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Multiple sclerosis (MS) is a debilitating
neurological disorder that affects ~2.5
million individuals worldwide. While the
precise etiology of the disease is unknown,
both immune-mediated inflammation
and neurodegeneration play a role in
disease progression. Myelin-specific acti-
vated T-cells infiltrate the CNS and per-
petuate inflammation that causes damage
to the myelin sheath of axons, ultimately
leading to axonal transection and loss. As
the disease progresses, there is increased
gray matter involvement and brain atro-
phy, despite a reduction in inflamma-
tion. Currently, there are six Food and
Drug Administration-approved immu-
nomodulatory therapies that reduce new
inflammatory lesions and clinical exacer-
bations; however, these therapies become
less effective as the disease progresses.
Thus, there is a need for novel neuropro-
tective and neurorestorative therapies for
individuals with MS.

Neural progenitor cells (NPCs) are
multipotent cells found in the adult CNS
with the ability to migrate, proliferate, and
differentiate into both neurons and glial
cells. Based on these properties, there is
much interest in using NPCs for thera-
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peutic purposes in neurological diseases
such as MS. Although endogenous NPCs
can promote functional recovery early in
disease through remyelination, they have
proven to be of limited benefit in chronic
CNS inflammation due to impaired neu-
rogenesis (Pluchino et al., 2008). How-
ever, exogenous transplantation of NPCs
has shown benefit in a murine model for
MS, experimental autoimmune encepha-
lomyelitis (EAE), most likely through
mechanisms other than simple cell re-
placement (Pluchino et al., 2005). NPCs
reduce inflammation and promote remy-
elination by releasing neurotrophic fac-
tors (brain-derived neurotrophic factor,
glial cell line-derived neurotrophic factor,
and ciliary neurotrophic factor) and im-
munoregulatory cytokines (transforming
growth factor-B) at lesion sites. Despite
these benefits, little evidence has been
found that NPCs differentiate into neuro-
nal cells and aid in tissue regeneration in
vivo. One possible barrier is that the in-
flammatory CNS microenvironment es-
tablished by myelin-specific CD4+ and
CD8+ T-cells inhibits NPC neurogenesis.
Thus, to successfully implement NPCs as
a therapeutic option, researchers must
induce NPCs to overcome the unfavor-
able microenvironment and drive tissue
regeneration.

A recently published study by Wang et
al. (2010) examined the interaction be-
tween NPCs and activated CD8+ T-cells.
Using human NPCs and purified CD8+
T-cells, the authors began by identifying

the effects of factors released from acti-
vated CD8+ T-cells on NPC proliferation
and neurogenesis [Wang et al. (2010),
their Fig. 1]. They demonstrated that su-
pernatants from activated CD8+ T-cells
inhibited proliferation and neuronal dif-
ferentiation of NPCs. Because granzyme B
(GrB) is a major factor released by cyto-
toxic T-cells and is able to cause oligoden-
drocyte apoptosis (Saxena et al., 2008),
the authors hypothesized that this mol-
ecule acted on NPCs. Consistent with
this hypothesis, neutralizing GrB in the
supernatant restored proliferation and
neuronal differentiation. In contrast,
adding recombinant GrB to NPC cul-
tures reduced proliferation and neuro-
nal differentiation, suggesting that GrB
is the primary molecule released by
activated CD8+ T-cells that suppres-
ses proliferation and differentiation of
NPCs.

Previously, Wang et al. (2006) re-
ported that GrB signals neuronal cells
through a pertussis toxin (PTX)-sensitive
Gia-coupled membrane receptor. In the
present study, they replicated this finding
in NPCs by pretreating NPCs with PTX
before adding GrB [Wang et al. (2010),
their Fig. 2]. PTX pretreatment partially
blocked the Gia/Go receptor and thus re-
stored NPC proliferation. Additionally,
treatment with GrB reduced intracellular
levels of cCAMP. Because cAMP activates
the transcription factor cAMP response
element-binding protein (CREB), which
triggers transcription of genes that pro-
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mote neural cell proliferation (Dworkin
etal.,, 2007), it is plausible that activated
CD8+ T-cells reduce NPC proliferation
via GrB-mediated downregulation of
cAMP.

Another important finding by Wang et
al. (2010) is that GrB caused increased ex-
pression of the voltage-gated potassium
channel Kv1.3 in NPCs [Wang et al.
(2010), their Fig. 3]. This discovery is sig-
nificant, because Liebau et al. (2006) dem-
onstrated that pharmacological inhibition
of Kv1.3 increased NPC proliferation. To
determine whether upregulation of Kv1.3
was involved in GrB-mediated inhibition
of NPC neurogenesis, Wang et al. pre-
treated NPCs with margatoxin, a Kv1.3
blocker [Wang et al. (2010), their Fig. 4].
Margatoxin reversed GrB-mediated inhi-
bition of NPC neurogenesis, suggesting
the importance of the Kv1.3 channel in
this effect. Furthermore suppressing Kv1.3
expression with specific small interfering
RNAs restored NPC neurogenesis. Finally,
the authors examined whether the same ef-
fects were observed in vivo in a rat model.
GrB or GrB+margatoxin were injected into
rat dentate gyrus [Wang et al. (2010), their
Fig. 5]. After 7 d, rats were injected with
BrdU and killed 2 h later for analysis. Con-
sistent with the in vitro proliferation data,
GrB injection reduced BrdU-labeled cells,
but coinjection of margatoxin with GrB re-
stored proliferation.

To demonstrate the clinical relevance
of this work, Wang et al. (2010) measured
GrB levels in the CSF of patients with MS
[Wang et al. (2010), their Fig. 7] and
found that these patients had higher GrB
levels than control subjects. Although
these patients were identified as having
clinically defined relapsing—remitting MS,
it was not stated whether the patients were
in relapse or remission. A more compre-
hensive study was recently performed that
demonstrated GrB levels are increased in
the CSF of MS patients during relapse, but
not during remission (Malmestrém et al.,
2008). Interestingly, the increases seen
during relapse were confined to the CNS
compartment and not observed in patient
sera. However, in both of these studies, it
is unclear whether the increases in GrB
levels in the CSF are causal or merely a
byproduct of the inflammation.

One possible explanation for the dif-
ferential expression of GrB during relapse
and remission is that transient release of
GrB during CD8+ T-cell infiltration con-
tributes to oligodendrocyte damage and
the subsequent clinical relapse, whereas
resolution of the inflammation allows re-
myelination and promotes remission. Al-
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Figure 1.

Dual role of Kv1.3 blocker. Kv1.3 expression increases in T-cells upon activation (upper left), and blocking its

expression inhibits T-cell activation and proliferation (lower left). Wang et al. (2010) demonstrated that inflammation also
increases Kv1.3 levels on NPCs, which results in impaired neurogenesis (upper right), and that Kv1.3 blockers reverse this effect

(lower right) and promote differentiation.

though this may be significant, most other
inflammatory markers (IFN-vy, TNF-q,
IL-17, etc.) are increased in the CSF of
MS patients during relapse, while immu-
nomodulating factors (TGF-B, IL-10,
etc.) are associated with remission. The
extent to which this is clinically relevant to
diagnosis and treatment remains to be
determined.

The experiments performed by Wang
et al. (2010) establish that the pro-infla-
mmatory molecule GrB, released from ac-
tivated CD8+ T-cells, prevents NPC
proliferation and neurogenesis. In MS,
the inflammatory lesion is very complex,
with numerous immune cell types playing
critical roles. In addition to CD8+ T-cells,
CD4+ T-cells also play a critical role in
disease progression. This raises the ques-
tion of how inflammatory factors such as
IFN-v, TNF-q, and IL-17, released from
activated CD4+ T-cells, affect prolifera-
tion and neurogenesis of NPCs. To date,
there are conflicting reports regarding the
effects of pro-inflammatory and anti-
inflammatory cytokines on neurogenesis.
Systematically reproducing experiments
like Wang et al. (2010) with both in vitro
and in vivo data would provide valuable
comparative results for delineating the
role of individual cytokines on NPC
function.

Finally, it is of interest to note that
Kv1.3 is highly expressed on activated
CD4+ and CD8+ T-cells that infiltrate
the CNS in patients with MS and is impor-
tant for T-cell proliferation (Rus et al.,
2005). In experiments using the EAE

model, Kv1.3 blockers reduced T-cell pro-
liferation and activation, prevented the
onset of disease, and treated active disease
(Beeton et al., 2001). The findings of
Wang et al. (2010) further highlight the
potential benefit of Kv1.3 blockers, which
may serve as a two-edged approach to
treating MS by reducing T-cell prolifera-
tion and activation and increasing NPC
proliferation and neuronal differentiation

(Fig. 1).
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