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NEWS RELEASE 4-FEB-2022


https://www.eurekalert.org/news-releases/942381

Tweaked genes borrowed from bacteria excite
heart cells in live mice

First approach to promote electrical excitation of heart cells in live mammals could lead to
new gene therapy treatments for a wide range of heart diseases

Peer-Reviewed Publication

DUKE UNIVERSITY

PrintEmail

IMAGE: CARDIAC ARRHYTHMIAS OCCUR WHEN HEART MUSCLE CELLS DO NOT UNIFORMLY TRANSMIT

ELECTRICAL SIGNALS TO PUMP BLOOD IN A COHESIVE, ORDERLY FASHION. THE LEFT VIDEO SHOWS
ARRHYTHMIC CELLS IN TACHYCARDIA CHAOS, WHEREAS THE RIGHT VIDEO SHOWS CELLS TREATED
WITH THE NEW GENE THERAPY BEHAVING NORMALLY, AS THEY ARE MUCH MORE DIFFICULT TO PUSH
OUT OF THEIR REGULAR HEART BEAT ACTIVITY. view more

DURHAM, N.C. - Biomedical engineers at Duke University have demonstrated a gene
therapy that helps heart muscle cells electrically activate in live mice. The first
demonstration of its kind, the approach features engineered bacterial genes that code for
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sodium ion channels and could lead to therapies to treat a wide variety of electrical heart
diseases and disorders.

The results appeared online February 2 in the journal Nature Communications.

“We were able to improve how well heart muscle cells can initiate and spread electrical
activity, which is hard to accomplish with drugs or other tools,” said Nenad Bursac,
professor of biomedical engineering at Duke. “The method we used to deliver genes in heart
muscle cells of mice has been previously shown to persist for a long time, which means it
could effectively help hearts that struggle to beat as regularly as they should.”

Sodium-ion channels are proteins in the outer membranes of electrically excitable cells,
such as heart or brain cells, that transmit electrical charges into the cell. In the heart, these
channels tell muscle cells when to contract and pass the instruction along so that the organ
pumps blood as a cohesive unit. Damaged heart cells, however, whether from disease or
trauma, often lose all or part of their ability to transmit these signals and join the effort.

One approach researchers can take to restoring this functionality is gene therapy. By
delivering the genes responsible for creating sodium channel proteins, the technique can
produce more ion channels in the diseased cells to help boost their activity.

In mammals, sodium channel genes are unfortunately too large to fit within the viruses
currently used in modern gene therapies in humans. To skirt this issue, Bursac and his
laboratory instead turned to smaller genes that code for similar sodium ion channels in
bacteria. While these bacterial genes are different than their human counterparts, evolution
has conserved many similarities in the channel design since multi-cellular organisms
diverged from bacteria hundreds of millions of years ago.

Several years ago, Hung Nguyen, a former doctoral student in Bursac's laboratory who now
works for Fujifilm Diosynth Biotechnologies, mutated these bacterial genes so that the
channels they encode could become active in human cells. In the new work, current doctoral
student Tianyu Wu further optimized the content of the genes and combined them with a
“promoter” that exclusively restricts channel production to heart muscle cells. The
researchers then tested their approach by delivering a virus loaded with the bacterial gene
into veins of a mouse to spread throughout the body.

“We worked to find where the sodium ion channels were actually formed, and, as we hoped,
we found that they only went into the working muscle cells of the heart within the atria and

ventricles,” Wu said. “We also found that they did not end up in the heart cells that originate
the heartbeat, which we also wanted to avoid.”

This gene therapy approach only delivers extra genes within a cell; it does not attempt to cut
out, replace or rewrite the existing DNA in any way. Scientists believe these types of
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delivered genes make proteins while floating freely within the cell, making use of the
existing biochemical machinery. Previous research with this viral gene delivery approach
suggests the transplanted genes should remain active for many years.

As a proof of concept, tests on cells in a laboratory setting suggest that the treatment
improves electrical excitability enough to prevent human abnormalities like arrhythmias.
Within live mice, the results demonstrate that the sodium ion channels are active in the
hearts, showing trends toward improved excitability. However, further tests are needed to
measure how much of an improvement is made on the whole-heart level, and whether it is
enough to rescue electrical function in damaged or diseased heart tissue to be used as a
viable treatment.

Moving forward, the researchers have already identified different bacterial sodium channel
genes that work better in preliminary benchtop studies. The team is also working with the
laboratories of Craig Henriquez, professor of biomedical engineering at Duke, and Andrew
Landstrom, director of the Duke Pediatric Research Scholars Program, to test the ability of
these genes to restore heart functionality in mouse models that mimic human heart
diseases.

“I think this work is really exciting,” Bursac said. “We have been harnessing what nature
made billions of years ago to help humans with modern-day disease.”

This work was supported by the National Institutes of Health (HL134764, HL132389,
HL126524, TU0THL143336-01), the Duke Translating Duke Health Initiative, and the
American Heart Association Predoctoral Fellowship (829638).

CITATION: “Engineered Bacterial Voltage-Gated Sodium Channel Platform for Cardiac Gene
Therapy,” Hung X. Nguyen, Tianyu Wu, Daniel Needs, Hengtao Zhang, Robin M. Perelli,
Sophia Deluca, Rachel Yang, Michael Tian, Andrew P. Landstrom, Craig Henriquez & Nenad
Bursac. Nature Communications, (2022)13:620. DOI: 10.1038/s41467-022-28251

LINK: https://www.nature.com/articles/s41467-022-28251-6.epdf
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< FE X >In mice, mothers with metabolic syndrome can 'turn on' offspring’s liver disease --
ScienceDaily

In mice, mothers with metabolic syndrome
can 'turn on' offspring’s liver disease
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February 7, 2022
Source:

North Carolina State University
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Summary:

An imprinted gene associated with development of non-alcoholic fatty liver disease
(NAFLD) is switched on in mice who nurse from mothers with metabolic syndrome, even
when those mice are not biologically related.

FULL STORY

New research from North Carolina State University has found that an
imprinted gene associated with development of non-alcoholic fatty liver
disease (NAFLD) is switched on in mice who nurse from mothers with
metabolic syndrome, even when those mice are not biologically related.
The finding supports the hypothesis that imprinted genes play important
roles in this metabolic disease, and could lead to the development of
preventative treatments.

NAFLD is a condition where excess fat builds up in liver tissue for reasons unrelated to alcohol
consumption. If untreated, the excess fat can lead to inflammation, scarring and increased risk of
liver cancer. The incidence of NAFLD is increasing among children and adolescents, with 10% of
children in the U.S. currently affected. This number is expected to increase within the next
decade.

"We know that development of NAFLD is partly to do with diet and lack of exercise, but there is
an environmental component that primes an infant's liver to develop it as well; specifically, the
metabolic state of the mother," says Michael Cowley, associate professor of biology at NC State
and corresponding author of the work.

Metabolic syndrome, or MetS, is a catchall term for a number of health issues including high
blood sugar, obesity and elevated blood pressure. Previous studies had shown a link between
MetS in mothers and increased NAFLD susceptibility in infants.

"We wanted to look specifically at mothers with MetS to see whether infants are affected pre- or
post-natally, and tease out what is happening on the molecular level to trigger the disease,"
Cowley says.

In a mouse model of MetS, Cowley and his colleagues compared offspring of mice with MetS to
those from control mice, or mice without MetS. They studied four groups: offspring of control
mice nursed by control mice, offspring of MetS mice nursed by MetS mice, and cross-fostered
offspring from both groups. Cross-fostered means that the offspring of one group were nursed by
mothers from the other group. They compared offspring at birth and at three weeks after birth,
just before weaning.

They found that mice born to MetS mothers and nursed by control mice did not develop NAFLD,
whereas most mice from both control and MetS groups nursed by MetS mothers did.

Using RNA sequencing, the researchers found that the imprinted gene network (IGN), including
its regulator, an imprinted gene called Zacl, was upregulated, or more active, in mice nursed by
the MetS mothers.

Imprinted genes are a small set of genes which are expressed from a single parental allele. Most
genes consist of two copies (one inherited from each parent) which activate and influence
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inherited traits. Imprinted genes are expressed by a single active copy, and have been shown to
be susceptible to changes in environmental factors.

"Zacl is acting as the master switch here,” Cowley says. "It was activated in pups that nursed
from MetS mothers, and this has downstream effects in the IGN that lead to an increased
susceptibility to NAFLD.

"Researchers have proposed that imprinted genes play a role in this process -- we're showing
here that they do," Cowley continues. "The work also confirms the post-natal environment is
more important to the development of the disease than pre-natal exposure. Our next steps will
involve looking at what happens once potential environmental stressors such as the mother's
milk are removed. Can Zacl be switched off again?"

The research appears in Hepatology and was supported by the National Institutes of Health
(grant numbers K22ES027510, RO1ES031596, P30ES025128 and P30DK034987) and by Oak
Ridge Associated Universities through a Ralph E. Powe Junior Faculty Enhancement Award.
Marine Baptissart, former postdoctoral researcher at NC State, is first author.

Story Source:

Materials provided by North Carolina State University. Original written by Tracey Peake. Note:
Content may be edited for style and length.

Journal Reference:

1. Marine Baptissart, Christine M. Bradish, Brie S. Jones, Evan Walsh, Jesse Tehrani,
Vicmarie Marrero-Colon, Sanya Mehta, Dereje D. Jima, Seh Hoon Oh, Anna Mae Diehl,
Tiffany Fougeray, Hervé Guillou, Michael Cowley. Zacl and the Imprinted Gene
Network program juvenile NAFLD in response to maternal metabolic
syndrome. Hepatology, 2022; DOI: 10.1002/hep.32363
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< FE 3L > Amylin peptide in the brain senses isolation and drives social contact-seeking behavior |
RIKEN

Feb. 8, 2022

Amylin peptide in the brain senses isolation
and drives social contact—seeking behavior

As we have experienced during the COVID pandemic, loneliness, or perceived social
isolation, is a major stress for social animals and increases the risk of various
mental and physical health issues such as depression, substance abuse, obesity,
and premature death. In efforts to understand the neural basis for loneliness,
Kansai Fukumitsu and others at the RIKEN Center for Brain Science (CBS) in Japan
have found a molecular indicator and regulator of social isolation in female mice.
The new study, published in Nature Communications, reports that social contact-
seeking behavior in mice is driven by the peptide amylin in the medial preoptic area
(MPOA) of the forebrain, and that being alone decreases the amount of amylin in
this brain region.

Previous research by the RIKEN CBS group led by Kumi Kuroda has shown that in
mammals, the drive for maternal care also comes from the MPOA. Specifically, the
amylin-responsive neurons in the central MPOA (cMPOA) are required for maternal
motivation. As is often the case in scientific discovery, the initial connection between
amylin and loneliness was inadvertent. “While studying amylin signaling in maternal
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care, we noticed that the amount of amylin in the cMPOA depended on the housing
conditions of the mice,” explains Kuroda.

That observation led to the new study that examined behavioral and neural
responses to social isolation and social reunion in female mice. The researchers
found that six days of isolation led to an almost complete disappearance of amylin,
which returned to normal two weeks after the mice were reunited with their cage-
mates. This was true even when the mice were separated from cage mates by a
windowed divider within the same cage, indicating that female mice needed to make
free physical contact with other mice to maintain amylin expression in the cMPOA.
Then the researchers carefully eliminated the possibility that amylin levels were
regulated by other factors such as boredom, general stress, physical contact with
humans, or contact with other mice for defensive purposes. They also found that
amylin-expressing neurons in the cMPOA are deactivated upon isolation, and
activated upon reunion.

When female mice were separated from their cage-mates by the windowed divider,
they first bit the bars of the divider vigorously. This biting behavior was only
observed when other mice were across the divider, and thus the mice seemed like
they were trying to break the window and reunite with the other mice. This contact-
seeking behavior was increased by specifically activating amylin-expressing neurons
using chemogenetics, a biotechnology that allows artificial control of neuronal
activity. In contrast, contact-seeking behavior decreased after knocking down amylin
in the cMPOA. "Among other reported molecules, amylin is the one that responds the
most to isolation and reunion, and itself facilitates contact-seeking behaviors,” says
Kuroda. “With all these results, we became confident that amylin is the major player
in the brain that is needed for sensing and seeking social contacts.”

Since Darwin’s time, scientists have postulated that social affiliation among adults
originally evolved from parental care. This study provides molecular evidence that
supports this notion. “Both parental care and female-female social contact depend
on amylin and augment its expression,” Kuroda says, “This synergy might facilitate
cooperative parenting, in which multiple females care for young together, as is
observed in mice and humans.”
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Group Isolation Cohousing

Isolation Cohousmg

Group (6 day) (12 day)

(Top) The three housing conditions: in a a group, isolated for 6 days, and 6 days after
being reunited with the group. (Bottom) Amylin (blue stains) in the medial preoptic
area disappears after being isolated and returns after being reunited with the group.

After somatic isolation from the group by the windowed divider, the mouse on the
left exhibits contact-seeking behavior. This behavior increased when amylin neurons
were chemogenetically activated and decreased in amylin knockdown mice.
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Study in mice shows potential for gene-editing
to tackle mitochondrial disorders
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Defective mitochondria -- the 'batteries' that power the cells of our bodies -- could in
future be repaired using gene-editing techniques. Scientists have now shown that it is
possible to modify the mitochondrial genome in live mice, paving the way for new
treatments for incurable mitochondrial disorders.

FULL STORY

Defective mitochondria -- the 'batteries' that power the cells of our bodies --
could in future be repaired using gene-editing techniques. Scientists at the
University of Cambridge have shown that it is possible to modify the
mitochondrial genome in live mice, paving the way for new treatments for
incurable mitochondrial disorders.

Our cells contain mitochondria, which provide the energy for our cells to function. Each of these
mitochondria is coded for by a tiny amount of mitochondrial DNA. Mitochondrial DNA makes up
only 0.1% of the overall human genome and is passed down exclusively from mother to child.

Faults in our mitochondrial DNA can affect how well the mitochondria operate, leading to
mitochondrial diseases, serious and often fatal conditions that affect around 1 in 5,000 people.
The diseases are incurable and largely untreatable.

There are typically around 1,000 copies of mitochondrial DNA in each cell, and the percentage of
these that are damaged, or mutated, will determine whether a person will suffer from
mitochondrial disease or not. Usually, more than 60% of the mitochondria in a cell need to be
faulty for the disease to emerge, and the more defective mitochondria a person has, the more
severe their disease will be. If the percentage of defective DNA could be reduced, the disease
could potentially be treated.

A cell that contains a mixture of healthy and faulty mitochondrial DNA is described as
‘heteroplasmic'. If a cell contains no healthy mitochondrial DNA, it is 'homoplasmic'.

In 2018, a team from the MRC Mitochondrial Biology Unit at the University of Cambridge applied
an experimental gene therapy treatment in mice and were able to successfully target and
eliminate the damaged mitochondria DNA in heteroplasmic cells, allowing mitochondria with
healthy DNA to take their place.

"Our earlier approach was very promising and was the first time that anyone had been able to
alter mitochondrial DNA in a live animal,” explained Dr Michal Minczuk. "But it would only work in
cells with enough healthy mitochondrial DNA to copy themselves and replace the faulty ones that
had been removed. It would not work in cells whose entire mitochondria had faulty DNA."

In their latest advance, published today in Nature Communications, Dr Minczuk and colleagues
used a biological tool known as a mitochondrial base editor to edit the mitochondrial DNA of live
mice. The treatment is delivered into the bloodstream of the mouse using a modified virus, which
is then taken up by its cells. The tool looks for a unique sequence of base pairs -- combinations
of the A, C, G and T molecules that make up DNA. It then changes the DNA base -- in this case,
changing a C to a T. This would, in principle, enable the tool to correct certain 'spelling mistakes'
that cause the mitochondria to malfunction.

There are currently no suitable mouse models of mitochondrial DNA diseases, so the
researchers used healthy mice to test the mitochondrial base editors. However, it shows that it is
possible to edit mitochondrial DNA genes in a live animal.
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Pedro Silva-Pinheiro, a postdoctoral researcher in Dr Minczuk's lab and first author of the study,

said: "This is the first time that anyone has been able to change DNA base pairs in mitochondria
in a live animal. It shows that, in principle, we can go in and correct spelling mistakes in defective
mitochondrial DNA, producing healthy mitochondria that allow the cells to function properly."

An approach pioneered in the UK known as mitochondrial replacement therapy -- sometimes
referred to as 'three-person IVF' -- allows a mother's defective mitochondria to be replaced with
those from a healthy donor. However, this technique is complex, and even standard IVF is
successful in fewer than one in three cycles.

Dr Minczuk added: "There's clearly a long way to go before our work could lead to a treatment for
mitochondrial diseases. But it shows that there is the potential for a future treatment that
removes the complexity of mitochondrial replacement therapy and would allow for defective
mitochondria to be repaired in children and adults."

The research was funded by the Medical Research Council UK, the Champ Foundation and the
Lily Foundation.

Story Source:

Materials provided by University of Cambridge. The original text of this story is licensed under
a Creative Commons License. Note: Content may be edited for style and length.
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Fecal implants drive behavioral and cognitive
changes in Alzheimer’s model

OHSU research in mice suggests gut microbiome could be path toward treating or
forestalling cognitive decline
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New research in mice for the first time draws a definitive causal connection between
changes in the gut microbiome to behavioral and cognitive changes in an animal model of
Alzheimer's disease.

The study, published today in the journal Frontiers in Behavioral Neuroscience, suggests new
avenues involving the use of probiotics to treat and potentially forestall symptoms of
dementia associated with neurodegenerative diseases including Alzheimer's.

The research was led by scientists at Oregon Health & Science University.

“We found that modulating the gut microbiome by fecal implants in germ-free mice induces
behavioral and cognitive changes in an Alzheimer’s disease model,” said senior author Jacob
Raber, Ph.D., professor of behavioral neuroscience in the OHSU School of Medicine. “To the
best of my knowledge, no one has shown that before in an Alzheimer's disease model.”

The work follows on a previous OHSU study in mice, published last year, that revealed a
correlation between the composition of the gut microbiome and the behavioral and
cognitive performance of mice carrying genes associated with Alzheimer's.

In the new study, researchers carefully manipulated the digestive tract of mice using fecal
implants.

They found changes in measures of behavior and cognition among three different
genotypes and between males and females. Two of the genotypes involved mirror those
associated with a predisposition to Alzheimer's in people.

Researchers found that changes in the gut microbiome clearly affected behavioral and
cognitive changes measured in mice.

The study suggests possible avenues for forestalling dementia through targeted use of
probiotics or fecal transplants, which already have been used to manipulate the gut
microbiome in people. However, Raber said much more research needs to be conducted to
ascertain the mechanism of these behavioral and cognitive effects, because the relationship
between these effects and gut microbiome is influenced by genotype and sex.

“People can buy probiotics over the counter, but we want to make sure the right treatment
is being used for each patient, and that it actually benefits them,” Raber said. “The gut
microbiome is a complex environment. If you change one element, you'll also change other
elements, so you want to make sure to select a probiotic that promotes brain health and
brain function for each patient, while limiting any negative side effects.”
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In addition to Raber, co-authors include Payel Kundu, Ph.D., and Sarah Holden of
OHSU; Keaton Stagaman, Ph.D., Kristin Kasschau, Ph.D., Natalia Shulzhenko, M.D.,
Ph.D., and Thomas Sharpton, Ph.D., of Oregon State University.

The research was supported by the National Institutes of Health, awards R56 AG057495-01, RF1
AG059088, R21 AG065914, T32 AG055378, T32 ES007060, and the Collins Medical Trust.
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Summary:

Researchers have shown, in mice, that a new class of compounds they developed can
improve several aspects of metabolic syndrome. Such conditions often lead to
cardiovascular disease, the leading cause of death worldwide.

FULL STORY

A study in mice -- led by researchers at Washington University School of
Medicine in St. Louis -- shows that a new class of compounds the scientists
developed can improve multiple aspects of metabolic syndrome. An
increasingly common group of conditions that often occur together,
metabolic syndrome includes type 2 diabetes, high cholesterol, fat buildup
in the liver, and excess body fat, especially around the waist. This
syndrome often leads to cardiovascular disease, the leading cause of death
worldwide.

The study is published in the journal Nature Communications.

Testing one of the compounds referred to as SN-401, the researchers found it treats diabetes by
improving the ability of the pancreas to secrete insulin and boosting the ability of other tissues to
utilize that insulin to more effectively remove sugar from the bloodstream. In an effort to optimize
the treatment, the researchers fine-tuned the compound -- creating a class of related compounds
-- based on their studies of a key protein called SWELL1 (also LRRC8a). The gradual decline of
this protein may have a central role in the development of diabetes and other aspects of
metabolic syndrome.

"Our goal is to develop better therapies for cardiovascular disease, including diabetes and
metabolic syndrome, which are major risk factors for worsening heart and vascular problems,”
said senior author Rajan Sah, MD, PhD, an associate professor of medicine. "We have many
treatments for diabetes, but even with those therapies, cardiovascular disease remains a leading
cause of death among patients with type 2 diabetes. There is a need for new treatments that
work differently from the current standard-of-care therapies."

The protein Sah and his colleagues studied is called SWELL1 because of its role in sensing the
size or volume of cells. Their new research reveals that the protein also helps to control insulin
secretion from the pancreas and improve insulin sensitivity, including in skeletal muscle and
adipose tissue, the body's fat stores.

Surprisingly, the researchers showed that SWELL1 does both of these seemingly independent

tasks because the protein has a previously unknown double life. It acts as a signaling molecule,
turning on cellular tasks that govern how well cells use insulin and also facilitates the pancreas'
secretion of insulin into the bloodstream.

"This protein, SWELL1, has a sort of dual personality,” Sah said. "The compound binds to
SWELL1 in a manner that stabilizes the protein complex so as to enhance expression and
signaling across multiple tissues, including adipose, skeletal muscle, liver, the inner lining of
blood vessels, and pancreatic islet cells. This restores both insulin sensitivity across tissue types
and insulin secretion in the pancreas."

Sah and his colleagues showed that the SN-401 compound improved multiple aspects of
metabolic syndrome in two groups of mice that each developed diabetes from different causes,
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one because of a genetic predisposition and the other due to a high-fat diet. In addition to
improving insulin sensitivity and secretion, treatment with the compound also improved blood
sugar levels and reduced fat buildup in the liver. Most of these studies were conducted with an
injected form of the compound, but the researchers showed evidence that it also could be
effective if taken by mouth.

The researchers further showed that the compound does not have a big impact on blood sugar in
healthy mice, which is important for its potential as a future possible therapy. Current
medications for diabetes can result in blood sugar levels that are too low. The evidence suggests
that this compound does not lower blood sugar in situations when it doesn't need to.

Sah worked with Washington University's Office of Technology Management to patent the class
of compounds and co-found a startup company called Senseion Therapeutics Inc., which is
developing small molecule drugs that act on SWELL1. The company was first supported through
funding from the university's Leadership Entrepreneurship Acceleration Program (LEAP), and
also recently received three Small Business Innovation Research (SBIR) grants totaling $4.5
million. SBIR grants are supported by the small business seed fund of the National Institutes of
Health (NIH).

This work was supported by the National Institutes of Health (NIH), grant numbers
P30CA086862, P30DK020579, T32GM008365, GM123496, GM128263, P30 DK056341, UL1
TR000448, T32 HL130357, R01DK115791, RO1DK106009, R01DK126068, R01DK127080, R43
DK121598 and R44 DK126600; the John L. & Carol E. Lach Chair in Drug Delivery Technology;
grants from the New York Stem Cell Foundation; a McKnight Foundation Scholar Award; a Rose
Hill Innovator Award; a Sloan Research Fellowship; the Leadership Entrepreneurship
Acceleration Program (LEAP) from the Skandalaris Center for Interdisciplinary Innovation and
Entrepreneurship at Washington University in St. Louis; and the Roy J. Carver Trust, University
of lowa.
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A microbial compound in the gut leads to
anxious behaviors in mice
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Summary:

A new study shows how a particular molecule, produced by gut bacteria, affects brain
function and promotes anxiety-like behaviors in mice.

FULL STORY

A Caltech-led team of researchers has discovered that a small-molecule
metabolite, produced by bacteria that reside in the mouse gut, can travel to
the brain and alter the function of brain cells, leading to increased anxiety in
mice. The work helps uncover a molecular explanation for recent
observations that gut microbiome changes are associated with complex
emotional behaviors.

The research was conducted primarily in the laboratory of Sarkis Mazmanian, Luis B. and Nelly
Soux Professor of Microbiology and affiliated faculty member with the Tiangiao and Chrissy Chen
Institute for Neuroscience at Caltech. A paper describing the study appears on February 14 in
the journal Nature.

Decades of research have shown that the communities of bacteria that inhabit the intestines of
animals (the microbiome) influence the immune system and metabolism; studies in the last few
years have linked the microbiome to brain function and mood. People with certain neurological
conditions have distinctly different gut bacteria communities. Further, studies in mice have shown
that manipulating these communities can alter neurodevelopmental and neurodegenerative
states, either ameliorating or exacerbating symptoms.

"It's been really difficult to show causation between something that's happening in the gut and
the brain, rather than just associations between the disease states and the presence or absence
of certain microbes," says Brittany Needham, first author of the new study and a postdoctoral
scholar in the Mazmanian lab. "We were interested in trying to understand the molecular
messages that are going between the gut and the brain, and how these signals may lead to
changes in behavior."

This study focused on a bacterial metabolite (a by-product of microbes) called 4-ethylphenyl
sulfate, or 4EPS. Initially produced by microbes in the intestines, 4EPS is then absorbed into the
bloodstream and circulates throughout the body in both humans and mice. In 2013, the
Mazmanian lab showed that this particular molecule was present in higher levels in mice with
altered neurological development, specifically, a mouse model of autism and schizophrenia.
Though other aspects of the altered microbiome differed from the healthy microbiome, 4EPS
levels were by far the most different. Additionally, in a screen of human blood samples from 231
individuals, 4EPS levels were about seven times higher in children on the autism spectrum than
in neurotypical children.

In this work, the team focused on the effects of 4EPS on mouse models of anxiety. While anxiety
disorders in humans are complex, animal models provide a way to study the precise changes in
the brain and body that lead to anxious behaviors. "Anxiety" in mice is measured by their
willingness to explore or hide in a new space as well as the time spent in a risky environment.
Bold mice will explore a new space, sniffing around, but anxious mice will hide, as if facing a
predator, instead of exploring.

The study compared two groups of laboratory mice: one group was colonized with a pair of
bacteria that were genetically engineered to produce 4EPS; the control group of mice were
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colonized with bacteria that were identical except lacked the ability to produce 4EPS. Then, the
mice were introduced to a new arena, and researchers measured each mouse's behavior.

The mice with 4EPS spent much less time exploring the area and more time hiding as compared
to their non-4EPS counterparts, indicating higher levels of anxiety. Brain scans of the 4EPS mice
also showed that some of the brain regions associated with fear and anxiety were more activated
in addition to overall changes in brain activity and functional connectivity.

Looking closer at brain cells within these altered regions, the team found that particular cells
called oligodendrocytes were altered. These cells are important in part because they produce a
protein called myelin, which acts as a protective coating around neurons and nerve fibers called
axons, like insulation around an electrical wire. The team found that in the presence of 4EPS,
oligodendrocytes are less mature and consequently produce less myelin, leading to thinner
insulation around axons.

However, when the 4EPS mice were treated with a drug known to increase myelin production in
oligodendrocytes, the drug was able to overpower the negative effects of 4EPS -- the mice
regained normal myelin production, and the anxious behaviors were reduced.

In a related study appearing simultaneously in the journal Nature Medicine, Needham showed
that treating mice with an oral drug to soak up and remove 4EPS from their systems led to
reductions in anxious behaviors. This result enabled a small clinical study that also gave humans
the drug in an open-label trial (no placebo or control group). Sequestering 4EPS in the human
gut led to reduced levels of 4EPS in the blood and urine, and many of the 26 study participants
displayed overall decreased levels of anxiety.

"It's an exciting proof-of-concept finding that a specific microbial metabolite alters the activity of
brain cells and complex behaviors in mice, but how this is happening remains unknown," says
Mazmanian. "The basic framework for brain function includes integration of sensory and
molecular cues from the periphery and even the environment. What we show here is similar in
principle but with the discovery that the neuroactive molecule is of microbial origin. | believe this
work has implications for human anxiety or other mood conditions."

The next steps for the work are to examine the mechanisms through which 4EPS affects
oligodendrocytes -- which proteins it may be interacting with, whether 4EPS is affecting changes
directly in the brain, or if it is affecting another part of the body and those effects are making their
way up to the brain. Also, it will be critical to show that the human data have an effect in a well-
powered and controlled clinical trial, which is now underway.

In addition to Needham and Mazmanian, Caltech co-authors are former research technician
Mark Adame; research technician Joseph Boktor; former postdoctoral scholar Wei-Li Wu (now of
National Cheng Kung University in Taiwan); postdoctoral scholar Claire Rabut; EM scientist Mark
Ladinsky; lecturer in chemistry Son-Jong Hwang; graduate student Jessica Griffiths; Pamela
Bjorkman, David Baltimore Professor of Biology and Bioengineering, Merkin Institute Professor,
and executive officer for biology and biological engineering; and Mikhail Shapiro, professor of
chemical engineering and Howard Hughes Medical Institute Investigator.

Additional co-authors are Masanori Funabashi of Stanford University and Daiichi Sankyo RD
Novare Co.; Zhuo Wang, Yumei Guo, and Daniel Holschneider of USC; Jillian Haney and Daniel
Geschwind of UCLA; Qiyun Zhu of UC San Diego and Arizona State University; Rob Knight of
UC San Diego; and Michael Fischbach of Stanford University.

Funding was provided by the Center for Environmental Microbial Interactions, the National
Science Foundation, the Human Frontier Science Program, the National Institutes of Health, the
Ministry of Science and Technology in Taiwan, the Heritage Medical Research Institute, and
Lynda and Blaine Fetter. Sarkis Mazmanian is co-founder of Axial Therapeutics, which
conducted the clinical trial.
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< 3 >Hemoglobin acts as a chemosensory cue for mother mice to protect pups, study finds --
ScienceDaily

Hemoglobin acts as a chemosensory cue for
mother mice to protect pups, study finds

Date:
February 14, 2022

Source:
University of Tokyo

Summary:
Hemoglobin is well known as the molecule in blood responsible for carrying oxygen
around the body, but when fresh mouse blood is detected in the nose, the molecule also
works as a chemosensory signal warning lactating mother mice to protect their young,
researchers have found.

FULL STORY

Biochemists in Japan were surprised to discover that the molecule
hemoglobin in the blood works not only as an oxygen carrier, but when the
blood is spilled as a result of aggression, accident or predator attack, the
molecule also acts as a chemosensory signal -- a chemical stimulus picked
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up by the senses, namely smell in this case -- for lactating mother mice,
prompting digging or rearing behavior in them to check the surrounding
environment and keep their offspring safe.

A paper describing the researchers' findings has just been published in the journal Nature
Communications.

Back in 2005, researchers in the lab led by Kazushige Touhara at the University of Tokyo had
already discovered in the tears of male mice a pheromone -- a type of chemical substance
secreted by animals that influences the behavior of others in the same species -- named ESP1
(exocrine gland-secreting peptide 1), which is composed of protein. When investigating how
sensory neurons in the vomeronasal organ (the organ responsible for detecting chemosensory
signals such as pheromones) were stimulated by ESP1, they found that an unidentified molecule
from the saliva glands was also mysteriously activating these neurons.

In subsequent research trying to nail down the source of this neuron activation, the researchers
found that contamination of the gland by the blood was responsible. However, the specific
molecule driving the activity and the neural pathways involved remains unknown.

Then the researchers first exposed male mice to a small quantity of the blood, and observed
blood-dependent activation of peripheral sensory neurons located in the vomeronasal organ in
the nose. They further found that this vomeronasal stimulatory activity was prompted by cell
lysate (the contents of broken up blood cells), but not in plasma (the part of the blood that carries
water, salts and enzymes), and so they purified the cell lysate and employed protein sequence
analysis and absorption spectrum analysis to find out which molecular compounds in the lysate
were inducing the neuronal activity. The results demonstrated that hemoglobin was responsible.

"Everyone, even schoolchildren, knows that hemoglobin is the oxygen-carrying molecule in the
blood, so this finding of its role as a chemosensory signal in the nose came as a real surprise to
us," said Touhara, the corresponding author of the paper and professor with the University of
Tokyo's Department of Applied Biological Chemistry.

Mice in their natural environment encounter the blood under specific conditions, such as upon an
injury due to aggression among males, damage by predator attack, and pup delivery.
Nevertheless, when the researchers investigated the effects of hemoglobin on social behaviors
such as aggression and sexual behavior, they observed no obvious change in male-male
aggression, maternal aggression, or sexual behavior upon hemoglobin exposure.

Once they searched responsible brain regions for the hemoglobin signal, it was only in lactating
mothers that a specific neural activation in one of the regions in the hypothalamus that received
the information from vomeronasal sensory neurons. Therefore, the researchers started to look at
the behaviors of lactating female mice upon exposure to hemoglobin.

"The mothers immediately showed digging or rearing behavior once they received hemoglobin
after playing with a cotton swab soaked in it," Touhara continued. "And the same behavior was
observed with exposure to fresh blood."

The researchers also found that hemoglobin in the blood stimulates vomeronasal sensory
neurons through one specific receptor, Vmn2r88. Meanwhile, in mice lacking Vmn2r88, the
increase of digging or rearing behavior was not observed, suggesting that this behavior is
controlled by the specific ligand-receptor pair comprising hemoglobin binding to Vmn2r88.

Next, by using optogenetics to manipulate neural activities in the hypothalamus with light and
genetic engineering technologies, the researchers were able to replicate the digging behavior,
and from this proposed a responsible neural circuitry that regulates these hemoglobin-mediated
behaviors.
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Such digging and rearing represent a kind of exploratory and/or risk-assessment behavior,
suggesting that the response to hemoglobin appears to be important for mothers to protect their
pups by checking their external environment. This leads to the next question of why only lactating
mothers show this behavioral response.

From this study, Touhara and his team found that one of the well-known molecules in the blood,
hemoglobin, works as a chemosensory molecule and its receptor-circuit mechanism is
responsible for a type of exploratory and/or risk-assessment behavior in lactating female mice. It
shows that animals detect the signals surrounding their living environment and display
appropriate response according to their life stage.
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< X >New way viruses trigger autoimmunity discovered: In mice, roseolovirus disrupts immune

cells’ process of learning self-recognition -- ScienceDaily

New way viruses trigger autoimmunity
discovered

In mice, roseolovirus disrupts immune cells’ process of learning self-recognition
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Studying mice, researchers at Washington University School of Medicine in St. Louis
have discovered that roseolovirus can trigger autoimmunity in a previously unknown way:
by disrupting the process by which immune cells learn to avoid targeting their own body's
cells and tissues.
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FULL STORY

Autoimmune diseases such as rheumatoid arthritis and Type 1 diabetes
are thought to arise when people with a genetic susceptibility to
autoimmunity encounter something in the environment that triggers their
Immune systems to attack their own bodies. Scientists have made progress
in identifying genetic factors that put people at risk, but the environmental
triggers have proven more elusive.

Researchers at Washington University School of Medicine in St. Louis have discovered that a
viral infection can set a destructive process in motion, culminating in autoimmunity long after the
infection has resolved. The researchers investigated the impact of viral infection on T cells, a
group of immune cells that play a key role in many autoimmune conditions. In the study, which
was conducted in mice, the researchers showed that murine roseolovirus infects the thymus --
the organ where self-destructive T cells are identified and eliminated -- and disrupts the
screening process in the organ. Months after infection, the mice develop an autoimmune disease
of the stomach driven by self-destructive T cells.

The study, published Feb. 28 in the Journal of Experimental Medicine, describes a previously
unknown way a virus can trigger autoimmunity. Further, it suggests that human roseoloviruses,
close relatives of murine roseolovirus, warrant investigation as possible causes of autoimmunity
in people.

"It is very hard to find the culprit of a crime that was never even at the scene of the crime," said
senior author Wayne M. Yokoyama, MD, the Sam J. Levin and Audrey Loew Levin Professor of
Arthritis Research. "As clinicians, we often look directly in the diseased tissue, and if we find no
virus we conclude that the disease was not caused by a virus. But here we have a situation in
which a virus is doing its damage someplace else entirely. This virus goes to the thymus, which
is where T cells undergo a process to select those cells useful for immune defense but also get
rid of T cells that are too likely to damage the body's own tissues. And what we find is that this
whole process, which is called central tolerance, is affected. T cells that shouldn't leave the
thymus get out, and they manifest months later in the stomach, causing an autoimmune disease
in a location that was never infected with the virus."

Human and mouse roseoloviruses are members of the herpesvirus family. In people,
roseoloviruses cause roseola, a mild childhood iliness that involves a few days of fever and rash.
Most people have been infected with at least one roseolovirus by the time they start
kindergarten. Like other herpesviruses, roseoloviruses cause lifelong infections, although the
virus goes dormant and rarely causes symptoms after the initial infection.

Scientists have long suspected that roseoloviruses may be linked to autoimmunity. But the
ubiquity of the viruses makes investigating any such connection difficult. It is hard to look for
differences between infected and uninfected people when nearly everyone is infected early in
life.

Instead, Yokoyama, first author Tarin Bigley, MD, PhD, a fellow in pediatric rheumatology, and
colleagues studied murine roseolovirus, a recently discovered virus that infects the thymus and T
cells of mice in the wild. The researchers infected newborn mice with the virus. Twelve weeks
later, all of the mice had developed autoimmune gastritis, or stomach inflammation, though there
were no signs of the virus in their stomachs. If the virus was promptly eliminated with antiviral
drug treatment in the first few days, while it was still actively replicating, the mice did not develop
gastritis three months later. If, however, the researchers waited to give an antiviral until the mice
were 8 weeks old -- after the active infection had resolved but before the mice showed signs of
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stomach problems -- the drug did no good at all; the mice still went on to develop gastritis a few
weeks later.

Scientists already knew that viral infection can lead to autoimmunity if some of the virus's
proteins happen to resemble normal human proteins. Antibodies meant to target the virus end up
also reacting with normal human cells. The researchers found that the mice with gastritis had
developed antibodies against proteins on stomach cells. But they also had developed antibodies
against a wide array of normal proteins associated with other autoimmune conditions. In addition,
they had many T cells that targeted the body's own normal proteins, and other changes to the T
cell population that biased the immune system toward autoimmunity.

"We don't think the autoimmune gastritis is the result of molecular mimicry because we observed
such a broad autoantibody response,” Bigley said. "The observation that infected mice produced
diverse autoantibodies, in addition to the anti-stomach autoantibodies, suggested that murine
roseolovirus infection early in life was inducing a wide-ranging defect in the body's ability to avoid
targeting its own proteins. This is why we focused our studies on the impact of infection on
central tolerance rather than molecular mimicry."

The next step is to investigate whether a similar process occurs in people.

"Human autoimmune disease also may occur via viral infection that gets cleared but leaves
damage that can cause autoimmunity,” Yokoyama said. "But if so, there has to be some other
factor that we don't understand yet that makes some people more susceptible to the autoimmune
effects of roseolovirus infection, because almost all people are infected, but most people do not
get autoimmune diseases. That is a really important topic for further investigation."
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