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Background:
Brain and spinal cord injuries have life-long devastating consequences for patients, family and the community. The economic costs are also very high (recently estimated by Access Economics in a report prepared for VNI, as $10.5 billion in lifetime costs for those injured in 2008 alone in Australia). There have been substantial improvements in life expectancy for paraplegics (almost the same as for the general population) as well as for quadriplegics and people with severe brain injuries, who 50 years ago would not have survived. These improvements are due to advances in clinical care to which basic science has not contributed in spite of a substantial investment of resources, particularly in the past 20 years. The Victorian Neurotrauma Research Group (VNRG) was formed in 2002 on the initiative of the Transport Accident Commission through their agency the Victorian Trauma Foundation and subsequently the Victorian Neurotrauma Initiative in conjunction with the State Government. Our research was aimed at improving understanding of basic mechanisms involved in neurotrauma, particularly those following the immediate impact of trauma (referred to as secondary injury) and applying this knowledge to developing and evaluating new therapies, in addition to improving the techniques used for this evaluation. Our work has focussed on inflammatory mechanisms, which at the time we initiated our studies had been relatively little studied compared to other putative mechanisms of secondary injury.


Aims:
(i) To study the molecular and cellular basis of the contribution of inflammatory mechanisms to secondary injury following trauma to the brain or spinal cord.
(ii) To improve the methods used to produce and evaluate experimental spinal cord and brain contusion injuries, particularly with respect to reproducibility of the size of injury, methods of measurement of size of injury and appropriateness of behavioural tests used in evaluation of new therapies.
(iii) To study the time course of disruption of the blood-brain barrier (mechanisms that normally control entry of materials into the brain) to different sized molecules following trauma to brain or spinal cord.
(iv) To evaluate new therapies.
(v) To contribute to establishing Victoria as a major internationally recognised centre of excellence for neurotrauma research.


Methods:
In mice, molecular genetic methods (gene array chips and Serial Analysis of Gene Expression) were used to define changes in gene expression (activity) following trauma to brain or spinal cord. In mice and rats, microscopical techniques were used to follow the size and progression of injury and define the cell types involved. Weight drop and controlled contusion methods were used to produce brain and spinal cord injuries. Biochemical and immunological methods were used to define the size and nature of the injuries. Behavioural methods were used to assess the outcomes of injury and effects of therapies. In vivo permeability methods were used to study blood-brain barrier disruption following neurotrauma.


Results:
A large number of genetic, biochemical and behavioural experiments have been conducted in the closed head injury mouse model using wild type or mutant knockout animals.

A novel device for producing consistent contusion lesions of either brain or spinal cord has been developed (it is now being set up in other laboratories in Australia and in the US).

Key changes in gene expression (activity) have been defined as important in the response to neurotrauma and some have been identified as potential targets for novel therapies.

Deletion of some inflammatory genes appears to result in more favourable outcomes following brain trauma.

The time course of secondary injury following well-defined severe trauma to the spinal cord is much shorter than previously thought (important for the timing of therapies).

The blood-brain and blood-spinal cord barriers are permeable to small molecules for at least one week following trauma, which is much longer than previously thought.

This increases the time period when therapies involving small molecules may be effective, particularly following brain trauma.

Evaluation of minocycline as a neuroprotectant following brain trauma shows some evidence of improved outcomes following long-term therapy, but the gene expression studies showed that minocycline has some undesirable effects in increasing activity of some “cell death“pathways.

CSF & serum inflammatory mediators & neuronal markers may provide a diagnostic tool for distinguishing different types of brain injury.

Schwann cells (satellite cells from peripheral nerve, known to promote regeneration) implanted into the part of the brain controlling movement promoted collateral sprouting in SCI.

Detailed studies of behavioural methods used following neurotrauma have prided an effective panel of tests that can be used to evaluate new therapies for brain or spinal cord injuries.

Conclusions:
The molecular and cellular changes following brain and spinal cord injury are much more complex than previously thought, but it has been possible to identify “upstream” or “control” genes as potential therapeutic targets in neurotrauma that are now being evaluated. Improved methods for the production and evaluation of experimental injures have been developed and disseminated to other centres and will be used for evaluation of new therapies in the future. Implantation of peripheral satellite cells and long term minocycline therapy show promise as therapeutic agents following spinal cord and brain injury, respectively, but require further evaluation.
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