Can the damage in MS be repaired? No
Eric J Buenz

The late clinical course of multiple sclerosis is characterized by a continuous functional decline.”?
Superficially, the clinical observation of progression implies that endogenous, functionally-significant,
repair does not occur in a meaningful way in multiple sclerosis. However, recent work in model systems
has identified pathways that can be manipulated to enhance this apparently inadequate repair progress,
to result in functionally-significant repair. To assess the potential clinical utility of these observations, it
is necessary to further dissect the pathogenesis of these model systems in the context of multiple
sclerosis. Specifically, the differences between and relative importance of demyelination and axonal
degradation need to be considered in light of multiple sclerosis and the pathogenesis of the animal
model on which these observations are based.

Until recently, the pathogenic model for both multiple sclerosis and the presumed analogs induced
through cuprizone,’ lysolecithin,* experimental autoimmune encephalomyelitis® or Theiler’s virus® were
dominated by demyelination as the precipitating pathogenic event resulting in disability. The use of the
experimental autoimmune encephalomyelitis and Theiler’s virus animal models were likely appropriate
to assess the pathologic processes that resulted in demyelination;> however, these models were largely
inappropriate to study clinically meaningful remyelination since mice spontaneously remyelinate.®’
While remyelination occurs in multiple sclerosis, it is structurally abnormal.®2 On the other hand,
shiverer mice with relatively denuded axons’ served as vehicles to test remyelinating agents, but this
model system lacked an underlying inflammatory disease process. In short, the model systems used to
evaluate an intervention for remyelination ability were inappropriate predictors for the relevance of an
intervention in multiple sclerosis. This assertion has proven true since a majority of interventions
successful in an animal model have failed in the clinic.'

Recently it has become clear that axon integrity is actually the critical factor in disease progression.” !
During early stages of the disease, there is a redundant reserve of axons that when injured, do not result
in a functional impairment. However once that reserve is depleted, there is a consequential functional
loss.” Obviously, without intact axons, remyelination is irrelevant. Unfortunately, there is currently no
way to robustly regenerate functionally meaningful axons.?

Combining these demyelinating and axonal integrity understandings of multiple sclerosis reveals a bleak
prospect for repairing the damage resulting from multiple sclerosis. In the case of a fulminant lesion, for
example, it would be necessary to first remove the astrogliosis, re-establish meaningful and
appropriate axonal connections, and finally remyelinate the axonal fibers. Since none of these three
steps are currently possible in humans, there is no realistic chance for the damage induced by multiple
sclerosis to be repaired.
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