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Abstract

After early skepticism, the association between Gaucher Disease (GD), a rare genetic disease and Parkinson's
Disease (PD), the second most common neurodegenerative disorders, is well established, but its underlying
mechanisms is controversial: loss of function (haploinsufficiency) or gain of function. Both approaches are supported
by apparent suitable animal models. The commentary discusses the failure of substrate reduction therapy and the
unlikeliness of success using enzyme replacement therapy (the loss-of-function hypothesis), and predicts future
success for pharmacological chaperones, targeting the misfolded mutant glucocerebrosidase for GBA1-related PD
(the gain-of-function mechanism). A unique clinical trial (AGPI) is presented, exclusively enrolling GBA1 carriers,
focusing on high-dose Ambroxol in early-stage PD for both prevention and disease modification, with the hope to

transform the management of GBA1-PD and related disorders.
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Introduction

The first paper proposing a potential link between Gaucher Disease
(GD), and Parkinson's Disease (PD) faced six rejections before its
eventual acceptance by the Quarterly Journal of Medicine (QJM) in
1996 [1]. The primary basis for the rejection was the skepticism of the
editorial reviewers, who could not believe that the association between
a rare genetic disease and the second most prevalent neurodegenerative
disorder was anything more than a mere coincidence. Subsequent to
persistent research efforts and substantial contributions, particularly
from Ellen Sidransky of the National Institutes of Health (NIH),
including her pivotal meta-analysis in 2009 confirming an odds ratio of
5.43 for any GBA1 mutation in patients with PD compared to controls,
GBAIl-related PD has evolved into a firmly established entity [2]. It
exhibits three distinctive features relative to idiopathic PD: an earlier
age of onset, a more severe clinical course, and a heightened likelihood
of developing dementia [1].

While GBAI1-PD is by now textbook knowledge, the underlying
pathogenesis has remained controversial, and the academic debate-loss
of function (haploinsufficiency) versus gain of function-has influenced
the development of strictly different treatment approaches.
Interestingly, each school of thought has successfully developed an
animal model to justify its chosen form of therapy [3,4]. Sanofi,
leveraging a mouse model homozygous for the D409V mutation created

created by Sardi and colleagues (primarily a model for GD,
introducing mutations not found in humans to date), invested
substantial resources in venglustat, a Substrate Reduction Therapy
(SRT) capable of crossing the Blood-Brain-Barrier (BBB), during
phase I and phase 2 clinical trials for GBA1-PD [5-7]. Conversely,
proponents of the gain-of-function hypothesis employed alternative
animal models, notably the Drosophila fruit fly, to explore the use of
pharmacological chaperones, primarily Ambroxol, for treating both
GBA1-PD and idiopathic PD [8,9]. This approach assumes that
misfolding may also occur in the wild-type Glucocerebrosidase
[GCase] enzyme [10,11].

While the double-blind placebo-controlled venglustat clinical trial
was ongoing as a multi-national multicenter study, with company
representatives and a few of their investigators promoting its great
potential in various medical conferences, we [AR, AZ and colleagues;
published in February 2020 a viewpoint entitled: "Substrate Reduction
Therapy for GBA1-Associated Parkinsonism: Are We Betting on the
Wrong Mouse” [12]. The key consideration against the SRT approach
for GBA1-PD is the basic fact that GAB1 carriers do not accumulate
glucocerebroside (the substrate) not in the reticuloendothelial cells in
the spleen, liver and bone-marrow and certainly not in the
dopaminergic neurons. Had this been the underlying mechanism, we
should have had more patients with GD suffering from GBA1-PD than
carriers (who only have 50% of the mutant GCase enzyme) and not
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only that this is not the case, in fact, carriers of the non-N370S variant
have a higher risk to develop PD than patients with GD who have two
mutant alleles and double the amount of the mutant enzyme [4].
Paradoxically, venglustat clinical trial patients with GD and PD were
excluded.

Literature Review

A year after our viewpoint, in February 2021, Sanofi halted the
venglustat GBA1-PD clinical, citing no beneficial treatment effect
compared to placebo [7]. The trial revealed more Adverse Events
(AEs) in the venglustat group relative to the placebo cohort.

GBAI1-PD is not a metabolic manifestation of GD; it stems from
the misfolding of the mutant enzyme in the Endoplasmic Reticulum
(ER), leading to ER stress, inflammation, (MH, unpublished), alfa-
synuclein aggregation in dopaminergic neurons, and eventual cell
death [13]. Treatment should focus on correcting misfolding and
halting downstream consequences using Pharmacological Chaperones
(PCs). Similarly, the ongoing clinical trial of Elly-Lilly/Prevail,
delivering human recombinant GCase Enzyme Replacement Therapy
(ERT) to the brain through Adeno-Associated Virus (AAV)-based
gene therapy, is unlikely to succeed either, as the addition of normal
enzyme cannot correct the misfolding of the endogenous mutant
GCase [14]. Two other clinical trials based on the haploinsufficiency
hypothesis involve Magnetic resonance imaging (MRI)-guided Low-
Intensity Focal Ultrasound (LIFU) to temporarily open the BBB
during intravenous injection of imiglucerase [Cerezyme™; Sanofi,
USA) and a new small molecule, an allosteric activator of GCase
[LTI-291, Bial Pharmaceuticals, Portugal [15,16].

The second school, which posits gain of function as the underlying
mechanism causing GBA1-PD, is targeting the misfolding of mutant
GCase using PCs as the therapeutic approach. In this regards, effective
animal models, particularly in Drosophila, have been previously
discussed and there are ongoing clinical trials employing either high-
dose ambroxol, an Over-The-Counter (OTC) cough medicine
identified as a GCase-specific PC or several new drugs [10,11]. While
most of these drugs are still in pre-clinical development, one particular
formulation has recently initiated a phase 1 safety trial in Australia
with healthy volunteers, starting in October 2023.

Ambroxol, initially developed by Boehringer-Ingelheim (Germany)
in the late 1960s/1970s and commercialized in 1978, has served as an
OTC drug in many counties, with the notable exception of the USA
[17]. Its potential as a specific Pharmacological Chaperone (PC) for
GCase by Maegawa and Mahuran in 2009 during the development of
a thermal denaturation assay [18]. This assay utilized wild type GCase
to screen a library of 1,040 commercially approved drugs. Originally
sought as a PC to treat GD, Ambroxol’s proof-of-concept success in
patients with type 1 GD prompted Narita and colleagues in Japan to
implement it in patients with advanced neuronopathic GD [nGD]
through well-designed Investigator-Initiated Research (IIR) [19,20].
The demonstrated reversibility of key manifestations of nGD such as
debilitating myoclonic epilepsy and severe ataxia, served as
inspiration for the application of Ambroxol in patients with GBA1-
PD. Moreover, its use has extended to non-GBA1-PD cases, based on
the assumption, that misfolding of GCase may occur even in
individuals without mutations at the DNA level [10,11].

Ambroxol has two advantages as a repurposed drug: First, as with
the repurposed drugs identified in the past like acetylsalicylic acid,
thalidomide, or sildenafil, and more recently discovered through data

mining and computational drug discovery methodologies, it allows the
bypassing of toxicology stages during drug development, thereby
shortening the time to market [21,22]. Secondly, its OTC availability
adds an extra layer of confidence in terms of safety, enabling its "off-
label" use with or without official monitoring, as no formal clinical
trials are required. In the context of devastating diseases such as nGD
or GBA1-PD where there is currently no commercially available
specific treatment, the prospect of trying a potentially beneficial
therapy without solid evidence is appealing. However, physicians
typically do not endorse such unproven approaches, and their
reservations are sometimes justified. There have been instances,
especially in cancer and PD, where testimonials proved to be
misleading, resulting in false hopes and significant expenses for
desperate patients or their families, as OTC medications are typically
not reimbursed.

In an effort to enhance the evidential basis for Ambroxol’s use,
especially in nGD and GBA1-PD, we initiated an investigator-initiated
drug registry. Initially comprising 41 patients, the registry involved
individuals receiving daily doses ranging from 75 to 1485 mg (median
435 mg, approximately three times the typical cough medicine dose).
The follow-up period spanned 1 to 76 months (median 19 months)
[23]. Currently, we are expanding this registry to include over 120
patients., incorporating a more extended follow-up and higher mean
Ambroxol doses. Despite the ongoing case reports, IR, and informal
registries, we recognize the necessity for a well-designed prospective
clinical trial. Around this need, Agyany Pharmaceuticals has been co-
founded by 2 of us (AR and AZ), with the first task to conduct an
open-label pilot study for assessing the safety and efficacy of high-
dose Ambroxol in newly diagnosed GBAl-related motor and pre-
motor Parkinson disease (PD) Agyany Pharmaceuticals' GBAIl-
Related Parkinson's Initiative (AGPI).

Discussion

AGPI study distinguishes itself from the three other ongoing
clinical trials involving high-dose Ambroxol in several aspects. Firstly,
it exclusively enrolls carriers of GBA1 variants or patients with GD,
excluding individuals with idiopathic PD. Unlike the other trials,
AGPI does not incorporate a placebo arm, and Cerebrospinal Fluid
(CSF) collection is not part of the protocol. Furthermore, we are
actively recruiting individuals at significantly earlier stages of the
disease, including those in advanced prodromal stages for PD
prevention or newly diagnosed patients with Hoehn and Yahr Scale up
to 2. Our rationale is rooted in the belief that initiating treatment at the
carly stages of the neurodegenerative process holds greater potential to
impact injured and dysfunctional dopaminergic neurons. This in turn,
increases the likelihood of observing significant changes within a
relatively short timeframe, drawing on insights from studies in nGD
and anecdotal cases over the past few years [24]. The first patient was
recruited in October 2023, and we anticipate the last patient’s last visit
to take place at the beginning of 2025.

Conclusion

We hope that our ongoing study, in conjunction with additional
clinical trials focusing on PCs for GBA1 PD and related disorders,
will pave the way for the integration of Ambroxol into clinical
practice. Furthermore, we anticipate that these efforts will stimulate
the development of even more effective PCs, capable of greater BBB
penetrance, enabling the use of smaller doses and significantly
improving the prognosis for individuals at risk. Achieving the ability
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to halt or, ideally, reverse the prodromal changes in the population at
risk, starting with carriers of GBA1 variants, could be a transformative
development. It has the potential to revolutionize the management of
these devastating disorders, prompting the inclusion of PD prodromal
testing in routine assessments for individuals aged 40 and above,
similar to current practices for preventing or early detecting various
forms of cancer.

References

1.

10.

11.

Neudorfer O, Giladi N, Elstein D, Abrahamov A, Turezkite T, et al.
(1996) Occurrence of Parkinson's syndrome in type 1 Gaucher disease.
QIM 89:691-694.

Sidransky E, Nalls MA, Aasly JO, Aharon-Peretz J, Annesi G, et al.
(2009) Multicenter analysis of glucocerebrosidase mutations in
Parkinson's disease. N Engl J Med 361:1651-1661.

Victor M, Ropper AH, Adams RD, Brown RH (2001) Adams and
Victor's principles of neurology.

Horowitz M, Braunstein H, Zimran A, Revel-Vilk S, Goker-Alpan O
(2022) Lysosomal functions and dysfunctions: Molecular and cellular
mechanisms underlying Gaucher disease and its association with
Parkinson disease. Adv Drug Deliv Rev 187:114402.

Sardi SP, Viel C, Clarke J, Treleaven CM, Richards AM, et al. (2017)
Glucosylceramide synthase inhibition alleviates aberrations in
synucleinopathy models. Proc Natl Acad Sci 114:2699-2704.
Peterschmitt MJ, Saiki H, Hatano T, Gasser T, Isaacson SH, et al. (2022)
Safety, pharmacokinetics, and pharmacodynamics of oral venglustat in
patients with Parkinson’s disease and a GBA mutation: results from part
1 of the randomized, double-blinded, placebo-controlled MOVES-PD
trial. J Parkinsons Dis 12:557-570.

Giladi N, Alcalay RN, Cutter G, Gasser T, Gurevich T, et al. (2023)
Safety and efficacy of venglustat in GBAl-associated Parkinson's
disease: an international, multicentre, double-blind, randomised, placebo-
controlled, phase 2 trial. Lancet Neurol 22:661-671.

Maor G, Cabasso O, Krivoruk O, Rodriguez J, Steller H, et al. (2016)
The contribution of mutant GBA to the development of Parkinson
disease in Drosophila. Hum Mol Genet 25:2712-2727.
Sanchez-Martinez A, Beavan M, Gegg ME, Chau KY, Whitworth AJ, et
al. (2016) Parkinson disease-linked GBA mutation effects reversed by
molecular chaperones in human cell and fly models. Sci Rep 6:31380.
Mullin S, Smith L, Lee K, D’Souza G, Woodgate P, et al. (2020)
Ambroxol for the treatment of patients with Parkinson disease with and
without  glucocerebrosidase gene mutations: a nonrandomized,
noncontrolled trial. Sci Rep 77:427-434.

Silveira CR, MacKinley J, Coleman K, Li Z, Finger E, et al. (2019)
Ambroxol as a novel disease-modifying treatment for Parkinson’s

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

disease dementia: Protocol for a single-centre, randomized, double-blind,
placebo-controlled trial. BMC Neurol 19:1-10.

Sidransky E, Arkadir D, Bauer P, Dinur T, Lopez G, et al. (2020)
Substrate reduction therapy for GBAl-associated Parkinsonism: are we
betting on the wrong mouse? Mov Disord 35:228-230.

Maor G, Rapaport D, Horowitz M (2019) The effect of mutant GBA1 on
accumulation and aggregation of a-synuclein. Hum Mol Genet
28:1768-1781.

Abeliovich A, Hefti F, Sevigny J (2021) Gene therapy for Parkinson’s
disease associated with GBA1 mutations. J Parkinsons Dis 11:S183-S18.
Meng Y, Pople CB, Huang Y, Jones RM, Ottoy J, et al. (2022) Putaminal
Recombinant Glucocerebrosidase Delivery with Magnetic Resonance-
Guided Focused Ultrasound in Parkinson's Disease: A Phase I Study.
Mov Disord 37:2134-2140.

den Heijer JM, Kruithof AC, Moerland M, Walker M, Dudgeon L, et al.
(2023) A Phase 1B Trial in GBAI-Associated Parkinson's Disease of
BIA-28-6156, a  Glucocerebrosidase  Activator. Mov  Disord
38:1197-1208.

Paleari D, Rossi GA, Nicolini G, Olivieri D (2011) Ambroxol: a
multifaceted molecule with additional therapeutic potentials in
respiratory disorders of childhood. Expert Opin Drug Discov6(11):
1203-1214.

Maegawa GH, Tropak MB, Buttner JD, Rigat BA, Fuller M, et al. (2009)
Identification and characterization of ambroxol as an enzyme
enhancement agent for Gaucher disease. J Biol Chem 284:23502-23516.
Zimran A, Altarescu G, Elstein D. (2013) Pilot study using ambroxol as a
pharmacological chaperone in type 1 Gaucher disease. Blood Cells Mol
Dis 50:134-137.

Narita A, Shirai K, Itamura S, Matsuda A, Ishihara A, et al. (2016)
Ambroxol chaperone therapy for neuronopathic Gaucher disease: A pilot
study. Ann Clin Transl Neurol 3:200-215.

Jourdan JP, Bureau R, Rochais C, Dallemagne P (2020) Drug
repositioning: a brief overview. J Pharm Pharmacol 72:1145-1151.
Wang Y, Yella J, Jegga AG (2019) Transcriptomic data mining and
repurposing for computational drug discovery. Methods Mol Biol 73-95.
Ishay Y, Zimran A, Szer J, Dinur T, Ilan Y, et al. (2018) Combined beta-
glucosylceramide and Ambroxol hydrochloride in patients with Gaucher
related Parkinson disease: From clinical observations to drug
development. Blood Cells Mol Dis 68:117-120.

Istaiti M, Revel-Vilk S, Becker-Cohen M, Dinur T, Ramaswami U, et al.
(2021) Upgrading the evidence for the use of Ambroxol in Gaucher
disease and GBA related Parkinson: Investigator initiated registry based
on real life data. Am J Hematol 96:545-551.

J Alzheimers Dis Parkinsonism, an open access journal
ISSN: 2161-0460

Volume 13 « Issue 6 *« 1000588


https://academic.oup.com/qjmed/article/89/9/691/1522635
https://www.nejm.org/doi/full/10.1056/NEJMoa0901281
https://www.nejm.org/doi/full/10.1056/NEJMoa0901281
https://cir.nii.ac.jp/crid/1130000796548590464
https://cir.nii.ac.jp/crid/1130000796548590464
https://www.sciencedirect.com/science/article/abs/pii/S0169409X22002927
https://www.sciencedirect.com/science/article/abs/pii/S0169409X22002927
https://www.sciencedirect.com/science/article/abs/pii/S0169409X22002927
https://www.pnas.org/doi/abs/10.1073/pnas.1616152114
https://www.pnas.org/doi/abs/10.1073/pnas.1616152114
https://content.iospress.com/articles/journal-of-parkinsons-disease/jpd212714
https://content.iospress.com/articles/journal-of-parkinsons-disease/jpd212714
https://content.iospress.com/articles/journal-of-parkinsons-disease/jpd212714
https://content.iospress.com/articles/journal-of-parkinsons-disease/jpd212714
https://doi.org/10.1016/s1474-4422(23)00205-3
https://doi.org/10.1016/s1474-4422(23)00205-3
https://doi.org/10.1016/s1474-4422(23)00205-3
https://academic.oup.com/hmg/article/25/13/2712/2525754
https://academic.oup.com/hmg/article/25/13/2712/2525754
https://www.nature.com/articles/srep31380
https://www.nature.com/articles/srep31380
https://jamanetwork.com/journals/jamaneurology/article-abstract/2758317
https://jamanetwork.com/journals/jamaneurology/article-abstract/2758317
https://jamanetwork.com/journals/jamaneurology/article-abstract/2758317
https://link.springer.com/article/10.1186/s12883-019-1252-3
https://link.springer.com/article/10.1186/s12883-019-1252-3
https://link.springer.com/article/10.1186/s12883-019-1252-3
https://movementdisorders.onlinelibrary.wiley.com/doi/abs/10.1002/mds.27903
https://movementdisorders.onlinelibrary.wiley.com/doi/abs/10.1002/mds.27903
https://academic.oup.com/hmg/article/28/11/1768/5280065
https://academic.oup.com/hmg/article/28/11/1768/5280065
https://content.iospress.com/articles/journal-of-parkinsons-disease/jpd212739
https://content.iospress.com/articles/journal-of-parkinsons-disease/jpd212739
https://movementdisorders.onlinelibrary.wiley.com/doi/full/10.1002/mds.29190
https://movementdisorders.onlinelibrary.wiley.com/doi/full/10.1002/mds.29190
https://movementdisorders.onlinelibrary.wiley.com/doi/full/10.1002/mds.29190
https://movementdisorders.onlinelibrary.wiley.com/doi/full/10.1002/mds.29346
https://movementdisorders.onlinelibrary.wiley.com/doi/full/10.1002/mds.29346
https://www.tandfonline.com/doi/abs/10.1517/17460441.2011.629646
https://www.tandfonline.com/doi/abs/10.1517/17460441.2011.629646
https://www.tandfonline.com/doi/abs/10.1517/17460441.2011.629646
https://www.jbc.org/article/S0021-9258(18)60779-3/fulltext
https://www.jbc.org/article/S0021-9258(18)60779-3/fulltext
https://www.sciencedirect.com/science/article/abs/pii/S1079979612001842
https://www.sciencedirect.com/science/article/abs/pii/S1079979612001842
https://onlinelibrary.wiley.com/doi/full/10.1002/acn3.292
https://onlinelibrary.wiley.com/doi/full/10.1002/acn3.292
https://academic.oup.com/jpp/article/72/9/1145/6132671
https://academic.oup.com/jpp/article/72/9/1145/6132671
https://link.springer.com/protocol/10.1007/978-1-4939-8955-3_5
https://link.springer.com/protocol/10.1007/978-1-4939-8955-3_5
https://www.sciencedirect.com/science/article/abs/pii/S1079979616302297
https://www.sciencedirect.com/science/article/abs/pii/S1079979616302297
https://www.sciencedirect.com/science/article/abs/pii/S1079979616302297
https://www.sciencedirect.com/science/article/abs/pii/S1079979616302297
https://onlinelibrary.wiley.com/doi/full/10.1002/ajh.26131
https://onlinelibrary.wiley.com/doi/full/10.1002/ajh.26131
https://onlinelibrary.wiley.com/doi/full/10.1002/ajh.26131

	Contents
	High-dose Ambroxol for Disease Modification and Prevention of Gba1-Related Parkinson Disease: From the Wrong Mouse to the Right Drosophila
	Abstract
	Introduction
	Literature Review
	Discussion
	Conclusion
	References




