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The origins of interneurons in the human cerebral cortex
Project aims: (no more than 700 words)

The cerebral cortex of mammalian nervous system is composed of two principal types of neurons:  excitatory projection neurons and Inhibitory interneurons. Interneurons make up nearly 25% of all cortical neurons and play a vital role in the higher cognitive function of cerebral cortex. Failure in their generation and/or functions is thought to lead to neurodevelopmental conditions such as epilepsy, autism and schizophrenia.
Interneuron development has been widely studied in mouse models where it was discovered that these neurons are derived from stem cells located outside the cerebral cortex in a region called the ganglionic eminences and migrate into cortex. It has been recently suggested that in human, in addition to ganglionic eminences, a proportion of interneurons are also born in the cortex. However, whether cerebral cortex is able to generate its own interneurons or not is still controversial. 
The aims of this study were to explore if the human cerebral cortex is a potential origin for cortical GABAergic interneurons and investigate if different cortical regions (anterior and posterior cortex) can be considered as a favoured region of intra-cortical interneurogenesis as previously suggested by gene expression studies in our Lab. The approach we adopted to test this was to isolate progenitor cells from cortical tissue and test their capacity to differentiate into GABAergic interneurons. This was carried out alongside differentiation of progenitors from the ganglionic eminences. We measured the extent of differentiation by immunocytochemical labelling for b-tubulin, a marker of post-mitotic neurons, and either GABA (inhibitory neurotransmitter) calretinin (calcium binding protein that identifies many interneurons) or COUP-TFII (transcription factor characteristic of caudal ganglionic eminence derived interneurons). 
Project Outcomes and Experience Gained by the Student (no more than 700 words)

We prepared dissociated cell cultures from three different regions of the ventral and dorsal telencephalon: ganglionic eminences (GE) anterior cortex (ACx) and posterior cortex (PCx) from human fetal brain at 9-10 post-conceptional weeks (provided with the appropriate ethical permission www.hdbr.org). Neural stem cells were isolated and expanded using the neurosphere method, cells were then plated in standard differentiation media for 8 days to produce post-mitotic cells including immature neurons.
The cultures were then fixed with paraformaldehyde and subjected to double label immunofluorescence procedures using primary antibodies from different species and secondary antibodies conjugated to fluorescent markers.  In addition to the nuclear marker DAPI, Cells were labelled for b-tubulin (a marker for all post-mitotic neurons) and either GABA (interneuron neurotransmitter) calretinin (calcium binding protein and marker for some interneurons) or COUP-TFII (transcription factor characteristic of caudal ganglionic eminence derived interneurons).
For quantification, Cells were cultured from 3 different fetal brains in 12-well plates, each staining combination made in duplicate. Photomicrographs were captured from 3 random fields of view from each well from which cell counts were made. The number of double-labelled cells was expressed as a proportion of the total number of b-tubulin positive cells. We found that 23±4% of b-tubulin+ cells expressed GABA in cultures from the ACx, which was significantly higher than cultures from the PCx (13±2%). As expected, the highest proportion was found in cultures derived from the GE (53%). This demonstrates that progenitor cells from each region retain their regional identity during expansion prior to differentiation. In addition, significant higher calretinin+ were also observed in culture from the ACx than cultures from the PCx; 37±4% and 28%+2% of b-tubulin+ cells expressed calretinin in cultures from the ACx and PCx respectively. The majority of calretinin+ cells also co-expressed GABA in both anterior and posterior cortex. We next proceeded to test the immunoreactivity for COUP-TFII, GABAergic interneurons precursor transcription factor. When comparing anteriorly and posteriorly derived cortical cultures, COUP-TFII was expressed in 25±2% and 16±2% of the total number of cells, respectively. All these findings provide additional evidence that the cortex is capable of making its own interneurons. In addition, our findings suggest that the anterior cortex, origin of the highly evolved prefrontal cortex crucial to higher cognitive function, might be considered as favoured region for cortical interneurogenesis. 
Experience Gained
In these 6 weeks I learned to perform immunocytochemistry on cell cultures eventually without supervision. I also became familiar with taking images with the fluorescent microscope and was able to use the statistical analysis skills I had learned with the results we obtained. I also learned about fetal dissection and how to prepare and care for cell cultures. We also visited Prof Przyborski’s Lab in Durham to gain a wider perspective on cell culture experiments. I realised how important it is to have a wide range of skills to ensure the whole process was successful as well as adapting to a different work environment I wasn’t necessarily used to. This scholarship allowed me to gain a greater understand of what a career in research involves. I learned how patient you sometimes have to be when things don’t work out the way you had planned and how persistence can be rewarding when results go the way you hoped. I thoroughly enjoyed my time working with Ayman and Dr Clowry along with the facilities at the Institute of Genetic Medicine and with the Human Developmental Biology Resource in the Centre for Life in Newcastle.
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Title:
The origins of interneurons in the human cerebral cortex

Poster Abstract:
 In rodents Inhibitory GABAergic interneurons are born in the ganglionic eminences and migrate to the cortex, however it has been controversially suggested that in human a proportion of interneurons are cortically derived. Understanding differences in the developmental origins of human and rodent cortical interneurons may shed light on the evolution of cognitive function and the origins of neurodevelopmental diseases. We prepared dissociated cell cultures from the ganglionic eminences (GE) anterior cortex (ACx) and posterior cortex (PCx) of human fetal brain at 9-10 post-conceptional weeks (provided with the appropriate ethical permission www.hdbr.org). Neural progenitor cells were isolated and expanded as neurospheres and then plated in standard differentiation media for 8 days to produce immature neurons. Cultures were paraformaldehyde fixed and double labelled by immunofluorescence using standard methods for b-tubulin (post-mitotic neuron marker) and either GABA (interneuron neurotransmitter) calretinin (interneuron marker) or COUP-TFII (transcription factor characteristic of  caudal ganglionic eminence derived interneurons). Cells were cultured from 3 different fetal brains, each staining combination made in duplicate wells. Cell counts were made from 3 randomly selected fields of view from each well. The number of double-labelled cells was expressed as a proportion of b-tubulin positive cells. The highest proportion of GABA+ neurons was found in GE derived cultures (53 %) demonstrating that progenitor cells retain their regional identity during expansion and differentiation. However, 23+4% of neurons also expressed GABA in ACx cultures, significantly higher than PCx cultures (13+2%). In addition, 37+4% and 28+% of neurons expressed calretinin in ACx and PCx cultures respectively, with the majority of calretinin+ cells also co-expressing GABA. COUP-TFII was expressed in 25+2% of ACx and 16+2% of PCx neurons. Thus some cortical progenitor cells possess an intrinsic programme for generating interneurons. Also, the anterior cortex may be a favoured region for cortical interneurogenesis.
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The origins of interneurons in the human cerebral cortex

Inhibitory interneurons comprise 25% of all cortical neurons and play a vital role in the higher cognitive function. In mice Inhibitory GABAergic interneurons are born in the ganglionic eminences and migrate to the cerebral cortex, however it has been controversially suggested that in human a proportion of interneurons are cortically derived. Understanding whether and how the developmental origins of human cortical interneurons differs from rodent models may help explain the evolution of cognition and the origins of neurodevelopmental diseases. We prepared dissociated cell cultures from the ganglionic eminences, anterior cortex, and posterior cortex of human fetal brain (with the appropriate ethical permission www.hdbr.org). Neural stem cells were isolated and increased in numbers before being differentiated into immature neurons. Cultured cells were then double labelled by immunofluorescence for b-tubulin (marker for all post-mitotic neurons) and either GABA (interneuron neurotransmitter) calretinin (calcium binding protein marker for interneurons) or COUP-TFII (transcription factor characteristic of caudal ganglionic eminence derived interneurons). GABA expressing neurons were found in all three cultures; over 50% of ganglionic eminence derived neurons expressed GABA as expected, showing that stem cells retained their regional identity during the experiment, however significant numbers of cortically derived neurons also expressed GABA, more so from the anterior cortex (23% compared to 13% from the posterior cortex). In addition, similar numbers of cortical neurons expressed calretinin and COUP-TFII with the same anterior to posterior difference. Thus some human cortical progenitor cells possess an intrinsic programme for generating interneurons and the anterior cortex may be a favoured region for cortical interneurogenesis.
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Neurons cultured from human cortical progenitor cells double-labelled for neuronal markers b-tubulin and calretinin, and for the inhibitory neurotransmitter GABA. Double labelled cells appear orange/yellow.
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