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< B 3 >Scientists discover how COVID-1q virus causes multiple organ failure in mice | EurekAlert!
Science News

NEWS RELEASE 7-DEC-2020

SCIENTISTS DISCOVER HOW COVID-19
VIRUS CAUSES MULTIPLE ORGAN FAILURE
IN MICE

UCLA researchers study the disease's systemic effects
UNIVERSITY OF CALIFORNIA - LOS ANGELES HEALTH SCIENCES

Research News
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IMAGE: HEART MUSCLE CELLS IN AN UNINFECTED MOUSE (LEFT) AND A MOUSE INFECTED WITH

SARS-COV-2 (RIGHT) WITH MITOCHONDRIA SEEN IN PINK. THE DISORGANIZATION OF THE CELLS AND
MITOCHONDRIA IN THE IMAGE... view more

CREDIT: JCI INSIGHT/UCLA BROAD STEM CELL RESEARCH CENTER

UCLA researchers are the first to create a version of COVID-19 in mice that shows how the
disease damages organs other than the lungs. Using their model, the scientists discovered that
the SARS-CoV-2 virus can shut down energy production in cells of the heart, kidneys, spleen
and other organs.

"This mouse model is a really powerful tool for studying SARS-CoV-2 in a living system,” said Dr.
Arjun Deb, a co-senior author of a paper about the study and a member of the Eli and Edythe
Broad Center of Regenerative Medicine and Stem Cell Research at UCLA. "Understanding how
this virus can hijack our cells might eventually lead to new ways to prevent or treat the organ
failure that can accompany COVID-19 in humans."

Deb said the same model could also help researchers learn more about other similar viruses that
might emerge in the future, and it could be useful for testing eventual treatments.

The paper, published in the journal JCI Insight, was co-led by Vaithilingaraja Arumugaswami, an
associate professor of molecular and medical pharmacology at the David Geffen School of
Medicine at UCLA and a member of the Broad Stem Cell Research Center.

Researchers often study mice to understand the fundamentals of human disease, but translating
human health conditions to animal models can be tricky. SARS-CoV-2, for instance, relies on the
ACE2 protein to infect humans. But the virus doesn't recognize the mouse version of ACE2, so
healthy mice exposed to the SARS-CoV-2 virus don't get sick.
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In previous experiments by other research teams around the world, mice have been genetically
engineered to have the human version of ACEZ2 in their lungs and then been infected -- through
their noses -- with the SARS-CoV-2 virus. Although that enables the virus to infect the mice and
cause pneumonia, animals in those experiments don't get as broad a range of other symptoms
as humans do.

"Among COVID-19 patients, those who have organs involved other than the lungs are most at
risk of a bad outcome,” said Deb, who is also a cardiologist and professor of molecular cell and
developmental biology. "So we felt it was really important to understand how the virus affects
those other organs.”

Research in humans has suggested that SARS-CoV-2 can circulate through the bloodstream to
reach multiple organs. So in the UCLA experiment, the researchers first engineered mice to have
the human version of ACE2 in the heart and other vital organs. Then, they infected half of the
animals by injecting SARS-CoV-2 into their bloodstreams. Over the following days, the
researchers tracked the animals' overall health and analyzed how levels of certain genes and
proteins in their bodies changed.

Within seven days, all of the mice with COVID-19 had stopped eating and were completely
inactive, and had lost, on average, about 20% of their body weight. Animals that had been
engineered to carry the human ACEZ2 protein but had not been infected with the virus, on the
other hand, did not lose a significant amount of weight.

Moreover, the COVID-19 infected animals had altered levels of immune cells, swelling of the
heart tissue and wasting away of the spleen -- all symptoms that have been observed in people
who are critically ill with COVID-19.

Deb's team also looked at which genes were turned on and off in the mice infected with SARS-
CoV-2, and they discovered other signs of disease. Common molecular processes that help cells
generate energy -- through mechanisms known as the tricarboxylic acid cycle, or TCA cycle, and
electron transport chain -- were shut off in the heart, kidney, spleen and lungs.

"If a virus snuffs out the energy-generating pathways in multiple organs of the body, that's going
to really wreak havoc," Deb said.

Finally, the study also revealed that some changes were long-lasting throughout the organs in
mice with COVID-19. In addition to temporarily altering which genes were turned on and off in
some cells, the virus made epigenetic changes -- chemical alterations to the structure of DNA
that cause more lasting effects. Deb said that could explain why, in some people with COVID-19,
symptoms persist for weeks or months after their bodies are rid of the virus.



Although the findings don't have immediate implications for treating COVID-19, Deb said the
mouse model will be useful for ongoing studies on how the virus infects vital organs other than
the lungs, and for trials of new drugs to treat the disease.
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The research was supported by the National Institutes of Health, the California Institute for
Regenerative Medicine and two UCLA David Geffen School of Medicine-Broad Stem Cell
Research Center COVID-19 research awards.
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< HE > Obesity impairs immune cell function, accelerates tumor growth | EurekAlert! Science
News

NEWS RELEASE 9-DEC-2020

OBESITY IMPAIRS IMMUNE CELL
FUNCTION, ACCELERATES TUMOR
GROWTH

High-fat diet allows cancer cells to outcompete immune cells for fuel
HARVARD MEDICAL SCHOOL

Research News
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IMAGE: TUMORS FROM A NONOBESE ANIMAL (TOP ROW) CONTAIN MORE CD8+ T CELLS (RED),

COMPARED TO THOSE FROM AN OBESE ONE (BOTTOM ROW). TUMOR CELLS ARE HIGHLIGHTED IN

CYAN. view more

At a glance:

e High-fat diet causes cancer cells to rewire metabolism, increase fat consumption

e Cancer cells outcompete immune cells for fuel, impairing immune function inside tumors
e Blocking metabolic rewiring in cancer cells enhances anti-tumor immunity

e Findings suggest new strategies to target cancer metabolism, improve immunotherapies

Obesity has been linked to increased risk for over a dozen different types of cancer, as well as
worse prognosis and survival. Over the years, scientists have identified obesity-related
processes that drive tumor growth, such as metabolic changes and chronic inflammation, but a
detailed understanding of the interplay between obesity and cancer has remained elusive.

Now, in a study in mice, Harvard Medical School researchers have uncovered a new piece of this
puzzle, with surprising implications for cancer immunotherapy: Obesity allows cancer cells to
outcompete tumor-killing immune cells in a battle for fuel.
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Reporting in Cell on Dec. 9, the research team shows that a high-fat diet reduces the numbers
and antitumor activity of CD8+ T cells, a critical type of immune cell, inside tumors. This occurs
because cancer cells reprogram their metabolism in response to increased fat availability to
better gobble up energy-rich fat molecules, depriving T cells of fuel and accelerating tumor
growth.

"Putting the same tumor in obese and nonobese settings reveals that cancer cells rewire their
metabolism in response to a high fat diet,” said Marcia Haigis, professor of cell biology in the
Blavatnik Institute at HMS and co-senior author of the study. "This finding suggests that a
therapy that would potentially work in one setting might not be as effective in another, which
needs to be better understood given the obesity epidemic in our society."”

The team found that blocking this fat-related metabolic reprogramming significantly reduced
tumor volume in mice on high-fat diets. Because CD8+ T cells are the main weapon used by
immunotherapies that activate the immune system against cancer, the study results suggest new
strategies for improving such therapies.

"Cancer immunotherapies are making an enormous impact on patients' lives, but they do not
benefit everyone," said co-senior author Arlene Sharpe, the HMS George Fabyan Professor of
Comparative Pathology and chair of the Department of Immunology in the Blavatnik Institute.

"We now know there is a metabolic tug-of-war between T cells and tumor cells that changes with
obesity," Sharpe said. "Our study provides a roadmap to explore this interplay, which can help us
to start thinking about cancer immunotherapies and combination therapies in new ways."

Haigis, Sharpe and colleagues investigated the effects of obesity on mouse models of different
types of cancer, including colorectal, breast, melanoma and lung. Led by study co-first authors
Alison Ringel and Jefte Drijvers, the team gave mice normal or high-fat diets, the latter leading to
increased body weight and other obesity-related changes. They then looked at different cell
types and molecules inside and around tumors, together called the tumor microenvironment.

Fatty paradox

The researchers found that tumors grew much more rapidly in animals on high-fat diets
compared to those on normal diets. But this occurred only in cancer types that are immunogenic,
which can contain high numbers of immune cells; are more easily recognized by the immune

system; and are more likely to provoke an immune response.

Experiments revealed that diet-related differences in tumor growth depended specifically on the
activity of CD8+ T cells, immune cells that can target and kill cancer cells. Diet did not affect
tumor growth rate if CD8+ T cells were eliminated experimentally in mice.
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Strikingly, high-fat diets reduced the presence of CD8+ T cells in the tumor microenvironment,
but not elsewhere in the body. Those remaining in the tumor were less robust--they divided more
slowly and had markers of decreased activity. But when these cells were isolated and grown in a
lab, they had normal activity, suggesting something in the tumor impaired these cells' function.

The team also encountered an apparent paradox. In obese animals, the tumor microenvironment
was depleted of key free fatty acids, a major cellular fuel source, even though the rest of the
body was enriched in fats, as expected in obesity.

These clues pushed the researchers to craft a comprehensive atlas of the metabolic profiles of
different cell types in tumors under normal and high-fat diet conditions.

The analyses revealed that cancer cells adapted in response to changes in fat availability. Under
a high-fat diet, cancer cells were able to reprogram their metabolism to increase fat uptake and
utilization, while CD8+ T cells did not. This ultimately depleted the tumor microenvironment of
certain fatty acids, leaving T cells starved for this essential fuel.

"The paradoxical depletion of fatty acids was one of the most surprising findings of this study. It
really blew us away and it was the launch pad for our analyses," said Ringel, a postdoctoral
fellow in the Haigis lab. "That obesity and whole-body metabolism can change how different cells
in tumors utilize fuel was an exciting discovery, and our metabolic atlas now allows us to dissect
and better understand these processes."

Hot and cold

Through several different approaches, including single-cell gene expression analyses, large-
scale protein surveys and high-resolution imaging, the team identified numerous diet-related

changes to metabolic pathways of both cancer and immune cells in the tumor microenvironment.

Of particular interest was PHD3, a protein that in normal cells has been shown to act as a brake
on excessive fat metabolism. Cancer cells in an obese environment had significantly lower
expression of PHD3 compared to in a normal environment. When the researchers forced tumor
cells to overexpress PHD, they found that this diminished a tumor's ability to take up fat in obese
mice. It also restored the availability of key free fatty acids in the tumor microenvironment.

Increased PHD3 expression largely reversed the negative effects of a high-fat diet on immune
cell function in tumors. Tumors with high PHD3 grew slower in obese mice compared to tumors
with low PHD3. This was a direct result of increased CD8+ T cell activity. In obese mice lacking
CD8+ T cells, tumor growth was unaffected by differences in PHD3 expression.

The team also analyzed human tumor databases and found that low PHD3 expression was
associated with immunologically "cold" tumors, defined by fewer numbers of immune cells. This
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association suggested that tumor fat metabolism plays a role in human disease, and that obesity
reduces antitumor immunity in multiple cancer types, the authors said.

"CD8+ T cells are the central focus of many promising precision cancer therapies, including
vaccines and cell therapies such as CAR-T," Sharpe said. "These approaches need T cells to
have sufficient energy to kill cancer cells, but at the same time we don't want tumors to have fuel
to grow. We now have amazingly comprehensive data for studying this dynamic and determining
mechanisms that prevent T cells from functioning as they should."

More broadly, the results serve as a foundation for efforts to better understand how obesity
affects cancer and the impact of patient metabolism on therapeutic outcomes, the authors said.
While it's too early to tell if PHD3 is the best therapeutic target, the findings open the door for
new strategies to combat cancer through its metabolic vulnerabilities, they said.

"We're interested in identifying pathways that we could use as potential targets to prevent cancer
growth and to increase immune antitumor function," Haigis said. "Our study provides a high-
resolution metabolic atlas to mine for insights into obesity, tumor immunity and the crosstalk and
competition between immune and tumor cells. There are likely many other cell types involved
and many more pathways to be explored."

HHH

Additional authors on the study include Gregory Baker, Alessia Catozzi, Juan Garcia-Cafiaveras,
Brandon Gassaway, Brian Miller, Vikram Juneja, Thao Nguyen, Shakchhi Joshi, Cong-Hui Yao,
Haejin Yoon, Peter Sage, Martin LaFleur, Justin Trombley, Connor Jacobson, Zoltan Maliga,
Steven Gygi, Peter Sorger and Joshua Rabinowitz.

This study was supported by the National Cancer Institute and National Institute of Diabetes and
Digestive and Kidney Diseases of the National Institutes of Health (grants U54-CA225088,
R0O1CA213062, R0O1DK103295, P01AI56299, 5F31CA224601 and T32CA207021), the Ludwig
Center at Harvard Medical School, the Evergrande Center for Inmunologic Disease, the Glenn
Foundation for Medical Research and the American Cancer Society.
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< B3 >Blocking protein restores strength, endurance in old mice -- ScienceDaily

BLOCKING PROTEIN RESTORES
STRENGTH, ENDURANCE IN OLD MICE

Date:
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Source:
Stanford Medicine
Summary:

A single protein is a master regulator of mouse muscle function during aging, a new
study finds. Blocking this protein increased muscle strength and endurance in old
animals. It may play a role in age-related muscle weakening in humans.

FULL STORY

Blocking the activity of a single protein in old mice for one month restores
mass and strength to the animals’ withered muscles and helps them run
longer on a treadmill, according to a study by researchers at the Stanford
University School of Medicine. Conversely, increasing the expression of the
protein in young mice causes their muscles to atrophy and weaken.

"The improvement is really quite dramatic" said Helen Blau, PhD, professor of microbiology and
immunology. "The old mice are about 15% to 20% stronger after one month of treatment, and
their muscle fibers look like young muscle. Considering that humans lose about 10% of muscle
strength per decade after about age 50, this is quite remarkable."

The protein hasn't previously been implicated in aging. The researchers show that the amount of
the protein, called 15-PGDH, is elevated in old muscle and is widely expressed in other old
tissues. Experiments they conducted in human tissue raise hopes for a future treatment for the
muscle weakness that occurs as people age.

Blau, the Donald E. and Delia B. Baxter Foundation Professor and director of the Baxter
Laboratory for Stem Cell Biology, is the senior author of the study, which will be published online
Dec. 10 in Science. Senior scientist Adelaida Palla, PhD, is the lead author.

Muscle loss in aging

Muscle loss during aging is known as sarcopenia, and it accounts for billions of dollars of health
care expenditures in the United States each year as people lose the ability to care for
themselves, experience more falls and become increasingly less mobile. It is due to changes in
muscle structure and function: The muscle fibers shrink and the number and function of the
cellular powerhouses known as mitochondria dwindle.

Blau and her colleagues have long been interested in understanding muscle function after
muscle injury and in diseases like Duchenne muscular dystrophy. Previously, they found that a
molecule called prostaglandin E2 can activate muscle stem cells that spring into action to repair
damaged muscle fibers.

"We wondered whether this same pathway might also be important in aging,” Blau said. "We
were surprised to find that PGE2 not only augments the function of stem cells in regeneration,
but also acts on mature muscle fibers. It has a potent dual role."

Prostaglandin E2 levels are regulated by 15-PGDH, which breaks down prostaglandin E2. The
researchers used a highly sensitive version of mass spectrometry, a method for differentiating
closely related molecules, to determine that compared with young mice, the 15-PGDH levels are
elevated in the muscles of older animals, and the levels of prostaglandin E2 are lower.
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They found a similar pattern of 15-PGDH expression in human muscle tissues, as those from
people in their 70s and early 80s expressed higher levels than those from people in their mid-
20s.

"We knew from our previous work that prostaglandin E2 was beneficial for regeneration of young
muscles,” Palla said. "But its short half-life makes it difficult to translate into a therapy. When we
inhibited 15-PGDH, we observed a systemic elevation of prostaglandin E2 levels leading to a
bodywide muscle improvement in aged mice."

Inhibiting 15-PGDH

The researchers administered a small molecule that blocks the activity of 15-PGDH to the mice
daily for one month and assessed the effect of the treatment on the old and young animals.

"We found that, in old mice, even just partially inhibiting 15-PGDH restored prostaglandin E2 to
physiological levels found in younger mice," Blau said. "The muscle fibers in these mice grew
larger, and were stronger, than before the treatment. The mitochondria were more numerous,
and looked and functioned like mitochondria in young muscle."

Treated animals were also able to run longer on a treadmill than untreated animals.

When Palla and her colleagues performed the reverse experiment -- overexpressing 15-PGDH in
young mice -- the opposite occurred. The animals lost muscle tone and strength, and their
muscle fibers shrank and became weaker, like those of old animals.

Finally, the researchers observed the effect of prostaglandin E2 on human myotubes -- immature
muscle fibers -- growing in a lab dish. They found that treating the myotubes with prostaglandin
E2 caused them to increase in diameter, and protein synthesis in the myotubes was increased --
evidence that prostaglandin E2 worked directly on the muscle cells, not on other cells in the
tissue microenvironment.

"It's clear that this one regulator, 15-PGDH, has a profound effect on muscle function," Blau said.
"We're hopeful that these findings may lead to new ways to improve human health and impact
the quality of life for many people. That's one of my main goals."

Blau and Palla are studying more about what controls the levels and activity of 15-PGDH during
normal aging, and how it might affect the function of other tissues in the body.

"The mice perform better on a treadmill, but that requires more than just an increase in muscle
strength,” Blau said. "Other organ systems are involved -- the heart and lungs, for example. It
suggests an overall improvement in the function of the whole animal."

Story Source:

Materials provided by Stanford Medicine. Original written by Krista Conger. Note: Content may
be edited for style and length.

Journal Reference:

1. A.R. Palla, M. Ravichandran, Y. X. Wang, L. Alexandrova, A. V. Yang, P. Kraft, C. A.
Holbrook, C. M. Schiirch, A. T. V. Ho, H. M. Blau. Inhibition of prostaglandin-
degrading enzyme 15-PGDH rejuvenates aged muscle mass and strength. Science,
2020; eabc8059 DOI: 10.1126/science.abc8059
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< 33> One-step method to generate mice for vaccine research -- ScienceDaily

ONE-STEP METHOD TO GENERATE MICE
FOR VACCINE RESEARCH

Date:
December 15, 2020
Source:
Massachusetts General Hospital
Summary:
Researchers have developed a one-step method, which uses CRISPR/Cas9 technology,

to produce mice with genetically engineered human B cell receptors in just a few weeks.

FULL STORY

To develop vaccines and investigate human immune responses, scientists
rely on a variety of animal models, including mice that can produce human
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antibodies through genetically engineered B cell receptors, which are
specialized antibodies bound to the B cell membrane. These mice,
however, often take several years to develop, requiring a complicated
process of genetic modification and careful breeding.

"The time it takes to generate these specialized mice has been a major factor in delaying vaccine
development,” says Facundo Batista, PhD, associate director of the Ragon Institute of MGH, MIT
and Harvard. "With the recent advances in gene editing technology like CRISPR/Cas9, we knew
there had to be a way to speed up this process significantly."

Batista's group has developed a new method for generating mouse lines for pre-clinical vaccine
evaluation that dramatically shortens this timeline. In a study published recently in the

journal EMBO, this one-step method, which uses CRISPR/Cas9 technology, can produce mice
with genetically engineered human B cell receptors in just a few weeks.

To test this technology, the researchers engineered mice to have human B cell receptors that are
precursors to what are called broadly neutralizing HIV antibodies. These antibodies are known to
be effective in combating HIV, but they are difficult to stimulate through vaccination. The
precursors responded to an antigen currently being used in clinical HIV trials by generating
broadly neutralizing antibody-like mutations. The ability to quickly evaluate the ability of different
antigens to active these precursors has the potential to significantly accelerate vaccine
development.

The engineered B cells were not just capable of making high-quality antibodies; some became a
specialized form of B cell known as memory B cells, which are used to maintain long-lasting
immunity once antibodies are produced against a pathogen. This means the mice can likely be
used to quickly validate good candidate vaccines for HIV and other pathogens.

"This new technique may allow scientists studying vaccines and antibody evolution to
tremendously speed up their research," says Ragon research fellow Xuesong Wang, PhD, co-
first author on the paper.

Rashmi Ray, PhD, also co-first author and a Ragon research fellow, agrees: "It will allow
researchers to respond much more quickly and flexibly to new developments in the field."

Story Source:

Materials provided by Massachusetts General Hospital. Note: Content may be edited for style
and length.

Journal Reference:

1. Xuesong Wang, Rashmi Ray, Sven Kratochvil, Eleonora Melzi, Ying-Cing Lin, Sophie
Giguere, Liling Xu, John Warner, Diane Cheon, Alessia Liguori, Bettina Groschel, Nicole
Phelps, Yumiko Adachi, Ryan Tingle, Lin Wu, Shane Crotty, Kathrin H Kirsch, Usha Nair,
William R Schief, Facundo D Batista. Multiplexed CRISPR/CAS9-mediated
engineering of pre-clinical mouse models bearing native human B cell
receptors. The EMBO Journal, 2020; DOI: 10.15252/embj.2020105926
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<X >0h so simple: Eight genes enough to convert mouse stem cells into oocyte-like cells:
Surprisingly simple method could provide a new tool for producing specialized cytoplasm
for reproductive medicine -- ScienceDaily

OH SO SIMPLE: EIGHT GENES ENOUGH TO
CONVERT MOUSE STEM CELLS INTO
OOCYTE-LIKE CELLS

Surprisingly simple method could provide a new tool for producing specialized
cytoplasm for reproductive medicine
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Date:

December 16, 2020
Source:

Kyushu University
Summary:

By activating just eight genes for transcription factors, researchers have directly
converted mouse stem cells into oocyte-like cells that mature and can even be fertilized
like egg cells. In addition to giving new insight into egg cell development, the research
may lead to a simple route for generating large amounts of oocyte cytoplasm for use in
reproductive biology and medicine.

FULL STORY

In a new study published in the journal Nature, researchers in Japan report
that activating just eight genes for producing gene-controlling proteins is
enough to convert mouse stem cells directly into oocyte-like cells that
mature and can even be fertilized like egg cells.

On top of providing new insights into the mechanisms of egg cell development, the research may
lead to a simple route for generating highly specialized substances unique to oocytes for use in
reproductive biology and medicine.

Stored in the body until they mature into egg cells ready for fertilization, oocytes represent the
very first step in the creation a new human life.

Oocytes are extremely unique because of their ability to bring forth the over two hundred kinds of
highly differentiated cells needed to create an individual person, and one key to this ability is the
complex mixture of substances within the fluid-like cytoplasm filling the cells.

So extraordinary are oocytes and their cytoplasm that replacing an oocyte's DNA-containing
nucleus with that of a body cell -- a process called somatic cell nuclear transfer -- can produce a
new life, as famously demonstrated with Dolly the sheep.

Thus, a fundamental understanding of oocytes and their development is important for both
advancing reproductive medicine and better grasping how life propagates, but knowledge of the
many genes that orchestrate oocyte development is still far from complete.

Analyzing the development of oocytes from mice, researchers led by Katsuhiko Hayashi,
professor at Kyushu University's Faculty of Medical Sciences, have now identified eight genes for
gene-triggering proteins known as transcription factors that not only are necessary for oocyte
growth but also can directly convert mouse stem cells into oocyte-like cells.

"l was initially in complete disbelief to see mouse stem cells so quickly and easily take the form of
oocytes based on introducing just a handful of factors, but repeated experiments proved it was
true," says Nobuhiko Hamazaki, first author on the study reporting the results and assistant
professor at Kyushu University at the time of the research. "To find that eight transcription factors
could lead to such big changes was quite astonishing."

Working in collaboration with researchers at RIKEN, Hayashi's group found that both mouse
embryonic stem cells and induced pluripotent stem (iPS) cells -- which can be created from adult
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body cells -- consistently converted into oocyte-like cells when forced to produce the set of eight
transcription factors, with only four factors being sufficient in some cases though with worse
reproducibility.

"That stem cells can be directly converted into oocyte-like cells without following the same
sequence of steps that happen naturally is remarkable," says Hayashi.

When grown in the presence of other cells usually found around oocytes, the oocyte-like cells
developed structures similar to mature egg cells but with an abnormal chromosome structure.
Despite this, the mature oocyte-like cells could be fertilized in vitro and exhibited early
development, with some even progressing to an eight-cell stage.

Though the modified nuclei of the oocyte-like cells may not be useable in the long run, this is no
problem for applications needing mainly the oocyte cytoplasm, such as for studies of
reproductive biology and for treatments like mitochondrial replacement therapy, in which parts of
oocytes are replaced to prevent mothers from passing to their children diseases related to the
mitochondria.

"Cytoplasm from oocytes is an invaluable resource in reproductive biology and medicine, and this
method could provide a novel tool for producing large amounts of it without any invasive
procedures," comments Hayashi. "While the processes could still be much more complex for
humans, these initial results in mice are very promising."”

Story Source:

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

Journal Reference:

1. Nobuhiko Hamazaki, Hirohisa Kyogoku, Hiromitsu Araki, Fumihito Miura, Chisako
Horikawa, Norio Hamada, So Shimamoto, Orie Hikabe, Kinichi Nakashima, Tomoya S.
Kitajima, Takashi Ito, Harry G. Leitch, and Katsuhiko Hayashi. Reconstitution of the
oocyte transcriptional network with transcription factors. Nature, 2020
DOI: 10.1038/s41586-020-3027-9
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< FE 3L >Research strongly suggests COVID-1 virus enters the brain (medicalxpress.com)

RESEARCH STRONGLY SUGGESTS COVID-
19 VIRUS ENTERS THE BRAIN
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The S1 protein likely causes the brain to release inflammatory products causing a storm in
the brain, researchers said. Credit: Alice Gray

More and more evidence is coming out that people with COVID-19 are suffering from
cognitive effects, such as brain fog and fatigue.

And researchers are discovering why. The SARS-CoV-2 virus, like many viruses
before it, is bad news for the brain. In a study published Dec.16 in Nature
Neuroscience, researchers found that the spike protein, often depicted as the red
arms of the virus, can cross the blood-brain barrier in mice.

This strongly suggests that SARS-CoV-2, the cause of COVID-19, can enter the
brain.

The spike protein, often called the S1 protein, dictates which cells the virus can
enter. Usually, the virus does the same thing as its binding protein, said lead author
William A. Banks, a professor of medicine at the University of Washington School of
Medicine and a Puget Sound Veterans Affairs Healthcare System physician and
researcher. Banks said binding proteins like S1 usually by themselves cause
damage as they detach from the virus and cause inflammation.

"The S1 protein likely causes the brain to release cytokines and inflammatory
products,” he said.

In science circles, the intense inflammation caused by the COVID-19 infection is
called a cytokine storm. The immune system, upon seeing the virus and its proteins,

25


https://medicalxpress.com/tags/virus/
https://medicalxpress.com/tags/brain/
https://medicalxpress.com/tags/blood-brain+barrier/
https://medicalxpress.com/tags/binding+protein/

overreacts in its attempt to kill the invading virus. The infected person is left with
brain fog, fatigue and other cognitive issues.

Banks and his team saw this reaction with the HIV virus and wanted to see if the
same was happening with SARS CoV-2.

Banks said the S1 protein in SARS-CoV2 and the gp 120 protein in HIV-1 function
similarly. They are glycoproteins—proteins that have a lot of sugars on them,
hallmarks of proteins that bind to other receptors. Both these proteins function as the
arms and hand for their viruses by grabbing onto other receptors. Both cross the
blood-brain barrier and S1, like gp120, is likely toxic to brain tissues.

"It was like déja vu," said Banks, who has done extensive work on HIV-1, gp120, and
the blood-brain barrier.

The Banks' lab studies the blood-brain barrier in Alzheimer's, obesity, diabetes, and
HIV. But they put their work on hold and all 15 people in the lab started their
experiments on the S1 protein in April. They enlisted long-time collaborator Jacob
Raber, a professor in the departments of Behavioral Neuroscience, Neurology, and
Radiation Medicine, and his teams at Oregon Health & Science University.

The study could explain many of the complications from COVID-19.

"We know that when you have the COVID infection you have trouble breathing and
that's because there's infection in your lung, but an additional explanation is that the
virus enters the respiratory centers of the brain and causes problems there as well,"
said Banks.

Raber said in their experiments transport of S1 was faster in the olfactory bulb and
kidney of males than females. This observation might relate to the increased
susceptibility of men to more severe COVID-19 outcomes.

As for people taking the virus lightly, Banks has a message:

"You do not want to mess with this virus," he said. "Many of the effects that the

COVID virus has could be accentuated or perpetuated or even caused by virus
getting in the brain and those effects could last for a very long time."

Explore further

COVID-19 vaccines focus on the spike protein — but here's another target

More information: Elizabeth M. Rhea et al, The S1 protein of SARS-CoV-2 crosses the
blood-brain barrier in mice, Nature Neuroscience (2020). DOI: 10.1038/s41593-020-00771-8

Journal information: Nature Neuroscience
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< 3 >Mouse-controlled mouse helps researchers understand intentional control: Study sheds
light on how the brain represents causally-controlled objects -- ScienceDaily

MOUSE-CONTROLLED MOUSE HELPS
RESEARCHERS UNDERSTAND
INTENTIONAL CONTROL

Study sheds light on how the brain represents causally-controlled objects

Date:
December 22, 2020

Source:
Sainsbury Wellcome Centre

Summary:
Researchers have devised a brain machine interface (BMI) that allows mice to learn to
guide a cursor using only their brain activity. By monitoring this mouse-controlled mouse
moving to a target location to receive a reward, the researchers were able to study how
the brain represents intentional control.

FULL STORY
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We know that the brain can direct thoughts, but how this is achieved is
difficult to determine. Researchers at the Sainsbury Wellcome Centre have
devised a brain machine interface (BMI) that allows mice to learn to guide a
cursor using only their brain activity. By monitoring this mouse-controlled
mouse moving to a target location to receive a reward, the researchers
were able to study how the brain represents intentional control.

The study, published today in Neuron, sheds light on how the brain represents causally-
controlled objects. The researchers found that when mice were controlling the cursor, brain
activity in the higher visual cortex was goal-directed and contained information about the animal's
intention. This research could one day help to improve BMI design.

"Brain machine interfaces are devices that allow a person or animal to control a computer with
their mind. In humans, that could be controlling a robotic arm to pick up a cup of water, or moving
a cursor on a computer to type a message using the mind. In animals, we are using these
devices as models for understanding how to make BMiIs better," said the paper's first author, Dr
Kelly Clancy, who completed the study at the Sainsbury Wellcome Centre, University College
London, following previous work at Biozentrum, University of Basel.

"Right now, BMIs tend to be difficult for humans to use and it takes a long time to learn how to
control a robotic arm for example. Once we understand the neural circuits supporting how
intentional control is learned, which this work is starting to elucidate, we will hopefully be able to
make it easier for people to use BMIs," said co-author of the paper, Professor Tom Mrsic-Flogel,
Director of the Sainsbury Wellcome Centre, University College London.

Traditionally it has been difficult to study how causally-controlled objects are represented in the
brain. Imagine trying to determine how the brain represents a cursor it is controlling versus a
cursor it is passively watching. There are motor signals in the first case but not in the second, so
it is difficult to compare the two. With BMIs, the subject doesn't physically move, so a cleaner
comparison can be made.

In this study, the researchers used a technique called widefield brain imaging, which allowed
them to look at the whole dorsal surface of the cortex while the animal was using the BMI. This
technigue enabled an unbiased screen of the cortex to locate the areas that were involved in
learning to intentionally control the cursor.

Visual cortical areas in mice were found to be involved during the task. These areas included the
parietal cortex, an area of the brain implicated in intention in humans.

"Researchers have been studying the parietal cortex in humans for a long time. However, we
weren't necessarily expecting this area to pop out in our unbiased screen of the mouse brain.
There seems to be something special about parietal cortex as it sits between sensory and motor
areas in the brain and may act as a way station between them," added Dr Kelly Clancy.

By delving deeper into how this way station works, the researchers hope to understand more
about how control is exerted by the brain. In this study, mice learned to map their brain activity to
sensory feedback. This is analogous to how we learn to interact with the world -- for example, we
adjust how we use a computer mouse depending on its gain setting. Our brains build
representations of how objects typically behave, and execute actions accordingly. By
understanding more about how such rules are generated and updated in the brain, the
researchers hope to be able to improve BMls.

Story Source:
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Materials provided by Sainsbury Wellcome Centre. Note: Content may be edited for style and
length.
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< X >New research highlights the importance of a forgotten organ in ensuring healthy
pregnancies -- ScienceDaily

NEW RESEARCH HIGHLIGHTS THE
IMPORTANCE OF A FORGOTTEN ORGAN IN
ENSURING HEALTHY PREGNANCIES

Date:

December 23, 2020
Source:

University of British Columbia
Summary:

An international research team has uncovered for the first time the importance of a small
gland tucked behind the sternum that works to prevent miscarriage and diabetes in
pregnant women.
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FULL STORY

An international research team led by the University of British Columbia
(UBC) has uncovered for the first time the importance of a small gland
tucked behind the sternum that works to prevent miscarriage and diabetes
in pregnant women.

The organ in question is the thymus, identified in a study published today in the journal Nature as
playing a significant role in both metabolic control and immunity in pregnancy.

How the immune system adapts to support mother and fetus has puzzled researchers for
decades. The study -- conducted by an international research team, including UBC's Dr. Josef
Penninger -- reveals an answer. The researchers have found that female sex hormones instruct
important changes in the thymus, a central organ of the immune system, to produce specialized
cells called Tregs to deal with physiological changes that arise in pregnancy.

The researchers also identified RANK, a receptor expressed in a part of the thymus called the
epithelium, as the key molecule behind this mechanism.

"We knew RANK was expressed in the thymus, but its role in pregnancy was unknown," says the
study's senior author Dr. Penninger, professor in the department of medical genetics and director
of the Life Sciences Institute at UBC.

To get a better understanding, the authors studied mice where RANK had been deleted from the
thymus.

"The absence of RANK prevented the production of Tregs in the thymus during pregnancy. That
resulted in less Tregs in the placentas, leading to elevated rates of miscarriage,” says the study's
lead author Dr. Magdalena Paolino, assistant professor in the department of medicine at the
Karolinska Institutet.

The findings also offer new molecular insights into the development of diabetes during
pregnancy, known as gestational diabetes, a disease that affects approximately 15 percent of
women in pregnancy worldwide, and about which scientists still know little.

In healthy pregnancies, the researchers found that Tregs migrated to the mother's fat tissue to
prevent inflammation and help control glucose levels in the body. Pregnant mice lacking RANK
had high levels of glucose and insulin in their blood and many other indicators of gestational
diabetes, including larger-than-average young.

"Similar to babies of women with diabetes in pregnancy, the newborn pups were much heavier
than average," says Dr. Paolino.

The deficiency of Tregs during pregnancy also resulted in long-lasting, transgenerational effects
on the offspring. The pups remained prone to diabetes and overweight throughout their life
spans. Giving the RANK-deficient mice thymus-derived Tregs isolated from normal pregnancies
reversed all their health issues, including miscarriage and maternal glucose levels, and also
normalized the body weights of the pups.

The researchers also analyzed women with diabetes in pregnancy, revealing a reduced number
of Tregs in their placentas, similar to the study on mice.

"The discovery of this new mechanism underlying gestational diabetes potentially offers new
therapeutic targets for mother and fetus in the future,” says co-author Dr. Alexandra Kautzky-
Willer, a clinician-researcher based at the Medical University of Vienna.

32



"The thymus changes massively during pregnancy and how such rewiring of an entire tissue
contributes to a healthy pregnancy has been one of the remaining mysteries of immunology,"
adds Dr. Penninger. "Our work over many years has now not only solved this puzzle --
pregnancy hormones rewire the thymus via RANK -- but uncovered a new paradigm for its
function: the thymus not only changes the immune system of the mother so it does not reject the
fetus, but the thymus also controls metabolic health of the mother.

"This research changes our view of the thymus as an active and dynamic organ required to
safeguard pregnancies,” says Dr. Penninger.

Story Source:

Materials provided by University of British Columbia. Note: Content may be edited for style
and length.
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<3 >Discovery of aging mechanism for hematopoietic stem cells: Limited rejuvenation of aged
hematopoietic stem cells in young bone marrow niche -- ScienceDaily

DISCOVERY OF AGING MECHANISM FOR
HEMATOPOIETIC STEM CELLS

Limited rejuvenation of aged hematopoietic stem cells in young bone marrow

niche

Date:

December 24, 2020

Source:

The Institute of Medical Science, The University of Tokyo

Summary:
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By transferring mouse aged hematopoietic stem cells (aged HSCs) to the environment of
young mice (bone marrow niche), it was demonstrated that the pattern of stem cell gene
expression was rejuvenated to that of young hematopoietic stem cells.

FULL STORY

By transferring mouse aged hematopoietic stem cells (aged HSCs, *1) to
the environment of young mice (bone marrow niche, *2), it was
demonstrated that the pattern of stem cell gene expression was
rejuvenated to that of young hematopoietic stem cells. On the other hand,
the function of aged HSCs did not recover in the young bone marrow niche.
The epigenome (DNA methylation, *3) of aged HSCs did not change
significantly even in the young bone marrow niche, and DNA methylation
profiles were found to be a better index than the gene expression pattern of
aged HSCs.

A research group led by Professor Atsushi lwama at the Division of Stem Cell and Molecular
Medicine, The Institute of Medical Science, The University of Tokyo (IMSUT) announced these
world-first results and was published in the Journal of Experimental Medicine (online) on
November 24th.

"The results will contribute to the development of treatments for age-related blood diseases,"
states lead scientist, Professor lwama at IMSUT.

Focus on changes in aged HSCs in the bone marrow niche

The research group investigated whether rejuvenating aged HSCs in a young bone marrow niche
environment would rejuvenate.

Tens of thousands of aged hematopoietic stem/progenitor cells collected from 20-month-old mice
were transplanted into 8-week-old young mice without pretreatment such as irradiation. After two
months of follow-up, they collected bone marrow cells and performed flow cytometric analysis.

The research team also transplanted 10-week-old young mouse HSCs for comparison. In
addition, engrafted aged HSCs were fractionated and RNA sequence analysis and DNA
methylation analysis were performed.

They found that engrafted aged HSCs were less capable of producing hematopoietic cells than
younger HSCs. They also showed that differentiation of aged HSCs into multipotent progenitor
cells was persistently impaired even in the young bone marrow niche, and that the direction of
differentiation was biased. It was found that the transfer of aged HSCs to the young bone marrow
niche does not improve their stem cell function.

A more detailed analysis may reveal mechanisms that irreversibly affect aged HSC
function

Aging studies focusing on HSCs have been actively pursued in mice using a bone marrow
transfer model. However, the effect of aging on HSCs remains to be clarified.

Professor Iwama states as follows."This study has a significant impact because it clarified the
effect of aging on HSCs. Our results are expected to contribute to further elucidation of the
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mechanism of aging in HSCs and understanding of the pathogenic mechanism of age-related
blood diseases."

Story Source:

Materials provided by The Institute of Medical Science, The University of Tokyo. Note:
Content may be edited for style and length.
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