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Interleukin-1 (IL-1) is a mediator of brain injury induced by ischemia, trauma, and chronic neurodegen-
erative disease. IL-1 also has a protective role by preventing neuronal cell death from glutamate neurotoxicity.
However, the cellular mechanisms of IL-1 action remain unresolved. In the mammalian retina, glutamate/
aspartate transporter (GLAST) is a Na*-dependent, major glutamate transporter localized to Miiller glial
cells, and loss of GLAST leads to glaucomatous retinal degeneration (T. Harada, C. Harada, K. Nakamura,
H. A. Quah, A. Okumura, K. Namekata, T. Saeki, M. Aihara, H. Yoshida, A. Mitani, and K. Tanaka, J. Clin.
Investig. 117:1763-1770, 2007). We show here that IL-1 increases glutamate uptake in Miiller cells by a
mechanism that involves increased membrane Na*/K*-ATPase localization, required for counteracting the
Na*-glutamate cotransport. IL-1 activated the p38 mitogen-activated protein kinase (MAPK)/capase 11 path-
way, which destabilizes the actin cytoskeleton allowing Na*/K*-ATPase membrane redistribution. Further-
more, pretreatment with IL-1 protected retinal neurons from glutamate neurotoxicity through p38 MAPK
signaling. Our observations suggested that IL-1 acts as a potential neuroprotective agent by modulating the

functions of the glia-neuron network.

It is well known that the release of excitatory amino acids,
such as glutamate, can cause neuronal cell death. Excessive
extracellular concentrations of glutamate induce an uncon-
trolled elevation of intracellular calcium that enters through
chronically activated glutamate receptors. Glutamate uptake
by glial cells is a well-known mechanism for maintaining low
extracellular level of glutamate and promoting efficient inter-
neuronal signaling in the central nervous system. In addition,
the same process is considered a neuroprotective mechanism
during neurodegeneration. Clearance of glutamate from the
extracellular space is accomplished primarily by the action of
glutamate transporters (9). In the central nervous system, glu-
tamate/aspartate transporter (GLAST) and glutamate trans-
porter 1 (GLT-1) are Na™-dependent glutamate transporters
found in astrocytes (49, 33). Genetic deletion of GLAST
and/or GLT-1 causes abnormal brain development and neuro-
logical symptoms such as motor deficits, increased susceptibil-
ity to seizures, and exacerbation of noise-induced hearing loss
(15, 35, 52, 53). We previously identified GLAST as the only
glial-type glutamate transporter in the retina, whereas GLT-1
is expressed in neurons including bipolar cells and photorecep-
tors (20, 23). Not surprisingly then, GLAST is more active in
preventing glutamate neurotoxicity after ischemia than GLT-1
(18). In addition, glaucomatous retinal and optic nerve degen-
eration were observed in GLAST-deficient mice (20). Since
glutamate transport is coupled with the cotransport of 3Na™,
the efficiency of glutamate uptake is influenced by intracellular
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and extracellular Na* concentrations (34, 48). Elevated intra-
cellular Na™ is decreased by Na*/K*-ATPase, which is in turn
dependent on ATP levels (2, 11, 16). However, severe ischemia
and other states that cause ATP depletion in glial cells lead to
elevated intracellular Na™ and resultant failure of glutamate
uptake (34).

Interleukin-1 (IL-1) is an important mediator of brain injury
induced by ischemia or trauma and has been implicated in
chronic brain diseases including Alzheimer’s disease, Parkin-
son’s disease, and multiple sclerosis (1, 43). Deletion of IL-1 in
mice conferred approximately 80% neuroprotection against
neuronal damage due to ischemia (4). Now, conflicting evi-
dence has proposed a neuroprotective role for IL-1. For ex-
ample, pretreatment of IL-1 protects glutamate-induced neu-
ronal cell death in cortical and retinal neurons (6, 30, 47) by
increasing the synthesis of neurotrophic factors (8). This neu-
roprotective effect of IL-1 was reduced by administration of
nerve growth factor, nerve growth factor neutralizing antibody,
or IL-1 receptor antagonist. These observations suggested that
IL-1 might mediate beneficial effects on neurons through its
receptor; however, the detailed mechanism and intracellular
signaling underlying such a role remain unknown. This study
examined the putative role of IL-1 in glutamate uptake by
using cultured retinal glial cells as well as possible mechanisms
of TL-1-induced neuroprotection. We showed that 1L-1 stimu-
lation enhances glutamate uptake without affecting GLAST
expression and protects retinal neurons from glutamate neu-
rotoxicity. ‘ '

MATERIALS AND METHODS

Animals, C57BL/6] mice were obtained from CLEA Japan (Tokyo, Japan),
and all animal procedures were performed in accordance with the Tokyo Met-
ropolitan Institute for Neuroscience Guidelines for the Care and Use of Ani-



