Editorial

Page 1 of 3

The role of glutamate transport and SLC7A11 expression in tumorassociate seizures and survival in patients with malignant gliomas
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Treatment for glioblastoma (GBM) remains largely
palliative despite maximal combined approaches (surgery,
radiation, and chemotherapy) with a median survival
of approximately 15 months due to relentless invasion
and recurrence (1). Even with advances in drug delivery,
molecular targeting, and immunomodulative therapy,
prognosis is grave (2) and the clinical course is characterized
by progressive, symptomatic decline secondary to edema,
invasion of eloquent areas, and seizures. Up to 80% of
patients will experience one seizure with approximately
one-third developing recurrent seizures, which are either
refractory to anti-epileptic drugs or lead to use of drugs
that interfere with chemotherapeutic agents (3). Novel
treatments and therapeutic targets are essential to not only
extend survival but also to help improve quality of life once
the diagnosis has been established.
One exciting new target, as elucidated by the recent
report by Robert et al. (4), is the glutamate transport system.
Multiple studies, including several by authors within this
group, have implicated the excitatory neurotransmitter,
glutamate, as a culprit involved in the production of a hostile
peritumoral environment that can lead to tumor-associated
seizures (TAS) (3,5,6) and invasion (7,8). Microdialysate
glutamate levels within the tumor margins of patients with
GBM have been found to be elevated by 100-fold (9). It
is postulated that peritumoral glutamate release is an act
of self-preservation by tumor cells, in which the cysteine/
glutamate exchanger, System x c− (SXC), is upregulated
to increase intracellular cysteine for the synthesis of
glutathione, an antioxidant thought to support tumor
growth and survival (4). While the SXC pathway appears
to be the preferred cysteine-glutamate exchange pathway,
the catalytic subunit of SXC, SLC7A11, is integral to the

© Annals of Translational Medicine. All rights reserved.

release of glutamate. Robert et al. systematically confirm
that SXC-mediated glutamate release from malignant
gliomas contributes to the peritumoral excitoxicity that
leads to tissue destruction and TAS. Subsequently, the
authors translated this finding into a small, prospective
clinical study demonstrating that the FDA-approved
SXC-inhibitor, sulfasalazine (SAS), decreased peritumoral
glutamate levels in glioma patients over the short-term.
To test their hypothesis that glioma patients with seizures
were more likely to have high SLC7A11 expression,
and thus SXC activity, they compared biopsied tissue
microarrays of GBM tissue and peritumoral brain matched
from 41 patients. Two subgroups were unexpectedly
discovered, one with low-SLC7A11 expression (46% with
equal or lower expression compared to average peritumoral
brain) and another with high expression (54% with elevated
expression). Western blots from the same tissue showed
a similar expression profile (6 of 11 patients with high
expression vs. 5 of 11 with low expression), and when
implanted intracranially into mice treated with the SXCinhibitor, (S)-4-carboxyphenylglycine, glutamate release
was selectively blocked in highly-expressing SLC7A11
GBM tissue but not in GBM tissue with low expression.
To establish that SXC-expressing gliomas produce
peritumoral excitotoxicity, cortical neurons harvested
from rats were cultured, loaded with the fluorescent
Ca2+ indicator Fura-2, and then exposed to either SXCexpressing or non-expressing gliosphere-conditioned
medium. Ratiometric Fura-2 imaging showed that neurons
exposed to SXC-expressing glioma medium had more than
double the increase in intracellular Ca2+ levels compared
to those exposed to SXC non-expressing glioma medium.
This rise in Ca2+ was effectively decreased when treated
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with various glutamate receptor antagonists. Neuronal
viability was significantly decreased when neurons were cocultured with SXC-expressing gliomas using a Transwell
system. This decrease in viability was prevented by SXC
inhibitors and glutamate receptor antagonists. To assess
the degree of excitotoxicity in vivo, SXC-expressing glioma
cells were implanted intracranially into immunodeficient
mice, which resulted in approximately 80% reduction in the
number of neuronal nuclei (NeuN)-positive peritumoral
neurons compared to contralateral brain or mice implanted
with non-expressing tumor. The mean survival of mice
implanted with SXC-expressing tissue was shortened to
20–22 days compared to 27–32 days for those implanted
with SXC-non-expressing tumors. Histologically, SXCexpressing tumors had more poorly defined margins, greater
peritumoral edema, and more cells migrating away from the
tumor.
Next, to determine if increased glutamate release
does, in fact, contribute to TAS, the electrophysiological
properties of peritumoral neurons in mice implanted with
either SXC-expressing or non-expressing tissue and shams,
were assessed using whole-cell patch-clamp recordings.
Layer II/III pyramidal neurons peritumoral to SXCexpressing gliomas showed more depolarized resting
membrane potentials than shams and generated more
action potentials at increasing current injections. When
pharmacologically induced, seizures in SXC-expressing
tumors not only occurred significantly more rapidly than
SXC-non-expressing neurons and shams, but there was also
a larger percentage of neurons with epileptiform activity.
Continuous EEG up to 23 days showed 70–77% of SXCexpressing implanted mice developed tonic-clonic type
seizures lasting 30 to 120 seconds, whereas non-SXC mice
rarely had seizures. Not only do the findings within the
Robert et al paper cogently support SXC as a major pathway
for glutamate release in glioma-implanted mice, but they
also establish that SLC7A11 expression is correlated with
excitotoxicity and TAS.
To translate these findings to humans, patient survival
data was extracted from the REMBRANDT database and
stratified into groups based upon degree of SLC7A11
expression, revealing that those with reduced expression
(≤66% mRNA compared to non-neoplastic brain tissue)
lived 9 months longer than those with high expression
(≥150% mRNA). And, finally, in a small randomized,
prospective pilot study to assess whether SXC inhibition
reduces peritumoral glutamate in humans, peritumoral
glutamate levels were measured in nine patients with various
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grades of glioma (II to IV—3 each with oligodendroglioma,
astrocytoma, GBM) using MR glutamate spectroscopy
(MRS) after receiving oral SAS. Biopsies for each patient
were then matched to the MRS data. For each glioma
subtype, higher SCL7A11 expression correlated with larger
decreases in glutamate after each SAS dose. However,
results were tempered by a delayed “rebound” increase
in glutamate release at 24 hours after pharmacological
inhibition. The authors acknowledge the imperfection
of SAS and advocate for continued development of more
specific and bioavailable SXC inhibitors.
Though underpowered to establish clinical efficacy, the
pilot study did establish the SXC pathway as an exciting
target for attacking glioma self-preservation mechanisms,
which could not only translate into extended survival
but may also provide a means for reducing seizures and,
thus, maximizing quality of life. Because glutamate is a
final common mediator of neuronal excitotoxicity, the
findings herein are potentially applicable to other similar
pathological process such as traumatic brain injury, stroke,
epilepsy, and other lower-grade brain tumors. And,
although a recent study showed that SAS can potentiate
the effects of temozolomide in a human glioma cell line
and reduce glioma-related brain edema as measured by
T2-weighted MRI in glioma-implanted rats (10), further
prospective clinical studies are needed to establish whether
SXC inhibitors can ultimately reduce excitotoxicity, tumor
spread, and TAS in humans over the long-term.
In summary, this multi-faceted paper presents a wide
range of experiments that together support a glutamaterelated mechanism by which gliomas persist, grow,
and cause seizures. The group also confirmed that
glioma patients vary in terms of SXC-expression and
that aggressiveness may be linked to glutamate release
mechanisms, which may prove to be a promising target
for the subset of SXC-expressers who appear to be more
susceptible to symptomatic decline and shorter length of
survival. And, though the long-term effects and efficacy of
SXC inhibitors were not proven, pharmacologically altering
glutamate release is a viable therapeutic option worthy of
continued study and larger in vivo trials. The implication
of the glutamatergic system also raises the possibility of
additional adjunct therapeutic strategies that may prove
useful in reducing seizure burden. Should the SXC
inhibitors prove to have long-term efficacy, the possibility
of non-invasively monitoring patient responsiveness with
MRS would be particularly interesting and ideal as the
technology of spectroscopic biomarker imaging continues
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to evolve (11).
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