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Summary:

A new study provides the most detailed report to date of the cellular effects of a calorie-
restricted diet in rats. While the benefits of caloric restriction have long been known, the
new results show how this restriction can protect against aging in cellular pathways.

FULL STORY

Peas on plate, dieting concept (stock image).

Credit: © Studio KIVI / Adobe Stock

If you want to reduce levels of inflammation throughout your body, delay the
onset of age-related diseases, and live longer, eat less food. That's the
conclusion of a new study by scientists from the US and China that provides
the most detailed report to date of the cellular effects of a calorie-restricted
diet in rats. While the benefits of caloric restriction have long been known, the
new results show how this restriction can protect against aging in cellular
pathways, as detailed in Cell on February 27, 2020.

"We already knew that calorie restriction increases life span, but now we've shown all the changes
that occur at a single-cell level to cause that," says Juan Carlos Izpisua Belmonte, a senior author of
the new paper, professor in Salk's Gene Expression Laboratory and holder of the Roger Guillemin


https://stock.adobe.com/

Chair. "This gives us targets that we may eventually be able to act on with drugs to treat aging in
humans."

Aging is the highest risk factor for many human diseases, including cancer, dementia, diabetes and
metabolic syndrome. Caloric restriction has been shown in animal models to be one of the most
effective interventions against these age-related diseases. And although researchers know that
individual cells undergo many changes as an organism ages, they have not known how caloric
restriction might influence these changes.

In the new paper, Belmonte and his collaborators -- including three alumni of his Salk lab who are
now professors running their own research programs in China -- compared rats who ate 30 percent
fewer calories with rats on normal diets. The animals' diets were controlled from age 18 months
through 27 months. (In humans, this would be roughly equivalent to someone following a calorie-
restricted diet from age 50 through 70.)

At both the start and the conclusion of the diet, Belmonte's team isolated and analyzed a total of
168,703 cells from 40 cell types in the 56 rats. The cells came from fat tissues, liver, kidney, aorta,
skin, bone marrow, brain and muscle. In each isolated cell, the researchers used single-cell genetic-
sequencing technology to measure the activity levels of genes. They also looked at the overall
composition of cell types within any given tissue. Then, they compared old and young mice on each
diet.

Many of the changes that occurred as rats on the normal diet grew older didn't occur in rats on a
restricted diet; even in old age, many of the tissues and cells of animals on the diet closely resembled
those of young rats. Overall, 57 percent of the age-related changes in cell composition seen in the
tissues of rats on a normal diet were not present in the rats on the calorie restricted diet.

"This approach not only told us the effect of calorie restriction on these cell types, but also provided
the most complete and detailed study of what happens at a single-cell level during aging," says co-
corresponding author Guang-Hui Liu, a professor at the Chinese Academy of Sciences.

Some of the cells and genes most affected by the diet related to immunity, inflammation and lipid
metabolism. The number of immune cells in nearly every tissue studied dramatically increased as
control rats aged but was not affected by age in rats with restricted calories. In brown adipose tissue
-- one type of fat tissue -- a calorie-restricted diet reverted the expression levels of many anti-
inflammatory genes to those seen in young animals.

"The primary discovery in the current study is that the increase in the inflammatory response during
aging could be systematically repressed by caloric restriction" says co-corresponding author Jing Qu,
also a professor at the Chinese Academy of Sciences.

When the researchers homed in on transcription factors -- essentially master switches that can
broadly alter the activity of many other genes -- that were altered by caloric restriction, one stood
out. Levels of the transcription factor Ybx1 were altered by the diet in 23 different cell types. The
scientists believe Ybx1 may be an age-related transcription factor and are planning more research
into its effects.

"People say that 'you are what you eat,' and we're finding that to be true in lots of ways," says
Concepcion Rodriguez Esteban, another of the paper's authors and a staff researcher at Salk. "The
state of your cells as you age clearly depends on your interactions with your environment, which
includes what and how much you eat."

The team is now trying to utilize this information in an effort to discover aging drug targets and
implement strategies towards increasing life and health span.

Other researchers on the study were Shuai Ma, Shuhui Sun, Lingling Geng, Moshi Song, Wei Wang,
Yanxia Ye, Qianzhao Ji, Zhiran Zou, Si Wang and Qi Zhou of the Chinese Academy of Sciences;
Xiaojuan He, Wei Li, Piu Chan and Weiqi Zhang of Xuanwu Hospital Capital Medical University; Xiao
Long of Peking Union Medical College Hospital; and Guoji Guo of Zhejiang University School of
Medicine.



The work and researchers involved were supported by grants from the National Key Research and
Development Program of China, the Strategic Priority Research Program of the Chinese Academy of
Sciences, the National Natural Science Foundation of China, Beijing Natural Science Foundation,
Beijing Municipal Commission of Health and Family Planning, Advanced Innovation Center for
Human Brain Protection, the State Key Laboratory of Membrane Biology, the Moxie Foundation, and
the Glenn Foundation.

Story Source:

Materials provided by Salk Institute. Note: Content may be edited for style and length.

Related Multimedia:

e  YouTube video: Salk scientists show how caloric restriction prevents negative effects of
aging in cells
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Nagoya University
Summary:

Researchers have shown that microglia, a class of immune cells in the brain, regulate the
permeability of the brain's protective barrier in response to systemic inflammation. During
inflammation, microglia initially protect the barrier's integrity, but they can later reverse
their behavior and increase the barrier's permeability.

FULL STORY

The blood-brain barrier is a layer of cells that covers the blood vessels in the
brain and regulates the entry of molecules from the blood into the brain.
Increases in blood-brain barrier "permeability,” or the extent to which
molecules leak through, are observed in several neurological and psychiatric
disorders; therefore, understanding the regulation of blood-brain barrier
permeability is crucial for developing better therapies for such disorders.

In a study recently published in Nature Communications, a research team led by Prof. Hiroaki Wake
of Nagoya University Graduate School of Medicine shows that microglia -- the resident immune cells
of the brain -- initially protect the blood-brain barrier from damage due to "systemic inflammation,"
a condition of chronic inflammation associated with factors like smoking, ageing, and diabetes, and
leading to an increased risk of neurodegenerative disorders. However, these same microglia can
change their behavior and increase the blood-brain barrier permeability, thereby damaging it.

"It has long been known that microglia can become activated due to systemic inflammation,"
remarks Prof. Wake, "so we became interested in the question of whether microglia can regulate
blood-brain barrier permeability." To explore this, Prof. Wake's team worked with mice that were
genetically engineered to produce fluorescent proteins in the microglia. This "fluorescent labeling"
allowed the investigators to use a technique called "two-photon imaging" to study the interactions of
microglia and the blood-brain barrier in living mice. The investigators also injected the mice with
fluorescent proteins in the microglia. This "fluorescent labeling" allowed the investigators to use a
technique called "two-photon imaging” to study the interactions of microglia and the blood-brain
barrier in living mice. The investigators also injected the mice with fluorescent molecules that can
pass through the blood-brain barrier only if the barrier is damaged enough to be sufficiently
permeable. By observing the locations of these fluorescent molecules and the interactions of
microglia, the research team could study microglial interactions with the blood-brain barrier and the
permeability of the blood-brain barrier under various conditions.

A key point of interest was the systemic inflammation induced by injecting the mice with an
inflammation-inducing substance. Such injections resulted in the movement of microglia to the
blood vessels and increased the permeability of the blood-brain barrier within a few days. Then, the
microglia initially acted to protect the blood-brain barrier and limit increases in permeability, but as
inflammation progressed, the microglia reversed their behavior by attacking the components of the
blood-brain barrier, thus increasing the barrier's permeability. The subsequent leakage of molecules
into the brain had the potential to cause widespread inflammation in the brain and consequent
damage to neurons (cells of the nerves).

These results clearly show that microglia play a dual role in regulating the permeability of the blood-
brain barrier. In describing his team's future research objectives, Prof. Wake comments, "We aim to
identify therapeutic targets on the microglia for regulating blood-brain barrier permeability, because
drugs designed for such targets can be used to treat neurological and psychiatric diseases by curbing
inflammatory responses in the brain."
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As the scientists note in their study, uncontrolled inflammatory responses in the brain can cause a
range of cognitive disorders and adverse neurological effects, and drugs that target microglia may
help patients avoid such problems by preserving the integrity of the blood-brain barrier. More
studies are required to understand more about the processes underlying the microglial behaviors
observed in this study. Nevertheless, the study's results offer hope for the development of therapies
that could "force" microglia to promote blood-brain barrier integrity and prevent microglia from
transitioning to behaviors that damage the barrier.

Story Source:

Materials provided by Nagoya University. Note: Content may be edited for style and length.
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Summary:

Scientists have just shown that a metabolic pathway plays a determining role in Alzheimer's
disease's memory problems. This work also shows that supplying a specific amino acid as a
nutritional supplement in a mouse model of Alzheimer's restores spatial memory affected
early. This is a promising path for reducing memory loss related to that disease.

FULL STORY

Astrocyte illustration (stock image).

Credit: © Kateryna_Kon / Adobe Stock

Scientists at the Laboratoire des Maladies Neurodégénératives
(CNRS/CEA/Université Paris-Saclay) and the Neurocentre Magendie

(INSERM /Université de Bordeaux) have just shown that a metabolic pathway
plays a determining role in Alzheimer's disease's memory problems. This
work, published on 3 March 2020 in Cell Metabolism, also shows that
supplying a specific amino acid as a nutritional supplement in a mouse model
of Alzheimer's restores spatial memory affected early. This is a promising path
for reducing memory loss related to that disease.

The brain uses a large part of the energy available to our body. To work properly, neurons and the
surrounding cells, particularly astrocytes, must cooperate. The early phase of Alzheimer's disease is
characterized by a reduction in this energy metabolism, but until now we did not know whether this
deficit contributed directly to the cognitive symptoms of Alzheimer's disease.
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A collaborative study has shown in a mouse model of Alzheimer's disease that a decrease in the use
of glucose by astrocytes reduces L-serine production. This amino acid is mainly produced by these
brain cells and its biosynthesis path is altered in patients. L-serine is the precursor of D-serine,
known to stimulate NMDA receptors, essential for brain function and to the establishment of
memory. So by producing less L-serine, astrocytes cause reduced activity in these receptors, which
alters neuronal plasticity and the associated memorization capacities. Scientists have also
demonstrated that memorization functions in mice were restored by supplying nutritional L-serine.

With the identification of the role of L-serine in memory disorders and the experimental efficacy of
nutritional supplementation, new strategies appear that may complement medical treatment, to
combat early symptoms of Alzheimer's disease and other diseases that display metabolic deficits,
like Parkinson's and Huntington's. Since L-serine is available as a nutritional supplement, this
compound should be rigorously tested in humans, through controlled clinical trials.

This work was conducted by researchers at the Laboratoire des Maladies Neurodégénératives
(CNRS/CEA/Université Paris-Saclay), within the MIRCen/Institut de Biologie Frangois Jacob, and the
Neurocentre Magendie (INSERM/Université de Bordeaux) in collaboration with teams from the
Laboratoire Neurosciences Paris Seine (CNRS/INSERM/Sorbonne Université), the Institut Galien
Paris Sud (CNRS/Université Paris Saclay), the Centre de Recherche en Neurosciences de Lyon
(CNRS/INSERM/Université Claude Bernard Lyon 1/Université Jean Monnet), the Département
Médicaments et Technologies pour la Santé (CEA/INRAE /Université Paris Saclay) and by
researchers at AP-HP in the Hopital de la Pitié-Salpétriere). This work was supported by Association
France Alzheimer, Fondation de France, Fondation pour la Recherche Médicale, Fondation Alzheimer
and Infrastructure Nationale de Biologie-Santé NeurATRIS.

Story Source:

Materials provided by CNRS. Note: Content may be edited for style and length.
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NEWS RELEASE 9-MAR-2020

In two mouse models, replacing the TAZ gene prevented cardiac dysfunction and

scarring and reversed established cardiac dysfunction

BOSTON CHILDREN'S HOSPITAL
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IMAGE: A gene therapy delivery vector (adeno-associated virus) being taken up in the heart, as shown in green at

increasing magnification. view more

Barth syndrome is a rare metabolic disease in boys caused by mutation of a gene called tafazzin or
TAZ. It can cause life-threatening heart failure and also weakens the skeletal muscles, undercuts the
immune response, and impairs overall growth. There is no cure or specific treatment, but new
research at Boston Children's Hospital suggests that gene therapy could prevent or reverse cardiac

dysfunction.

The findings, involving new mouse models of Barth syndrome, were published today "Online First"
by the journal Circulation Research.

In 2014, to get a better understanding of Barth syndrome, William Pu, MD, and colleagues at Boston

Children's Hospital collaborated with the Wyss Institute to create a beating "heart on a chip" model

of Barth syndrome. The model used heart-muscle cells with the TAZ mutation, derived from patients'

own skin cells. It showed that TAZ is truly at the heart of cardiac dysfunction: the heart muscle cells
did not assemble normally, mitochondria inside the cells were disorganized, and heart tissue

contracted weakly. Adding a healthy TAZ gene normalized these features.

But to truly capture Barth syndrome and its whole-body effects, Pu and colleagues needed an animal
model. "The animal model was a hurdle in the field for a long time," says Pu, director of Basic and
Translational Cardiovascular Research at Boston Children's and a member of the Harvard Stem Cell

Institute. "Efforts to make a mouse model using traditional methods had been unsuccessful."

Modeling Barth syndrome in mice
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Recently, however, the lab of Douglas Strathdee's group at the Beatson Institute for Cancer Research
in the U.K. overcame the challenge and created animal models of Barth syndrome. In new work, Pu,

research fellow Suya Wang, PhD, and colleagues characterized these "knockout" mice, which came in

two types. In one, the TAZ gene was deleted in cells throughout the body; in the other, just in the

heart.

Most mice with the whole-body TAZ deletion died before birth, apparently because of skeletal
muscle weakness. But some survived, and these mice developed progressive cardiomyopathy, in
which the heart muscle enlarges and loses pumping capacity. Their hearts also showed scarring, and,
similar to human patients with dilated cardiomyopathy, the heart's left ventricle was dilated and
thin-walled.

Mice lacking TAZ just in their cardiac tissue, which all survived to birth, showed the same features.
Electron microscopy showed heart muscle tissue to be poorly organized, as were the mitochondria

within the cells.

Pu, Wang, and colleagues then used gene therapy to replace TAZ, injecting an engineered virus under
the skin (in newborn mice) or intravenously (in older mice). Treated mice with whole-body TAZ
deletions were able to survive to adulthood. TAZ gene therapy also prevented cardiac dysfunction
and scarring when given to newborn mice, and reversed established cardiac dysfunction in older

mice -- whether the mice had whole-body or heart-only TAZ deletions.
Getting the gene in

Further tests showed that TAZ gene therapy provided durable treatment of the animals'
cardiomyocytes and skeletal muscle cells, but only when at least 70 percent of heart muscle cells had

taken up the gene.

That's where the challenge will lie in translating the results to humans. Simply scaling up the dose of
gene therapy won't work: In large animals like us, large doses risk a dangerous inflammatory

immune response. Giving multiple doses of gene therapy won't work either.

"The problem is that neutralizing antibodies to the virus develop after the first dose," says Pu.

"Getting enough of the muscle cells corrected in humans may be a challenge.”

Maintaining populations of gene-corrected cells is another challenge. While levels of the corrected
TAZ gene remained fairly stable in the hearts of the treated mice, they gradually declined in skeletal

muscles.

"The biggest takeaway was that the gene therapy was highly effective,” says Pu. "We have some
things to think about to maximize the percentage of muscle cell transduction, and to make sure the

gene therapy is durable, particularly in skeletal muscle."
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The paper's coauthors were Yifei Lei, Qing Ma, Zhiqiang Lin, and Vassilios Bezzerides, Boston
Children's Hospital; Yang Xu and Michael Schlame, New York University School of Medicine; and
Douglas Strathdee, Beatson Institute of Cancer Research. The study was supported by the National
Institutes of Health (RO1HL128694, R01 GM115593), the Barth Syndrome Foundation, the Edwin
August Boger, Jr. Fund, and Boston Children's Department of Cardiology. Pu is a member of the

Medical and Scientific Advisory Board of the Barth Syndrome Foundation.
About Boston Children's Hospital

Boston Children's Hospital is ranked the #1 children's hospital in the nation by U.S. News & World

Report and is the primary pediatric teaching affiliate of Harvard Medical School. Home to the world's
largest research enterprise based at a pediatric medical center, its discoveries have benefited both
children and adults since 1869. Today, 3,000 researchers and scientific staff, including 8 members of
the National Academy of Sciences, 21 members of the National Academy of Medicine and 12 Howard
Hughes Medical Investigators comprise Boston Children's research community. Founded as a 20-bed
hospital for children, Boston Children's is now a 415-bed comprehensive center for pediatric and
adolescent health care. For more, visit our Discoveries blog and follow us on social media
@BostonChildrens, @BCH Innovation, Facebook and YouTube.

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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Novel coronavirus. Image courtesy of Centers for Disease Control and Prevention.

AUSTIN, Texas — Infectious disease researchers at The University of Texas at Austin
studying the novel coronavirus were able to identify how quickly the virus can
spread, a factor that may help public health officials in their efforts at containment.
They found that time between cases in a chain of transmission is less than a week
and that more than 10% of patients are infected by somebody who has the virus but
does not yet have symptoms.

In the paper in press with the journal Emerging Infectious Diseases, a team of
scientists from the United States, France, China and Hong Kong were able to
calculate what’s called the serial interval of the virus. To measure serial interval,
scientists look at the time it takes for symptoms to appear in two people with the
virus: the person who infects another, and the infected second person.

Researchers found that the average serial interval for the novel coronavirus in China
was approximately four days. This also is among the first studies to estimate the rate
of asymptomatic transmission.

The speed of an epidemic depends on two things — how many people each case
infects and how long it takes for infection between people to spread. The first
quantity is called the reproduction number; the second is the serial interval. The
short serial interval of COVID-19 means emerging outbreaks will grow quickly and
could be difficult to stop, the researchers said.

“Ebola, with a serial interval of several weeks, is much easier to contain than
influenza, with a serial interval of only a few days. Public health responders to Ebola
outbreaks have much more time to identify and isolate cases before they infect
others,” said Lauren Ancel Meyers, a professor of integrative biology at UT Austin.
“The data suggest that this coronavirus may spread like the flu. That means we need
to move quickly and aggressively to curb the emerging threat.”
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Meyers and her team examined more than 450 infection case reports from 93 cities
in China and found the strongest evidence yet that people without symptoms must be
transmitting the virus, known as pre-symptomatic transmission. According to the
paper, more than 1 in 10 infections were from people who had the virus but did not
yet feel sick.

Previously, researchers had some uncertainty about asymptomatic transmission with
the coronavirus. This new evidence could provide guidance to public health officials
on how to contain the spread of the disease.

“This provides evidence that extensive control measures including isolation,
quarantine, school closures, travel restrictions and cancellation of mass gatherings
may be warranted,” Meyers said. “Asymptomatic transmission definitely makes
containment more difficult.”

Meyers pointed out that with hundreds of new cases emerging around the world
every day, the data may offer a different picture over time. Infection case reports are
based on people’s memories of where they went and whom they had contact with. If
health officials move quickly to isolate patients, that may also skew the data.

“Our findings are corroborated by instances of silent transmission and rising case
counts in hundreds of cities worldwide,” Meyers said. “This tells us that COVID-19
outbreaks can be elusive and require extreme measures.”

Zhanwei Du of The University of Texas at Austin, Lin Wang of the Institut Pasteur in
Paris, Xiaoke Xu of Dalian Minzu University, Ye Wu of Beijing Normal University
and Benjamin J. Cowling of Hong Kong University also contributed to the research.
Lauren Ancel Meyers holds the Denton A. Cooley Centennial Professorship in
Zoology at The University of Texas at Austin.

The research was funded by the U.S. National Institutes of Health and the National
Natural Science Foundation of China.
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Study identifies biological mechanism by which stress alters
sperm and impacts brain development in next generation
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Date:

March 23,2020
Source:

University of Maryland School of Medicine
Summary:

Prolonged fear and anxiety brought on by major stressors, like the coronavirus pandemic,
can not only take a toll on a person's mental health, but may also have a lasting impact on a
man's sperm composition that could affect his future offspring.

FULL STORY

Prolonged fear and anxiety brought on by major stressors, like the
coronavirus pandemic, can not only take a toll on a person's mental health,
but may also have a lasting impact on a man's sperm composition that could
affect his future offspring. That is the finding of a provocative new study
published in the journal Nature Communications by researchers at the
University of Maryland School of Medicine.

The research outlines a biological mechanism for how a father's experience with stress can influence
fetal brain development in the womb. The effects of paternal stress can be transferred to offspring
through changes in the extracellular vesicles that then interact with maturing sperm. Extracellular
vesicles are small membrane-bound particles that transport proteins, lipids, and nucleic acids
between cells. They are produced in large amounts in the reproductive tract and play an integral role
in sperm maturation.

"There are so many reasons that reducing stress is beneficial especially now when our stress levels
are chronically elevated and will remain so for the next few months," said study corresponding
author Tracy Bale, PhD, Professor of Pharmacology and Director of the Center for Epigenetic
Research in Child Health & Brain Development at the University of Maryland School of Medicine.
"Properly managing stress can not only improve mental health and other stress-related ailments, but
it can also help reduce the potential lasting impact on the reproductive system that could impact
future generations."

She and her colleagues did not specifically study those who were under stress due to the coronavirus
pandemic.

To examine a novel biological role for extracellular vesicles in transferring dad's stress to sperm, the
researchers examined extracellular vesicles from mice following treatment with the stress hormone
corticosterone. After treatment, the extracellular vesicles showed dramatic changes in their overall
size as well as their protein and small RNA content.

When sperm were incubated with these previously "stressed" extracellular vesicles prior to
fertilizing an egg, the resulting mouse pups showed significant changes in patterns of early brain
development, and as adults these mice were also significantly different than controls for how they
responded to stress themselves.

To see if similar differences occurred in human sperm, the researchers recruited students from the
University of Pennsylvania to donate sperm each month for six months, and complete questionnaires
about their perceived stress state in the preceding month. They found that students who had
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experienced elevated stress in months prior showed significant changes in the small RNA content of
their sperm, while those who had no change in stress levels experienced little or no change. These
data confirm a very similar pattern found in the mouse study.

"Our study shows that the baby's brain develops differently if the father experienced a chronic
period of stress before conception, but we still do not know the implications of these differences,"
said Dr. Bale. "Could this prolonged higher level of stress raise the risk for mental health issues in
future offspring, or could experiencing stress and managing it well help to promote stress resilience?
We don't really know at this point, but our data highlight why further studies are necessary."

The research team did find that stress-induced changes in the male reproductive system take place
at least a month after the stress is attenuated and life has resumed its normal patterns. "It appears
the body's adaptation to stress is to return to a new baseline," Dr. Bale said, "a post-stress
physiological state -- termed allostasis."

This research was funded by the National Institute of Mental Health and included co-authors from
the Institute for Genome Sciences at the University of Maryland School of Medicine and the
Department of Pharmaceutical Science at the University of Maryland School of Pharmacy, as well as
the University of Pennsylvania.

"This research represents a critical step in understanding important mechanisms that underlie the
field of intergenerational epigenetics,” said UMSOM Dean E. Albert Reece, MD, PhD, MBA, who is also
the Executive Vice President for Medical Affairs, University of Maryland, and the John Z. and Akiko K.
Bowers Distinguished Professor. "Such knowledge is crucial to identify early interventions to
improve reproduction and early childhood development down the road."

While the study did not test stress management interventions to determine what effects they might
have on attenuating the changes in sperm composition, Dr. Bale, who goes for regular runs to reduce
the stress of the current COVID-19 pandemic, contends that any lifestyle habits that are good for the
brain are likely good for the reproductive system.

"It is important to realize that social distancing does not have to mean social isolation, especially
with modern technologies available to many of us,"” said Joshua Gordon, Director of the National
Institute of Mental Health in his web message about coping with coronavirus. "Connecting with our
friends and loved ones, whether by high tech means or through simple phone calls, can help us
maintain ties during stressful days ahead and will give us strength to weather this difficult passage.”

The Centers for Disease Control and Prevention has tips on "stress and coping" page on their COVID-
19 site that recommends the following to "support yourself":

e Take breaks from watching, reading, or listening to news stories, including social media.
Hearing about the pandemic repeatedly can be upsetting.

e Take care of your body. Take deep breaths, stretch, or meditate. Try to eat healthy, well-
balanced meals, exercise regularly, get plenty of sleep, and avoid alcohol and drugs.

e Make time to unwind. Try to do some other activities you enjoy.

e Connect with others. Talk with people you trust about your concerns and how you are
feeling.

Story Source:

Materials provided by University of Maryland School of Medicine. Note: Content may be edited for
style and length.

Journal Reference:
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New simulations can help researchers design new drugs and
vaccines to combat the coronavirus

Date:
March 24, 2020

Source:
University of Texas at Austin, Texas Advanced Computing Center

Summary:
A coronavirus envelope all-atom computer model is being developed. The coronavirus
model builds on success of all-atom infuenza virus simulations. Molecular dynamics
simulations for the coronavirus model tests ran on up to 4,000 nodes, or about 250,000 of
Frontera's processing cores. Full model can help researchers design new drugs, vaccines to
combat the coronavirus.

FULL STORY
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Scientists are preparing a massive computer model of the coronavirus that
they expect will give insight into how it infects in the body. They've taken the
first steps, testing the first parts of the model and optimizing code on the
Frontera supercomputer at the University of Texas at Austin's Texas
Advanced Computing Center (TACC). The knowledge gained from the full
model can help researchers design new drugs and vaccines to combat the
coronavirus.

Rommie Amaro is leading efforts to build the first complete all-atom model of the SARS-COV-2
coronavirus envelope, its exterior component. "If we have a good model for what the outside of the
particle looks like and how it behaves, we're going to get a good view of the different components
that are involved in molecular recognition." Molecular recognition involves how the virus interacts
with the angiotensin converting enzyme 2 (ACE2) receptors and possibly other targets within the
host cell membrane. Amaro is a professor of chemistry and biochemistry at the University of
California, San Diego.

The coronavirus model is anticipated by Amaro to contain roughly 200 million atoms, a daunting
undertaking, as the interaction of each atom with one another has to be computed. Her team's
workflow takes a hybrid, or integrative modeling approach.

"We're trying to combine data at different resolutions into one cohesive model that can be simulated
on leadership-class facilities like Frontera,” Amaro said. "We basically start with the individual
components, where their structures have been resolved at atomic or near atomic resolution. We
carefully get each of these components up and running and into a state where they are stable. Then
we can introduce them into the bigger envelope simulations with neighboring molecules."

On March 12-13, 2020, the Amaro Lab ran molecular dynamics simulations on up to 4,000 nodes, or
about 250,000 processing cores, on Frontera. Frontera, the #5 top supercomputer in the world and
#1 academic supercomputer according to November 2019 rankings of the Top500 organization, is
the leadership-class high performance computing system supported by the National Science
Foundation.

"Simulations of that size are only possible to run on a machine like Frontera or on a machine
possibly at the Department of Energy," Amaro said. "We straightaway contacted the Frontera team,
and they've been very gracious in giving us priority status for benchmarking and trying to optimize
the code so that these simulations can run as efficiently as possible, once the system is actually up
and running."

"It's exciting to work on one of these brand new machines, for sure. Our experience so far has been
very good. The initial benchmarks have been really impressive for this system. We're going to
continue to optimize the codes for these ultra large systems so that we can ultimately get even better
performance. [ would say that working with the team at Frontera has also been fantastic. They're at
the ready to help and have been extremely responsive during this critical time window. It's been a
very positive experience," Amaro said.

"TACC is proud to support this critical and groundbreaking research,” said Dan Stanzione, Executive
Director of TACC and Principal Investigator of the Frontera supercomputer project. "We will
continue to support Amaro's simulations and other important work related to understanding and
finding a way to defeat this new threat."

Amaro's work with the coronavirus builds on her success with an all-atom simulation of the
influenza virus envelope, published in ACS Central Science, February 2020. She said that the
influenza work will have a remarkable number of similarities to what they're now pursuing with the
coronavirus.

"It's a brilliant test of our methods and our abilities to adapt to new data and to get this up and
running right off the fly," Amaro said. "It took us a year or more to build the influenza viral envelope
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and get it up and running on the national supercomputers. For influenza, we used the Blue Waters
supercomputer, which was in some ways the predecessor to Frontera. The work, however, with the
coronavirus obviously is proceeding at a much, much faster pace. This is enabled, in part because of
the work that we did on Blue Waters earlier."

Said Amaro: "These simulations will give us new insights into the different parts of the coronavirus
that are required for infectivity. And why we care about that is because if we can understand these
different features, scientists have a better chance to design new drugs; to understand how current
drugs work and potential drug combinations work. The information that we get from these
simulations is multifaceted and multidimensional and will be of use for scientists on the front lines
immediately and also in the longer term. Hopefully the public will understand that there's many
different components and facets of science to push forward to understand this virus. These
simulations on Frontera are just one of those components, but hopefully an important and a gainful

"

one.

Story Source:

Materials provided by University of Texas at Austin, Texas Advanced Computing Center.
Original written by Jorge Salazar. Note: Content may be edited for style and length.

Journal Reference:

Jacob D. Durrant, Sarah E. Kochanek, Lorenzo Casalino, Pek U. Ieong, Abigail C. Dommer, Rommie E.
Amaro. Mesoscale All-Atom Influenza Virus Simulations Suggest New Substrate Binding
Mechanism. ACS Central Science, 2020; 6 (2): 189 DOI: 10.1021 /acscentsci.9b01071

Cite This Page:
. MLA
. APA
. Chicago

University of Texas at Austin, Texas Advanced Computing Center. "Coronavirus massive simulations
completed on Frontera supercomputer: New simulations can help researchers design new drugs and
vaccines to combat the coronavirus." ScienceDaily. ScienceDaily, 24 March 2020.
<www.sciencedaily.com/releases/2020/03/200324102720.htm>

38


https://www.tacc.utexas.edu/-/coronavirus-massive-simulations-completed-on-frontera-supercomputer
http://www.tacc.utexas.edu/
http://dx.doi.org/10.1021/acscentsci.9b01071
https://www.sciencedaily.com/releases/2020/03/200324102720.htm#citation_mla
https://www.sciencedaily.com/releases/2020/03/200324102720.htm#citation_apa
https://www.sciencedaily.com/releases/2020/03/200324102720.htm#citation_chicago

9.

COVID-19 DILEFIEIZx T 2B DEZE -ET )V TR
[ZKDHEE

Hft:20204£ 3 B 24 B
Y—=R: O VHR—IVEILIKE
B=:

The Lancet infectious Diseases 3|18 &Eicn= U HR—ILOMAEESICKLHEEMH
RICKDE BREBLZOREDRR -2 BROFROMAE -2 AROBIE S (KER
FHEZEBEHH) O I MKRIEFEIOFTDVAI/LR SARS-CoV-2 B (COVID-19) D
H<EDL 78% . BITNIEIRIZFLT9%) EHC LTSNS, LTS,
DAINADEEANREEN(1.5 ANDREEH;R0=1.5) EVSEEDIHFE . SARS-
CoV-2 B 100 AAHIBAL THASMAELEITNAIX 80 BEETIZCOVAR—ILAO®D
7.4%. 279,000 A/ SARS-CoV-2 [ZRAE T HM, LFE 3 WK TEDEM 0.7% D
1,800 ATHEOEHEESINTILNS,
DAINADBEANEFEEFEDHE (R0=2.0) ENEYF VS E (R0=2.5) D -1
BITAMBLLAFNIEZNRFNAAOD 19.3%D 727,000 A& 32%0D 1,207,000 A=A, 3 5t
EEINIEFNE N 50,000 A (93%FFhH) & 258,000 A (78% FBh) IZHDEHESNT
W3,

REEE/ MDY TR—DICRES

<HEIX >https://www. eurekalert. org/pub_releases/2020-03/t[-pss032420. php

NEWS RELEASE 24-MAR-2020

THE LANCET

39

e First of its kind modelling study in Singapore indicates that quarantining of people infected
with the new coronavirus and their family members, school closures plus quarantine, and
workplace distancing plus quarantine, in that order, are effective at reducing the number of

COVID-19 cases, with a combination of all three being most effective in reducing cases

e Authors investigated potential outcomes for three infection reproduction values [R0=1.5,

R0=2.0, R0=2.5], based on low, moderate or likely, and high infection transmissibility,



informed by Wuhan case data [1], and found that prevention and suppression become more
challenging at higher RO values

e Authors note several limitations of the study, but in particular, the transmission and
infectivity of the new coronavirus (SARS-CoV-2) remain uncertain, so the authors informed

their model based on the virus that causes SARS

A new modelling study conducted in a simulated Singapore setting has estimated that a combined
approach of physical distancing [2] interventions, comprising quarantine (for infected individuals
and their families), school closure, and workplace distancing, is most effective at reducing the

number of SARS-CoV-2 cases compared with other intervention scenarios included in the study.

While less effective than the combined approach, quarantine plus workplace measures presented
the next best option for reducing SARS-CoV-2 cases, followed by quarantine plus school closure, and
then quarantine only. All intervention scenarios were more effective at reducing cases than no

intervention.

The study, published in The Lancet Infectious Diseases journal, is the first of its kind to investigate
using these options for early intervention in Singapore using simulation. Despite heightened
surveillance and isolation of individuals suspected to have COVID-19 and confirmed cases, the risk is
ongoing, with the number of cases continuing to increase in Singapore. Schools have not been closed,

and workplace distancing is recommended, but it is not national policy [correct as of 23.03.2020].

The study found that the combined approach could prevent a national outbreak at relatively low
levels of infectivity (basic reproductivity value (R0) = 1.5), but at higher infectivity scenarios (RO =
2.0 (considered moderate and likely) and RO = 2.5 (considered high)), outbreak prevention becomes
considerably more challenging because although effective at reducing infections, transmission

events still occur.

Dr Alex R Cook, National University of Singapore, said: "Should local containment measures, such as
preventing disease spread through contact tracing efforts and, more recently, not permitting short-
term visitors, be unsuccessful, the results of this study provide policy makers in Singapore and other
countries with evidence to begin the implementation of enhanced outbreak control measures that

could mitigate or reduce local transmission rates if deployed effectively and in a timely manner." [3]

To assess the potential impact of interventions on outbreak size, should local containment fail,
authors developed an individual-based influenza epidemic simulation model, which accounted for
demography, individual movement, and social contact rates in workplaces, schools, and homes, to
estimate the likelihood of human-to-human transmission of SARS-CoV-2. Model parameters included
how infectious an individual is over time, the proportion of the population assumed to be
asymptomatic (7.5%), the cumulative distribution function for the mean incubation period (with the
virus that causes SARS and the virus that causes COVID-19having the same mean incubation period

of 5.3 days), and the duration of hospital stay after symptom onset (3.5 days).
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Using this model, authors estimated the cumulative number of SARS-CoV-2 infections at 80 days,
after detection of 100 cases of community transmission. Three values for the basic reproduction
number (R0O) were chosen for the infectiousness parameter, including relatively low (R0=1.5),
moderate and likely (R0=2.0), and high transmissibility (R0=2.5). The basic reproduction numbers
were selected based on analyses of data from people with COVID-19 in Wuhan, China [1].

In addition to a baseline scenario, which included no interventions, four intervention scenarios were
proposed for implementation after failure of local containment: 1) isolation of infected individuals
and quarantine of their family members (quarantine); 2) quarantine plus immediate school closure
for 2 weeks; 3) quarantine plus immediate workplace distancing, in which 50% of the workforce is
encouraged to work from home for 2 weeks; 4) a combination of quarantine, immediate school
closure, and workplace distancing. These interventions follow some policy options currently being
undertaken (quarantine and some workforce distancing) by the Singaporean Ministry of Health, as

standard interventions for respiratory virus control.

For the baseline scenario, when R0 was 1.5, the median cumulative number of infections at day 80
[4] was 279,000, corresponding to 7.4% of the resident population of Singapore. The median
number of infections increased with higher infectivity: 727,000 cases when RO was 2.0,
corresponding to 19.3% of the Singaporean population, and 1,207,000 cases when RO was 2.5,

corresponding to 32% of the Singaporean population.

Compared with the baseline scenario, the combined intervention was the most effective, reducing
the estimated median number of infections by 99.3% when RO was 1.5 (resulting in an estimated
1,800 cases). However, at higher infectivity scenarios, outbreak prevention becomes considerably
more challenging. For the combined approach scenario, a median of 50,000 cases were estimated at
RO of 2.0 (a reduction of 93.0% compared to baseline) and 258,000 cases at RO of 2.5 (a reduction of

78.2% compared to baseline).

Authors also explored the potential impact if the proportion of asymptomatic cases in the population
was greater than 7.5% (the proportion of people who are able to transmit despite having no or mild
symptoms). Even at a low infectivity (when the RO was 1.5 or lower), a high asymptomatic
proportion presents challenges. Assuming increasing asymptomatic proportions up to 50-:0%, up to
277,000 infections were estimated to occur at day 80 with the combined intervention, relative to
1,800 for the baseline at RO = 1.5.

Dr Alex R Cook added: "If the preventive effect of these interventions reduces considerably due to
higher asymptomatic proportions, more pressure will be placed on the quarantining and treatment
of infected individuals, which could become unfeasible when the number of infected individuals
exceeds the capacity of health-care facilities. At higher asymptomatic rates, public education and
case management become increasingly important, with a need to develop vaccines and existing drug

therapies." [3]

41



The authors note several limitations in their study, including dated census population data, impact of
migrant movement, the impact of seeding of imported cases (transmissions originating from outside
of Singapore) the dynamics of contact patterns between individuals, and other unforeseen factors. Of
note, epidemiological characteristics of COVID-19 remain uncertain in terms of the transmission and
infectivity profile of the virus; therefore, estimates of the time between symptom onset and
admission to hospital, how infectious an individual is over time, and the asymptomatic rate were
based on SARS-CoV.

Writing in a linked Comment, Joseph A Lewnard, University of California, Berkeley, USA, and Nathan
C Lo, University of California, San Francisco, USA, say: "Although the scientific basis for these
interventions might be robust, ethical considerations are multifaceted. Importantly, political leaders
must enact quarantine and social-distancing policies that do not bias against any population group.
The legacies of social and economic injustices perpetrated in the name of public health have lasting
repercussions. Interventions might pose risks of reduced income and even job loss,
disproportionately affecting the most disadvantaged populations: policies to lessen such risks are
urgently needed. Special attention should be given to protections for vulnerable populations, such as
homeless, incarcerated, older, or disabled individuals, and undocumented migrants. Similarly,
exceptions might be necessary for certain groups, including people who are reliant on ongoing

medical treatment.”
HH#
NOTES TO EDITORS
This study was conducted by researchers from the National University of Singapore.

The labels have been added to this press release as part of a project run by the Academy of Medical
Sciences seeking to improve the communication of evidence. For more information, please see:

http://www.sciencemediacentre.org/wp-content/uploads/2018/01 /AMS-press-release-labelling-

system-GUIDANCE.pdf if you have any questions or feedback, please contact The Lancet press office

pressoffice@lancet.com

[1] Wuhan Case Data used to estimate basic reproductivity value:

https://www.thelancet.com/journals/lancet/article /P11S0140-6736(20)30260-9 /fulltext

[2] In line with the WHO, The Lancet has moved to using the term physical distancing in place of

social distancing.
[3] Quote direct from author and cannot be found in text of the Article.

[4] Interquartile ranges (IQRs) for all cumulative medians and percentage reductions are available in

the paper.
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