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Glucocerebrosidase in the pathogenesis and
treatment of Parkinson disease
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In PNAS, Sardi et al. describe that viral
vector-mediated increase in glucocerebro-
sidase enzyme (GCase) activity can reverse
synuclein-related pathological features and
improve behavioral function in the D409V
mouse model of Gaucher disease (GD) (1).
This important study has several implica-
tions for our understanding of the patho-
genesis of Parkinson disease (PD) and con-
tributes toward the rationale for investigating
the modulation of GCase activity as a treat-
ment for PD.

GD is an autosomal recessive disease
caused by mutations in the glucocerebrosi-
dase (GBA) gene (2). Mutations are usually
associated with a significant reduction in
GCase activity. However, the mechanisms
by which the GBA mutations result in GD
remain unknown and are thought to in-
clude the effects of reduced GCase and ly-
sosomal activity, accumulation of toxic
substrates, and arrest of misfolded mutant
protein in the endoplasmic reticulum (ER)
with unfolded protein response and en-
hanced ER-associated degradation (3).

The major motor features of PD are the
result of the loss of dopamine neurons in
the substantia nigra (SN) pars compacta of the
midbrain. However, other neurotransmitter
systems are involved and are associated with
nonmotor problems, including cognitive de-
cline, autonomic dysfunction, sleep disorders,
and other such problems. Some of these
nonmotor symptoms manifest before motor
problems emerge and therefore precede the
diagnosis of PD (4). There are several ge-
netic causes of familial PD, although these
currently account for <20% of cases. SNCA
(a-synuclein) is considered central to the
pathogenesis of PD in which neuronal de-
generation is accompanied by SNCA-rich
Lewy body formation. Mutations, multipli-
cations, or increased transcription of the
SNCA gene are associated with the devel-
opment of PD. Current treatments for PD
are symptomatic and developing interven-
tions that can slow or stop the progression
of the disease is a major unmet need.
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The relevance of GD to PD comes from
the observation that GD patients and
heterozygous GBA mutation carriers are
at a significantly increased risk for the de-
velopment of PD (5). The precise risk for
GD patients developing PD is not known,
but has been variously estimated as 20-
to 30-fold (6, 7). Conversely, 5-10% of
PD patients have GBA mutations, making
them numerically the most important risk
factor for the disease identified to date.
PD associated with GBA mutations (GBA-
PD) is clinically, pathologically, and pharma-
cologically indistinguishable from idiopathic
“sporadic” PD (8), although GBA-PD has a
slightly earlier onset (~5 y) and more fre-
quent cognitive dysfunction (5).

Recent studies demonstrating a reciprocal
relationship between SNCA and GCase are of
considerable importance to our understand-
ing of the pathogenesis of GBA-PD and
idiopathic PD (9, 10), and highlight the rele-
vance of the work by Sardi and colleagues in
developing this association as a therapeutic
target (1).

Post mortem analysis of GBA-PD brains
demonstrated a significant reduction in
GCase activity, most pronounced in the SN,
a site of major degeneration in PD (10). Of
particular interest was the finding that GCase
activity was reduced in the SN in PD brains
without GBA mutations, thereby confirming
the relevance of GCase function to the wider
PD population. Several groups have demon-
strated in cell and animal models that knock-
down of GBA, overexpression of mutant
GBA, or inhibition by condruitol B-epoxide
causes accumulation of SNCA (9, 11-13).
Conversely, increased SNCA causes a de-
crease in GCase protein and activity in cells
(9, 10). This finding is further confirmed by
Sardi et al. (1) in the A53T SNCA mutant
mouse brain. The mechanisms that underlie
the interaction of GCase and SNCA are not
known, but must explain the reciprocal
effects evident with the respective wild-type
proteins, as well as their mutant forms. There
is evidence to support a direct interaction of
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Fig. 1. The glucocerebrosidase/SNCA axis, potential
targets for therapeutic intervention for PD. SNCA inter-
acts with both wild-type (WT) and mutant (Mut) GCase,
and modulation of this may serve to reduce SNCA con-
centrations and delay or reverse PD-related pathology.
Strategies to increase lysosomal GCase or to decrease
extralysosomal GCase-SNCA interactions would be an-
ticipated to reduce SNCA concentrations. Chaperones,
histone deacetylase inhibitors [HDACi), or increased ex-
pression of GCase by, for example, gene therapy (AAV-
GBA) may be examples of such strategies.

GCase with SNCA at membranes, perhaps
within the lysosome itself (14). SNCA also
appears to impair the transport of GCase
from ER to the lysosome (9, 10). Normally
GCase is synthesized on ER-bound polyribo-
somes, translocated into the ER and subjected
to ER “quality control” for correct folding,
and then transported to the lysosome. GBA
mutations commonly associated with PD
cause GCase to fold abnormally and become
arrested in the ER, whereupon it is degraded
by the ubiquitin proteasomal system, result-
ing in decreased GCase protein resident in
the lysosome (3). The impaired lysosomal
function that would result from GBA muta-
tions, or impairment of wild-type GCase
transport by SNCA, would in turn reduce
SNCA turnover, given that it is predomi-
nantly metabolized through chaperone-medi-
ated autophagy. It is notable that there is
evidence of defective chaperone-mediated
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autophagy in the PD brain (15). The in-
teraction of GCase with SNCA forms the
basis for the hypothesis that augmenting
GCase activity may favorably modify SNCA
metabolism to reduce its accumulation or
aggregation, and thus help ameliorate this
component of PD pathogenesis (Fig. 1).

The data from Sardi et al. (1) show that
increasing GCase activity by adeno-associ-
ated viral vector (AAV) delivery of the en-
zyme into the brain of their GD mouse
model can reduce the accumulation of sub-
strate, SNCA, tau, and ubiquitin to varying
degrees. This reduction was associated with
an improvement in the memory defect in this
model, whether given before or after the pro-
tein accumulations had become established.
The implication is that modulation of GCase
activity may be beneficial before or after
diagnosis of PD and, if effective in modifying
the pathogenesis of the disease, such treat-
ment might prevent onset in asymptomatic
individuals and slow progression in those
already affected.

Treatments for GD include enzyme-
replacement infusion therapy or substrate-
reduction therapy by inhibition of gluco-
sylceramide synthase, but do not cross the
blood brain barrier. Interest has more re-
cently focused on strategies to enhance
GCase activity and lysosomal function using
small-molecule chaperones (16). Several
converging lines of evidence suggest that
this may be successful and of relevance to
both GD and PD, as well as to other SNCA-
related disorders, such as dementia with
Lewy bodies.

Small-molecule chaperones, competitive in-
hibitors of GCase, may bind to the mis-
folded GCase, correct folding such as to
allow the protein to pass through the ER to
the lysosome where the GCase-chaperone
complex dissociates in the acidic pH and
the residual GCase activity hydrolyses sub-
strate (16). There is a substantial body of
work demonstrating the efficacy of chaper-
ones to increase GCase activity (see ref. 17
and references therein) and reduce substrate
concentrations (18).

Ambroxol and isofagomine are two
orally active, brain-penetrant small-molecule
chaperones that have been investigated for
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their ability to increase mutant GCase activity
in GD fibroblasts (17, 18) and in a mouse
model (19). The degree to which the en-
zyme activity can be increased depends in
part on the GBA mutation, but has been
seen in the two commonest GD mutations,
N370S and L444P. The chaperones also re-
duce the unfolded protein response and

Modulation of GCase
activity may be
beneficial before or
after diagnosis of PD.

ER-associated degradation associated with
the mutant GCase protein, and have addi-
tional benefits for cell function.

An alternative and potentially complemen-
tary strategy is the use of histone deacetylase
inhibitors to reduce recognition of mis-
folded GCase by Hsp90p, decrease degra-
dation, and increase residual enzyme levels.
This strategy has been validated in GD pa-
tient fibroblasts (20).

The recognition of the link between
GBA mutants, GCase activity, SNCA, and
PD has made an important contribution to

our thinking on the pathogenetic pathways
in PD and dementia with Lewy bodies, and
to how the interaction of GCase and SNCA
may be leveraged to develop treatments
that slow progression. Sardi et al.’s (1) contri-
bution is particularly valuable in that it sup-
ports the notion that correcting GCase de-
ficiency can directly influence SNCA and
other protein metabolism in the brain in vivo
both before and after accumulations have be-
come established. This observation has special
relevance to GBA mutation carriers. There is
evidence that they may exhibit a sequence of
nonmotor clinical features, coupled with bio-
chemical abnormalities that may enable de-
tection of those more at risk for converting
to clinical PD. These individuals would be
ideally suited to GCase restoration treat-
ments that might prevent that conversion.
However, those with established GBA-PD,
on present evidence, might also benefit from
such therapy. The observation of reduced
GCase in non-GBA-PD makes such treat-
ments potentially applicable to all PD patients.
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