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DM, vocal cord and pharyngeal weakness with distal myopathy; sIBM, sporadic
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“(red):in VCPDM case 1 (c), case 2 (g), sIBM (k), OPMD (o), GNE myopathy (s) and VCP

VCPDM case 1 (d), case 2 (h), sTBM (1), OPMD (p), GNE myopathy (t) and VCP myopathy

) uble immunofluorescence study of phosphorylated TDP-43 (green) and LC-3 (red; 1:

i

tibody-conjugated Alexa Fluor 488 or anti-rabbit immunoglobulin antibody-conjugated
Alexa Fluor 594 (1: 200; Life Technologies Corporation, Carlsbad, CA, USA). Scale bars =
(a, b, e, f,m, n, q,1,u, V) and 50 um (¢, d, g, h, k, L, o, p, s, t, W, X, y). Nuclei were

stained with 4', 6-diamidino-2-phenylindole (blue).
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ABSTRACT

BACKGROUND Spast1c paraplegla 3A typlcally mamfests in chlldhood as an uncompllcated form. of heredltary
spastic paraplegia with slow progression. Most affected individuals present with spasticity and weakness in the
legs before the end of the first decade. PATIENT We descrlbe a 12-year-old boy with neonatal onset of extremely
severe comphcated spastlc paraplegia 3A associated with a de novo c.1226G>A (p.G409D) mutation in ATLI, a gene
which encodes atlatsin GTPase 1. He manifested general hypertoma and hypokinesia since the neonatal period and
was 1n1t1ally dlagnosed w1th cerebral palsy. He was never able to move without assistance because of severe spastic
quadrlplegla with distal domlnant muscle weakness. He also developed with pseudobulbar palsy; his speech,
chewing, and swallowmg were severely lmpalred Electrophysmloglcal studies revealed severe diffuse axonal

neuropathy CONCLUSIONS: Extremely severe complicated spastlc paraplegla 3A can be caused by mutanons in the

linker or three- hellx bundle of atlastm 1

Keywords atlastm 1, spastlc paraplegla pseudobulba1 palsy, axona[ neulopathy

Introduction

Spastic paraplegia (SPG)-3A is the second most common
form of hereditary SPG (HSP) and is caused by mutations in
ATL1, which encodes atlastin GTPase 1." Atlastin 1 is pri-
marily present in the central nervous system, particularly
the corticospinal neurons, localized in the endoplasmic re-
ticulum (ER) and czs Golgi, and plays a role in ER and Golgi
morphogenesis.? The mutation results in ER fusion defects,
lnterference with correct membrane distribution or neuron
polarlty and axonal degeneration in the corticospinal
tract neurons.
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SPG3A usually manlfests in chlldhood as uncompllcated

- HSP. The average age of onset is 4 years, but infantile-onset

SPG3A cases have also been documented Most patients

: w1th SPG3A present with a spastic gait before 10 years of

age.! Disease progression is slow; wheelchalr dependency or
the need for a walking aid is relat1vely rare.! Early onset and
slow progression of spasticity in the b11ate1 al lower limbs
mimic spastic diplegic cerebral palsy Moreover, compli-
cated phenotypes with axonal neuropathy andfor distal
amyotrophy have been observed. Here, we describe a 12-
year-old boy with neonatal onset of an extremely severe
complicated SPG3A phenotype associated with a novel ATLI
mutation in the three-helix bundle domain of atlastin 1.

Patient Description

A 12-year-old boy with no family history of neuromuscular dis-
ease was evaluated for neonatal-onset severe spastic quadriplegia.
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FIGURE.

Characteristic features of the patient (A-C).(A) The patient presents with muscle atrophy in all limbs, which is more pronounced distally and in the lower legs. (B) A
nerve conduction study reveals right ulnar motor nerve responses evoked by stimuli of 25-33 mA. Surface stimulation of 0.2-ms duration was delivered through a
two-pronged stimulator placed over the nerve at the wrist (upper) and elbow (bottom). Motor conduction velocity is not slowed (40.6 m/s). Compound muscle
action potentials with temporal dispersion are decreased, suggesting diminished motor unit numbers. (C) Electromyography of the right tibialis anterior muscle
revealed a chronic neurogenic pattern. (D) A schematic model of ATL1 mutations in spastic paraplegia (SPG) 3A illustrates the distribution of SPG3A- or SPG-
associated mutations and their amino acid residue changes.* Mutations (bold letters) associated with complicated phenotypes are more frequently present in
the three-helix bundle of atlastin 1. Mutation locus of the patient is indicated with a red arrow. (Color version of this figure is available in the online edition.)
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The parents were not consanguineous and were healthy, as was his
younger brother. He was delivered uneventfully at 41 weeks of
gestation. Lower limb hypertonia was evident in the neonatal period.
Head control was achieved at 6 months of age. He could roll over at
2 years, but he could never sit unassisted. He was initially diagnosed
with cerebral palsy. He presented with proximal hypertonia and
distal hypotonia with markedly decreased voluntary movement. Oral

baclofen and selective botulinum toxin injections provided no -

benefit.

He was referred to our hospital for diagnosis at 12 years of age. He
presented with spastic quadriplegia and distal dominant muscle
weakness and atrophy in all limbs (Figure A). Pes cavus was absent.
Residual voluntary movement was markedly slowed, and fine hand
movements were severely impaired. Eye movement ‘and facial
appearance were unaffected. Tongue movement was severely impaired,
but atrophy and fasciculation were absent. Joint contracture was pre-
sent at the shoulders, elbows, fingers, hips, and knees. Hyperreflexia of
the orbicularis oculi, orbicularis oris, jaw, biceps brachii, brachior-
adialis, triceps brachii, and patellar reflexes was observed. The Achilles
tendon reflex was absent, and the Babinski sign was not present. He
could move himself from the supine to the lateral position with great
difficulty and was unable to sit independently. He had dysarthria,
dysphagia, and dysmasesis.. Speech function was severely disturbed,
but nonverbal intellect was well developed. There was no sphincter
disturbance or scoliosis. Superficial and deep sensations were normal,
and his condition was stable.

Nerve conduction studies revealed markedly decreased compound
muscle action potentials with temporal dispersion, which were more
pronounced in the lower limbs (Figure B). However, motor conduction
velocity was intact (Table S1). Electromyography revealed proximal
active denervation and a distal chronic neurogenic pattern (Figure C).
Sensory nerve action potentials were decreased and absent in the upper
and lower limbs, respectively (Fig S1 and Table S1). Severe diffuse axonal
neuropathy and decreased motor units were observed. Computed to-
mography revealed symmetrical muscle atrophy and fat infiltration in
the upper and lower limbs, particularly in the distal aspect, pelvis, and
paraspinal region, suggesting a length~dependent peripheral axon ab-
normality (Fig S2). Brain magnetic resonance imaging was normal. There
were no apparent abnormalities in auditory brainstem response. Exome
sequencing revealed a heterozygous missense ATLI - mutation;
¢1226G>A (p.G409D), which was not listed in the 1000 Genome Project
database or dbSNP 137. The p.G409D mutation was predicted to be
damaging by the SIFT algorithm. This novel mutation was confirmed by
conventional Sanger sequencing and was absent in the parents and
sibling.

TABLE.

Discussion. ..

We present a 12-year-old boy with neonatal-onset
SPG3A that resulted in severe motor delay, severe spastic
quadriplegia “with dysarthria, dysphagia, distal muscle
wasting, and axonal sensorimotor neuropathy. He had a
mnovel de novo missense mutation, ¢.1226G>A (p.G409D) in
ATLI, Dysarthrla and dysphagla were attributed to axonal

- degeneration in the corticobulbar tracts because tongue

movement was severely 1mpalred and atrophy was absent,
with hyperreflexia of the jaw. reflex. Associated axonal

' predommantly motor neuropathy is observed in 17% SPG3A

patients.® Distal muscle wasting in our patient reflected
chronic motor axonopathy and decreased motor unit
numbers. Therefore, markedly decreased spontaneous
movement could cause multiple joint contractures.

SPG3A patients typically present with a pure form of HSP,
and over 80% develop spasticity by 10 years of age.! Even
children with early onset usually achieve ambulation, albeit

- with progressive gait disturbance.”® Additional neurolog-

ical features characterize complicated SPG3A: axonal neu-
ropathy, distal muscle Wastmg, thin corpus callosum, and
cerebellar involvement.* This child was never able to move
without assistance because of severe spasticity in all limbs,
with distal dominant muscle weakness and cranial nerve
abnormalities. Extremely severe motor impairment and
pseudobulbar palsy in our patient expand the known
phenotypic spectrum of SPG3A.

Most published SPG3A- or SPG-associated mutations
localize to the GTPase domain and. three-helix bundle of
atlastin 1 (Figure D). Two mutations in ATL1 (i.e., p.P344S
and p.M408T) reportedly resulted in very early-onset
(within 3 months of age) severe complicated SPG3A
(Table).1®! The codons P344, M408, and G409 are located in
the linker region or three-helix bundle of atlastin 1,
providing a structural basis for dimerization and confor-
mational changes in homotypic ER membrane fusion.?>
Other mutations responsible for complicated phenotypes
are also frequent in the three-helix bundle (Figure D). This
suggests that mutations in the linker or three-helix bundle

Characteristics of the Three Patients With Extremely Severe Complicated Spastic Paraplegia 3A

Items 17-yr-0ld Girl'°

7-yr-0ld Boy!'

Current Patient

3. mo
Axial hypotonia
Unable to sit and walk

Age at onset
Symptom at onset
Maximal motor function

Spontaneous movement Decreased

Fine hand movement ND

Intelligence Moderate MR

Cranial nerve abnormalities No speech, dysphagia, dysmasesis
Muscle weakness Severe

Muscle atrophy Distal lower limbs, mild pes cavus

Deep tendon reflex Brisk
Pathological reflex ND
Peripheral axonal neuropathy + ‘
ATL1 mutation ¢.1030C>T (p.P344S)

Abbreviations:

ATR = Achilles tendon reflex

MR = Mental retardation

ND : =" Not described

“+” sign indicates presence and “—" indicates absence.

3 mo

Motor developmental delay
Sit and raise himself onto his
knees

ND

Severely impaired

Normal nonverbal intellect
Dysarthria, dysphagia .
Severe

Four limbs, pronounced in distal
lower limbs

Brisk, diffuse

+

+

¢.1223T>C (p.M408T)

Neonatal period
Hypertonia in the lower limbs
Roll over, unable to sit or walk

Markedly decreased

Severely impaired

Normal nonverbal intellect
Dysarthria, dysphagia, dysmasesis
Severe

Four limbs; pronounced in distal
lower limbs

Brisk, diffuse except in ATR

+ B

¢.1226G>A (p.G409D)
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regions may have a major impact on altastin 1 function. The
p-G409D mutation, as well as the p.P344S and p.M408T
mutations, can be associated with the most severe form of
SPG3A.

The authors are grateful to the patient and his family. They also acknowledge Takashi
Iso of National Center of Neurology and Psychiatry and Akiko Yoshimura, BS of
Kagoshima University for their excellent technical assistance. This study was sup-
ported, in part, by grants from the Nervous and Mental Disorders and Research
Committee for Charcot-Marie-Tooth disease, neuropathy, ataxic disease, and
Research on Applying Health Technology at the Japanese Ministry of Health, Welfare
and Labour.

Supplementary Data

Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.pediatrneurol.2014.07.027.
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Brief Clinical Note

A novel mutation in glycyl—tRNA synthetase caused Charcot-Marie-Tooth

disease type 2D with facial and respiratory muscle involvement

Nobuko Kawalami, M.D.", Kenichi Komatsu, M.D.”*, Hirofumi Yamashita, M.D., Ph.D.?,
Kengo Uemura, M.D., Ph.D.?®, Nobuyuki Oka, M.D., Ph.D.?®,
Hiroshi Takashima, M.D., Ph.D.? and Ryosuke Takahashi, M.D., Ph.D.?

Abstract: BACKGROUND: Charcot-Marie-Tooth disease (CMT) is a hereditary peripheral neuropathy;
symptoms include distal wasting and weakness, usually with some sensory impairment. The clinical course
is typically benign and the disease is not life threatening; however, in some cases, severe phenotypes
include serious respiratory distress. CASE REPORT: Here we describe a 45-year-old woman with a long
course of motor-dominant neuropathy. Distal weakness appeared in childhood and became worse with age.
After a diagnosis of CMT type 2, the symptoms progressed, and in her fourth decade, facial and respiratory
muscle weakness appeared, ultimately requiring non-invasive mechanical ventilation. There was no family
history of CMT. Comprehensive analysis of known CMT-related genes revealed a novel heterozygous
c.815T>A, p.L218Q mutation in glycyl-tRNA synthetase (GARS), a causative gene for both CMT type 2D
(CMT2D) and distal spinal muscular atrophy type V (ASMA-V). This mutation was considered pathogenic
based on molecular evidence; notably, it was unique in that all other reported GARS mutations associated
with severe phenotypes are located in an anticodon-binding domain, while in this case in an apparently non-
functional region of the GARS gene. Not a simple loss-of-function mechanism, but rather gain-of-function
mechanisms have also been reported in GARS mutations. This case provided useful information for under-

standing the mechanism of CMT2D/dSMA-V.
(Clin Neurol: 2014;54:911-915)

Key words : Charcot-Marie-Tooth disease, hereditary sensory and motor neuropathy, glycine-tRNA ligase,

spinal muscular atrophy, respiratory distress

Introduction

Charcot-Marie-Tooth disease (CMT) is a hereditary peripheral
neuropathy presenting distal wasting and weakness, usually with
some distal sensory impairment. In most cases, the clinical
course is benign and the disease is not life threatening; however,
in some cases, severe phenotypes can include respiratory dis-
tress, which, in relation to adults; is not widely recognized in the
literature”. We describe a unique case characterized by progres-
sion of serious symptoms; ultimately, these included facial and

respiratory muscle impairment, and a novel mutation was found
in the glycyl-tRNA synthetase gene (the gene is abbreviated as
GARS and the protein as GlyRS), which is a causative gene for
both CMT type 2D (CMT2D) and distal spinal muscular atrophy
type V (ASMA-V).

Case report

A 45-year-old woman initially presented with distal dominant
muscle atrophy, which progressed, and facial muscle atrophy and

*Corresponding author: Department of Neurology, Kitano Hospital, The Tazuke Kofukai Medical Research Institute (2-4-20 Ohgimachi,

Kita-ku, Osaka-shi, Osaka 530-8480)
YDepartment of Neurology, Shizuoka General Hospital

"Department of Neurology, Kyoto University Graduate School of Medicine
3)Department of Neurology, Kitano Hospital, The Tazuke Kofukai Medical Research Institute

“Ishiki Hospital

®Department of Neurology, National Hospital Organization Minami Kyoto Hospital
®Department of Neurology and Geriatrics, Kagoshima University Graduate School of Medical and Dental Sciences

(Received: 14 January 2014)
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respiratory failure developed subsequently. The patient was born
after 32 weeks of gestation without any abnormality. Walking
was slightly delayed and running speed was slow through her
preschool years. Bilateral foot drop developed around age 7, and
distal muscle atrophy developed in all limbs by age 10. She was
wheelchair-bound in her third decade. At age 29, she was admitted
to our hospital for three months; muscle and nerve biopsies were
performed, and she subsequently received a diagnosis of CMT
type 2 (CMT2) with evidence of axonal sensorimotor neuro-
pathy. At age 36, respiratory muscle dysfunction developed and
non-invasive mechanical ventilation was started. At age 45, she
was admitted for re-evaluation. Her parents were unrelated to
one another (Fig. 1A). Her mother had died at age 46 due to
unknown causes. Her father and brother were alive and healthy
at the writing of this report. Physical examination showed
severe atrophy in all skeletal muscles, including limb, truncal,
facial and tongue muscles (Fig. 1B). Dysphagia and nasal voice
were evident. Her muscle strength scores, which were based on
the Medical Research Council scale, were 2 out of 5 for proximal
muscles and 1 out of 5 for distal muscles. Deep tendon reflexes
were absent. Sensory disturbance was mild and only evident
with distal lower limbs.

In nerve conduction studies, compound muscle action poten-
tials (CMAPs) were not evoked from routinely examined muscles,
including the abductor pollicis brevis, abductor digiti minimi and
flexor hallucis brevis. CMAPs from the flexor carpi radialis had
extremely low amplitudes, but the distal latency was normal,
and conduction velocities were only slightly decreased (42 m/s)
relative to normal values. Sensory nerve action potentials
(SNAPs) and sensory conduction velocities (SCVs) from the
median nerve were normal. SNAPs from the sural nerve had been
recorded when the patient was 29 years old; these SNAPs had
very low amplitudes (2.1 1V), but the SCVs were normal (55 my/s).
Needle electromyography showed chronic neurogenic patterns.

A muscle biopsy from triceps brachii was performed at age 29.
The majority of the muscle fibers ranged from 70 to 100 pV in
diameter. Pyknotic clamp was present in the rim of a fascicle.
Necrotic or regenerating fibers were not observed. Islands of
groups of extremely atrophic fibers and spindles were present in
epimysium. Internal nuclei were moderately increased. Muscle
fibers occasionally showed fiber splitting. Fatty connective tissue
was increased in perimysium and more markedly in epimysium.
Trichrome staining added no information. Intermyofibrillar net-
work was preserved in NADH dehydrogenase-stained sections.
Every fascicle of fibers showed fiber-type grouping as assessed
by ATPase staining. These findings were consistent with chronic
denervation.

A sural nerve biopsy also taken at age 29 revealed moderate
loss of myelinated fibers; however, axonal degeneration and

active demyelination were not evident. Perivascular mononuclear

BRERHE® 54% 115 (2014 :11)

cells were observed in epineurium, but these cells had not infil-
trated the endoneurium. Substantial deposition of fat droplets
was observed at the tunica media-externa of small arteries
(Fig. 1C). Electron microscopy revealed no obvious mitochondrial
abnormalities.

Lung CT scan revealed no abnormalities. Electrocardiogram
showed normal sinus rhythm with a tall P wave and right axis
deviation. Echocardiogram appeared normal.

A comprehensive sequence analysis of CMT-related genes®
revealed a novel heterozygous c.815T>A, p.L218Q mutation
in the GARS gene (Fig. 1D). The patient’s unaffected father and
brother did not carry this mutation. HomoloGene (http:/www.
nchi.nlm.nih.gov/homologene) was used to conduct a sequence
homology search; we found that leucine 218 in GlyRS was highly
conserved among species (Fig. 1E). The computational protein
function-predicting algorithm MUPro score was —1; this value
indicated that the mutant protein was less stable than the wild-
type protein (http:/www.igh.uci.edw/~baldig/mutation.html).
Moreover, the Polyphen-2 score was 1.0; this score indicated
that the mutant GlyRS protein was pathogenic (http:/genetics.
bwh.harvard.edu/pph2/).

Discussion

We present a unique case of CMT that involved a new muta-
tion in GARS; the patient initially developed moderate CMT2
symptoms and subsequently developed facial and respiratory
muscle impairment.

GARS is one of 37 aminoacyl-tRNA synthetases (ARSs). ARSs
are divided into two groups, based upon their cytoplasmic or
mitochondrial localization. Among them, GARS and lysyl-tRNA
synthetase (KARS) are localized to both the cytoplasm and
mitochondria. GlyRS, the product protein of GARS gene, is
ubiquitously expressed, including the brain and spinal cord”. It
has two isoforms, with and without an N-terminal mitochondrial
targeting sequence (MTS), localizing in the mitochondria and
cytoplasm, respectively. GlyRS catalyzes attachment of glycine
to its cognate tRNA for protein synthesis and non-translational
functions of GIyRS include tumor suppression when secreted”®,
Remarkably, all known disease-associated mutations in cyto-
plasmic ARSs are associated with CMT and related neuropathies,
and the causative genes include GARS, KARS, tyrosyl-tRNA
synthetase (YARS), and alanyl-tRNA synthetase (AARS)®. GARS
is also one of the genes that, when mutant, can cause CMT2 or
distal spinal muscular atrophy (dSMA)®; conditions originating
from GARS mutations are called CMT2D or dSMA-V, depending
on whether sensory nerves are affected. The majority of pre-
viously reported CMT2D/dSMA-V cases involved adolescent
onset with upper limb-dominant weakness, and the progression
of symptoms was slow””™"?, Other organs including brain and
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Fig. 1 Clinical, pathological and molecular features of the patient.
(A) Pedigree. (B) Facial involvement with wealness of the orbicularis oris and atrophy of the temporalis and masseter
muscles. The pétient'was instructed to close her mouth. Limbs showed severe muscle atrophy. (C) The sural nerve
biépy's'y‘ at age 29 showed moderate loss of myelinated fibers. Axonal degeneration and active demyelination were not
evident. Bar = 20 um, (D) Chromatogram of the heterozygous ¢.815T>A (p.L218Q) mutation in exon 7 of GARS; the
patient and two unaffected relatives. (E) Comparison of GlyRS from different species. Arrowhead on top of the align-
ment indicates amino acid position 218 (Note: numbering differences from related species are because the human
annotation does not consider the N-terminal mitochondrial targeting sequence appended through alternative start
codon usage). (F) The GIyRS protein contains four functional domains and three dimer interface regions. Mutations
identified in GlyRS are distributed across the entire protein; modified from Motley, et al'®, L218Q, the mutation found in
our patient is shown in purple. It is located in an apparently non-functional region. In contrast, both of two other known
mutations that cause early onset and severe clinical phenotypes, shown in red, are located in an anticodori—binding domain.

muscle were not involved. Even though mitochondrial isoform of unlike mutations of other mitochondrial ARSs®. Neither muscle
GIyRS localizes in mitochondria, mitochondrial disorders like or nerve biopsy in the presented case showed mitochondrial

myopathy and MELAS are not reported in GlyRS mutations, abnormalities.
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Table 1 In silico analysis of previously reported mutations.
MUPro
Au thors Domains Mutations Polyphen-2
Method 1 Method 2

Rohkamm, ef al. (2007)” A57V ~0.13 -0.76 0.439
; . o WHEP-TRS

Antonellis, et al. (2003) E71G -0.76 -0.98 0.788

Antonellis, ef al. (2003)" ] L129P -1.00 -1.00 1.000
9 Catalytic-1

Lee, etal (2012) D146N -0.79 -0.86 1.000

Lee,etal. (2012)7 S211F 0.19 0.55 1.000

Presented case L218Q* -1.00 -0.96 1.000

Antonellis, et al. (2003)" G240R 0.30 0.68 1.000

Abe, ¢t al. (2009)"° ] P244L 0.25 0.67 1.000
7 Catalytic-2

Jammes, et al. (2006) 1280F -1.00 -1.00 1.000

Sivakumar, et al. (2005)" H418R 0.55 0.73 0.998

Del Bo, et al. (2006)® D500N -0.53 -0.79 0.048

Antonellis, ef 2l. (2003)” G526R 0.01 -0.51 1.000

James, et al. (2006)" ] T S581L* 0.15 0.80 0.420

N . 10 | Anticodon-binding
James, et al. (2006)"; Eskuri, et al. (2012) G598A* 0.86 0.82 0.013

Asterisks indicate mutations associated with severe phenotypes. MUPro scores range between —1 and 1. A score less than 0 means that
the mutation decreases the protein stability, and vice versa. A larger absolute value indicates more confident prediction. Polyphen-2
scores range between 0 and 1. A larger score indicates that the mutation is more pathogenic. Underlines indicate high scores, predicting

unstability and pathogenicity of the mutated proteins.

The GlyRS protein comprises four functional domains and
three dimer interface regions™ (Fig. 1F). Note: numbering of
residues starts from the alternative start codon after MTS in
human protein). Among 13 reported GARS mutations” ™',
two mutations caused early-onset clinical phenotypes in four
patients. One patient developed facial and respiratory muscle
inwolvement”, and another developed vocal cord dysfunction'®.
Both mutations are located in an anticodon-hinding domain.
In contrast, the mutation described in the current study was
located in neither of the functional domains. Even so, we still
consider this L218Q mutation a pathogenic mutation based on
the following reasons: 1) its close location to the dimer interface
region; 2) the high conservation of the affected amino acid; and
3) the fact that neither the unaffected parent nor the unaffected
brother carried this mutation. In stlico prediction using MUPro
and Polyphen-2 suggests pathogenicity of the mutation, but the
ressults from other reported mutations using these algorithms do
not necessarily correlate with clinical severity (Table 1) and this
approach may not be suitable as far as this gene is concerned.

Mechanisms underlying CMT2D/dSMA-V caused by GARS
mutations have been examined from various aspects, including
enizyme activity, protein stability and dimerization, but those
properties considerably depend on individual -mutations and
none of these approaches reached consistent results. Moreover,
heterozygous mice with a single loss-of-function GARS allele

exhibited reduced synthetase activity but none of the symptoms
of CMT* and overexpression of wild-type GlyRS could not rescue

the neuropathy phenotype in mouse models'®

. These experi-
mental results, together with the observations of scattered loca-
tions of the mutations throughout the gene and the dominant
inheritance pattern lead to a consequence that not a simple loss-
of-function, but rather a gain-of-function mechanism significantly
contributes to the pathogenesis of the disease®®'?. Recent study
analyzing the tertiary structure of GIyRS using hydrogen-
deuterium exchange revealed that all five mutations tested
promote the same localized conformational opening'”. All other
mutations untested are also within the opened-up areas, except
for some mutations which are not covered in that analysis.
They argued that those opened-up areas provide unique surfaces
for potential novel interactions that lead to pathological conse-
quences. The mutation of our case is also within the “opened-up
areas” and that may account for the pathogenicity.

Although both loss-of-function and gain-of-function mechanisms
were likely to synergistically give rise to severe phenotypes in
the previous cases with mutations in an anticodon-binding
domain, gain-of-function predominantly appears to have led to
severe phenotypes in our case. Data from this unique case pro-
vided new information for understanding the mechanism of
CMT2D/dSMA-V and for drug discovery as well.
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