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Background:
Spinal cord injury usually results in permanent paralysis, due to the inability of nerve cells to regrow. One of the reasons they are unable to regrow is because of molecules present at the injury site that inhibit nerve growth. One such molecule is EphA4. Mice which do not have the EphA4 gene show good recovery following spinal cord injury, with improved functional outcomes and enhanced nerve regrowth through the injury site.

Aims:
To design and produce small molecules, called peptides, that would block EphA4 activity in cells in cell culture and that, if given as a treatment to normal mice following spinal cord injury, would allow nerve cells to regrow and improve functional outcomes.

Methods:
Peptides that should bind to EphA4 were designed with the aid of a computer and synthesised using chemistry. They were then tested using a variety of methods in cultured cells to determine whether they could block EphA4 activity. This included methods to determine the activation status of EphA4, called phosphorylation assays, as well as assays designed to measure effects on nerve cell growth. Based on these assays, one peptide was chosen to test for therapeutic effectiveness following spinal cord injury. Mice were given spinal cord injury and the peptide was administered daily for 2 weeks. The mice were tested at 5 weeks after injury to determine whether there were any differences in their ability to walk or climb on a grid, then their nerve cells were labelled with a dye and their spinal cords were examined at 6 weeks to determine whether there were any differences in nerve regrowth to the site of injury.

Results:
Thirty five peptides were designed, produced and tested on cells in culture. Of these, 7 showed partial blocking of EphA4 activation but none were able to block it completely. Two of these also induced partial growth of nerve cells in culture, although this effect was not very strong. The peptides were shown to be stable in the cell culture conditions used, but only one was stable in blood plasma for 24hrs, others were only stable for 30-60 minutes. Some of the peptides were labelled with a marker and then administered to mice following spinal cord injury to see where they went in the body. It appeared that most, if not all the peptide was taken up in the kidneys and none was detected within the spinal cord, including at the injury site. One peptide was chosen to test therapeutically following spinal cord injury. There were no significant differences in functional outcome in terms of the ability of the peptide-treated mice to walk or climb on a grid compared to control mice 5 weeks following injury. There was also no difference in nerve regrowth to the injury site.

Conclusions:
Although EphA4 remains an attractive target to block therapeutically following spinal cord injury, we have not yet produced any peptides that show strong blocking of EphA4 in the assays we used. Although several showed partial effects, none were able to overcome the effects of EphA4. Further research and development will be required to produce active EphA4 blocking peptides.
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