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ABSTRACT

GNE myopathy is an autosomal recessive muscle disease
caused by biallelic mutations in GNE, a gene encoding
for a single protein with key enzymatic activities,
UDP-N-acetylglucosamine 2-epimerase and
N-acetylmannosamine kinase, in sialic acid biosynthetic
pathway. The diagnosis should be considered primarily in
patients presenting with distal weakness (foot drop) in
early adulthood (other onset symptoms are possible t0o).
The disease slowly progresses to involve other lower and
upper extremities’ muscles, with marked sparing of the
quadriceps. Characteristic findings on biopsies of
affected muscles include "rimmed’ (autophagic) vacuoles,
aggregation of various proteins and fibre size variation.
The diagnosis is confirmed by sequencing of the GNE
gene. Note that we use a new mutation nomenclature
based on the longest transcript (GenBank:
NM_001128227), which encodes a 31-amino acid
longer protein than the originally described one
(GenBank: NM_005476), which has been used
previously in most papers. Based upon the
pathophysiology of the disease, recent clinical trials as
well as early gene therapy trials have evaluated the use
of sialic acid or N-acetylmannosamine (a precursor of
sialic acid) in patients with GNE myopathy. Now that
therapies are under investigation, it is critical that a
timely and accurate diagnosis is made in patients with
GNE myopathy.

INTRODUCTION
GNE myopathy is a progressive muscle disease
caused by mutations in the GNE gene, which
encodes for a key enzyme in the sialic acid biosyn-
thesis pathway (figure 1). In 2001, the gene defect
associated with hereditary inclusion body myopathy
(HIBM) was identified in Iranian Jews and other
ethnicities.' Several mutations in the gene encoding
sialic acid synthesis, called GNE, were identified.
Soon afterwards, it became clear that distal myop-
athy with rimmed vacuoles (DMRV), first described
in Japan by Nonaka and collegues,” is also caused
by defects in the same gene. More than a decade
afterwards, numerous patients with GNE defects
were described worldwide. Other names such as
inclusion body myopathy type 2 and quadriceps-
sparing myopathy have been used to describe this
disease. To avoid confusion, a group of international
experts working in the field of GNE myopathy
recently met and decided to unify the nomenclature
to GNE myopathy (name of disease and its
mutations).®

In the passing decade, much progress has been
achieved in clarifying some biochemical, genetic and
phenotypic variations of this myopathy, but enigmas
still persist about its pathogenesis.” Importantly,

formal therapeutic trials have been initiated in the
past 2years. This timely review of the current
knowledge about this unique myopathy also con-
tains information presented at the recent third
meeting of the GNE Consortium (San Francisco,
September 2013).

CLINICAL FEATURES

GNE myopathy is a relatively rare muscle disease
with some typical clinical and pathological
characteristics that may be very important for its
correct identification. This is especially true in
regions where the disease is probably less prevalent
or under-recognised (see Demographics section).
GNE myopathy is an adult onset muscle disorder
with signs typically appearing in the third decade
of life. However, onset at teenage has been
reported, the earliest probably around 12 years of
age. The commonest presentation is weakness of
the distal muscle of the leg (foot drop), thus GNE
myopathy is still classified in the group of distal
myopathies. Less common presentations include
asymmetric foot drop or manifestations initially
appearing in upper extremities and in the proximal
leg musculature. The disease does not remain
limited to the distal musculature but slowly pro-
gresses to involve more proximal leg muscles and
the upper limbs. A very unique feature of this myop-
athy is the relative or full sparing of the quadriceps,
even in advanced stages of the disease. This pattern,
when recognised in a patient, is probably diagnostic
and can be visualised by muscle imaging, which will
also help differential diagnosis and selecting the
biopsy site (see Diagnosis section). However, the
unique pattern of involvement becomes evident
only after the proximal leg musculature becomes
affected. It is of note that about 5%° of patients may
have marked early quadriceps involvement making
diagnosis more difficult. The pattern of muscle
weakness in the upper limbs is more variable and
can include scapular weakness (mimicking scapulo-
peroneal syndrome) or distal weakness of the hands
with varying degrees of involvement. There are
patients with onset in proximal leg muscles only
mimicking an unusual pattern of limb girdle muscu-
lar dystrophy®; such onset may delay diagnosis, but
in retrospect, clinical and imaging features show
that the posterior thigh muscles become markedly
affected while the quadriceps is spared.

Cardiac involvement is not a classical feature of
GNE myopathy. However, some patients with
histological or electrophysiological evidence for
heart disease have been reported.7 Although its
association with GNE myopathy needs to be
further defined, ECG may need to be performed
every few years. Respiratory muscles are usually
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