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Associations between non-progressive intellectual disability in
the context of neurodevelopmental disorders that are recognized
early in life and neurodegenerative disorders that are diagnosed
decades later, are intriguing. RAB39B-associated parkinsonism, a
rare form of early-onset parkinsonism in patients with X-linked
intellectual disability1 and with Lewy pathology,2 may serve as a
model for such association. By studying a novel mutation in
RAB39B we show here that in addition to clinical similarity, the
electrophysiological features and the response to subthalamic
deep brain stimulation (STN-DBS) are similar to those observed
in Parkinson’s disease (PD).

Phenotype
The studied family is of 13 siblings (Fig. 1A) born to non-
consanguineous parents of a Jewish-Persian origin. Family history
includes three deceased maternal uncles with reported PD (II-2,
II-3, and II-4). Four siblings with mild and non-progressive
intellectual disability developed parkinsonism. The first parkinso-
nian symptom in three of the affected siblings (III-7, III-10, and
III-12, onset age 46, 47, and 40 years, respectively) was unilat-
eral, upper limb, and resting tremor. Their examination also rev-
ealed asymmetrical rigidity and bradykinesia. The presenting
symptom in III-4 (onset age early 50s) was impaired gait and
truncal dystonia. His examination also revealed unilateral upper
limb bradykinesia and rigidity. The affected siblings did not
report hyposmia, constipation, or rapid eye movement (REM)-
sleep behavioral disorders. Parkinsonian features significantly
improved in two of the siblings that received levodopa (III-7 and

III-10). Two siblings (III-4 and III-12) did not receive symptom-
atic treatment. The examination of all other siblings was normal.

In addition to the parkinsonian findings, two affected siblings
had mild upper motor neurons signs; individual III-7 had lower
limbs non-progressive spasticity, and III-12 had increased deep
tendon reflex ipsilateral to the parkinsonian signs. Reduced
deep tendon reflexes were observed in III-4. Brain computed
tomography and magnetic resonance imaging, performed on
III-7 and III-10, demonstrated small basal ganglia calcification in
III-10 (Fig. 1B).

Patient III-7 had bilateral STN-DBS stimulation 6 years after
disease onset because of early wearing-off of levodopa and peak-
dose dyskinesia of the trunk. At baseline, neuropsychological
examination revealed mildly impaired executive, visuospatial,
and memory functions with preserved language (Addenbrooke’s
Cognitive Examination, 80/100 and Frontal Assessment Battery,
13/18). The procedure led to a significant improvement in his
parkinsonian signs, mostly the tremor, but, as expected, did not
improve his spastic gait. A follow-up of 18 months after the pro-
cedure revealed that off medications his motor Unified
Parkinson’s Disease Rating Scale improved by 45% (preopera-
tive, 55/108; postoperative STN-DBS ON; 30/108), the
patient’s levodopa equivalent daily dose was reduced by 64%
(from 1800 mg–650 mg), and no additional cognitive impair-
ments were reported.

Extracellular electrophysiological activity was recorded in
III-7 during STN-DBS surgery (Fig. 1C). β oscillatory activity
(13–30 Hz) was demonstrated bilaterally (peak at 13–14 Hz).
Additionally, there were peaks in the power spectrums in the θ
frequency range, 6 Hz in the left hemisphere and 7 Hz in the
right.
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FIG. 1. Clinical, radiological, electrophysiological, and genetic characteristics. (A) Family tree of the studied family. Genetic status of
RAB39B mutation is depicted for wild-type (WT), hemizygous (Hem), and heterozygous (Het) tested individuals. (B) Non-contrast
computed tomography of patient III-10 demonstrates small basal ganglia calcifications (red arrows). (C) Power spectral density plot
demonstrates increased β-oscillatory activity in the lower range (�13 Hz) in the left subthalamic trajectory of patient III-7, as a function of
distance along the surgical trajectory. Estimated distance to target was preoperatively defined based on magnetic resonance imaging.
The color scale represents log10 of power spectral density/average power spectral density. (D) Sanger sequencing of WT (patient III-2,
upper panel), Hem male (patient III-10, middle panel), and Het male (patient III-13, lower panel). (E) Karyotype of patient III-13
demonstrating mosaicism to Klinefelter syndrome (XXY). (F) Position of all pathogenic and likely pathogenic single nucleotide variants of
RAB39B deposited in ClinVar. The novel NM_171998.4:c.343C>T p.Gln115Ter variant is marked with red.
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Genetic Analysis
Whole exome sequencing (WES) in III-7 revealed a novel hemi-
zygous variant NM_171998.4: c.343C>T p.Gln115Ter in
RAB39B that leads to a premature termination codon in exon
2. This variant has not been observed in our local WES database
(including Persian-Jews), nor in any of the publicly available
large-scale sequencing databases, such as gnomAD and Iranome.3

Based on American College of Medical Genetics and Genomics
guidelines,4 this variant has been classified as likely pathogenic.
No additional suspicious variants were found in PD-related
genes.

Segregation analysis revealed that all affected individuals were
hemizygous for this RAB39B variant (Fig. 1D). Two healthy
male individuals were not carriers of this pathogenic variant. Sur-
prisingly, individual III-13, a 40-year-old apparently healthy man
without parkinsonian symptoms or signs, was heterozygous for
the familial RAB39B variant. Evaluation of his medical records
showed that because of infertility and azoospermia, he previously
underwent karyotype testing. Karyotype analyzing of 22 meta-
phases identified mosaicism for Klinefelter syndrome:
47, XXY(15)/46, XY (7) (Fig. 1E).

Neurodevelopmental disorders that are associated with muta-
tions in RAB39B include (in addition to intellectual disability)
autism, epilepsy, macrocephaly,5 and spastic paraparesis.6 Basal
ganglia calcifications are frequently observed.6,7 The parkinsonian
syndrome that appears years later may resemble levodopa-
responsive1,8 PD superimposed on previous neurological
findings.

Heterozygosity to the mutated X chromosome in individual
III-13 in the described pedigree could be the result of non-
disjunction either in the first maternal meiosis or in the first
paternal meiosis, with mosaicism represents post-zygotic event
such as the loss of the affected X chromosome in some of the
cells. A few case reports describe male carriers of X-linked reces-
sive disorders because of co-occurrence with Klinefelter syn-
drome.9 Being unaffected with parkinsonism, it could be
speculated that at least in the brain, many of the cells are either
heterozygote to the mutated allele (in similar with healthy carrier
women) or contain the normal allele. However, one cannot be
certain the patient will not develop parkinsonism in the future
because the normal X chromosome may be inactivated in the
heterozygous neurons.

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.

R.D.: 1A, 1C, 3A, 3B

S.S.R.: 1A, 1C, 3A, 3B
H.B.E.: 1C, 3B
C.W.: 1C, 3B
A.S.: 1C
V.M.: 1C, 3B
D.A.: 1A, 1C, 3A, 3B.

Disclosures
Ethical Compliance Statement: The study was approved by
the local institutional review board and all participants signed
informed consent forms before beginning the study (0393–
17-HMO). 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 study was
funded in part by the daughters of Bernice Edelstein, OBM, in
her memory.
Financial Disclosures for the Previous 12 Months: The
authors have no financial interest to disclose. ■

References
1. Wilson GR, Sim JCH, McLean C, et al. Mutations in RAB39B cause

X-linked intellectual disability and early-onset Parkinson disease with
α-Synuclein pathology. Am J Hum Genet 2014;95(6):729–735. https://doi.
org/10.1016/j.ajhg.2014.10.015.

2. Koss DJ, Bondarevaite O, Adams S, Leite M, Giorgini F, Attems J,
Outeiro TF. RAB39B is redistributed in dementia with Lewy bodies and
is sequestered within aβ plaques and Lewy bodies. Brain Pathol 2021;31(1):
120–132. https://doi.org/10.1111/bpa.12890.

3. Fattahi Z, Beheshtian M, Mohseni M, et al. Iranome: a catalog of geno-
mic variations in the Iranian population. Hum Mutat 2019;40(11):1968–
1984. https://doi.org/10.1002/humu.23880.

4. Richards S, Aziz N, Bale S, et al. Standards and guidelines for the inter-
pretation of sequence variants: a joint consensus recommendation of the
American College of Medical Genetics and Genomics and the Association
for Molecular Pathology. Genet Med 2015;17(5):405–424. https://doi.org/
10.1038/gim.2015.30.

5. Giannandrea M, Bianchi V, Mignogna ML, et al. Mutations in the small
GTPase gene RAB39B are responsible for X-linked mental retardation
associated with autism, epilepsy, and macrocephaly. Am J Hum Genet
2010;86(2):185–195. https://doi.org/10.1016/j.ajhg.2010.01.011.

6. Liu H, Lai H, Mo L, Liu X, Chen L. Novel RAB39B mutation (c.309G
> a)-related spastic paraparasis: case report. Acta Neurol Belg. 2023;123:
1597–1599. https://doi.org/10.1007/s13760-022-02114-9.

7. Shi C h, Zhang S y, Yang Z h, et al. A novel RAB39B gene mutation in
X-linked juvenile parkinsonism with basal ganglia calcification: mutations
in RAB39B as a potential cause of x-linked PD. Mov Disord 2016;31(12):
1905–1909. https://doi.org/10.1002/mds.26828.

8. Ciammola A, Carrera P, Di Fonzo A, et al. X-linked parkinsonism with
intellectual disability caused by novel mutations and somatic mosaicism in
RAB39B gene. Parkinsonism Relat Disord 2017;44:142–146. https://doi.
org/10.1016/j.parkreldis.2017.08.021.

9. Sadick VJ, Fietz MJ, Tchan MC, Kovoor P, Thomas L, Sadick N.
Klinefelter syndrome with Fabry disease – a case of nondisjunction of the
X-chromosome with sex-linked recessive mutation. Heart Lung Circ 2014;
23(12):1149–1152. https://doi.org/10.1016/j.hlc.2014.07.056.

308 MOVEMENT DISORDERS CLINICAL PRACTICE 2024; 11(3): 306–308. doi: 10.1002/mdc3.13953

LETTERS: GENOTYPE AND PHENOTYPE NOVEL RAB39B MUTATION

https://doi.org/10.1016/j.ajhg.2014.10.015
https://doi.org/10.1016/j.ajhg.2014.10.015
https://doi.org/10.1111/bpa.12890
https://doi.org/10.1002/humu.23880
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1016/j.ajhg.2010.01.011
https://doi.org/10.1007/s13760-022-02114-9
https://doi.org/10.1002/mds.26828
https://doi.org/10.1016/j.parkreldis.2017.08.021
https://doi.org/10.1016/j.parkreldis.2017.08.021
https://doi.org/10.1016/j.hlc.2014.07.056

	 Novel RAB39B Mutation Causes Parkinsonism in Males with Developmental Disorder
	Phenotype
	Genetic Analysis
	Author Roles
	Disclosures
	References


