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The inability of all mammalian species to recover useful function after severe spinal cord 
injury (SCI) has been recognized for centuries and the underlying biological events were clearly 
established about 100 years ago. Essentially, severed spinal cord axons do not regenerate to 
reach their original targets. The consequence is a lack of neural communication between the 
brain and the spinal cord distal to the lesion causing loss of ascending sensory input to the brain 
and loss of motor input to the spinal cord from the brain.   

The main reason why the CNS axons do not regenerate is because of the inhospitable 
environment that develops in the spinal cord after injury; there are a large variety of inhibitory 
molecules that collapse axonal growth cones and prevent axon extension. A major drive in SCI 
research is to devise methods by which this inhibition can be overcome and cell transplants 
provide one option by which this can be achieved. 

Cells for transplant can have many functions, they can: i) replace dead cells (including 
both glia and neurons); ii) alter the inflammatory and immune responses in the injured region; 
iii) provide trophic molecules to promote regeneration and sprouting; and, iv) directly constitute 
a permissive environment for axon regeneration. There are also many choices of cell available 
for transplantation, including both non-differentiated (such as stem or progenitor cells) and 
differentiated (such as Schwann cells or olfactory ensheathing cells [OEC]) types. The choice for 
transplantation depends on the primary aim and the availability of the cells. 

Stem cells have the advantage of being relatively easily accessible, because they can be 
derived from a wide range of donor tissues, can be readily multiplied in cell culture and of 
having a wide potential range of end-point phenotypes. They have the disadvantage that their 
final phenotype can be molded by the environment into which they are introduced. For instance, 
stem cells introduced into an area of acute inflammation might be expected to differentiate into 
scarring cells; in the CNS this would include astrocytes, which form the impenetrable barrier to 
axon regeneration after SCI.  

Differentiated cells have the advantage that their final phenotype has been established 
and so there is not risk of them developing into other cell types. They have the drawback that 
their derivation is usually more complex – they need to be taken from a differentiated tissue, 
such as peripheral nerve (Schwann cells) or nasal tissue (OECs) or to be pre-differentiated from 
stem cells prior to transplantation. Their numbers are also more difficult to control since they are 
less likely to multiply rapidly in culture.  

Schwann cells have many properties that are beneficial for axonal regeneration - their 
presence in the PNS is a major reason for the ability of peripheral nerves to regenerate – and so 
transplants of peripheral nerve tissue, or Schwann cells, have been repeatedly carried out over 
the past 100 years. There is good evidence that they will promote axon regeneration in the CNS 
but, unfortunately they tend to evoke a strong astrocytic response which limits the ability of 
regenerated axons to re-enter the damaged CNS at the margins of a grafted lesion site.  

During the past decade olfactory ensheathing cells (OECs) became widely investigated 
for their properties in promoting axonal regrowth and, importantly, their ability to co-exist with 
astrocytes in the CNS without generating a vigorous scarring response.  
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In a recent study we have used OEC transplants into regions of severe SCI in clinical dog 
patients in a double-blinded randomized controlled trial. We used a primary outcome measure of 
fore-hind coordination to objectively quantify the effects of the transplant. The results show a 
clear beneficial effect on locomotion in transplanted dogs; there was an increase in hindlimb 
stepping and evidence of improved coordination between fore and hind limbs. However, when 
the mechanisms for this response were examined in more detail using our secondary outcome 
measures (electrophysiology and other gait coordination parameters) there was no evidence of 
change in brainstem control of hindlimb activity. Our conclusion is that the transplanted cells 
were able to modulate activity within the intrapsinal circuitry but had no detectable effect on 
long tracts that connect the brain with the distal spinal cord. This finding suggests that OEC 
transplants may be of benefit to dogs, but are likely to be of little benefit to human SCI patients.     
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