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AT helps researchers design microneedle
patches that restore hair in balding mice
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October 31, 2022
Source:

American Chemical Society
Summary:

Hair loss is undesirable for many men -- and women -- because one's hairstyle is often
closely tied to their self-confidence. And while some people embrace it, others wish they
could regrow their lost strands. Now, researchers have used artificial intelligence (Al) to
predict compounds that could neutralize baldness-causing reactive oxygen species in the
scalp. Using the best candidate, they constructed a proof-of-concept microneedle patch
and effectively regenerated hair on mice.

FULL STORY

Hair loss is undesirable for many men -- and women -- because one's
hairstyle is often closely tied to their self-confidence. And while some
people embrace it, others wish they could regrow their lost strands. Now,
researchers reporting in ACS' Nano Letters have used artificial intelligence
(Al) to predict compounds that could neutralize baldness-causing reactive
oxygen species in the scalp. Using the best candidate, they constructed a
proof-of-concept microneedle patch and effectively regenerated hair on
mice.

Most people with substantial hair loss have the condition androgenic alopecia, also called male-
or female-pattern baldness. In this condition, hair follicles can be damaged by androgens,
inflammation or an overabundance of reactive oxygen species, such as oxygen free radicals.
When the levels of oxygen free radicals are too high, they can overwhelm the body's antioxidant
enzymes that typically keep them in check. Superoxide dismutase (SOD) is one of these
enzymes, and researchers have recently created SOD mimics called "nanozymes." But so far,
those that have been reported aren't very good at removing oxygen free radicals. So, Lina Wang,
Zhiling Zhu and colleagues wanted to see whether machine learning, a form of Al, could help
them design a better nanozyme for treating hair loss.

The researchers chose transition-metal thiophosphate compounds as potential nanozyme
candidates. They tested machine-learning models with 91 different transition-metal, phosphate
and sulfate combinations, and the techniques predicted that MnPS; would have the most
powerful SOD-like ability. Next, MnPS;nanosheets were synthesized through chemical vapor
transport of manganese, red phosphorus and sulfur powders. In initial tests with human skin
fibroblast cells, the nanosheets significantly reduced the levels of reactive oxygen species
without causing harm.

Based on these results, the team prepared MnPS; microneedle patches and treated androgenic
alopecia-affected mouse models with them. Within 13 days, the animals regenerated thicker hair
strands that more densely covered their previously bald backsides than mice treated with
testosterone or minoxidil. The researchers say that their study both produced a nanozyme
treatment for regenerating hair, and indicated the potential for computer-based methods for use
in the design of future nanozyme therapeutics.

The authors acknowledge funding from the National Natural Science Foundation of China and
the Natural Science Foundation of Shandong Province China.



Story Source:

Materials provided by American Chemical Society. Note: Content may be edited for style and
length.
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How gut bacteria influence the effects of
cocaine in mice

Date:

November 1, 2022
Source:

Cell Press
Summary:

Common gut bacteria can enhance the effects of cocaine in mice, researchers report.
Their study demonstrates how cocaine use supports the growth of the bacteria, which in
turn eat up a chemical, glycine, that contributes to normal brain function. As levels of
glycine become depleted, mice exhibit a higher response to the drug with behavior
abnormalities, such as significantly increasing drug-induced locomotion and seeking
behaviors.

FULL STORY



https://www.sciencedaily.com/releases/2022/11/221101111556.htm

Common gut bacteria can enhance the effects of cocaine in mice,
researchers report November 1 in the journal Cell Host & Microbe. Their
study demonstrates how cocaine use supports the growth of the bacteria,
which in turn eat up a chemical, glycine, that contributes to normal brain
function. As levels of glycine become depleted, mice exhibit a higher
response to the drug with behavior abnormalities, such as significantly
increasing drug-induced locomotion and seeking behaviors.

Additionally, by supplementing glycine back systemically or using a genetically modified bacteria
that cannot use glycine, the response of the mice to cocaine falls back to normal levels,
demonstrating that this amino acid can act as an addiction-like behavior mediator in animal
models.

"l was interested in the gut-brain axis, and | found it very new and exciting," says first author
Santiago Cuesta, a neuroscientist at the University of Wisconsin School of Medicine and Public
Health.

Cuesta and colleagues found that when cocaine enters the gut of the mice, it triggers the
activation of the QseC protein that aids in the growth of y-proteobacteria, such as E. coli. These
bacteria, fueled by glycine, outcompete the normal gut bacteria that already exist in our digestive
tracks, taking up most of the space and resources.

"The gut bacteria are consuming all of the glycine and the levels are decreasing systemically and
in the brain," says senior author Vanessa Sperandio, a microbiologist from the University of
Wisconsin School of Medicine and Public Health. "It seems changing glycine overall is impacting
the glutamatergic synapses that make the animals more prone to develop addiction.”

"Usually, for neuroscience behaviors, people are not thinking about controlling the microbiota,
and microbiota studies usually don't measure behaviors, but here we show they're connected"
says Cuesta. "Our microbiome can actually modulate psychiatric or brain-related behaviors."

"I think the bridging of these communities is what's going to move the field forward, advancing
beyond correlations towards causations for the different types of psychiatric disorders," says
Sperandio.

Story Source:

Materials provided by Cell Press. Note: Content may be edited for style and length.
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Revolutionary gene drive tech to suppress
invasive mice

Date:
November 9, 2022
Source:
University of Adelaide
Summary:
Researchers have released their first findings on the potential effectiveness of

revolutionary gene drive technology to control invasive mice.

FULL STORY
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Researchers at the University of Adelaide have released their first findings
on the potential effectiveness of revolutionary gene drive technology to
control invasive mice.

The team has developed a world-first proof of concept for the technology -- called t-CRISPR --
using laboratory mice.

Using sophisticated computer modelling performed by co-first author Dr Aysegul Birand, the
researchers also found about 250 gene-modified mice could eradicate an island population of
200,000 mice in around 20 years.

The results of the study have been published today in the journal, Proceedings of the National
Academy of Sciences.

"This is the first time that a new genetic tool has been identified to suppress invasive mouse
populations by inducing female infertility," said lead researcher Professor Paul Thomas from the
University of Adelaide, and the South Australian Health and Medical Research Institute
(SAHMRI).

"The t-CRISPR approach uses cutting-edge DNA editing technology to make alterations to a
female fertility gene. Once the population is saturated with the genetic modification, all the
females that are generated will be infertile.

"We are also developing new versions of t-CRISPR technology that are designed to target
specific pest populations to prevent unwanted spread of the gene drive."

Post-graduate student Luke Gierus, a co-first author of the research paper, said t-CRISPR was
the first genetic biocontrol tool for invasive mammals.

"Up until now, this technology has been aimed at insects to try and limit the spread of malaria,
which causes up to 500,000 deaths worldwide per year," Mr Gierus said.

"The use of t-CRISPR technology provides a humane approach to controlling invasive mice
without the release of toxins into the environment. We are also working on strategies to prevent
failed eradication due to the emergence of gene drive resistance in the target population.”

Professor Thomas said the research team had worked closely with Australia's National Science
Agency CSIRO, the Centre for Invasive Species Solutions, the Genetic Biocontrol for Invasive
Rodents (GBIRd) consortium and the US Department of Agriculture to consider next steps
towards safely implementing the new technology.

"Our broader project includes consideration of societal views and attitudes, and is integral to our
ongoing research relating to this gene drive,” Professor Thomas said.

CSIRO Group Leader for Environmental Mitigation and Resilience Dr Owain Edwards added:
"This particular prototype has been designed to be highly specific for mice, but it is also evidence
that gene drives can be developed against other invasive pest animals.

"As part of this research, we conduct the safety assessments for this technology to the highest
standards. Because this is the first prototype for a vertebrate gene drive, interested stakeholders
will include many from the international community."

The research was supported by the South Australian Government and NSW Government.

South Australian Deputy Premier, the Hon. Dr Susan Close MP said: "These promising findings
demonstrate how gene drive technology may be a game changer in managing the impacts of
mice on our environment, community, and agricultural sector.

"This cutting-edge research also highlights the global leadership of the South Australian research
sector, in finding solutions to social, environmental and economic challenges.



"The South Australian Government is proud to have supported this proof-of-concept, having
granted the University of Adelaide $1 million through the Research and Innovation Fund."

Story Source:

Materials provided by University of Adelaide. Original written by Lee Gaskin. Note: Content
may be edited for style and length.
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What makes mice fat, but not rats?
Suppressing neuromedin U, study finds

Researchers investigate how a gene affects feeding functions differently in mice and rats

Peer-Reviewed Publication

OKAYAMA UNIVERSITY
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IMAGE: ACCORDING TO A NEW STUDY CONDUCTED BY OKAYAMA UNIVERSITY RESEARCHERS, THE
SPECIES-SPECIFIC EXPRESSION PATTERN OF THE NMU GENE WAS RESPONSIBLE FOR DIFFERENT
FUNCTIONS IN RATS AND MICE. ENDOGENOUS NMU DID NOT INCREASE FOOD INTAKE OR CAUSE
OBESITY IN RATS, INDICATING THAT IT IS NOT AN ANOREXIGENIC HORMONE IN RATS. view more

Our sensory urges ranging from anger to hunger are regulated by hormonal or neuronal
signals. Often, these impulses appear as behavioral responses, evoked through complex
biological reactions. Components of these reactions are produced in the body through
expression of certain proteins, which in turn, are coded by certain genes.

Neuromedin U (NMU) is one such neuronal protein hormone that is has been identified for a
variety of physiological roles in multiple species, including mammals. It is involved in
metabolic processes that are responsible for energy expenditure, feeding behavior, the
maintenance of day-night cycle in our biological clock, tumor development and immunity. Its
‘anti-hunger’ (anorexigenic) function, which has been proven in animal models including mice,
makes it a prime target for anti-obesity drugs, which work on the principle of inhibiting the
body's urge to eat more than what is actually required.


https://www.eurekalert.org/multimedia/964735
https://www.eurekalert.org/multimedia/964735
https://www.eurekalert.org/multimedia/964735

In mice, pharmaceutical research has demonstrated that NMU decreases food intake and
raises energy expenditure. Absence of NMU in mice leads to excessive eating behavior, low
body temperature, low activity, and the development of obesity. However, inconsistent
results have been obtained in similar administration experiments with rats, where the critical
role of NMU energy metabolism remains unclear.

A research group previously found that Nmu mRNA expression in the rat pars tuberalis (PT)
of the pituitary is higher during the light phase and lower during the dark phase due to
melatonin-induced suppression. The same team has now examined whether NMU in PT is
related to feeding rhythms, which cause rats to eat mostly at night. The study was jointly led
by Prof. Sayaka Aizawa of the Graduate School of Natural Science and Technology, Okayama
University, and Dr. Makoto Matsuyama of the Shigei Medical Research Institute. Their

research was published online on October 27, 2022 in Scientific Reports with Ms. Kyoka Yokogi,
a graduate-student from Okayama University, serving as the lead author.

The team wanted to investigate the anorexigenic function of NMU using rat models in which
this neuropeptide was present or absent. To this end, they first generated rats in which
the NMU gene was silenced, with the rGONAD (rat Genome-editing via Oviductal Nucleic Acids
Delivery) technology recently developed by Dr. Matsuyama. These rats were referred to
as Nmu KO rats and failed to produce the neuropeptide. However, unlike Nmu KO mice,
the Nmu KO rats did not increase their food intake and did not become obese, much to the
team's surprise.

Given that NMU may be linked to feeding rhythms, the researchers examined the daily
feeding pattern and discovered no differences between Nmu KO and wild type (with the NMU
gene) rats in both light and dark phases. “It is likely that NMU in rats is not critical for feeding
and energy metabolism regulation, and is not the central regulator of food intake”, explains Prof.
Aizawa.

Given its multitude of roles, the protein is present in multiple organs, and transmits signals
through receptors. The researchers found that in the rat brain Nmu expression was restricted
and abundant in the pituitary PT, which has never been observed in mice. In contrast to mice,
NMU and its receptors are rarely expressed in brain regions that involve feeding control in
rats. This indicates that NMU does not suppress feeding in rats.


https://www.nature.com/articles/s41598-022-21764-6

Prof. Aizawa elaborates, "Our findings in rats contradicted those in mice. This difference could be
due to species differences in the expression pattern of Nmu and its receptor genes between rats
and mice. Besides, the anorexigenic effect of central NMU administration could be an effect that
lasts only briefly under certain conditions”.

Although NMU has been studied as a feeding suppressor hormone, it is now clear that it
serves different functions in different species, including those that are very closely related.
More research is however, needed to determine whether rats or mice are a better model for
understanding the physiological functions of NMU in humans and the associated behavioral
responses.

“This study expresses concerns about applying animal experiment results to humans and strongly
demonstrates the diversity of living organisms,” concludes Prof. Aizawa.

About Okayama University, Japan

As one of the leading universities in Japan, Okayama University aims to create and establish
a new paradigm for the sustainable development of the world. Okayama University offers a
wide range of academic fields, which become the basis of the integrated graduate schools.
This not only allows us to conduct the most advanced and up-to-date research, but also
provides an enriching educational experience.

Website: https://www.okayama-u.ac.jp/index_e.html

About Prof. Sayaka Aizawa from Okayama University, Japan

Prof. Sayaka Aizawa is an Associate Professor at Okayama University's Graduate School of
Natural Science and Technology. In 2012, she received her Doctorate in Science from
Saitama University. Her research interests include neuropeptide physiological processes,
particularly their effect on the body's metabolism and hormonal status. Prof. Aizawa has
over 20 notable publications to her name. She is a member of prestigious organizations
including the Zoological Society of Japan, the Japan Society for Comparative Endocrinology,
the Endocrine Society, and the Japan Pituitary Research Association.
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|A better model for type 2 diabetes: The Nile rat

Date:

November 15, 2022
Source:

University of California - Santa Barbara
Summary:

Researchers have assembled the first reference genome for the Nile rat -- a kind of
genetic template of this species that may be used for laboratory and clinical studies. The
hope is that it will be useful for those who investigate Type 2 diabetes and neurological
disorders associated with a disrupted diurnal rhythm. The Nile rat is prone to diet-induced
diabetes, and exhibits a clear diurnal pattern, unusual in rodents.



https://www.sciencedaily.com/releases/2022/11/221115184517.htm

FULL STORY

Researchers have assembled the first reference genome for the Nile rat --
a kind of genetic template of this species that may be used for laboratory
and clinical studies. The hope, according to UC Santa Barbara researcher
Huishi Toh, is that it will be useful for those who investigate Type 2
diabetes and neurological disorders associated with a disrupted diurnal
rhythm. The Nile rat is prone to diet-induced diabetes, and exhibits a clear
diurnal pattern, unusual in rodents.

"It was a risk, and it took a long time," said Toh, an assistant project scientist in cell biologist
Dennis Clegg's lab, continuing work that she started in the lab of UCSB emeritus professor of
biology Dr. Jamie Thomson. "But when you're assembling a new genome, you have to be aware
of various sequencing errors." Toh is the lead author in a paper that appears in BMC Biology.

'Highly Complete Genome'

Model organisms are among our best aids in understanding some of our more complex diseases,
and are often chosen for, among other things, their similarity to humans in some physical or
genetic way. Such is the case with the house mouse and the brown rat, which are used to
investigate the underlying genetics of some human diseases.

But it's not a one-size-fits-all situation, particularly in the case of Type 2 diabetes, which affects
more than 35 million individuals in the U.S. today. While researchers have been using common
laboratory mice and rats to improve our understanding of the disease, tracing the development of
diet-induced diabetes and its complications in the more typical rodent models has not been very
rewarding.

"A major problem in modeling Type 2 diabetes is that laboratory rats and mice are not particularly
susceptible to diet-induced diabetes,"” Toh said. "Obesity-induced mice are in fact models of pre-
diabetes, and genetic or chemical manipulation are often required to push these conventional
rodents to develop diabetes and its complications, thus not mimicking the natural progression of
Type 2 diabetes in humans."

Over the last couple of decades, however, the Nile rat has emerged as a potential model for
Type 2 diabetes. Hailing from the grasslands of sub-Saharan Africa, these rodents live on a high-
fiber, low carbohydrate diet, unlike their more city-dwelling cousins who may have already
adapted to a more human-like high carbohydrate diet. Laboratory food, it turned out, was
hypercaloric for the Nile rats, and they would, like humans, spontaneously develop diet-induced
diabetes.

Previously, the Thomson lab demonstrated that the Nile rat could develop diabetic retinopathy
with key vision loss features -- similar to humans -- and lacking in other rodent models, thus
solidifying the Nile rat as a model of well-developed Type 2 diabetes. What was missing was a
reference genome, a genetic sequence that represents the animal in general and can serve as a
touchstone or starting point in the search for genetic variations that could indicate susceptibility to
certain diseases and other gene-related conditions. In partnership with the Vertebrate Genome
Project, Morgridge Institute for Research and University of Southern California, the international
collaboration of researchers assembled a "highly complete and highly contiguous" genome.

Among the things they noticed in comparing the Nile rat genome to the genome of the laboratory
mouse was that the Nile rat had fewer copies of a gene that encodes for the carbohydrate
processing enzyme called amylase, possibly reflecting the lack of adaptation of high-starch diets.

"We think that the Nile rat is not adapted to eat high carbohydrate foods, which makes sense
because they normally eat grass in Africa,” Toh said. "I think this is why they are so susceptible



to diabetes." Conversely, laboratory mice -- having lived near and around humans -- had more
copies of this gene, a sign of evolutionary adaptation to their environment.

In fact, Toh said, one of the benefits of having a reference genome is that it becomes possible to
witness the genetic consequences of environmental impact. "Currently, we are using this
reference genome to study transcriptomic changes relevant to the initial development of diet-
induced diabetes," she said, "and eventually we hope to take a look at the epigenetics as well."

This study was supported by the Garland Initiative for Vision, funded by the William K. Bowes Jr.
Foundation.
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Journal Reference:

1. Huishi Toh, Chentao Yang, Giulio Formenti, Kalpana Raja, Lily Yan, Alan Tracey, William
Chow, Kerstin Howe, Lucie A. Bergeron, Guojie Zhang, Bettina Haase, Jacquelyn
Mountcastle, Olivier Fedrigo, John Fogg, Bogdan Kirilenko, Chetan Munegowda, Michael
Hiller, Aashish Jain, Daisuke Kihara, Arang Rhie, Adam M. Phillippy, Scott A. Swanson,
Peng Jiang, Dennis O. Clegg, Erich D. Jarvis, James A. Thomson, Ron Stewart, Mark J.
P. Chaisson, Yury V. Bukhman. A haplotype-resolved genome assembly of the Nile
rat facilitates exploration of the genetic basis of diabetes. BMC Biology, 2022; 20 (1)
DOI: 10.1186/s12915-022-01427-8



https://www.news.ucsb.edu/2022/020773/better-model-type-2-diabetes
https://www.ucsb.edu/
http://dx.doi.org/10.1186/s12915-022-01427-8

6. REGDBMEFHOLHDATLEDARENSE - I RAKER
—ZEHRBOFHICLY BOAHLBBLRETES

Hft:2022 % 11 A 21 H
V—X - BIEEHEMR
BEZ - https://www.riken jp/press/2022/20221114_1/index.html

B{EFERZER (BB Aant¥aeRIEMR > 5 — EF) (5 -2 TR F — LADOFAR =F] £
RIARE EREBELTOTS AN - ARARE AR -5 — RERFEFEMIERBT O
MENM FERE) « BN FEMFRAR T — LD 325 LRARE (FAFEK, /£
IREMFARTF — L F—LU—F—) | RERZERZFER EFHAFR OEMESNRIOHF fi— &
TREFESOHEBMFIIL—T (& CBMEFM S BEEEET /LY D RICKIR IR
ZHEIDIRRICKD . BRRIRBOE N E N THICRIRETE D Z & ThZBDEENERIND
BJREMERLE L.

AAFERN S, ORI EFMIFOBERREDNCRDDIEESREL S U T, FERIICZIRFRIA
RERDFEN BIREDHT UV \BS(C/2 D LRIFF TEET.

RERFMIR EERELL 2R & T DORME FMIC BN TIE FHPOMEM® (C K DMED
fEEREEAREN BB LIE D TVE T, B, 2MBEE (AKD) C(EFINEROFBIIEHIETH
D, ECROEFEEELXY . BIREFLEPOESRREEE LT, 20CUATOBEKRRICKD
BASEFENAVSNTVEIN, EIRRSMEDHIMBRRAED Y X TZEmsh D ulHetEn' D
NEI,

SEl. HEAFRIIL—T(F. B)I| LRAKE SH 2020 F(CHiE UIZIELIRE A\ DZIRERIA
AR (BEAREHMARR) D8 (QIHM) MY, ERELFOBRMRENRZRI MR LELLE. €D
&R, QIH ZFEULBRENESTILNIXTE, EHRRICUR TEBHKEEREZE D1
FHTEDZEZASMNCULE U,

AEAFE, BIFHMEE [JTCVS Opend A2 S+ 2k (11 A7 BfY) (KB SNFHUL.



https://www.riken.jp/press/2022/20221114_1/index.html#note1
https://www.riken.jp/press/2022/20221114_1/index.html#researchers
https://www.riken.jp/press/2022/20221114_1/index.html#note2
https://www.riken.jp/press/2022/20221114_1/index.html#note3
https://www.riken.jp/press/2022/20221114_1/index.html#note4
https://www.riken.jp/press/2022/20221114_1/index.html#note5
https://www.riken.jp/press/2022/20221114_1/index.html#note6
https://www.riken.jp/press/2022/20221114_1/index.html#note7

FHLIRBPY D

\ ZRHBREO

<7 RICEZIR | BERICEARR

N /. .
ABARERIC & 5
T B 0D o 3755 5 Y

ol mEFHETNV)

ZRERIRREDRE (C & DD IR E F il D B REh R

MEEE-1—R/ MDYy TIR—JIZRS

<X >Induced "hibernation" state protects organs during heart surgery in mice (newatlas.com)

Induced "hibernation" state protects organs
during heart surgery in mice

By Michael Irving

November 21, 2022
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Scientists have found that inducing a hibernation-like state in mice during
heart surgery can protect organs from damage

Japanese researchers have demonstrated that inducing a kind of
hibernation state could be a new way to protect organs from damage when
blood circulation is stopped during surgery. The technique slows down the
metabolism and has been found to work well in tests in mice.

During some kinds of surgery on the heart or aorta, doctors need to
interrupt the flow of blood, but of course the resulting oxygen deprivation
would have a devastating effect on organs and tissues. For decades, the
main solution has been to induce a deep hypothermia in patients during
these surgeries, bringing their body temperatures right down to slow their
metabolism. But this is a difficult process that carries some risk.

Scientists at RIKEN in Japan have now found a potential alternative, based
on a discovery they made a few years ago. In that previous study, the
researchers identified a set of neurons (Q neurons) in mice that, when
stimulated, induce a sleep-like state called torpor, which animals like mice
and birds enter to conserve energy by slowing their metabolism.

More intriguingly, the team was able to stimulate Q neurons to induce this
state in rats, which don’t naturally undergo torpor. That opened the


https://newatlas.com/medical/suspended-animation-torpor-induced-hibernation/?itm_source=newatlas&itm_medium=article-body

possibility that humans could eventually be put into this kind of hibernation,
which could, for example, help for long space voyages or, as the new study
explores, as an alternative to hypothermia in surgery.

“If we can induce them, there are many possibilities for using hibernation-
like states in cardiovascular medicine, resuscitation medicine, or other
cases in which organ protection via hypothermia is insufficient or
inappropriate,” said Genshiro Sunagawa, co-lead author of the study.

The team tested the idea in four groups of mice undergoing aortic surgery.
Two groups received injections of chemicals that activated the Q neurons —
one of these groups was kept at a normal body temperature, while the
other was put under hypothermia. The other two groups were controls that
received placebo injections, with one under hypothermia and the other at
normal temperature.

Afterwards, the scientists examined kidney damage and function by
evaluating levels of certain biomarkers in the blood. And sure enough, mice
that had had their Q neurons activated showed a similar level of organ
protection as the control mice that had undergone hypothermia. There was
no real difference between the Q neuron mice that had and hadn’t
undergone hypothermia.

While the study is intriguing, the team cautions that it’s still very early days
for the research. First and foremost, it’s unlikely Q neurons could be
selectively activated in human brains to achieve the same effect. But the
scientists say that understanding the mechanism behind it could reveal
other ways to induce the state.

“Activating Q neurons triggers some sequence of biological events that
allows organs to exist in a hypometabolic state for days,” said Sunagawa.
“Once we know precisely what these events are, we are confident we can
induce them pharmacologically in the body, without needing to first activate
the Q neurons.”

The research was published in the journal JTCVS Open.

Source: RIKEN
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Gene that guides earliest social behaviors
could be key to understanding autism

Date:

November 23, 2022
Source:

University of Utah Health
Summary:

A new animal study points to a gene that is important for the earliest development of
basic social behaviors. The work also suggests that exposure to certain drugs and
environmental risk factors during embryonic development can cause changes to this
gene, leading to alterations in social behavior that are similar to those found in individuals
who have autism.

FULL STORY

Little is known about how social behavior develops in the earliest stages of
life. But most animals -- including humans -- are born with an innate ability
to interact socially or form bonds with others. And that contributes to
success throughout life.

Now, a new animal study points to a gene that is important for the earliest development of basic
social behaviors.

The work also suggests that exposure to certain drugs and environmental risk factors during
embryonic development can cause changes to this gene, leading to alterations in social behavior
that are similar to those found in individuals who have autism. Much to their surprise, the
researchers also found they could reverse some of the effects using an experimental drug.

"This study helps us understand at the molecular level why sociability is disrupted during the very
earliest stages of life," says Randall T. Peterson, Ph.D., the corresponding author of the study
and dean of the University of Utah College of Pharmacy. "It also gives us an opportunity to
explore potential treatments that could restore sociability in these animals and, perhaps in time,
eventually in humans as well."

More broadly, their findings suggest that the gene -- TOP2a -- controls a large network of genes
that are known to increase the risk of autism. It also may serve as a link between genetic and
environmental factors that contribute to onset of disorder, Peterson adds.

The study, conducted by University of Utah Health researchers and colleagues nationwide,
appears in the Nov. 23 issue of Science Advances.

Anti-social animals

Scientists suspect many social traits are determined before birth. But the precise mechanisms
involved in this process remain murky. One promising area of research suggests that social




behavior and other characteristics and traits are influenced not only by our genetic makeup but
also how and where we live.

To test this model, the scientists evaluated whether environmental exposures during embryonic
development could influence social behavior. Peterson and his colleagues exposed zebrafish
embryos to more than 1,100 known drugs -- one drug per 20 embryos -- for 72 hours beginning
three days after conception.

The researchers determined that four of the 1,120 tested drugs significantly reduced sociability
among the zebrafish. Fish exposed to these drugs were less likely to interact with other fish. It
turned out that the four medications all belonged to the same class of antibiotics, called
fluoroquinolones. These drugs are used to treat upper and lower respiratory tract infections in
people.

When the scientists gave a related drug to pregnant mice, the offspring behaved differently when
they became adults. Even though they appeared normal, they communicated less with other
mice and engaged in more repetitive acts -- like repeatedly poking their head in the same hole --
than other rodents.

A basis for sociability

Digging deeper, the researchers found that the drugs suppressed a gene called TOP2a, which,
in turn, acted on a cluster of genes that are known to be involved in autism in humans.

They also found that the cluster of autism-associated genes shared another thing in common -- a
higher than usual tendency to bind a group of proteins called the PRC2. The researchers
hypothesized that Top2a and the PRC2 work together to control the production of many autism-
associated genes.

To determine whether the anti-social behaviors could be reversed, the research team gave
embryonic and young zebrafish an experimental drug called UNC1999, which is known to inhibit
the PRC2. After treatment with the drug, fish exposed to fluoroquinolones were more likely to
swim closer to other fish, demonstrating that the drug helped restore sociability. They saw similar
results with other drugs known to inhibit the same key gene, TOP2a.

"That really surprised me because | would've thought disrupting brain development when you're
an embryo would be irreversible," Peterson says. "If you don't develop sociality as an embryo,
you've missed the window. But this study suggests that even in those individuals later in life, you
can still come in and inhibit this pathway and restore sociality."

Moving forward, the researchers plan to explore how and why this drug had this effect.

Although the scientists only found four compounds that are Top2a inhibitors, evidence suggests
hundreds of other drugs and naturally occurring compounds in our environment can inhibit its
activity.

"It's possible that these four compounds are just the tip of the iceberg in terms of substances that
could be problematic for embryonic exposure," Peterson says.

However, Peterson notes that this study was conducted in animals, and more research needs to
be done before any of its results can be confirmed in humans. Therefore, he cautions against
drawing conclusions about real-world applications.

"We have no evidence that fluroquinolones or any other antibiotic causes autism in humans,"
Peterson says. "So, there is no reason to stop using antibiotics. What this paper does identify is
a new molecular pathway that appears to control social development and is worthy of further
exploration."

In addition to Dr. Peterson, U of U Health scientists Yijie Geng, Tejia Zhang, lvy G. Alonzo, Sean
C. Godar, Christopher Yates, Brock Plummer, and Marco Bortolato contributed to this study.



Other patrticipating institutions include the University of Chicago; Beth Israel Deaconess Medical
Center in Boston; Massachusetts General Hospital and Harvard Medical School; the Broad
Institute, Cambridge, Massachusetts; and MDI Biological Laboratory, Bar Harbor, Maine.

The study, "Top2a promotes the development of social behavior via PRC2 and
H3K27me3," appears in the Nov. 23, 2022, issue of Science Advances. This research was
supported by the L. S. Skaggs Presidential Endowed Chair and the National Institute of
Environmental Health Sciences at the National Institutes of Health.

Story Source:

Materials provided by University of Utah Health. Note: Content may be edited for style and
length.
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Enzyme drives cognitive decline in mice,
provides new target for Alzheimer's

Date:
November 28, 2022

Source:
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University of California - San Diego
Summary:

Researchers identify the PKC-alpha enzyme as a promising therapeutic target in
Alzheimer's disease; a mutation that increases its activity led to biochemical, cellular and
cognitive impairments in mice.

FULL STORY

In a recent search for gene variants associated with Alzheimer's disease
(AD), several affected families showed a mutation in an enzyme called
protein kinase C-alpha (PKCa). Family members with this mutation had AD;
those without the mutation did not.

The M489V mutation has since been shown to increase the activity of PKCa by a modest 30
percent, so if and how it contributes to the neuropathology of AD has remained unclear.

In a new study, researchers at University of California San Diego School of Medicine found that
the subtle increase in PKCa was sufficient to produce biochemical, cellular and cognitive
impairments in mice, similar to those observed in human AD. The findings, published online on
November 23, 2022 in Nature Communications, position PKCa as a promising therapeutic target
for the disease.

PKCa regulates the function of many other proteins, particularly in the brain. The enzyme
facilitates chemical reactions that add phosphate groups to other proteins, shaping their activity
and ability to bind to other molecules. By tuning the phosphorylation state of proteins in the
synaptic environment, PKCa may play an important role in synaptic function and neuronal
signaling.

To assess its role in AD, several research teams collaborated to first generate a mouse model
with the PKCa M489V mutation and then assess its biochemistry and behavior over the next
year and a half (corresponding to approximately 55 years in human aging).

After three months, the brains of the mutated mice had significantly altered levels of protein
phosphorylation compared to the brains of wild type control mice, indicating that neuronal
proteins were being misregulated. By 4.5 months, the mice's hippocampal neurons showed
several cellular changes, including synaptic depression and reduced density of dendritic spines.
By 12 months, the mice showed impaired performance in behavioral tests of spatial learning and
memory, clear evidence of cognitive decline.

"We were surprised to find that just a slight increase in PKCa activity was enough to recreate the
Alzheimer's phenotype in a mouse," said senior author Alexandra C. Newton, PhD, Distinguished
Professor of Pharmacology at UC San Diego School of Medicine. "This is an amazing example
of the importance of homeostasis in biology -- even minor tweaks in kinase activity can result in
pathology if the effects are allowed to accumulate over a lifetime."

To confirm whether similar enzymatic changes could be observed in human patients, the
researchers also measured protein levels in the frontal cortex of human brains from deceased
patients with AD and control individuals. Brains from AD patients showed a 20 percent increase
in PKCa. Furthermore, phosphorylation of a known PKCa substrate was increased by
approximately four-fold in these brains, further suggesting that PKCa activity was enhanced in
the human AD brain.



"The PKCa M489V mutation has been a great way to test the role of this enzyme in AD, but there
are many other ways to have aberrant PKCa," said Newton. "We're finding that many mutations
associated with AD are in genes that regulate PKCa, so a variety of gene variants may actually
be converging onto this same important pathway."

The authors note that several pharmacological inhibitors of PKCa have already been developed
for use in cancer and could be repurposed to treat AD. Future drug development might focus on
ways to selectively inhibit PKCa at the synapse.

"It's increasingly clear that the amyloid plagues we see in AD are secondary to some other earlier
process happening in the brain," said Newton. "Our findings add to a growing body of evidence
that PKCa may be an important part of that process, and is a promising target for treating or
preventing Alzheimer's disease."

Co-authors include: Gema Lorden, Jacob M. Wozniak, Kim Dore, Laura E. Dozier, Gentry N.
Patrick and David J. Gonzalez, all at UC San Diego; Amanda J. Roberts and Chelsea Cates-
Gatto at The Scripps Research Institute; and Rudolph E. Tanzi at Harvard Medical School.
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Materials provided by University of California - San Diego. Original written by Nicole
Mlynaryk. Note: Content may be edited for style and length.
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