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Aims: 
1. To determine Eph/ephrin expression in the marmoset visual system during brain development. This will allow us to identify the main Eph and ephrin members mediating visual system development and examine their spatiotemporal expression profile in the multiple primate visual areas.

2. To determine Eph/ephrin expression in the marmoset brain after primary visual cortex lesion. This will allow us to characterize which of the Eph/ephrin molecules are up regulated or re-expressed after injury and identify the cell type in which these molecules are expressed.

3. To determine the expression of EphA4 in zebra fish and glial scar formation after spinal cord injury. Unlike the mammalian spinal cord, in zebra fish following a lesion most of the axons that project from the brain to the spinal cord regenerate in the adult CNS with complete functional recovery after several weeks. However, the extension of the glial scar developed after spinal cord injury in zebra fish has not been characterised in the literature.

Methods: 
Animal surgeries for cortical ablation in marmoset or spinal cord injury in zebra fish were conducted in accordance with the Australian Code of Practice for the Care and Use of Animals for Scientific Purposes and were approved by the Monash University Animal Ethics Committee, which also monitored the welfare of these animals. Immunohistochemical and axonal tracing techniques were utilised to conduct these studies.

Results: 
In the marmoset model the results demonstrate that during embryonic development EphA4 first express on ragial glia cell bodies and processes, which may suggest a role in neuronal cell migration guidance. After birth, when migration completed, EphA4 is express on neuronal cell s and their processes, suggesting a role in neuronal connectivity. In adult brain EphA4 expression localised in astrocytes around blood vessels, suggests a role in blood-brain barrier maintenance. After brain injury, EphA4 is upregulated on astrocytes at the lesion site and mediate secretion of CSPGs into the extracellular matrix. In vitro analysis of EphA4 signalling revealed that EphA4 mediate astrocyte proliferation migration and reactivity through MAPK and Rho pathways.

The results in SCI in zebra fish model reveal that there is no scar formation in fish as it happens in mammals. FGF mediate glia cell proliferation, migration and differentiation to create bipolar morphology bridging between the two transacted sides of the spinal cord. These bridges support axonal regeneration through the lesion site by 3 weeks post injury. Epha4 molecule, which has been demonstrated to be upregulated in mammal spinal cord and brain after injury, is not detected on the fish astrocytes after SCI, this also may indicate of a pro-regenerative mechanism for axonal regeneration in this model.

Conclusions: 
This knowledge is essential for us to move forward and understand whether these molecules are involved in the sparing of vision observed in children with V1 lesions and the role these molecules play in cortical injury per se. Moreover, there is currently no effective drug treatment for visual cortex injury following neurotrauma. Regeneration of the human CNS after neurotrauma rarely, if ever occurs spontaneously. Therefore, the results from these studies may provide a route for possible therapeutic intervention that promotes neural regeneration in adults, which would be of enormous human benefit.

The finding in the zebra fish model shed light on pro-regenerative mechanisms of FGF after spinal cord injury, which were difficult to be discovered in a non-regenerative model in mammals. Success in directing proliferating reactive astrocytes at the injury site to de-differentiate to radial bipolar glia may encourage favourable conditions for axonal regeneration after SCI. Findings in this study suggest that increasing levels of FGF signalling at the site of mammalian spinal cord injury could encourage radial glia cell differentiation locally within the spinal cord in a manner that is pro-regenerative and suppress the formation of a glial scar. Success in directing proliferating astrocytes at the injury site to de-differentiate to radial bipolar glia may encourage favourable conditions for axonal regeneration after spinal cord injury.

Career Development

Yona participated in the following activities funded during the course of her TAC Fellowship:

Short Courses:
· Media Training for Scientists

· Science Writing

· Grant Writing

Post Fellowship Career Development

She plans to continue her research in the neurotrauma area. She will soon join Dr Alice Pebay’s lab in O’Brien Institute to work on a project “Modulation of inflammatory lipids to improve the outcome of neurotrauma”, funded by TAC. The arrangement is ideal because this project is developed based on the collaboration project between Alice and Yona. Yona will also continue to work on her zebra fish project with Professor Peter Currie in reduced capacity. Yona’s goal is to get grants/fellowship to support her researches utilising different animal model in SCI and eventually run her own lab.

Feedback on the Fellowship from Yona Goldshmit:

“I would like to thank TAC for giving me the support to study pro- and anti-regenerative mechanisms, in two different models of neurotrauma (primate and zebra fish). Thanks to the fellowship I was able to present my data in national and international conferences and communicate and collaborate with other scientists in the field. I enjoyed the TAC seminars, where I felt the support from the TAC team and learned about other projects that taken place in Victoria in the neurotrauma field.”
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