chromoglass structure prevented the pieces of DNA from drifting away from each other.  




In unconventional experiments with lab-made beef jerky, the team found that such glassy DNA can remain stable for at least a year at room temperature and stand up to varied insults including being microwaved, run over with a car, smashed with a fastball and blasted with a shotgun.




[image: The lower part of a woolly mammoths' leg and its foot sits on a bank of dark mud and muddy water. The legs of a person wearing light gray pants and black calf-high rubber boots are visible behind the mammoth foot.]Permafrost and freeze-drying preserved DNA of a woolly mammoth that died 52,000 years ago (a foot shown here, foreground) in a tough molecular structure called chromoglass.Love Dalen/Stockholm University.





The mammoth's glassy DNA locked its chromosomes into place. For the first time the researchers could count the number of chromosomes a mammoth has -- 28 pairs, just like elephants, Erez Lieberman Aiden, a geneticist at Baylor College of Medicine, said during a news conference July 2. Mammoths also have the same basic chromosome structure as elephants.




Chromosomes stuffed into the nucleus resemble a skein of yarn after a cat has played with it. The snaggled appearance belies the carefully orchestrated structure within.






Genes that are turned on are moved to one subcellular compartment like dancers taking the dance floor, while genes that will be turned off are relegated to wallflower status in another compartment. Examining the compartments, the researchers found 425 genes that were active in mammoths but not in elephants and 395 genes turned on in elephants but not mammoths.




Those include a gene called Egfr, which helps regulate skin and hair growth. In elephants the gene was active, but was a wallflower in mammoths. In people, switching off the gene leads to long, thick eyelashes and excessive hair growth. That suggests that keeping the gene off the dance floor may have helped mammoths grow their long shaggy coats.




The team examined the DNA of a second mammoth that was killed by a saber-toothed tiger about 39,000 years ago and buried by human hunters, probably to preserve the meat. The hunters never went back for their prize, Aiden said, but the researchers found that the mammoth also had chromoglass that preserved loops, compartments and other 3-D structures in the DNA. Quick drying by freezing or high temperatures might produce similar DNA glass in other natural or created mummies, the team suggests.




Warinner predicts that "a lot of scientists are going to read this and start to think, 'Could we apply [PaleoHi-C] to our own questions? Could this solve questions or problems that we have been stuck on for a long time?'"




There will be a learning curve to apply a technique that researchers who study ancient DNA didn't even know they could use, she says. The study "opens up a lot of new doors in the field, in a direction that we just haven't been looking before," she adds. "I think it's really exciting."
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 Want to spot a deepfake? The eyes could be a giveaway

 A technique from astronomy could reveal reflection differences in AI-generated people's eyeballs

 
 




Clues to deepfakes may be in the eyes.




Researchers at the University of Hull in England reported July 15 that eye reflections offer a potential way to suss out AI-generated images of people.
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 HIV prevention may only require two injections per year

 A clinical trial reports no infections among adolescent girls and young women getting the shots

 
 




Zero: That's the number of new HIV infections among young women and adolescent girls who took a twice-yearly preventive medicine.
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 A new element on the periodic table might be within reach 

 Scientists made a known element with a new technique, opening up possibilities 

 
 




To expand the periodic table, it might be time to go titanium. 




A new study lays the groundwork to expand the periodic table with a search for element 120, to be made by slamming electrically charged titanium atoms, or ions, into a californium target.
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 Earthquakes added to Pompeii's death toll

 Building collapses may have killed people sheltering from an erupting volcano
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 Tycho Brahe dabbled in alchemy. Broken glassware is revealing his recipes

 The shards contain nine metals that the medieval astronomer may have used to make elixirs

 
 




Artifacts from the ruins of a medieval laboratory are spilling a famous scientist's secrets.




A chemical analysis of broken glassware belonging to 16th century Danish astronomer Tycho Brahe revealed elevated levels of nine metals, researchers report July 25 in Heritage Science.
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 50 years ago, antibiotic resistant bacteria became a problem outside hospitals

 Excerpt from the August 24, 1974 issue of Science News 
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Rise of antibiotic-resistant bacteria -- Science News, August 24, 1974




Antibiotics have saved millions of people from life-threatening bacterial infections. But these "miracle" drugs have a serious drawback: Bacteria can build resistance to them.
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 A long-awaited cancer treatment reaches patients

 
 




Thanks to the pandemic, the immune system has gotten a lot of attention. When I think about all the viruses, bacteria and other invaders that the body's defenses fend off, I'm in awe, even if the nudge of a vaccine is sometimes needed to help mount the counterattack.




This issue's cover story reminds me of another reason to be in awe: The immune system not only protects against foreign threats but homegrown ones as well. On Page 22, senior writer Meghan Rosen describes a recent breakthrough in wielding the immune system against cancer. Earlier this year, the U.S.
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 Readers discuss hypothetical 'tauonium' atoms
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Talk of the tauonium




Scientists propose a hunt for tauonium, a hypothetical variety of atom that would consist of a tau lepton and its antimatter counterpart, an antitau, Emily Conover reported in "Tauonium" (SN: 6/29/24, p. 5).




Reader Hal Heaton asked why tauonium would be classified as an atom, considering it wouldn't have typical atomic features: electrons and a nucleus of protons and neutrons.




Tauonium would be part of a class called exotic atoms, Conover says. These are similar to the standard atoms on the periodic table but with at least one constituent replaced by another particle. For example, an electron can be replaced with a heavier relative, such as a muon.
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