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Neurobiology

Could the brain’s over-eager
‘pruning shears’ be causing
schizophrenia?

Schizophrenia is still a very poorly understood psychiatric disease. Uncovering
the factors that lead to schizophrenia is no easy task — but neurobiologists are
on the case. At the Broad Institute in the US, Dr Matthew Johnson, Dr Beth
Stevens and their team are investigating whether schizophrenia occurs when
brain development goes wrong, causing too many connections between
neurons to be destroyed. Their findings could help the development of
treatments to prevent and manage this serious disease.
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neurobiologist

C4&A — a protein that tags
synapses to be engulfed

Microglia — immune cells in
the brain responsible for synaptic
pruning

Schizophrenia — a severe,
chronic brain disorder that
affects cognition, emotions and
behaviour

chizophrenia is a serious
mental illness, affecting
about 1in 300 people, or
23 million people around
the world. “Symptoms include
hallucinations and delusions, social

withdrawal, difficulty with language
and other cognitive impairments,” says
Dr Matthew Johnson, a neurobiologist
at the Broad Institute. His colleague,
Dr Beth Stevens, continues,
“Schizophrenia tends to develop
during adolescence, and we still don’t

fully understand why.”

Synaptic pruning

Matthew and Beth’s team is focusing
on synaptic pruning and its relationship
with schizophrenia. “Synapses are

the connections between neurons
that allow these cells to transmit
information,” says Matthew. “This

Synapse — the connection
between neurons that allows
information to be transmitted

through the brain

Synaptic pruning — the
process by which microglia
engulf unnecessary synapses

is how we learn, form memories and
control our actions.” While we are
developing during childhood, the brain
makes excess synapses, to enable as
much learning as possible. Later, once
it is clearer which synapses are useful
and which are less so, the body tidies
up. During adolescence, unnecessary
synapses are removed via synaptic
pruning. These synapses get tagged

by special molecules, which instruct
immune cells called microglia to ‘eat’
them. “We are testing the hypothesis
that too much synaptic pruning by
microglia during adolescence is one (of
many) causes of schizophrenia,” says

Beth.

The team is studying the molecules
that tag synapses to instruct the
microglia to destroy them. “The C4A

protein is one of these molecular
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signals,” explains Matthew. “Genetic
studies have revealed that people with
more C4A in their brain have a higher risk
for schizophrenia.” The team used mouse
models to test the link between C4A and
schizophrenia. “We studied genetically
modified mice that express human C4A,”
says Beth. “Our findings show that these
mice do indeed have increased synaptic
pruning and show changes in social
behaviour.”

Teen troubles

Given that schizophrenia typically emerges
during adolescence, it is likely that the
disease is linked to developmental processes
that happen during this time. “Synaptic
pruning is especially active during critical
development periods such as adolescence,”
says Matthew. To build on previous
experiments, the team genetically modified
new mice where extra C4A was only ‘turned
on’ during adulthood, rather than being
present from birth. “Our hypothesis is that
mice with extra C4A-induced pruning
during adolescence will perform worse at
complex decision-making tasks compared
to those where extra C4A expression is only
during adulthood,” explains Beth.

The team is also assessing how
environmental factors might contribute to
the risk of schizophrenia. “Stress induces
immune system responses, so could
potentially exacerbate synaptic pruning by
microglia,” says Matthew. “For example,
stress might cause microglia to be more
responsive to C4A tags.” The team is testing
this by observing how mice respond to
chronic stress and if that affects the rate of
synaptic pruning and their behaviour.

Mouse brains

So, how does the team measure rates of
synaptic pruning? “Conventionally, synaptic
pruning is measured by cutting mouse brains
into super-thin slices, staining the microglia
and synaptic proteins, and imaging them
under a microscope,” says Beth. “However,
this method is slow and not well-suited to
the complex brain circuits we're interested
in.” To address this, the team has developed
better methods. “In one method, we purify
the microglia from a mouse brain, stain the
synaptic proteins within them, and measure
the synaptic protein signal with a method
called flow cytometry,” explains Matthew.
“This allows us to quantify the engulfment
of synapses of thousands of microglia from
many mice in one experiment.”

But there are challenges with using mice

to study human diseases. “Mouse brains
are much simpler than human brains, and
they develop in different ways,” says Beth.
“Importantly, it’s unclear which stage of
mouse development corresponds to human
adolescence.” While mice are typically
considered ‘adult’ once they reach sexual
maturity at two months old, the team found
that mouse behaviours and neural pathways
continue to change dramatically between
two and six months of age, suggesting that
they are still developing in this time. “This
led us to conclude that this age range may
serve as approximately analogous to human
adolescence,” says Matthew.

Delving deeper

The team is also measuring C4A and other
proteins in samples from human volunteers
with and without schizophrenia to identify
which patients are affected by specific
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A microsxf.)e image of synapses (purple) and microglia (green)'in a

posteEmortem human brain sample. © Daniel Wilton
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mechanisms, such as excess synaptic
pruning. By studying both mice in the lab
and human patients, the team endeavours
to improve understanding of how effective
the mouse model system is for studying
human adolescent brain development.
The aim is to increase the chances of basic
research results being translated to human
drug development efforts.

Matthew, Beth and their colleagues are
exploring other molecular goings-on, too.
“We've found that another schizophrenia
risk gene, CSMD1, also affects C4A
activity and synaptic pruning,” says Beth.
“This is important because it shows how
two different genetic risk factors converge
on a single molecular pathway.” The team’s
work on CSMD1 s in its early stages, but is
already proving rewarding, as the CSMD1
gene may be a better target for treatments
than C4A. “C4Ais a critical part of the
immune system throughout the body, so it
might be risky to target C4A with a drug,”
explains Matthew. “CSMD1, on the other
hand, is mostly expressed in the brain, so
may be a better therapeutic target.”

This leads to the overall aim of the team’s
research — to provide scientific evidence of
the neurobiology underlying schizophrenia,
which can be used to develop new drugs to
treat the disease. “We hope that some of
what we learn will uncover new therapeutic
targets, such as proteins that could be
targeted by new drugs,” says Beth. With
this evidence in hand, Beth and Matthew
hope that schizophrenia will become a
better-understood, and therefore more
treatable, disease.
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Pathway from school to
neurobiology

At high school, useful subjects to study include biology,

» chemistry, mathematics, physics and computer science. .
These can be complemented by arts and humanities
subjects for a more well-rounded understanding of human
society and challenges that need addressing.

At university, study a degree in neuroscience, cell biology
or molecular biology.

Look for opportunities to work in a neurobiology (or
general biology) lab to gain practical research experience.
“As a young scientist, this hands-on experience is vital
for you to apply the concepts you have learnt in the
classroom,” says Matthew. “It will also allow you to learn
about research as a potential career.”

“Attend public talks and events at universities,” advises
Beth. “These offer another way to be immersed in
science.” For example, if you are based in Boston, the
Harvard Brain Science Initiative (brain.harvard.edu)
hosts exciting events and provides excellent resources. Dr
Cherish Taylor, a member of Beth’s team, recommends
attending the Black in Neuro (blackinneuro.com)
seminars to hear from Black researchers working in all
aspects of the field.
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Explore careers in
neurobiology

The Broad Institute, where Matthew and Beth work,
offers summer programmes for high school and
undergraduate students to participate in cutting-edge
research projects: broadinstitute.org/students/summer-
research-programs

The Society for Neuroscience provides information
about career paths in the field: neuronline.sfn.org/
career-paths

“I would encourage all early career scientists to attend
conferences run by neuroscience organisations,” says
Matthew. “These are great ways to get more involved in
neurobiology, and to network with scientists at all career
stages and learn about different career opportunities and

trajectories.”
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As elevated levels of C4A in the human brain are
linked to increased schizophrenia risk, the team
generated a mouse model to study how human C4A
protein interacts with different brain cell types, such
as astrocytes (a type of glial cell). In this microscope
image, mouse astrocytes are pink, cell nuclei are blue

and human C4A protein is green. © Cherish Taylor

Meet
Cherish

Dr Cherish Taylor is a researcher in Beth’s lab.

As a teenager, | wanted to become a forensic scientist. | was
fascinated by how detectives in TV shows like CSI and Law and Order
used science to solve cases. | also loved music — my brother is a
musician, and | grew up going to his gigs. At one point, | also thought |
would become a singer.

At college, | wanted to gain experience in genetic research to help
my dream of becoming a forensic scientist. | joined a lab where we
used optogenetics (a genetic tool that uses light to activate genes

in genetically modified mice) to study how the brain influences
behaviour. | was amazed by how the activity of tiny cells in the brain
had such an impact on the mice’s behaviour. So, | changed my career

goals and decided to study psychology and neurobiology.

Community in science is so important. | was the only Black woman
on my PhD programme, and | felt isolated. When | met another Black
woman on a different programme, we realised we were navigating the
same challenges, so we started meeting for lunch once a week. Soon,
other Black women joined us. We built the community we needed,
which helped us persevere.

A day in the lab can vary a lot. | might be at the bench doing an
experiment, in the animal facility working with mice, or on my
computer processing results or reading about new science.

Science is hard. Often, experiments don’t go as planned, results are
difficult to understand, or we lack the technology we need to test
something. These moments can be frustrating and discouraging, so

a critical characteristic for any scientist is the ability to persevere.

We keep learning, repeating experiments, trying new techniques

and reaching out to others. It’s important to surround yourself with
good mentors and peers who can encourage you when things are
challenging and help you see things from a different perspective. I'm
proud to act as a mentor for my students, and to see their growth and
development.

The brain is an amazing organ, but we still know so little about it. This
means that neurobiology is really exciting because our discoveries
make new knowledge - we are rewriting the textbooks!

Cherish’s top tips

1. Stay curious. If you're interested in something, learn about
it. And reach out to scientists doing work you find cool!
Most would be happy to talk to you about their work.

2. Seek research experience. Hands-on experience is key to
becoming a scientist, so actively participate in class labs,
shadow a researcher or find a summer research placement.
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Talking points

Knowledge & Comprehension

1. What is C4A, and what role does it play in synaptic
pruning?

2. What are microglia, and what role do they play in
synaptic pruning?

3. What are the challenges of using mice to study
schizophrenia in humans?

4. Why is synaptic pruning an important process during
normal brain development?

Application
5. How do you think excessive synaptic pruning might
lead to the symptoms of schizophrenia?

Analysis

6. Why might it be problematic to prevent or treat
schizophrenia by reducing C4A in a patient? What side
effects do you think might occur?

Evaluation

7.To what extent do you agree that it is essential to use
animal models to understand human diseases? In what
ways do you think technical advances could reduce
scientists’ reliance on animal models?

8. Why is perseverance such a key quality for scientists to
have? How well are you able to persevere when you face
challenges?
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Activities

Many genetic and environmental factors have been
suggested to contribute to the development of
schizophrenia. Using Matthew and Beth’s article and reliable
online sources, investigate a range of potential contributing
factors.

For each factor, record whether it is genetic or
environmental, what evidence exists to suggest it may be
linked to schizophrenia, and what the significance of this
factor is for developing treatments for the disease.

For example: C4A expression is a genetic factor; evidence
comes from the fact that people with more C4A in their
brain have a higher risk for schizophrenia, and mouse models
show links between C4A overexpression in adolescence

and schizophrenia symptoms; the significance is that new
therapeutics could target C4A expression.

Once you have completed your list, choose the factor that
most interests you and design a short research proposal that
scientists could use to investigate this factor further. Create
a presentation that introduces the topic and its importance
and explains what research could be conducted and what the
implications of any findings might be.

Deliver your presentation to a small group of classmates and
listen to their research ideas. Which inspires you the most,

and why?

More rcsources

« Backyard Brains contains a wealth of neuroscience experiments
you can do at home and in the classroom: backyardbrains.com

+ Brainfacts host a wealth of fascinating articles all about
neuroscience: brainfacts.org

+ Cherish recommends following (@neuro_melody and @science.
sam on Instagram for interesting neuroscience-related content.

+ Neuroscientifically Challenged hosts a range of short, accessible
videos about a range of neuroscience topics: youtube.com/(@
neurochallenged
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Photo montage

Top: Dr Cherish Taylor analyses a microscope image ofa mouse brain
expressing the human C4A protein.

Middle row: Left: A microscope image of a mouse brain expressing the
human C4A protein (green), showing microglia (pink) and cell nuclei (blue).
© Cherish Taylor

Centre: A microscope image of synapses (purple) and microglia (green) in a
post-mortem human brain sample. © Daniel Wilton

Right: A microscope image of a mouse brain expressing the human C4A
protein (green), showing astrocytes (pink) and cell nuclei (blue). © Cherish
Taylor

Bottom: Cherish works in the lab.
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