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Project Type Wet lab

Summary This project seeks to understand how disease-causing mutations linked

to neurodevelopmental disorders, such as schizophrenia, alter cell types
in the brain. The brain contains many neuronal subtypes, each with
distinct functional roles. However, we don’t currently understand if
certain cells are preferentially impacted in schizophrenia, or the
consequences of such changes on brain function. Using sophisticated
optical and electrical recording methods combined with genetic analysis,
we will study different neuronal subtypes across transgenic mice that
harbour mutations in genes that increases the risk of developing
schizophrenia. Having determined cellular alterations, we will establish
how these changes impact learning and memory.

Description Schizophrenia is a highly debilitating neurodevelopmental disorder
impacting about 1% of the global population. While it is well established
that schizophrenia is associated with altered function in key brain areas,
such as the hippocampus, the precise cellular mechanisms are unknown.
Recent studies highlight glutamatergic NMDA receptors (NMDA-Rs) as a
key genetic risk factor for schizophrenia, consistent with convergent
evidence for altered glutamate signalling in the brain of people with
schizophrenia. Although NMDA-R dysfunction has been studied
extensively at excitatory neurons, the impact of altered GABAergic
interneuron function is poorly understood. This is important because
emerging evidence implicates interneurons in schizophrenia. There are
many subtypes of GABAergic cells. However, little research has looked at
the diversity of interneuron subtypes. Our hypothesis is that
Somatostatin interneurons will play a key role in the disorder, given
NMDA-Rs are key to their normal function and they are known
regulators of learning and neural plasticity in the developing and adult
brain. The goal of this proposal is to explore how altered NMDA-R
function impacts the properties of Somatostatin interneuron subtypes in
the hippocampus, and in so doing better link the Glutamate and
GABAergic hypotheses of Schizophrenia.

The project comprises three aims:

Aim 1: How do NMDA-R mutations impact the cellular properties of
Somatostatin interneuron subtypes? The student will use
electrophysiology, 2-photon uncaging and calcium imaging to explore
how loss of NMDA-Rs impacts the intrinsic, synaptic and dendritic
integration properties of Somatostatin interneurons. These findings will
inform how mutations impact their respond to high-frequency inputs
known to elicit plasticity in the brain.

Aim 2: To understand the molecular mechanisms underlying observed
changes, we will perform bulk transcriptome analysis of fluorescently
labelled Somatostatin interneuron subtypes in the hippocampus. Our
hypothesis is that NMDA-R mutations will alter the expression of key
synaptic proteins and dendritic ion channels. The student will use
pharmacology to study the functional impact of gene expression
changes, yielding possible targets to restore normal function.




Aim 3: How does altered interneuron function impact plasticity in the
brain? The student will study how NMDA-R mutations impact
hippocampal plasticity and the role of altered Somatostatin interneuron
function in this process. Using targeted pharmacological and
chemogenetic manipulations building on results from aims 1 and 2, they
will determine if it is possible to restore normal plasticity by modulating
the activity of different Somatostatin populations.

This interdisciplinary project will combine expertise in cellular physiology
and neural circuits at the University of Bristol and genomic research into
neurodevelopmental disorders at the University of Exeter. The proposal
builds on shared interest in the neurobiology of schizophrenia across all
labs and recent work exploring the diversity, neuromodulation, and role
in plasticity of different interneuron subtypes.
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The proposal will provide training in a cutting-edge array of experimental
methods, including transgenic models of mental health disorders,
electrophysiology, 2-photon imaging, pharmacology, genetic analysis of
neural cell types and viral tools to label and manipulate neurons.

The student will be led by the supervisory team but encouraged to take
ownership of the project over the course of the PhD. The student will be
able to increase, or decrease the relative focus of different sub-aims
based on their specific interests or experimental outcomes. For example,
expanding more on the specific circuit-level deficits that emerge
downstream of synaptic changes using optogenetic circuit mapping,
focusing on the molecular mechanisms or ion channels pulled out from
the genetic screen, or exploring different plasticity paradigms and the
molecular/cellular influences on learning and memory. The supervisory
team have extensive experience across these different domains and all
the necessary equipment to expand the project in different directions
are in place.

In summary, the project will develop novel understanding into the
altered function of key cell types in models of neurodevelopmental
disorders. This project will integrate more widely into research being
undertaken across the GW4 as part of a wider MRC funded MURIDAE
project to understand how NMDA-R mutations alter the formation and
function of key brain circuits and associated behaviours. The
pharmacological studies will provide insight to ground future therapeutic




approaches to develop new drugs for the treatment of schizophrenia
and the underlying mechanisms through which they work.
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