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Joubert syndrome presenting bilateral peroneal
neuropathies

A case report
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Abstract

Rationale: Joubert syndrome (JS) is a rare genetic disorder that presents with various neurological symptoms, primarily invo@
central nervous system dysfunction. Considering the etiology of JS, peripheral nervous system abnormalities cannot be excluded;
however, cases of JS accompanied by peripheral nervous system abnormalities have not yet been reported. Distinct radiological
findings on brain magnetic resonance imaging were considered essential for the diagnosis of JS. However, recently, cases of
JS with normal or nearly normal brain morphology have been reported. To date, there is no consensus on the most appropriate
diagnostic method for JS when imaging-based diagnostic approach is challenging. This report describes the case of an adult
patient who exhibited bilateral peroneal neuropathies and was finally diagnosed with JS through genetic testing.

Patient concerns and diagnosis: A 27-year-old man visited our outpatient clinic due to a gait disturbance that started at
a very young age. The patient exhibited difficulty maintaining balance, especially when walking slowly. Oculomotor apraxia was
observed on ophthalmic evaluation. During diagnostic workups, including brain imaging and direct DNA sequencing, no conclusive
findings were detected. Only nerve conduction studies revealed profound bilateral peroneal neuropathies. We performed whole
genome sequencing to obtain a proper diagnosis and identify the gene mutation responsible for JS.

Lessons: This case represents the first instance of peripheral nerve dysfunction in JS. Further research is needed to explore the
association between JS and peripheral nervous system abnormalities. Detailed genetic testing may serve as a valuable tool for
diagnosing JS when no prominent abnormalities are detected in brain imaging studies.

Abbreviations: CNS = central nervous system, EDB = extensor digitorum brevis, JS = Joubert syndrome, MRI = magnetic

resonance imaging, PNS = peripheral nervous system, WGS = whole genome sequencing.
Keywords: case report, gait disturbance, Joubert syndrome, peripheral neuropathy, TMEM67, whole genome sequencing

1. Introduction

Joubert syndrome (JS) is a rare genetic disorder, which is
predominantly inherited in an autosomal recessive manner.
Classic JS is characterized by clinical manifestations such
as hypotonia, ataxia, oculomotor apraxia, and intellectual
disability.!Y! In addition to classic neurological symptoms, JS
exhibits broad phenotypic heterogeneity, including retinal,
renal, hepatic, and oral-facial-digital symptoms, accord-
ing to the subtype of JS.?**l Various forms of JS have been
reported to date, with novel phenotypes continuing to emerge
in recent times.

MKS and HKP contributed equally to this work.

This study was supported by National Research Foundation of Korea
(NRF-2022R1A2C1091592).

The patient provided written informed consent.

The authors have no conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are
publicly available.

This study was approved by the Chonnam National University Hospital
Institutional Review Board (CNUH-EXP-2023-144), which adheres to the
principles defined in the Declaration of Helsinki (1964).

2 Department of Physical and Rehabilitation Medicine, Research Institute of
Medical Sciences, Heart Research Center, Chonnam National University,
Chonnam National University Medical School & Hospital, Gwangju City, Republic
of Korea.

JS is included in the group of disorders called ciliopathies. It
is well known that the primary cilium is an important subcellu-
lar organelle in neural circuit development. Mutations affecting
the gene encoding the primary cilium lead to various symptoms
associated with central nervous system (CNS) dysfunction.?!
The primary cilium has an important role in the CNS, but is
also pivotal to the formation of the peripheral nervous system
(PNS) in vivo.l However, PNS abnormalities in patients with JS
have yet to be reported.

The diagnosis of JS is traditionally based on typical clinical
symptoms and characteristic radiological findings, including
the “molar tooth sign.” However, recent research has revealed
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that some people with ]S exhibit normal or nearly normal brain
images.!”! Genetic testing is widely used in the diagnosis of JS
and has the potential to become a diagnostic gold standard in
some atypical cases.!®!

Here we report an atypical JS case presenting with gait distur-
bance and bilateral peroneal neuropathies.

2. Case presentation

A 27-year-old man visited our outpatient clinic with a com-
plaint of gait abnormality. He experienced involuntary external
rotations of both legs during ambulation. Although he could not
remember the exact onset of gait disturbance, he recognized that
the symptoms were present in middle school.

The patient had visited the neurology department 7 years ago
because of the gait abnormality, at which time, brain magnetic res-
onance imaging (MRI) was performed to identify the cause. The
results revealed mild elongation of the superior cerebellar pedun-
cles, but these findings were not considered pathological. Nerve
conduction studies revealed bilateral peroneal neuropathies, but no
trigger was identified as a likely cause of the condition. Direct DNA
sequencing was performed to rule out early-onset isolated dystonia,
and pathologic TOR1A gene mutation associated with early-onset
isolated dystonia was not detected at that time. Without confirming
the underlying pathology, the patient visited the orthopedic sur-
gery department, where he underwent medial hamstring lengthen-
ing and derotational osteotomy to correct the torsional deformity
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of the tibia. The patient visited our department to investigate the
underlying cause of the gait disturbance after corrective surgery.
On neurological examination, the patient exhibited decreased
muscular strength in all extremities (upper and lower limbs:
MRC grade 4), and slight disequilibrium was suspected during
the one-leg standing exercise (Berg Balance Scale: 50/56). Both
legs were externally rotated during ambulation, and the patient
dragged his left foot because of decreased ankle dorsiflexion.
Although no prominent ataxia or upper motor neuron signs,
such as increased spasticity or pathologic reflex, were observed,
the patient felt an imbalance, particularly when walking slowly.
Ophthalmic examination revealed decreased saccadic move-
ment, convergence insufficiency, and lateral gaze limitation.
Subsequently, follow-up nerve conduction studies were con-
ducted. Motor and sensory nerve conduction studies of the
median, ulnar, tibial, and sural nerves were normal. Recordings
over the bilateral extensor digitorum brevis (EDB) muscles
revealed low-amplitude peroneal responses, whereas those over
the bilateral tibialis anterior muscles showed normal responses
(Fig. 1, Table 1). Sensory nerve conduction studies of the super-
ficial peroneal nerves showed normal responses. During needle
electromyography, positive sharp waves and fibrillation poten-
tials were observed in both EDB muscles. The right EDB muscle
showed no motor unit action potential, while the left EDB mus-
cle showed a reduced recruitment pattern and large amplitude of
motor unit action potential (Table 2). Additionally, there was no
electrophysiological evidence of lumbar radiculopathy or motor
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Figure 1. Peroneal motor nerve conduction study results. Compound muscle action potential of (A) right peroneal and (B) left peroneal nerves. Both responses

are recorded over extensor digitorum brevis muscles.

Nerve conduction study results.

Right Left
Nerve Stimulation Latency (ms) Amplitude (mV) CV (m/s) Latency (ms) Amplitude (mV) CV (m/s)
Motor
Peroneal (EDB recording) Ankle 4.5 1.0 - 5.8 1.3 -
Fibular head 10.2 0.6 52.8 10.7 1.2 58.2
Peroneal (TA recording) Fibular head 24 3.8 - 2.8 3.2 -
Popliteal fossa 3.1 3.7 76.8 4.4 2.9 55.7
Tibial Ankle 3.1 38.3 33 47.0
Popliteal fossa 10.3 22.2 49.1 105 32.9 53.6

CV = conduction velocity, EDB = extensor digitorum brevis, TA = tibialis anterior.
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neuron disease. Considering the profound amplitude drop com-
pared to the mild onset latency delay, distal predominant bilat-
eral peroneal neuropathies with axonal loss were suggested. The
results of routine serologic tests were within the reference val-
ues. Direct DNA sequencing of the PMP22 gene was performed
for differential diagnosis of hereditary neuropathy; however, no
pathologic mutation was detected. Whole genome sequencing
(WGS) was performed to obtain more detailed genomic infor-
mation and determine the underlying cause of bilateral pero-
neal neuropathies. Through WGS, a pathogenic TMEM67 gene
mutation, which is responsible for JS type 6, was detected, and
the patient was accordingly diagnosed with JS (Fig. 2).

3. Discussion

Peroneal nerve compromise has various causes, including trauma,
external compression, intraneural ganglion, and nerve tumor.?-'%!
However, in this case, the patient presented with no proper condi-
tions that could cause bilateral peroneal neuropathy, except for JS
itself. Although the patient refused to undergo leg or lumbar MRI
to identify structural problems, we considered that these were
unlikely to be the cause of the peroneal neuropathy.

JS is caused by mutations in genes that encode proteins that
make up the basal body and mother centriole of the primary
cilium, or that regulate the development and function of the
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primary cilium."'l A defect in the ciliary gene leads to malfunc-
tion of various organs, including the kidney, retina, and brain.
Additionally, a recent in vivo study revealed that pathological
changes due to ciliopathy not only occur in the CNS but also in
the PNS.1 In a study using chicken embryos, the primary cilium
played an important role in neural crest cells, sensory neurons,
and boundary cap cells during early PNS formation. Moreover,
silencing of the JS-related protein C50rf42 was found to create
defects in axonal development at the dorsal root ganglion of
sciatic nerves, providing further evidence that the primary cil-
ium participates in PNS development.[! Likewise, an association
between ciliopathy and PNS dysfunction has been suggested,
but a relationship between JS and PNS dysfunction has not been
reported in clinical settings. To date, only CNS symptoms have
been reported in JS. Therefore, the presented case is notewor-
thy because it represents the first report of PNS symptoms in
JS. In JS, gait disturbance usually occurs due to atrophy of the
cerebellum; therefore, it is thought that most previous studies
have not conducted additional PNS evaluation. Examination of
peripheral nerve function is limited due to the nature of the dis-
ease, which has a poor prognosis from a young age. We recom-
mend conducting further assessments of PNS function in adult
patients with JS, with the aim to shed light on the relationship
between JS and PNS.

]S presents with various clinical manifestations depending on
its subtype. Despite this heterogeneity, the “molar tooth sign”

Needle electromyography study results.

Side Muscle 1A ASA MUAP Recruit pattern

Right Paraspinalis (L5-S1) Normal None Normal Full
Extensor digitorum brevis Normal ++ No activity No activity
Abductor hallucis Normal None Normal Full
Tibialis anterior Normal None Normal Full
Gastocnemius (medial) Normal None Normal Full
Peroneus longus Normal None Normal Full
Vastus lateralis Normal None Normal Full
Biceps femoris (short) Normal None Normal Full

Left Paraspinalis (L5-S1) Normal None Normal Full
Extensor digitorum brevis Normal ++ Large (9 mV) Decreased
Abductor hallucis Normal None Normal Full
Tibialis anterior Normal None Normal Full
Gastocnemius (medial) Normal None Normal Full
Peroneus longus Normal None Normal Full
Vastus lateralis Normal None Normal Full
Biceps femoris (short) Normal None Normal Full

ASA = abnormal spontaneous activity, IA = insertional activity, MUAP = motor unit action potential.

Joubert syndrome 6 (OMIM: 610688),

Gene Variant

cDNA: NM_153704.6:¢.1353del
Protein: p.Glu452LysfsTer4

TMEM67

Zygosity: Heterozygous

cDNA:NM_153704.6:¢.244C>T
TMEMé67
Protein: p.Pro82Ser

Zygosity: Heterozygous

Genomic Position: 8-93786286-GA-G (GRCh38)

Genomic Position: 8-93755798-C-T (GRCh38)

Classification

Pathogenic

Likely pathogenic

Figure 2. Whole genome sequencing report. In whole genome sequencing, heterozygous mutations in the TMEM67 gene associated with Joubert syndrome

type 6 have been identified.
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Figure 3. Brain magnetic resonance images. (A) An axial T2 image indicating mildly elongated superior cerebellar peduncles (thick arrow) and (B) a sagittal T2
image visualizing normal interpeduncular fossa depth (thin arrow) with no prominent vermian hypoplasia (asterisk).

represents a characteristic commonality. This molar tooth sign
was established by combining radiological findings from brain
MRI, such as lengthening and thickening of the superior cer-
ebellar peduncle, deepening of the interpeduncular fossa, and
hypoplasia of the cerebellar vermis. Although the molar tooth
sign is considered an absolute diagnostic marker for JS, a few
genetically confirmed cases of JS with normal or near-normal
brain morphology have been reported.l” This indicates that the
typical molar tooth sign does not appear in certain patients with
JS with mild clinical symptoms. In addition, only mild elongation
of the superior cerebellar peduncles was observed in the brain
MRI of the presented case (Fig. 3). Because there was no radio-
logic hallmark of JS, the diagnosis was made genetically rather
than radiologically. Therefore, contrary to previous consensus,
JS cannot be completely dismissed even if the molar tooth sign
is not detected on brain MRI. If JS is clinically suspected, genetic
testing, such as WGS, may be helpful when the molar tooth sign
is not observed on brain imaging. JS is a rare genetic disease
with a prevalence of approximately 1:80,000 to 1:100,000,"!
although this may be an underestimation due to some patients
having mild symptoms.['!l' A genetic study confirming the etiol-
ogy in patients with mild and ambiguous clinical features would
likely unveil additional JS cases.

In conclusion, this report describes a case of JS with PNS
abnormalities. To the best of our knowledge, this is the first
case indicating an association between ]S and peripheral ner-
vous dysfunction in humans. Additional research is needed on
peripheral nerve involvement in JS. Detailed genetic testing such
as WGS could provide a diagnosis of atypical JS with normal or
near-normal brain MRI findings.
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