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Abstract
Background: Myo�brillar myopathies (MFMs) are a genetically heterogeneous group of muscle disorders.
Mutations in the �lamin C gene (FLNC) have previously been identi�ed in patients with MFM. The
phenotypes of FLNC-related MFM are heterogeneous. Case presentation: The patient was a 37-year-old
male who �rst experienced weakness in the distal muscles of his hand, which eventually spread to the
lower limbs and proximal muscles. Serum creatine kinase levels were moderately elevated. Obvious
neuropathic changes in the electromyographic exam and edema changes in lower distal limb magnetic
resonance imaging were observed. Histopathological examination revealed the presence of abnormal
protein aggregates and angular atrophy in some muscle �bers. Ultrastructural analysis showed inordinate
myo�brillar structures and dissolved myo�laments. DNA sequencing analysis detected a heterozygous
missense mutation (c.7123G>A, p.V2375I) in the immunoglobulin (Ig)-like domain 21 of FLNC.
Conclusions: FLNC mutation c.7123G>A, p.V2375I in the immunoglobulin (Ig)-like domain 21 can be
associated with distal myopathy with typical MFM features and lower motor neuron syndrome. Although
electromyographic examination of our patient showed obvious neuropathic changes, MFM could not be
excluded. Therefore, genetic testing is necessary to make an accurate diagnosis.

Background
Myo�brillar myopathies (MFMs) are a type of inherited muscular disease with variable clinical
presentations. The pathological characteristics include focal dissolution of myo�brils and abnormal
accumulation of degradation proteins. Mutations in several genes have been associated with MFM,
including DES, CRYAB, MYOT, LDBS,and FLNC, which encode Z-disk proteins. [1]

Filamin C (FLNC) is an actin cross-linking protein that provides structure to the sarcomere. It is one of the
largest Z-disk proteins in cardiac and skeletal muscle, comprising 2,725 amino acids. It also localizes to
the sarcolemma, where it connects muscle cells to the extracellular matrix and is involved in related
signaling pathways.[2] The first FLNC-related myopathy was described in 2005 when a nonsense
mutation (c.G8130A, p.W2710X) in the FLNC immunoglobulin (Ig)-like domain 7 was shown to be
causative of disease in a large German family. The patients in this family had muscle weakness of a
predominantly limb-girdle distribution and typical MFM features on muscle biopsy.[3,4] However, the
phenotypes of FLNC-related MFM are heterogeneous. Some patients with mutations in the actin-binding
domains or Ig-like domain 15 present with weakness in their distal muscles and show no cardiomyopathy
or typical pathology. Other patients have peripheral nerve damage, ataxia, and cerebellar atrophy.[5]

Lower motor neuron (LMN) syndrome affects anterior horn cells or peripheral motor nerves. Patients may
have focal muscle atrophy, weakness, fasciculations, and hypore�exia, but no sensory problems. This
syndrome is seen in some hereditary muscular diseases such as spinal muscular atrophy (SMA) and
some degenerative diseases.[6] However, there are no reports of FLNC-related myopathy associated with
LMN syndrome. Here, we describe the clinical, histological, and muscle magnetic resonance imaging
(MRI) data of a Chinese patient with a complex phenotype characterized by pathologically con�rmed
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MFM associated with LMN syndrome. The molecular culprit in this case was a 7123G>A, p.V2375I FLNC
mutation.

Case Presentation
The patient was a 37-year-old male from a non-consanguineous Chinese family. Since the age of 35, he
had experienced progressive weakness of his hands and a reduction of grip strength, especially in his
right hand. Six months later, muscle atrophy and muscle �brillation were noticed in his hands, and he was
unable to hold things or to write. One year later, he experienced weakness in his lower extremities with no
sensory disturbance. He currently experiences di�culty in climbing the stairs and standing up from a
squatting position, is unable to lift his foot upward, and trips over easily. Physical examination revealed
that the cranial nerves were normal, and that orolingual fasciculations and atrophy were absent. The neck
�exion strength was 5 (MRC muscle scale, grades 0–5). The muscle strength of both sides of the body
was as follows: triceps and biceps 3/3, forearm �exors 2/2, intrinsic hand muscles 1/1, iliopsoas
muscles 4/4, quadriceps muscles 3/3, tibialis anterior and gastrocnemius muscles 2/2. Deep tendon
re�exes were absent. There was no sensory abnormality or coordination di�culty of any of the limbs.
Atrophy was seen in most of the muscles, especially the interosseous muscles of the hands, bilateral
gastrocnemius and anterior tibial muscles (Fig. 1). Muscle �brillation was observed in the biceps and
quadriceps muscles.

The patient’s serum level of creatine kinase was 668 U/L (normal range, 50–310 U/L). Extractable nuclear
antigens were negative, and serum sex hormone levels were normal. Peripheral neuropathy antibodies
such as GM1-antibody and GQ1b-antibody were also negative, and there was no albuminocytological
dissociation of his cerebrospinal �uid. The nerve conduction velocity revealed severe reduction in
compound muscle action potential (CMAP) amplitudes and motor conduction velocities in bilateral
median nerves, ulnar nerves, and radial nerves, while the sensory conduction was normal. Right ulnar
nerve F-waves were absent. Chronic denervation/reinnervation (e.g., motor unit action potentials of
increased amplitude and duration, with reduced inference patterns) was observed in three regions on the
electromyogram (EMG), including the bilateral extremities and sternocleidomastoid muscles. And
spontaneous activity (positive sharp waves) was recorded from these muscles. Echocardiography and
electrocardiogram evaluations did not detect any cardiac abnormalities. Lower limb muscle MRI showed
marked involvement of the gastrocnemius muscle at the calf level. There was a strongly increased signal
intensity in turbo inversion recovery magnitude (TIRM) sequences, indicating muscular edema. A mild
increase in the signal intensity of soleus and tibialis anterior muscles was observed in the T2 sequence,
indicating fat replacement (Fig. 2A and B). At the proximal leg level, slight fatty degeneration was
detected in the posterior compartment, such as the semimembranosus and semitendinosus muscles (Fig.
2C and D).

After providing written consent, a skeletal muscle biopsy was taken from the patient’s gastrocnemius
muscle, precooled with isopentane, and frozen in liquid nitrogen. Frozen sections of 8 μm were then
prepared and examined by light microscopy. A marked variation in �ber size was observed, with many
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angular atrophic �bers. Some �bers also showed structural changes with abnormal material deposits
after staining with hematoxylin–eosin (Fig. 3A). On Gomori trichrome-stained sections, these abnormal
deposits appeared as purple inclusions. They varied in size, shape, and thickness, and were either single
or multiple (Fig. 3B). In the NADH-tetrazolium reductase reaction, oxidative activity was reduced in �brous
areas occupied by the inclusions, showing core-like lesions (Fig. 3C). Neurogenic changes, such as the
grouping of angular atrophic �bers, were also present. Immunohistochemical analysis showed prominent
FLNC immunoreactive deposits accumulating at subsarcolemmal and sarcoplasmic levels (Fig. 3D).
Electron microscopy of the available transverse sections showed an inordinate myo�brillar structure and
dissolved myo�laments. Subsarcolemmal accumulations of lipofuscin were also present (Fig. 3E).

Next-generation sequencing identi�ed a heterozygous missense mutation (c.7123G>A, p.V2375I) in the Ig-
like domain 21 of FLNC (Fig. 4A and B).Con�rmation of the variant was undertaken by Sanger
sequencing using an ABI 3730XL DNA Sequencer (Applied Biosystems, Thermo Fisher Scienti�c,
USA).The mutation was absent in the DNA of 100 healthy unrelated controls, and the allele frequency in
the Asian population is zero according to the Exome Aggregation Consortium
(http://exac.broadinstitute.org/). The p.V2375I missense mutation affects valine at position 2375, which
is highly conserved from mice to humans (Fig. 4C). To exclude other hereditary diseases similar to LMN
disease, we also tested for mutations in the genes disrupted in SMAs and the androgen receptor gene, but
none were found. Since the patient had no immediate family members and loses contact with other
family members, further co-segregation analyses among the family cannot be conducted.

Discussion And Conclusions
MFMs are rare, inherited or sporadic, progressive and genetically heterogeneous disorders.[7] They are
de�ned morphologically by the presence of foci of myo�bril dissolution that begin at the Z-disk, an
accumulation of myo�brillar degradation products, and the ectopic expression of a large number of
proteins including desmin, dystrophin, and ubiquitin. MFM subtypes are designated according to the
affected protein, such as desminopathy, aB-crystallinopathy, Bag3opathy, or �laminopathy.[8] MFM
subgroup frequencies vary depending on the cohort, with �laminopathy accounting for around 4% of all
MFM patients according to the Mayo clinic cohort.[9]

Filaminopathy is caused by FLNC mutations. Patients with mutations in the FLNC Ig-like domain usually
present with weakness in limb-girdle muscles, and typical histological characteristics include focal
disintegration of myo�brils and the aggregation of sarcoplasmic proteins in muscle biopsies.[3,10]
Another MFM type is caused by missense mutations in the actin binding domain of FLNC, which leads to
increased actin binding a�nity. These patients were described as having a distal myopathy without
typical pathological features of MFMs. A frameshift mutation in the Ig-like domain, resulting in
haploinsu�ciency in FLNC, was also shown to be causative of distal myopathy.[11-12]

Patients presenting with distal �laminopathy usually onset at the age of 30–40 years. The most common
onset symptom is weakness of the upper limbs, with distal extensors typically more severely affected
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than �exor muscles. Atrophy is seen mostly in interosseus muscles, especially the �rst dorsal, and
asymmetry is noted in about one-third of patients.[13-14] Our patient shared the same characteristics. A
previously reported Australian family including nine affected individuals with distal �laminopathy
showed slow progression of muscle weakness. Lower extremities were affected around 10 years after
disease onset. Progression to the proximal muscles was evident in the �fth decade of life and patients
usually required a stick for walking during their sixth decade.[11] Our patient showed a more severe
clinical pattern. His lower extremities were affected around 6 months after disease onset, and his
ambulation is currently limited. This may have been caused not only by muscular lesions, but also by the
involvement of peripheral nerves and motor neurons in the spinal cord that presented as LMN syndromes.

LMN syndromes are clinically characterized by muscle atrophy, weakness, and hypore�exia without
sensory involvement. They may arise from disease processes affecting the anterior horn cell or the motor
axon and/or its surrounding myelin. Neurophysiological analysis may help support their diagnosis.[7,15]
Our patient’s nerve conduction velocity revealed obviously diminished CMAP amplitudes in the motor
nerves, and absent right ulnar nerve F-waves. The presence of chronic denervation was con�rmed by long
duration, large amplitude, and decreased motor unit recruitment on the EMG. This was observed in the
cervical, thoracic, and lumbosacral spinal cord regions, which may indicate that the roots and branches
of peripheral nerves, even motor neurons, were damaged. Such neurophysiological �ndings have not
been reported in previous cases of distal �laminopathy, which mainly showed decreased CMAP
amplitudes and a myogenic pattern on EMG. Only one patient with distal �laminopathy had mixed
myogenic and neurogenic changes in the anterior tibial muscle.[11,13-14] While obvious neuropathic
changes on EMG can be observed in MFM patients, genetic testing is nevertheless important to help
make a correct diagnosis.

LMN syndromes can be hereditary, sporadic, or immune-mediated, and include multifocal motor
neuropathy, chronic in�ammatory demyelinating polyneuropathy, SMAs, Kennedy’s disease, distal
hereditary motor neuropathies, and motor neuron disease.[6,15] To carry out a differential diagnosis in
our patient, we tested for the presence of peripheral neuropathy antibodies, SMA genes, and the androgen
receptor gene, but all were negative. Therefore, we suggest that his LMN syndrome is associated with a
FLNC mutation.

Peripheral nerve involvement has been reported in some MFM patients, including those with
desminopathy and ZASPopathy. Moreover, axonal spheroidal formations in the spinal cord and spinal
roots that were immunoreactive for neuro�laments were detected in a postmortem of a desminopathy
patient.[1,16] In a German �laminopathy cohort, a muscle biopsy of a patient with hyperesthesia
indicated neurogenic changes although nerve conduction velocities were normal.[4] From our current
investigation, we suggest that the peripheral nervous system and even the spinal cord could be involved
in �laminopathy, with some patients showing a more severe clinical pattern. However, details of the
pathological changes and underlying mechanism of �laminopathy should be con�rmed by additional
studies such as nerve biopsies.
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The MRI of our patient disclosed a markedly increased signal intensity in the bilateral gastrocnemius
muscles in TIRM sequences, while only a minor increase was seen in T2 sequences. This suggested that
the affected muscles had edema, and that they had deteriorated rapidly. Patients in other studies with
longer term courses and slower progress had markedly increased signal intensities in T2, consistent with
fat replacement and lack of hyperintensity on TIRM sequences indicating an absence of muscular
edema. The distribution of affected muscles in our patient was typical. Muscle imaging of �laminopathy
often shows a homogenous pattern of muscle involvement. In patients with proximal muscle weakness,
the involvement of the vastus intermedius and medialis, adductor magnus, and semimembranosus and
biceps femoris muscles is more pronounced. The tibialis anterior muscles, as well as the gastrocnemius
and soleus muscles, are usually involved in patients with distal muscle weakness.[3-4,10-13,17]

FLNC is located on chromosome 7q32-q35 and contains 48 coding exons. Mutation c.7123G>A, p.V2375I
in our patient is in the 21st Ig-like domain. Most patients with mutations in FLNC Ig-like domains present
with weakness in their proximal muscles and have typical protein aggregation in muscle biopsies, while
those with mutations in actin-binding domains present with distal myopathy without typical pathological
changes on histopathological examination.[13-14] However, our patient showed the opposite
presentation. Despite carrying a mutation in the Ig-like domain, he showed distal myopathy and had
typical protein aggregation on muscle biopsy with the presence of large inclusions in the muscle �bers.
This suggests that mutations in actin-binding and Ig-like domains cause overlapping clinical symptoms
and histopathological changes, but the relationship between genotype and phenotype remains unclear
and may be affected by as yet unknown genetic and environmental causes.[12]

In conclusion, we report a middle-aged Chinese male with a heterozygous missense mutation
(c.7123G>A, p.V2375I) in the Ig-like domain 21 of FLNC. He showed distal myopathy and lower motor
neuron syndrome with a more severe clinical pattern than other reported cases. Obvious muscle edema
could be observed on MRI, and typical protein aggregation presented in the pathological study. Our study
not only expands the clinical spectrum of �laminopathies, but also extends the histopathologic and
genetic heterogeneity of hereditary distal myopathies and lower motor neuron syndromes. Nevertheless,
underlying mechanisms and the relationship between the phenotype and genotype need further study.
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Figures

Figure 1

Clinical pattern of the patient. Distal limb weakness affecting both upper and lower extremities, with
conspicuous muscle atrophy were seen (A: gastrocnemius and anterior tibial muscles, B: interosseus
muscles of the hand)
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Figure 2

Transverse T2-weighted and TIRM sequence muscle magnetic resonance images. A slightly increased
signal was detected in the posterior compartment of the thigh, in the semimembranosus and
semitendinosus muscles (A: T2-weighted, B: TIRM). A highly increased signal intensity in TIRM
sequences was detected at the level of the lower leg, indicating obvious muscular edema (D). A mild
increase in the signal intensity was observed in the T2 sequence of soleus and tibialis anterior muscles,
indicating fat replacement (C)

Figure 3

Histopathological examination of the skeletal muscles. A: HE staining showing muscle �bers of variable
sizes, abnormal material deposits (white arrow), and angular atrophic �bers (red arrow). B: MGT staining
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showing purple myo�brillary inclusions. C: NADH-TR staining showing reduced oxidative enzyme
activities in some �bers, visible as core-like lesions (red arrow). D: Immunohistochemistry staining with
an anti-FLNC antibody revealing immunoreactive deposits at both subsarcolemmal and sarcoplasmic
levels. E: Ultrastructural analysis of a muscle �ber showing myo�brillar disorganization (arrows) and
submuscular lipofuscin deposition (star). Magni�cation,  5,000

Figure 4

Molecular consequences of the FLNC c.7123G>A, p.V2375I mutation. The mutation is located in the 21st
Ig-like repeated domain (A). DNA sequencing analysis showed a heterozygous missense mutation
(c.7123G>A) in FLNC (red arrows). Partial amino acid sequence alignment of the 21st Ig-like repeat
domain of �lamin proteins from various species
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