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Huntington’s disease (HD) is an auto-
somal dominant lethal neurologic disor-
der. Its pathophysiology involves massive,
highly selective degeneration of the corpus
striatum of the brain, which regulates
motor activity, and whose loss in HD
leads to the characteristic choreiform
movements of patients. The unique degra-
dation of the striatum appears to reflect
the binding of mutant huntingtin to a
striatal-selective small G protein called
Rhes.1 Recently, we have identified spe-
cific molecular mechanisms whereby hun-
tingtin elicits neuronal destruction.

Earlier studies of gasotransmitters such
as nitric oxide (NO) and carbon monox-
ide (CO) had led to an interest in hydro-
gen sulfide (H2S). H2S can be
physiologically formed by cystathionine
b-synthase (CBS), cystathionine g-lyase
(CSE) (Fig. 1A) and 3-mercaptopyruvate
sulfurtransferase.2 We had characterized
CSE depleted mice focusing on their
hypertension, implicating H2S as a physi-
ologic vasorelaxant.3 CSE mutant mice
also displayed neurologic abnormalities
such as hind limb clasping which resem-
bled mouse models of HD. These behav-
ioral observations prompted us to explore
the possibility of CSE abnormalities in
HD.

HD stems from mutations of the gene
encoding huntingtin with polyglutamine
repeats that mediate neurotoxicity. One
useful HD model employs a striatal cell
line harboring mutant huntingtin with
111 glutamine repeats.4 CSE levels in
these cells were reduced by more than
90%.5 We also explored R6/2 mice and
Q175 mice, which harbor expanded poly-
glutamine repeats. In both strains CSE

levels were substantially diminished. Most
importantly, in the striatum of human
HD patients CSE levels were reduced 85–
90% with greater reductions in patients
displaying more severe clinical manifesta-
tions of the disease. Also, CSE depletion
was selective for the striatum with dimin-
ished loss in the cortex and normal levels
of CSE in the cerebellum, paralleling the
relative susceptibility of these brain
regions to HD damage. The CSE deple-
tion does not simply reflect influences of
generalized neurodegeneration, as we
found no alteration in CSE levels in other
neurodegenerative diseases such as amyo-
trophic lateral sclerosis, multiple sclerosis
or spinocerebellar ataxia. Interestingly,
CSE levels were diminished in the liver
and pancreas of R6/2 HD mice, consistent
with the body-wide expression of hunting-
tin as well as the presence of gastrointesti-
nal symptoms in HD patients.

What molecular mechanisms might
underlie the CSE depletion? We observed
substantial reductions of mRNA for CSE
in Q111 HD cell lines indicating that the
deficit is at a transcriptional level. Striatal
Q111 cells are highly susceptible to
hydrogen peroxide stress, a defect that is
reversed by overexpressing CSE.5 Mutant
huntingtin is known to bind and inhibit
specificity protein 1 (Sp1), a well charac-
terized transcription factor for CSE.6

Overexpressing Sp1 and its co-activator
TATA box binding protein (TBP)-associ-
ated factor 4 (TAF4) reverses the dimin-
ished mRNA and protein levels of CSE in
Q111 cells. Accordingly, we conclude that
the CSE depletion in HD stems from
mutant huntingtin inhibiting the CSE
transcription factor Sp1 (Fig. 1B).
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If CSE depletion is responsible for
the phenotype of HD, then CSE
depleted mice should display neurologic
symptoms. Indeed, the CSE mutants
manifest neurobehavioral alterations
closely resembling those of HD mice.

CSE knockout mice are highly suscepti-
ble to neurotoxic actions of 3-nitropro-
pionic acid, further emphasizing a role
for CSE in neuroprotection.5

Our findings indicate that CSE is physi-
ologically cytoprotective against the

neurodegenerative features of HD.
How might CSE exert cytoprotec-
tion? CSE is a major source of cyste-
ine, which is generated from
cystathionine. Cysteine is an impor-
tant component of proteins and a
precursor of the antioxidant glutathi-
one.Moreover, cysteine is a precursor
of the gasotransmitter H2S, which
activates cytoprotective enzymes by
sulfhydrating them, i.e. attaching a
thiol group to the target proteins.
Sulfhydration of parkin stimulates its
catalytic activity and appears to pro-
vide neuroprotection of the striatum
in Parkinson Disease.7 H2S sulfhy-
drates Kelch-like ECH-associated
protein 1 (Keap1), a repressor of the
transcription factor nuclear factor
erythroid 2-related factor 2 (Nrf2),
which regulates enzymes in the anti-
oxidant defense pathway.8

If CSE depletion and the loss of its
products, such as cysteine, are responsible
for clinical deficiencies in HD, then restora-
tion of cysteine should be therapeutic. Cyst-
amine, a decarboxylated derivative of
cystine (a disulfide of cysteine) is neuropro-
tective in rodent models of HD.9,10 In our

Figure 1. Cystathionine g-lyase (CSE),
the biosynthetic enzyme for cysteine is
depleted in Huntington’s disease (HD)
at the transcriptional level. (A) CSE is a
key enzyme in the reverse transsulfura-
tion pathway which generates cysteine
from its precursor, cystathionine. Cys-
tathionine is synthesized by cystathio-
nine b-synthase (CBS) by condensing
homocysteine derived from dietary
methionine with serine. Both CSE and
CBS generate the major gasotran-
smitter hydrogen sulfide (H2S) from
cysteine as well as homocysteine. In
addition, cysteine serves as a building
block for biosynthesis of the antioxi-
dant glutathione. (B) Under normal
conditions, CSE transcription is regu-
lated by the transcription factor speci-
ficity protein 1 (SP1) in conjunction
with associated coactivators such as
TATA box binding protein (TBP), TBP-
associated factor 4 (TAF4), subunits of
the general transcription factor, tran-
scription factor II D (TFIID). In HD,
mutant huntingtin (mHtt)sequesters
SP1 leading to a diminished expression
of CSE, which results in lowered cyste-
ine levels, elevated oxidative stress
and neurodegeneration.
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own experiments treating R6/2 HD mice
with N-acetylcysteine in their drinking
water along with a cysteine-enriched diet
delays the onset of motor abnormalities and
partially reverses the decreases in striatal
weight of the mutant mice.

In summary, a substantial portion of
HD neurotoxicity appears to be attribut-
able to CSE deficiency. This deficiency
arises presumably by the binding of
mutant huntingtin to the transcriptional
activator Sp1 diminishing its activity and
thereby lowering CSE levels. The benefi-
cial effects of cysteine supplementation in
murine HD models suggests that treat-
ment such as N-acetylcysteine may be
therapeutically relevant in HD patients.
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