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Puberty hormones trigger changes in youthful learning

Brain study of mice has broad implications for the health and education of

young girls

Date:
June 1, 2017


https://www.sciencedaily.com/releases/2017/06/170601151829.htm

Source:
University of California - Berkeley

Summary:
A study of mice reveals, for the first time, how puberty hormones might impede some aspects of
flexible youthful learning.

FULL STORY

Pre-puberty mice found to be better at exploratory learning than post-pubertal mice.

Credit: Photo by Jon Wilbrecht

A University of California, Berkeley, study of mice reveals, for the first time,
how puberty hormones might impede some aspects of flexible youthful learning.

"We have found that the onset of puberty hits something like a 'switch' in the brain's frontal cortex that
can reduce flexibility in some forms of learning,™ said study senior author Linda Wilbrecht, an associate
professor of psychology and neuroscience at UC Berkeley.



While gleaned from young female mice, the findings, published in the June 1 issue of the journal
Current Biology, may have broad educationaland health implications for girls, many of whom are
entering the first stage of puberty as young as age 7 and 8.

"Puberty onset is occurring earlier and earlier in girls in modern urban settings -- driven by such factors
as stress and the obesity epidemic -- and has been associated with worse outcomes in terms of school
and mental health," said Wilbrecht, a researcher at the campus's Center on the Developing Adolescent.

Wilbrecht and her laboratory team at UC Berkeley and UCSF discovered significant changes in neural
communication in the frontal cortices of female mice after they were exposed to pubertal hormones. The
changes occurred in a region of the frontal brain that is associated with learning, attention and behavioral

regulation.

"To our knowledge, this study is the first to demonstrate changes in cortical neurotransmission due to
hormones at puberty," said study lead author David Piekarski, a post-doctoral researcher in Wilbrecht's
lab.

Overall, children have been found to have greater brain flexibility or "plasticity” than adults, enabling
them to more easily master multiple languages and other elementary scholastic pursuits.

While they continue to learn after puberty, their cognitive focus in adolescence is often redirected to peer
relationships and more social learning. If hormonal changes start as early as second or third grade, when
children are tasked with learning basic skills, a shift in brain function could be problematic, Wilbrecht
said.

"We should be more thoughtful about aligning what we know about biology and education to
accommodate the fact that many girls' brains are shifting to this adolescent phase earlier than expected,"
she said.

For the study, researchers induced puberty in some young female mice by injecting them with pubertal

hormones such as estradiol and progesterone, and blocked puberty in others by removing their ovaries.

In measuring the electrical activity of brain cells in the frontal cortices of post-pubertal mice, they
observed significant changes in the synaptic activity thought to regulate brain plasticity.



They also compared the higher-order learning strategies of pre-pubertal and post-pubertal mice by
testing their ability to find Cheerios hidden in bowls of wooden shavings scented with licorice, clove,

thyme or lemon.

After each mouse figured out which scent was paired with the Cheerio, that pairing was changed so the
mice had to use trial and error to adapt to the change and learn the new rule.

Overall, researchers found that the post-pubertal mice had a harder time adapting to the rule changes

than their pre-pubertal counterparts.

"These data demonstrate that puberty itself, not just age, plays a role in frontal cortex maturation," the

study concluded.

The study notes that future studies on male mice will be needed to determine if the present results apply
to the male brain.

Josiah Boivin, a graduate student at UCSF, is a co-author on the study.

Story Source:

Materials provided by University of California - Berkeley. Original written by Yasmin Anwar. Note:
Content may be edited for style and length.
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Mice will help reveal the roles of human

brown fat

BAYLOR COLLEGE OF MEDICINE
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When it gets cold around you, your body turns up the heat to maintain its normal temperature. The heat is
produced by brown adipose tissue, or brown fat, which also plays a role in how the body uses glucose and fat.
However, scientists do not completely understand how brown fat carries out its functions both in health and
disease, in part because of the lack of an appropriate animal model. In a paper published in the Journal of
Clinical Investigation Insight, ateam of researchers from several institutions, including Baylor College of
Medicine, has filled this gap with the discovery that mice also have brown fat deposits similar to the largest
depot found in people. The discovery opens the door to research that might lead to new ways of using brown

fat to treat metabolic conditions such as obesity and type 2 diabetes in the future.

"In addition to white adipose tissue, or white fat, people have brown fat, an important contributor to the
body's energy balance via the generation of body heat and the participationin metabolic processes,"said
senior author Dr. Miao-Hsueh Chen, assistant professor of pediatrics and nutrition at Baylor College of
Medicine and the USDA/ARS Children's Nutrition Research Center at Baylor and Texas Children's Hospital.

Brown fat contains adipocytes, cells that are rich in small fat-filled droplets and in energy-producing
structures called mitochondria. Brown fat adipocytes use fat and glucose as sources of energy. In mice, brown

fat activated to produce heat markedly affects the energy balance. For instance, mice housed at temperatures
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below their normal body temperature (20-22 degrees Celsius) would need to consume 60 percent more food
to maintain their normal temperature than mice housed at 30 C. Other experiments have shown that when

brown fat is dysfunctional or absent, mice decrease their energy expenditure and become obese.

A mouse model of human brown fat

Studies have indicated that most brown fat in mice is on the back, between the shoulder blades. In people,
however, the main depots of brown fat are located above the collar bones and deep in the neck. Scientists
think that what they learn by studying mouse brown fat might not be applicable to people because mouse and
human brown fat are at different locations. In the search for a better mouse model, Chenand her colleagues
analyzed mouse embryos and found brown fat surrounded by muscles inthe neck, including a brown fat depot
located above the collar bones, the same location of main human brown fat that had not been described

before.

"Further studies showed that adult mice also have brown fat above the collar bones,” Chen said. "This is
important because studies will be carried out mostly in adults. In addition, mouse brown fat in the collar bone
is morphologically similar to human brown fat in the same location, produces compounds involved in the

production of heat and expresses genes similar to those expressed by human brown fat."

Mouse brown fat can change metabolism

In collaboration with Dr. Kristin Stanford, assistant professor of physiology and cell biology at Ohio State
University Wexner Medical Center, the research team carried out brown fat transplantation experiments in

mice.

"For several years, I've been interested in how to combat obesity and improve metabolic health,” Stanford
said. "A few years ago, my lab developed a transplantation model looking at the effects of increasing brown
fat above the shoulder blade in mice, and we saw a dramatic improvement in metabolic health. When Dr.
Chen showed me her data identifying brown fat above the collar bone in mice, | was excited to collaborate

and apply our transplantation model."

When the researchers increased the amount of brown fat above the collar bone by transplanting more of it into
healthy mice, they saw improvement on the animals' glucose tolerance. This shows that "this brown fat depot,
which is remarkably similar to the main brown fat depot in humans, can be metabolically beneficial,"

Stanford said. "This study highlights how important this tissue most likely is in humans."



"I am most excited to bring this model to scientists in the field so they can use it to study brown fat," Chen
said. "This model is the first step to improve our understanding of the role of human brown fat in metabolic
processes. The model offers the possibility of carrying out studies that might result in treatments to reverse or

prevent diseases such as type 2 diabetes and obesity."
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Other contributors to this work include Qianxing Mo, Jordan Salley, Tony Roshan, Lisa A. Baer, Francis J.
May, Eric J. Jaehnig, Adam C. Lehnig, Xin Guo, Qiang Tong, Alli M. Nuotio-Antar, Farnaz Shamsi Yu-Hua
Tseng.

The authors are affiliated with one of more of the following institutions, Baylor College of Medicine (BCM),

The Ohio State University Wexner Medical Center, Rice University and Harvard Medical School.

This study was supported by USDA/ARS CRIS 3092-5-001-059, National Institutes of Health (NIH) P30-
DKO079638, the American Heart Association 16 GRNT30720003 and NIH K01-DK105109. RNAsequencing
and data analyses were supported in part by the Genomic and RNA Profiling Core at BCM with funding from
the NIH Center grant (P30-DK079638). TEM analyses were supported by the Integrated Microscopy Core at
BCM with funding from the NIH (HD007495, DK56338 and CA125123).

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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Credit; Portera-Cailiau Lab/UCLA

By tickling the whiskers of mice, and recording how they respond, UCLA
researchers may be closer to understanding why many children with autism
cover their ears when they hear loud sounds or can't tolerate scratchy wool

sweaters.

Scientists reportin the June 12 issue of the Journal of Neuroscience that mice
genetically engineered to mimic a type of autism in humans, fragile X

syndrome, are unable to adapt to, or tune out, repeated stimulation to their
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whiskers — unlike ordinary mice. The findings have implications for a

common symptom — sensory hypersensitivity — in humans with autism.

"If we can understand more about this mechanism, or help push the brain in
the direction of adaptation, we could really help children with autism," said
Dr. Carlos Portera-Cailliau, professor of neurology and neurobiology at the
David Geffen School of Medicine at UCLA and the paper's senior author.
"Currently, their brains do not mature in a way that allows this adaptation

mechanism to work properly."

Hypersensitivity to touch, sounds, taste and other sensory input is a central
feature of autism, a disorder characterized by social interaction difficulties,
repetitive behaviors and language impairment. Sensory hypersensitivity that
leads to avoidance, or "tactile defensiveness," is important to understand
because it contributes to other characteristics of autism such as anxiety,

sleep disturbances and inattention.

To learn more, Portera-Cailliau and his colleagues used a genetic mouse
model of fragile X syndrome, the most common genetic cause of autism and
learning disabilities in humans, to determine whether mice with fragile X
syndrome show the same "tactile defensiveness" seenin people with autism.
The scientists studied the behavior of 14-day-old mice and adult mice
running on a ball as a wire comb repeatedly touched their whiskers. The
neurological development of a 14-day-old mouse roughly corresponds to
the months immediately before and after birth in humans — a time when

experiences shape the brain circuits involved in processing sensory input.



The researchers found that the young fragile X mice ran in response to
whisker stimulation as though they were trying to escape it. By contrast, the
ordinary mice ran a little and stopped, even though whisker tweaking
continued, like they were able to block out the stimulus. As adults, the fragile
X mice ran and changed direction to avoid the whisker stimulator, whereas

typical adult mice were able to ignore it.

"Because fragile X syndrome and autism are diseases of abnormal neural
development, it's really important to see what is happening at different
developmental ages in the animal model," said Cynthia He, the study's first

author and a Ph.D. student in Portera-Cailiau's lab.

Researchers also used a special microscope, employing a technique called
two-photon calcium imaging, to observe signals from individual brain cells

that are activated by stimulation like an object touching whiskers.

An analysis of these observations showed neurons firing equally in both
groups of mice in the beginning, then tapering off only in the mice without
fragile X. The researchers hypothesize that the fragile X group may lack

chemicals that inhibit neuronal activity, a potential therapeutic target.

"You really need a solid understanding of the physiology in order to develop
treatments for neurodevelopmental conditions such as autism," He said.

"This is an important step in that direction."

#H##



This study's other authors are Daniel Cantu, Anubhuti Goel, Shilpa Mantri
and William Zeiger, all of UCLA.

The study was funded by a Paul and Daisy Soros Fellowship for New
Americans and an NIH NINDS F30 Fellowship (NS093719); UCLA Neural
Microcircuits training grant (T32-NS058280); a Eugene V. Cota-Robles
Fellowship; the UCLA Medical Scientist Training Program (NIH NIGMS
training grant GM08042; and a Developmental Disabilities Translational
Research Program grant (20160969) from the John Merck Fund; a SFARI
grant from the Simons Foundation (295438); and NIH NICHD grant (RO’
HD054453).

Media Contact
Leigh Hopper
lhopper@mednet.ucla.edu

310-267-7149

@uclanewsroom

http://www.newsroom.ucla.edu
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Western Diet Increases
Alzheimer s Pathology in

Genetically Predisposed Mice

X
h-\NEUROSCIENCE NEWSJUNE 12, 2017
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Summary: Diet and lifestyle changes could lower the risk of developing Alzheimer’s disease for

those who are genetically predisposed, a new study suggests.
Source: SfN.

Obese mice with a particular version of a gene strongly associated with Alzheimer’s
disease (AD) in humans show increased Alzheimer’s pathology, according to new
research publishedin eNeuro. The study suggests lifestyle changes could reduce the

likelihood of developing AD in individuals with this genetic predisposition.

Individuals who inherit the gene APOE4 — approximately 12 percent of the U.S. population —
have an increased risk of late-onset AD, but not all carriers develop the disease. Although the
role of APOE4 in AD is not known, environmental factors that also increase risk of dementia,
such as obesity, may contribute to development of AD.

Christian Pike and Alexandra Moser investigated the interaction between APOE4 and obesity in
a mouse model of AD, in which some male mice carry the human version of APOE4 and others
carry the more common human version APOE3. The authors found that APOE4-carrying mice
fed a Western-like diet high in saturated fat and sugars for 12 weeks had increased deposits of
B-amyloid protein as well a greater number of glial cells, characteristic of AD. These changes
were not observed in mice carrying APOE3, which could mean that carriers of APOE4 are more
susceptible to the effects of obesity on AD.



The authors found that APOE4-carrying mice fed a Western-like diet high in saturated fat and

sugars for 12 weeks had increased deposits of f-amyloid protein as well a greater number of
glial cells, characteristic of AD. NeuroscienceNews.com imageis forillustrative purposesonly.
About this neuroscience research article

Source: STN
Image Source: NeuroscienceNews.com image s in the public domain.

Original Research: The study will appearin eNeuro.
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Major new appetite regulator successfully manipulated in mice
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Researchers from Imperial College London and colleagues have found a potential way to
target the receptors that specifically control appetite in mouse brains, potentially

without causing other side effects.

Thyroid hormone receptors (TRs) are spread widely throughout the body and interact

with circulating thyroid hormones to regulate functions such as appetite, the nervous

system, body temperature, and cholesterol levels. Thus, any drug targeting thyroid
hormones and their receptors needs to be specific to avoid affecting other body

systems.

However, they are difficult to target individually due to their high numbers and so there

are currently no anti—obesity drugs that target them.
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Now, researchers from Imperial and colleagues have found a potential way to target
specific TRs located only in the hypothalamus, an area of the brain that regulates
appetite. The authors say the findings might lead to developing a new type anti—obesity
drug in the future.

Dr James Gardiner, lead author of the research from Imperial’'s Department of Medicine,
said: “Our hope is that these findings could ultimately lead towards drugs that target
thyroid hormones as a way to reduce someone’s appetite and help them control their
weight. We haven't been able to target these hormones before without lots of side
effects, but in this study we've been able to be very specific about which hormones
we're targeting, which should greatly lessen potential side effects. We are excited to see

where this might lead in the future fight against obesity.”

In this early stage research, the authors divided 21 mice, who weighed roughly 20g each,
into two groups. They injected mice in the first group with viruses that inactivated the
brain TRs, but did not inject the second group. They then let both groups eat as much
as they chose. Afterwards, the researchers examined the brains of the mice to confirm

the virus had in fact inactivated the targeted receptors.

They found that the group of mice with the inactive TRs ate much more food and
doubled in weight on average, doubling in size from the baseline of 20 grams to 40
grams over six weeks. The mice with active TRs maintained a stable body weight at 20

grams.

The authors say this is evidence that when targeting drugs to a specific, local, receptor

in the correct brain area, they can alter appetite in these mice without causing other

side effects. This could potentially be applied to humans in the future, where a drug
might decrease a person’s appetite by activating TRs in the hypothalamus, without
causing effects in other parts of the body. Dr Gardiner said: “If our findings can be

applied to humans, then we may have a new target for obesity medication.”

Humans with lowered thyroid receptor activity in their brains have previously been
found to be on average more obese than others. If this research continues into testing

drugs on human subjects, there would be no simple test to measure levels of receptor
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activity and adjust medication accordingly. Rather, treatment would be based on a

system of trial and error with regard to whether the drug worked for specific individuals.

However, the authors warned that this research is at an early stage and the results
should be taken with caution. Dr Gardiner added: “Due to the justifiably long and
complex process of drug discovery, any potential treatment that could result from this
will be far off in the future. However, the strength of our results, and the doubling in

body size of these mice, shows there's that the role of thyroid hormones and their

receptors are definitely worth exploring further in the fight against obesity.”

Explore further: Potential obesity treatment targets the two sides of appetite: Hunger

and feeling full

Provided by: Imperial College London

Read more at: https://medicalxpress.com/news/2017-06—major—appetite—successfully—
mice.html#Cp
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Acetaminophen during pregnancy can inhibit masculinity

Date:
June 22, 2017
Source:
University of Copenhagen The Faculty of Health and Medical Sciences
Summary:
Paracetamol during pregnancy can inhibit the development of 'male behavior' in mice. New
research shows that it can reduce sex drive and aggressive behavior.
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Paracetamol (acetaminophen) is popular for relieving pain. But if you are
pregnant, you should think twice before popping these pills according to the
researchers in a new study. In an animal model, Paracetamol, which is the pain-
relieving substance found in the pills, actually damages the development of male
behaviours.

Previous studies have shown the paracetamol can inhibit the development of the male sex hormone
testosterone in male foetuses, thus increasing the risk of malformation of the testicles in infants. Buta
reduced level of testosterone at the fetal stage is also significant for the behaviours of adult males, says
Ph.D. David Mgbjerg Kristensen, a researcher employed during the studies at the Department of
Biomedical Sciences and the Novo Nordisk Foundation Center for Protein Research at the Faculty of
Health and Medical Sciences.

"We have demonstrated that a reduced level of testosterone means that male characteristics do not
develop as they should. This also affects sex drive. In a trial, mice exposed to paracetamol at the fetal
stage were simply unable to copulate in the same way as our control animals. Male programming had
not been properly established during their fetal developmentand this could be seen long afterwards in
their adult life. It is very worrying," says David Mgbjerg Kristensen.

The dosage administered to the mice was very close to the recommended dosage for pregnant women.
Because the trials are restricted to mice, the results cannot be transferred directly to humans. However,
the researchers' certainty about the harmful effects of paracetamol means it would be improper to
undertake the same trials on humans, explains David Mgbjerg Kristensen.

Markedly reduced male behaviour

Testosteroneis the primary male sex hormone that helps develop the male body and male programming
of the brain. The masculine behaviours in mice observed by the researchers involved aggressiveness to
other male mice, ability to copulate and the need for territorial marking. The mice reacted significantly
more passively than normal for all three parameters. They did not attack other males, they were unable
to copulate and behaved more like female mice when it come to urinary territorial marking.

After observing the changed behavioural patterns, Prof. Anders Hay-Schmidt, who was employed at the
then Department of Neuroscience and Pharmacology during his studies at the University of Copenhagen,



investigated the specific effects of a lack of testosterone on the brain. The results showed up clearly here,
too.

"The area of the brain that controls sex drive -- the sexual dimorphic nucleus -- had half as many
neurons in the mice that had received paracetamol as the control mice. The inhibition of testosterone also
led to a halving of the activity in an area of the brain that is significant for male characteristics," he

explains.
Also affects female fertility

This study focused on the effect of paracetamol on masculine characteristics but paracetamol during
pregnancy also has the potential to influence the subsequent lives of female mice. In 2016, the
researchers published a study showing that female mice had fewer eggs in their ovaries if their mothers
had had paracetamol during pregnancy. This led to the mice becoming infertile more quickly. But even
if paracetamolis harmful, that does not mean it should never be taken, even when pregnant.

"I personally think that people should think carefully before taking medicine. These days it has become
so common to take paracetamol that we forget it is a medicine And all medicine has side effects. If you
are ill, you should naturally take the medicine you need. After all, having a sick mother is more harmful
for the fetus," says David Mgbjerg Kristensen.

He emphasizes that pregnant women should continue to follow the guidelines given by their country's
health authorities and recommends people to contact their GP if in doubt about the use of paracetamol.

Story Source:

Materials provided by University of Copenhagen The Faculty of Health and Medical Sciences. Note:
Content may be edited for style and length.
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How pheromones trigger female sexual behavior

Distinct neural circuits convert chemical signals into specific behavior

Date:
June 22, 2017

Source:
University of Tokyo

Summary:
A new study showed how a male pheromone in mice enhances sexual behaviors in females --
and how it may enhance a different behavior, aggression, in males -- by identifying distinct
neural circuits and neurons that generate a particular behavioral response to specific chemical
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signals. The findings point to a model for further investigating how sex-specific innate

behaviorsin living things are controlled.

FULL STORY
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Top: When male mice detect the ESP1 sex pheromone, they display enhanced aggressive behavior
toward other male mice. A region referred to as MeApv in the part of the brain called the amygdala acts
as a 'switch' that passes ESP 1 information to different regions of the hypothalamus, another area of the
brain, depending on the sex of the recipient mouse: the MP A subregion in males and VMHd subregion
in females. Middle: ESP1 enhances sexual behaviors in female mice. The neural circuit, identified in the
study, is responsible for this effect. Bottom: ESP 1 and a predator cue (snake skin), which elicits
defensive behaviors, use intermingled but mostly different neural circuits, extending from the peripheral
receptive organ to the hypothalamus.

Credit: 2017 Kazushige Touhara



A study by a group of Japanese scientists showed how a male pheromone in mice
enhances sexual behaviors in females -- and how it may enhance a different
behavior, aggression, in males -- by identifying distinct neural circuits and
neurons that generate a particular behavioral response to specific chemical
signals. The findings pointto a model for further investigating how sex-specific
innate behaviors in living things are controlled.

In most animals, the sense of smell and other sensory perception of chemical stimulus play a critical role
in controlling instinctive behaviors. For instance, chemical signals from a partner, competitor or predator

elicit specific behavior in mice, namely mating, aggression and defensive behaviors, respectively.

Ever since a pheromone secreted by a female moth that attracts the opposite sex was identified in 1959,
scientists have pinned down numerous chemicals that affect behavior in a wide variety of animal
species, from insects to mammals to humans. Despite their growing database of known pheromones,
scientists knew little about how the brain actually converts certain sensory input into appropriate
behavioral output, especially in mammals.

"It is widely known that some chemicals, especially odors, can impact an animal's instinctive behaviors
even on first contact," says Kazushige Touhara, a professor at the University of Tokyo's Graduate
School of Agricultural and Life Sciences, who supervised the study. "We assumed there was a neural
mechanism in the brain that correctly connects important sensory information to appropriate behavioral

centers in the brain," he adds.

In its study, the research group used a male pheromone, secreted from the tear gland, called ESP1 that
has been shown to enhance sexual behaviors in female mice, while promoting aggression in males
exposed to ESP1 in conjunction with unfamiliar male urine. Unlike other pheromones, which tend to be
composed of a complex web of substances, ESP1isa single purified chemical thatis detected by a sole
corresponding receptor, making it comparatively easy to track.

The group employed various viral tracing methods -- infecting receptor-expressing neurons with a virus
strain and watching them spread as they label infected cells with a fluorescent protein -- to visualize the
neural circuit downstream of the ESP1 receptor, as well as providing an image of nerve fibers belonging
to specific neurons in the brain and synapses relaying impulses from neuron to neuron, to map the
anatomical foundation that conveys ESP 1 signals in the brain. Using this method, researchers found that



the information of ESP 1 was routed differently in males and females by neurons in a region of the brain
called the amygdala.

The researchers also found that activation of ESP1-responding neurons in the region of the brain called
the hypothalamus enhanced sexual behavior in female mice, even in the absence of actual ESP1, by
using various tools to chemically or optically control neural activities, combined with a process called
the TRAP method, which allows them to selectively manipulate neurons responding to a particular
stimulus. In contrast, activation of neurons that responded to snake skin, a predator cue that elicits
defensive behaviors, in the same brain area showed no change in sexual behaviors.

"This finding suggests that there are two different types of neurons, ESP1 and predator neurons, and

only the former controls sexual behaviors in female mice," explains Touhara.

A similar discovery in fruit flies, reported in an earlier independent study, which shows that a particular
sex pheromone enhances female sexual behaviors and male aggression via separate neural circuits
between the sexes, suggests that a sexually distinct circuit may be a universal strategy for converting
male pheromone information into appropriate behavioral output. Further understanding the neural basis
underlying the control of female sexual behaviors could also provide insights into the origin of sexual
dysfunctions.

Story Source:

Materials provided by University of Tokyo. Note: Content may be edited for style and length.
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Characterizing the mouse genome reveals new gene

functions and their role in human disease

Date:
June 26, 2017
Source:
Queen Mary University of London
Summary:
The first results from a functional genetic catalogue of the laboratory mouse has been shared
with the biomedical research community, revealing new insights into a range of rare diseases

and the possibility of accelerating development of new treatments and precision medicine.
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FULL STORY

The firstresults from a functional genetic catalogue of the laboratory mouse has
been shared with the biomedical research community, revealing new insights into
a range of rare diseases and the possibility of accelerating development of new
treatments and precision medicine.

The research, which generated over 20 million pieces of data, has found 360 new disease models and
provides 28,406 new descriptions of the genes' effects on mouse biology and disease. The new disease

models are being made available to the biomedical community to aid their research.

The International Mouse Phenotyping Consortium (IMPC) is aiming to produce a complete catalogue of
mammalian gene function across all genes. Their initial results, now published in Nature Genetics, is
based on an analysis of the first 3,328 genes (15 per cent of the mouse genome coding for proteins).

Lead author Dr Damian Smedley from Queen Mary University of London (QMUL) and a Monarch
Initiative Principal Investigator, said: "Although next generation sequencing has revolutionised the
identification of new disease genes, there is still a lack of understanding of how these genes actually
cause disease.

"These 360 new disease models that we've identified in mice represent the first steps of a hugely
important international project. We hope researchers will be able to use this knowledge to develop new
therapies for patients, which is ultimately what we're all striving to achieve."

With its similarity to human biology and ease of genetic modification, the laboratory mouse is arguably
the preferred model organism for studying human genetic disease. However, the vast majority of the
mouse genome remains poorly understood, as scientists tend to focus their research on a few specific

areas of the genome linked to the most common inherited diseases.

Development of therapies for rare disease lags far behind, with over half of diagnosed rare diseases still
having no known causative gene. This is why the IMPC is aiming to build a complete database that
systematically details the functions of all areas of the mouse genome, including neurological, metabolic,

cardiovascular, respiratory and immunological systems.



Terry Meehan, IMPC Project Coordinator at European Bioinformatics Institute (EMBL-EBI) said:
"Mouse models allow us to speed up patient diagnosis and develop new therapies. But before that can
work, we need to understand exactly what each gene does, and what diseases it is associated with. This
is a significant effort in data collection and curation that goes well beyond the capabilities of individual
labs. IMPC is creating a data resource that will benefit the entire biomedical community."

The project involves going through the mouse genome systematically and knocking out a particular
gene, one by one, in different mice. By looking at the mouse's resulting characteristics in a variety of
standardised tests, the team then see if and how the gene knockout manifests itself as a disease, and link
their findings to what is already known about the human version of the disease. The 'one by one'
knockout approach lends itself to rare gene discovery, as often these diseases are caused by variants of a

single gene.

More than half of the 3,328 genes characterised have never been investigated in a mouse before, and for
1,092 genes, no molecular function or biological process were previously known from direct
experimental evidence. These include genes that have now been found to be involved in the formation of
blood components (potentially involved in a type of anemia), cell proliferation and stem cell

maintenance.

For the first time, human disease traits were seen in mouse models for forms of Bernard-Soulier
syndrome (a blood clotting disorder), Bardet-Biedl syndrome (causing vision loss, obesity and extra
fingers or toes) and Gordon Holmes syndrome (a neurodegenerative disorder with delayed puberty and
lack of secondary sex characteristics).

The team also identified new candidate genes for diseases with an unknown molecular mechanism,
including an inherited heart disease called 'Arrhythmogenic Right Ventricular Dysplasia' that affects the
heart muscle, and Charcot-Marie-T ooth disease, which is characterised by nerve damage leading to

muscle weakness and an awkward way of walking.

Dr Smedley added: "In addition to a better understanding of the disease mechanism and new treatments
for rare disease patients, many of the lessons we learn here will also be of value to precision medicine,
where the goal is to improve treatment through the customisation of healthcare based on a patient's

genomic information."
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a mutation in the CHD8 gene caused increased brain size, or

In this mouse cortex,
megalencephaly, a condition also present in people with autism spectrum disorder. The
colored sections correspond to different layers of the developing cortex.
Credit: Alex Nord/UC Davis

While the definitive causes remain unclear, several genetic and environmental factors
increase the likelihood of autism spectrum disorder, or ASD, a group of conditions

covering a “spectrum” of symptoms, skills and levels of disability.

Taking advantage of advances in genetic technologies, researchers led by Alex Nord,
assistant professor of neurobiology, physiology and behavior with the Center for
Neuroscience at the University of California, Davis, are gaining a better understanding
of the role played by a specific gene involved in autism. The collaborative work appears

June 26 in the journal Nature Neuroscience.
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“For years, the targets of drug discovery and treatment have been based on an
unknown black box of what's happening in the brain,” said Nord. “Now, using genetic
approaches to study the impact of specific mutations found in cases, we're trying to
build a cohesive model that links genetic control of brain development with behavior and

brain function.”

The Nord laboratory studies how the genome encodes brain development and function,

with a particular interest in understanding the genetic basis of neurological disorders.
Mouse brain models

There is no known specific genetic cause for most cases of autism, but many different
genes have been linked to the disorder. In rare, specific cases of people with ASD, one
copy of a gene called CHD8 is mutated and loses function. The CHD8 gene encodes a
protein responsible for packaging DNA in cells throughout the body. Packaging of DNA

controls how genes are turned on and off in cells during development.

Because mice and humans share on average 85 percent of similarly coded genes, mice
can be used as a model to study how genetic mutations impact brain development.
Changes in mouse DNA mimic changes in human DNA and vice—versa. In addition, mice

exhibit behaviors that can be used as models for exploring human behavior.

Nord’s laboratory at UC Davis and his collaborators have been working to characterize

changes in brain development and behavior of mice carrying a mutated copy of CHDS8.

“Behavioral tests with mice give us information about sociability, anxiety and cognition.
From there, we can examine changes at the anatomical and cellular level to find links
across dimensions,” said Nord. “This is critical to understanding the biology of disorders

like autism.”

By inducing mutation of the CHD8 gene in mice and studying their brain development,
Nord and his team have established that the mice experience cognitive impairment and
have increased brain volume. Both conditions are also present in individuals with a
mutated CHD8 gene.
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New implications for early and lifelong brain development

Analysis of data from mouse brains reveals that CHD8 gene expression peaks during
the early stages of brain development. Mutations in CHD8 lead to excessive production
of dividing cells in the brain, as well as megalencephaly, an enlarged brain condition
common in individuals with ASD. These findings suggest the developmental causes of

increased brain size.

More surprisingly, Nord also discovered that the pathological changes in gene
expression in the brains of mice with a mutated CHD8 continued through the lifetime of
the mice. Genes involved in critical biological processes like synapse function were
impacted by the CHD8 mutation. This suggests that CHD8 plays a role in brain function

throughout life and may affect more than early brain development in autistic individuals.

While Nord’s research centers on severe ASD conditions, the lessons learned may

eventually help explain many cases along the autism spectrum.
Collaboratingto improve understanding

Nord’s work bridges disciplines and has incorporated diverse collaborators. The genetic
mouse model was developed at Lawrence Berkeley National Laboratory using CRISPR
editing technology, and co—authors Jacqueline Crawley and Jill Silverman of the UC
Davis MIND Institute evaluated mouse behavior to characterize social interactions and

cognitive impairments.

Nord also partnered with co—author Konstantinos Zarbalis of the Institute for Pediatric
Regenerative Medicine at UC Davis to examine changes in cell proliferation in the brains
of mice with the CHD8 mutation, and with Jason Lerch from the Mouse Imaging Centre
at the Hospital for Sick Children in Toronto, Canada, to conduct magnetic resonance

imaging on mouse brains.

“It's the act of collaboration that I find really satisfying,” Nord said. “The science gets a
lot more interesting and powerful when we combine different approaches. Together we
were able to show that mutation to CHD8 causes changes to brain development, which

in turn alters brain anatomy, function and behavior.”
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In the future, Nord hopes to identify how CHD8 packages DNA in neural cells and to

determine the specific impacts to early brain development and synaptic function. Nord

hopes that deep exploration of CHD8 mutations will ultimately yield greater knowledge

of the general factors contributing to ASD and intellectual disability.

Explore further: Study shows connection between key autism risk genes in the human

brain

More information: Andrea L Gompers et al. Germline Chd8 haploinsufficiency alters
brain development in mouse, Nature Neuroscience (2017). DOI: 10.1038/nn.4592
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