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Although amyotrophic lateral sclerosis (ALS) was de-
scribed some 150 years ago, there remain critical
questions about the origin and progression of the
disease. A recent focus of clinical research has been
the potential role of excitotoxicity underlying the
pathophysiology of ALS.1 Several strands of evidence
indicate that a net increase in excitatory neurotrans-
mission in ALS results from reduced cortical inhibi-
tion. In this issue of Neurology®, Foerster and
colleagues2 add a further piece to this complex patho-
physiologic puzzle, by identifying differences in
�-aminobutyric acid (GABA) content in the motor
cortex of patients with ALS. Specifically, using a
novel magnetic resonance spectroscopy approach,
they found reduced cortical GABA in patients with
ALS compared to controls. This in vivo characteriza-
tion of GABA levels in patients with ALS supports
the emerging evidence for cortical hyperexcitability
in patients with sporadic and familial ALS. The data
are also relevant to the urgently needed development
of disease-specific biomarkers: while EMG is more
sensitive than clinical examination for the detection
of lower motor neuronal involvement, a robust bio-
marker is lacking that may identify subclinical upper
motor neuron degeneration and thereby facilitate an
early diagnosis of ALS.

These advanced neuroimaging findings2 comple-
ment a range of recent clinical and functional ap-
proaches, including longitudinal studies that have
identified the development of cortical hyperexcitabil-
ity in asymptomatic carriers of mutations linked to
ALS. Specifically, cortical hyperexcitability, as deter-
mined by reduction in short interval intracortical in-
hibition, appears to develop prior to the clinical
onset of ALS.3 These findings support the hypothesis
that ALS, or at least subtypes of this clinically and
pathophysiologically heterogeneous disorder, may be
viewed primarily as a neurodegenerative brain disor-
der involving cortical motor neurons that synapse
with anterior horn cells. Dysfunction of these neu-
rons has been postulated to result in alterations of

glutamine metabolism and thereby anterior horn cell
destruction by means of an anterograde degenerative
process.4 Such a dying-forward hypothesis may also
explain the clinical observations that the oculomotor,
abducens, and Onuf motor nuclei are typically
spared in ALS, given that these structures all lack
direct cortical motor neuron connections.

Reduced intracortical inhibition may reflect a loss
of inhibitory interneurons or alteration in the expres-
sion pattern of postsynaptic inhibitory receptors in
the ALS cortex. Release of the inhibitory neurotrans-
mitter GABA is largely a function of interneurons, at
both cortical and spinal levels, exerting a regulatory
role over neuronal excitation of neurons and their
networks. Recent work on ALS pathogenesis suggests
a critical and intrinsic role of interneurons.5 For in-
stance, immunohistocytochemical studies have iden-
tified alterations in the ratio of GABA to glycine
receptors in disease-susceptible motor nuclei of the
brainstem of patients with ALS, likely to be second-
ary to presynaptic interneuron pathology. Histologic
studies have identified reduction of GABAA receptor
subunit mRNA expression not only in the ALS mo-
tor cortex, but also in extramotor frontal and tempo-
ral brain regions.6,7 This is particularly topical, given
the emerging overlap of ALS and frontotemporal
dementia, combined with the recent discovery of
mutations in chromosome 9 that underlie a large
proportion of familial ALS and frontotemporal de-
mentia (FTD), in addition to apparently sporadic
disease.8

Short interval intracortical inhibition is medi-
ated by GABA-secreting inhibitory interneurons
that act via GABAA receptors.9 Reduction in SICI
may develop through loss of cortical inhibitory in-
terneurons, combined with glutamine-mediated
downregulation. This hypothesis is further sup-
ported by findings in the SOD1 mouse model,
whereby degeneration of spinal motor neurons ap-
peared secondary to dysfunction within central mo-
tor pathways.
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Supportive findings from neuroimaging ap-
proaches are now emerging. Functional PET imag-
ing studies have identified widespread loss of binding
of the GABAA receptor ligand flumazenil in patients
with sporadic ALS, again consistent with the loss of
inhibitory influence.5 Multimodal MRI, integrating
structural and fMRI data, suggests a loss of cortical
transcallosal inhibition due to white matter damage,
potentially associated with a reduction of GABAergic
interneurons, and, at the same time, an increase in
functional connectivity.10

Magnetic resonance spectroscopy (MRS) further
supports the study from Foerster and colleagues.2

While MRS has been utilized to study neurometa-
bolic changes in ALS, the novel 3-Tesla proton MRS
technique has enabled quantification of the cortical
GABA content in vivo. This innovative approach
now needs to be applied to a larger patient cohort,
ideally with longitudinal measurements in the same
patients, to understand whether reduction in cortical
GABA levels can be correlated with specific ALS phe-
notypes, particularly the degree of upper motor neu-
ron involvement, or with disease progression. Such
data will provide further insight as to whether corti-
cal GABA content is a prognostic marker or reflects
effects of therapeutic interventions in clinical trials.
In the context of emerging evidence about the clini-
cal, genetic, and pathologic overlap between ALS and
FTD, MRS GABA measurements in cortical regions
other than the primary motor cortex might further
facilitate in vivo assessment of extramotor involve-
ment in patients with ALS.

It is apparent that a wide spectrum of clinical in-
vestigative approaches are identifying loss of inhibi-
tory function at the heart of ALS. In vivo
quantification of the main inhibitory neurotransmit-
ter in the CNS may therefore facilitate the develop-
ment of a clinically useful biomarker, suitable for

more sensitive detection and monitoring of upper
motor neuron involvement and for the study of
pathologic alterations in cortical regions beyond the
motor system. More importantly, it is perhaps now
time to devise novel therapeutic approaches, aiming
to restore the inhibitory balance and thereby pro-
mote neuronal repair in ALS.
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