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Multiple sclerosis (MS) is the prototypic
inflammatory demyelinating disorder of
the CNS. Symptoms of cerebellar dys-
function, such as tremors and ataxia, are
relatively common in MS, but available
treatment options are generally of limited
value. Although many clinical manifesta-
tions of MS are thought to arise from de-
myelination of axons that travel through
the midbrain, pons, medulla, and cerebel-
lum, there is emerging evidence that
inflammation-driven excitotoxic neuro-
degeneration contributes to MS symp-
toms. For example, CSF from MS patients
increases spontaneous EPSC (sEPSC) fre-
quency and glutamate-mediated neuro-
nal swelling in vitro, in an interleukin
(IL)-1� dependent manner (Rossi et al.,
2012). In a recent paper published in The
Journal of Neuroscience, Mandolesi and
colleagues (2013) investigated cerebellar
glutamatergic transmission in an animal
model of MS, experimental autoimmune
encephalomyelitis (EAE), and the mecha-
nisms underlying the synaptic alteration
caused by IL-1�.

Astrocytes influence the duration and
strength of synaptic signals by clearing
glutamate from the synaptic cleft; failure
to clear glutamate from the synapse leads
to excitotoxic neurodegeneration (Roth-
stein et al., 1996). This important regula-
tory role depends on astrocytic expression
of the high-affinity glutamate transport-
ers GLAST/EAAT1 and GLT1/EAAT2. In
the cerebellum, GLAST/EAAT1 is primar-
ily expressed by Bergmann glia (BG),
which are responsible for most of the glu-
tamate clearance from the synaptic clefts
of climbing and parallel fibers. Mandolesi
and colleagues (2013) found that in the
cerebellum of EAE mice, GLAST expression
was decreased in concert with astroglio-
sis, and these effects were associated
with prolonged spontaneous glutama-
tergic transmission.

Confirming a role for IL-1�, brief (10
min) incubation of cerebellar slices with
this cytokine increased the number of
synaptic events and prolonged the decay
time of the sEPSCs compared with con-
trols or incubation with TNF-�. Further-
more, briefly blocking endogenous IL-1�
signaling in EAE cerebellar slices with IL-1
receptor antagonist (IL-1ra) resulted in
partial rescue: sEPSCs in EAE slices incu-
bated with IL-1ra were reduced compared
with untreated EAE slices.

Mandolesi et al. (2013) found that en-
dogenous sources of IL-1� at the symp-
tomatic phase of disease in EAE mice
included microglia/macrophages in white
matter and infiltrating CD3� lympho-

cytes at white matter lesions and in the
molecular layer. In fact, incubation of na-
ive cerebellar slices with IL-1�-producing
CD3� lymphocytes from the spleens of
mice at the symptomatic phase of EAE
was sufficient to induce the synaptic de-
fects observed in EAE mice. Confirming
the extent to which IL-1� mediates ab-
normal synaptic transmission in EAE
mice, in vivo administration of IL-1ra
prevented the inflammatory and synap-
tic events associated with EAE: mice had
milder symptoms than control mice and
GLAST expression levels in BG were
near normal.

Mori and colleagues (2013) also found
a correlation between the presence of
infiltrating CD3� lymphocytes in EAE
and synaptic plasticity alterations. CD3�
lymphocytes of EAE mice, which release
IL-1�, altered synaptic plasticity in the
hippocampi of these mice by promoting
long-term potentiation (LTP) and poten-
tially lowering the threshold of LTP
induction by suppressing GABAergic trans-
mission. These authors further observed
that the diminished efficacy of GABA-
ergic transmission mediated by EAE
lymphocytes was prevented by coincuba-
tion with an IL-1� receptor antagonist.
In addition, Nistico and colleagues (2013)
showed that IL-1� secreted by activated
microglia cells contributes to degenera-
tion of GABAergic interneurons in the
hippocampus of EAE mice, thus influenc-
ing synaptic function. Together, these re-
sults indicate that IL-1� produced by
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CD3� lymphocytes or activated micro-
glia alters synaptic transmission in EAE
not only by enhancing glutamatergic
transmission, but also by disrupting the
balance between GABAergic and gluta-
matergic transmission.

Beyond altering synaptic transmission,
glutamate excitotoxicity contributes to
the lethal effect of IL-1� on oligodendro-
cytes, which is also relevant to MS pathol-
ogy. In vitro experiments have shown that
IL-1� is not directly cytotoxic to pure cul-
tures of oligodendrocytes, but the pres-
ence of IL-1� along with microglia and
astrocytes in coculture causes oligoden-
drocyte death (Takahashi et al., 2003).
Antagonists of AMPA/kainate glutamate
receptors blocked this IL-1�-induced tox-
icity toward oligodendrocytes, providing
a direct link between glia-mediated in-
flammation and tissue atrophy.

The effect of IL-1� on MS-like pathol-
ogy is not limited to the EAE model of MS
alone. Numerous investigations have ex-
tended our knowledge of MS pathology
using other animal models in which pa-
thology is induced using viruses or cupri-
zone. Theiler’s murine encephalomyelitis
virus (TMEV) establishes a persistent
CNS infection in susceptible mouse
strains that results in the development of
chronic demyelinating disease. Cells in-
fected with TMEV produce various cyto-
kines, including IL-1�. High levels of
IL-1� were shown to promote demyeli-
nation in the TMEV model through
induction of pathogenic Th17 cells
(Sutton et al., 2006). In contrast, the
presence of IL-1� produced by micro-
glia and/or astrocytes has been shown to
promote remyelination in a cuprizone-
induced animal model of multiple scle-
rosis (Mason et al., 2001).

Here, Mandolesi et al. (2013) identi-
fied infiltrating CD3� lymphocytes as a
primary source of IL-1� in the cerebel-
lum through immunohistochemistry. Al-
though most infiltrating CD3� cells in
EAE are CD4� T cells, there are multiple
subsets of these cells, each with a unique
cytokine profile, which will also influence
the local cytokine milieu and thus the on-
going pathology. IL-1�-activated astro-
cytes can secrete cytokines such as IL-6,
GM-CSF, and TNF-�, which influence T
cell differentiation; other cytokines such
as interferon-gamma or IL-17, released by
activated T cell subsets, may also play an
important role in this process by modify-
ing or adding to the pro-inflammatory
milieu and activation state of surrounding
cells, not just astrocytes, thus contributing
to glutamate excitotoxicity. For instance,

a recent study showed that activated mi-
croglia release glutamate via hemichan-
nels, resulting in increased glutamate
uptake by astrocytes that subsequently re-
spond by downregulating GLAST expres-
sion (Takaki et al., 2012). Therefore, it will
be important to determine whether the
IL-1�-mediated glutamatergic excitotox-
icity seen in the study by Mandolesi et al.
(2013) resulted from immediate down-
stream effects of IL-1� receptor activation
on astrocytes, other cytokines produced
as a result of downstream signaling, or
even a side-effect of microglial activation
and glutamate production.

Defining specific aspects of the down-
stream effects of IL-1� is also important
because this cytokine can have positive
effects, and neuroinflammation may be
required to ameliorate CNS diseases. El-
evated levels of IL-1 are found in the
brains of Alzheimer’s disease (AD) pa-
tients, and has been thought to contrib-
ute to the pathology (Mrak and Griffin,
2000). However, a more recent study
demonstrates that overexpression of IL-1�
in the hippocampus of the APPswe/
PS1dE9 mouse model of AD significantly
reduced levels of insoluble �-amyloid (Shaf-
tel et al., 2007). In this APPswe/PS1dE9 AD
mouse model of chronic neuroinflamma-
tion, IL-1� overexpression drove activation
of microglia resulting in increased plaque
phagocytosis. This beneficial neuroinflam-
matory response may serve as a homeostatic
mechanism to counterbalance CNS injury.
Indeed, in a recent report, delayed removal
of myelin debris by microglia in the cupri-
zone model of MS resulted in impaired re-
myelination and oligodendrocyte precursor
proliferation (Skripuletz et al., 2013). And
so, while activated microglia found in CNS
lesions in EAE and MS are generally thought
to propagate inflammatory reactions, it is
conceivable that enhanced clearance of my-
elin debris initiated by IL-1� may actually
contribute to dampening inflammatory re-
actions in EAE and MS and allow for repair.

This study by Mandolesi and col-
leagues (2013) has potential implications
not only for the treatment of MS, but also
for other neurological diseases in which
IL-1� may play a role, such as amyotro-
phic lateral sclerosis (ALS). While the
pathogenicity of ALS is not completely
understood, excitotoxicity has been impli-
cated in the disease because of the efficacy of
riluzole, a generic antiglutamatergic drug, in
protecting motor neurons in animals (Bel-
lingham, 2013). In ALS patients, riluzole has
shown to slow disease progression and in-
crease survival (Miller et al., 2012). Al-

though often considered a consequence to
neuronal injury and degeneration, inflam-
mation is now recognized to be a prominent
feature of ALS. In a recent study using a
mouse model of ALS, deficiency in
IL-1� or treatment with IL-1ra ex-
tended lifespan (Meissner et al., 2010).
Thus, lL-1�-mediated glutamate excitotox-
icity may be relevant for both MS and ALS.
In conclusion, while the direct effects of
IL-1� signaling will need to be further
investigated, targeting more specific mole-
cules and mechanisms involved in glutama-
tergic excitotoxicity in diseases such as MS
and ALS may become an important avenue
for the development of therapeutics.
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