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Clinical Reasoning:
A 30-year-old man with progressive
weakness and atrophy

SECTION 1

A 30-year-old man who recently immigrated from
Liberia was admitted to the neurology service for dif-
fuse weakness. He reported 7 years of painless pro-
gressive weakness and atrophy. He noted that his
legs began to get weak first, which manifested as dif-
ficulty keeping up with his peers while playing soccer.
This progressively worsened until he had great diffi-
culty walking and arising from a seated position.
A few years after the onset of leg weakness, he devel-
oped arm weakness. He denied sensory loss. He had
some back pain but no limb pain. He denied fascicu-
lations, cramping, or constitutional symptoms. He
was not on medications and denied any toxic expo-
sures. His parents were physically normal but were
first cousins. He had 2 children, ages 2 and 4 years,
who were physically normal.

On examination, there was severe muscle atrophy
(figure, A), most pronounced in the thighs and
humeral region. The middle deltoid and the intrinsic
hand muscles were spared. Medical Research Council
grade strength was as follows: 4/5 in the proximal
arms, elbow, and forearm muscles, 5/5 in the hand
intrinsics, and 2/5 in the hip flexors, extensors,
adductors and abductors, quadriceps, foot dorsiflexors,

and plantar flexion. There was no scapular winging,
facial weakness, or neck flexors or extensors weakness.
He had no contractures. His reflexes were normal in
the arms and absent in the legs. He was unable to
stand up without assistance. He walked with a cane
with a Trendelenburg gait with circumduction of both
legs and bilateral foot drop. His sensory examination
was normal.

His serum creatine kinase (CK) level was elevated
between 4,000s and 6,000s IU/L. HIV testing was
negative. PPD (purified protein derivative) testing
was positive, but further testing revealed only latent
TB infection. He underwent nerve conduction stud-
ies and needle EMG. Nerve conduction studies were
normal. The needle examination revealed fibrillation
potentials in multiple proximal and distal muscles of
the right arm and leg. Motor unit potentials had small
amplitudes, short duration, and polyphasic morphol-
ogy with increased recruitment.

Questions for consideration:

1. Based on these findings, what is your differential
diagnosis?

2. What testing would you perform to clarify the
diagnosis?
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Figure Clinical image and muscle biopsy

Severe atrophy of the humeral and thigh regions with relative sparing of the hands and middle deltoid muscles (A). Hema-
toxylin & eosin–stained cryosection demonstrates wide variation in muscle fiber diameters and active myonecrosis (B).
Dysferlin immunofluorescence staining compares normal control muscle (C, E, G) to the patient (D, F, H); the antibodies used
were Hamlet (C, D), Hamlet 2 (E, F), and Romeo (G, H). Dysferlin and calpain-3 Western blotting (I) contrasts a normal control
muscle and our patient. Adjacent lanes of control or patient muscle homogenates contain increasing amounts of total
protein. The Ponceau S–stained membrane (lower right corner) shows the relative loading of each lane. In our patient,
dysferlin is virtually absent while calpain-3 appears normal. The antibodies used for Western blotting were Hamlet (anti-
dysferlin) and 12A2 (anti–calpain-3). The size bar in panel A is 50 mm; the size bar in panel G is 100 mm and applies to all of
the immunofluorescence images.
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SECTION 2

The history, neurologic examination, elevated CKs,
and EMG are consistent with a myopathy. This myop-
athy could be either acquired or inherited. Exposure to
toxins and infectious diseases were essentially excluded
by the medical history and laboratory testing and will
not be discussed in detail here. The differential is hence
narrowed to autoimmune vs inherited myopathies.

In general, patients with inflammatory myopathies
have proximal more than distal arm and leg weakness;
an exception in older individuals is inclusion body
myositis, which is typically asymmetric and affects the
quadriceps and flexors of the fingers and wrists. Our
patient has predominantly lower extremities weakness,
which is symmetric and affects both distal and proximal
muscles. This pattern, combined with the severity of
his atrophy and the duration of his symptoms, reduces
the likelihood of an inflammatory myopathy.

Inherited myopathies include congenital myopa-
thies, metabolic myopathies, myotonic disorders,
and muscular dystrophies. The onset of symptoms
in his 20s along with the severity of his atrophy and
the absence of myotonia or exercise intolerance makes
a muscular dystrophy most likely. The consanguinity
of his parents raises suspicion for an autosomal reces-
sive muscular dystrophy but does not exclude the pos-
sibility of a de novo autosomal dominant dystrophy.

The degree of CK elevation may also be helpful.
Certain muscular dystrophies are associated with more
profound CK elevations including dystrophinopathies
(Duchenne and Becker muscular dystrophies), limb-
girdle muscular dystrophy (LGMD) 1C (caveolin-3),
LGMD 2A (calpain-3), LGMD 2B (dysferlin),
LGMD 2I (FKRP), and LGMD 2L (anoctamin 5).1

Specific patterns of weakness, particularly in the
earlier stages of disease, can be helpful in distinguish-
ing different muscular dystrophies. Examples of help-
ful patterns are listed in table e-1 at Neurology.org.1

Certain muscular dystrophies may share a common
genetic basis but present with very different patterns
of weakness. Specific examples include dysferlin
(DYSF) and anoctamin 5 (ANO5) gene mutations,
which may present with either an LGMD pattern
(LGMD 2B or 2L, respectively) or distal leg weakness
(Miyoshi myopathy type 1 or 3, respectively).

This patient’s pattern of weakness appears to best
fit distal leg, proximal arm pattern, though admittedly
his weakness extends proximally in the legs and spares
his scapular region. The differential is broad and would
include facioscapulohumeral dystrophy (FSHD),

scapuloperoneal muscular dystrophy, Emery-Dreifuss
muscular dystrophy, Pompe disease, LGMD 1B
(lamin A/C), LGMD 2A (calpain-3), LGMD 2B (dys-
ferlin), LGMD 2C–F (sarcoglycans), LGMD 2I
(FKRP-dystroglycanopathy) LGMD 2L (ANO5),
and Becker muscular dystrophy. FSHD is unlikely
given the absence of facial weakness. The absence of
scapular winging makes FSHD, scapuloperoneal and
calpainopathy muscular dystrophies less likely. Patients
with Emery-Dreifuss muscular dystrophy (X-linked
and LMNA dominant forms) often present with early
contractures not present in this patient. Pompe disease
often involves some level of respiratory muscle disease,
which does not appear here. There is no history or
evidence of calf hypertrophy, which is often seen in
dystrophinopathies (Becker muscular dystrophy), dys-
troglycanopathies (e.g., LGMD 2I), and sarcoglycano-
pathies (LGMD 2C–F).

Based on the patient’s history, CK, and clinical
examination, he most likely has LGMD 2B or
LGMD 2L, though many of the possible diagnoses
discussed cannot be completely excluded without
additional testing.

A muscle biopsy of the left deltoid was performed
(figure, B). This revealed wide variation in size and shape
of muscle fibers with extensive myonecrosis and regen-
eration. Many fibers had internalized nuclei. There was
a mild degree of lymphocytic endomysial and perimy-
sial, perivascular inflammation (not shown). Immuno-
peroxidase staining revealed a reduction in dysferlin and
sarcolemmal upregulation of utrophin in many fibers.
Dystrophin staining (carboxy terminus, rod domain,
and amino terminus) was normal. These findings are
suggestive of a muscular dystrophy and the immunohis-
tochemical findings suggested a dysferlinopathy; how-
ever, dysferlin staining can be difficult to interpret and
reduced dysferlin can be seen in other muscular dystro-
phies such as caveolinopathies or calpainopathies.2

A next-generation sequencing (NGS) panel was
performed (Medical Neurogenetics, Atlanta, GA). This
revealed a heterozygous pathogenic mutation in the
SCGA gene (c.574C.T, p.Arg192Ter, reference
GRCH37; dbSNP rs387907298) along with a homo-
zygous variant of undetermined significance (VUS) in
theDYSF gene (c.3167G.A, pArg1056Gln, reference
GRCH37; dbSNP rs150877497). The VUS in the
DYSF gene has not been described in disease popula-
tions, but is present with very low frequency (0.0001)
in the ExAC database (Exome Aggregation Consor-
tium, Cambridge, MA).3
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SECTION 3

Questions for consideration:

1. Based on prior testing and NGS findings, what is
the most likely cause of the patient’s muscular
dystrophy?

2. How could the presence of a VUS be more clearly
determined to be pathogenic in this patient?

The patient is a carrier of a pathologica-sarcoglycan
mutation. The sarcoglycanopathies are autosomal
recessive and therefore the presence of a single muta-
tion is insufficient to cause disease. However, a deletion
in the other SCGA allele was not excluded. Dysferlino-
pathies are also autosomal recessive but the patient has
the same VUS on both alleles of the gene producing
dysferlin. This makes a dysferlinopathy more likely;
however, as this variant has not been described in
patients with muscular dystrophy, a causal link is not
established.

The patient’s muscle biopsy was further evaluated
by immunofluorescence, demonstrating normal sar-
coglycan staining (not shown) and an absence of
dysferlin staining with 3 different anti-dysferlin anti-
bodies (figure, C–H). Hamlet, Hamlet 2, and Romeo
antibodies bind to different epitopes of the dysferlin
protein. A Western blot using Hamlet confirmed the
nearly complete absence of dysferlin in the patient’s
muscle (figure, I).

DISCUSSION This patient has a dysferlinopathy
causing severe, diffuse muscle weakness and atrophy.

Dysferlinopathies are autosomal recessive myopa-
thies caused by mutations in the DYSF gene.4 The
clinical presentation is notably varied including an
LGMD 2B presentation, early involvement of the
medial calf muscle (Miyoshi myopathy), or a combi-
nation of proximal and distal weakness. The pheno-
type may also evolve with progression of disease. The
age at onset is also variable, with most patients pre-
senting in the second or third decade. Congenital
muscular dystrophy due to dysferlin mutations has
also been described.5,6 CK levels are typically quite
elevated. A study of patients in France revealed a mean
elevation approximately 20 times normal CK levels.7

NGS is a useful tool in the diagnosis of muscular
dystrophy as many LGMDs have overlapping clinical
presentations. When considering NGS, one should
keep in mind that 2 of the most common muscular
dystrophies (FSHD1 and myotonic dystrophy
[DM1]) are not amenable to this diagnostic technol-
ogy. In addition, when sequencing a large number of

genes, it is common to identify VUS. In autosomal
recessive diseases, variants are often more easily dis-
missed as they are frequently heterozygous. However,
in both autosomal dominant and recessive diseases,
the presence of a variant should be considered clini-
cally interesting but not definitive without further
studies such as familial segregation studies or bioas-
says in the patient or an animal model.

In this patient, a homozygous VUS was seen in the
dysferlin gene. Of note, his clinical phenotype fits
a dysferlinopathy. His muscle biopsy revealed the
absence of dysferlin in muscle cells. These findings
confirm the pathogenicity of his novel, homozygous
DYSF mutation.
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