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Abstract

Introduction: The association between Gaucher disease and Parkinson’s disease was first 

recognized in the clinic, where it was noted that patients with Gaucher disease, caused by the 

inherited deficiency of the lysosomal enzyme glucocerebrosidase, and their relatives with 

mutations in the glucocerebrosidase gene (GBA1) had a higher than expected incidence of 

Parkinson’s disease. Mutations in GBA1 are now accepted as the most commonly known genetic 

risk factor for Parkinson’s disease and dementia with Lewy bodies, and there appears to be an 

inverse relationship between glucocerebrosidase and α-synuclein, the key factor in Parkinson 

pathogenesis. The hypothesis that therapeutic enhancement of brain glucocerebrosidase levels 

might reduce the aggregation, accumulation or spread of α-synuclein has spurred great interest in 

glucocerebrosidase as a novel therapeutic target.

Area covered: This article explores the potential molecular mechanisms underlying the 

association between GBA1 mutations and Parkinson’s disease and outlines therapeutic strategies 

to increase brain glucocerebrosidase, including gene therapy, targeted delivery of recombinant 

glucocerebrosidase to the brain, small-molecule chaperones to rescue mutant glucocerebrosidase, 

and small-molecule modulators to activate wild-type glucocerebrosidase.

Expert opinion: Although an improved understanding of the mechanistic basis for GBA1-

associated parkinsonism is still imperative, enzyme enhancement in the brain may have wide 

therapeutic implications. While gene therapy may ultimately be the more dramatic and effective 

approach, the development of less expensive and invasive small-molecule non-inhibitory 

chaperones or activators could significantly impact the disease course.
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1. Introduction

Parkinson’s disease (PD), first described by James Parkinson 200 years ago, is the second 

most common neurodegenerative disorder of aging, affecting 1% of the population age 65 

and older, and 4-5% of the population age 85 and older worldwide[1]. PD is characterized 

by motor symptoms, including rigidity, resting tremor, bradykinesia, and postural instability, 

and by non-motor features such as cognitive impairment, impaired olfaction, sleep 

disturbances, anxiety, and depression. The motor symptoms are due to the progressive loss 

of dopamine neurons in the substantia nigra, with approximately 50% of dopamine neurons 

lost in the midbrain by the onset of motor symptoms[2]. Although many details of PD 

pathophysiology remain unclear, its hallmark is the aggregation of α-synuclein in Lewy 

bodies and Lewy neurites present in neurons of the substantia nigra, cerebral cortex, and 

hippocampus, as well as the selective loss of dopaminergic neurons in the midbrain[3]. α-

Synuclein, an intrinsically disordered 140-amino-acid protein encoded by the gene SNCA, is 

abundantly expressed in the nervous system and appears to control neurotransmitter release 

through its effects on the soluble N-ethylmaleimide-sensitive factor activating protein 

receptor (SNARE) protein complex. α-Synuclein forms α-helical structures upon binding to 

negatively charged lipids on the cell membrane and has a propensity to aggregate into β-

sheet structures similar to those of β-amyloid. The direct role of α-synuclein in PD 

pathogenesis is clear from cases of familial PD resulting from mutations, duplications, and 

triplications of SNCA, all of which lead to pathologic aggregation of α-synuclein and 

neurodegeneration[4]. In addition to SNCA, highly penetrant mutations resulting in 

monogenic forms of PD are also found in genes such as Parkin, DJ-1, PINK, LRRK2, and 

VPS35[5]. PINK1 and Parkin work together to govern mitochondrial quality control. PINK1 

detects mitochondrial dysfunction and recruits Parkin to damaged mitochondria. Parkin 

ubiquitinates mitochondria with compromised function to instigate their removal by 

mitophagy. Loss-of-function mutations and deletions in Parkin and PINK are associated with 

inherited early-onset PD [6]. Vacuolar protein sorting-associated protein 35 (VPS35) is a 

core functional component of retromer complex that acts to prevent mis-sorting of selected 

transmembrane cargo proteins into the lysosomal degradation pathway. Mutations in VPS35 

cause a rare form of autosomal-dominant PD [7]. LRRK2 encodes for leucine-rich repeat 

kinase 2 (LRRK2). The most prevalent pathogenic mutation, G2019S, increases LRRK2 

kinase activity and impairs the autophagy process, leading to a significant accumulation of 

α-synuclein, as assessed by in vitro and in vivo experiments [8,9]. Although monogenic 

forms of PD tend to have a high penetrance, they account for only about 10% of all cases of 

PD, with the remainder considered as idiopathic PD. Unique variants with incomplete 

penetrance in LRRK2 and GBA1 are recognized as strong risk factors for PD, while over 20 

other common variants with small effect sizes also modulate the risk for PD[10]. Although 

most risk loci associated with PD were identified by largely unbiased genome-wide studies, 

the association between mutations in GBA1 and the development of PD was first appreciated 

in the clinic, with the identification of rare patients with Gaucher disease who also 

developed PD.
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2. Gaucher disease

Gaucher disease was first described by Philippe Gaucher in 1882. It results from the 

inherited deficiency of glucocerebrosidase due to mutations in GBA1 and is an autosomal 

recessively inherited rare disorder. Glucocerebrosidase breaks down the glycolipid 

glucocerebroside into ceramide and glucose, and glucosylsphingosine into sphingosine and 

glucose inside lysosomes (Fig. 1)[11]. Its deficiency leads to the accumulation of 

undegraded glucocerebroside and glucosylsphingosine inside lysosomes. Gaucher disease 

primarily affects the mononuclear phagocyte system since glucocerebroside is enriched in 

the cell membrane of erythrocytes, which are cleared by macrophages via phagocytosis. In 

Gaucher disease, macrophages with accumulated glucocerebrosidase substrates appear 

engorged and are often referred to as “Gaucher cells”. Gaucher cells usually populate the 

spleen, liver and bone marrow, resulting in inflammation and organomegaly, whereas a 

subgroup of patients with Gaucher disease may also have brain involvement of varying 

severity[12–14]. Although Gaucher disease is rare, it is one of the most common lysosomal 

storage diseases, with an estimated frequency of 1:40 000-60 000 live births in the general 

population[15] and an exceptionally high prevalence of 1:850 in the Ashkenazi Jewish 

population[16]. Thus far, more than 495 known GBA1 mutations have been associated with 

Gaucher disease, including point mutations, frameshift mutations, splice-site alterations, and 

recombinant alleles that encompass segments of the pseudogene sequence[17]. Although 

some phenotypic predictions can be made based on the genotype, genotype–phenotype 

correlation is incomplete in Gaucher disease. Different clinical manifestations are often 

encountered in patients with the same genotype, implicating the contribution of disease 

modifiers. Given the wide spectrum of phenotypes encountered, Gaucher disease is typically 

divided into three types based on the absence (type 1) or rate of progression (types 2 and 3) 

of neuronopathic involvement[14]. However, the associated phenotypes can also be 

considered a continuum, ranging from asymptomatic individuals to infants who have 

Gaucher disease-associated hydrops fetalis in utero.

After several decades of preclinical work, the first effective therapy for Gaucher disease, 

enzyme replacement therapy (ERT) became available in 1991[15]. While initially a placental 

derived product, a recombinant form of the enzyme, imiglucerase was soon developed, and 

currently there are several approved forms of the recombinant enzyme. Each successfully 

reverses the anemia, thrombocytopenia and hepatosplenomegaly associated with Gaucher 

disease, remarkably improving the current clinical course for patients with Gaucher disease. 

However, ERT is a treatment, but not a cure, and it requires regular intravenous infusions of 

the costly enzyme. Furthermore, it does not cross the blood-brain -barrier (BBB), and thus is 

not effective in treating manifestations specifically encountered in patients with 

neuronopathic forms of the disease. A second therapeutic approach is substrate reduction 

therapy (SRT) targeting glucosylceramide synthesis, which also effectively reduces non-

neurologic manifestations of GD. However, since both ERT and SRT are extremely 

expensive and do not reverse neuronopathic GD, there remains a strong rationale for 

developing new therapeutic strategies for patients with Gaucher disease.
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3. Association between Gaucher disease and Parkinson’s disease

The association between mutations in GBA1 and the development of PD was first 

appreciated in the 1990’s with the diagnosis of PD among sporadic patients with Gaucher 

disease [18,19]. Subsequently, it was recognized that PD was also more frequent in 

heterozygote family members of GD probands[20]. Following these initial observations, the 

frequency of mutations in GBA1 was assessed in different PD centers worldwide and was 

found to be consistently higher in patients with PD than in control individuals. Ultimately, a 

large multicenter collaborative study, which incorporated 16 research centers from four 

continents with 5691 patients with PD and 4898 control individuals without PD, concluded 

that in patients with PD, the odds ratio (OR) for carrying a GBA1 mutation was 5.43 (95% 

CI 3.89-7.57), confirming that mutations in GBA1 are a common risk factor for PD[21]. 

Subsequent genome-wide association studies that focused on specific single nucleotide 

polymorphisms in GBA1 also confirmed the GBA1 locus as a risk factor for PD[22,23]. 

Now it is widely accepted that the frequency of GBA1 mutations in subjects with PD from 

varied ethnicities is greater than any other genetic risk factor for PD, once common risk 

variants of low effect are excluded[10].

4. An inverse relationship between glucocerebrosidase and α-synuclein

The exact molecular mechanisms involved in the interaction between glucocerebrosidase 

and α-synuclein remain unresolved, but experimental data indicate that there is a reciprocal 

relationship between glucocerebrosidase and α-synuclein[13,24]. The key element in this 

reciprocal relationship model is the lysosome, which is the main organelle responsible for 

the degradation of proteins, lipids and organelles[25,26]. Lysosomal degradation of α-

synuclein occurs through both macroautophagy and chaperone-mediated autophagy. When 

destined for chaperone-mediated autophagy, α-synuclein forms a complex with heat shock 

cognate 70, and the complex interacts with lysosomal associated membrane protein 2A to 

translocate into the lysosome[27]. When the delicate balance of α-synuclein homeostasis is 

disturbed in the process of aging, it is speculated that increased levels of α-synuclein can 

inhibit the translocation of glucocerebrosidase from the endoplasmic reticulum (ER) to the 

lysosome[28]. In turn, less lysosomal glucocerebrosidase leads to a gradual increase of 

glucocerebroside inside the lysosome. Accumulated glucocerebroside can then induce 

oligomerization and accumulation of α-synuclein in the lysosomes, potentially by stabilizing 

soluble oligomeric intermediates of α-synuclein[29,30]. Eventually, the lysosomes become 

dysfunctional, and autophagy-mediated α-synuclein turnover is impaired, leading to α-

synuclein aggregates in the cytoplasm. Cytoplasmic α-synuclein aggregates then further 

inhibit glucocerebrosidase trafficking from the ER to the lysosome. This positive feedback 

loop of dysfunctional glucocerebrosidase trafficking, impaired lysosomal function, and 

progressive α-synuclein accumulation will eventually cause neurodegeneration[31,32]. In 

fact, even in the absence of GBA1 mutations, patients with idiopathic PD also appear to have 

lower levels of glucocerebrosidase activity in multiple brain regions [33,34] as well as in the 

blood [35]. The decreased levels of glucocerebrosidase in patients with PD without GBA1 
mutations suggest that the reduction of glucocerebrosidase activity may contribute to disease 

progression of idiopathic PD as well.
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In addition to this loss of enzymatic function, glucocerebrosidase mutants may also induce 

α-synuclein accumulation and aggregation and death of dopaminergic neurons directly, 

independent of the presence of accumulated substrates. It is postulated that misfolded 

glucocerebrosidase mutants can increase the burden on the ubiquitin-proteasome system 

(UPS) and induce ER stress. Prolonged activation of the unfolded protein response (UPR) 

and/or endoplasmic reticulum-associated degradation (ERAD) in the presence of ER stress 

may lead to increased apoptosis of dopaminergic neurons[36]. Mutated glucocerebrosidase 

may also induce α-synuclein accumulation and aggregation by blocking the access of 

lysosomal proteases to α-synuclein[37,38].

5. Glucocerebrosidase as a therapeutic target for Parkinson’s disease

Given the reciprocal association between glucocerebrosidase and α-synuclein, 

glucocerebrosidase has become a promising therapeutic target to explore as a novel 

treatment strategy for PD. A therapy to restore neural glucocerebrosidase levels in the brain 

has the potential to prevent PD onset in patients susceptible to Gaucher disease-associated 

PD or even idiopathic PD, and could also drastically improve the quality of life for patients 

with neuronopathic Gaucher disease. Preliminary experiments in mouse models provided 

evidence that enhancing brain glucocerebrosidase activity can impact PD. For example, 

adeno-associated virus (AAV)-mediated expression of glucocerebrosidase not only corrected 

substrate accumulation, cognitive impairment, and α-synuclein aggregation in the CNS of 

mice with features of neuronopathic GD[39], but also reduced the α-synuclein level in 

transgenic mice over-expressing A53T α-synuclein without GBA1 mutations[40].

There are multiple potential strategies to enhance glucocerebrosidase activity in lysosomes 

in the patient brain. One mechanism is gene therapy that aims to deliver wild-type GBA1 
into neurons directly. AAV is a popular viral vector for gene delivery to the nervous system 

because it has a strong CNS tropism, and AAV-based gene therapy vectors form episomal 

concatemers in the host cell nucleus without integration into the host genome[41]. In non-

dividing cells such as post-mitotic neurons, these concatemers remain intact for the life of 

the host cells. GBA1 has been successfully delivered into the brains of animal models using 

AAV, and the resulting augmented glucocerebrosidase expression exhibited impressive 

neuroprotective effects[39,40,42].

Alternatively, methodologies have been investigated to improve the delivery of recombinant 

glucocerebrosidase across the BBB. Tat is an 11 amino acid peptide derived from the 

transactivator protein of HIV. Tat-linked cargo proteins are shown to be sequestered in 

endosomes and lysosomes after uptake by micropinocytosis, independent of cell surface 

receptors[43,44]. Rabies virus (RABV) is strictly neurotropic and binds specifically to 

neuronal cells through its glycoprotein. Peptides derived from RABV glycoprotein (RDPs) 

have successfully delivered several proteins such as BDNF, GDNF and β-galactosidase 

across the BBB [45–47]. Glucocerebrosidase tagged with Tat or RDP shows enhanced 

delivery to a neuronal cell line compared to control glucocerebrosidase, Alglucerase 

(Genzyme), and extended treatment resulted in reduction of the lipid substrate[48]. Further 

in vivo studies of these methods are needed to assess their potential to deliver 

glucocerebrosidase across the BBB.
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Since they have the potential to penetrate the BBB effectively, pharmacological chaperones 

of glucocerebrosidase currently under development to treat Gaucher disease have become 

promising candidates for the treatment of PD with GBA1 mutations, or even idiopathic PD. 

Pharmacological chaperones directly bind to mutant glucocerebrosidase, stabilizing the 

misfolded enzymes in the ER and diverting them from proteasomal degradation to the 

lysosome (Fig. 2). For many years, competitive inhibitors of glucocerebrosidase, such as 

iminosugar derivatives, have been explored as potential glucocerebrosidase chaperones, and 

current efforts are focusing on improving their cell and the ER permeability for better 

delivery and on enhancing their selectivity towards glucocerebrosidase [49–51]. Because 

these inhibitors bind to the active site of the misfolded glucocerebrosidase, glucocerebroside 

will need to out-compete the inhibitors in order to gain access to the enzyme in the 

lysosomes. This competition between the substrates and the inhibitors requires that the drug 

dosage be optimized so that the inhibitors only function as chaperones to facilitate the 

delivery of glucocerebrosidase from the ER to lysosomes, but not as inhibitors in the 

lysosomes[52,53]. Ambroxol (Figure 1)is a novel inhibitory chaperone of 

glucocerebrosidase identified in a high-throughput screening (HTS) of a library of FDA-

approved drugs[54]. Widely used as a cough medicine, ambroxol exhibits maximal 

inhibitory activity at the neutral pH found in the ER and has undetectable inhibition at the 

acidic pH of lysosomes. The pH dependence of its inhibitory activity makes ambroxol a 

desirable pharmacological chaperone that does not block substrate access to 

glucocerebrosidase in the lysosome. Ambroxol treatment improved lysosomal delivery of 

mutant glucocerebrosidase in patient cells[54,55], mice[55,56] and patients[57]. Importantly, 

oral administration of ambroxol increased brain glucocerebrosidase activity in mice[56] and 

non-human primates[58]. An early clinical trial of ambroxol for GBA1-associated PD 

(ClinicalTrials.gov identifier NCT02941822)[59] demonstrated that ambroxol was 

detectable in cerebrospinal fluid (CSF) and increased CSF glucocerebrosidase protein levels 

as well as the CSF α-synuclein concentration, indicating successful in vivo engagement of 

glucocerebrosidase and α-synuclein pathways by ambroxol. Another clinical trial of 

ambroxol to assess its effects on cognitive and motor symptoms of PD is currently underway 

in Canada (ClinicalTrials.gov NCT02914366).

In collaboration with colleagues at the National Center for Advancing Translational Sciences 

(NCATS), our group has employed HTS to identify additional candidate chaperones. 

Initially a screen was performed using wild-type recombinant glucocerebrosidase, and 

several classes of chaperones were found, although most bound to the active site and were 

competitive inhibitors[60]. To find non-inhibitory chaperones, a novel strategy was 

developed. Tissue samples from a patient with Gaucher disease were used as the source of 

mutant enzyme in a second HTS of a small-molecule library of 250,000 compounds[61]. 

This led to the identification of compounds that enhanced enzymatic activity by non-

competitively binding to glucocerebrosidase, including: NCGC607 and NCGC758 

(Figure1). In order to better establish the efficacy of these lead compounds and to facilitate 

drug development, we then focused on developing relevant cell models including 

macrophage, midbrain dopaminergic neurons and astrocytes differentiated from induced 

pluripotent stem cells (iPSCs) generated using fibroblasts from patients with Gaucher 

disease[62–64]. Administration of NCGC607, a salicylic acid derivative, to human midbrain 
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dopamine neurons differentiated from iPSCs from patients with both Gaucher disease and 

PD increased the delivery of glucocerebrosidase to lysosomes, reduced substrate 

accumulation, and decreased α-synuclein levels, indicating its potential as a treatment for 

PD[63]. Treatment with NCGC758, a pyrazolopyrimidine, similarly resulted in reduction of 

glucocerebrosidase substrates and the clearance of pathological α-synuclein in iPSC-derived 

human midbrain dopamine neurons including those carrying distinct mutations in SNCA, 

GBA1 or PARK9[65]. Importantly, the reduction of α-synuclein by NCGC758 was 

sufficient to reverse cellular pathologies downstream of pathological α-synuclein, including 

perturbations in hydrolase maturation and lysosomal dysfunction[65].

Recently, S-181, a small-molecule glucocerebrosidase modulator, was shown to increase 

wild-type glucocerebrosidase activity in iPSC-derived dopaminergic neurons from sporadic 

PD patients, as well as patients carrying a c.84insG frame-shift mutation in GBA1, and those 

with mutations in LRRK2, DJ-1, or PARKIN who had decreased glucocerebrosidase 

activity[66]. Treatment of these iPSC-derived dopaminergic neurons with S-181 partially 

restored lysosomal function and lowered levels of glucocerebroside, α-synuclein and 

oxidized dopamine. Moreover, S-181 treatment of mice heterozygous for the D409V GBA1 
mutation (Gba1D409V/+) resulted in activation of wild-type glucocerebrosidase and 

consequent reduction of glucocerebrosidase substrates and α-synuclein levels in mouse 

brain tissue.

Overall, these preclinical studies of pharmacological chaperones of glucocerebrosidase 

indicate that using chemical chaperones to promote translocation of mutant 

glucocerebrosidase from the ER into lysosomes or to directly activate glucocerebrosidase in 

lysosomes may provide new therapeutic strategies with great potential for PD.

6. Conclusion

In summary, we have discussed the most recent advances in leveraging therapeutic strategies 

that have been developed for Gaucher disease to treat PD. The inverse relationship between 

glucocerebrosidase and α-synuclein suggest that modulation of brain glucocerebrosidase 

should be a promising approach for the treatment of PD with GBA1 mutations, as well as 

other forms of PD with decreased brain glucocerebrosidase activity.

7. Expert opinion

PD is a debilitating neurodegenerative disease with no disease modifying treatments 

available, and thus there is an urgent need to develop new therapies for this disease. The 

lysosomal enzyme glucocerebrosidase is extensively studied and has the potential to be an 

appropriate therapeutic target for developing effective treatments for PD. An inverse 

relationship between glucocerebrosidase and α-synuclein has emerged, based on the 

increased risk of PD in patients with Gaucher disease as well as GBA1 mutation carriers, 

and the reduced glucocerebrosidase activity observed in brain tissue and neurons from 

patients with idiopathic or other genetic forms of PD not linked to GBA1 mutations. Based 

on this relationship, it is speculated that enhancement of glucocerebrosidase activity or 

levels in lysosomes may reverse α-synuclein pathology and slow down PD progression.
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While considerable progress has been made in therapeutic development, a thorough 

understanding of the mechanistic basis of the reciprocal relationship between 

glucocerebrosidase and α-synuclein is still essential in order to conceive rational treatment 

plans. Both loss- and gain-of-function theories have been proposed for this relationship. The 

loss-of-function hypothesis proposes that GBA1 mutations lead to a loss of- enzymatic 

activity and consequent decreased lysosomal activity and function, which might negatively 

affect α-synuclein processing. Gain-of-function theory posits that mutated 

glucocerebrosidase promotes α-synuclein aggregation and accumulation by disrupting 

proteostasis in the ER and/or compromising the accessibility of α-synuclein to lysosomal 

proteases in lysosomes. The contribution of these two mechanisms to the inverse 

relationship between glucocerebrosidase and α-synuclein need to be determined in order to 

evaluate different therapeutic options properly. For instance, gene therapy often focuses on 

delivering wild-type GBA1 to compensate the loss in activity of endogenous 

glucocerebrosidase. However, it is still unclear how the continued presence of mutated 

glucocerebrosidases will influence the therapeutic outcome. Given the versatility of small-

molecule chaperones and activators, targeted therapies can be developed based on the 

underlying genetics of PD, and they are likely to have a major impact on this 

neurodegenerative disease. Several of the currently identified small-molecule chaperones 

appear to have therapeutic potential. However, it is not clear how these molecules interact 

with glucocerebrosidase and where they bind to the enzyme. Co-crystallization of the 

enzyme with the chaperones would enhance our understanding of these compounds and 

could help guide drug optimization. Further characterization of these small-molecule 

chaperones on their effects on specific GBA1 mutations would help to tailor treatment plans 

based on the genotypes of individual patients [67,68].

Although considered a strong risk factor for PD, mutations in GBA1 have rather limited 

penetrance and the vast majority of patient with Gaucher disease and GBA1 mutation 

carriers do not develop PD. The discordance for PD between siblings with the same GBA1 
genotypes emphasizes the contribution of other modifiers[69]. Novel concepts and strategies 

are needed to better understand other pathways or proteins that may impact the disease 

penetrance in GBA1- associated PD. These unknown genetic or epigenetic modifiers may 

illuminate parts of the story that are yet uncovered.

One further challenge involves how lysosomal glucocerebrosidase activity is evaluated. Most 

laboratories depend on artificial substrates like 4-methylumbelliferyl-β-D-glucopyranoside 

(4MU-β-glc). However, since the relationship between GBA1 and PD likely involves the 

lysosomes, better methods to assess glucocerebrosidase activity specifically in this acidic 

compartment are needed. Improved assays will greatly enhance our ability to conduct 

additional small-molecule screens and to undertake SAR for drug design.

In recent years the number of publications regarding the association between mutations in 

GBA1 and PD have risen exponentially, and now far exceed the number of studies focused 

on Gaucher disease. The new models, cohorts and approaches being described are opening 

new avenues for investigation. We can only hope that a deeper probe into the aspects of 

protein mis-folding, lysosomal biology and lipidomics will provide the necessary insights to 

better guide logical drug development.
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Thus, although an improved understanding of the mechanistic basis for GBA1-associated 

parkinsonism is still imperative, successfully enhancing glucocerebrosidase levels in the 

brain may have wide therapeutic implications. In the long run, gene therapy may ultimately 

provide the most dramatic and permanent result. However, currently, while the challenges 

related to gene therapy are still being addressed in different disorders, the development of 

less expensive and invasive small-molecule non-inhibitory chaperones or activators could 

significantly impact the disease course.
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Article highlights

• Glucocerebrosidase, encoded by GBA1, breaks down glucocerebroside and 

glucosylsphingosine in lysosomes, and its deficiency leads to Gaucher 

disease, where undegraded glucocerebroside and glucosylsphingosine 

accumulate inside lysosomes.

• After the initial observation in the clinics that Parkinson’s disease is more 

frequent in patients with Gaucher disease, as well as in their heterozygote 

family members, mutations in the GBA1 are now recognized as a common 

risk factor for Parkinson’s disease.

• An inverse relationship exists between glucocerebrosidase and α-synuclein, 

whose aggregation in Lewy bodies and Lewy neurites is the hallmark of 

Parkinson’s disease pathophysiology.

• While enzyme replacement therapy (ERT) greatly improves visceral 

symptoms of Gaucher disease, it does not alleviate neurological 

manifestations because recombinant glucocerebrosidase does not cross the 

blood-brain barrier (BBB). Gene therapy and small-molecule chaperones and 

activators are promising approaches to treat patients with neurological 

involvement.

• It is imperative to better understand the mechanistic basis for neuronopathic 

Gaucher disease and GBA1-associated parkinsonism in order to devise 

rational treatment plans.
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Figure 1. 
Chemical reaction catalyzed by glucocerebrosidase (GCase) and chemical structures of 

small-molecule chaperones of glucocerebrosidase including ambroxol, NCGC607 and 

NCGC758.
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Figure 2. 
Therapeutic strategies to enhance glucocerebrosidase activity in lysosomes.

Mutant glucocerebrosidase is misfolded in the ER and degraded through proteasomes. 

Small-molecule chaperones (gray) bind to mutant glucocerebrosidase (purple) and facilitate 

its delivery to lysosomes. Glucocerebrosidase activity can also be restored by gene therapy 

to deliver the GBA1 gene into the host genome (AAV-GBA1) or by enzyme replacement 

therapy to supply recombinant glucocerebrosidase (green). LIMP-2 (black) aids to transport 

wildtype (pink) or mutant (purple) glucocerebrosidase to the lysosome and SAP-C (blue) is 
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a cofactor on the lysosomal membrane necessary to activate glucocerebrosidase. α-

Synuclein (black squiggles), mostly present as a monomer, tends to aggregate in 

dysfunctional lysosomes.
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