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Abstract

GNE myopathy is a rare autosomal recessive muscle disease caused by mutations in GNE, the
gene encoding the rate-limiting enzyme in sialic acid biosynthesis. GNE myopathy usually
manifests in early adulthood with distal myopathy that progresses slowly and symmetrically, first
involving distal muscles of the lower extremities, followed by proximal muscles with relative
sparing of the quadriceps. Upper extremities are typically affected later in the disease. We report a
patient with GNE myopathy who presented with asymmetric hand weakness. He had considerably
decreased left grip strength, atrophy of the left anterior forearm and fibro-fatty tissue replacement
of left forearm flexor muscles on T1-weighted magnetic resonance imaging. The patient was an
endoscopist and thus the asymmetric hand involvement may be associated with left hand overuse
in daily repetitive pinching and gripping movements, highlighting the possible impact of
environmental factors on the progression of genetic muscle conditions.
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Introduction

GNE myopathy results from biallelic mutations in GNE, which encodes the rate-limiting,
bifunctional enzyme in the sialic acid biosynthetic pathway [1]. This panethnic disorder has
an estimated prevalence of ~4-21/1,000,000 worldwide [2], and of 1:1500 in the Iranian
Jewish population [1]. The disease has been previously referred to as Hereditary Inclusion
Body Myopathy (HIBM), Inclusion Body Myopathy 2 (IBM2; OMIM 600737), Distal
Myopathy with Rimmed Vacuoles (DMRV) or Nonaka Myopathy (OMIM 605820) [3].

GNE myopathy usually manifests in early adulthood with foot drop secondary to anterior
tibialis muscle weakness [4]. The disease typically begins with symmetric, distal lower
extremity weakness and atrophy, which slowly progresses to involve proximal muscles, with
relative sparing of the quadriceps [5]. Upper extremity involvement appears approximately
10 years after the onset of symptoms and typically presents with grip weakness [6]. Hand
involvement has been previously described in GNE myopathy as atrophy of interosseus and
thenar muscles [7, 8] and finger flexors [9]. Muscle pathology is characterized by ‘rimmed’
vacuoles evident on Gomori trichrome staining, fiber size variation, and typically a lack of
inflammation [10]. Muscle magnetic resonance imaging (MRI) of patients with GNE
myopathy is characterized by T2-weighted short tau inversion recovery (STIR)
hyperintensity of affected muscles in early stages, followed by fatty-fibrous replacement on
T1-weighted imaging [11]. The diagnosis is confirmed by identification of biallelic GNE
gene mutations [2]. The diagnosis of GNE myopathy can be challenging because of the
disorder’s rarity [10], and can become more difficult in patients with an atypical
presentation. Phenotypic variability in GNE myopathy has been observed even among
members of the same family [12], and genetic and environmental factors are thought to play
a role in the different rates of progression among patients.

We report the case of a patient with GNE myopathy with an atypical presentation of
unilateral hand weakness.

Case Report

Presentation and diagnosis

A right-handed male patient of Indian ethnicity presented at 27 years of age with progressive
left hand weakness impacting his activities of daily living. Although he performed activities
of daily living predominantly with his right hand, his profession involved performing 12-15
endoscopy procedures per day, which requires repetitive pinching and gripping movements,
with preferential use of the left hand. He described muscle pain and fatigue of the left hand
after prolonged use and eventually the inability to perform endoscopy procedures, due to
pain and weakness. He also noted left hand weakness while lifting weights, progressing
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from being able to lift 27 kg to only 9 kg a year later. During his initial evaluation at 29
years of age, he denied numbness, tingling, difficulties swallowing or symptoms of lower
extremity, pharyngeal or respiratory weakness. On examination, he had left grip and finger
abduction weakness and atrophy of left hand, wrist and forearm. Grip strength was
considerably lower on the left (6.8 kg) when compared to the right (20.4 kg). He had normal
gait and strength of lower extremities was preserved. Cervical MRI was normal. There was
no electrophysiologic evidence of a co-existing cervical radiculopathy or mononeuropathy
to otherwise explain the left hand weakness, specifically nerve conduction studies showed
normal left median-D2, ulnar-D5 and radial sensory nerve action potentials and normal left
median-Abductor Pollicis Brevis and ulnar-Abductor Digiti Minimi compound action
potentials. Electromyogram showed evidence of myopathy, distal more than proximal, with
increased insertional activity, fibrillation and positive sharp waves in several flexor muscles
more than extensors. Creatine kinase was elevated at 1053 U/L (normal range: 52-386 U/L).
A muscle biopsy of the left biceps was characteristic of GNE myopathy (Figure 1). Genetic
testing revealed two mutations in GNE, a previously unreported nonsense mutation in the
epimerase domain (p.R160X), and a missense mutation in the kinase domain (p.V727M),
previously described in patients of Indian ethnicity [1]. Mutations in this report are named
according to current nomenclature [13].

Follow-up Evaluation

The patient was subsequently evaluated at 30 years of age under NIH clinical protocol 11-
HG-0218 “A Natural History Study of Patients with GNE myopathy” (ClinicalTrials
identifier: NCT01417533). This study was approved by the NHGRI Institutional Review
Board. The patient signed a written informed consent to participate in the study, including
consent for reproduction of images. Since the onset of symptoms, three years before his
evaluation at the NIH, left hand weakness had progressed, causing difficulties with
buttoning shirts, opening jars, and grasping objects with the left hand. He described no
symptoms of lower extremity weakness, no difficulties with walking or changes in gait.

Physical Examination—Examination revealed asymmetric weakness and atrophy of the
distal upper extremities, more on the left than right, affecting mainly the first dorsal
interosseus, hypothenar and forearm flexor muscles (Figure 2A, 2B). Strength was 4/5 for
bilateral wrist flexors, finger abductors and abductor digiti minimi and the left finger
adductors. In the lower extremities, there was questionable ankle dorsiflexion weakness
(4+/5) bilaterally. Strength of other lower extremity muscles was 5/5. Gait, including toe and
heel walking, was normal. His 6-minute walk distance was 664 meters, which is normal for
his age and gender [14].

The creatine kinase was 1152 U/L (normal, 52-386 U/L), alanine aminotransferase was 67
(6-41 U/L), and other liver function tests, chemistries and complete blood counts were
normal. ECG, echocardiogram and pulmonary function tests were also normal.

MRI—T1-weighted muscle MRI imaging of the upper extremities showed atrophy and
fibro-fatty tissue replacement of the anterior compartment of the forearm, especially the
pronator teres muscle, more pronounced on the left than on the right (Figure 2C). T2-
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weighted STIR images showed mild hyperintensity in muscles of the posterior compartment
of the arm and anterior compartment of the forearm, involving the lateral head of the triceps
muscle, brachioradialis, and flexor forearm muscle groups. In the lower extremities, T2-
weighted STIR imaging revealed hyperintensity of the anterior tibialis muscles (Figure 2E,
2G) the adductor and hamstring muscle groups (Figure 2F) bilaterally, despite the absence
of significant abnormalities on the T1-weighted images.

Quantitative muscle strength—Muscle strength of the patient was evaluated utilizing
the Quantitative Muscle Strength Assessment (QMA) which measures maximal voluntary
isometric contraction (in kilograms) using a fixed frame dynamometer, a strain gauge
tensiometer, and a computer-aided acquisition system (Aeverl Medical, Gainesville GA,
USA). The results were compared to predicted strength [15-18] for age, gender, height and
weight. The values on upper extremity quantitative muscle strength show an asymmetric
upper left distal extremity weakness with more than 15% difference in the sum of distal
strength between the left (20.4%) and right (36%) upper extremities. Specifically, left hand
grip was considerably weaker on the left (17.7%) when compared to the right (34%), as well
as lateral pinch (16.5% on the left and 29.2% on the right), tip pinch (5.6% on the left and
13.2% on the right) and wrist extension (39.2% on the left and 57.7% on the right). Shoulder
abduction strength was similar on the left (85.1%) and right (89.1%). Lower extremity
muscles were affected symmetrically; ankle dorsiflexion and knee flexion were close to 50%
of predicted, even in the absence of lower extremity symptoms, and knee extension was
above 70% of predicted.

Discussion

GNE myopathy is caused by biallelic mutations in GNE leading to decreased activity of
GNE (N-acetylglucosamine 2-epimerase/N-acetylmannosamine kinase), the key enzyme in
sialic acid biosynthesis [1]. This defect is considered to cause decreased sialylation of
muscle proteins [6, 19] and it has been shown that muscle weakness and atrophy can be
prevented by administration of sialic acid or its precursor ManNAc in a transgenic mouse
model of GNE myopathy [20]. Sialic acids are the most abundant terminal monosaccharides
on glycoconjugates in eukaryotic cells where they have many biological functions [21]. The
exact mechanism by which GNE alterations lead to muscle atrophy and deterioration still
needs to be determined but environmental factors are thought to play a role.

The patient was compound heterozygous for a missense GNE mutation, p.VV727M (GenBank
accession NP_001121699), which has been previously described in patients of Indian
descent [1] as well as patient of Algerian, Asian, Chinese, Middle-Eastern, Indian, Pakistani,
Thai and Portuguese descent. The other is a novel nonsense mutation p.R160X, which we
have seen in another patient of Indian descent in our cohort [2] and that is one of the few
nonsense mutations described for GNE myopathy. The large majority of patients harbor
missense mutations and no patient is known to have biallelic null mutations [2], which is
consistent with embryonic lethality in the Gne knockout mouse model [22]. It is not clear
whether patients harboring nonsense mutations of GNE have a more severe phenotype or a
faster progression of the disease.
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Upper extremity weakness as an initial presentation of GNE myopathy has not been
previously reported. GNE myopathy typically presents with foot drop, and hand
involvement does not typically occur until approximately 10 years after the first onset of
lower extremity symptoms [6]. Here we describe a patient with GNE myopathy and
asymmetric left hand involvement that was evident clinically, by muscle MRI and by
quantitative muscle strength, raising concern that patients with GNE myopathy may present
with distal upper extremity weakness and currently be undiagnosed.

The patient had asymptomatic and almost clinically undetectable involvement of the lower
extremities; however, there were hyperintense areas on T2-STIR muscle imaging and
decreased strength of lower extremity muscles, particularly of the anterior tibialis,
suggesting that muscle MRI and QMA are sensitive measures that can be used to evaluate
pre-symptomatic patients.

Muscle overuse may play a role in the atypical presentation of this patient. Endoscopies are
known to be associated with work-related strain injury including repetitive pinching and
gripping of the endoscope and manipulation of the insertion tube [23]. Overuse syndrome
related to performing endoscopies has been reported as thumb and hand pain occurring more
commonly in the left hand. The endoscopic technique involves repetitive use of the left
thumb, with repeated flexion and extension of the left wrist for prolonged periods of time.
The left hand holds the endoscope while the right hand advances the endoscope [24]. In this
case, the patient had considerably weaker pinch, grip, wrist extension and flexion on the left
hand compared to the right, while elbow flexion and shoulder abduction were comparable
on both sides, consistent with the pattern seen in endoscopists with strain injuries. Future
studies should address the role of muscle overuse and other environmental factors in the
presentation and progression of GNE myopathy.
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Figure 1.
Muscle biopsy sections taken from left biceps. (a) Hematoxylin and eosin staining show

marked variation in fiber size. Groups of atrophic fibers (arrowheads) surround large fibers
(asterisk). Characteristic rimmed vacuoles are denoted by arrows. Fibrosis is seen in
scattered areas (double arrows). (b) Hematoxylin and eosin and (c) modified Gomori
trichrome serial sections demonstrating rimmed vacuoles (arrows) in both atrophic and non-
atrophic fibers. (d) Fibers with rimmed vacuoles (arrows) stain intensely with acid
phosphatase, indicating increased lysosomal activity.
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Figure 2.
Physical and MRI findings in a patient with GNE myopathy presenting with left hand

weakness. (a) Photograph of hands showing atrophy of the hypothenar area, more
pronounced on the left. (b) Photograph and (c) T1-weighted axial muscle MRI of the
forearms show atrophy of forearm flexor muscles, more prominent on the left arm (arrows).
Involvement of the distal lower extremities is evident on (d) a photograph of posterior lower
extremities and (e) the T2-weighted STIR coronal muscle MRI image of the lower
extremities.

T2-weighted STIR muscle MRI images of the lower extremities including coronal (e) and
axial views of the thigh (f), and lower leg (g), show T2 hyperintense areas (arrows) noted
bilaterally within the anterior tibialis muscles (e and g) gastrocnemius, flexor hallux longus
and the soleus muscles (g), and patchy T2 signal hyperintense areas on the posterior thigh
involving the adductor and hamstring muscle groups bilaterally (f).
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