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This project demonstrates that by using large scale recording of neural activity and using the
appropriate analytical techniques to understand the interaction of multiple brain regions, we can

better understand disease states. Moreover, the results and follow up work aim to explore better
treatments

This project aims to reverse the impaired learning in a mouse model of
autism. To address this | first aimed to characterize in detail the differences between normal and
the autism model mice, in two specific brain areas (hippocampus and prefrontal cortex) that are
important in working memory tasks. Here, I found in line with the original first hypothesis, that in

normal healthy mice, a specific type of activity that occurs in the brain called sharp-wave ripples

have a dual role with respect to learning. When animals make a correct vs an incorrect decision,
activity within the brain networks that connect these two areas change in a systematic way,
dependent on the trial outcome. However, in line with hypothesis 2, when the same experiments are
done in the autism model mice the networks appear to be overly rigid, meaning that sharp-wave
ripples cannot reconfigure the connections between the neurons appropriately, explaining why
learning is impaired. The remaining data is being analysed
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The original idea behind this project stemmed from the fact that despite our ability to study
and observe neuronal activity in unprecedented detail, using techniques such as high density
recording and imaging, little progress has been made in reversing disease states in animal
models. In most cases, research has focused on a specific brain area, where interventional
approaches have been targeted which typically show little success in reversing disease
related changes. This project uses a disease model of autism, which | previously
demonstrated shows decreased rates of learning and poor performance in spatial working
memory tasks. By using a combination of newly developed high density recording techniques
and analytical approaches that can track changes across multiple brain regions, the idea was
to understand exactly the nature of the changes in this autism model compared to healthy
control subjects, and additionally to experimentally reverse these changes to observe
improved behavioral performance in memory dependent tasks.

Since my original study on this transgenic mouse line identified changes in sharp-wave
ripples, which are known to be extremely important for memory the objectives of the study
were centered on these specific events. The first goal was to record activity from both the
hippocampus (where sharp-wave ripples are generated) and the prefrontal cortex, which is
known to play a key role in decision making and thus is important for the behavioral task
used, as animals must make a choice. The hippocampus is also key to this task, as the spatial
map that exists in the hippocampus is used both for navigation and basing the upcoming
directional decision on, based on past experience. Specifically, | focused on neural activity
around and during sharp-wave ripples in both structures to understand if in control animals
there were differences in activity following a correct and incorrect behavioural choice. Once,
this had been established the next step would be to perform the same experiments in the
autism model mice and identify how these patterns of activity differed from the control mice.
This would not only give a clear indication of the specific circuit level deficits in this particular
transgenic disease model, but would also identify a potential target that might be
experimentally manipulated to allow for a targeted rescue of neural activity, and ultimately
might lead to improved memory performance in these animals.

High density neural activity was recorded from both the prefrontal cortex and hippocampus
while animals were performing the spatial working memory task outlined in the original
proposal. Specifically, this was carried out as animals were still learning the task, in order to
establish the network activities that support learning and how this process is altered in the
disease state. To analyze this data and better understand the underlying processes, a
combination of principal component and independent component analysis was used to
identify cell assemblies, both within single regions (the hippocampus and prefrontal cortex,
separately), but also across regions. These were then tracked across the whole learning
process, allowing us to identify the changes that occur in response to a correct versus
incorrect behavioral choice. Additionally, we were also able to look at various properties of
the cell-assemblies (a collection of neurons that are involved in a specific memory) formed
such as size and stability, which we could then compare between the two groups of animals.
Finally, as outlined originally by using the inhibitory DREADD system (which is a virally
driven technique that allows for expression of a channel in specific sets of neurons that is
activated by a drug (CNO) and allows for the modulation of neural activity) which was
targeted to the hippocampus, neural activity was down-regulated with the aim of reversing
some of the disease related changes associated with the SCN2A transgenic mouse line.

research results
The experiments related to this project have revealed several key findings that support the
initial hypotheses that were originally proposed. By recording from large populations of



neurons and LFP (Figure 1) from both the prefrontal cortex and hippocampus during the
learning phase of the task, we can see clear evidence of differences in the way information is
coded between the control and transgenic animals.

Figure 1 — A) local field potential activity recorded from hippocampus from approximately 20
recording sites, showing a sharp-wave ripple (center). B) An example of a recording from a
single session, showing the distribution of neurons recorded across the 384 sites of the probe.
C) Examples of units recorded across 14 sites from the same probe. D) A 200 ms trace of data
showing all the recording sites, with the isolated neurons colour coded to show their activity
and location on the Neuropixel probe.

Firstly, rather than simply looking at simple firing rates during the trial, but instead
comparing how the firing rates vary over time during the trial, we can observe changes which
may underlie the phenotype. These changes become more evident when the neurons activity
is weighted by how variable across trials, to give less emphasis to those neurons whose firing
rate remains constant throughout (Figure 2).
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Further analysis used to identify cell assemblies has shown that it’s evident that the neural
networks are being shaped in a consistent manner, dependent on trial outcome in control



animals. What this means, is that correct trails are acting to reinforce the cell-assembly
responsible for driving this task specific performance, whereas errors act to reconfigure the
network, most likely in an attempt to improve future performance. However, when the same
analysis was applied to the SCN2A animals these changes were not evident suggesting that
the networks themselves are too rigid and incompatible with the fast changes required to
support learning (Figure 3). In addition to this analysis demonstrated that there were clear
differences in how sharp-wave ripples were synchronizing the neurons across regions,
between the control and SCN2A groups.
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Figure 3- Top, shows examples from single trials showing cell assemblies that are active
during that particular trial, with blue dots showing hippocampal neurons, red dots being
prefrontal neurons, blue lines show a pair of highly correlated hippocampal neurons, red lines
shows the same for prefrontal neurons and green lines represent a mixed PFC-HPC neuron
pair. These connectivity maps are calculated per trial, and the differences between them are
compared as a function of the trial success.

Below, this change in network connectivity is used to decode (predict) trial outcome.
Obviously if these changes are reproducible depending on success or failure of the trial, then
decoding with a high rate of success as an be seen for the control group (blue). However, if
the way that the network reconfigures is random then decoding will be close to chance levels,
which is the case for SCN2A animals (red).

All of these data, together with a more detailed analysis of sharp-wave ripples and the
activity of the neurons during these periods led to the use of the inhibitory DREADD in the
hippocampus, which was used to modulate the excitability of hippocampal neurons during
the task. This data is currently being analyzed.
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