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Congenital myopathies are clinically and genetically heterogeneous, resulting from mutations
in at least 30 different genes.1 The classical presentation is neonatal hypotonia and non-
progressive weakness with normal creatine phosphokinase, although there is a broad range in
terms of age at onset and clinical presentation. Historically, congenital myopathies have been
defined and diagnosed based on muscle biopsy. However, with advances in genomics, genetics
have taken primacy in the diagnostic pathway.2

HACD1 encodes 3-hydroxyacyl-CoA dehydratase 1, which participates in the biosynthesis of
very-long-chain fatty acids (VLCFAs). A single family with 8 affected members was previously
described with homozygous nonsense mutation inHACD1. The clinical presentation included
severe neonatal hypotonia and weakness, with impressive improvement through childhood and
early adulthood. Muscle biopsy was consistent with congenital fiber-type disproportion.3

Case report
We present the second case of HACD1 myopathy. The affected individual underwent initial
evaluation for hypotonia as a neonate. She is the second child of consanguineous (first cousin)
parents of Sri Lankan descent. She was born by C-section at 35+2/7 weeks and noted to have
hypotonia at birth. She had poor oral intake requiring nasogastric tube supplementation but no
respiratory difficulties. Physical examination at age 19 days showed no dysmorphic features,
normal cranial nerve examination, severe axial and appendicular hypotonia, and a near-
complete absence of antigravity movements. Workup included brain MRI, chromosomal
microarray, Prader-Willi testing, and metabolic screening laboratories and did not provide
a diagnosis. Management was supportive, with occupational and physiotherapy and feeding
assistance.

Neuromuscular consultation was solicited at age 4 years. At that time, she had proximal muscle
weakness and mild gross motor delay. She had achieved ambulation, could do stairs without
difficulty, and could ride a bike with training wheels. Her feeding difficulties had resolved.
Physical examination revealed a long, myopathic facies but no clear facial weakness (figure, A),
with normal eyelid strength and no restriction of eye movements. She had reducedmuscle tone,
hyperextensibility at the elbows, but no joint contractures. She had mild proximal extremity
muscle weakness (Medical Research Council grade 4/5 at deltoid and hip flexors/extensors),
a negative Gowers sign, and mild Trendelenburg gait and was unable to run.

Creatine phosphokinase was within normal limits. Nerve conductions were normal, and EMG
revealed myopathic units. Muscle biopsy, obtained from quadriceps, showed rare central nuclei, type
1 predominance, and relative type 1 hypotrophy (figure, B). Muscle ultrastructure, as determined by
electron microscopy, was not obviously disturbed. Genetic testing via a congenital myopathy
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multigene panel (28 genes, sequencing plus copy number variant
testing, University of Chicago) identified a homozygous long
interspersed nuclear element (LINE) insertion of approximately
1,250 bps in exon 6 of HACD1 (c.739_740delins1250). Both
parents were heterozygous for the mutation.

Discussion
Here, we present a patient with homozygous mutation in
HACD1, representing only the second case report of
HACD1-related congenital myopathy. The clinical pheno-
type and muscle biopsy findings of our case match the initial
report and suggest a condition characterized by initially severe
weakness that markedly improves over time and nonspecific
muscle pathology most in keeping with congenital fiber-type
disproportion.

HACD1 encodes 3-hydroxyacyl-CoA dehydratase, a protein
that catalyzes the third step in VLCFA synthesis. VLCFAs
are fatty acids with a chain length of >20 carbons that
function in numerous biological processes, including skin
barrier formation, fetal growth, and brain development.
There are 4 HACD paralog enzymes responsible for the
third step of VLCFA synthesis,4 each with differential ex-
pression. HACD1 is expressed mainly in the skeletal muscle
and heart,5 which likely accounts for the muscle-specific
presentation in our patient, although cardiac abnormalities were
not observed in our case or in the previously reported family.
HACD1 has been implicated in myoblast fusion and mainte-
nance of the tubule-reticular system via its ability to regulate

membrane phospholipid composition.5,6 This may explain the
observation of myofiber hypotrophy seen on muscle biopsy.
However, neither our case nor the previously reported one
exhibits obvious alterations of the tubule-reticular system
(i.e., no features of centronuclear myopathy).

The previous HACD1 pedigree described was a consanguin-
eous family with 8 affected individuals.3 Each affected in-
dividual had a homozygous nonsense mutation in HACD1
(c.744C>A; p.Tyr248Ter). Functional studies confirmed that
this mutation led to loss of HACD1 protein expression. All
affected patients presented with a severe phenotype at birth
that gradually improved. All patients had reduced muscle tone
and proximal weakness, although the oldest patient (aged 35
years) worked as a truck driver with daily heavy lifting without
limitation. EMG showed myopathic findings, and muscle biopsy
showed decreased type 1 fiber size, increased type 1 fiber number,
and rare internally located nuclei. These findings are strikingly
similar to our patient and together create a consistent clinical and
pathologic phenotype associated with HACD1 mutation.

Of interest, the mutation mechanism in our patient is a LINE
insertion in exon 6. LINE insertion in HACD1 has been de-
scribed to cause a form of centronuclear myopathy in Lab-
rador retrievers.6,7 Clinical features in these dogs include
hypotonia, generalized muscle weakness, abnormal posture,
stiff hoping gate, and exercise intolerance. Unlike the patients
described with HACD1 mutation, however, the affected dogs
show progressive clinical features and muscle biopsies with
findings of centronuclear myopathy. The explanation for
these differences is not known, but most likely relates to

Figure HACD1-related congenital myopathy

(A) Patient at age 4 years. Note the long and slightly myopathic facies but no clear facial weakness and no restrictions of eye movements. (B–E) Biopsy of the
right quadricepsmuscle at age 3 years. (B) Hematoxylin and eosin staining showed variability inmuscle fiber size and shape and rare fibers with central nuclei
(arrow). (C) NADH staining. (D–E) ATPase pH 4.2 (D) and 9.4 (E) staining showed type I predominance and relative type I fiber hypotrophy. Scale bars = 30 μm.
NADH = nicotinamide adenine dinucleotide.
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function variability of HACD1 between species and/or ge-
netic modification.

Study funding
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