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Abstract:

Charcot-Marie-Tooth disease type 4H (CMT4H) is an autosomal recessive inherited demyelinating neuro-
pathy caused by an FYVE, RhoGEEF, and a PH domain-containing protein 4 (FGD4) gene mutation. CMT4H
is characterized by an early onset, slow progression, scoliosis, distal muscle atrophy, and foot deformities. We
herein present sibling cases of CMT4H with a homozygous mutation in the FGD4 gene. Both patients exhib-
ited cauda equina thickening on magnetic resonance imaging, which had not been reported among the previ-
ous CMT4H cases. This is the first report of CMT4H with a homozygous FGD4 ¢.1730G>A (p.Arg577Gln)

mutation showing mild progression and cauda equina thickening.
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Introduction

Charcot-Marie-Tooth disease (CMT) is a group of heredi-
tary peripheral neuropathies characterized by progressive
motor and sensory polyneuropathy with or without auto-
nomic involvement. CMT typically presents with distal
dominant muscle weakness/atrophy and sensory disturbance
within the first two decades of life and thereafter slowly de-
teriorates over decades. It also presents characteristic foot
deformities (pes cavus or pes planus) or scoliosis (1). CMT
is highly heterogeneous genetically, and more than 80 causa-
tive genes linked to CMT-like phenotypes have been identi-
fied (2). A subset of these causative genes encodes proteins
that are important for maintaining the metabolic function or
structure of the myelin or axon. CMT has been mainly clas-
sified into CMT1, CMT2, CMT3, CMT4, and CMTX based
on electrophysiological and pathological findings, where dis-
ease symbols are expressed by an alphabetical designation
based on the responsible gene mutations. CMT4 is defined
as demyelinating neuropathy (median motor nerve conduc-

tion velocities <38 m/s) and with autosomal recessive inheri-
tance neuropathy (1). In 2005, De Sandre-Giovannoli et al.
reported a case of two families showing severe demyelinat-
ing neuropathy linked to chromosome 12pl1.2- pl13.1 as
CMT type 4H (CMT4H) (3). Subsequently, the responsible
mutations in the gene encoding FGD4, also known as the
FGDI1-related F-actin binding protein (frabin) were identi-
fied, in both families (4). CMT4H is clinically characterized
by an early onset, slow progression, scoliosis, and foot de-
formities, in addition to motor or sensory symptoms (5).

Peripheral nerve thickening has been reported in patients
with chronic inflammatory demyelinating polyradiculoneuro-
pathy (CIDP) or hereditary motor sensory neuropathy (also
known as CMT). Nerve thickening can be detected by ultra-
sonography or magnetic resonance imaging (MRI) and its
clinical effectiveness has been reported (6-14). We herein re-
port the first sibling cases of CMT4H with characteristic
cauda equina thickening.
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Figure 1. The pedigree of the present family carrying the

FGD4 gene mutation is shown. There was consanguinity be-
tween the parents of Patients 1 and 2.

Case Reports

Patient 1

Patient 1 was a 62-year-old woman, who complained of
difficulty in walking and hand manipulation. She had been
born by normal delivery, and her developmental milestones
had been confirmed at the appropriate times. A pedigree of
the present case and the affected brother, with their parents’
consanguinity, is shown in Fig. 1. The patient realized that
her running was slower than that of her classmates when she
was 7 years old. At 12 years of age, she began experiencing
difficulty in dorsiflexing her ankle joints, and her gait distur-
bance slowly progressed. However, because she could walk
without assistance, she did not visit a hospital. At 51 years
of age, she was suspected of having a neurological disorder
when she visited the former hospital and was referred to our
department. Neurological examinations revealed distal domi-
nant muscle weakness/atrophy, hypoesthesia, and gait distur-
bance. Nerve conduction studies showed that the bilateral
median motor conduction velocity (MCV) was reduced to
8.0 m/s, and the compound muscle action potential (CMAP)
responses of the bilateral tibial and peroneal motor nerves
were not evoked. The bilateral median, ulnar, and sural sen-
sory nerve action potentials (SNAPs) were also unevoked. A
fluorescent in situ hybridization analysis using the patient’s
lymphocytes, to detect loci of the peripheral myelin protein
22 gene, revealed a negative result of duplication/deletion of
the gene. The diagnostic procedure did not progress further
for the following 11 years until she visited our department
for reevaluation.

When she revisited our department, her mood, memory,
and speech were normal. Her pupils were markedly miotic,
with a diameter of 2.0 mm in the right eye and 1.5 mm in
the left eye. The pupillary light reflex was not active in
either eye, and the size of the pupils did not change even in
a bright place. She had no blepharoptosis, oculomotor dis-

turbance, facial weakness, bulbar symptoms, or any other
cranial nerve disorder. Distal dominant muscle weakness and
atrophy were observed in all limbs. Dorsiflexion of her an-
kle joints was most severely affected, thus resulting in a
steppage gait. Hypoesthesia, hypalgesia, and decreased vi-
bratory sensation were also observed in the distal limbs. The
deep tendon reflexes showed generalized areflexia without
the Babinski sign. Pes cavus foot deformity with hammer
toes was also confirmed (Fig. 2A, B). Further, she had a
history of hypertension and osteoarthritis of the bilateral hip
joints and reported no use of illicit drugs.

The blood test results and chemistry panels were normal.
The cerebrospinal fluid (CSF) test confirmed a mild eleva-
tion of protein level (88 mg/dL) with normal cell counts (1/
mm’). Nerve conduction studies performed on the right up-
per and lower limbs revealed that the MCV was slower than
the previous study; median and ulnar MCVs were 5.6 m/s
and 6.7 m/s, and their amplitudes were 660 uV and 574 nuV,
respectively. No evoked CMAP responses in the tibial and
peroneal nerves and no SNAP responses in the median, ul-
nar, and sural nerves were confirmed. Scoliosis was ob-
served on the thoracic X-ray and computed tomography
(CT) image. Skeletal muscle CT showed distal dominant
muscle atrophy with fatty infiltration (Fig. 3). Cerebral MRI
revealed neither abnormal parenchymal signal intensities nor
thickening of the cranial nerves. Lumbar spinal MRI showed
prominent thickening of the cauda equina (Fig. 4A-C).
Contrast-enhanced lumbar spinal MRI was not performed.

After obtaining written informed consent from the patient,
targeted gene sequencing was performed using genomic
DNA extracted from the patient’s blood cells, and previously
known 64 causative genes and 8 candidate genes for CMT
were screened using a custom Ion AmpliSeq gene
panel (15). A list of genes screened included AARS, APTX,
ARHGEF10, BSCL7, DCAFS, DCTNI, DHH, DHTKDI,
DNM?2, DYNCIHI, EGR2, FBLNS, FBXO3S8, FGD4, FIG4,
GALC, GAN, GARS, GDAPI, GJBI, GJB3, GNB4, HARS,
HKI1, HOXD10, HSPBI, HSPB3, HSPBS, IGHMBP2, INF2,
KARS, KIFIA, LITAE LMNA, LRSAMI, MARS, MED?2S,
MFN2, MPZ, MTMR2, NDRGI, NEFL, PDK3, PLEKHGS,
PMP22, PRPSI, PRX, RAB7A, REEPI, SACS, SBF1, SBF2,
SETX, SH3TC2, SLC5A7, SLC12A6, SOX10, SURFI, TDPI,
TFG, TRIM2, TRPV4, TTR, and YARS. An additional 8 can-
didate genes are targets of ongoing research project, and
their names were not shown to protect research confidential-
ity. A genetic analysis revealed a homozygous missense mu-
tation, c¢.1730G>A (p.Arg577GIn), in FGD4 (NM_
139241.2), which is a causative gene for CMT4H. This mu-
tation was also confirmed by direct sequencing of the po-
lymerase chain reaction (PCR) products with the following
forward and reverse primers: 5’-GAACATGGTTTGAGCAA
TGTAG-3’ and 5’-TGTGTCCCTAGTTGATGACTTTAC-3’
(Fig. 5).

Patient 2

Patient 2 was a 68-year-old man, the elder brother of Pa-
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Figure 2. Photographs of characteristic foot deformities of patienst 1 and 2 are shown. Patient 1
showed pes cavus and hammer toes with distal atrophy of lower limbs (A and B). Patient 2 showed
more severe foot deformities than Patient 1 (C and D).

Figure 3. Skeletal muscle CT image of Patient 1 at the slices of the upper arm level (A), the forearm

level (B), the thigh level (C) and the calf level (D) showed symmetrical distal dominant muscle atrophy
with fatty degeneration.

tient 1. He was born by normal delivery, as the first child of examined by a neurologist. He noticed that his running was
his parents (Fig. 1). He visited our department because his slower than that of his classmates at age 7. At 27 years of
sister was diagnosed with CMT and had not been previously age, he was diagnosed with rheumatoid arthritis, and had

3977



Intern Med 60: 3975-3981, 2021

DOI: 10.2169/internalmedicine.7247-21

Figure 4. Lumbar spinal MRI of Patient 1 shows a prominent thickening of the cauda equina on
T2-weighted sagittal (A), short tau inversion recovery (STIR) coronal (B) and T2-weighted axial (C)
images. A lumbar spinal MRI of Patient 2 shows similar findings of cauda equina thickening with
multiple disc herniation on T2-weighted sagittal (D), STIR coronal (E) and T2-weighted axial (F) im-

ages.
c. 1730G>A (p. Arg577Gln)
s [t ARl
el L Y T
/\AN\/\/\/\/\A/\/\/\A/\/\/\/\AA/\/\
Control G CAGCE ACGAAGGAGGCAT
I’dtuntsl?GCACTG/ ACAAAGGAGGCAT
Control Ala Leu Thr Arg Arg Arg His
Patients 1,2 Ala Leu Thr Gln Arg Arg His
574 575 576 577 578 579 580

Figure 5. Direct sequencing of polymerase chain reaction products amplified from the exon 14 re-
gion of the FGD4 gene of patients 1 and 2 revealed a homozygous ¢.1730G>A (p.Arg577GIn) muta-
tion. The arrow indicates the position of the missense mutation.

been treated with sodium aurothiomalate for 3 years, but he
discontinued it thereafter. He had mild difficulty with hand
manipulation, but he regarded it to be due to rheumatoid ar-
thritis. At 68 years of age, neurological examination clarified
that he had a disease phenotype quite similar to that of his
sister, although less severe than hers. He exhibited muscle

weakness and atrophy, hypoesthesia, hypalgesia, and re-
duced vibratory sensation in the distal limbs. The deep ten-
don reflexes showed generalized areflexia without the Bab-
inski sign. His foot deformities were similar to, but more se-
vere than those of patient 1 (Fig. 2C, D). Miosis was not
confirmed as the bilateral pupil diameter in a bright place
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was 3.0/3.0 mm, with a positive reaction to pupillary light
reflex. In addition to rheumatoid arthritis, he also had a his-
tory of hypertension, appendicitis, and Meniere’s disease.

Nerve conduction studies revealed that the right median
and ulnar MCVs were reduced to 10.6 m/s and 11.7 m/s,
and their amplitudes were 3.17 mV and 2.26 mV, respec-
tively. CMAP responses were not evoked in the right tibial
and peroneal nerves. Furthermore, SNAP responses were not
confirmed in the right median, ulnar, and sural nerves. Mild
scoliosis was observed on a thoracic X-ray image. The CSF
test and skeletal muscle CT imaging were not performed.
Lumbar spinal MRI showed prominent thickening of the
cauda equina with multiple disc herniations (Fig. 4D, E, F).
Contrast-enhanced lumbar spinal MRI was not performed.
After obtaining written informed consent from the patient, a
genetic analysis of the FGD4 gene was performed, and the
same homozygous missense mutation was found as in Pa-
tient 1 (Fig. 5).

Discussion

The FGD4 gene encoding protein, frabin, which functions
as a Rho guanosine diphosphate/guanosine triphosphate
(GTP) nucleotide exchange factor, specifically acts on Cdc
42, a member of the Rho family of small GTP-binding pro-
teins (4, 16, 17). Rho GTPases play an important role in
regulating the signal transduction pathways in eukaryotes to
control actin cytoskeleton changes during cell migration,
morphogenesis, polarization, and division (18). Delague et
al. reported that in embryonic rat spinal motoneurons and
rat RT4 schwannoma cells, the wild-type frabin colocalized
with F-actin in neurite tips and growth cones and induced
the formation of filopodia-like microspikes; the truncated
forms of frabin also co-localized with F-actin but induced
significantly fewer microspike formation than full-length
frabin (4). These results suggested that the truncated forms
of frabin are involved in a loss-of-function mechanism due
to the FGD4 gene mutation (4). Horn ef al. showed that
FGD4-knockout mice reproduced the electrophysiological
findings of demyelinating peripheral neuropathy (19).

CMTH4H is an autosomal recessively inherited demyelinat-
ing peripheral neuropathy caused by FGD4 gene mutations.
So far, at least 22 CMT4H families with FGD4 gene muta-
tions have been reported (4, 20-32). According to a review
of the previous CMT4H cases, it is clinically characterized
by early onset and slow progression, and most cases started
their symptoms before 5 years old, ranging from birth to 2
nd decade (4, 20-32). The severity of distal muscle weak-
ness, amyotrophy, and sensory involvement varies between
affected individuals. Foot deformities were confirmed in 23
out of 25 patients (92%) and scoliosis were found in 13 out
of 21 patients (62%) (4, 20-29, 31, 32). Spinal syringomye-
lia, pupil asymmetry, multiple cranial nerve involvement,
and cerebellar dysfunction have been reported in individual
patients (21, 26, 28, 30). Sural nerve biopsy was performed
in 9 CMT4H cases, and the unique pathological feature of

myelin outfoldings was confirmed in all cases. This patho-
logical finding has also been reported in CMT types 1B and
4B (33). There were no reports mentioning the results of the
CSF test.

The present sibling cases have a homozygous missense
¢.1730G>A mutation in the FGD4 gene, causing arginine to
glutamine substitution at codon 577 of the frabin protein.
This mutation has not been previously identified in Japanese
CMT4H cases (25, 30). Regarding the pathogenicity of this
mutation, while a segregation analysis in this family could
not be fully investigated, an identical mutation was reported
in a Chinese CMT4 patient. This patient was a 10-year-old
boy who began experiencing a weakness in the distal lower
limbs due to polyneuropathy, at 6 years of age. A genetic
analysis revealed that he carried heterozygous FGD4 gene
mutations, ¢.338A> G and c¢.1730G>A, which were trans-
mitted from his neurologically normal parents (29). The
¢.1730G>A mutation found in this boy indicates that this is
a pathogenic mutation for CMT4H. Another finding to sup-
port the pathogenesis of the c.1730G>A mutation was a
web-based prediction tool used to evaluate functional effects
stemming from a DNA variation, PolyPhen-2. This con-
firmed that this mutation would be “probably damaging” to
frabin protein function. Taken together, the c.1730G>A mu-
tation found in our sibling CMT cases can be considered a
disease-causing mutation.

An MRI finding of cauda equina thickening can be ob-
served in cases with demyelinating peripheral neuropathy. A
comparative MRI study focusing on the cauda equina, be-
tween CIDP and CMTIA, revealed that gadolinium en-
hancement of the cauda equina was seen in 11 of 16 CIDP
patients, but in none of the 6 CMTI1A patients, and nerve
root thickening was seen in 3 of 16 CIDP patients, but in
only 1 of the 6 CMTI1A patients (34). Another study on the
MRI findings of the cauda equina in seven CMT (type I, n=
5; type II, n=2) and three Dejerine-Sottas disease (DSD) pa-
tients, revealed that MRI of CMT patients showed intradural
nerve root thickening (n=2), signal abnormalities (n=2), and
gadolinium enhancement (n=3), and two of three DSD pa-
tients” MRI showed intradural nerve enhancement. However,
to date, there have been no previous reports of CMT4H
cases with cauda equina thickening (14).

A CSF test of patient 1 revealed mild elevation of protein
level. Although the level of CSF protein in CMT4H has not
been reported, it has been reported that CSF protein eleva-
tion may occur in CMT1A (35). CMT cases complicated by
autoimmune polyneuropathy had been reported, and these
overlapping cases typically showed acute or subacute dete-
rioration of symptoms (36). Immunotherapies including cor-
ticosteroids and/or intravenous immunoglobulin should be
considered if CMT cases showed acute or subacute deterio-
ration with nerve roots thickening and CSF protein eleva-
tion. Since acute or subacute deterioration had not been ob-
served in our cases, overlapping autoimmune polyneuropa-
thy was not supposed.

Patient 1 showed remarkable bilateral miosis, but Patient
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2 showed no pupil abnormality. They showed no evidence
of other autonomic dysfunction such as bladder dysfunction
or orthostatic hypotension. It is speculated that miosis could
be the hallmark of this disease, but the previous reports on
CMT4 cases had not reported miosis as a characteristic fea-
ture except for a finding of asymmetric pupils in one CMT4
case (21). According to the reports of pupil abnormalities in
CMTs, bilateral miosis was reported in a subset of CMT2B
cases with a MPZ mutation (37). At present, the association
between miosis and CMT4 is unclear.

In conclusion, we herein described the first sibling cases
of CMT4H, carrying a homozygous c.1730G>A missense
mutation in the FGD4 gene. In addition to previously re-
ported characteristics of CMT4H, such as early onset, slow
progression, distal muscle atrophy, scoliosis, and foot de-
formities, cauda equina thickening on MRI was observed in
both cases. Cauda equina thickening may be a characteristic
neuroradiological feature of CMT4H and thus warrants fur-
ther investigation in the clinical identification of CMT4H
cases.
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