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Abstract

Neural stem/progenitor cells (NSC/NPC) can be a powerful tool for the neural repair of the damaged brain.
Many of the current challenges with stem cell therapies revolve around the problem that stem cells do not survive,
migrate, proliferate and differentiate as much as hoped. Understanding the interaction between NPCs and the
immune system is essential for the effective use of stem cell transplantation. Cytokines play an important role in
determining the inflammatory microenvironment and have also been shown to have effects on the differentiation,
proliferation, migration and survival of NPCs. The effects of cytokines on neural stem cell fate is more complex than
once believed; the distinction between anti-inflammatory and pro- inflammatory cytokines is not straightforward and
varies based on conditions such as cytokine concentration and area of transplantation. If their role is understood,
cytokines could be used to improve the efficacy of stem cell treatments and enhance neural repair. In this review, we
provide a comprehensive overview of the effects of various cytokines on NPC fate. The ultimate goal of this review is
to demonstrate how manipulation of the CNS microenvironment through alteration of various cytokines can enhance

the capacity of NPC differentiation, proliferation, and overall neural repair.
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MAP-2: Microtubule-Associated Protein-2; MAPK: Mitogen-Activated
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of activated B cells; NPC: Neural Progenitor Cell; SGZ: Subgranular
Zone; STAT: Signal Transducers and Activators of Transcription; SVZ:
Subventricular Zone; TGF: Transforming Growth Factor; TNF: Tumor
Necrosis Factor

Introduction

Neural stem cell transplantation has been proposed as a therapy
for a number of neurodegenerative disorders, including Alzheimer’s,
Parkinson’s, and some aspects of Multiple Sclerosis (MS) [1]. The
ultimate goal of such therapies is to enhance neurogenesis in damaged
areas. Neurogenesis is the process by which new neurons are formed
from neural progenitor cells. This process occurs in two main areas
of the adult brain: the subventricular zone (SVZ) of the lateral
ventricles and the subgranular zone (SGZ) of the dentate gyrus in
the hippocampus [2]. Both transplanted and endogenously generated
neural stem cells may be vital to CNS repair [3].

The understanding of complex neural-immune interactions,
once thought limited to disorders such as MS, is essential to the
improvement of stem cell therapies. Inflammation in the CNS strongly
affects stem cell therapies [3]. NPC transplantation itself elicits an
inflammatory response, which in turn influences NPC fate and
the success or failure of a transplant [1]. The niche in which NPCs
reside determines NPC fate, and this niche is partially controlled by
components of the immune system. Our group has demonstrated
bi-directional interactions between NPCs and subgroups of T-cells
(Thl, Th2, Th17) [4]. One key set of molecules that define this niche

are cytokines: small secreted proteins that modulate communication
between immune cells and between immune and NPC cells [5]. Pro-
inflammatory cytokines have neuroprotective effects in some contexts,
and damaging effects in others [6]. However, it seems a balance between
pro- and anti-inflammatory cytokines must be met in order for repair
to occur [7]. Several other excellent reviews have also evaluated the role
that neuroinflammation has on NPCs [3,8-10]. A better understanding
of interactions between the immune system and NPCs is important
for improving stem cell transplantation for all neurodegenerative
disorders. With such knowledge, immunomodulatory factors such as
cytokines could be manipulated in order to enhance neurogenesis and
neural repair. Here, we provide a comprehensive overview of the effects
of studied cytokines on NPC fate (Table 1).

Pro-inflammatory cytokines

Interleukin-1-beta (IL-1f): Interleukin-1-beta is an important
pro-inflammatory cytokine and its receptor, IL-1RI, is expressed on
neural progenitor cells (NPCs) in the SGZ but not in the SVZ [11,12].
Specifically, IL-1p is up-regulated in response to stress and injury
[12]. IL-1B inhibits the neurogenesis of NPCs by influencing their
proliferation and differentiation. Studies found decreased proliferation
of both embryonic NPCs in vitro and adult NPCs in vitro and in vivo
[12,13] Wang et al. [13] also discovered that IL-1p decreased survival
of embryonic NPCs but increased GFAP expression, suggesting greater
differentiation toward an astrocyte lineage rather than a neuronal
lineage. No effect on migration was seen. In regards to adult NPCs,
there appears to be no effect of IL-1p on either survival or differentiation
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Cytokine Type of Experimental Role in Role in differentiation Role in Role in Notes Reference
Progenitor Cell model used proliferation survival migration
Pro-Inflammatory
IL-1B eNPC, rat in vitro decreased increased astrocyte decreased no effect SAPK/JNK [13]
lineage pathway
aNPC, rat, SGZ in vitro decreased ND no effect ND Receptor [12]
subtype IL-1R1
in vivo decreased ND no effect ND
in vitro ND no effect ND ND [14]
IL-1a eNPC, mouse in vitro ND increased astrocyte no effect ND [17]
lineage
IL-6 eNPC, mouse in vitro ND increased neurogenesis ND ND MAPK/CREB [22]
increased gliogenesis STAT3 H-IL-6
only
aNPC, human, in vitro ND increased ND ND no effect on MHC [21]
SVZ & SGZ expression
pnNPC, mouse, in vivo decreased decreased decreased no effect [20]
SGzZ
aNPC, rat, SGZ in vitro decreased decreased decreased ND [14]
TNF-a eNPC, rat in vitro decreased ND decreased ND [31]
eNPC, rat in vitro ND increased decreased ND via activated [32]
microglia
aNPC, mouse, in vitro no effect no effect decreased ND [30]
Svz
aNPC, rats, in vitro increased no effect decrease ND NfkB [29]
Svz
aNPC, rat, SVZ in vivo increased ND no effect ND [28]
pnNPC, rat, in vitro decreased no effect increased increased blocked IFN-y [11]
Svz
aNPC, mouse, in vivo decreased decreased (TNFR1) increased ND differed based on [27]
SGz (TNFRI) (TNFRII) receptor
aNPC, rat, SGZ in vitro ND decreased ND ND [14]
aNPC, human, in vitro ND increased gliogenesis ND ND increased MHC [21]
SVZ & SGZ expression
IL-18 eNPC, rat in vitro ND increased decreased ND [32]
IL-2 eNPC, rat in vitro ND ND no effect ND [31]
pnNPC, rat in vitro ND increased no effect ND [23]
IFN-y eNPC, rat in vitro decreased ND decreased ND [39]
pnNPC, rat, in vitro decreased no effect decreased increased [11]
sSvz
aNPC, mouse, in vitro no effect increased ND ND via activated [37]
Svz microglia
low levels
aNPC, mouse, in vitro decreased increased no effect ND increased neurite [30]
Svz branching
aNPC, human, in vitro ND increased ND ND increased MHC [21]
SVZ & SGZ expression
aNPC, rat, SGZ in vitro ND no effect ND ND [14]
Anti-inflammatory
IL-10 aNPC, mouse, in vitro ND ND ND increased upregulated [45]
Svz chemokine
receptors
aNPC, mouse, in vivo ND increased neurogenesis | increased ND [42]
Svz increased
oligodendrogenesis
IL-4 aNPC, mouse, in vitro no effect increased ND ND via activated [37]
Svz oligodendrogenesis microglia
aNPC, mouse, in vitro ND ND ND increased upregulated [45]
Svz chemokine
receptors
TGF-B aNPC, mouse, in vivo decreased no effect increased ND [51]
svz
in vitro decreased no effect increased ND
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aNPC, rat, SGZ in vivo decreased increased ND ND [48]
in vitro decreased increased ND ND
aNPC, rat, SGZ in vitro decreased ND no effect ND [47]
aNPC, mouse, in vivo decreased ND decreased ND
SGZ
aNPC, mouse, in vivo decreased no effect increased ND [51]
SGZ
aNPC, mouse, in vivo increased increased increased ND [52]
SGZ
Unclassified
IL-15 pnNPC, rat in vitro no effect decreased no effect ND MAP-2/STAT-3 [56]
aNPC, mouse, in vitro increased decreased no effect ND [57]
Svz
IL-7 eNPC, human in vitro ND increased neurogenesis ND increased [60]
aNPC, human increased gliogenesis

IL, interleukin; TNF-a, tumor necrosis factor-alpha; TGF-, transforming growth factor-beta; NPC, neural progenitor cell; SGZ, subgranular zone; SVZ, subventricular zone;

ND, no data; eNPC, embryonic NPC; pnNPC, postnatal NPC; aNPC, adult NPC.

Table 1: Cytokine effects on NPC fate.

[12,14]. Although these results suggest a detrimental effect on NPCs,
modest concentrations of IL-13 have been shown to be beneficial for
the survival of primary neurons in vitro [15]. Despite potential positive
effects on survival, overall decreased neurogenesis is observed. In order
to improve stem cell treatments, IL-1f should be reduced under disease
circumstances.

Interleukin-1-alpha (IL-1a): The effect of interleukin-1 alpha on
neural stem/progenitor cell fate is often ignored in favor of the better-
studied IL-1fB. However, LPS stimulation increases the alpha form of
IL-1 more than the beta form [16]. Ajmone-Catetal. [17] demonstrated
a new role for IL-1a as a modulator of NPC fate. At low levels, IL-1a
has a progliogenic effect on NPCs. Similar to IL-1p, in vitro studies
demonstrate that IL-la enhances differentiation into the astrocytic
lineage in embryonic NPCs, but has no affect on neuronal lineage or
cell survival [17]. When IL-1a was depleted from activated microglia
media, neuronal differentiation was slightly increased, indicating
that IL-1a may contribute to the anti-neurogenic effect that activated
microglia have on NPCs [14]. Further studies will need to elucidate the
exact role of IL-1a on neurogenesis, looking at effects on proliferation
as well as on adult NPCs.

Interleukin-6 (IL-6): Interleukin-6 belongs to the neuropoietic
cytokine family, all of which signal through the transmembrane gp130
receptor and act upon the JAK/STAT pathway [3]. Adult NPCs do
not express the IL-6 receptor [18]; however, IL-6 can first bind to the
soluble form of IL-6R and then bind directly to the gp130 receptor
expressed on NPCs, enabling the cytokine to act [19].

IL-6 decreases the proliferation and survival of NPCs [14,20].
However, there are conflicting data on the role of IL-6 in NPC
differentiation. Valliéres et al. [20] found that IL-6 decreases
differentiation of NPCs in the subgranular zone (SGZ) of the
hippocampus. However, under some conditions differentiation is
increased. IL-6 actually stimulates differentiation in human fetal NPC
taken from both the striatum and hippocampus [21]. Similarly, highly
active IL-6 (H-IL-6) increases differentiation of embryonic stem cells
into glutamate responsive neurons and two astroglia cell types via
the MAPK/CREB pathway [22]. H-IL-6 also enhances gliogenesis
through the STAT-3 pathway [22]. In accordance with these findings,
IL-6 promotes neurite elongation of embryonic NPCs in the SGZ
[23]. Additionally, IL-6 can promote differentiation of NPCs at low
concentrations [24]. A potential explanation of these beneficial effects

could be found via the interaction of IL-6 with other cytokines produced
in the inflammatory response. IL-6 reduces pro-inflammatory TNF-a
and IL-1 production and helps circulate IL-1 receptor antagonist [25].
Further studies are needed to determine when IL-6 is detrimental or
beneficial to the differentiation of NPCs.

These conflicting data could also be explained by the finding that
IL-6 expression varies as a function of age, indicating that the role IL-6
plays may change over time [20]. Initially, IL-6 may help embryonic
NPCs differentiate, but later, long-term expression is detrimental.
Like many cytokines, different concentrations and contexts will
lead to distinct physiological effects [26]. Even with a beneficial role
in differentiation, if IL-6 is chronically over-expressed, reduced
neurogenesis ensues [19]. These results suggest that IL-6 levels should
be reduced for effective neural stem cell treatments.

Tumor Necrosis Factor-alpha (TNF-a): TNF-a is often regarded
asa classic pro-inflammatory cytokine. However, current findings show
conflicting effects of TNF-a on NPC fate. TNF-a acts on two different
receptor subtypes, TNF-RI and TNF-RII. TNF-R1 generally mediates
pro-inflammatory effects, while TNF-RII mediates neuroprotective
effects [27]. Binding to TNF- RI decreases both proliferation and
differentiation, while binding to TNF-RII increases survival [27]. Both
receptor subtypes are found in the DG and in the SVZ [27].

The detrimental or beneficial effects of TNF-a depend on the
amount of the cytokine, the receptor subtype activated and the area of
the brain in which NPCs are found. Engagement of receptor TNF-RI
in the SGZ inhibits adult NPC ability to proliferate and differentiate
[14,27]. However, the effects of TNF-a in the SVZ are less clear. Several
studies found increased proliferation but decreased survival of adult
NPCs, with no effect on differentiation [28-30]. However, Ben-Hur et
al [11] found the opposite; TNF-a decreased proliferation and, through
interferon-gamma antagonism, increased survival of adult NPCs.
Additionally, TNF-a promoted migration of NPCs [11,28]. In contrast
to the adult NPC findings stated above, embryonic NPCs showed
increased differentiation but reduced proliferation and survival [31,32].

TNF-ahasrecentlybeen demonstrated to activate the NfkB pathway
in NPCs in vitro, thereby increasing both proliferation and apoptosis
[29]. TNF-RI plays a role in Nf«B activation supporting the finding
that TNF-RI mediates proliferation [29]. The NfkB signalling pathway
would explain why increased proliferation was observed but would

J Neurol Neurophysiol

Neurorehabilitation & Neural Repair

ISSN: 2155-9562 JNN, an open access journal



Citation: Breton J, Mao-Draayer Y (2011) Impact of Cytokines on Neural Stem/Progenitor Cell Fate. J Neurol Neurophysiol S4. doi:10.4172/2155-

9562.54-001

Page 4 of 7

contrast with the in vivo data indicating that TNF-RI is detrimental for
proliferation. Greater cell turnover does not always indicate increased
cell number. In vivo, other factors may be involved in the suppression
of NPC proliferation and in the induction of apoptosis. Furthermore,
the role of TNF-a may change over time, explaining some of the varied
results. For example, TNF-a is toxic when NPCs are proliferating [30].
On the whole, animals lacking both TNF-a receptors show exacerbated
neuronal damage, suggesting a neuroprotective effect for TNF-a [33].
Therefore, inhibiting TNF-RI could be helpful in improving stem cell
therapies although ideally, activation of the NfkB pathway should be
maintained.

Interleukin-18 (IL-18): Interleukin-18 is among most recently
discovered pro-inflammatory cytokine and a relative of TNF-a [32].
As of yet, few studies have been conducted demonstrating the effects
of IL-18 on NPC fate. IL-18 decreases the number of differentiating
embryonic NPCs in vitro in a dose and time dependent manner [32].
Further studies will need to elucidate the role of IL-18 on NPCs under
varying conditions. However, based on these preliminary data, reducing
the levels of IL-18 may be beneficial for neural stem cell therapies.

Interleukin-2 (IL-2): Although interleukin-2 has been considered
a classic pro-inflammatory cytokine, its exact role in NPC fate remains
elusive. Postnatal NPCs treated with IL-2 increased differentiation;
both elongation and branching of neurites increased [23]. No effect on
survival was noted [23,31]. On the contrary, several studies have shown
that IL-2 knockouts have increased neurogenesis as well as increased
IL-15 levels [34]. IL-2 and IL-15 share the same receptor subunits in
the hippocampus [34]. Overall, IL-2 may have pro-neurogenic effects
under some conditions but not others. The beneficial effects of IL-2 on
neurogenesis may come from its modulatory role in the production of
other cytokines; IL-2 is important for activation induced cell death [35];
these dying cells go on to produce their own cytokines [36]. Further
studies will need to be conducted to clarify the mechanism by which
IL-2 functions, as well as conditions under which IL-2 is beneficial or
detrimental to NPC fate.

Interferon-gamma (IFN-y): Interferon-gamma is also regarded
as a pro-inflammatory cytokine, detrimental to neurogenesis.
However, new data demonstrate that low levels of IFN-y activate
microglia, and that this, contrary to previous beliefs, can be beneficial
for the development of NPCs [37,38]. IFN-y activated microglia aid
neurogenesis [18] by promoting differentiation, migration and neurite
outgrowth, yet inhibiting proliferation and survival [11,30,39,40].
However it should be noted that data are again mixed: in one study,
IFN-y increased survival of embryonic NPCs, contrasting with previous
results [30]. In human cell lines, IFN-y increased differentiation and
up-regulated major histocompatibility complex (MHC) expression
on NPCs [21]. Up-regulation of MHC expression causes transplanted
stem cells to be more susceptible to graft rejection [41]. In regards to
stem cell therapies, IFN-y should be suppressed if levels are high, but
low levels could be beneficial to neural repair and neurogenesis.

Anti-inflammatory cytokines

Interleukin-10 (IL-10): The anti-inflammatory effects of
interleukin-10 have only recently been studied. In vivo, IL-10 increases
both neurogenesis and oligodendogenesis [42]. More NPCs survived
and differentiated in mice engineered to over express IL-10 when the
MS model EAE was induced [42]. IL-10 also increased survival of OPCs
[43] and increased migration of NPCs via up-regulation of surface
adhesion molecules/chemokine receptors LFA-1, CXCR4 and CCR5
[45]. IL-10 has been shown to inhibit the release of pro-inflammatory

cytokines such as IFN-y and IL-17 [42]. In vivo studies demonstrate
increased remeylination in EAE mice, indicating that IL-10 could
play an important role in neural repair for disorders such as MS [44].
Further in vitro studies could identify the mechanism by which IL-10
functions.

Interleukin-4 (IL-4): Interleukin-4 plays a similar neuroprotective
role as IL-10, although to a lesser extent. IL-4 has no effect on the
proliferation or survival of NPCs. However, IL-4 induces microglia to
secrete more insulin-growth like factor 1 (IGF-1) and less TNF-a [37],
establishing a neuroprotective microglial phenotype. Additionally,
IL-4 up-regulates the same surface adhesion molecules/chemokine
receptors as IL-10, increasing migration of NPCs [45]. IL-4 levels
decrease with age and are accompanied by increased levels of IL-1 and
decreased survival of hippocampal cells [46]. Similar to IL-10, IL-4
can down-regulate pro-inflammatory cytokines: in vivo, IL-4 directly
inhibits IL-1 cytokine and receptor synthesis [46]. IL-4 could be up-
regulated in order to promote neural repair and enhance neural stem
cell treatments.

Transforming Growth Factor-beta (TGF-f): Transforming
growth factor-beta is a well-studied anti-inflammatory cytokine that
increases rapidly after injury and with age [47]. However, the effects of
TGF-p are highly context dependent.

In the SGZ, TGF-P causes a trend toward decreased proliferation
and increased differentiation of NPCs, enhancing neurogenesis [9,48].
Adrenalectomy has previously been shown to increase neurogenesis
[49]. Reduction of glucocorticoids released by the adrenal gland both
increases NPC proliferation and also causes cell death of mature dentate
granule cells [50]. Such cell death may be necessary for modification of
the neurogenic niche. In adrenalectomized (ADX) animals, increasing
levels of TGF-p have been correlated with the amount of neurogenesis
[48]. However if TGF-B was blocked in ADX animals, neurogenesis
was impaired. In contrast, Wachs [51] found that TGF-f inhibited
proliferation and overall neurogenesis in the dentate gyrus by arresting
NPCs in the GO/1 phase of the cell cycle. No effect on differentiation
was seen. The chronic overproduction of TGEF-B also blocks the
production of new neurons [47]. Both inhibited proliferation and NPC
survival were seen in aging mice treated with TGF-f, concluding that
TGEF-B may need to be reduced if stem cell therapies are to be used in
the aged brain.

In the SVZ in vivo studies treating ischemic damage with TGF-f
increases the proliferation, differentiation, survival, and migration of
NPCs [52]. On the other hand, in vitro studies have demonstrated a
decrease in NPC proliferation and no effect on differentiation [51]. It
is likely that the in vivo effects of TGF-p are mediated by other factors.
TGEF-B is up-regulated by activated microglia [51] and may interact
with other cytokines secreted, complicating its effect on NPC fate. One
possible explanation for the beneficial in vivo effects is the inhibition
TGF-B exerts on the production of pro-inflammatory cytokines IL-1,
TNF-a and IFN-y, among others [53].

As a whole, animals that lack TGF-p don’t survive into adulthood;
the majority of neuronal cell death occurs at day 1, indicating that
TGF- is necessary for development [54]. It may be the case that TGF-f
is beneficial initially but has deleterious long-term effects [55]. The role
of TGF-p in different disease models remains to be elucidated. It is
possible that TGF-P can help with neural repair and improve neural
stem cell therapies under the right contexts.
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Unclassified cytokines

Interleukin-15 (IL-15): Interleukin-15isarecently studied cytokine
whose receptor is found in differentiating neurons but not in astrocyte
or oligodendroctye lineages [56]. IL-15 decreases differentiation and
has no effect on the survival of NPCs. IL-15 also increases proliferation
in adult NPCs, but not in postnatal NPCs [56,57]. Neurite outgrowth
was decreased via reduced MAP-2 expression [56]. MAP-2 is an
important structural protein that supports growing neurites [58]. It was
also observed that IL-2 and IL-15 counter each other; IL-2 promoted
neurite expression whereas IL-15 reduced expression. One possible
explanation for the detrimental effects of IL-15 on NPCs could be due
to the fact that IL-15 counters the beneficial effects of TGF-p [59].

A beneficial role of IL-15 has also been noted in several studies [57].
IL-15 increased proliferation but decreased differentiation in adult
NPCs [57]. IL-15 deficient mice had reduced proliferation and overall
decreased neurogenesis, indicating that IL-15 is necessary for proper
neurogenesis [57]. The conditions under which IL-15 is beneficial or
detrimental to NPC fate remain to be fully described.

Interleukin-7 (IL-7): Interleukin-7 has not yet been classified as
anti-or pro-inflammatory, but in a recent study by Moors et al. [60]
fetal and adult human NPCs showed both increased neurogenesis and
gliogenesis, as well as increased survival. No effect on migration was
observed. Different splice variants of IL-7 had varying potencies on
differentiation, with IL-7c as the most potent [60]. Future studies may
wish to look into IL-7 as a potential neuroprotective anti-inflammatory
cytokine. The specific mechanism by which IL-7 functions remains
be determined. Overall, IL-7 is shown to act as a neural growth and
differentiation factor both in vitro and in vivo [60,61].

Discussion

Pro-inflammatory cytokines generally inhibit neurogenesis while
anti-inflammatory cyokines enhance neurogenesis. A third category
of unclassified cytokines can have pleiotropic effects, although their
complete role in neurogenesis remains to be defined. Classic pro-
inflammatory cytokines such as IL-1B, IL-6 and IL-18 are detrimental
to NPC fate when over-expressed in disease states and should therefore
be reduced in order to enhance stem cell transplantation. However,
the contribution of certain cytokines is highly context dependent. The
effects of TNF-a on NPC fate vary based upon the receptor subtype
activated [27]. In vivo antineurogenic effects of TNF-RI should be
inhibited to support neural repair. Additionally, microglia can promote
either a pro-inflammatory or an anti-inflammatory response depending
on the activating cytokine and their concentrations [9]. IFN-y at low
doses promotes a neuroprotective phenotype of microglia, beneficial
for neural repair [37]. Anti-inflammatory IL-4 also induces this
neuroprotective phenotype, increasing the production of IGF-1 and
lowering production of TNF-a [37]. Furthermore, anti-inflammatory
IL-10, although less studied, shows indications of a neuroprotective
role on NPC fate [42]. The effects of TGF-f, on the other hand, are more
complicated; some studies show that TGF-B decreases proliferation
and inhibits neurogenesis, [47,50] while others show a beneficial role
of TGF-p after brain injury [48,52].

Understanding the role inflammation has on NPC fate is important
for diseases such as MS, where the immune system is intricately linked
to pathogenesis. Neuroimmune interactions are also essential for
understanding other neurodegenerative disorders and for improving
the efficacy of stem cell transplantation therapies. Cytokine actions on

NPCs can vary based on the type of disorder and the host tissue [9].
For example, IL-1P specifically plays a role in depression and stress-
induced neurodegeneration [12] while Parkinson’s and Alzheimer’s
are characterized by chronic activation of microglia and production of
pro-inflammatory cytokines respectively [3]. For a review of the role
the immune system plays in certain CNS disorders see [62]. Cytokines
are a key factor in controlling the inflammatory environment and
could be regulated in order to enhance NPC transplantation [1]. The
effect of stem cell treatments will depend not only on the modulation
of the endogenous cytokine microenvironment, but also on the type
of stem cell transplanted and the area of transplantation [9]. Some
inflammation is necessary for repair, although across the board, an
excess of inflammation is detrimental [8,14,63]. A balance between
pro- and anti-inflammatory factors will need to be met in order for
neural repair to occur.

The current literature demonstrates that pro-inflammatory
and anti-inflammatory cytokines have distinct positive and negative
effects on NPC function. This would suggest that the inflammatory
response that is the hallmark of the disease MS not only contributes
to the destruction of myelin, but may also be critical for repair and
regeneration. The suppression of disease activity by future therapeutic
agents should take into consideration possible inflammatory-
mediated repair mechanisms. For example, an up-regulation of anti-
inflammatory cytokines such as IL-10 could be beneficial in diseases
such as MS. In mice with EAE, over-expression of IL-10 in NPCs
reduced disease symptoms such as myelin damage, although further
studies in humans will need to be conducted [42]. Additionally, NPCs
themselves can have effects on the immune system, generating a
complex cross-talk that could be influential in NPC therapies [4]. The
field of neural stem cell transplantation is progressing rapidly. The role
immunomodulatory factors such as cytokines have on NPC fate is just
one area that needs to be considered when designing effective stem cell
therapies.
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