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CNS. We also asked whether PDGF-A influences OPC prolifera-
tive response and the remyelination that occurs following CNS
demyelination. To this end we followed remyelination of experi-
mentally induced demyelinating lesions in transgenic mice that
overexpress PDGF-A under control of the glial fibrillary acidic
protein (GFAP) promoter. This promoter is active in a subset of
astrocytes in the normal adult CNS and is also upregulated locally
in response to lesion induction, thereby targeting overexpression of
the PDGF transgene preferentially to sites of demyelination.
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PDGF-A regulates OPC numbers in the adult mouse spinal cord

During embryonic development, the size of the OPC population
is directly controlled by the availability of PDGF-A (Calver et al.,
1998; Van Heyningen et al., 2001)
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evenly distributed throughout the lesions but tended to be concen-



induced demyelination involving the dietary administration of
cuprizone (Blakemore, 1973). At low doses required to avoid
high levels of mortality, demyelination is restricted to the corpus
callosum (Stidworthy et al., 2003). Although this lesion does not
lend itself to accurate assessment of remyelination (Stidworthy et
al., 2003)



1988; Richardson et al., 1988). Second, levels of PDGF-A expres-
sion during development determine the OPC population size in
vivo (Calver et al., 1998; Van Heyningen et al., 2001). Third,
PDGF expression is increased in response to demyelination with a
time course and spatial distribution that is highly suggestive of a
functional role in the recruitment of OPCs into areas of demyelin-
ation (Hinks and Franklin, 1999, 2000; Redwine and Armstrong,
1998).

We have further investigated the role of PDGF-A in controlling
OPC numbers during remyelination by making use of GFAP-
PDGF-A mice to artificially increase PDGF-A levels within and
around demyelinating lesions. We first showed that there is a
higher steady-state density of OPCs in the spinal cords of unle-
sioned adult GFAP-PDGF-A mice, demonstrating for the first time

that the level of expression of PDGF-A is a key feu.7TakitJ-2.34583813e[(ig)-.-



ment (Calver et al., 1998; Van Heyningen et al., 2001). Note that
an increased level of PDGF-A gene expression, though it leads to
an increased amount of PDGF-A mRNA and therefore an in-
creased rate of production of PDGF-A protein, does not necessarily
lead to an increased concentration or amount of PDGF-A protein at
steady state. This is because the PDGF receptor-bearing cells
simply proliferate until they consume PDGF (by receptor binding
and internalization) as fast as it is produced by neighboring cells.
At steady state, the increased rate of PDGF production supports a
greater number of cells, but the extracellular PDGF concentration,
hence cell cycle time (and BrdU labelling index), is expected to be
the same as in wild-type tissue (see Fig. 7; also



been underestimated due to the technical difficulty of counting
closely packed cells. These effects at least partly explain why the
increase in OPCs following lysolecithin-induced demyelination
seems less in GFAP-PDGF-A lesions (8-fold over unlesioned areas)
compared to wild-type lesions (15-fold over unlesioned areas).

In the cuprizone model, however, where the transgene is
strongly expressed throughout the demyelinating corpus cal-
losum, the OPC density after 4 weeks of cuprizone intoxication
is increased to a greater extent in GFAP-PDGF-A mice com-
pared to wild-type mice (5- and 4-fold, respectively). Overall,
therefore, we believe that our data are consistent with PDGF-A
acting as a mitogen for OPCs in demyelinated lesions. Formal
proof of this would require conditional knockout of the PDGF-A
gene in adult mice before lesion induction since germ line
PDGF-A knockouts die before or shortly after birth (e.g.,
Fruttiger et al., 1999). The genetic strains necessary for condi-
tional knockout of PDGF-A are not yet available. In any case, it
is likely that PDGF-A is only one of many mitogenic factors
that are active within the acute inflammatory demyelinating
environment. FGF-2, for example, is also mitogenic for cultured
OPCs (Engel and Wolswijk, 1996; Wolswijk and Noble, 1992)
and is expressed following experimental demyelination (Hinks
and Franklin, 1999; Messersmith et al., 2000). However, the
OPC response to demyelination is not impaired by the absence
of FGF-2 (Armstrong et al., 2002), presumably due to compen-
sation by other mitogens, such as PDGF, in a system that is
likely to exhibit considerable redundancy.

Rate of remyelination following toxin-induced
demyelination is not influenced by increasing OPC density



neck than the delay in differentiation. This conclusion is at odds
with a recent report suggesting that exogenous delivery of PDGF-
AA protein to lysolecithin lesions created in the corpus callosum
of young rats has a beneficial effect on remyelination (Allamargot
et al., 2001). We find this result difficult to reconcile with our
own observations but may reflect differences in the OPC dynam-
ics following lysolecithin injection into the corpus callosum
compared with other white matter regions within the CNS.
Alternatively, there might be some inherent disadvantage to
starting with the higher basal OPC density present in the
unlesioned GFAP-PDGF-A transgenics.

Does PDGF have a role in promoting remyelination in
multiple sclerosis (MS)? While our results provide no evidence
that PDGF-A can enhance the rate or extent of remyelination in
mice, this might simply reflect the small size of demyelinated
lesions in mouse models compared to human MS patients. Even
in rodent models in which OPCs are killed within the area of
demyelination, repopulation of the lesion with OPCs might not
be a rate-limiting step (Sim et al., 2002). However, the
combination of large lesions and the extent of OPC loss found
in MS might present greater demands on OPC recruitment
(Blakemore et al., 2002; Franklin, 2002). It is conceivable,
therefore, that despite our negative results in mice, exogenous
PDGF might be beneficial in MS by aiding recruitment of
OPCs through its mitogenic and or migration-enhancing activ-
ities (Armstrong et al., 1990; Milner et al., 1997). The presence
of OPCs does not by itself guarantee successful remyelination
unless they are able to differentiate into myelin-forming oligo-
dendrocytes. Several recent studies suggest that this might be a
problem because long-term demyelinated lesions can be found
that contain OPCs and premyelinating oligodendrocytes that are
apparently unable to differentiate further (Chang et al., 2000,
2002; Wolswijk, 1998). Such lesions are unlikely to benefit
from OPC mitogens but might conceivably respond to agents
that stimulate differentiation or that block endogenous inhibitors
of differentiation (Charles et al., 2002; John et al., 2002). So far
it has proved difficult to stimulate OPC differentiation in animal
models (O’Leary et al., 2002). Another potential difficulty is
that while PDGF is mitogenic for rodent OPCs, the same might
not be true of human OPCs (Armstrong et al., 1992; Scolding
et al., 1995). Nevertheless, our data provide clear evidence that
OPC numbers can be manipulated during remyelination by
artificially increasing levels of mitogenic growth factor, estab-
lishing an important principle relevant to remyelination-enhanc-
ing therapies.
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