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Established Facts

• Neutral lipid storage disease is characterized by progressive muscle weakness.
• Myopathy and cardiac complications are the main features of this disease. Hearing loss,

hepatosteatosis, chronic pancreatitis, diabetes mellitus, short stature, cataracts, and diarrhea are
associated findings.

• Muscle magnetic resonance imaging of neutral lipid storage disease with myopathy patients
showed more severe involvement of the posterior compartment muscles and fat deposit mainly
in the gluteal muscles.

• Neutral lipid accumulation in leucocytes can be seen in peripheral blood smear tests, called
Jordans’ bodies.

Novel Insights

• Homozygous PNPLA2 c.496G>C p.Asp166His (NM_020376.4) variant is associated with neutral
lipid storage disease with myopathy.

• Hypogonadotropic hypogonadism is observed in neutral lipid storage disease with myopathy.
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Abstract
Background: Neutral lipid storage disease with myopathy
(NLSDM) is a rare autosomal recessive disorder characterized
by aberrant triacylglycerol metabolism due to mutations
in the patatin-like phospholipase domain-containing 2
(PNPLA2) gene. Case Presentation: This report presents
a case study of a 14-year-old female patient exhibiting

karger@karger.com
www.karger.com/msy

© 2024 S. Karger AG, Basel Correspondence to:
Hüseyin Bahadır Şenol, huseyinbahadirsenol @ gmail.com

https://www.karger.com/msy
https://www.karger.com/msy
https://doi.org/10.1159/000541285
mailto:karger@karger.com
https://www.karger.com/msy


symptoms of NLSDM, including recurrent abdominal pain,
fatigue, leg pain, and hepatosteatosis. Diagnostic investiga-
tions revealed elevated creatinine kinase levels, myopathic
findings on electromyography, magnetic resonance imaging
findings showing gluteal involvement and Jordans’ bodies on
peripheral smear. Clinical exome panel showed homozygous
of PNPLA2 c.496G>C p.Asp166His (NM_020376.4) variant. The
clinical manifestations, diagnostic challenges, and implica-
tions of this novel variant are discussed in the context of
current literature. Hypogonadotropic hypogonadism was
confirmed in this patient after eliminating possible underlying
causes. This was a novel manifestation, and hormone re-
placement therapy was planned. Conclusion: This case un-
derscores the significance of genetic testing in elucidating the
molecular basis of NLSDM and emphasizes the necessity of
comprehensive clinical evaluation for accurate diagnosis and
management. © 2024 S. Karger AG, Basel

Introduction

Neutral lipid storage diseases belong to group of dis-
eases in which triacylglycerol accumulates in tissues due to
impaired metabolism [1]. Triacylglycerols are stored in
adipose tissue to be used when required for energy [2]. In
fasting state, they are metabolized to free fatty acids (FFAs)
and provide a source of energy [3, 4]. Enzymatic hydrolysis
of intracellular stores of triacylglycerol is mediated by the
activation of adipose triglyceride lipase (ATGL), hormone-
sensitive lipase, and monoacylglycerol lipase [2, 5, 6].
Various tissues experience an accumulation of neutral
lipids due to the disruption of this enzymatic pathway [7].
Depending on the gene involved, lipid storage can lead to
two autosomal recessive diseases: neutral lipid storage
disease with myopathy (NLSDM) and neutral lipid storage
disease with ichthyosis (NLSDI).

NLSDM is an autosomal recessive disorder caused by
mutations in the patatin-like phospholipase domain-
containing 2 (PNPLA2) gene encoding the ATGL en-
zyme, resulting in accumulation of lipids in various tissues
[8]. Myopathy and cardiac complications are the main
features of this disease. Hearing loss, hepatosteatosis,
chronic pancreatitis, diabetes mellitus, short stature, cat-
aracts, and diarrhea are associated findings [9, 10].

NLSDI, also known as Chanarin-Dorfman syndrome
(MIM: 275630), is caused by mutations in the abhydrolase
domain-containing gene 5 (ABHD5). This disease is char-
acterized by skin and liver manifestations. Ichthyosis, liver
failure, hearing and vision problems may be observed [7].

Neutral lipid storage diseases are extremely rare. To
date, 149 NLSDI and 56 NLSDM patients have been
reported. NLSDM is associated with 58 PNPLA2 variants
in ClinVar, 15 of which are single nucleotide variants. The
novel PNPLA2 variant is associated with the NLSDM case
with previously unidentified clinical manifestations
presented in this report.

Case Presentation

A 14-year-old girl presented with recurrent abdominal
pain, fatigue, and leg pain. The patient was born to con-
sanguineous parents at 41st gestational week with birth
weight of 3,350 g (25th–50th centiles), length of 48 cm
(10th–25th centiles), and occipitofrontal head circumference
of 34 cm (25th–50th centiles), and had no postnatal ad-
aptation problems. No regression but mild delay in neu-
romotor development was reported; head control and sitting
without support were achieved at 2 and 7 months, respec-
tively. Canonical babbling was reported to start at the age of 6
months, and there were meaningful words at 12 months. A
delay in walking was observed, finally achieved at 19months.

Three years before admission, patient had undergone
appendectomy due to abdominal pain 3 years and had
been hospitalized twice due to pancreatitis attack. Exercise
intolerance was not significant during the first 2-year
period. Elevated creatinine kinase (CK) (985 U/L),
which was noticed during hospitalization, was thought to
be related to the operation. In the last year before the
admission, fatigue and muscle aches started. An increase
was described on admission. The patient had a short
stature and had not yet experienced menarche. Physical
examination revealed the following: a rough round face,
truncal obesity, abdominal skin scar, hepatomegaly, and
muscle power grade 4/5 in both proximal lower limbs,
according to the Medical Research Council (MRC) scale.
According to Tanner physical development scale, she was
prepubertal girl (stage 1). Her body weight was 47 kg
(10th–25th centiles), and height was 144 cm (0–3rd
centiles). Other examination findings were unremarkable.
CK levels were 846 U/L (reference range 29–168 U/L) at
the time of assessment. Aspartate aminotransferase (86 U/
L, reference range 0–35 U/L) alanine aminotransferase
(106 U/L, reference range 0–35 U/L), triglyceride (TG)
(198 mg/dL, reference range 39–120 mg/dL), total cho-
lesterol (155 mg/dL, reference range 49–123 mg/dL) levels
were increased. Follicle-stimulating hormone (0.59 mIU/
mL, pubertal reference range 2.53–7.04 IU/mL), lutei-
nizing hormone (<0.07 mIU/mL, pubertal reference range
0.7–17.3 mIU/mL), estradiol 33.5 pg/mL, reference range
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19.5–214 pg/mL) levels were prepubertal. Thyroid func-
tion tests were within normal range. Results of nerve
conduction studies were within normal limits, and needle
electromyography showed myopathic findings.

Two weeks after the examination, patient presented
with fever, vomiting, abdominal pain, and seizure. Her
amylase levels were 64 U/L (reference range 28–100 U/L),
and lipase levels were elevated to 117 U/L (reference
range 0–38 U/L). Magnetic resonance imaging (MRI) of
the abdomen showed hepatomegaly due to hep-
atosteatosis, inflammation in the pancreas, and a hypo-
intense solid lesion measuring 5 × 4.5 × 5 centimeters.
Endoscopic ultrasound-guided pancreatic biopsy showed
no histopathologic finding consistent with chronic
pancreatitis. Cross-sectional images of abdomen MRI
also revealed bilateral involvement of the gluteus max-
imus muscles (shown in Fig. 1).

Vacuolations of leucocytes (Jordans’ bodies) were
observed in examination of peripheral blood smear
(shown in Fig. 2). Brain MRI and electroencephalography
yielded normal results, as did electrocardiography and
echocardiography. Ophthalmological evaluation was
normal, and results of hearing test were within its normal
range. In pubertal evaluation, results of hormone tests
performed were compatible with hypogonadotropic
hypogonadotropism (HH).

The highest value of CK was 1,054 U/L and the lowest
value was 503 U/L. The highest value was observed during
pancreatitis, when there was an increase in tissue de-
struction. The patient was discharged after supportive
treatment. The exercise intolerance persisted, although
the weakness regressed. The only treatment she received
was physical therapy. Routine follow-ups were continued.

Among genetic tests performed, chromosome
analysis and chromosomal microarray did not lead to a
conclusive diagnosis. Clinical exome panel showed
homozygous of PNPLA2 c.496G>C p.Asp166His
(NM_020376.4) variant. The PNPLA2 variant in this
case was not identified in the Human Gene Mutation
Database and ClinVar mutation databases, and it was
classified as likely pathogenic based on the American
College of Medical Genetics and Genomics criteria
(PP3, PM5, PM2). The patatin domain encoded by
PNPLA2 has an important role in the catalytic process
of ATGL, and the region containing two amino acid
residues provides this (Ser47 and Asp166). The variant
in this patient is associated with a change in amino
acid 166, which impairs the function of the patatin
domain and causes lipid deposits in various tissues.
The patient was diagnosed with NLSDM based on
clinical, muscle MRI and peripheral blood smear
findings.

Fig. 1.Hyperintense areas consistent with involvement of bilateral
gluteus maximus muscles on T2 sequence abdominal MRI cross-
section.

Fig. 2. Peripheral blood smear revealing leucocytes with fat de-
posits (Wright stain. ×1,000).
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Discussion

NLSDM has a variable clinical presentation and is char-
acterized by progressive muscle weakness [10]. This disease,
which is quite rare, is found less frequently in childhood [11].

Although there are patients who are asymptomatic and
diagnosed only with elevated CK, the first symptoms are
usually gait disturbance, exercise tolerance, and delay in
developmental milestones [11, 12]. Symptoms occurring
at different stages of development have been reported
ranging from postnatal hypotonia after birth to gait
disturbances at age 11 [11].

The most common involvement is observed in the
skeletal muscle group and is less frequency in the pedi-
atric age group than in adults [11]. Muscle weakness may
show both proximal and distal involvement [10]. Prox-
imal muscle groups are affected more frequently than
distal muscle groups, and asymmetric involvement has
been reported, more often in the right extremities [12].
The patient presented in this report had similar symp-
toms such as delayed walking in developmental stages
and difficulty in walking at 2 years of age. Muscle in-
volvement was symmetrical.

Cardiac involvement is reported almost as often as
skeletal musculoskeletal involvement in both age groups
[9, 11]. Cardiac involvement was not observed in the
patient presented in this report.

One of the common involvement in the adult group is
hepatic involvement [9]. This is also less common in the
pediatric age group [11]. In the case presented, hepatic
involvement is present even though it is less common in
the pediatric age group.

One result of increased TGs in various tissues is pan-
creatitis [13]. This case had three episodes of acute pan-
creatitis. However, it did not progress to chronic pancreatitis.
Radiologic findings were incompatible with chronic pan-
creatitis [14]. Likewise, hepatic involvement, the develop-
ment of pancreatitis is rare in the pediatric population [11].

Short stature, one of the positive findings in our case, has
been previously reported in pediatric cases [11]. Notably,
hypogonadotropic hypogonadism caused by PNPLA2 gene
mutations is unprecedented. In obese individuals, increased
fatty acids entering the liver raise insulin levels, leading to
more intense fat accumulation in adipose tissue and higher
levels of inflammatory markers. These conditions are known
to suppress the hypothalamic-pituitary-adrenal axis, resulting
in reduced levels of follicle-stimulating hormone and lutei-
nizing hormone. In this case, the influx of FFAs to the liver
and insufficient release from adipose tissue inhibited this axis,
causing hypogonadotropic hypogonadism [15]. In this case,
it is conceivable that the heightened influx of FFAs into the
liver, combined with potentially insufficient liberation from
adipose tissue, might have interfered with hypothalamic-
pituitary-adrenal axis, potentially contributing to HH.

Table 1. Clinical phenotypes of pediatric patients

Patient Age of
onset

First symptom Skeletal muscle
involvement

Cardiac
involvement

Hepatic
involvement

Additional
findings

Reference

1 12 Abdominal pain Myopathy N HM, HS SS,
pancreatitis,
HH

In this report

2 3 EI Myopathy N N N Fu et al. [11]
(2023)

3 3 EI Myopathy Arrhythmia N HL Fu et al. [11]
(2023)

4 9 Asymptomatic Myopathy Arrhythmia N SS Fu et al. [11]
(2023)

5 5 Asymptomatic Myopathy N N N Fiorillo et al. [16]
(2013)

6 1 WD Myopathy N N HL, SI Perrin et al. [17]
(2013)

7 1 Hypotonia Myopathy N HM N Avila-Smirnow
et al. [18] (2021)

EI, exercise intolerance; WD, walking disturbances; SS, short stature; HL, hearing loss; HH, hypogonadotropic hypogonadism;
SI, skin involvement, HM, hepatomegaly; HS, hepatosteatosis; N, none.
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Multiple system involvement and varying frequency of
involvement have led to many clinical phenotypes. The
clinical phenotypes of pediatric patients reported to date
are presented in Table 1.

Peripheral blood smear findings may also be used to
support the diagnosis, although they may not be clinically
significant. In fact, neutral lipid accumulation in leucocytes
can be seen in peripheral blood smear tests. Indeed, the
first description of NLSDM was made by Jordan by
showing fat deposits in leucocytes [19]. In this case, Jor-
dans’ bodies were observed and supported the diagnosis.

In addition to clinical and laboratory parameters,
muscle MRI can be used to support the diagnosis. Muscle
MRI of NLSDM patients showedmore severe involvement
of the posterior compartment muscles and fat deposits
mainly in the gluteal muscles [12]. For this patient, sim-
ilarly, MRI revealed findings in the gluteal muscles.

Conclusions

A female patient with HH is described as a new
manifestation in this report. Additionally, the disease in
this case is attributed to a novel PNPLA2 variant. NLSDM
is an exceptionally rare disorder that currently has no
known treatment. Describing new cases remains crucial
for a better understanding of the disease’s clinical picture.
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