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Autism spectrum disorder (ASD) is a neurodevelopmental disorder that is characterised by impairments in social communication and behaviour of the affected individuals. Approximately it is affecting over 1% of the population and its prevalence has been increasing over the years. It has a strong genetic basis but is highly heterogeneous, with hundreds of genes associated with ASD risk identified to date. Given the heterogeneity of the disorder, identifying common underlying mechanisms is crucial for the development of effective treatments.

A common molecular mechanism in ASD is the misregulation of brain-specific microexons, 3-27 nucleotide exons that are frequently skipped in the brains of individuals with ASD because of disrupted splicing (Irimia et al., 2014). The splicing regulator SF Serine/Arginine Repetitive Matrix 4 (SRRM4) is a key regulator of neuronal microexons and has also been linked to ASD as its expression is reduced in the brains of individuals with the disorder (Irimia et al., 2014). 

Preliminary data suggests that Srrm4 expression is downregulated in mouse models of haploinsufficiency of ASD risk genes. This could therefore represent a potential molecular pathway linking genotype to downstream effects. However, it remains unclear whether changes in Srrm4 expression are specific to cell types, brain regions or under specific activity conditions. We are particularly interested in determining whether Srrm4 expression is specifically altered in areas of the brain that are implicated in ASD, such as the prefrontal cortex and hippocampus. Neuroanatomical mapping of Srrm4 expression across the entire mouse brain could help answer these questions. For this summer studentship, we will begin by focusing on the prefrontal cortex, and hippocampus.

The aim of this project is to determine whether there are region-specific changes in Srrm4 expression in mouse models of haploinsufficiency of ASD-associated genes. To address this question, we intend to use RNA fluorescence in situ hybridization (RNA-FISH) to measure Srrm4 mRNA levels in different areas of mouse brain sections.



Project Outcomes and Experience Gained by the Student (no more than 700 words)
During my 10-week summer studentship, we focused on detecting whether there are region-specific changes in Srrm4 expression in a mouse model of haploinsufficiency of the ASD-associated gene Chd8. We used RNA fluorescence in situ hybridization (RNA-FISH) to measure Srrm4 mRNA levels in different brain areas, focusing on the hippocampus and prefrontal cortex. As a control, we also measured Camk2a mRNA levels.
 We started by carrying out a series of experiments to optimise the signal to noise ratio by trying different concentrations of Srrm4 and Camk2a probes for RNA-FISH. After a few trials, we decided to go with 5pmol in 100µl for Camk2a and 2pmol in 100µl for Srrm4, which showed a good signal to noise ratio.  
4 mice were used for the experiments – 2 Chd8+/- and 2 wildtype littermate controls. The brain sections were prepared by sectioning the brain coronally using a cryostat and mounting the sections onto glass slides. For this project, we used a Hybridization Chain Reaction RNA fluorescence in situ hybridization (HCR-FISH) protocol to measure Srrm4 and Camk2a mRNA levels. The protocol involved a detection stage where the probes bind to their target sequences and an amplification stage. The brain sections were then imaged using a confocal microscope to aquire images of the signals for DAPI, Srrm4 and Camk2a focusing on the CA1 region of the hippocampus and prefrontal cortex layer 5 (Fig. 1). 
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Figure 1: DAPI, Srrm4 and Camk2a signals in prefrontal cortex layer 5 detected using 63x confocal microscopy. 

I used MATLAB to analyse the images and to calculate the puncta density per 100 µm 2(Fig.2). The images were first masked based on the DAPI signals to identify the cell nuclei and only measure the signals within the nuclei. The analysis was done blinded to genotype to avoid bias. The puncta density per 100µm2 was calculated for both Srrm4 and Camk2a for each region.
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Figure 2: Srrm4 signals detected and puncta density per 100µm2 calculated using MATLAB.

The data were plotted into bar charts using GraphPad Prism 10 (Fig. 3). 
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Figure 3: Puncta density per 100 µm2 of Camk2a and Srrm4 in wildtype and CHD8+/- mice in the CA1 region of the hippocampus and prefrontal cortex layer 5. 4-5 slices were analysed from n=2 animals per genotype. 

Based on this data, there is a trend for a decrease in Srrm4 expression in prefrontal cortex layer 5 in the Chd8+/- mouse brain. However, this does not seem to be the case for Srrm4 in the CA1 region as the values were similar for the wildtype and Chd8+/- mice. However, a larger sample size is needed to confirm these results. Future research can also be done on mapping Srrm4 expression in other brain regions of Chd8 haploinsufficient mice.  

Experience Gained: This project has been a fun and fantastic journey for me discovering neuroscience and surrounding myself with academic and experimental environment. I have learned various experimental techniques in a variety of fields, including a combination of molecular and imaging techniques. I learned how to prepare frozen brain sections using a cryostat, perform in situ hybridisation, gel electrophoresis to detect gender of the mice and whether they were heterozygous or not, and received training on how to obtain images using a confocal microscope. Other than that, I also learned how to analyse images using ImageJ and MATLAB, which I used it for quantitative analysis. This project deepens my understanding in neuroanatomy as I can connect and relate what I learned during lecture with this project. I also managed to learn more about the structure and cellular composition of different brain areas, which in this project I focused on pre-frontal cortex and hippocampus. In addition, I really enjoyed the lab meetings and attending the journal clubs as I was exposed to the exciting research that currently being conducted or related with the team’s research. I managed to reflect that there are many more exciting and amazing questions can be asked and yet to be explored. 
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MAPPING RNA REGULATORY MECHANISMS UNDERLYING AUTISM SPECTRUM DISORDER

Autism spectrum disorder (ASD) is a neurodevelopmental disorder affecting social communication and behaviour of the affected individuals. A potential common mechanism is the misregulation of brain-specific microexons that are frequently skipped in individuals with ASD (Quesnel-Vallières et al., 2016). The splicing factor SRRM4 is a key regulator of neuronal microexons and has also been linked to ASD as its expression is reduced in individuals with the disorder (Irimia et al., 2014). Preliminary evidence suggests the expression of Srrm4 may also be altered in mouse models of haploinsufficiency of ASD-associated genes. We used fluorescent in situ hybridisation (FISH) to determine Srrm4 expression in specific brain regions in those mouse models focusing on prefrontal cortex layer 5 and hippocampal CA1 region. Synaptic transmission is disrupted in prefrontal cortex of a haploinsufficient Chd8 mouse model (Ellingford et al., 2021). We hypothesised that if there are changes in Srrm4 expression, they would be found in the same areas where synaptic transmission is also affected. From the data, there is a trend for a decrease in Srrm4 expression in prefrontal cortex layer 5 in the Chd8+/- mouse brain, while Srrm4 expression in the hippocampus does not seem to be altered. This project suggests that there may be region-specific changes in Srrm4 expression in mouse models of haploinsufficiency of ASD-associated genes.
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Bar charts comparing puncta density per 100 µm2 of Camk2a and Srrm4 between wildtype and Chd8+/- mutant mouse in the CA1 region of the hippocampus and prefrontal cortex layer 5.


Other comments: (no more than 300 words)

All procedures were done in accordance with the Animals (Scientific Procedures) 1986 Act and in
accordance with the relevant project and personal licenses.
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