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Charcot-Marie-Tooth 4B2 caused by a novel
mutation in the MTMR13/SBF2 gene
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Introduction. CMT4B2 is a rare subtype of CMT caused by
pathogenic mutations in the myotubularin-related protein-13/set
binding factor 2 (MTMR13/SBF?2) gene. Nerve conduction veloci-
ties are markedly reduced and focally folded myelin sheaths are
present on nerve biopsies. We presented two patients from two
related Portuguese families with peripheral neuropathy caused
by a novel mutation in the MTMR13/SBF?2 gene.

Case report. Family 1: Patient 1: A 30-year-old woman, with
disease onset in early childhood presented pes cavus and ham-
mertoes and walked with a steppage gait. Muscle weakness was
present distally, myotactic reflexes were abolished and sensory
examination revealed a stocking and glove pattern of hypoesthe-
sia to all sensory modalities.

Family 2: Patient 2: A 43-year-old man, second degree cousin of
patient 1, born of a consanguineous marriage. At the age of 9
months, he was diagnosed with congenital glaucoma on the left
eye, with progressive visual loss up to total blindness. He pre-
sented bilateral claw hand deformity, pes cavus and hammer-
toes and walked with a steppage gait. Myotactic reflexes were
abolished and muscle weakness was severe distally in the upper
and lower limbs. Sensory examination revealed a stocking and
glove pattern of hypoesthesia to all modalities. In both patients
electrodiagnostic studies evidenced an uniform and generalized
sensorimotor demyelinating polyneuropathy and the molecular
study found a frameshift/truncating homozygous novel mutation
¢.5073_5074del (p.Ser1692Tyrfs*42) in the MTMR13/SBF?2 gene.

Conclusions. We report a novel mutation in the MTMR13/SBF2
gene associated with a classical CMT phenotype. Congenital
glaucoma associated with a frameshift/truncating mutation in
CMT4B2 is reported for the first time.
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Introduction

Charcot-Marie-Tooth (CMT) disease, also called he-
reditary motor and sensory neuropathy (HMSN), is the
most common inherited neuromuscular disorder with an
estimated prevalence of 1/2500 (1).

According to mode of inheritance, it can be classified
into autosomal dominant, recessive or X-linked forms;
based on neurophysiologic findings it can be further sub
classified into demyelinating or axonal, if nerve conduc-
tion velocity is below or above 38 m/s, respectively (2).
The subtype CMT1A accounts for 60-70% of all cases
of CMT. It is caused by a 1,4 Mb duplication of chro-
mosome 17p11.2 that includes the PMP22 gene (3) and
nerve biopsy shows demyelination and remyelination
with onion bulbs formations (4).

Autosomal recessive demyelinating CMT (CMT4)
is a very rare form of CMT disease. It is clinically and
genetically heterogeneous. Reported CMT4B2 families
present similar clinical, electrodiagnostic and pathologic
features (5-7). Congenital/early-onset glaucoma is a very
characteristic, although not universal, clinical feature
of the disease (8-10). The CMT4B2 locus was mapped
in 1999 (6) and the myotubularin-related protein-13/set
binding factor 2 (MTMRI13/SBF?2) gene was identified in
2003 (7,9). MTMR13/SBF2 belong to the family of myo-
tubularins and is a catalytic inactive phosphatase (11, 12).
MTMR13/SBF2 interacts with MTMR?2 to form tetram-
ers and the interaction significantly increases the catalytic
activity of MTMR2 (13), but a full understanding of its
function it is still not known in detail (14).
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We present the clinical, neurophysiologic and molec-
ular findings of two patients from two related Portuguese
families with CMT4B2, one with unilateral congenital
glaucoma, caused by a novel frameshift/truncating ho-
mozygous mutation in the MTMR13/SBF?2 gene.

A. Clinical findings

Family description

Family 1: Patient 1 — The patient is a 30-year-old
woman, the single offspring of a non-consanguineous cou-
ple. The mother’s parents are first degree cousins (Fig. 1)
and her parents were clinical and electrophysiological nor-
mal. The patient’s delivery was normal and she presented a
normal motor and intellectual development in infancy. She
attended University and graduated in Social Service.

At 4 years of age, the parents noticed a slight gait
disturbance, which did not interfere significantly with her
participation in the school physical activities. At the end
of the first decade, running became increasingly more dif-
ficult and lastly impossible.

By the age of 9, the medical records from the local
pediatric hospital described bilateral pes cavus, hammer-
toes, distal lower limb muscular atrophy, absent ankle
jerks and a flexor plantar response.

The muscle weakness and atrophy were slowly pro-
gressive in the following years, with involvement of the
intrinsic hand muscles at the end of the second decade.
Several corrective feet orthopedic surgeries were per-
formed at the ages 15, 18 and 19.
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By the age of 30 she presented pes cavus and ham-
mertoes (Fig. 2a), with inverse champagne bottle legs
(Fig. 2b). The thenar muscles were severely atrophic
(Fig. 2c). Walking was difficult on tiptoes and impossi-
ble on heels and she walked with a bilateral steppage gait
without ataxia. In the upper limbs the finger flexors, ex-
tensors and abductor muscles were weak (4/5 MRC); the
abductor pollicis brevis muscle was more severely affect-
ed (0/5 MRC), bilaterally. In the lower limbs, extensor
(0/5 MRC) and flexor muscles (4-5 MRC) of the feet and
toes were weak, bilaterally. Muscle stretch reflexes were
absent throughout. There were no cranial nerve deficits
(including II cranial nerve and the VII nerve innervated
muscles). Sensory examination revealed diminished tac-
tile and pain sensation in a stocking and glove pattern and
vibratory sensation was reduced distally in the upper and
lower limbs, 10 and 6 seconds, respectively.

Family 2: Patient 2 — The patient is a 43-year-old
man, born of a first degree consanguineous marriage
and second degree cousin of Patient 1 (Fig. 1). His
mother is a first degree cousin of Patient’s 1 father and
he has one brother with a suspected similar neuromus-
cular condition (not available to examination). His par-
ents were clinical and electrophysiological normal (the
father died recently). The patient’s delivery was normal
and when he was 9 months old, he was diagnosed with
congenital glaucoma on the left eye, with progressive
visual loss up to total blindness. His right eye is not af-
fected and does not present intra-ocular hypertension.
He presented a normal motor and intellectual develop-
ment in infancy.

By the age of 4, he walked on tiptoes. He underwent
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Figure 1. Pedigree of Families 1 and 2.
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Figure 2. a3, d: Pes cavus and hammertoes; b, e: inverse champagne bottle legs; c: atrophy of the thenar eminence;
f: global intrinsic hand muscle atrophy with claw hand appearance.

corrective orthopedic surgeries, because of pes equino-
varus, at 4 and 18 years of age.

At his first clinical appointment at the Neuromuscular
Disease Unit in 2014, by the age of 43 years, neurological

Table 1. Neurophysiologic investigations.

examination showed pes cavus and hammertoes (Fig. 2d)
and inverse champagne bottle legs (Fig. 2e). The hand
muscles were severely atrophic, with claw hand deform-
ity (Fig. 2f). He walked with a bilateral steppage gait,

Nerve Conduction Study
Median Nerve Ulnar Nerve Peroneal Nerve
CMAP | DML | MNCV | SAP |CMAP| DML | MNCV | SAP CMAP DML
(mvV) | (ms) | (m/ | (uV) | (mV) | (ms) | (m/ | (uV) (mV) (ms)
sec) sec)
Family 1
Patient 1 0.5 9.1 14 (%] 3.6 7.4 19 (%] ]
Family 2
Patient 1 (] %] 0.5 7.3 14 %] 1%}
Nerve Conduction Study
Sural Nerve Facial Nerve Blink Reflex
SAP CMAP DML (ms) R1 (ms) R2i
(uv) (mV) (ms)
Family 1
Patient 1 ] 0.4 6.5 22 57.6
Family 2
Patient 1 ] 0.4 6.5 18 54

DML: distal motor latency; CMAP: compound muscle action potential; MNVC: motor nerve conduction velocity; SAP: sensory action
potential; ms: miliseconds; mV: milivolt; m/sec: meters per second; yV: microvolt; &: absent
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which was impossible on tiptoes and heels. Muscle stretch
reflexes were absent throughout. In the upper limbs, the
hand extensor muscles were weak (4/5 MRC), as well as
the intrinsic hand muscles and the distal finger extensor
muscles (0/5 MRC). In the lower limbs, the feet and toes
extensor and flexor muscles were weak (0/5 MRC). Fa-
cial nerve muscles and right eye visual acuity were nor-
mal. Sensory examination revealed diminished tactile and
pain sensation in a stocking and glove pattern and vibra-
tory sensation was reduced distally in the upper and lower
limbs, 8 and 5 seconds, respectively.

B. Neurophysiological
Investigations (Table 1)

In both patients, the median, ulnar and sural sensory
nerve responses and the peroneal motor response record-
ed in the EDB muscle were absent bilaterally. In the upper
limbs, the distal motor latencies recorded were prolonged
and the motor nerve conduction velocities were severely
reduced. No temporal dispersion or motor conduction
block were observed. The latency of the direct motor re-
sponse of the facial nerve and the R1 and R2i components
of the blink reflex study were significantly prolonged in
both patients. All the recorded motor responses were of
very low amplitude. It was diagnosed a generalized de-
myelinating sensorimotor peripheral neuropathy with he-
reditary features.

C. Molecular studies (Fig. 3)

The patients, patient’s 1 parents and the mother of
patient 2 underwent genetic testing. The molecular study
included polymerase chain reaction and sequencing of
the entire coding region, including the adjacent intronic
regions, of the MTMRI13/SBF2 gene (chromosome 11).
Reference sequence: NM_030962.3 with the A of the ini-
tial ATG in position 1.

A frameshift/truncating homozygous novel mutation,
variant ¢.5073_5074del (p.Ser1692Tyrfs*42), was found
in a homozygous state in Patients 1 and 2 and in a het-
erozygous state in patient 1’s parents and the mother of
Patient 2.

This mutation is predicted to be pathogenic as it in-
troduces a premature stop codon, producing a truncated
protein.

Discussion

These two Portuguese patients with CMT4B2 present
a classical CMT phenotype: clinical onset of a sensorimo-
tor peripheral neuropathy in the first decade of life, which
was slowly progressive, predominantly motor and severe
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Figure 3. Chromatograms of the mutation site sequence
(arrow).

distally in the upper and lower limbs and associated feet
deformities. There was no proximal muscle weakness,
sensory symptoms have never been a major complaint
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and there was no sensory ataxia, cognitive impairment or
psychiatric symptoms. The patients are still able to walk
without support and are engaged on a productive life. A
generalized demyelinating sensorimotor neuropathy was
present in the neurophysiologic studies.

The characteristic histological feature of CMT4B2 is
a markedly irregular contour and thickness of the myelin
sheaths related to the presence of irregular myelin fold-
ings, associated with marked reduction in the density of
large myelinated fibers, segmental demyelination, and
numerous onion bulb formations (6, 15). This pathologic
feature is not unique to CMT4B2. The demyelinating na-
ture of CMT4B can be easily confirmed by neurophysi-
ologic techniques and nerve biopsies are exceptionally
performed to confirm the demyelinating nature of the
neuropathy.

Congenital glaucoma associated with a demyelinat-
ing CMT was reported in three members of a Brazilian
family of Turkish ancestry (8). Early-onset glaucoma with
a demyelinating CMT was later reported in families from
Japan (10), Tunisia and Morocco (9). The affected mem-
bers of these consanguineous families had nonsense mu-
tations of the MTMR13/SBF?2 gene, while CMT4B2 fami-
lies without congenital or early-onset glaucoma had other
types of mutations (in-frame deletions and mutations in
the splicing site of the MTMR13/SBF2 gene) (6, 16). A
genotype-phenotype correlation and a pathogenic mecha-
nism were suggested, with nonsense mutations associated
with complete absence of MTMR13/SBF2 protein and a
partially functional protein in the other type mutations,
capable of preventing the development of glaucoma, but
not peripheral neuropathy (17). The mutation found in the
Portuguese patients compromises the normal function of
the MTMR13/SBF2 protein. It causes a premature stop
codon, therefore it has the same consequence of the pre-
viously reported nonsense type of mutations related with
the presence of congenital/early-onset glaucoma. Surpris-
ingly, the glaucoma is not present in the female patient,
which suggested that other genetic or epigenetic factors
rather than this particular mutation could be responsible
for the development of glaucoma.
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