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Hereditary scapular winging is an important clue for neuromuscular
differential diagnosis. We report a case of a family with a novel phenotype
of isolated scapular winging due to a mutation in Transient Receptor
Potential Vallinoid 4 (TRPV4). We believe this report may broaden the
differential diagnosis of patients with scapular winging. Phenotypes
associated with mutations in this gene have been previously described and

are known to vary markedly.  It  has  been   previously   reported   that
mutations in this gene are associated with Charcot Marie Tooth disease 2C
(CMT 2C), scapuloperoneal spinal muscular atrophy and congenital distal
spinal atrophy as well as various skeletal dysplasias. Associated features
include  hearing  loss,   vocal  cord  paresis  and  pes cavus.  To our
knowledge, this is the first reported case of isolated scapular winging
associated with TRPV4 mutation.
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CASE STUDY

Our patient is a 36-year-old woman with a past medical history of
Sjogren’s disease who presented to the neuromuscular clinic complaining
of muscle fasciculations and cramping. Of note, the patient did not
complain of weakness and was a gymnast as a child. The patient reported
that she was the product of a normal full term pregnancy and had no
developmental delays or complications. She has had muscle spasms and
cramps since childhood but denied any history of myoglobinuria. When
acquiring a family history it was discovered that she has a fourteen-year-
old son, father and sister with similar symptoms of spasms and cramping.

On neurological exam, her mental status and cranial nerve examination
were normal. Voice was normal. She reported right-sided hearing loss but
could hear finger rub on examination. She was noted to have normal motor
strength except for weakness of the bilateral rhomboids and serratus
anterior muscles. Motor examination revealed asymmetric, bilateral
scapular winging with rounded shoulders (Figure 1). Sensation was
normal. She was noted to have brisk reflexes throughout without clonus
and her plantar response was flexor. Gait and coordination were also
normal. There was no pes cavus.

An extensive work-up was then initiated including an electromyography
and nerve conduction study which showed an incidental, chronic, right
cervical radiculopathy at C7, as well as chronic neurogenic changes in the
right serratus anterior muscle. MRI cervical spine did reveal right, severe,
neuroforaminal stenosis at C7. A muscle biopsy of the right deltoid was
also performed which showed chronic denervation and reinnervation
process. Fascioscapulohumeral dystrophy testing was negative.

The patient elected to undergo whole exome sequencing. Genomic DNA
from the patient, affected relatives (father, sister and son) and unaffected
relatives (mother) were obtained from total blood samples. The Agilent
Clinical Research Exome kit was used to target exonic regions and
flanking splice junctions of the genome. These targeted regions were
sequenced simultaneously by massively parallel (NextGen) sequencing on
an Illumina HiSeq 2000 sequencing system. Capillary seuqncing or
another appropriate method was used to confirm all potentially pathogenic
variants identified in the patient and relative samples.

Whole exome testing revealed a heterozygous TRPV4 mutation, resulting
in a change in cytosine to thymine at position 956, which resulted in an
amino acid change from serine to Leucine (c.956C>T, p.Ser319 Leu). This
S319L variant in the TRPV4 gene has not been published as mutation. To

our knowledge, it has not been reported as a benign polymorphism.
Additionally, the NHLBI Exome Sequencing project did not observe that
variant at any significant frequency in 6500 individuals. Targeted genetic
testing of other family members showed the same mutations in the
patient’s sister, father and son, who were all reportedly symptomatic. The
unaffected mother did not have this variant. This was the only variant
found in our patient.

Due to distance, we were only able to examine the patient’s son. He was
17 at age of evaluation. He reported muscle soreness and fasciculatons. He
also reported right sided hearing loss, but neither he nor his mother
underwent formal assessment. On neurologic examination, he had normal
strength testing in all muscle groups except for significant weakness of
rhomboids (Figure 1A and 1B). Sensory and reflex examinations were
normal.

Figure 1: A: Serratus anterior activation in proband’s son; B:
Rhomboid activation in proband’s son; C: Serratus anterior activation
in proband; D: Serratus anterior activation in proband.
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DISCUSSION

TRPV4 encodes for a calcium-permeable channel expressed in various
tissues and cells. The TRPV4 protein consists of six transmembrane
domains. At the N-terminus, individual ankyrin repeats are comprised of
antiparallel helices followed by a finger loop. Neuropathy causing
mutations as well as our family’s mutation were identified in ankyrin
repeats 1 through 4. All previously identified neuropathy causing
mutations in the TRPV4 ankyrin repeat domains have involved arginine
residues [1-6]. The exact role of this calcium-permeable channel still
remains unclear [1,3,5-10).

In laboratory studies, TRPV4 knockout mice and mice expressing mutant
TRPV4 have not been able to fully recreate the human phenotypes
associated with mutations in this gene [11,12]. However, some key
features seen in humans (hearing impairment, skeletal dysplasia) were also
found in the TRPV4 mice models [11,12]. At this time, the precise
mechanism in which TRPV4 mutations affect the calcium channel is
unclear. One proposed hypothesis is that mutations in this protein lead to
increased probability of the calcium channel being open, as well as
increased sensitivity of the channel to agonists.

Mutations in this gene presents with a wide variety of phenotypes
[2,4,13]. The most widely reported conditions associated with this
mutation are CMT2C and scapuloperoneal spinal muscular atrophy
[2,4,6,13,14]. Skeletal dysplasias including brachyolmia, brachydactly and
arthrogryposis are also known manifestations of TRPV4 mutations [1,2].
There appears to be some overlap in the phenotypes of the patients with
neuropathy and those with skeletal dysplasias. Interestingly, some patients
with CMT2C are also found to have changes in the pelvis and upper leg
on radiographs [2,4,6].

Less well known features of TRPV4 mutations include vocal cord
paralysis, respiratory failure and sensorineural hearing loss [1,2]. Hearing
loss was also seen in the mouse TRPV knockout model, however, the
exact etiology has not been elucidated [12].

There is a wide variation of penetrance associated with these mutations
[1,2,6,13-18]. Individuals can be phenotypically normal. Others may die
early due to respiratory failure. [1,13-18]. These phenotypically normal
individuals have not been reported in the families with TRPV4 mutations
associated with skeletal dysplasias. The age of onset of symptoms also
vary widely with some patients presenting antenatally with arthrogryposis,
while others do not present until adulthood [1,14]. Given the incomplete
penetrance and phenotypic variability, we do believe that our case
illustrates a rare cause of isolated scapular winging that may broaden its
phenotypic spectrum.

Given the young age of both the proband and her son, we cannot exclude
the possibility that her symptoms may progress beyond isolated scapular
winging to involve other muscle groups. However, a 30 year plateau phase
of lack of clinically perceptible progression to other muscle groups has
never been reported, to our knowledge.
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