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Project Title: (no more than 220 characters)

Vulnerability of interneuron populations in the cerebral cortex of a mouse model of Lewy Body Dementia
Project aims: (no more than 700 words)

To take coronal re-sections, of wild-type and Lewy Body Dementia mouse model prefrontal cortex slices previously used for electrophysiology, using a freezing microtome. 

To use immunohistochemistry to investigate 3 different types interneuron populations and their perineuronal net status in the anterior cingulate area, prelimbic area and infralimbic area of the prefrontal cortex in a Lewy Body Dementia model and wild-type mice. 

To compare the interneuron and perineuronal net statuses in anterior and posterior areas in the wild-type and mutant mice prefrontal cortexes in the three areas mentioned above. 

To use imaging techniques, particularly fluorescent microscopy to observe and capture areas in the prefrontal cortex as for analysis of interneuron and perineuronal net populations of mice. 

To quantify the number of interneurons present compare them between experimental group using cell counting programme such as ImageJ

Project Outcomes and Experience Gained by the Student (no more than 700 words)

Outcomes
Prefrontal cortex (PFC) is an important area in cognition, hence the focus of our project. Previous experiments suggest that there might be a failure in inhibition by inhibitory interneurons. These interneuronal networks normally generate gamma oscillatory waves which maintains the cognitive function of the brain. We investigated the statuses of calcium-binding interneurons and parvalbumin expressing basket cells. 
We sectioned 3 mutant and 4 wild type prefrontal cortex sections. This sections were immunofluorescently stained with primary antibodies to either of the calcium binding proteins parvalbumin, calbindin and calretinin  which mark 3 distinct sub-populations of GABAergic inhibitory interneurons in the cerebral cortex, and double stained for perineuronal nets using a labelled lectin, wisteria floribunda. The sections were imaged using a fluorescence microscope. 
We observed no obvious difference in the interneuron populations in mutant and control mice in the cognitive areas of the PFC, however, there was insufficient time to fully quantify the number of cells present. However, we did find that parvalbumin expressing interneurons, which predominantly have perineuronal nets in other areas of the cortex, showed otherwise in the PFC. Calretinin cells tended to cluster around the deep layers of the motor and cognitive areas, contrary to their normal location in superficial cortical layers of sensory cortical areas. Surprisingly, calbindin expressing cells were rarely found in the cognitive areas of the PFC, but this may have been a technical issue
Experience
I was taught a range of techniques and to use various scientific equipment. I was trained to use a freezing microtome to obtain sections of mouse prefrontal cortex from brain slices that were fixed in formaldehyde. This involved learning to maintain the temperature, fixing the brain slice on the stage and sectioning it steadily with a thickness of 40 (M. 

I learnt about the anatomy of the mouse brain in particular the prefrontal cortex. Knowledge in this area helped me to select sections that were relevant to the area of interest for staining. For instance, sections with the olfactory bulbs were not relevant to the research hence they were not selected. Additionally, it became easier for me to segregate different areas of the prefrontal cortex such as the anterior cingulate area, prelimbic area and infralimbic area with the aid of Allen Brain Mouse Atlas so that I could quantify the interneurons. 

I gained experience in immunohistochemistry. Firstly, the prefrontal cortex sections were incubated overnight with primary antibodies to detect either calbindin, calretinin or parvalbumin, along with a biotinylated lectin that binds perineuronal nets. The next day, the sections were incubated in dark conditions for 2 hours with fluorescently tagged secondary antibodies specific to the primary antibodies, and fluorescent tags directed at biotin molecules. These sections were then fixed on microscope slides and counterstained with 4’,6-diamidino-2-phenylindole (DAPI), a DNA stain.

I learnt to use a fluorescent microscope. This involved learning to adjust contrast and adjusting the microscope accordingly to obtain a clear and good image that can be used for cell-counting. 

Additionally, I gained some knowledge in using cell-counting software such as ImageJ to map, draw and quantify the density of the different types of interneuron detected. 
Finally, I was given a tour into the electrophysiology Lab. There I gained an idea of how gamma oscillations are recorded in vitro and the how brain slices are processed for subsequent immunohistochemistry. 
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Expression of parvalbumin and perineuronal nets in the prefrontal cortex of an aged mouse model of Lewy body dementia
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Vulnerability of interneuron populations in the prefrontal cortex of a mouse model of Lewy Body Dementia.
A-30 P mice express a mutant form of human alpha-synuclein, which causes both Parkinson’s disease and Lewy body dementia in humans. Previous work from our Lab showed behavioural changes, and electrophysiological and histological alterations in the hippocampus of these mice with age. This studentship contributed to a project studying whether prefrontal cortex, another brain area important to cognition and memory, was also affected. Nishaal was able to successfully immunofluorescently stain sections from both wild type and A30-P mutant mice for the interneuron marker parvalbumin (PV) and also visualise perineuronal nets (PNN) using labelled wisteria floribunda. Immunostaining for calretinin and calbindin was less successful. PV expressing neurons are believed to be crucial for the generation of high frequency gamma oscillations that underlie learning and information transfer in the cerebral cortex, and many of these cells are also invested with a PNN of specialised extracellular matrix. Therefore, it was surprising that in both control and mutant mice, expression of PV and PNN was very low in both prelimbic (PL) and infralimbic (ILA) cortex; cortical regions known to generate such oscillations. However, expression was high in other frontal cortical areas such as motor (MC) and somatosensory (SSC) cortex and even other prefrontal areas such as the orbital cortex (ORB). In more anterior regions of ILA and PL, PV/PNN double labelled neurons could only be seen in deep cortical layer VI; in more posterior sections mostly PNN only labelled neurons were observed in superficial layers II/III and PV only cells were seen in layer V, with double labelled cells a rarity. Many questions are posed by this preliminary study, for instance, is this pattern of expression characteristic of old versus young animals, and what are the PNN+/PV negative cells observed? More detailed quantification might find differences between A30-P mutants and wild types.
[image: image2.emf]
A. Typical co-expression of PV and PNN in layers of the somatosensory cortex. B. Anterior frontal cortex showing low expression of PV in PL and ILA, except in layer VI. ORB cortex contained higher levels of PV+/PNN+ cells. C and D. More posterior frontal cortex exhibits segregation of PV-/PNN+ cells to superficial layers and PV+/PNN- cells to Layer V in ILA and PL. Many double labelled cells seen in MC. Scale bars = 100 µm in A, D; 200 µm in B, C.
Other comments: (no more than 300 words)

This study proved too ambitious for the time available, but Nishaal has laid the groundwork for what could turn out to be an interesting project. 
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