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Multimodal imaging of a patient with RAB39B mutation
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Abstract

Mutations in RAB39B gene have been linked to intellectual deficiency associated with parkinsonism, also referred as to
Waisman syndrome. As it appears to be a very rare cause of Parkinson Disease (PD), with only few cases described in
the literature, the typical clinical and radiological features are yet to be determined. In this article, we report and illustrate
multimodal brain imaging by computed tomography, magnetic resonance imaging, transcranial ultrasound (US), dopamine
transporter single photon emission computed tomography and ['®F]-fluorodeoxyglucose positron emission tomography (['®
FJFDG-PET) in a 37-year-old man with PD features and mild mental retardation harboring a new RAB39B mutation. We
then propose a comparison with data previously published regarding neuroimaging in this condition and present a sum-
mary of previous imaging reports. If our patient’s results partly support previously described radiological features, they also
highlight potential new characteristics of this rare syndrome. To the best of our knowledge, ['®F]FDG-PET and transcranial
US have never been reported before in this condition. This is therefore the first multimodal brain imaging description of a

patient presenting RAB39B mutation.
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Case Report Our patient was born at 35 weeks of gesta-
tional age after an uncomplicated pregnancy. By the age of
11 months, axial hypotonia was noticed. Motor development
and speech acquisition were delayed. Macrocephalia was
documented when he was 2 years old (> 95th percentile).
Autism spectrum disorder was suspected based on repetitive
behaviors, overly focused interests and “body-rocking”, that
disappeared by the age of 5 years. In retrospect and based
on the parent’s descriptions, adolescence was marked by a
generalised tonic-clonic seizure. During adolescence, a first
brain computed tomography (CT) showed vermian hypo-
plasia, without basal ganglia (BG) calcification.

At the age of 37 years old, he was referred to a Move-
ment Disorders clinic for further investigations. Clinical
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examination revealed parkinsonian syndrome characterized
by dysarthria and dysphonia, prominent akineto-hypertonic
features and rest tremor of the left hand. Mild right hemi-
spheric cerebellar syndrome, macrocephaly, intellectual
disability and frontal signs were also observed. Caryotype
was normal and CGH microarray panel showed a de novo
substitution mutation (c.216-2A>G) in RAB39B gene, con-
sistent with our patient history and clinical features. Neu-
ropsychological assessment slightly differed from what is
typically observed in idiopathic Parkinson Disease (PD),
showing alteration of short term memory, attention, verbal
fluency and executive function, along with moderate idea-
tional apraxia.

At the same age, the patient underwent a 3T brain mag-
netic resonance imaging (MRI). A ['8F]-fluorodeoxyglucose
positron emission tomography (['3FJFDG-PET) coupled
with a low-dose CT, a dopamine transporter single photon
emission computed tomography (DaT-SPECT) and a tran-
scranial ultrasound US were acquired a few months later.

3T brain MRI protocol included axial T2-weighted
turbo spin echo, axial diffusion weighted imaging (DWI),
3D FLAIR, axial, coronal and sagittal T1- weighted spin
echo, both before and after intravenous injection of a gad-
olinium-based contrast agent, and coronal T2*-weighted
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gradient-echo (T2*W-GRE) sequences. It confirmed the ver-
mian hypoplasia predominant in the inferior part. Dysgen-
esis of the left part of the splenium was also depicted. The
body of the corpus callosum was shortened and enlarged.
Measurement of cerebellar hemisphere and fourth ventricle
were normal. TIW sequences showed a hypersignal in the
head of caudate nucleus (CN), predominant on the right side.
T2*W-GRE sequences pallidus (GP) and substantia nigra
(SN) consistent with deposit of either para- or diamagnetic
substances. The signal of CN was comparable to the signal
of putamen (Fig. 1A-D). A few months later, in the context
of parkinsonism associated with unusual cognitive defects,
the patient underwent a ['®FJFDG-PET coupled with a low-
dose CT, the latter showing marked bilateral hyperdensities
in the head of CN consistent with calcifications. (Fig. 1E).
We also observed much more discreet hyperdensities in GP
on diagnostic displays, raising suspicion for calcifications in
this area as well (see supplementary data ).

['8F]JFDG-PET showed a cortical hypofixation in the
frontal and supra-orbital areas, more prominent on the left
side. A symmetric temporal hypofixation was also noticed,
along with a discrete hypofixation in the thalami and left
striatum. (Fig. 1F). Signal was symmetric in both cerebellar
hemispheres.

DaT-SPECT and transcranial US were acquired shortly
after ['8F]JFDG-PET and CT. DaT-SPECT showed reduced
activity in posterior putamen bilaterally, consistent with a
severe dysfunction of presynaptic dopaminergic pathways
(Fig.1I). Transcranial US of the midbrain using temporal
bone window revealed that the area of hyperechogenicity
at the anatomical site of the SN was significantly enlarged,
particularly on the right side (Fig. 1G).

Discussion

PD is a frequent neurodegenerative disorder, typically
occurring at an average age of 60 years, and causing four
cardinal motor signs (resting tremor, rigidity, bradykinesia
and postural instability) along with non-motor symptoms
(hyposmia, rapid eye movement (REM) sleep behavioural
disorders (RBD), etc.). Although PD is mainly idiopathic,
approximately 5—10% of cases are due to known monogenic
mutations. RAB39B is one of the rare recessive X-linked
Mendelian PD genes that have been identified so far [1, 2].
RAB39B is located on the Xq28 chromosome and encodes
for a neuron specific RAB GTPase that plays an important
role on vesicle trafficking and secretory pathways in neu-
ronal cells [1, 3-7].

RAB39B pathogenic variants were first identified in
2010 by Giannandrea et al. in patients presenting X-linked
Intellectual Disability (XLID) with autism spectrum disor-
der, macrocephaly and epilepsy [8]. In 2014, Wilson et al.
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identified two novel mutations in two unrelated families
displaying early-onset parkinsonism and variable degrees
of intellectual disability, also referred to as Waisman syn-
drome [5]. Overall, the broad clinical spectrum reported in
the literature includes childhood-onset intellectual disabil-
ity, young-onset Parkinsonism with partial or good levodopa
response, spastic paraparesis, cerebellar dysfunction, dysar-
thria, macroencephaly and epilepsy [3, 6, 7]. Parkinsonian
signs seem more likely to appear after the second decade,
although found earlier in few patients [4, 5]. Clinical char-
acteristics of our patient overlap those previously reported
features. Mild cerebellar dysfunction was described in only
one other patient carrying RAB39B mutation [5] and may be
a part of the neurological phenotype of the disease.

Post-mortem histological studies demonstrated that loss
of RAB39B resulted in dopaminergic neuronal loss and
extracellular iron deposits in the SN, along with other char-
acteristics consistent with pathologically confirmed PD [3,
5]. Regarding radiological features, some authors have
described iron accumulation in the BG and SN [3, 5, 6]
while others have reported calcification in BG [3, 4].

As stated above, brain CT might display high-density
calcifications in GP and SN. Howeyver, it remains an incon-
stant feature that has not been confirmed in all post-mortem
or imaging studies [3, 5] (Table 1). Regarding our patient,
calcification of BG were not found on the first CT but were
depicted later in life, at the age of 37 years old.

Reproducible MRI findings throughout literature included
T1W, T2W, T2*W-GRE and susceptibility weighted imag-
ing SWI low signal in GP and SN [3, 4, 6]. More subtle
hypointensities in SWI sequences were also described in
red nucleus (RN), putamen and pulvinar. [3] (Table 1). For
some authors, these hyposignals in T2*W-GRE sequences
are thought to represent iron deposition [3, 6]. As for our
patient, MRI depicted T2*W-GRE hyposignals in both GP
and SN, while CT showed calcification in the head of CN
but not in the SN. We also observed very discreet, yet suspi-
cious hypersignals in GP. Given the clinical context of par-
kinsonism, the T2*W-GRE hypointensities might be due to
iron deposition, although calcification could also be present.
Interestingly, iron accumulation in BG and particularly in
SN is also a typical feature of classical PD [9] and would
therefore be expected to be found in these particular areas in
the setting of RAB39b mutations. More data are needed in
order to clarify the pathology of this condition regarding cal-
cium versus iron deposits. In this regard, SWI-filtered phase
images analysis would be of great diagnostic interest in dif-
ferentiating between diamagnetic and paramagnetic suscep-
tibility effects of calcium and iron, respectively. In this case,
MRI also displayed inferior vermian hypoplasia along with
shortened corpus callosum and dysgenesis of the left side
of the splenium. Those features have not been described yet
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Fig.1 A) Coronal sections in T2*¥*W-GRE showing hyposignals in
GP and SN, consistent with deposit of paramagnetic substances in
this area (white arrows). B) Sagittal TIW showing hypoplasia of
the inferior part of the vermis with an enlargement of the cisterna
magna (red star), along with a shortened and thickened corpus cal-
losum (white arrow). C) Axial FLAIR section showing dysgenesis of
the left side of the splenium. D) Axial TIW showing an hypersignal
in the head of CN predominant on the right side, due to shortened
T1 around microcalcifications (white arrows). E) Brain (left) and
bone (right) windows of low-dose head CT showing bilateral calci-
fication in CN (white arrows). Very subtle calcifications were hardly
noticed in GP on diagnostic displays. They are not illustrated because

in RAB39B-related PD and may represent novel radiological
characteristics of this syndrome.

DaT-SPECT and '?*[-iodobenzamide (IBZM)-single pho-
ton emission computed tomography (SPECT) performed in

of insufficient resolution of these pictures for publication but they
might be better depicted on the picture available in the supplementary
data. F) ['®FIFDG-PET displaying a bilateral and slightly asymmetric
cortical hypofixation in the frontal and supra-orbital area, more pro-
nounced on the left side (white arrows). Other features include sym-
metric temporal hypofixation, discret hypofixation in the thalami and
the left striatum (black arrow). G) Transcranial US showing enlarged
area of hyperechogenicity (area: 0,65 cm?) (blue dots) at the anatomi-
cal site of the right sn in the mesencephalon (red dots), when com-
pared to H) a control subject (area: 0,15 cm? ). I) Transverse planes
of DaT-SPECT showing bilateral reduced activity in posterior puta-
men (White arrows)

very few patients were consistent with pre- and postsyn-
aptic nigrostriatal dopaminergic degeneration (Table 1).
Our results support these data, showing reduced activity
in posterior putamen bilaterally, compatible with a severe
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dysfunction of presynaptic dopaminergic pathways. To our
knowledge, ['®F]FDG-PET has never been reported before
in this condition. Our patient’s ['®FJFDG-PET showed a left-
predominant cortical hypofixation in the frontal and supra-
orbital area along with a symmetric temporal hypofixation
and a discrete hypofixation in the thalami and left striatum.

We performed the first transcranial US in a RAB39B
patient using temporal bone window. It displayed bilateral
and slighly asymmetric hyper-echogenic signals in the mid-
brain and more specifically in the SN. Such features have
been previously described in PD patients as the result of
higher tissue iron level in these particular areas [10]. In our
case, the enlarged area of hyperechogenicity at the anatomi-
cal site of the SN may indicate iron accumulation, which is
consistent with the strong reduction in T2*W-GRE signal
intensity and corroborates the pathological findings of previ-
ous postmortem and radiological studies [3, 5].

Conclusion

This case report supports previous findings (Table 1) and
highlights potential novel neuroimaging features related to
RAB39B mutation. Idiopathic PD is typically characterized
by normal routine MRI and ['®F]FDG-PET pattern. There-
fore, the presence of corpus callosum abnormality or cer-
ebellar involvement in routine MRI and atypical ['*F]JFDG-
PET pattern in a patient suspected to present early-onset or
juvenile PD should raise the attention of both radiologist and
clinician, eventually leading to appropriate genetic testing.
More data are needed in order to clarify the pathology of this
condition regarding the deposition of calcium versus iron
in BG and SN. In this respect, SWI-filtered phase images
analysis would be of great diagnostic interest in differenti-
ating between diamagnetic and paramagnetic susceptibility
effects of calcium and iron, respectively. The interpretation
of our patient’s US and MRI suggests iron accumulation
in SN. We also observed that calcification in BG were ini-
tially absent and appeared later on, during adulthood. As the
appearance of calcifications on CT in the BG is variable and
may be absent early in the patient life, their absence should
not exclude the diagnosis.
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tary material available at https://doi.org/10.1007/s00234-021-02882-w.
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