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NEW TREATMENT FOR DRUG-RESISTANT
BACTERIAL INFECTIONS

Date:

September 2, 2020
Source:

Thayer School of Engineering at Dartmouth
Summary:

A new antibacterial agent that has been engineered to essentially hide from the human
immune system may treat life-threatening MRSA infections. A new article provides details
on the agent, which is the first lysin-based treatment with the potential to be used multiple
times on a single patient, making it ideal to treat particularly persistent drug-resistant and
drug-sensitive infections.



https://www.sciencedaily.com/releases/2020/09/200902182421.htm

FULL STORY

A new antibacterial agent that has been engineered by researchers at
Dartmouth to essentially hide from the human immune system may treat
life-threatening MRSA infections. A new paper, published today in Science
Advances, provides details on the agent, which is the first lysin-based
treatment with the potential to be used multiple times on a single patient,
making it ideal to treat particularly persistent drug-resistant and drug-
sensitive infections.

The Centers for Disease Control and Prevention (CDC) has prioritized finding effective treatment
of Methicillin-resistant Staphylococcus aureus (MRSA), one of the most common bacterial
pathogens and the single most deadly drug-resistant bacteria in the United States. Now, a new
study led by Dartmouth Engineering faculty shows promise for an engineered lysin-based
antibacterial agent that may enable safe, repeated dosing to treat life-threatening infections by
MRSA and other types of S. aureus.

In recent years, lysins -- enzymes naturally produced by microbes and associated viruses -- have
shown potential to treat S. aureus, which can rapidly acquire resistance to other types of
antibiotic drugs.

"Lysins are one of the most promising next-generation antibiotics. They kill drug-sensitive and
drug-resistant bacteria with equal efficacy, they can potentially suppress new resistance
phenotypes, and they also have this laser-like precision," said Karl Griswold, corresponding
author and associate professor of engineering at Dartmouth.

While there is promise in lysins, development has been slowed due to concerns that they prompt
humans' immune systems to develop antidrug antibodies, which can have negative side effects
including life-threatening hypersensitivity reactions.

That's why the Dartmouth Engineering team -- which also included researchers in Dartmouth's
computer science department, The Lundquist Institute at Harbor-UCLA Medical Center, Lyticon,
and Stealth Biologics -- engineered and patented F12, a new lysin-based antibacterial agent. F12
is essentially able to hide from the human immune system (due to T cell epitope deletion), and
therefore does not cause the same negative side effects as unmodified, natural lysins.

F12 is the first lysin-based treatment with the potential to be used multiple times on a single
patient, making it ideal to treat particularly persistent drug-resistant and drug-sensitive infections.
Preclinical studies showed the efficacy of F12 does not diminish with repeated doses, while two
other anti-MRSA lysin treatments currently in clinical trials are only designed to be used a single
time.

"We have engineered this super potent, super effective anti-MRSA biotherapeutic, and we've
done it in a way that renders it compatible with and largely invisible to the human immune
system. By making it a safer drug, we've enabled the possibility of dosing multiple times in order
to treat even the most highly refractory infections," said Griswold.

The team's paper, "Globally deimmunized lysostaphin evades human immune surveillance and
enables highly efficacious repeat dosing," was published earlier today by Science Advances. The
work was the result of two grants from the National Institutes of Health (NIH) totaling $1.7 million.

The paper details the treatment's positive results in rabbits, mice with partially-humanized
immune systems, and studies with extracted human immune cells. Griswold believes the
antibacterial agent could be ready for human clinical trials as soon as 2023.



"This is the first report of a translation-ready deimmunized lysin, and F12 has serious, bonafide
clinical potential,” said Griswold.

Further studies of F12 will examine synergy with standard-of-care antibacterial chemotherapies;
preliminary results suggest the combinations are extremely potent and suppress drug-resistance
phenotypes.

Story Source:

Materials provided by Thayer School of Engineering at Dartmouth. Original written by Julie
Bonette. Note: Content may be edited for style and length.
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HEARING LOSS IN NAKED MOLE-RATS IS
AN ADVANTAGE, NOT A HARDSHIP

Date:
September 3, 2020
Source:

University of lllinois at Chicago

10


https://www.sciencedaily.com/releases/2020/09/200903145006.htm

Summary:

With six mutations in genes associated with hearing, naked mole-rats can barely hear the
constant squeaking they use to communicate with one another. This hearing loss, which
is strange for such social, vocal animals, is an adaptive, beneficial trait, according to new
findings.

FULL STORY

If naked mole-rats were human, they would be prescribed hearing aids.
With six mutations in genes associated with hearing, naked mole-rats can
barely hear the constant squeaking they use to communicate with one
another. This hearing loss, which is strange for such social, vocal animals,
Is an adaptive, beneficial trait, according to new findings published in the
journal Current Biology.

Naked mole-rats are East African hairless mammals that are bald and wrinkly with buck teeth.
They live in underground colonies and their social structure resembles that of bees -- there are
soldiers, workers and a queen. A lot of cooperation is required for a mole-rat colony to function.
Naked mole-rats need to decide where to dig, how to defend the colony, and how to convey the
location of food sources, and much of this is accomplished by vocal communication.

"Naked mole-rats are constantly chirping and squeaking," said Thomas Park, professor of
biological sciences and neuroscience at the University of lllinois Chicago and one of the lead
authors on the paper.

Park has been studying naked mole-rats for decades and has described some of their odd traits,
such as their ability to thrive under conditions of low oxygen underground and their high
tolerance for pain.

"We were curious about their hearing since they are so vocal, but research had suggested that
their hearing is actually quite bad," Park said.

Park and colleagues tested the hearing of mole-rats using technology similar to that used for
testing human hearing. They performed an auditory brain stem response test, during which
electrodes placed on the scalp pick up signals indicative of sound being processed in the brain.
The researchers found the signals were weak, confirming naked mole-rats have poor hearing. In
fact, "their hearing is so bad that they would be candidates for hearing aids if they were people,"”
Park said.

Once the hearing loss was confirmed, Park and colleagues turned to the mole-rats' genetics and
found six mutations in genes associated with hearing loss in humans.

"The fact that there were so many of these mutations strongly suggests that these mutations
were selected for because they are adaptive in some way," Park explained.

The researchers also found the naked mole-rats lacked cochlear amplification, a process by
which specialized cells in the inner ear help amplify sound signals before those signals are sent
to the brain. Cochlear amplification is aided by cells called outer hair cells, which are located in
the inner ear. Without proper functioning of these cells, sounds are severely dampened.

"If the naked mole-rats didn't have these mutations, the constant noise they produce could
actually kill the hair cells responsible for hearing," Park said.
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Hair cells receive auditory vibrations and send signals to the brain where they are interpreted as
sound. Really loud sounds actually kill hair cells, which, unlike other types of cells, can't
regenerate. Park said this is why hearing loss in most mammals is progressive.

"Because the naked mole-rats lack functional cochlear amplification, the sounds they hear don't
ever get up to a level where they are lethal to hair cells, and so the naked mole-rats can
withstand this constant cacophony without going totally deaf," Park said. "They are the only
mammals we know of that lack cochlear amplification."

The new findings suggest that mole rats may be a good animal model to investigate hearing loss
in humans.

Story Source:

Materials provided by University of lllinois at Chicago. Note: Content may be edited for style
and length.
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NEWS RELEASE 4-SEP-2020

OFFSPRING OF MICE FED IMBALANCED
DIETS SHOWN TO BE NEUROLOGICALLY
'PROGRAMMED' FOR OBESITY

HIROSHIMA UNIVERSITY
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IMAGE: THE MAGENTA STAINING SHOWS BRAIN CELLS THAT RELEASE DOPAMINE. THE GREEN

STAINING SHOWS NEWLY GENERATED CELLS. THE BLUE STAINING SHOWS ALL CELLS. view more

Pregnant mice fed a diet high in omega-6 fats and low in omega-3 fats produce offspring that go
on to exhibit "hedonic"--pleasurable but excessive--levels of consumption of hyper-caloric diets,
according to researchers at Hiroshima University.

Omega-6 fats are found in grapeseed oil, corn oil and sesame oil, and are a staple of several
salad dressings in world cuisine. Omega-3 fats are found in fish, perilla oil, and linseed oil. A diet
balanced with these fats is considered essential for healthy brain growth.
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The researchers also found that the offspring exhibit increased in utero growth of dopamine-
producing neurons in the midbrain--the neurological reward system. They believe that exposure
to this high omega-6/low omega-3 diet increases growth in these neurons in the fetus's brain
during a specific period during pregnancy, driving dopamine release in the offspring's brain, and
thus primes the offspring for hedonic consumption of sugar- or fat-rich diets over the course of
their life.

The findings were published in the peer-reviewed journal Communications Biology, on August
28.

Meanwhile, mice whose mothers had not consumed the imbalanced omega-6/omega-3 diet did
not exhibit as much overeating behavior, even when tempted by the presence of such food.

Since the 1960s, the Western diet has experienced a significant uptick in the presence of
polyunsaturated omega-6 fats, and in ratios to polyunsaturated omega-3 fats that historically
humans had never experienced before.

The ratio between these two types of fats is important because biochemically they compete with
each other for incorporation into cell membranes, and an omega-6/omega-3 imbalance in the
membranes of red blood cells is correlated with weight gain. An earlier study on mice had found
that consumption of an imbalanced omega-6/omega-3 diet by the pregnant mother replicates this
imbalance in the offspring's brain and even impairs brain development.

The Hiroshima researchers also found that a dopamine-inhibiting drug eliminates the hedonic
consumption of the offspring, further supporting the notion that the dopamine signaling plays a
critical role in driving this behavior.

"This suggests that adult mice gorging themselves on hyper-caloric diets were in effect
neurologically programmed to do so by their mother's own consumption patterns,” said Nobuyuki
Sakayori, paper author and assistant professor from the Graduate School of Biomedical and
Health Sciences at Hiroshima University.

The scientists were keen to stress that the ratio of omega-6 to omega-3 fat in the mouse diet is
much higher than that experienced by most humans, and that their work lays the foundation for
further, epidemiological studies on humans to see if the pattern holds for us.

But if it does, this could provide a new strategy for preventing obesity in children by managing the
type of fats that pregnant mothers consume, akin to how mothers today generally avoid
consumption of alcohol.

"This could work much better than existing anti-obesity campaigns or food taxes," Sakayori
continued, "because instead of fighting against the brain's reward system, such a strategy
focuses right from the start on the development of that system."
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Since its foundation in 1949, Hiroshima University has striven to become one of the most
prominent and comprehensive universities in Japan for the promotion and development of
scholarship and education. Consisting of 12 schools for undergraduate level and 4 graduate
schools, ranging from natural sciences to humanities and social sciences, the university has
grown into one of the most distinguished comprehensive research universities in Japan. English
website: https://www.hiroshima-u.ac.jp/en

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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STRONGER BONES THANKS TO HEAT AND
MICROBIOTA
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Osteoporosis, a bone disease linked to aging, is characterized by a loss of bone
density, micro-architectural deterioration of the bones and an increased risk of
fractures. With one third of postmenopausal women affected, it is a major public
health problem. Through epidemiological analyses, laboratory experiments and
state-of-the-art metagenomic and metabolomics tools, a research team from the
University of Geneva (UNIGE), in Switzerland, has observed that exposure to
warmer ambient temperatures (34 °C) increases bone strength, while preventing the
loss of bone density typical of osteoporosis. Moreover, this phenomenon, linked to a
change in the composition of gut microbiota triggered by heat, could be replicated by
transplanting the microbiota of mice living in a warm environment to mice suffering
from osteoporosis. Indeed, after the transplant, their bones were stronger and
denser. These results, to be discovered in Cell Metabolism, make it possible to
imagine effective and innovative interventions for prevention and treatment of
osteoporosis.

Many biologists are familiar with Allen's Rule, from 19th-century naturalist Joel
Asaph Allen, according to which animals living in warm areas have a larger surface
area in relation to their volume than animals living in colder environment. Indeed, a
larger skin surface allows better evacuation of body heat. "In one experiment, we
placed newborn mice at a temperature of 34 °C in order to minimize the heat shock
associated with their birth. We found that they had longer and stronger bones,
confirming that bone growth is affected by ambient temperature,” explains Mirko
Trajkovski, Professor at the Department of Cell Physiology and Metabolism and at
the Diabetes Centre of the UNIGE Faculty of Medicine, who led the study. But what
about adulthood?

Consistent epidemiological data
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By placing several groups of adult mice in a warm environment, the scientists
observed that while bone size remained unchanged, bone strength and density were
largely improved. They then repeated their experiment with mice after an
ovariectomy modeling post-menauposal osteoporosis. "The effect was very
interesting," says Claire Chevalier, then a researcher in Professor Trajkovski's
laboratory and the first author of this work. "The simple fact of warming the living
environment of our mice protected them from the bone loss typical of osteoporosis!"

What about human beings? The research team analyzed global epidemiological data
on the incidence of osteoporosis in relation to the average temperature, latitude,
calcium consumption and vitamin D levels. Interestingly, they found that the higher
the temperature, the fewer hip fractures—one of the main consequences of
osteoporosis— regardless of other factors. "We found a clear correlation between
geographical latitude and hip fractures, meaning that in the northern countries the
incidence is higher compared to the warmer south,” says Mirko Trajkovski.
"Normalizing the analysis of the known players such as vitamin D or calcium did not
modify this correlation. However, when we excluded the temperature as the
determinant, the correlation was lost. This is not to say that calcium or vitamin D do
not play a role, either alone or in combination. However, the determining factor is
heat—or lack thereof."

How the microbiota adapts

Specialists in the microbiota, the Geneva scientists wanted to understand its role in
these metabolic modifications. To this end, they transplanted the microbiota of mice
living in a 34° environment to osteoporotic mice, whose bone quality was rapidly
improved. "These findings may imply an extension to Allen's rule, suggesting
elongation-independent effects of the warmth, which predominantly favors bone
density and strength during adulthood through microbiota alterations," says Mirko
Trajkovski.

Thanks to the state-of-the-art metagenomic tools developed in their laboratory, the
scientists then succeeded in understanding the role played by microbiota. When
adapts to heat, it leads to a disruption in the synthesis and degradation of
polyamines, molecules that are involved in aging, and in particular in bone health.
"With heat, the synthesis of polyamines increases, while their degradation is
reduced. They thus affect the activity of osteoblasts (the cells that build bones) and
reduce the number of osteoclasts (the cells that degrade bones). With age and
menopause, the exquisite balance between the osteoclast and osteoblast activity is
disrupted," explains Claire Chevalier. "However, heat, by acting on the polyamines,
which we found to be partly regulated by the microbiota, can maintain the balance
between these two cell groups.” These data therefore indicate that exposure to
warmth could be a prevention strategy against osteoporosis.

Developing new treatments
The influence of microbiota on metabolism is being better understood. However, in
order to be able to use this knowledge to develop therapeutic strategies, scientists

must identify precisely the role of particular bacteria in particular diseases. In the
context of their work on osteoporosis, Professor Trajkovski's team has been able to
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identify certain important bacteria. "We still need to refine our analyses, but our
relatively short-term goal would be to identify candidate bacteria, and develop
several 'bacterial cocktails' to treat metabolic and bone disorders, such

as osteoporosis, but also to improve insulin sensitivity, for example," the authors
conclude.

Explore further

Modulating bone cell recruitment to prevent osteoporosis

More information: Claire Chevalier et al, Warmth Prevents Bone Loss Through the Gut
Microbiota, Cell Metabolism (2020). DOI: 10.1016/j.cmet.2020.08.012

Journal information: Cell Metabolism

Provided by University of Geneva
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ALLERGIC IMMUNE RESPONSES HELP
FIGHT BACTERIAL INFECTIONS
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S S ote A R b T N r
Artistic 3D of a mast cell (in the center of the picture) with IgE antibodies (in blue), which
bound to the receptor Fc?RI (in pink) on the cell surface and Staphylococcus aureus
bacteria (in gold). The IgE antibodies were induced during an earlier S. aureus infection and
recognize bacterial toxins (in green). Upon re-infection with S. aureus (as shown) the IgE
antibodies increase the mast cell response to S. aureus toxins (in green), leading to
enhanced release of mast cell granules (in red) and antibacterial activity Credit: Bobby R.

Malhotra/CeMM

Allergy is one of the most common diseases in Europe, it is estimated that more than
150 million Europeans suffer from recurring allergies and by 2025 this could have
increased to half of the entire European population.1 Allergic patients initially
undergo a process of 'sensitization," meaning that their immune system develops a
specific class of antibodies, so called Immunoglobulin E antibodies (IgE), which can
recognize external proteins, referred to as allergens. IgEs bind and interact with cells
that express a specific receptor called FceR1. There are only a few cell types in the
body that express the FceR1 receptor and probably the most important ones are
mast cells, a type of immune cell found in most tissues throughout the body.

When re-exposed to the allergen, mast cells (with IgE bound to their FceR1
receptors) immediately react by rapidly releasing different mediators (e.g. histamine,
proteases or cytokines) that cause the classic allergic symptoms. These symptoms
depend on the tissue where the contact with the allergen happens and can range
from sneezing/wheezing (respiratory tract) to diarrhea and abdominal pain
(gastrointestinal tract) or itching (skin). Systemic exposure to allergens can activate a
large number of mast cells from different organs at the same time, causing
anaphylaxis, a serious and life-threatening allergic reaction.

Despite decades of research and detailed knowledge of the critical role of IgEs and
mast cells in allergies, the physiological, beneficial function of this "allergy module" is
still not completely understood. In 2006, Stephen J. Galli, senior co-author of this
study, and his laboratory at Stanford University revealed the importance of mast cells
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for innate resistance against venoms of certain snakes and the honeybee.
Subsequent work from the Galli laboratory showed the critical role of the 'allergy
module' in acquired host defense against high doses of venom: this finding (to which
Philipp Starkl, first author of the current study, contributed importantly) represented
the first clear experimental evidence supporting the 'Toxin Hypothesis' postulated by
Margie Profet in 1991. This hypothesis proposed a beneficial function for allergic
reactions against noxious substances.

Following up on this discovery, Philipp Starkl, Senior Postdoctoral fellow at the
Medical University of Vienna and CeMM, together with Sylvia Knapp, Professor at
the Medical University of Vienna and CeMM PI, and Stephen J. Galli, Professor at
Stanford University School of Medicine, and colleagues, set out to investigate
whether this phenomenon could be relevant in defense against other toxin-producing
organisms, in particular, pathogenic bacteria. The authors selected the

bacterium Staphylococcus aureus as pathogen model due to its enormous clinical
relevance and broad repertoire of toxins. This bacterium is a prototypic antibiotics-
resistant pathogen and is also associated with the development of allergic immune
responses in diseases such as asthma and atopic dermatitis. For their research, they
used different experimental S. aureus infection models in combination with genetic
approaches and in vitro mast cell models to reveal the functions of selected
components of IgE effector mechanisms.

The scientists found that mice with a mild S. aureus skin infection develop an
adaptive immune response and specific IgEs antibodies against bacterial
components. This immune response grants these mice an increased resistance
when they are confronted with a severe secondary lung or skin and soft tissue
infection. However, mice that are lacking functional IgE effector mechanisms or mast
cells are unable to build such protection. These findings indicate that the "allergic”
immune response against bacteria is not pathological, but instead protective. Hence,
defense against toxin-producing pathogenic bacteria might be an important biological
function of the allergy module.

This study is an important collaboration initiated by Philipp Starkl at the laboratory of
Stephen J. Galli at Stanford University together with other colleagues and then
continued at the laboratory of Sylvia Knapp at CeMM and the Medical University of
Vienna. This exciting discovery not only advances the general understanding of the
immune system and most notably allergic immune responses, but it could also
explain why the body has maintained the allergy module throughout evolution.
Despite their dangerous contributions to allergic diseases, IgEs and mast cells can
exert beneficial functions that the immune system can capitalize on to protect the
body against venoms and infections with toxin-producing bacteria, such as S.
aureus.

Explore further

Bee sting allergy could be a defense response gone haywire, scientists finds
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More information: Philipp Starkl et al, IgE Effector Mechanisms, in Concert with Mast Cells,
Contribute to Acquired Host Defense against Staphylococcus aureus, Immunity (2020). DOI:
10.1016/j.immuni.2020.08.002

Journal information: Immunity

Provided by CeMM Research Center for Molecular Medicine of the Austrian Academy of
Sciences
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HUMANS DEVELOP MORE SLOWLY THAN
MICE BECAUSE OUR CHEMISTRY IS
DIFFERENT

Date:

September 17, 2020
Source:

RIKEN
Summary:

Scientists have found that the 'segmentation clock' -- a genetic network that governs the
body pattern formation of embryos -- progresses more slowly in humans than in mice
because the biochemical reactions are slower in human cells. The differences in the
speeds of biochemical reactions may underlie differences between species in the tempo
of development.

FULL STORY

Scientists from the RIKEN Center for Biosystems Dynamics Research,
European Molecular Biology Laboratory (EMBL) Barcelona, Universitat
Pompeu Fabra, and Kyoto University have found that the "segmentation
clock" -- a genetic network that governs the body pattern formation of
embryos -- progresses more slowly in humans than in mice because the
biochemical reactions are slower in human cells. The differences in the
speeds of biochemical reactions may underlie differences between species
in the tempo of development.

In the early phase of the development of vertebrates, the embryo develops into a series of
"segments"” that eventually differentiate into different types of tissues, such as muscles or the
ribs. This process is known to be governed by an oscillating biochemical process, known as the
segmentation clock, which varies between species. For example, it is about two hours in mice,
and about five hours in humans. Why the length of this cycle varies between species has
remained a mystery, however.

To solve this mystery, the group began experiments using embryonic stem cells for mice and
induced pluripotent stem (iPS) cells which they transformed into presomitic mesoderm (PSM)
cells, the cells that take part in the segmentation clock.
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They began by examining whether something different was happening in the network of cells or
whether there was a difference in the process within cells. They found, using experiments that
either blocked important signals or put cells in isolation, that the latter is true.

With the understanding that processes within cells were key, they suspected that the difference
might be within the master gene -- HES7 -- which controls the process by repressing its own
promoter, and did a number of complex experiments where they swapped the genes between
the human and mouse cells, but this did not change the cycle.

According to corresponding author Miki Ebisuya, who performed the work both at RIKEN BDR
and EMBL Barcelona, "Failing to show a difference in the genes left us with the possibility that
the difference was driven by different biochemical reactions within the cells." They looked at
whether there were differences in factors such as the degradation rate of the HES7 protein, an
important factor in the cycle. They looked at a number of processes including how quickly mouse
and human proteins were degraded and found, confirming the hypothesis, that both proteins
were degraded more slowly in human cells than in mouse cells. There were also differences in
the time it took to transcribe and translate HES7 into proteins, and the time it took for HES7
introns to be spliced. "We could thus show," says Ebisuya, "that it was indeed the cellular
environment in human and mouse cells that is the key to the differential biochemical reaction
speeds and thus differential time scales."

She continues, "Through this we have come up with a concept that we call developmental
allochrony, and the present study will help us to understand the complicated process through
which vertebrates develop. One of the key remaining mysteries is exactly what is difference
between the human and mouse cells that drives the difference in reaction times, and we plan to
do further studies to shed light on this."”

Story Source:

Materials provided by RIKEN. Note: Content may be edited for style and length.
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NEW STUDY REVEALS WHY FLU CAN BE
DEVASTATING FOR PREGNANT WOMEN

PRE-CLINICAL STUDY SUGGESTS VIRUS DOES NOT STAY IN THE LUNGS
BUT SPREADS THROUGHOUT THE MOTHER'S BODY

Date:

September 22, 2020
Source:

RMIT University
Summary:

New research overturns current scientific thinking on flu infection in pregnancy. The study
helps explain why influenza can lead to life-threatening complications during pregnancy.
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The research also has implications for our understanding of how COVID-19 may be
affecting the vascular system.

FULL STORY

New research helps explain why flu can lead to life-threatening
complications during pregnancy, suggesting the virus does not stay in the
lungs but spreads throughout the mother's body.

The pre-clinical study has overturned current scientific thinking on the reasons why flu infections
affect pregnant women and their babies so severely.

The findings could also help researchers working to understand the fundamental biology of how
COVID-19 spreads from the lungs into the body.

The research, in animal models, showed that during pregnancy flu spreads from the lungs
through the blood vessels into the circulatory system, triggering a damaging hyperactive immune
response.

Led by RMIT University in collaboration with researchers and clinicians from Ireland and
Australia, the new study is published in the Proceedings of the National Academy of Sciences.

Lead author Dr Stella Liong said the research suggests the vascular system is at the heart of the
potentially devastating complications caused by influenza during pregnancy.

"We've known for a long time that flu can cause serious maternal and fetal complications, but
how this happens has not been clearly understood," Liong, a Vice-Chancellor's Postdoctoral
Fellow at RMIT, said.

"Conventional thinking has blamed the suppressed immune system that occurs in pregnancy but
what we see is the opposite effect -- flu infection leads to a drastically heightened immune
response.

"The inflammation we found in the circulatory system is so overwhelming, it's like a vascular
storm wreaking havoc throughout the body.

"We need further research to clinically validate our findings but the discovery of this new
mechanism is a crucial step towards the development of flu therapies designed specifically for
pregnant women."

Professor John O'Leary, Trinity College Dublin, said the study represented a landmark advance
in our understanding of viral infections and pregnancy.

"The discovery of an influenza-induced 'vascular storm' is one of the most significant
developments in inflammatory infectious diseases over the last 30 years and has significant
implications for other viral infections, including COVID-19," he said.

Understanding flu and pregnancy

Influenza is not directly passed from mother to baby, but its potentially devastating effect on the
mother is closely connected to the complications suffered by the baby.

Pregnant women who develop influenza are at higher risk of hospitalisation with pneumonia and
other complications, while babies of mothers severely affected by flu are at increased risk of fetal
growth restriction, miscarriage and preterm births.
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Scientists have previously thought the reason flu has such serious health impacts is because the
immune system is suppressed during pregnancy to enable the fetus to thrive, making it harder to
fight infections.

But the new research on Influenza A shows the virus behaves very differently in the bodies of
pregnant and non-pregnant mice.

In non-pregnant mice, the flu infection remains localised to the lungs. But in pregnant mice, the
virus spreads into the circulatory system via the blood vessels.

This leads to intense inflammation that drastically affects the function of large blood vessels,
which severely impacts on the health of the mother and can also restrict blood flow to the
growing fetus.

Flu-induced vascular storm

In the new study, researchers found pregnant mice with flu had severe inflammation in the large
blood vessels and the aorta, the major conduit artery from the heart.

While a healthy blood vessel dilates 90-100% to let blood flow freely, the flu-infected blood
vessels functioned at only 20-30% of capacity.

Lead investigator Associate Professor Stavros Selemidis, RMIT, said even a small change in the
diameter of a blood vessel could have profound changes to blood flow.

"We found a dramatic difference in these inflamed blood vessels, which can seriously affect how
much blood makes it to the placenta and all the organs that help support the growing baby,"
Selemidis said.

"We've known that flu infection in pregnancy results in an increased risk of babies being smaller
and suffering oxygen starvation.

"Our research shows the critical role that the vascular system could be playing in this, with
inflammation in the blood vessels reducing blood flow and nutrient transfer from mum to baby."

While the researchers did not directly measure blood flow, the study found an increase in
biomarkers for oxygen starvation in the fetuses of the flu-infected mice.

Why pregnancy makes a difference

During pregnancy, the placenta secretes proteins and releases fetal DNA into the mother's
blood, which can cause underlying inflammation.

The new study suggests the influenza infection may tip that underlying inflammation in the
mother's body over the edge, into a full-blown systemic inflammatory event.

Selemidis said the research also revealed a new connection to pre-eclampsia, a dangerous
pregnancy complication characterised by high blood pressure.

"We found the same protein that is elevated in pre-eclampsia is also significantly elevated with
flu," he said.

"While it will take further research to unpack this link, it could mean drugs targeting vascular
inflammation that are currently being tested could potentially be repurposed in future for flu
infection in pregnancy."

Coronavirus connection

Liong said the research also has implications for our understanding of how the COVID-19 virus
may be affecting the vascular system.

"Flu and coronavirus are different but there are parallels and we do know that COVID-19 causes
vascular dysfunction, which can lead to strokes and other cardiovascular problems," she said.
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"Our studies in pregnancy offer new insights into the fundamental biology of how respiratory
viruses can drive dysfunction in the vascular system.

"This could be valuable knowledge for those scientists working directly on treatments and
vaccines for COVID-19."

The new study is the culmination of over 10 years' work by researchers in the School of Health
and Biomedical Sciences at RMIT, leading a global collaboration.

The research was supported by an Australian Research Council (ARC) Future Fellowship and
funding from the National Health and Medical Research Council of Australia (NHMRC).

Story Source:

Materials provided by RMIT University. Original written by Gosia Kaszubska. Note: Content may
be edited for style and length.
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TWINKLING, STAR-SHAPED BRAIN CELLS
MAY HOLD THE KEY TO WHY, HOW WE
SLEEP

RESEARCHERS USED MINIATURE MICROSCOPES TO CONDUCT FIRST-EVER
STUDY OF ASTROCYTE CALCIUM ACTIVITY IN SLEEP IN FREELY BEHAVING
ANIMALS
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Date:

September 24, 2020
Source:

Washington State University
Summary:

A new study suggests that star-shaped brain cells known as astrocytes could be as
important to the regulation of sleep as neurons. The study builds new momentum toward
ultimately solving the mystery of why we sleep and how sleep works in the brain. The
discovery may also set the stage for potential future treatment strategies for sleep
disorders and neurological diseases and other conditions associated with troubled sleep.

FULL STORY

A new study published today in the journal Current Biology suggests that
star-shaped brain cells known as astrocytes could be as important to the
regulation of sleep as neurons, the brain's nerve cells.

Led by researchers at Washington State University's Elson S. Floyd College of Medicine, the
study builds new momentum toward ultimately solving the mystery of why we sleep and how
sleep works in the brain. The discovery may also set the stage for potential future treatment
strategies for sleep disorders and neurological diseases and other conditions associated with
troubled sleep, such as PTSD, depression, Alzheimer's disease, and autism spectrum disorder.

"What we know about sleep has been based largely on neurons,” said lead author and
postdoctoral research associate Ashley Ingiosi. Neurons, she explained, communicate through
electrical signals that can be readily captured through electroencephalography (EEG). Astrocytes
-- a type of glial (or "glue™) cell that interacts with neurons -- do not use electrical signals and
instead use a process known as calcium signaling to control their activity.

It was long thought that astrocytes -- which can outnumber neurons by five to one -- merely
served a supportive role, without any direct involvement in behaviors and processes.
Neuroscientists have only recently started to take a closer look at their potential role in various
processes. And while a few studies have hinted that astrocytes may play a role in sleep, solid
scientific tools to study their calcium activity have not been available until recently, Ingiosi said.

To delve deeper into astrocytes' role in sleep, she and her coauthors used a rodent model to
record astrocytes' calcium activity throughout sleep and wake, as well as after sleep deprivation.
They used a fluorescent calcium indicator that was imaged via tiny head-mounted microscopes
that looked directly into the brains of mice as they moved around and behaved as they normally
would. This indicator allowed the team to see calcium-driven fluorescent activity twinkling on and
off in astrocytes during sleep and waking behaviors. Their one-of-a-kind methodology using
these miniature microscopes allowed the team to conduct the first-ever study of astrocytes'
calcium activity in sleep in freely behaving animals.

The research team set out to answer two main questions: do astrocytes change dynamically
across sleep and wake states like neurons do? And do astrocytes play a role in regulating sleep
need, our natural drive to sleep?
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Looking at astrocytes in the frontal cortex, an area of the brain associated with measurable EEG
changes in sleep need, they found that astrocytes' activity changes dynamically across the
sleep-wake cycle, as is true for neurons. They also observed the most calcium activity at the
beginning of the rest phase -- when sleep need is greatest -- and the least calcium activity at the
end of the test phase, when the need for sleep has dissipated.

Next, they kept mice awake for the first 6 hours of their normal rest phase and watched calcium
activity change in parallel with EEG slow wave activity in sleep, a key indicator of sleep need.
That is, they found that sleep deprivation caused an increase in astrocyte calcium activity that
decreased after mice were allowed to sleep.

Their next question was whether genetically manipulating astrocyte calcium activity would impact
sleep regulation. To find out, they studied mice that lacked a protein known as STIM1 selectively
in astrocytes, which reduced the amount of available calcium. After being sleep deprived, these
mice did not sleep as long or get as sleepy as normal mice once allowed to sleep, which further
confirmed earlier findings that suggest that astrocytes play an essential role in regulating the
need for sleep.

Finally, they tested the hypothesis that perhaps astrocyte calcium activity merely mirrors the
electrical activity of neurons. Studies have shown that the electrical activity of neurons becomes
more synchronized during non-REM sleep and after sleep deprivation, but the researchers found
the opposite to be true for astrocytes, with calcium activity becoming less synchronized in non-
REM sleep and after sleep deprivation.

"This indicates to us that astrocytes are not just passively following the lead of neurons," said
Ingiosi. "And because they don't necessarily display the same activity patterns as neurons, this
might actually implicate a more direct role for astrocytes in regulating sleep and sleep need."

More research is needed to further unravel the role of astrocytes in sleep and sleep regulation,
Ingiosi said. She plans to study astrocytes' calcium activity in other parts of the brain that have
been shown to be important for sleep and wake. In addition, she would like to look at astrocytes'
interactions with different neurotransmitters in the brain to start to tease out the mechanism by
which astrocytes might drive sleep and sleep need.

"The findings of our study suggest that we may have been looking in the wrong place for more
than 100 years," said senior author and professor of biomedical sciences Marcos Frank. "It
provides strong evidence that we should be targeting astrocytes to understand why and how we
sleep, as well as for the development of therapies that could help people with sleep disorders
and other health conditions that involve abnormal sleep.”

Support for the study came from the National Institutes of Health.

Story Source:

Materials provided by Washington State University. Original written by Judith Van
Dongen. Note: Content may be edited for style and length.
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NEWS RELEASE 25-SEP-2020

STEM CELLS CAN REPAIR PARKINSON'S-
DAMAGED CIRCUITS IN MOUSE BRAINS

UNIVERSITY OF WISCONSIN-MADISON
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MADISON, Wis. -- The mature brain is infamously bad at repairing itself following damage like
that caused by trauma or strokes, or from degenerative diseases like Parkinson's. Stem cells,
which are endlessly adaptable, have offered the promise of better neural repair. But the brain's
precisely tuned complexity has stymied the development of clinical treatments.

In a new study addressing these hurdles, University of Wisconsin-Madison researchers
demonstrated a proof-of-concept stem cell treatment in a mouse model of Parkinson's disease.
They found that neurons derived from stem cells can integrate well into the correct regions of the

brain, connect with native neurons and restore motor functions.

The key is identity. By carefully tracking the fate of transplanted stem cells, the scientists found
that the cells' identity -- dopamine-producing cells in the case of Parkinson's -- defined the
connections they made and how they functioned.

Coupled with an increasing array of methods to produce dozens of unique neurons from stem
cells, the scientists say this work suggests neural stem cell therapy is a realistic goal. However,
much more research is needed to translate findings from mice to people.
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The team, led by UW-Madison neuroscientist Su-Chun Zhang, published its findings Sept. 22 in
the journal Cell Stem Cell. The research was led by Zhang lab postdoctoral researchers Yuejun
Chen, Man Xiong and Yezheng Tao, who now hold faculty positions in China and Singapore.

"Our brain is wired in such an accurate way by very specialized nerve cells in particular locations
so we can engage in all our complex behaviors. This all depends on circuits that are wired by
specific cell types," says Zhang, a professor of neuroscience and neurology at UW-Madison's
Waisman Center. "Neurological injuries usually affect specific brain regions or specific cell types,
disrupting circuits. In order to treat those diseases, we have to restore these circuits.”

To repair those circuits in the Parkinson's disease mouse model, the researchers began by
coaxing human embryonic stem cells to differentiate into dopamine-producing neurons, the kind
of cells that die in Parkinson's. They transplanted these new neurons into the midbrains of mice,
the brain region most affected by Parkinson's degeneration.

Several months later, after the new neurons had time to integrate into the brain, the mice showed
improved motor skills. Looking closely, Zhang's group was able to see that the transplanted
neurons grew long distances to connect to motor-control regions of the brain. The nerve cells
also established connections with regulatory regions of the brain that fed into the new neurons
and prevented them from being overstimulated.

Both sets of connections -- feeding in and out of the transplanted neurons -- resembled the
circuitry established by native neurons. This was only true for dopamine-producing cells. Similar
experiments with cells producing the neurotransmitter glutamate, which is not involved in
Parkinson's disease, did not repair motor circuits, revealing the importance of neuron identity in
repairing damage.

To finally confirm that the transplanted neurons had repaired the Parkinson's-damaged circuits,
the researchers inserted genetic on-and-off switches into the stem cells. These switches turn the
cells' activity up or down when they are exposed to specialized designer drugs in the diet or
through an injection.

When the stem cells were shut down, the mice's motor improvements vanished, suggesting the
stem cells were essential for restoring Parkinson's-damaged brains. It also showed that this
genetic switch technology could be used to fine-tune the activity of transplanted cells to optimize
treatment.

The Zhang group and other researchers have spent years developing methods to turn stem cells
into the many different types of neurons within the brain. Each neurological disease or injury
would require its own specialized nerve cells to treat, but the treatment plans would likely be
broadly similar. "We used Parkinson's as a model, but the principle is the same for many different
neurological disorders," says Zhang.
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The work has personal meaning to Zhang. As a physician and scientist, he often receives letters
from families desperate for help treating neurological disorders or brain trauma. It's also an
experience he can relate to. Six years ago, Zhang was in a bike accident and broke his neck.
When he awoke partially paralyzed in the hospital, his first thought was of how stem cells --
which he had already researched for years -- could help him recover.

Now, largely rehabilitated after years of physical therapy, Zhang still believes that the right stem
cell treatments could, in the future, help people like him and the families he hears from.

To that end, Zhang's group is currently testing similar treatments in primates, a step toward
human trials.

"There is hope, but we need to take things one step at a time," he says.
i

This work was supported in part by the National Institutes of Health (grants NS096282,
NS076352, and NS086604, MH099587 and MH100031).
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