
Mutational analysis of glycyl-tRNA synthetase (GARS) gene in
Hirayama Disease

Sergiu C. Blumen, MD*, Vivian E. Drory, MD*, Menachem Sadeh, MD, Baruch El-Ad, MD, Uri
Soimu, MD, Galina B. Groozman, MD, Jean-Pierre Bouchard, MD, FRCPC, and Lev G.
Goldfarb, PhD
From the Departments of Neurology (Dr. Blumen) and Radiology (Dr. Soimu), Hillel Yaffe Medical
Center, Hadera, and Rappaport Faculty of Medicine, Technion, Haifa, the Department of Neurology
(Drs. Drory and Groozman), Sourasky Medical Center, Tel Aviv, the Department of Neurology (Dr.
Sadeh), Edith Wolfson Medical Center, Holon, and Sackler School of Medicine (Drs. Drory and
Sadeh), Tel Aviv, Maccabi Health Services (Dr. El-Ad), Ramat-Gan, Israel, the Department of
Neurological Sciences (Dr. Bouchard), Enfant-Jesus Hospital, Quebec (QC), Canada and the
National Institute of Neurological Disorders and Stroke (Dr. Goldfarb), Bethesda, MD, USA

Abstract
Sporadic juvenile muscular atrophy of the distal upper extremity or Hirayama's Disease (HD) and
autosomal dominant motor distal neuronopathy/axonopathy (CMT2D/dSMA-V), produced by
glycyl-tRNA synthetase (GARS) gene mutations, share some clinical features including: young age
of onset, predilection for the distal upper extremity, asymmetry, sparing of proximal muscles and
unusual cold sensitivity. However, incomplete penetrance of GARS gene mutations may account for
apparently non-familial cases. In order to inquire whether GARS gene mutations are associated with
HD we studied seven patients fulfilling the clinical and electrodiagnostic criteria for HD. All patients
underwent MRI of cervical spine that excluded compressive myelopathy in neutral position and
intramedullary pathology. Each patient was tested for the presence of mutations in GARS by
sequencing all coding exons amplified from genomic DNA. No pathogenic mutations were found,
excluding the role of GARS gene as a possible factor in the etiology of HD in this cohort.
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Introduction
Juvenile muscular atrophy of the distal upper extremity or Hirayama's Disease (HD) is
characterized by a typical pattern of weakness and amyotrophy of hand and forearm muscles
sparing the brachioradialis (1). When both upper limbs are affected, the involvement is always
asymmetric. The disease affects mainly young males and after progressing for a few years it
generally stabilizes and remains confined to the upper limbs (1). In many cases HD is associated
with lower cervical cord atrophy and asymmetric cord flattening (2,3). Concerning its etiology,
some authors suggested mechanical compression of the lower cervical spine during flexion,
but this pathogenic mechanism is not unanimously accepted (1–5). Others consider HD as a
segmental form of spinal muscular atrophy (6).
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Several features raised the possibility of a genetic contribution in the etiology of HD: strong
predilection for certain ethnic groups (Japanese, Chinese, and Indians), relatively uniform age
of onset and natural history. Although typically HD occurs sporadically, familial cases have
been reported (2,7).

Recently glycyl-tRNA synthetase (GARS) gene mutations have been associated with the
autosomal dominant motor distal neuronopathy/axonopathy (CMT2D/dSMA-V) characterized
by adolescent onset of weakness and atrophy of thenar and first dorsal interosseus muscles
(8). However, it has been demonstrated that incomplete penetrance of these mutations may
account for apparently non-familial cases (9). HD shares with dSMA-V some clinical features
including young age of onset, predilection for the distal upper extremity muscles (especially
thenar and first dorsal interossei), asymmetry, sparing of proximal muscles and unusual cold
sensitivity (8).

In order to assess the contribution of the GARS gene to the etiology of HD we studied seven
patients fulfilling the clinical and electrodiagnostic criteria for HD. They were followed up for
at least six years (range 6–11), therefore diffuse degenerative anterior horn disorders could be
ruled out with a relatively high degree of certainty.

Patients and methods
We studied seven Israeli males of European (N=4) or North African (N=3) ancestry without
family history of neuromuscular diseases, followed in four medical centers in Israel. The
inclusion criteria were: a: distal weakness and amyotrophy of one or two hands, b: affecting
at least two distal myotomes and two peripheral nerve territories, c: lasting more than 12
months, d: neuropathic pattern on EMG, e: no trauma to the limb or any other clinical
explanation for the symptoms.

The exclusion criteria were: a: involvement of lower limbs, b: bulbar features. c: pyramidal
signs, d: cerebellar features, e: significant sensory disturbances or pain, f: history of
poliomyelitis, g: history of radiotherapy, h: conduction blocks, abnormal conduction velocities
or abnormal sensory responses on nerve conduction studies.

The follow-up ranged from six to eleven years.

Electrophysiological examinations were performed for diagnostic purposes using routine
motor and sensory nerve conduction (NCS) techniques in the median, ulnar, radial and axillary
nerves bilaterally. Electromyography (EMG) was performed in proximal and distal muscles
of the upper limbs with concentric needle electrodes. Cervical MRI imaging was performed in
neutral position with standard techniques and analyzed in both sagittal and axial planes by an
experienced neuro-radiologist. The screening of GARS genes on chromosome 7p15 was
performed by one of the authors (LGG) by sequencing all coding exons amplified from genomic
DNA using intronic primers as previously reported (8).

Results
The clinical features are presented in Table 1. In all cases the disease started unilaterally
between the ages of 15–25 years and extended to the contralateral upper limb after 12 to 30
months (Table 1). Three to five years after onset, the progression of illness arrested remaining
confined to the upper extremities. Six patients showed a low-amplitude positional and action
tremor, usually bilateral, worse in the weaker and more atrophic hand. In three patients the
tremor was associated with minipolymyoclonus of fingers and contributed significantly to the
clinical disability. In six out of seven patients exposure to cold temperature aggravated the
symptoms.
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Electrodiagnostic examinations were performed in all patients. In all the nerve conduction
studies were normal in motor and sensory fibers of upper and lower limbs, except for a low
compound muscle action potential amplitude in the ulnar nerve on the affected side in most
patients (bilaterally, but asymmetrically in two). Fibrillations were found relatively rarely,
mainly in very distal muscles (abductor pollicis brevis, first dorsal interosseus, abductor digiti
minimi), while signs of chronic reinnervation were more extensive and could be found in both
hand and forearm muscles (flexor carpi radialis, extensor indicis, and others).

All patients underwent MRI of cervical spine that excluded compressive myelopathy in neutral
position and intramedullary pathology. Minimal, clinically non-significant, discogenic
changes at C6–7 level were seen in two patients. Mild atrophy and flattening of the spinal cord
in the lower cervical area was seen in three patients (Figure 1).

The diagnosis of HD was confirmed by lack of progression beyond the upper limbs and no
upper motor neuron features after a follow-up ranging from six to eleven years.

After informed consent, blood was drawn and each patient was tested for the presence of
mutations in GARS by sequencing all coding exons amplified from genomic DNA using
intronic primers. No pathogenic mutations were found.

Discussion
In all seven cases the clinical features and evolution are typical for HD; hand tremor,
minipolymyoclonus of fingers and bilateral involvement have been previously described in
many patients from different populations (5,10–12).

Previous genetic studies of Indian and European HD patients have excluded deletions and
haploinsufficiency in survival motor neuron (SMN1 and SMN2) genes and mutations in the
superoxide dismutase 1 (SOD1) gene as the cause of this disease (2,7,13). There is significant
similarity between HD and the recently described distal spinal muscular atrophy type V
syndrome (dSMA-V) associated with mutations in GARS gene on chromosome 7p15.
However, this analysis did not detect GARS mutations in seven Israeli patients of European
and North African ancestry with HD. The phenotype in our cases is identical to that described
in Japanese, Chinese and Indian patients; it is therefore likely that GARS gene is not involved
in the etiology of HD in these populations as well.
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Figure 1. Cervical MRI of patient 4 in neutral neck position
Mild cord atrophy at the levels of C5–C7 seen on sagittal T1-weighted (A) and T2-weighted
(B) modalities. Mild cord flattening at the C6(C) and C7 (D) levels seen on axial T1-weighted
images.
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