Neurology Asia 2023, 28(4) : 1069 — 1072

Centronuclear myopathy with a novel variant
(p-Asp646Tyr) in the DNM2 gene exhibits mild
clinical manifestations: A case report
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Abstract

Centronuclear myopathy (CNM) is one of the congenital myopathies characterized by centrally located
nuclei in the muscle fibers. Currently, more than 30 pathogenic variants in the dynamin 2 (DNM?2) genes
have been identified. Here, we describe a 63-year-old female who presented with slowly progressive
limb weakness with no facial weakness or ophthalmoplegia. Electromyographical myotonia without
clinical myotonia was noted. In the DNM?2 gene, whole-genome sequencing revealed the heterozygous
variant ¢.1936G>T (p.Asp646Tyr), which was not reported previously. Muscle pathology identified
many fibers with centrally located nuclei, with the predominance of type 1 fibers. Thus, the patient was
finally diagnosed with DNM?2-associated CNM with a novel pathogenic variant and with unusually mild

phenotype.
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INTRODUCTION

Centronuclear myopathy (CNM) is a group of
congenital myopathies characterized by centrally
located nuclei in the muscle fibers. Mutations
in the gene dynamin 2 (DNM?2) are the second
most common etiology of CNM with autosomal
dominant inheritance.' Gain-of-function research
in such mutations results in transverse tubule
and sarcoplasmic reticulum reduction, ultimately
decreasing muscle force.! Here, we describe a
pathogenically and genetically confirmed case of
CNM with a novel DNM2 mutation in a 63-year-
old female who presented with a mild phenotype
(lower-limb weakness).

CASE REPORT

A 63-year-old female proband, who was born
from nonconsanguineous parents, visited our
neurology department with slowly progressive
lower-limb weakness bilaterally for 3 years. She
denied having previously diagnosed diseases
or medications. Regarding family history, her
mother showed gait disturbance in her 40s but

died undiagnosed. The medical status of other
family members was undisclosed.

On neurological examination, she had a distal
dominant bilateral leg weakness. Using the
Medical Research Council grading system, we
graded her ankle dorsiflexion and plantarflexion
weakness as 3 and her right proximal leg
weakness as 4. The upper extremities remained
normal. Facial muscle weakness, including
ophthalmoplegia and ptosis, was not noted.
However, her deep tendon reflex was absent in
her lower extremities and reduced in the upper
extremities. Neither handgrip nor percussion
myotonia was observed.

Blood examination revealed normal serum
creatine kinase level (103 U/L, normal range:
0-192 U/L). Nerve conduction study (NCS)
showed reduced compound muscle action potential
amplitude in the bilateral lower extremities, with
normal sensory NCS findings. Electromyography
(EMG) detected myotonic discharges ubiquitously.
Motor unit action potentials were of short duration
and low amplitude, particularly in the right
tibialis anterior and first dorsal interosseous
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muscles. Moreover, computed tomography
showed severe fatty infiltration in the gluteus
maximus, posterior thigh, and entire part of the
lower extremities bilaterally. Considering the
electrophysiological findings, genetic analysis of
the myotonic dystrophy protein kinase (DMPK)
gene and Pompe disease was conducted to avoid
invasive procedure initially; however, the results
were negative.

We next conducted whole-genome sequencing,
which revealed the variant c.1936G>T
(p-Asp646Tyr, NM_001005361, NG_008792)
in DNM2 (Figure 1A). This variant has not been
reported in the genome aggregation database.
It was predicted to be “probably damaging”
with a score of 1.000 by polyPhen-2 and
“disease causing” with 0.999 probability by

Patient
L Ser | Met | Tyr | Pro | GIn |
T CCATGTATCT CTCTCTCAA
[ Ser | Met [ Asr [ Pro [ Gin |
T CCATGGATCTCTCTCTCAA
Species Match Alignment
Human E'D G ATQRENNISINE S MID; PLQILIEIR (QIVIIE SIIIRIN
mutated notconseved EDGAQ EN T FSMYPQLERQVETIR
P. troglodytes  all identical EDGAQEN T FSMPBIPQLERQVETIR
M. mulatta all identical EDGAQEN T FSMPJPQLERQVETIR
M. musculus  all identical EDGAQEN T FSMpPQLERQVETIR
T. rubripes. all identical SMPJPQLERQVETIR
D.rerio all identical EEAAP AD S FSMBJPQLERQVETIR
D. melanogaster all identical EEGQE Q KSASEES S SPJP QL ERQV
C.elegans all identical DESQQEME D TSIPIPQLERQVETIR
X.tropicalis all identical EE-TQEN T FSMPJPQLERQVETIR
\
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MutationTaster. Furthermore, the amino acid
residue at 646 in dynamin was preserved across
various species (Figure 1B).

After identifying the potential pathogenic
variant, we conducted pathologic analysis. In
light microscopy, the muscle biopsied from
left biceps brachii had increased fiber size
variation, with many fibers containing centrally
located nuclei in hematoxylin and eosin staining
(Figure 1C). Additionally, several fibers stained
with nicotinamide adenine dinucleotide tetrazolium
reductase showed radiating sarcoplasmic strands
(Figure 1D). In immunohistochemistry against
BA-DS5 antibody, type 1 fiber was predominant
and atrophied (Figure 1E).

Figure 1. Patient’s genetic analysis and muscle pathology results. (A) The Sanger sequencing chromatogram
reveals a nucleotide substitution from guanine to thymine at position 1936 of the dynamin 2 (DNM2)
gene (c.1936G>T, NM_001005361). (B) Asparagine at position 646 in the DNM2 protein is highly
conserved throughout the species. (C) Hematoxylin and eosin staining reveals many fibers with centrally
located nuclei. (D) Several fibers stained with nicotinamide adenine dinucleotide tetrazolium reductase
have radiating sarcoplasmic strands. (E) Immunohistochemistry against BA-D5 antibody shows strongly
stained type 1 fiber predominance and atrophy. Scale bar, 100 gm.
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DISCUSSION

According to the unique findings of EMG, typical
light microscopic features and final confirmation
by genetic analysis, the patient was diagnosed with
DNM?2-associated CNM. Concerning the clinical
severity of DNM?2-associated CNM, a recent
retrospective study summarized the phenotypic
spectrum.” The symptoms, which started before
childhood in 80% of patients, were mostly both
proximal and distal limb weakness. Furthermore,
over 90% of patients showed distal weakness.>*
Cranial dysfunctions and facial deformities,
namely, ptosis, eye movement abnormality, and
high arched palate, are also common.? Our patient
displayed distal bilateral limb weakness and
markedly late age of onset, but not respiratory
insufficiency, facial weakness, or deformity.
Therefore, our patient only had mild phenotypes,
which are uncommon in DNM2-associated CNM
cases.

EMG is valuable for myotonic discharge
assessment. Clinical myotonia is a unique
symptom in many myotonia-associated disorders,
including myotonic dystrophy, myotonia
congenita, paramyotonia congenita, and Schwartz—
Jampel syndrome, which are usually accompanied
with EMG myotonia.* However, EMG myotonia
without clinical myotonia can only be seen in rare
diseases, such as myofibrillary myopathy, CNM,
drug-induced myopathy, and Pompe disease’,
indicating a valuable sign for the differential
diagnosis.

Regarding genotype—phenotype correlation,
several pathogenic variants in DNM2 were
associated with more severe phenotypes.? Most
patients with a p.Phe372Ser, p.Ser619Leu,
p.-Ala618Asp, or p.Glu368Lys variant exhibit
a congenital or infantile onset and early
ambulation difficulty.? Patients with p.Phe372Ser
or p.Ser619Leu also need respiratory and
feeding assistance.? Conversely, patients with
p-Arg522His or p.Arg369Trp showed milder
severity.? Our patient harboring p.Asp646Tyr
revealed late age of onset, with no respiratory
or swallowing difficulties. Therefore, the protein
variant p.Asp646Tyr can be associated with
a milder phenotype in DNM2-related CNM.
Further research on patients with p.Asp646Tyr
is necessary to elucidate the correlation between
severity and genotype.

DNM?2 is a ubiquitously expressed GTPase
with high expression levels in the skeletal
muscles.® Located in T-tubules at development,
DNM2 is essential for membrane fission.'¢ Wild-

type DNM2 lowers the GTPase activity to stabilize
T-tubule-like structures.® In DNM2-associated
CNM, most of the pathogenic variants located in
the middle or pleckstrin-homology domains can
cause formation of abnormally stable polymers
and increase the GTPase activity though a gain-
of-function manner. This mechanism is supported
by in vivo and in vitro experiments. In cultured
cells with DNM?2 pathogenic variants, T-tubule-
like structures were fragmented’, while in the
body wall muscle of a fruit fly model with DNM?2
mutations, the T-tubule collapsed.?® Interestingly,
a higher GTPase activity in DNM2 pathogenic
variants correlates with increased fragmentation
of T-tubule-like structures and more severe
pathogenicity by vitro assay.® Therefore, T-tubule
disruption resulting in defective excitation—
contraction coupling, or abnormal membrane
fission may be involved in eliciting myotonia in
DNM2-associated CNM 310

Concerning treatment, reduction of gain-
of-function features in DNM2 has been tried
to diminish the GTPase activity. In addition,
gene slicing approaches, shRNA targeting
DNM2 mRNA, or antisense oligonucleotides
against DNM2 mRNA were positively effective
in a DNM2 mouse model."! Tamoxifen also
demonstrated positive effects not only on muscle
power but also histologic findings in both DNM?2
and BINI mouse models through DNM2 level
regulation.!? Presently, a clinical trial of the
antisense medication DYN101 (NCT04033159)
for DNM?2-related CNM is ongoing.

In conclusion, physicians may consider
Pompe disease, a treatable disorder, as a possible
diagnosis for patients showing EMG myotonia
without clinical myotonia. If the result for
Pompe disease is negative, DNM2-related CNM
should be included in the differential diagnosis
of EMG myotonia. Further study is needed in
DNM?2-associated CNM in order to establish the
phenotype—genotype correlation.
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