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Dystonia is a clinical symptom thought to emerge from brain
network dysfunction involving abnormal cortical excitability,
plasticity, and sensory dysfunction within the somatosensory
cortex, basal ganglia, and cerebellum. Although these abnor-
malities have repeatedly been identified in different entities,
presenting with isolated and combined dystonia, common
pathophysiological concepts underlying dystonia, such as
endoplasmic reticulum function, gene transcript modulation
during neurodevelopment and nigrostriatal dopaminergic
signaling are only beginning to emerge.1 As in other fields
of neurology, the identification of causative genetic muta-
tions has tremendously contributed to elucidating the
underlying pathophysiology.

Recent publications reported mutations in genes encoding
central parts of the homotypic fusion and protein sorting
(HOPS) complex to cause dystonia of various degrees,2–5

which has led Monfrini and colleagues6 to group these disor-
ders under the term HOPS-associated neurological disorders.
Cellular protein homeostasis is critically dependent on adequate
cell clearing mechanisms, relying on the fusion of endosomes
and autophagosomes with lysosomes for protein degradation.
The HOPS complex physiologically facilitates the fusion of
lysosomes with autophagosomes and, therefore, is critically
involved in this process.6 Thus far, three of the six vacuolar
protein sorting-C proteins, forming the HOPS complex, have
been identified to cause autosomal-dominant (VPS16)2 or
autosomal-recessive (VPS11, VPS16, and VPS41)3–5 dystonia.
In the majority of cases, dystonic features first presented in
infancy (VPS41)2 or adolescence (VPS11)2,4 with predominant
craniocervical and bulbar involvement, generalizing in most
cases, whereas onset in VPS11 was in adulthood with early
generalization.4 Additional symptoms have been described for
manifestations in infancy, ranging from epilepsy, spasticity and
polyneuropathy to optic neuropathy (VPS11 and VPS41).
Cell-culture experiments and electro-microscopy studies from
patient-derived fibroblasts document impairment of the auto-
phagolysosome for all three gene mutations.2,4 Together with
the generation of a homozygous mutant mouse line with

impaired motor function,3 this establishes a loss-of-function
mechanism behind these mutations.6

Thus far, lysosomal storage disorders have been reported to
cause combined dystonia, which has been particularly recog-
nized in cases of Niemann-Pick type C, GM1, and GM2
gangliosidosis, fucosidosis and adult non-neuropathic Gaucher’s
disease.7 The identification of mutations in HOPS-associated
genes as well as in WDR45, ATP13A2, VAC14, IRF2PBL,
and SQSTM1—all of which encode proteins of the endo-
lysosomal and autophagy pathway, causing a predominant dys-
tonic phenotype—further establishes the growing link between
lysosomal dysfunction and dystonia.6

It remains to be seen in how far lysosomal dysfunction can be
identified as a contributing or even causative factor, not only in
selected hereditary and combined, but also in sporadic and iso-
lated dystonia in the future. Similarly, the mechanism by which
lysosomal dysfunction causes dystonia on a network-basis, and
whether there is a common endophenotype for this entity, which
would lend itself for screening, is currently unknown. Neverthe-
less, this could potentially open novel, causative treatment avenues
targeting lysosomes8 for a syndrome so far depending on symp-
tomatic treatment only.

Acknowledgement
Open Access funding enabled and organized by Projekt DEAL.

Author Roles
(1) Research project: A. Conception, B. Organization,
C. Execution; (2) Statistical Analysis: A. Design, B. Execution,
C. Review and Critique; (3) Manuscript Preparation:
A. Writing of the First Draft, B. Review and Critique.

S.R.S.: 3A
K.P.B.: 3B

*Correspondence to: Dr. Sebastian R. Schreglmann; E-mail: sebastian.schreglmann@gmail.com
Monfrini E, Zech M, Steel D, Kurian MA, Winkelmann J, Fonzo AD. HOPS-associated neurological disorders (HOPSANDs): linking endolysosomal
dysfunction to the pathogenesis of dystonia. Brain. 2021;144:2610–2615.
Relevant disclosures and conflict of interest are listed at the end of this article.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and repro-
duction in any medium, provided the original work is properly cited and is not used for commercial purposes.
Received 18 November 2021; revised 20 December 2021; accepted 22 December 2021.
Published online 00 Month 2022 in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/mdc3.13405

MOVEMENT DISORDERS CLINICAL PRACTICE 2022. doi: 10.1002/mdc3.13405
1

© 2022 The Authors. Movement Disorders Clinical Practice published by Wiley Periodicals LLC on behalf of International Parkinson and Movement Disorder Society.

IN FOCUS

CLINICAL PRACTICE

mailto:sebastian.schreglmann@gmail.com
http://creativecommons.org/licenses/by-nc/4.0/


Disclosures
Ethical Compliance Statement: The authors confirm that
approval of an institutional review board or patient consent
was not required for this work. We confirm that we have read
the Journal’s position on issues involved in ethical publication
and affirm that this work is consistent with those guidelines.
Funding Sources and Conflicts of Interest: This work has
not received specific support. K.P.B. received speaker hono-
raria from Ipsen, Merz, MDS; personal compensation for scien-
tific advisory board for Mitsubishi (Neuroderm), Jazz Pharma,
and Ipsen; receives royalties from the publication of Oxford
Specialist Handbook of Parkinson’s Disease and Other Move-
ment Disorders (Oxford University Press, 2008), Cambridge
Press; and editorial work stipend from MDS for MDCP jour-
nal; SRS declares no conflict of interest.
Financial Disclosures for the Previous 12 Months: S.R.S.
is employed by the University Hospital Wuerzburg, Germany
and has received support from the Advanced Clinician Scientist
program by the Interdisciplinary Centre for Clinical Research,
Wuerzburg, Germany. He is a Fellow of the Thiemann Foun-
dation. K.P.B. is employed full time by University College
London as Professors of the University. ■

Sebastian R. Schreglmann MD, PhD, FEBN,1

Kailash P. Bhatia MD, FRCP2

1Department of Neurology, University Hospital Würzburg,
Würzburg, Germany; 2Department of Clinical and Movement

Neurosciences, Institute of Neurology, UCL, London,
United Kingdom

References
1. Gonzalez-Latapi P, Marotta N, Mencacci NE. Emerging and converging

molecular mechanisms in dystonia. J Neural Transm 2021;128:483–498.

2. Steel D, Zech M, Zhao C, et al. Loss-of-function variants in HOPS
complex genes VPS16 and VPS41 cause early onset dystonia associated
with lysosomal abnormalities. Ann Neurol 2020;88:867–877.

3. Cai X, Chen X, Wu S, et al. Homozygous mutation of VPS16 gene is
responsible for an autosomal recessive adolescent-onset primary dysto-
nia. Sci Rep 2016;6:25834.

4. Monfrini E, Cogiamanian F, Salani S, et al. A novel homozygous VPS11
variant may cause generalized dystonia. Ann Neurol 2021;89:834–839.

5. van der Welle REN, Jobling R, Burns C, et al. VPS41 recessive muta-
tion causes ataxia and dystonia with retinal dystrophy and mental retar-
dation by inhibiting HOPS function and mTORC1 signaling. Biorxiv
2019. https://doi.org/10.1101/2019.12.18.867333.

6. Monfrini E, Zech M, Steel D, Kurian MA, Winkelmann J, Fonzo AD.
HOPS-associated neurological disorders (HOPSANDs): linking endo-
lysosomal dysfunction to the pathogenesis of dystonia. Brain 2021;144:
2610–2615.

7. Phua CS, Kumar KR, Levy S. Clinical characteristics and diagnostic clues
to Neurometabolic causes of dystonia. J Neurol Sci 2020;419:117167.

8. Bonam SR, Wang F, Muller S. Lysosomes as a therapeutic target. Nat
Rev Drug Discov 2019;18:923–948.

2 MOVEMENT DISORDERS CLINICAL PRACTICE 2022. doi: 10.1002/mdc3.13405

IN FOCUS LYSOSOMAL DYSFUNCTION DYSTONIA

https://orcid.org/0000-0002-4129-5808
https://orcid.org/0000-0001-8185-286X
https://doi.org/10.1101/2019.12.18.867333

	 HOPS-Associated Neurological Disorders: Lysosomal Dysfunction as an Emerging Concept Underlying Dystonia
	Acknowledgement
	Author Roles
	Disclosures
	References


