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NEWS RELEASE 30-JUN-2020

A VACCINE TARGETING AGED CELLS
MITIGATES METABOLIC DISORDERS IN
OBESE MICE

Researchers from Osaka University develop a novel vaccine that removes
senescent immune cells from the body to improve obesity—induced metabolic
disorders
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Osaka, Japan - Aging is a multifaceted process that affects our bodies in many ways. In a new
study, researchers from Osaka University developed a novel vaccine that removes aged immune
cells and then demonstrated an improvement of diabetes-associated metabolic derangements by
vaccinating obese mice.

Aged, or senescent, cells are known to harm their surrounding younger cells by creating an
inflammatory environment. A specific type of immune cell, called T cell, can accumulate in fat
tissues in obese individuals in senescence, causing chronic inflammation, metabolic disorders
and heart disease. To reduce the negative effects of senescent cells on the body, senotherapy
was developed to target and eliminate these rogue cells. However, as this approach does not
discriminate between different types of senescent cells, it has remained unknown whether
specific depletion of senescent T cells can improve their adverse effects on organ physiology.
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"The idea that eliminating senescent cells improves the organ dysfunction that we experience
during aging is fairly new," says corresponding author of the study Hironori Nakagami. "Because
senescent T cells can facilitate metabolic derangements similar to diabetes, we wanted to come
up with a new approach to reduce the number of senescent T cells to then reverse the negative
effects they have on glucose metabolism."

To achieve their goal, the researchers developed a novel vaccine targeting the surface protein
CD153 that is present on senescent T cells populating fat tissues, thereby ensuring that normal T
cells are not affected. To test the effects of their vaccine, the researchers fed mice with a high-fat
diet to make them obese and ultimately to mimic the metabolic changes seen in diabetes. These
include insulin resistance and an improperly functioning glucose metabolism, both of which can
facilitate a deterioration of the eyes, kidneys, nerves and the heart. When they vaccinated these
mice against CD153, the researchers observed a sharp decline of senescent T cells in the fat
tissues of the mice, demonstrating the success of their approach.

But did it improve glucose metabolism in the obese mice? To investigate this, the researchers
turned to a test that is widely used in clinically diagnosing diabetic patients and performed an oral
glucose tolerance test in the mice, in which blood glucose levels were measured for up to 2
hours after giving the animals a known amount of glucose to drink. Vaccination against CD153
was able to restore glucose tolerance in obese mice. Unvaccinated obese mice, however,
continued to have difficulties metabolizing glucose after intake and took a much longer time to
reach similar blood levels as the vaccinated animals. The researchers also measured the extent
of insulin resistance, which is a cornerstone of the metabolic changes seen in obesity and
diabetes. Vaccinated mice showed significant improvements in insulin resistance as compared
with the unvaccinated animals, demonstrating that the hormone that the body produces to lower
blood glucose levels functioned properly.

"These are striking results that show how reducing senescent T cells in adipose tissues improves
glucose metabolism of obese mice," says Nakagami. "Our findings provide new insights into
removing specific senescent cells using specific vaccines and could potentially be used as a
novel therapeutic tool for controlling glucose metabolism in obese individuals."

HH

The article, "The CD153 vaccine is a senotherapeutic option for preventing the accumulation of
senescent T cells in mice," was published in Nature Communications at
DOI: https://doi.org/10.1038/s41467-020-16347-w

About Osaka University

Osaka University was founded in 1931 as one of the seven imperial universities of Japan and is
now one of Japan's leading comprehensive universities with a broad disciplinary spectrum. This
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https://doi.org/10.1038/s41467-020-16347-w

strength is coupled with a singular drive for innovation that extends throughout the scientific
process, from fundamental research to the creation of applied technology with positive economic
impacts. Its commitment to innovation has been recognized in Japan and around the world,
being named Japan's most innovative university in 2015 (Reuters 2015 Top 100) and one of the
most innovative institutions in the world in 2017 (Innovative Universities and the Nature Index
Innovation 2017). Now, Osaka University is leveraging its role as a Designated National
University Corporation selected by the Ministry of Education, Culture, Sports, Science and
Technology to contribute to innovation for human welfare, sustainable development of society,
and social transformation.

Website: https://resou.osaka-u.ac.jp/en/top

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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WHY DO ARTERIES AGE? STUDY
EXPLORES LINKTO GUT BACTERIA, DIET

Date:

July 1, 2020
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Source:
University of Colorado at Boulder
Summary:

Eat a slab of steak and your resident gut bacteria get to work immediately to break it
down. But new research shows that a metabolic byproduct, called TMAO, produced in
the process can be harmful to the lining of arteries, making them age faster.

FULL STORY

A compound produced in the gut when we eat red meat damages our
arteries and may play a key role in boosting risk of heart disease as we get
older, according to new University of Colorado Boulder research.

The study, published this month in the American Heart Association journal Hypertension, also
suggests that people may be able to prevent or even reverse such age-related decline via dietary
changes and targeted therapies, like novel nutritional supplements.

"Our work shows for the first time that not only is this compound directly impairing artery function,
it may also help explain the damage to the cardiovascular system that naturally occurs with age,"
said first author Vienna Brunt, a postdoctoral researcher in the Department of Integrative
Physiology.

Eat a slab of steak or a plate of scrambled eggs, and your resident gut bacteria get to work
immediately to break it down. As they metabolize the amino acids L-carnitine and choline, they
churn out a metabolic byproduct called trimethylamine, which the liver converts to
trimethylamine-N-Oxide (TMAQ) and sends coursing through your bloodstream.

Previous studies have shown that people with higher blood levels of TMAO are more than twice
as likely to have a heart attack or stroke and tend to die earlier.

But to date, scientists haven't completely understood why.

Drawing on animal and human experiments, Brunt and her team set out to answer three
guestions: Does TMAO somehow damage our vascular system? If so, how? And could it be one
reason why cardiovascular health gets worse -- even among people who exercise and don't
smoke -- as we get older?

The researchers measured the blood and arterial health of 101 older adults and 22 young adults
and found that TMAO levels significantly rise with age. (This falls in line with a previous study in
mice, showing the gut microbiome -- or your collection of intestinal bacteria -- changes with age,
breeding more bacteria that help produce TMAO).

Adults with higher blood levels of TMAO had significantly worse artery function, the new study
found, and showed greater signs of oxidative stress, or tissue damage, in the lining of their blood
vessels.

When the researchers fed TMAO directly to young mice, their blood vessels swiftly aged.

"Just putting it in their diet made them look like old mice," said Brunt. She noted that 12-month-
old mice (the equivalent of humans about 35 years old) looked more like 27-month-old mice (age
80 in people) after eating TMAO for several months.
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Preliminary data also show that mice with higher levels of TMAO exhibit decreases in learning
and memory, suggesting the compound could also play a role in age-related cognitive decline.

On the flip side, old mice that ate a compound called dimethyl butanol, (found in trace amounts in
olive oil, vinegar and red wine) saw their vascular dysfunction reverse. Scientists believe that this
compound prevents the production of TMAO.

Brunt notes that everyone -- even a young vegan -- produces some TMAO. But over time, eating
a lot of animal products may take a toll.

"The more red meat you eat, the more you are feeding those bacteria that produce it," she said.

Senior author Doug Seals, director of the Integrative Physiology of Aging Laboratory, said the
study is an important breakthrough because it sheds light on why our arteries erode with age,
even in the healthiest people.

"Aging is the single greatest risk factor for cardiovascular disease, primarily as a result of
oxidative stress to our arteries," said Seals. "But what causes oxidative stress to develop in our
arteries as we age? That has been the big unkown. This study identifies what could be a very
important driver."

The research team is now further exploring compounds that might block production of TMAO to
prevent age-related vascular decline.

For now, they said, a plant-based diet may also keep levels in check.

Story Source:

Materials provided by University of Colorado at Boulder. Original written by Lisa
Marshall. Note: Content may be edited for style and length.

Journal Reference:

Vienna E. Brunt, Rachel A. Gioscia-Ryan, Abigail G. Casso, Nicholas S. VanDongen, Brian P.
Ziemba, Zachary J. Sapinsley, James J. Richey, Melanie C. Zigler, Andrew P. Neilson, Kevin P.
Davy, Douglas R. Seals. Trimethylamine-N-Oxide Promotes Age-Related Vascular Oxidative
Stress and Endothelial Dysfunction in Mice and Healthy Humans. Hypertension, 2020; 76
(1): 101 DOI: 10.1161/HYPERTENSIONAHA.120.14759
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AGE-RELATED IMPAIRMENTS REVERSED
IN ANIMAL MODEL

Date:

July 6, 2020
Source:

University of Bern
Summary:

Researchers demonstrate in an animal model that age-related frailty and immune decline
can be halted and even partially reversed using a novel cell-based therapeutic approach.
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FULL STORY

Eosinophils surrounded by red blood cells (stock image).

Credit: © Kateryna_Kon / stock.adobe.com

Frailty and immune decline are two main features of old age. Researchers
from the University of Bern and the University Hospital Bern now
demonstrate in an animal model that these two age-related impairments
can be halted and even partially reversed using a novel cell-based
therapeutic approach.

Elderly people are more prone to infectious diseases as the function of their immune system
continuously declines with progression of age. This becomes especially apparent during
seasonal influenza outbreaks or the occurrence of other viral diseases such as COVID-19. As
the efficacy of vaccination in the elderly is strongly reduced, this age group is particularly
vulnerable to such infectious pathogens and often shows the highest mortality rate. In addition to
the age-related immune decline aged individuals are commonly affected by frailty that negatively
impacts quality-of-life. Even though the average life-expectancy for humans continuous to rise,
living longer is often associated with age-related health issues.

Important role of belly fat in aging processes identified

Researchers from the Department for BioMedical Reserarch (DBMR) and the Institute of
Pathology at the University of Bern as well as the University Hospital Bern (Inselspital) have set
out to identify new approaches to improve health-span in a fast-growing aging population. For
many years scientists speculated that chronic low-grade inflammation accelerates aging
processes and the development of age-related disorders. An international team of researchers
under Bernese guidance has now demonstrated that visceral adipose tissue, known as belly fat,
crucially contributes to the development of chronic low-grade inflammation. Scientist around Dr.
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Mario Noti, formerly at the Institute of Pathology of the University of Bern and Dr. Alexander
Eggel from the Department for BioMedical Research (DBMR) of the Universitat of Bern reported
that certain immune cells in the belly fat play and an essential role in regulating chronic low-
grade inflammation and downstream aging processes. They could show, that these immune cells
may be used to reverse such processes. The findings of this study have been published in the
scientific journal Nature Metabolism and were further highlighted by a News and Views editorial
article.

Belly fat as a source of chronic inflammation

The team around Dr. Noti and Dr. Eggel could demonstrated that a certain kind of immune cells,
known as eosinophils, which are predominantly found in the blood circulation, are also present in
belly fat of both humans and mice. Although classically known to provide protection from parasite
infection and to promote allergic airway disease, eosinophils located in belly fat are responsible
to maintain local immune homeostasis. With increasing age the frequency of eosinophils in belly
fat declines, while the number of pro-inflammatory macrophages increases. Owing to this
immune cell dysbalance, belly fat turns into a source of pro-inflammatory mediators accumulating
systemically in old age.

Eosinophil cell therapy promotes rejuvenation

In a next step, the researchers investigated the possibility to reverse age-related impairments by
restoring the immune cell balance in visceral adipose tissue. "In different experimental
approaches, we were able to show that transfers of eosinophils from young mice into aged
recipients resolved not only local but also systemic low-grade inflammation," says Dr. Eggel. "In
these experiments, we observed that transferred eosinophils were selectively homing into
adipose tissue," adds Dr. Noti. This approach had a rejuvenating effect on the aged organism. As
a consequence, aged animals showed significant improvements in physical fithess as assessed
by endurance and grip strength tests. Moreover, the therapy had a rejuvenating effect on the
immune system manifesting in improved vaccination responses of aged mice.

Translating findings into clinics

"Our results indicate that the biological processes of aging and the associated functional
impairments are more plastic than previously assumed," states Dr. Noti. Importantly, the
observed age-related changes in adipose immune cell distribution in mice were also confirmed in
humans. "A future direction of our research will be to now leverage the gained knowledge for the
establishment of targeted therapeutic approaches to promote and sustain healthy aging in
humans," says Dr. Eggel.

This study has been supported by the VELUX STIFTUNG, the FONDATION ACTERIA, and
funds of the FreeNovation and medical-biological science research programs of Novartis.

Story Source:

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

Journal References:

Daniel Brigger, Carsten Riether, Robin van Brummelen, Kira I. Mosher, Alicia Shiu, Zhaoqing
Ding, Noemi Zbéaren, Pascal Gasser, Pascal Guntern, Hanadie Yousef, Joseph M. Castellano,
Federico Storni, Neill Graff-Radford, Markus Britschgi, Denis Grandgirard, Magdalena
Hinterbrandner, Mark Siegrist, Norman Moullan, Willy Hofstetter, Stephen L. Leib, Peter M.
Villiger, Johan Auwerx, Saul A. Villeda, Tony Wyss-Coray, Mario Noti, Alexander

Eggel. Eosinophils regulate adipose tissue inflammation and sustain physical and
immunological fitness in old age. Nature Metabolism, 2020; DOI: 10.1038/s42255-020-0228-3
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NEWS RELEASE 9-JUL-2020

SODIUM FOUND TO REGULATE THE
BIOLOGICAL CLOCK OF MICE

New study by McGill researchers first to establish physiological signals influence
circadian rhythms

MCGILL UNIVERSITY

A new study from McGill University shows that increases in the concentrations of blood sodium
can have an influence on the biological clock of mice, opening new research avenues for
potentially treating the negative effects associated with long distance travel or shift work.

The findings, published in Nature by former McGill PhD student Claire Gizowski and Charles
Bourque, a professor in McGill's Department of Neurology-Neurosurgery, are the first to show
that injecting mice with a salt solution leads to the activation of neurons associated with the
brain's master circadian clock - the suprachiasmatic nucleus (SCN).

19



https://www.eurekalert.org/pub_releases/2020-07/mu-sft070920.php

Our biological clock - or circadian rhythm - adapts our body's cells and organs to changing
requirements at different times of day. Prolonged disruption of these rhythms because of jetlag or
shift work can lead to adverse health effects.

Though it is well established that light is the primary factor regulating our body's biological clock,
it was unknown if or how physiological factors could regulate the SCN.

"Our study is the first to show that the SCN is listening to physiological signals and that such
signals can in fact regulate clock time," says Bourque.

Gizowski and Bourque were able to show that salt-sensitive neurons found in a specific region of
the brain - the organum vasculosum of the lamina terminalis - are capable of activating the
brain's master circadian clock at a time of day when it is normally silent.

"This suggests that there could be ways by which we could speed up the clock, which could be
useful to adapt more quickly to the time change associated with long distance travel, or when our
work schedule is shifted by several hours," explains Gizowski.

The researchers now hope to establish if natural increases in blood sodium levels - through
eating - have the same effect and whether or not these also occur in humans.

"One concern is that although ingestion of small amounts of salt is pleasant and not dangerous, it
can be toxic when consumed in large amounts," Bourque adds. "Much more work is needed to
examine if this finding is applicable to humans in a safe and practical way."

Feseeed
About this study

"Sodium regulates clock time and output via an excitatory GABAergic pathway," by Claire
Gizowski and Charles W. Bourque was published in Nature.

This work received financial support from the Canadian Institutes of Health Research.
About McGill University

Founded in Montreal, Quebec, in 1821, McGill is a leading Canadian post-secondary institution.
It has two campuses, 11 faculties, 13 professional schools, 300 programs of study and over
40,000 students, including more than 10,200 graduate students. McGill attracts students from
over 150 countries around the world, its 12,800 international students making up 31% per cent of
the student body. Over half of McGill students claim a first language other than English, including
approximately 19% of our students who say French is their mother tongue.

20



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.

21



5. REMNZILTHEHMBOEINEDSD
~ MmO R EEFMEOEEE LD ERICHI~

Hft:2020%£ 7 A 21 8
Y—R:HIRKE
B

http://www.tsukuba.ac.jp/attention-research/p202007211400.html

B KRFEANEARE EFT A F I OARBR LY —OERBRFINE (FAKRE
B, IR EZIKRFEANBAKRT ERTCiREZAFTEBIHEAEZRIR) . YIREEH
2. ERIAFRRERIENERAMTHESTATTRT MfRD F L ZAFEFIDEEEEEMAFTT
IW—TREDOAFRTIL—T (& EHITIOT 7> IRl RNT. BEREICS
W\WT. il REOMEHEEE MEHEH/(F—2) MBI LZRELEFL
IZo

TAEERE (CFIE T DHEHHIE.  [HRDEE] CBMFEND LSS HIRBDIEATIARR
(CXOTBENBINICE(L T DT EMHMESNTNE T MREESY—H—Z(
Csd. HEHDEWIBNIZ/\AANY—D—E U TCERELESHBASNTEERLE. U
MU, Mk TE. DMEiifez £t I HEEBEHRASE 1 (3. BdftEkOEHRD
1){—t> BUTF(SAE T MEDT > TILUMMESIRWZS., W ZITD
CEERETURZ. RAREE. [LIOFTFLAE] EWISHFHULWEGiEfES &
T, MEHBSZSREN DRUR(CHRE U, DNl (T4 > TR C D REFHHRRDYEEHZE
fbaiex 2 E(CAINULE LIz, AR FHROREEZRN & UIZHTidE L
R/ A AN =D —DRIENE DN DT ENHIFSNE T,

Bl L2F7LAEERWCRBROBHIOI771) 2T

W, MWTIA RS UIOND RHMBL RS >/ ONE W, MR R

B SRR A - SR annnata RN/ 5~ ORN

v — .

2" ‘<! )

&11?1‘3 — ‘=r'0.lll’ é2:§;§2£$L|-)

o e ASAKHASALE #h . s =
g MBS RIRLD Ty | TR

LOF> 7 LA EeRW I llROEET O 71U > D
Hi - MY OREXD LY —Y—ZANWCTHEFHRZHEHEEC. LOF>T7LA

22


http://www.tsukuba.ac.jp/attention-research/p202007211400.html
http://www.tsukuba.ac.jp/wp-content/uploads/202007211400.png

BT Z1T D . eI /I\DUBTHDILIF2ZASA RASRE
(CEFEL. Mg Sib,. EXEHRURY >N\ OBZHSX EDLOF> 48
BffASE3 LT, MileRECHFEREI DEEBEZESREN DRR(CKRET D
EMNTED. CORAICKDNME L EREFER TERICHEENEILTDILIOF>
ZERE LTz,

PDF &4}

MEEE-1—R/ MDY TIR—JIZRS

< HE I > https://www.sciencedaily.com/releases/2020/07/200721102209.htm

SKIN STEM CELLS SHUFFLE SUGARS AS
THEY AGE

Date:
July 21, 2020

Source:
University of Tsukuba

Summary:
Researchers have shown by in vitro experimentation that changes of glycans in mouse
epidermal stem cells may serve as a biomarker of aging. Further, by overexpression of
specific glycogenes in mouse keratinocytes, they replicated the glycome profile of aging
cells as well as their decreased proliferation ability. These findings hold promise for stem
cell research into skin disorders, specifically senile degeneration, wound healing and skin
cancer.

FULL STORY

Age shows nowhere better than on the skin. The ravages of time on skin
and the epidermal stem cells that differentiate to replenish its outer layer
have been hypothesized, but there has been no method to evaluate their
aging at the molecular level. Now, researchers at the University of Tsukuba
and the National Institute of Advanced Industrial Science and Technology
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(AIST) have revealed that changes in the complex sugars called glycans
that coat the surface of epidermal stem cells can serve as a potential
biological marker of aging.

Skin is the largest human organ and a vital barrier against infection and fluid loss. Aging impairs
environmental defenses and wound healing, while increasing hair loss and cancer risk. A key
process underlying epidermal function in health and disease is cellular glycosylation that
mediates cell-cell interactions and cell-matrix adhesions. Glycosylation involves attaching
glycans to proteins; the profile of all glycans on and in a cell -- collectively ‘the cell glycome' --
could reflect its functional scope and serve as an index of its age.

The researchers first isolated epidermal stem cells from the skin of young and old laboratory
mice, including both hair follicle cells and interfollicular epidermal cells. These cells underwent
glycan profiling using the lectin microarray platform; this technique uses lectins -- proteins that
bind specific glycans -- and enables glycome analysis even for cells sparsely dispersed in
tissues.

"Our results clearly showed that high mannose-type N-glycans are replaced by a2-3/6 sialylated
complex type N-glycans in older epidermal stem cells,” senior author, Professor Hiromi
Yanagisawa, explains. "We followed this with gene expression analysis; this revealed up-
regulation of a glycosylation-related mannosidase and two sialyltransferase genes, suggesting
that this 'glycome shift' may be mediated by age-modulated glycosyltransferase and glycosidase
expression."

Finally, to check whether the glycan changes were the cause or merely the result of aging, the
research team overexpressed the up-regulated glycogenes in primary epidermal mouse
keratinocytes in vitro. The keratinocytes showed decreased mannose and increased Sia
modifications, replicating the in vivo glycosylation pattern of aging epidermal stem cells. In
addition, their decreased ability to proliferate suggested that these alterations may reflect the
waning ability of aging epidermal stem cells to proliferate.

Professor Aiko Sada, currently Principal Investigator at Kumamoto University, and Professor
Hiroaki Tateno at AIST, co-corresponding authors, explain the implications of their results. "Our
work is broadly targeted at investigating stem cell dysfunction specifically in aging skin. Future
advances may help manage skin disorders at the stem cell level, including age-related
degenerative changes, impaired wound healing and cancer."

Story Source:

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

Journal Reference:

Lalhaba Oinam, Gopakumar Changarathil, Erna Raja, Yen Xuan Ngo, Hiroaki Tateno, Aiko
Sada, Hiromi Yanagisawa. Glycome profiling by lectin microarray reveals dynamic glycan
alterations during epidermal stem cell aging. Aging Cell, 2020; DOI: 10.1111/acel.13190

Cite This Page:

24


http://www.tsukuba.ac.jp/en/research-list/p202007211400
http://www.tsukuba.ac.jp/
http://dx.doi.org/10.1111/acel.13190

o MLA

e APA
e Chicago

University of Tsukuba. "Skin stem cells shuffle sugars as they age." ScienceDaily. ScienceDalily,
21 July 2020. <www.sciencedaily.com/releases/2020/07/200721102209.htm>.

25


https://www.sciencedaily.com/releases/2020/07/200721102209.htm#citation_mla
https://www.sciencedaily.com/releases/2020/07/200721102209.htm#citation_apa
https://www.sciencedaily.com/releases/2020/07/200721102209.htm#citation_chicago

6. MEMENYVADIHEWIDREEZEESED

Hft:20204%£ 6 B 22 8
Y—R:AYVIDRIT+—F K%
B=:

4 H BMC Neuroscience 56|12 SNT=A VIR T+ —FRZBIZKDFHLLWHAEIZLSD
ERDRADHVEHOMEMEAREIL. HENTECHEADFETCTHREET RO Y
FTIVEERBREHITH, ELTLVS,

MEDNZEDORIRICEDITVADMICKH T EEZEZTMEL TV -REESE., LAIHNCE
BYOR(EMERNTVSD) OCREYME CUEINIZIVR (MEMNELIHEELT
WB)HE MEMERSIZYVANUEMITHEEL TSI EA Mo,
OB MEMBENRDOIURILIAOR (IR IV EFT AR ZBRETHE
LT BLRTL)ICHELESZAOINEINERABLEZRVOMETHY . ChoDFRRIC
FERRHIBEESELNHAAREMELAH D, ELTLVS,

MEEE-1—R/ MDYy TIR—JIZRS

< FE I > https://www.sciencedaily.com/releases/2020/07/200722134929.htm

ANTIBIOTICS DISRUPT DEVELOPMENT OF
THE 'SOCIAL BRAIN' IN MICE

Date:
July 22, 2020
Source:
University of Oxford
Summary:
Antibiotic treatment in early life impedes brain signalling pathways that function in social

behavior and pain regulation in mice, a new study has found.

FULL STORY

Antibiotic treatment in early life impedes brain signalling pathways that
function in social behaviour and pain regulation in mice, a new study by Dr
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Katerina Johnson and Dr Philip Burnet has found. It was published today
in BMC Neuroscience.

Katerina Johnson, from the University's Departments of Psychiatry and Experimental
Psychology, was researching the effects of disrupting the microbiome on the brain in mice. 'We
know from previous research that animals missing microbes, such as germ-free animals (which
are devoid of microbes) or antibiotic-treated animals (whose microbes are severely depleted),
have impaired social behaviour,' she explains. 'l was therefore particularly interested in the
effects of the microbiome on endorphin, oxytocin and vasopressin signalling since these
neuropeptides play an important role in social and emotional behaviour.'

The most striking finding was in young animals treated with antibiotics. This resulted in reduced
expression of the receptors which mediate endorphin, oxytocin and vasopressin signalling in the
frontal cortex. Dr Johnson commented, 'If these signalling pathways are less active, this may
help explain the behavioural deficits seen in antibiotic-treated animals. Whilst this study was in
animals given a potent antibiotic cocktail, this finding highlights the potential detrimental effects
that antibiotic exposure may have on the brain when it's still developing.'

Dr Burnet added, 'Our research underlines the growing consensus that disturbing the
microbiome during development can have significant impacts on physiology, including the brain.'

The study was conducted using a relatively small number of animals with high doses of
antibiotics and further research should follow up this finding given society's reliance on
antibiotics, though of course they still play a vital role in medicine to fight bacterial infections.

This was also the first study to investigate whether the microbiome affects the brain's endorphin
system (where endorphin activates opioid receptors) and so these findings may have clinical
relevance. Dr Johnson said, 'The adverse effect of antibiotics on the endorphin system may have
implications not only for social behaviour but also for pain regulation. In fact we know that the gut
microbiome affects the pain response so this might be one of the ways in which it does so.'

'A somewhat surprising observation from our research was the contrast in results for germ-free
and antibiotic-treated mice, since the neurogenetic changes were generally in the opposite
direction. This is a pertinent finding as the use of antibiotics to deplete the microbiome is often
seen as a more accessible alternative to germ-free animals. However, we highlight the need to
consider these two treatments as distinct models of microbiome manipulation when investigating
the effects of microbes on the brain and behaviour.'

Story Source:

Materials provided by University of Oxford. Note: Content may be edited for style and length.
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|[HOW COVID-19 CAUSES SMELL LOSS

OLFACTORY SUPPORT CELLS, NOT NEURONS, ARE
VULNERABLE TO NOVEL CORONAVIRUS INFECTION
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Summary:

Loss of smell, or anosmia, is one of the earliest and most commonly reported symptoms
of COVID-19. A new study identifies the olfactory cell types most vulnerable to infection
by the novel coronavirus. Surprisingly, sensory neurons involved in smell are not among
the vulnerable cell types.

FULL STORY

Coronavirus illustration (stock image).

Credit: © Production Perig / stock.adobe.com

Temporary loss of smell, or anosmia, is the main neurological symptom
and one of the earliest and most commonly reported indicators of COVID-
19. Studies suggest it better predicts the disease than other well-known
symptoms such as fever and cough, but the underlying mechanisms for
loss of smell in patients with COVID-19 have been unclear.

Now, an international team of researchers led by neuroscientists at Harvard Medical School has
identified the olfactory cell types most vulnerable to infection by SARS-CoV-2, the virus that
causes COVID-19.

Surprisingly, sensory neurons that detect and transmit the sense of smell to the brain are not
among the vulnerable cell types.

Reporting in Science Advances on July 24, the research team found that olfactory sensory
neurons do not express the gene that encodes the ACE2 receptor protein, which SARS-CoV-2
uses to enter human cells. Instead, ACE2 is expressed in cells that provide metabolic and
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structural support to olfactory sensory neurons, as well as certain populations of stem cells and
blood vessel cells.

The findings suggest that infection of nonneuronal cell types may be responsible for anosmia in
COVID-19 patients and help inform efforts to better understand the progression of the disease.

"Our findings indicate that the novel coronavirus changes the sense of smell in patients not by
directly infecting neurons but by affecting the function of supporting cells," said senior study
author Sandeep Robert Datta, associate professor of neurobiology in the Blavatnik Institute at
HMS.

This implies that in most cases, SARS-CoV-2 infection is unlikely to permanently damage
olfactory neural circuits and lead to persistent anosmia, Datta added, a condition that is
associated with a variety of mental and social health issues, particularly depression and anxiety.

"l think it's good news, because once the infection clears, olfactory neurons don't appear to need
to be replaced or rebuilt from scratch,” he said. "But we need more data and a better
understanding of the underlying mechanisms to confirm this conclusion."”

A majority of COVID-19 patients experience some level of anosmia, most often temporary,
according to emerging data. Analyses of electronic health records indicate that COVID-19
patients are 27 times more likely to have smell loss but are only around 2.2 to 2.6 times more
likely to have fever, cough or respiratory difficulty, compared to patients without COVID-19.

Some studies have hinted that anosmia in COVID-19 differs from anosmia caused by other viral
infections, including by other coronaviruses.

For example, COVID-19 patients typically recover their sense of smell over the course of weeks -
- much faster than the months it can take to recover from anosmia caused by a subset of viral
infections known to directly damage olfactory sensory neurons. In addition, many viruses cause
temporary loss of smell by triggering upper respiratory issues such as stuffy nose. Some COVID-
19 patients, however, experience anosmia without any nasal obstruction.

Pinpointing vulnerability

In the current study, Datta and colleagues set out to better understand how sense of smell is
altered in COVID-19 patients by pinpointing cell types most vulnerable to SARS-CoV-2 infection.

They began by analyzing existing single-cell sequencing datasets that in total catalogued the
genes expressed by hundreds of thousands of individual cells in the upper nasal cavities of
humans, mice and nonhuman primates.

The team focused on the gene ACE2, widely found in cells of the human respiratory tract, which
encodes the main receptor protein that SARS-CoV-2 targets to gain entry into human cells. They
also looked at another gene, TMPRSS2, which encodes an enzyme thought to be important for
SARS-CoV-2 entry into the cell.

The analyses revealed that both ACE2 and TMPRSS?2 are expressed by cells in the olfactory
epithelium -- a specialized tissue in the roof of the nasal cavity responsible for odor detection that
houses olfactory sensory neurons and a variety of supporting cells.

Neither gene, however, was expressed by olfactory sensory neurons. By contrast, these neurons
did express genes associated with the ability of other coronaviruses to enter cells.

The researchers found that two specific cell types in the olfactory epithelium expressed ACE2 at
similar levels to what has been observed in cells of the lower respiratory tract, the most common
targets of SARS-CoV-2, suggesting a vulnerability to infection.

These included sustentacular cells, which wrap around sensory neurons and are thought to
provide structural and metabolic support, and basal cells, which act as stem cells that regenerate
the olfactory epithelium after damage. The presence of proteins encoded by both genes in these
cells was confirmed by immunostaining.

31



In additional experiments, the researchers found that olfactory epithelium stem cells expressed
ACE2 protein at higher levels after artificially induced damage, compared with resting stem cells.
This may suggest additional SARS-CoV-2 vulnerability, but it remains unclear whether or how
this is important to the clinical course of anosmia in patients with COVID-19, the authors said.

Datta and colleagues also analyzed gene expression in nearly 50,000 individual cells in the
mouse olfactory bulb, the structure in the forebrain that receives signals from olfactory sensory
neurons and is responsible for initial odor processing.

Neurons in the olfactory bulb did not express ACE2. The gene and associated protein were
present only in blood vessel cells, particularly pericytes, which are involved in blood pressure
regulation, blood-brain barrier maintenance and inflammatory responses. No cell types in the
olfactory bulb expressed the TMPRSS2 gene.

Smell loss clue

Together, these data suggest that COVID-19-related anosmia may arise from a temporary loss of
function of supporting cells in the olfactory epithelium, which indirectly causes changes to
olfactory sensory neurons, the authors said.

"We don't fully understand what those changes are yet, however," Datta said. "Sustentacular
cells have largely been ignored, and it looks like we need to pay attention to them, similar to how
we have a growing appreciation of the critical role that glial cells play in the brain."

The findings also offer intriguing clues into COVID-19-associated neurological issues. The
observations are consistent with hypotheses that SARS-CoV-2 does not directly infect neurons
but may instead interfere with brain function by affecting vascular cells in the nervous system, the
authors said. This requires further investigation to verify, they added.

The study results now help accelerate efforts to better understand smell loss in patients with
COVID-19, which could in turn lead to treatments for anosmia and the development of improved
smell-based diagnostics for the disease.

"Anosmia seems like a curious phenomenon, but it can be devastating for the small fraction of
people in whom it's persistent," Datta said. "It can have serious psychological consequences and
could be a major public health problem if we have a growing population with permanent loss of
smell."

The team also hope the data can help pave inroads for questions on disease progression such
as whether the nose acts as a reservoir for SARS-CoV-2. Such efforts will require studies in
facilities that allow experiments with live coronavirus and analyses of human autopsy data, the
authors said, which are still difficult to come by. However, the collaborative spirit of pandemic-era
scientific research calls for optimism.

"We initiated this work because my lab had a couple of datasets ready to analyze when the
pandemic hit, and we published an initial preprint,” Datta said. "What happened after that was
amazing, researchers across the globe offered to share and merge their data with us in a kind of
impromptu global consortium. This was a real collaborative achievement."

Co-first authors on the study are David Brann, Tatsuya Tsukahara and Caleb Weinreb. Additional
authors include Marcela Lipovsek, Koen Van den Berge, Boying Gong, Rebecca Chance, lain
Macaulay, Hsin-jung Chou, Russell Fletcher, Diya Das, Kelly Street, Hector Roux de Bezieux,
Yoon-Gi Choi, Davide Risso, Sandrine Dudoit, Elizabeth Purdom, Jonathan Mill, Ralph Abi
Hachem, Hiroaki Matsunami, Darren Logan, Bradley Goldstein, Matthew Grubb and John Ngai.

The study was supported by grants from the National Institutes of Health (grants
RO11DC016222 and U19 NS112953) and the Simons Collaboration on the Global Brain.
Additional funding information can be found in the full text of the paper.
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Story Source:

Materials provided by Harvard Medical School. Original written by Kevin Jiang. Note: Content
may be edited for style and length.
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NEW MAPS OF CHEMICAL MARKS ON DNA
PINPOINT REGIONS RELEVANT TO MANY
DEVELOPMENTAL DISEASES

RESEARCHERS MAPPED HOW DNA METHYLATION
CHANGES OVER TIME IN MICE TO BETTER
UNDERSTAND DEVELOPMENTAL DISORDERS

Date:

July 29, 2020
Source:

Salk Institute
Summary:

In research that aims to illuminate the causes of human developmental disorders,
scientists have generated 168 new maps of chemical marks on strands of DNA -- called
methylation -- in developing mice. The data can help narrow down regions of the human
genome that play roles in diseases such as schizophrenia and Rett Syndrome.
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FULL STORY

In research that aims to illuminate the causes of human developmental
disorders, Salk scientists have generated 168 new maps of chemical marks
on strands of DNA -- called methylation -- in developing mice.

The data, published July 29, 2020, in a special edition of Nature devoted to the ENCODE Project
(a public research effort aimed at identifying all functional elements in the human and mouse
genomes), can help narrow down regions of the human genome that play roles in diseases such
as schizophrenia and Rett Syndrome. The paper's authors are also on two additional papers in
the special edition.

"This is the only available dataset that looks at the methylation in a developing mouse over time,
tissue by tissue," says senior author and Howard Hughes Medical Institute Investigator Joseph
Ecker, a professor in Salk's Genomic Analysis Laboratory. "It's going to be a valuable resource to
help in narrowing down the causal tissues of human developmental diseases."

While the sequence of DNA contained in every cell of your body is virtually identical, chemical
marks on those strands of DNA give the cells their unique identities. The patterns of methylation
on adult brain cells, for instance, are different than those on adult liver cells. That's in part
because of short stretches in the genome called enhancers. When transcription factor proteins
bind to these enhancer regions, a target gene is much more likely to be expressed. When an
enhancer is methylated, however, transcription factors generally can't bind and the associated
gene is less likely to be activated; these methyl marks are akin to applying the hand brake after
parking a car.

Researchers know that mutations in these enhancer regions -- by affecting the expression levels
of a corresponding gene -- can cause disease. But there are hundreds of thousands of
enhancers and they can be located far from the gene they help regulate. So narrowing down
which enhancer mutations may play a role in a developmental disease has been a challenge.

In the new work, Ecker and collaborators used experimental technologies and computational
algorithms that they previously developed to study the DNA methylation patterns of cells in
samples of a dozen types of tissues from mice over eight developmental stages.

"The breadth of samples that we applied this technology to is what's really key," says first author
Yupeng He, who was previously a Salk postdoctoral research fellow and is now a senior
bioinformatics scientist at Guardant Health.

They discovered more than 1.8 million regions of the mouse genome that had variations in
methylation based on tissue, developmental stage or both. Early in development, those changes
were mostly the loss of methylation on DNA -- akin to removing the brake on gene expression
and allowing developmental genes to turn on. After birth, however, most sites became highly
methylated again, putting the brakes on gene expression as the mouse approaches birth.

"We think that the removal of methylation makes the whole genome more open to dynamic
regulation during development,” says He. "After birth, genes critical for early development need
to be more stably silenced because we don't want them turned on in mature tissue, so that's
when methylation comes in and helps shut down the early developmental enhancers."

In the past, many researchers have studied methylation by homing in on areas of the genome
near genes called CpG islands -- sections of DNA that have a lot of cytosine and guanine base
pairs in them, since typical methylation occurs when a methyl is added to a cytosine that's
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followed by a guanine. However, in the new work, He and Ecker showed that 91.5 percent of the
methylation variations they found during development far away from CpG islands.

"If you only look at those CpG island regions near genes, as many people do, you'll miss a lot of
the meaningful DNA changes that could be directly related to your research questions," says He.

To show the utility of their new data set, the researchers looked at genetic variations that had
been linked to 27 human diseases and disorders in previous genome-wide association studies
(GWAS). They found associations between some human disease mutations and tissue-specific
methylation patterns in corresponding regions of the mouse genome. For instance, mutations
associated with schizophrenia were more likely to be found in suspected gene control regions in
the mouse genome that undergo methylation changes in an area of the brain called the forebrain
during development. Such patterns could help other researchers narrow down which mutations
found in a GWAS they should focus on.

Story Source:
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NEWS RELEASE 30-JUL-2020

FIRSTGENE KNOCKOUT IN A CEPHALOPOD
IS ACHIEVED AT MARINE BIOLOGICAL
LABORATORY

MARINE BIOLOGICAL LABORATORY
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IMAGE: LONGFIN INSHORE SQUID (DORYTEUTHIS PEALEI) HATCHLINGS. ON THE LEFT IS A CONTROL
HATCHLING; NOTE THE BLACK AND REDDISH BROWN CHROMATOPHORES EVENLY PLACED ACROSS
ITS MANTLE, HEAD AND TENTACLES. IN CONTRAST,... view more

CREDIT: KAREN CRAWFORD

WOODS HOLE, Mass. --A team at the Marine Biological Laboratory (MBL) has achieved the first
gene knockout in a cephalopod using the squid Doryteuthis pealeii, an exceptionally important
research organism in biology for nearly a century. The milestone study, led by MBL Senior
Scientist Joshua Rosenthal and MBL Whitman Scientist Karen Crawford, is reported in the July

30 issue of Current Biology.

The team used CRISPR-Cas9 genome editing to knock out a pigmentation gene in squid
embryos, which eliminated pigmentation in the eye and in skin cells (chromatophores) with high

efficiency.
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"This is a critical first step toward the ability to knock out -- and knock in -- genes in cephalopods
to address a host of biological questions,” Rosenthal says.

Cephalopods (squid, octopus and cuttlefish) have the largest brain of all invertebrates, a
distributed nervous system capable of instantaneous camouflage and sophisticated behaviors, a
unique body plan, and the ability to extensively recode their own genetic information within
messenger RNA, along with other distinctive features. These open many avenues for study and
have applications in a wide range of fields, from evolution and development, to medicine,
robotics, materials science, and artificial intelligence.

The ability to knock out a gene to test its function is an important step in developing cephalopods
as genetically tractable organisms for biological research, augmenting the handful of species that
currently dominate genetic studies, such as fruit flies, zebrafish, and mice.

It is also a necessary step toward having the capacity to knock in genes that facilitate research,
such as genes that encode fluorescent proteins that can be imaged to track neural activity or
other dynamic processes.

"CRISPR-Cas9 worked really well in Doryteuthis; it was surprisingly efficient," Rosenthal says.
Much more challenging was delivering the CRISPR-Cas system into the one-celled squid
embryo, which is surrounded by an exceedingly tough outer layer, and then raising the embryo
through hatching. The team developed micro-scissors to clip the egg's surface and a beveled
guartz needle to deliver the CRISPR-Cas9 reagents through the clip.

Studies with Doryteuthis pealeii have led to foundational advances in neurobiology, beginning
with description of the action potential (nerve impulse) in the 1950s, a discovery for which Alan
Hodgkin and Andrew Huxley became Nobel Prize laureates in 1963. For decades D. pealeii has
drawn neurobiologists from all over the world to the MBL, which collects the squid from local

waters.

Recently, Rosenthal and colleagues discovered extensive recoding of mMRNA in the nervous
system of Doryteuthis and other cephalopods. This research is under development for potential
biomedical applications, such as pain management therapy.

D. pealeii is not, however, an ideal species to develop as a genetic research organism. It's big
and takes up a lot of tank space plus, more importantly, no one has been able to culture it
through multiple generations in the lab.

For these reasons, the MBL Cephalopod Program's next goal is to transfer the new knockout
technology to a smaller cephalopod species, Euprymna berryi (the hummingbird bobtail squid),
which is relatively easy to culture to make genetic strains.

HH
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The MBL Cephalopod Program is part of the MBL's New Research Organisms Initiative, which is
widening the palette of genetically tractable organisms available for research - and thus
expanding the universe of biological questions that can be asked.

First author Karen Crawford is a professor of biology at St. Mary's College of Maryland and a
summer Whitman Center investigator at the MBL.

The Marine Biological Laboratory (MBL) is dedicated to scientific discovery - exploring
fundamental biology, understanding marine biodiversity and the environment, and informing the
human condition through research and education. Founded in Woods Hole, Massachusetts in
1888, the MBL is a private, nonprofit institution and an affiliate of the University of Chicago.
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