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NEWS RELEASE 28-APR-2020

IMMUNE-REGULATING DRUG IMPROVES
GUM DISEASE IN MICE

Short—term treatment with rapamycin, a drug used to treat transplant patients,

reduces bone loss, inflammation and changes to oral bacteria in older mice with

gum disease

ELIFE
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A drug that has life-extending effects on mice also reverses age-related dental problems in the
animals, according to a new study published today in eLife.

Periodontal disease, also known as gum disease, is a common problem in older adults that
causes painful inflammation, bone loss and changes in the good bacteria that live in the mouth.
Yet there are no treatments available beyond tooth removal and/or having good oral hygiene.
The findings suggest that treatments targeting the aging process in the mouth might help.

Rapamycin is an immune-suppressing drug currently used to prevent organ rejection in
transplant recipients. Previous studies in mice have also suggested that it may have life-
extending effects, which has led to interest in studying the drug's effects in many age-related
diseases.

"We hypothesised that biological aging contributes to periodontal disease, and that interventions
that delay aging should also delay the progress of this disease," says lead author Jonathan An,
Acting Assistant Professor at the Department of Oral Health Sciences, University of Washington,
Seattle, US.

To find out if rapamycin might slow periodontal disease, An and his colleagues added the drug to
the food of middle-aged mice for eight weeks and compared their oral health with untreated mice
of the same age. Similar to humans, mice also experience bone loss, inflammation and shifts in
oral bacteria as they age.

Using a 3D-imaging technique called micro-computed tomography, the team measured the
periodontal bone, or bone around the tooth, of the rapamycin-treated and untreated mice. They
showed that the treated mice had more bone than the untreated mice, and had actually grown
new bone during the period they were receiving rapamycin.

The work also showed that rapamycin-treated mice had less gum inflammation. Genetic
sequencing of the bacteria in their mouths also revealed that the animals had fewer bacteria
associated with gum disease and a mix of oral bacteria more similar to that found in healthy
young mice.

"By targeting this aging process through rapamycin treatment, our work suggests that we can
delay the progress of gum disease and actually reverse its clinical features," explains senior
author Matt Kaeberlein, Professor of Pathology and Adjunct Professor of Oral Health Sciences at
the University of Washington.

However, Kaeberlein adds that while rapamycin is already used to treat certain conditions, it can
make people more susceptible to infections and may increase their risk of developing diabetes,
at least at the higher chronic doses typically taken by organ transplant patients. "Clinical trials in
humans are needed to test whether rapamycin's potential oral health and other benefits outweigh
its risks," he concludes.
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The paper 'Rapamycin rejuvenates oral health in aging mice' can be freely accessed online
at https://doi.org/10.7554/eLife.54318. Contents, including text, figures and data, are free to

reuse under a CC BY 4.0 license.
Media contact

Emily Packer, Senior Press Officer
elLife

e.packer@elifesciences.org

01223 855373

About eLife

eLife is a non-profit organisation created by funders and led by researchers. Our mission is to
accelerate discovery by operating a platform for research communication that encourages and
recognises the most responsible behaviours. We work across three major areas: publishing,
technology and research culture. We aim to publish work of the highest standards and
importance in all areas of biology and medicine, including Cell Biology, and Immunology and
Inflammation, while exploring creative new ways to improve how research is assessed and
published. We also invest in open-source technology innovation to modernise the infrastructure
for science publishing and improve online tools for sharing, using and interacting with new
results. eLife receives financial support and strategic guidance from the Howard Hughes Medical
Institute, the Knut and Alice Wallenberg Foundation, the Max Planck Society and Wellcome.
Learn more at https://elifesciences.org/about.

To read the latest Cell Biology research published in eLife,
visit https://elifesciences.org/subjects/cell-biology.

And for the latest in Immunology and Inflammation,
see https://elifesciences.org/subjects/immunology-inflammation.

Disclaimer: AAAS and EurekAlert! are not responsible for the accuracy of news releases posted to

EurekAlert! by contributing institutions or for the use of any information through the EurekAlert system.
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NEWS RELEASE 5-MAY-2020

LYMPHATIC VESSELS IN MICE AND
HUMANS: ALIKE YET DIFFERENT

UPPSALA UNIVERSITY

In an international collaboration, researchers from Uppsala University have mapped the lymph
node lymphatic vessels in mice and humans down to the level of individual cells. The results may

12



https://www.eurekalert.org/pub_releases/2020-05/uu-lvi050520.php

eventually help scientists to discover new methods for strengthening the immune system against
viruses and cancer. Their work has been published in the journal Frontiers of Cardiovascular
Research.

The unique microenvironment of the lymph nodes plays an important role in maintaining an
efficient immune system. When we have an infection, the lymph nodes swell and release
activated white blood cells into the body through the lymphatic vessels. It is important to
understand how these vessels work if we are to develop new drugs to improve the immune
system; for example, new vaccines.

Previous research has shown that the specialised cells that make the lymphatic vessels, known
as lymphatic endothelial cells, both communicate with white blood cells and actively assist in
regulating the immune system. Until now, however, researchers have only understood the
importance of a few of the genes that control the versatility of these cells.

Our immune system is involved in a range of different diseases, including chronic inflammatory
diseases such as psoriasis, atherosclerosis and cancer. In order to study the role of the immune
system in disease mechanisms, many scientists use model systems, including mice.

"By using model systems, we researchers can test the function of various genes and evaluate
treatment strategies, all of which provides us with valuable knowledge. However, in order to
translate findings from mouse models to humans we need a better understanding of the
similarities and differences between the signalling pathways and genes that control cell function
in the different species," explains Maria Ulvmar, a researcher who led the study at Uppsala
University's Department of Immunology, Genetics and Pathology.

The research teams that conducted the study analysed the activity of genes in individual cells in
mice and humans. Based on the gene activity profiles, they were able to demonstrate that both
species have five distinct and similar groups of lymphatic endothelial cells in the lymph nodes,
two of which were previously unknown. This discovery, complements previous published analysis
of the lymphatic vessels in the lymph nodes and will help the scientific understanding of how
immune cells enter and leave the lymph nodes and how their activity is regulated.

The results support the proposition that basic vessel functionality is the same in mice and
humans. At the same time, researchers noted crucial differences in gene activity between the
two species. This discovery is important for future research.

"This new knowledge will make it possible for my team and other researchers to focus our
research on the genes expressed in humans and eventually identify new ways to strengthen the
immune system against viral diseases and cancer for example. My team is currently looking at
how the lymph node endothelium changes in cancer and contributes to metastases in breast
cancer. This an exciting new area of research and we are looking forward to new advances in
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our understanding of organ-specific and immune-regulating functions of the lymphatic endothelial
cells over the next few years," says Maria Ulvmar.

HHH

The study has been conducted in collaboration with researchers from Karolinska
Institutet/AstraZeneca Integrated Cardio Metabolic Centre in Stockholm and research teams in
Finland and the United States.

Xiang M., Adrian Grosso R, Takeda A., Pan J., Bekkhus T., Brulois K., Dermadi D., Nordling S.,
Vanlandewijck M., Jalkanen S., Maria H. Ulvmar* and Eugene C. Butcher* (2020) A single-cell
transcriptional roadmap of the mouse and human lymph node lymphatic vasculature. Frontiers in
Cardiovascular Medicine 30 April 2020. DOI:10.3389/fcvm.2020.00052

*equal contribution

Disclaimer: AAAS and EurekAlert! are not responsible for the accuracy of news releases posted to

EurekAlert! by contributing institutions or for the use of any information through the EurekAlert system.
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NEWLY DISCOVERED CELL TYPE PLAYS
CRUCIAL ROLE IN IMMUNE RESPONSE TO
RESPIRATORY INFECTIONS

Date:

May 8, 2020
Source:

VIB (the Flanders Institute for Biotechnology)
Summary:

With a discovery that could rewrite the immunology textbooks, an international group of
scientists have identified a new type of antigen-presenting immune cell.
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FULL STORY

With a discovery that could rewrite the immunology textbooks, an
international group of scientists, including the teams of Bart Lambrecht,
Martin Guilliams, Hamida Hammad, and Charlotte Scott (all from the VIB-
UGent Center for Inflammation Research) identified a new type of antigen-
presenting immune cell. These cells, that are part of an expanding family of
dendritic cells, play a crucial role presenting antigens to other immune cells
during respiratory virus infections, and could explain how convalescent
plasma helps to boost immune responses in virus-infected patients.

Inflammation and immunity

When our body faces an infection, it responds with inflammation and fever. This is a sign that the
immune system does its work, and leads to the activation of many cells, like soldiers in an army.
Dendritic cells (DCs) are the generals of that army. They can precisely activate and instruct the
soldiers to kill infected cells by presenting antigens derived from the 'invaders' to cells of the
immune system.

Mistaken identity

There are several types of DCs that perform antigen-presenting functions in the body. A first type
of conventional DCs continuously scan the body for dangerous invaders, even when there is no
infection. When there is inflammation triggered by infection, another subset of DCs emerges from
inflammatory monocytes. Because monocyte-derived DCs are easily prepared in vitro from
monocytes isolated form human blood, it was always assumed these cells were very important
antigen-presenting cells. Clinical trials using monocyte-derived DCs in cancer therapy have
however been disappointing.

A study by the teams of Bart Lambrecht, Martin Guilliams, Hamida Hammad, and Charlotte Scott
(all from the VIB-UGent Center for Inflammation Research) and international colleagues, shows
that monocyte-derived DCs are poor antigen-presenting cells, but have wrongly been assumed
to have these functions because of a case of mistaken identity.

The scientists studied mice with a viral respiratory infection (pneumonia virus of mice and
influenza virus) with single-cell technologies. This single-cell resolution allowed them to finely
separate the monocyte-derived cells from other DCs during their response to the infection. They
found that monocyte-derived DCs do exist, but actually do not present antigens. The reason for
all the confusion in the past is that a look-alike new DC emerges -- called inflammatory type 2
conventional DC, or inf-cDC2 -- that combines some of the best characteristics of monocytes,
macrophages, and conventional DCs, to induce the best form of immunity.

Bart Lambrecht: "This was a big surprise for us. We've all been taught that monocyte-derived
cells are excellent antigen presenting cells, certainly when there's inflammation. Now, we show
that it's actually a new hybrid DC type that's doing all the work. This really changes what we
know about the immune system and is very important knowledge for understanding respiratory
viral infections and other inflammatory diseases."

Martin Guilliams: "It took a massive team effort but the strength of single-cell sequencing has
finally cracked the complex DC code. Many contradicting findings from the last two decades now
make much more sense. This also opens tremendous therapeutic opportunities, since
vaccination strategies can now be designed to trigger formation of inf-cDC2s and thus generate a
stronger antiviral immune response."
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Charlotte Scott: "Through the use of single cell technologies we have been able to align all the
findings from the past few years and identify the distinct cell types involved. Moving forward it will
be very interesting to see under what other inflammatory conditions these inf-cDC2s are
generated and how they can potentially be targeted therapeutically."

Convalescent plasma and COVID-19

The findings of the researchers also have a direct relevance for the current COVID-19 pandemic,
caused by another respiratory virus. An emergency treatment that is currently being explored is
the use of convalescent plasma, or the blood plasma of recovered patients.

Cedric Bosteels, lead author of the new paper: "One of the unique features of the new DCs is
that they express functional Fc receptors for antibodies that are found in the plasma of patients
who have recovered from COVID-19"

This study is the first to show that one of the mechanisms through which convalescent plasma
and the virus-specific antibodies in it work, is via boosting of inf-cDC2. Since boosted DCs induce
a much stronger immune response, this study reveals a new target for therapeutic intervention
for viral infections and other inflammatory diseases.

Funding

This study was funded by the European Research Council, University Ghent, Research
Foundation Flanders (FWO), and the Health Research Council New Zealand.
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edited for style and length.
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NEWS RELEASE 12-MAY-2020

A COMBO OF FASTING PLUS VITAMIN C IS
EFFECTIVE FOR HARD-TO-TREAT
CANCERS, STUDY SHOWS

UNIVERSITY OF SOUTHERN CALIFORNIA

Scientists from USC and the IFOM Cancer Institute in Milan have found that a fasting-mimicking
diet could be more effective at treating some types of cancer when combined with vitamin C.

In studies on mice, researchers found that the combination delayed tumor progression in multiple
mouse models of colorectal cancer; in some mice, it caused disease regression. The results
were published in the journal Nature Communications.
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"For the first time, we have demonstrated how a completely non-toxic intervention can effectively
treat an aggressive cancer,” said Valter Longo, the study senior author and the director of the
USC Longevity Institute at the USC Leonard Davis School of Gerontology and professor of
biological sciences at the USC Dornsife College of Letters, Arts and Sciences. "We have taken
two treatments that are studied extensively as interventions to delay aging-- a fasting-mimicking
diet and vitamin C -- and combined them as a powerful treatment for cancer."

The researchers said that while fasting remains a challenging option for cancer patients, a safer,
more feasible option is a low-calorie, plant-based diet that causes cells to respond as if the body
were fasting. Their findings suggest that a low-toxicity treatment of fasting-mimicking diet plus
vitamin C has the potential to replace more toxic treatments.

Results of prior research on the cancer-fighting potential of vitamin C have been mixed. Recent
studies, though, are beginning to show some efficacy, especially in combination with
chemotherapy. In this new study, the research team wanted to find out whether a fasting-
mimicking diet could enhance the high-dose vitamin C tumor-fighting action by creating an
environment that would be unsustainable for cancer cells but still safe for normal cells.

"Our first in vitro experiment showed remarkable effects," said Longo. "When used alone, fasting-
mimicking diet or vitamin C alone reduced cancer cell growth and caused a minor increase in
cancer cell death. But when used together, they had a dramatic effect, killing almost all

cancerous cells."

Longo and his colleagues detected this strong effect only in cancer cells that had a mutation that
is regarded as one of the most challenging targets in cancer research. These mutations in the
KRAS gene signal the body is resisting most cancer-fighting treatments, and they reduce a
patient's survival rate. KRAS mutations occur in approximately a quarter of all human cancers
and are estimated to occur in up to half of all colorectal cancers.

The study also provided clues about why previous studies of vitamin C as a potential anticancer
therapy showed limited efficacy. By itself, a vitamin C treatment appears to trigger the KRAS-
mutated cells to protect cancer cells by increasing levels of ferritin, a protein that binds iron. But
by reducing levels of ferritin, the scientists managed to increase vitamin C's toxicity for the cancer
cells. Amid this finding, the scientists also discovered that colorectal cancer patients with high
levels of the iron-binding protein have a lower chance of survival.

"In this study, we observed how fasting-mimicking diet cycles are able to increase the effect of
pharmacological doses of vitamin C against KRAS-mutated cancers," said Maira Di Tano, a
study co-author at the IFOM, FIRC Institute of Molecular Oncology in Milan, Italy. "This occurs
through the regulation of the levels of iron and of the molecular mechanisms involved in oxidative
stress. The results particularly pointed to a gene that regulates iron levels: heme-oxygenase-1."
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The research team's prior studies showed that fasting and a fasting-mimicking diet slow cancer's
progression and make chemotherapy more effective in tumor cells, while protecting normal cells
from chemotherapy-associated side effects. The combination enhances the immune system's
anti-tumor response in breast cancer and melanoma mouse models.

The scientists believe cancer will eventually be treated with low-toxicity drugs in a manner similar
to how antibiotics are used to treat infections that kill particular bacteria, but which can be
substituted by other drugs if the first is not effective.

To move toward that goal, they say they needed to first test two hypotheses: that their non-toxic
combination interventions would work in mice, and that it would look promising for human clinical
trials. In this new study, they said that they've demonstrated both. At least five clinical trials,
including one at USC on breast cancer and prostate cancer patients, are now investigating the
effects of the fasting-mimicking diets in combination with different cancer-fighting drugs.

HH#

Additional authors include Franca Raucci and Claudio Vernieri of IFOM, FIRC Institute of
Molecular Oncology, Milan, Italy; Irene Caffa and Alessio Nencioni of the Department of Internal
Medicine, University of Genoa and IRCCS Ospedale Policlinico San Martino, Genoa, Italy;
Roberta Buono, Maura Fanti and Sebastian Brandhorst of the Longevity Institute, USC Leonard
Davis School of Gerontology and Department of Biological Sciences; Giuseppe Curigliano of the
University of Milan, Department of Oncology and Hemato-Oncology and Division of Early Drug
Development, European Institute of Oncology, IRCCS, Milan; Filippo De Braud of the University
of Milan, Department of Oncology and Hemato-Oncology, and Medical Oncology Department,
Fondazione IRCCS Istituto Nazionale Tumori, Milan, Italy.

The study was funded by Associazione lItaliana Ricerca sul Cancro grant number 21820 and by
NIA/NIH Grant # PO1 AG055369.

Longo is the founder of and has an ownership interest in L-Nutra; the company's food products

are used in studies of the fasting-mimicking diet. Longo's interest in L-Nutra was disclosed and

managed per USC's conflicts-of-interest policies. USC has an ownership interest in L-Nutra and
the potential to receive royalty payments from L-Nutra. USC's financial interest in the company

has been disclosed and managed under USC's institutional conflict of interest policies.

Disclaimer: AAAS and EurekAlert! are not responsible for the accuracy of news releases posted to

EurekAlert! by contributing institutions or for the use of any information through the EurekAlert system.
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Thursday, May 14, 2020

REPURPOSED DRUG HELPS OBESE MICE
LOSE WEIGHT, IMPROVE METABOLIC
FUNCTION

Treatment with disulfiram, normally prescribed to treat
alcohol use disorder, shows health benefits in animal study.
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Mice made obese from a high fat diet were switched to a diet dosed with disulfiram, which helped
them lose weight and improve their metabolic health.iStockPhoto

An off-label experiment in mice using disulfiram, which has been used to treat alcohol use
disorder for more than 50 years, consistently normalized body weight and reversed
metabolic damage in obese middle-aged mice of both sexes. The international study was
led by researchers at the National Institute on Aging (NIA), part of the National Institutes
of Health . The results were published online in the journal Cell Metabolism on May 14.

The scientific team studied groups of 9-month-old lab mice who had been fed a high-fat
diet for 12 weeks. As expected, this diet made the mice overweight and they started to
show signs of pre-diabetes-like metabolic problems, such as insulin resistance and
elevated fasting blood sugar levels. Next, the scientists divided these mice into four
groups to be fed four different diets for an additional 12 weeks: a standard diet alone, a
high-fat diet alone, a high-fat diet with a low amount of disulfiram, or a high-fat diet with
a higher amount of disulfiram. As expected, the mice who stayed on the high-fat diet
alone continued to gain weight and show metabolic problems. Mice who switched to
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standard diet alone gradually saw their body weight, fat composition and blood sugar
levels return to normal.

The mice in the remaining two groups, with either a low or high dose of disulfiram added
to their still-fatty food, showed a dramatic decrease in their weight and related metabolic
damage. Mice on the high disulfiram dose lost as much as 40% of their body weight in just
four weeks, effectively normalizing their weight to that of obese mice who were switched
back to standard diet. Mice in either disulfiram dose diet group became leaner and showed
significant improvement in blood glucose levels on par with the mice who were returned
to standard diet. Disulfiram treatment, which has few harmful side effects in humans, also
appeared to protect the pancreas and liver from damage caused by pre-diabetic type
metabolic changes and fat build up usually caused by eating a high-fat diet.

The NIA scientists, Michel Bernier, Ph.D., and Rafael de Cabo, Ph.D., collaborate
frequently with researchers at NIH and beyond on studies into how changes in dietary
patterns like intermittent fasting could lead to cognitive and physical health benefits.
They first became interested in disulfiram after reading about the benefits this class of
drug has shown in treating type 2 diabetes in rats, coupled with the growing interest in
repurposing drugs that may also improve healthy aging.

“When we first went down this path, we did not know what to expect, but once we
started to see data showing dramatic weight loss and leaner body mass in the mice, we
turned to each other and couldn’t quite believe our eyes,” Bernier said.

According to study’s research team, the key to the positive results seem to stem from
disulfiram’s anti-inflammatory properties, which helped the mice avoid imbalances in
fasting glucose and protected them from the damage of fatty diet and weight gain while
improving metabolic efficiency. Both groups of obese mice (control and disulfiram) were
not subjected to any form of exercise, nor did they demonstrate noticeable spontaneous
behavioral changes. Based on the evidence they observed, the researchers believe the
beneficial results of disulfiram stem solely from the drug. They did not observe any
negative side effects from disulfiram in the mice.

The research team stresses that these results are based on animal studies, and they
cannot be extrapolated to any potential benefits for human at this point. It is
recommended that disulfiram not be used off-label for weight management outside of the
context of clinical trials. Still, given the findings, they are planning future steps for
studying disulfiram’s potential, including a controlled clinical study to test if it could help
individuals with morbid obesity lose weight, as well as deeper investigation into the drug’s
molecular mechanisms and potential for combining with other therapeutic interventions.

The research was supported by NIA through its intramural research program, NIA grants
AG031782 and AG038072, in collaboration with colleagues from the National Institute of
Alcohol Abuse and Alcoholism, Yale University, Albert Einstein College of Medicine, Korea
Research Institute of Bioscience and Biotechnology, and University of Sydney, Australia.

This press release describes a basic research finding. Basic research increases our
understanding of human behavior and biology, which is foundational to advancing new and
better ways to prevent, diagnose and treat disease. Science is an unpredictable and
incremental process— each research advance builds on past discoveries, often in
unexpected ways. Most clinical advances would not be possible without the knowledge of
fundamental basic research.
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About the National Institute on Aging (NIA): NIA leads the U.S. federal government effort
to conduct and support research on aging and the health and well-being of older people.
Learn more about age-related cognitive change and neurodegenerative diseases via

NIA’s Alzheimer's and related Dementias Education and Referral (ADEAR) Center website.
For information about a broad range of aging topics, visit the main NIA website and stay
connected.

About the National Institute on Alcohol Abuse and Alcoholism (NIAAA): The National
Institute on Alcohol Abuse and Alcoholism (NIAAA), part of the National Institutes of
Health, is the primary U.S. agency for conducting and supporting research on the causes,
consequences, diagnosis, prevention, and treatment of alcohol use disorder. NIAAA also
disseminates research findings to general, professional, and academic audiences.
Additional alcohol research information and publications are available

at https://www.niaaa.nih.gov/.

About the National Institutes of Health (NIH): NIH, the nation's medical research agency,
includes 27 Institutes and Centers and is a component of the U.S. Department of Health
and Human Services. NIH is the primary federal agency conducting and supporting basic,
clinical, and translational medical research, and is investigating the causes, treatments,
and cures for both common and rare diseases. For more information about NIH and its

programs, visit www.nih.gov.

NIH...Turning Discovery Into Health®
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morbidities in mice. Cell Metabolism. 2020 May 14. doi:TBD
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SCIENTISTS FIND BRAIN CENTER THAT
'PROFOUNDLY' SHUTS DOWN PAIN
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May 18, 2020
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Duke University

Summary:

25


https://www.sciencedaily.com/releases/2020/05/200518145008.htm

A research team has found a small area of the brain in mice that can profoundly control
the animals' sense of pain. Somewhat unexpectedly, this brain center turns pain off, not
on. It's located in an area where few people would have thought to look for an anti-pain
center, the amygdala, which is often considered the home of negative emotions and
responses, like the fight or flight response and general anxiety.

FULL STORY

Neurons illustration (stock image).

Credit: © peterschreiber.media / stock.adobe.com

A Duke University research team has found a small area of the brain in
mice that can profoundly control the animals' sense of pain.

Somewhat unexpectedly, this brain center turns pain off, not on. It's also located in an area
where few people would have thought to look for an anti-pain center, the amygdala, which is
often considered the home of negative emotions and responses, like the fight or flight response
and general anxiety.

"People do believe there is a central place to relieve pain, that's why placebos work," said senior
author Fan Wang, the Morris N. Broad Distinguished Professor of neurobiology in the School of
Medicine. "The question is where in the brain is the center that can turn off pain.”

"Most of the previous studies have focused on which regions are turned ON by pain," Wang said.
"But there are so many regions processing pain, you'd have to turn them all off to stop pain.
Whereas this one center can turn off the pain by itself.”
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The work is a follow-up to earlier research in Wang's lab looking at neurons that are activated,
rather than suppressed, by general anesthetics. In a 2019 study, they found that general
anesthesia promotes slow-wave sleep by activating the supraoptic nucleus of the brain. But
sleep and pain are separate, an important clue that led to the new finding, which appears online
May 18 in Nature Neuroscience.

The researchers found that general anesthesia also activates a specific subset of inhibitory
neurons in the central amygdala, which they have called the CeAga neurons (CeA stands for
central amygdala; ga indicates activation by general anesthesia). Mice have a relatively larger
central amygdala than humans, but Wang said she had no reason to think we have a different
system for controlling pain.

Using technologies that Wang's lab has pioneered to track the paths of activated neurons in
mice, the team found the CeAga was connected to many different areas of the brain, "which was
a surprise," Wang said.

By giving mice a mild pain stimulus, the researchers could map all of the pain-activated brain
regions. They discovered that at least 16 brain centers known to process the sensory or
emotional aspects of pain were receiving inhibitory input from the CeAga.

"Pain is a complicated brain response," Wang said. "It involves sensory discrimination, emotion,
and autonomic (involuntary nervous system) responses. Treating pain by dampening all of these
brain processes in many areas is very difficult to achieve. But activating a key node that naturally
sends inhibitory signals to these pain-processing regions would be more robust."

Using a technology called optogenetics, which uses light to activate a small population of cells in
the brain, the researchers found they could turn off the self-caring behaviors a mouse exhibits
when it feels uncomfortable by activating the CeAga neurons. Paw-licking or face-wiping
behaviors were "completely abolished" the moment the light was switched on to activate the anti-
pain center.

"It's so drastic,” Wang said. "They just instantaneously stop licking and rubbing."

When the scientists dampened the activity of these CeAga neurons, the mice responded as if a
temporary insult had become intense or painful again. They also found that low-dose ketamine,
an anesthetic drug that allows sensation but blocks pain, activated the CeAga center and
wouldn't work without it.

Now the researchers are going to look for drugs that can activate only these cells to suppress
pain as potential future pain killers, Wang said.

"The other thing we're trying to do is to (transcriptome) sequence the hell out of these cells," she
said. The researchers are hoping to find the gene for a rare or unique cell surface receptor
among these specialized cells that would enable a very specific drug to activate these neurons
and relieve pain.

This research was supported by the National Institutes of Health (DP1MH103908, R0O1
DE029342, RO1 NS109947, RO1 DE027454), the Holland-Trice Scholar Award, the W.M. Keck
Foundation, and a predoctoral fellowship from the National Science Foundation.

Story Source:

Materials provided by Duke University. Original written by Karl Leif Bates. Note: Content may be
edited for style and length.
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SCIENTISTS IDENTIFY GENE LINKED TO
THINNESS THAT MAY HELP RESIST
WEIGHT GAIN
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May 21, 2020
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Cell Press
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Researchers used a genetic database of more than 47,000 people in Estonia to identify a
gene linked to thinness that may play a role in resisting weight gain in metabolically
healthy thin people. They show that knocking out this gene results in thinner flies and
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mice and find that expression of it in the brain may be involved in regulating energy
expenditure.

FULL STORY

While others may be dieting and hitting the gym hard to stay in shape,
some people stay slim effortlessly no matter what they eat. In a study
publishing May 21 in the journal Cell, researchers use a genetic database
of more than 47,000 people in Estonia to identify a gene linked to thinness
that may play a role in resisting weight gain in these metabolically healthy
thin people. They show that deleting this gene results in thinner flies and
mice and find that expression of it in the brain may be involved in regulating
energy expenditure.

"We all know these people: it's around one percent of the population," says senior author Josef
Penninger, the director of the Life Sciences Institute and professor of the department of medical
genetics at the University of British Columbia. "They can eat whatever they want and be
metabolically healthy. They eat a lot, they don't do squats all the time, but they just don't gain
weight.

"Everybody studies obesity and the genetics of obesity," he says. "We thought, 'Let's just turn it
around and start a new research field.' Let's study thinness."

Penninger's team looked at data from the Estonian Biobank, which includes 47,102 people aged
20 to 44 years old. The team compared the DNA samples and clinical data of healthy thin
individuals with normal-weight individuals and discovered genetic variants unique to thin
individuals in the ALK gene.

Scientists have known that the ALK gene frequently mutates in various types of cancer, and it
gained a reputation as an oncogene, a gene that drives the development of tumors. The role of
ALK outside of cancer has remained unclear. But this new finding suggested that the gene may
play a role as a novel thinness gene involved in weight-gain resistance.

The researchers also found that flies and mice without ALK remained thin and were resistant to
diet-induced obesity. Furthermore, despite having the same diet and activity levels as normal
mice, mice with deleted ALK have lower body weight and body fat. The team's mouse studies
also suggested that ALK, which is highly expressed in the brain, plays a part there by instructing
the fat tissues to burn more fat from food.

The researchers say that therapeutics targeting the gene might help scientists fight obesity in the
future. "If you think about it, it's realistic that we could shut down ALK and reduce ALK function to
see if we did stay skinny," says Penninger. "ALK inhibitors are used in cancer treatments
already. It's targetable. We could possibly inhibit ALK, and we actually will try to do this in the
future." Further research will be required to see if these inhibitors are effective for this purpose.
The team also plans to further study how neurons that express ALK regulate the brain at a
molecular level to balance metabolism and promote thinness.

The Estonian Biobank that the team studied was ideal because of its wide age range and its
strong phenotype data. But one limitation for replicating these findings is that biobanks that
collect biological or medical data and tissue samples don't have a universal standard in data
collection, which makes comparability a challenge. The researchers say they will need to confirm
their findings with other data banks through meta-analysis. "You learn a lot from biobanks," says
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Penninger. "But, like everything, it's not the ultimate answer to life, but they're the starting points
and very good points for confirmation, very important links and associations to human health."

The team says that its work is unique because of how it combines exploration of the genetic
basis of thinness on a population- and genome-wide scale with in vivo analyses in mice and flies
of the gene's function. "It's great to bring together different groups, from nutrition to biobanking, to
hardcore mouse and fly genetics," says Penninger. "Together, this is one story including
evolutionary trees in metabolism, the evolutionary role of ALK, human evidence, and hardcore
biochemistry and genetics to provide causal evidence."
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A mouse model of infection with severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) reproduces features observed in human patients, researchers report.
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A mouse model of infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) reproduces features observed in human
patients, researchers report May 26 in the journal Cell Host & Microbe.
Using CRISPR/Cas9 gene editing technology, the researchers generated
mice that produce human angiotensin-converting enzyme Il (hACE2) -- the
receptor that SARS-CoV-2 binds to and uses to enter human cells.

"A small animal model that reproduces the clinical course and pathology observed in COVID-19
patients is highly needed," says co-senior study author You-Chun Wang of the National Institutes
for Food and Drug Control (NIFDC) in Beijing, China. "The animal model described here provides
a useful tool for studying SARS-CoV-2 infection and transmission."

Wang and his collaborators used CRIPSR/Cas9 to generate a mouse model that could express
hACE2. According to the authors, their mouse model has several advantages compared with
other genetically engineered mice that express hACE2 for modeling SARS-CoV-2 infection.
Instead of being randomly inserted, hACE2 is inserted precisely into a specific site on the X
chromosome, and it completely replaces the mouse version of the protein. In addition, this is a
genetically stable model, with few differences among individuals. Moreover, the viral RNA loads
in the lung are much higher, and the resulting distribution of hACEZ2 in various tissues better
matches that observed in humans.

After being infected with SARS-CoV-2 through the nose, the genetically engineered mice showed
evidence of robust viral RNA replication in the lung, trachea, and brain. "The presence of viral
RNAs in brain was somewhat unexpected, as only a few COVID-19 patients have developed
neurological symptoms,” says co-senior study author Cheng-Feng Qin of the Academy of Military
Medical Sciences (AMMS) in Beijing, China.

SARS-CoV-2 S protein, which binds to hACE2 to enter host cells, was also present in the lung
tissue and brain cells. Moreover, the researchers identified the major airway cells targeted by
SARS-CoV-2 as Clara cells that produce the protein CC10. "Our result provides the first line of
evidence showing the major target cells of SARS-CoV-2 in the lung," says co-senior study author
Yu-Sen Zhou of AMMS.

In addition, the mice developed interstitial pneumonia, which affects the tissue and space around
the air sacs of the lungs, causing the infiltration of inflammatory cells, the thickening of the
structure that separates air sacs, and blood vessel damage. Compared with young mice, older
mice showed more severe lung damage and increased production of signaling molecules called
cytokines. Taken together, these features recapitulate those observed in COVID-19 patients.

When the researchers administered SARS-CoV-2 into the stomach, two of the three mice
showed high levels of viral RNA in the trachea and lung. The S protein was also present in lung
tissue, which showed signs of inflammation. According to the authors, these findings are
consistent with the observation that patients with COVID-19 sometimes experience
gastrointestinal symptoms such as diarrhea, abdominal pain, and vomiting. But 10 times the
dose of SARS-CoV-2 was required to establish infection through the stomach than through the
nose.

Future studies using this mouse model may shed light on how SARS-CoV-2 invades the brain
and how the virus survives the gastrointestinal environment and invades the respiratory tract.
"The hACE2 mice described in our manuscript provide a small animal model for understanding
unexpected clinical manifestations of SARS-CoV-2 infection in humans," says co-senior study
author Chang-Fa Fan of NIFDC. "This model will also be valuable for testing vaccines and
therapeutics to combat SARS-CoV-2."
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HLH RESEARCH POINTS TO TREATMENT
FOR COVID-19 CYTOKINE STORMS

HOW MICE THAT MODEL IMMUNE DISEASE'S CYTOKINE
STORMS MAY POINT TO SOLUTION FOR GLOBAL PANDEMIC

Date:
May 28, 2020
Source:
Cincinnati Children's Hospital Medical Center

Summary:

36



https://www.sciencedaily.com/releases/2020/05/200528092132.htm

A transgenic mouse developed to model the deadly childhood immune disease HLH
(hemophagocytic lymphohistiocytosis) may play a key role in saving lives during the
COVID-19 virus pandemic.

FULL STORY

A transgenic mouse developed at Cincinnati Children's to model the deadly
childhood immune disease HLH (hemophagocytic lymphohistiocytosis) may
play a key role in saving lives during the COVID-19 virus pandemic.

One of the genetically engineered mouse strain's inventors -- Cincinnati Children's cancer
pathologist Gang Huang, PhD -- is co-investigator on a small clinical trial that successfully tested
a drug used to treat to HLH (ruxolitinib) to dramatically reverse respiratory and multi-system
inflammation in severely ill COVID-19 patients. Data from the Phase Il clinical study is published
in the Journal of Allergy and Clinical Immunology.

The study involved 43 hospitalized patients diagnosed with severe COVID-19 between February
9 and February 28 in Wuhan, China, believed to be ground zero for the pandemic. The multi-
center study was led by Jianfeng Zhou, MD, PhD, Department of Hematology at Tongji Hospital,
Tongji Medical College and Huazhong University of Science in Wuhan.

Zhou is a longtime collaborator of Huang and colleagues at the Cincinnati Children's HLH Center
of Excellence, part of the Cancer and Blood Diseases Institute.

Ruxolitinib Shows Signs of Benefit

Patients taking ruxolitinib were randomly selected to receive two daily 5mg oral doses of the anti-
inflammatory drug, plus the standard of care treatment for COVID-19. A randomly selected
control group of 21 patients received a placebo along with the standard of care treatment.

"Ruxaolitinib recipients had a numerically faster clinical improvement," study authors write in their
report. "Significant chest CT improvement, a faster recovery from lymphopenia and favorable
side-effect profile in ruxolitinib group were encouraging and informative to future trials to test
efficacy of ruxolitinib in a larger population.”

Patients treated with ruxolitinib saw a shorter median time to clinical improvement compared to
the control group. Researchers reported that 90 percent% of ruxolitinib patients showed CT scan
improvement within 14 days, compared with 9 percent of patients from the control group. Three
patients in the control group eventually died of respiratory failure. All the severely ill patients who
received ruxolitinib survived.

More clinical testing of the drug is needed. A larger Phase Il clinical trial RUXCOVID by Incyte
and Novartis is now testing up to 400 severely ill COVID-19 patients with the drug, according to
Huang. Preliminary clinical data from the study is expected during the summer, he added.

"This is the first therapy we know of that appears to work effectively to quiet the cytokine storm
and inflammation in severe COVID-19 disease, and there are no significant toxicities to patients
who take the drug by two pills a day," Huang said. "This is critical until we can develop and
distribute enough effective vaccine to help prevent people from becoming infected."

Calming the 'Cytokine Storm’

The so-called cytokine storm that inundates the bodies of severely ill COVID-19 patients with
inflammatory cells produced by the immune system is a common feature of children battling
secondary HLH, which happens in patients where initial HLH treatment has not worked. Huang,
who along with a large portion of the world's scientific community was busy trying to study and
find solutions to COVID-19, noticed this common clinical feature of both illnesses.
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He also noticed that severe COVID-19 disease clinical manifestations are very similar to those
seen in transgenic laboratory mice created to faithfully mimic human secondary HLH in the lab.
That preclinical laboratory research, some of it in collaboration with the researchers in Wuhan,
China, helped identify the drug ruxolitinib for treating secondary HLH. The anti-inflammatory drug
is also used to treat other blood diseases including leukemia.

"l approached our research colleagues in Wuhan and explained our observations and
recommended this drug be tested to quiet the cytokine storm in the multi-system inflammation in
patients with severe COVID-19 disease," Huang said. "The disease was spreading very rapidly
and many people were dying. We believed the existing clinical drug would help save lives. So,
we worked to push it forward before there is an effective vaccine for everyone."

Huang said the work with colleagues in China was completed on a compressed timeframe as
scientists around the world went on high alert to battle the pandemic in January. During their
work, Huang and researchers in China found other clinical studies involving other diseases
where ruxolitinib also had worked well at quieting inflammation, and testing on COVID-19
patients proceeded.

Funding support for the JACI study came as part of an Emergency Research Project of Tongji
Hospital, Huazhong University of Science and Technology (2020kfyXGYJO045), an Emergency
Research Project of Hubei province (2020FCA006).
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