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Abstract

Background—Mutations in PNPLAZ, a gene encoding adipose triglyceride lipase, lead to
neutral lipid storage disease with myopathy.

Objective—To report the clinical and molecular features of a case of neutral lipid storage
disease with myopathy resulting from a novel mutation in PNPLAZ.

Design—Case report.
Setting—University hospital.

Patient—A 65-year-old man with progressive muscle weakness and high serum creatine kinase
levels.

Intervention—Direct sequencing of the PNPLAZ gene.

Results—Identification of a novel homozygous mutation in the patient’s PNPLAZ gene
confirmed the suspected diagnosis of neutral lipid storage disease with myopathy.

Conclusion—Screening of the PNPLAZ gene should be considered for patients presenting
with high levels of creatine kinase, progressive muscle weakness, and systemic lipid accumulation.
The presence of Jordans anomaly can be a strong diagnostic clue.

Neutral lipid storage diseases (NLSDs) are autosomal recessive disorders characterized by
marked accumulation of lipid droplets in the cells of most tissues.1~3 Two forms of NLSD
are currently recognized, both attributed in the last decade to primary defects in triglyceride
catabolism: NLSD with ichthyosis (also known as Chanarin-Dorfman syndrome), which is
caused by mutations in CG/-58* and NLSD with myopathy (NLSDM), which is caused by
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mutations in PNPLAZ, the gene encoding adipose triglyceride lipase (ATGL).5 Despite
extensive accumulation of lipid droplets in all tissues, symptoms of NLSDM are limited to
myopathy, sometimes with cardiomyopathy and hepatomegaly, without any involvement of
the central or peripheral nervous system.®

Patients typically present in middle age with limb weakness, moderate to severe elevation of
creatine kinase levels, and extensive lipid accumulation in most cells.® A key diagnostic
feature common to both NLSD with ichthyosis and NLSDM is the appearance of large
neutral lipid droplets in granulocytes (Jordans anomaly); however, NLSDM is easily
distinguished by the lack of severe skin involvement that is characteristic of NLSD with
ichthyosis. There is some variability in age of onset, but myopathy has not been reported
before the third decade. However, an apparently healthy 18-year-old woman was
serendipitously diagnosed with NLSDM after she was found to have an unexplained high
level of creatine kinase and muscle biopsy showed massive lipid storage, which usually
indicates lipid accumulation over an extended period of time before muscle weakness
develops.’

REPORT OF A CASE

A 65-year-old man had a 30-year history of progressive muscle weakness beginning in distal
leg muscles, with difficulty climbing stairs and standing from a seated position. His previous
medical history had been unremarkable, and there was no family history of neuromuscular
disease. On initial neurological evaluation at age 41 years, the patient was found to have
proximal and distal leg weakness, with marked atrophy of distal leg muscles and a waddling
gait. Electromyography showed “prolonged pseudomyotonic discharges in the left tibialis
anterior,” which were interpreted as a sign of myopathy. The results of nerve conduction
studies were normal. A muscle biopsy of the left vastus lateralis revealed multiple neutral
lipid vacuoles in more than 50% of the fibers. Based on these findings, the patient was
diagnosed with a lipid storage myopathy. Subsequent investigations showed normal carnitine
levels and normal activity of carnitine palmitoyltransferase Il

At age 51 years, his muscles and plasma carnitine levels were normal. The result of a urine
lipid profile, as determined by chromatography, was normal. His urine organic acid levels
were grossly normal, with a slightly low level of B-hydroxybutyrate at 0.01 mg/dL (normal
range, 0.1-1.0 mg/dL) and slightly elevated level of alanine at 3.53 mg/dL (normal range,
1.34-3.20 mg/dL; to convert to micromoles per liter, multiply by 112.2). Serum lipid and
acyl-carnitine profiles, as well as venous lactate, pyruvate, and acetoacetate levels, were
normal. The results of 3-oxidation pathway enzyme activities measured in a second muscle
biopsy were normal.

The patient’s condition continued to worsen. He began using a cane at age 57 years. Since
age 60 years, he has experienced hand weakness resulting in difficulty with fasteners and
writing. By the time he was evaluated at Columbia University Medical Center, New York,
New York, in 2010, he was able to climb stairs only with handrail support and to walk by
supporting himself against the walls. Outside of his home, he uses a wheelchair. In spite of
these difficulties, he has been able to continue working full-time as an engineer. He has no
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brain or peripheral nerve symptoms, and there is no clinical or laboratory evidence of
cardiomyopathy.

His serum creatine kinase level was 330 U/L (normal range, 51-295 U/L), and a Wright
stain of a peripheral blood smear confirmed the presence of lipid droplets in the patient’s
leukocytes (Figure 1). Sequencing of PNPLAZ revealed a homozygous nonsense mutation in
exon 9 at ¢.1081G>T, with predicted protein defect p.E361X (Figure 2). The patient’s wife
did not carry the mutation, but his 2 siblings and 2 children are all carriers (Figure 3), and
the mutation was not found in 150 normal chromosomes.

COMMENT

There are 2 particularly interesting aspects of this case. First, clinically, we have an example
of a long-unsolved case whose underlying cause was recognized only after recent advances
in the molecular biology of lipid metabolism. PNPLAZwas characterized as a triglyceride
lipase gene in 2004,8 and its association with NLSDM was reported only in 2007.5 The
establishment of a molecular diagnosis may prove especially important for this disorder
because recent research on mammalian triglyceride metabolism suggests that f-agonists may
be useful in the treatment of NLSDM by activating alternative pathways of triglyceride
catabolism.8 Thus, the present case underscores the importance of revisiting old puzzling
cases in the light of recent acquisitions

Second, the p.E361X mutation may provide insight into the structure-function relationship
of ATGL. Because the complete structure of ATGL has not been solved, analysis of
pathogenic mutations is an especially useful investigatory tool. Human ATGL is a
triacylglycerol lipase of 504 amino acids. It localizes to the surface of lipid droplets,® where
it catalyzes the breakdown of triacylglycerol to diacylglycerol and free fatty acid.® The N-
terminal region of ATGL is relatively well understood from mutational analyses and from
comparison with homologues with known structures. The lipolytic patatin domain occupies
much of the N-terminal portion of the protein (residues 10-178); more generally, the entire
N-terminal portion (residues 1-251) is typically annotated as belonging to a family of o/p
hydrolase folds.>10

However, the structure and function of the C-terminal (residues 252-504) portion is less
clear. Published information on its structure suggests that it contains a hydrophobic region
(variously associated with residues 310-365,11 315-360,12 or 309-391°) that may serve in
binding to lipid droplets. Although, paradoxically, ablation of the C-terminus greatly
increases in vitro lipolytic activity of murine and human ATGL, C-terminal mutations also
abolish lipid droplet—associated lipolysis in cells, suggesting that the C-terminal region
serves to regulate the rate of lipolysis in addition to facilitating localization to lipid
droplets.21:12 Duncan et al'! found that a murine ATGL-GFP fusion protein truncated at
W367 (human W365) showed poor lipolysis in living cells. The observations in the murine
model correspond closely with the phenotype observed in the present case with the p.E361X
mutation. That the present mutation has a significant deleterious effect on function in vivo,
despite sparing most of the conserved hydrophobic lipolytic domain, indicates that the
deleted C-terminal residues are critical for normal ATGL activity.
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Figure 1.
Vacuolization of granulocytes (Jordans anomaly) in a peripheral blood smear from the
patient.
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Figure 2.
Electropherogram showing the patient’s homozygous ¢.1081G>T mutation in exon 9 of the
PNPLAZ gene.
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Figure 3.
Pedigree of the family based on molecular data. Half-filled symbols are PNPLAZ mutation

carriers, and the black symbol denotes homozygous mutation status of the proband (P). U
indicates untested.
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