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Deficiency of adipose triglyceride lipase (ATGL) due to mutation in PNPLA2
causes neutral lipid storage disease with myopathy (NLSDM), an autosomal
recessive disorder (MIM: #610717). NLSDM patients are mainly affected by
progressive myopathy, cardiomyopathy, and hepatomegaly. Cardiac
involvement was reported in 40%–50% of NLSDM patients. Patients with
cardiac involvement have adult-onset progressive heart failure, mimicking
dilated or hypertrophic cardiomyopathy. The clinical characteristics,
genotype–phenotype correlation, and prognosis of cardiomyopathy
secondary to PNPLA2 mutation are not understood. We reported two male
patients carrying a homozygous splicing mutation NM_020376.4 (c.757 +
1G>T) in PNPLA2, presenting with severe dilated cardiomyopathy and mild
skeletal muscle involvement. Through the literature review, the ECG and
imaging features and the prognosis of 49 previously reported cases of
cardiomyopathy caused by the PNPLA2 mutation were summarized. This
study suggests that NLSDM should be considered a cause of cardiomyopathy,
especially in those with elevated creatine kinase (CK) levels, regardless of whether
symptoms such as muscle weakness or atrophy are present.
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1 Introduction

Fatty acids (FAs) provide > 70% of “fuel” for the heart (Lopaschuk et al., 2021).
Exogenously imported FAs can be either oxidized or stored in cardiomyocytes as
triglycerides (TAGs). A precisely regulated balance between FA uptake, TAG synthesis,
TAG hydrolysis, and FA oxidation is the prerequisite for effective cardiac FA metabolism
and proper heart functioning (Goldberg et al., 2012). Increasing evidence suggests that
myocardial cytosolic lipolysis, in particular, adipose triglyceride lipase (ATGL) activity,
plays an important role in the development of heart failure (HF) (Kintscher et al., 2020).

ATGL, encoded by gene patatin-like phospholipase domain-containing protein 2
(PNPLA2) in humans, catalyzes the first step of the hydrolysis of cytoplasmic TAG that
is stored in lipid droplets (LDs). Patients carrying PNPLA2 mutations that resulted in the
loss or decreased function of ATGL develop neutral lipid storage disease with myopathy
(NLSDM), an autosomal recessive disorder. People with NLSDM have abnormal TG
storage inmany tissues, particularly in the skeletal muscle andmyocardium (Missaglia et al.,
2019). The clinical phenotypes of NLSDM vary from elevated creatine kinase (CK) levels
and progressive skeletal myopathy with or without cardiomyopathy to the rarely reported
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isolated cardiomyopathy without skeletal myopathy (Pennisi et al.,
2017; Rao et al., 2019; Zhang et al., 2019; Fu et al., 2023). Currently,
almost 130 NLSDM patients with more than 60 different PNPLA2
mutations have been described (Missaglia et al., 2022). Although
cardiac steatosis and cardiomyopathy in NLSDM patients have been
described in the case report, the number is limited, and large cohort
studies are lacking. The clinical characteristics, genotype–phenotype
correlation, and prognosis of cardiomyopathy secondary to PNPLA2
mutation are not understood.

In this study, we reported two male patients with NLSDM
presenting with severe dilated cardiomyopathy and mild skeletal
myopathy and carrying a homozygous splicing mutation in
PNPLA2. We also reviewed the clinical and genetic characteristics
of cases with cardiomyopathy due to PNPLA2 mutation in the
literature.

2 Case presentation

2.1 Case 1

2.1.1 Clinical characteristics
The 19-year-old male was born from to healthy non-

consanguineous parents. Since childhood, he had reduced
exertional capacity compared with his peers but had not been
medically evaluated. At the age of 18 years, the patient had
exertional dyspnea when walking quickly and had to stop to rest.
It was not until a month ago that these symptoms markedly
worsened, and he began to suffer from paroxysmal nocturnal
dyspnea, which led him to seek medical attention at the hospital.

His general physical examination was unremarkable. The heart
was enlarged with no signs of fluid overload. Muscle wasting in
upper and lower limbs was noted. The strength examination was
normal. Reflex, cognition, coordination, sensation, and ambulation
were normal. The patient was able to stand from a
squatting position.

2.1.2 Diagnostic assessment
Laboratory studies showed elevated troponin T (90.1 pg/mL ↑,

normal value <14 pg/mL) and NT-proBNP (3,147 pg/mL ↑, normal
value <125 pg/mL). The electrocardiogram showed poor R wave
progression in V1–5 and Q wave progression in leads V6, I, and aVL
(Figure 1A). Echocardiogram and cardiac magnetic resonance
(CMR) imaging revealed a severely dilated left ventricle and
impaired left ventricular function with akinesis of the
inferolateral wall. An apical mural thrombus was noted. The left
ventricular ejection fraction (LVEF) was 22%. Late gadolinium
enhancement (LGE) imaging showed transmural enhancement in
the inferolateral and apical segments. Coronary angiography was
normal (Figures 1B, C).

The CK level was 757 U/L↑ (normal range 50–310 U/L).
Electromyography (EMG) showed prominent myopathy affecting
both distal and proximal muscle fibers. Nerve conduction studies
were normal. A muscle biopsy of the gastrocnemius muscle was
performed, and histologically, the muscle had diffused vacuolar
change. There were no necrotic, regenerating, ragged red, or split
fibers. No significant inflammatory infiltrates were noted. Oil red O
showed a marked increase in sarcoplasmic lipid content.

FIGURE 1
Clinical features of patients with cardiomyopathy and PNPLA2
mutation. (A) Electrocardiogram of case 1 revealed poor R wave
progression in precordial leads and Q wave progression in I, aVL lead,
and PVC. (B,C) Cardiac magnetic resonance of case 1. Four-
chamber view (B) and short axis view (C) reveal extensive subepicardial
late gadolinium enhancement in the lateral wall, which extends to the
epical segment (orange arrow), and mural thrombosis was observed
(red arrow head). (D–F) Skeletal muscle biopsy obtained from case 1.
(D) Hematoxylin–eosin (E–H) staining of skeletal muscle shows
variation in myofiber size and cytoplasmic lipid vacuoles (yellow arrow
head). (E) Lipid vacuoles in myocytes are stained by Oil Red O (yellow
arrow head). (F) Transmission electron microscopy shows lipid
droplets (yellow arrow head) located between the sarcomeric
filaments and under the plasmamembranes. (G) Electrocardiogram of
case 1 revealed poor R wave progression in precordial leads, Q wave
progression in I, aVL, and V5,6 leads, and low voltage in the limb lead.
(H,I) Cardiac magnetic resonance of case 1. Four-chamber view (H)
and short axis view (I) revealed transmural delayed gadolinium
enhancement in the lateral wall (orange arrow).
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Micrographs from ultrastructural studies showed an extensive
accumulation of variably sized sarcoplasmic and subsarcolemmal
lipid droplets (Figures 1D–F).

2.1.3 Genetic diagnosis
Whole-genome sequencing of the patient revealed

homozygosity for the c.757 + 1G>T mutation in the PNPLA2
gene. Screening for the disease phenotype and verification of the
mutation were conducted among the first-degree relatives of the

patient, revealing that his parents and sister also carry this variant,
all being heterozygous without heart or muscle involvement,
supporting the notion that the gene mutation leads to an
autosomal recessive inherited disease (Figure 2A).

The patient received optimal, guideline-directed medical
therapy. In the following 12 months, he was hospitalized three
times for decompensated heart failure. He was referred for an
assessment to receive a heart transplant and was placed on the
heart transplant list.

FIGURE 2
Genetic analysis: (A,B) genetic analysis of the probands and their family members. Probands are represented by black symbols. (C) Partial sequence
of the PNPLA2 gene in our patients. The arrow marks the mutation site. (D) Schematic representation of the native and mutated ATGL protein.

Frontiers in Genetics frontiersin.org03

Wang et al. 10.3389/fgene.2024.1415156

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2024.1415156


2.2 Case 2

2.2.1 Clinical characteristics
A 31-year-old male recently sought medical attention for

breathlessness following mild physical activity, a condition
accompanied by notable swelling in both of his legs and
abdominal distension. Six years ago, he began to experience an
unusual sense of fatigue and a decline in his overall physical
strength. As a computer programmer, he initially dismissed these
symptoms as the consequence of a demanding work schedule and
insufficient physical activity. The patient was born to two healthy
consanguineous parents, who were of the Hmong ethnicity.

The physical examination showed that the cardiac silhouette was
enlarged. Diminished S1 and a 2/6-grade systolic blowing murmur
could be heard at the apex. The neuro–muscular system
examination showed normal limb muscle strength and tendon
reflexes without obvious muscle atrophy.

2.2.2 Diagnostic assessment
The laboratory test showed elevated NT-proBNP (8,240 pg/mL,

normal value <125 pg/mL) and troponin T levels (58.4 pg/mL,
normal value <14 pg/mL). The electrocardiogram was notable for
the Q wave in V5,6, I, and aVL leads. Low voltage in the limb lead was
also observed (Figure 1G). Echocardiography and cardiac MRI
revealed significant dilatation of the left heart (left ventricular
end-diastolic diameter [LVEDd], 72 mm; left atrial end-systolic
diameter [LAS], 51 mm), diffusely reduced wall motion, and
markedly decreased left ventricular systolic function with an
LVEF of 39%. CMR-LGE showed transmural enhancement of the
lateral wall (Figures 1H, I). Coronary computed tomography
angiography (CTA) did not reveal any abnormalities.

The laboratory test showed that the patient had elevated CK
levels (1,516 U/L, normal range 50–310 U/L). Further EMG results
were compatible with the myopathy of the upper extremities. A
peripheral blood smear showed the presence of vacuoles in the
cytoplasm of peripheral blood leukocytes.

2.2.3 Genetic diagnosis
Whole-genome sequencing of the patient revealed

homozygosity for the c.757 + 1G>T mutation in the PNPLA2
gene. Family analysis among the first-degree relatives revealed
that the patient’s parents, sister, and brother are all heterozygous
carriers of this variant, and none of them exhibit a similar disease
phenotype (Figure 2B).

The patient was treated with optimal, guideline-directed medical
therapy and remained stable for the following 6 months, according
to the New York Heart Association (NYHA) functional class III.

3 Discussion

We presented two adult male cases of NLSDM with dilated
cardiomyopathy and mild skeletal muscle symptoms or
asymptomatic CK elevation. NLSDM is caused by mutation in
PNPLA2, which encodes major enzymes catalyzing cytosolic
lipolysis ATGL. ATGL deficiency causes lipid accumulation in
multiple organs, primarily skeletal muscle and myocardium; the
liver and pancreas can also be affected (Missaglia et al., 2019).

Although NLSDM typically manifests as muscle weakness in young
adults, 40%–50% of NLSDM patients exhibit cardiac dysfunction
later in the course of the disease (Pennisi et al., 2017; Zhang et al.,
2019; Fu et al., 2023).

ATGL deficiency in the heart leads not only to impaired
intracellular TG hydrolysis and lipotoxicity due to TG
accumulation in cardiomyocyte but also to a striking defect in
the activation of the transcription factor peroxisome proliferator-
activated receptor-α (PPARα) and reduced mitochondrial
biogenesis and function (Haemmerle et al., 2011). In previous
reports, the majority presented with dilated cardiomyopathy
(DCM), although hypertrophic cardiomyopathy (HCM) and
arrhythmogenic cardiomyopathy (ACM) had also been reported
(Akiyama et al., 2007; Hirano et al., 2008; Kobayashi et al., 2008;
Ohkuma et al., 2008; Hirano et al., 2014; Kaneko et al., 2014; Higashi
et al., 2015; Muggenthaler et al., 2016; Pasanisi et al., 2016; Rao et al.,
2019; Rajani et al., 2020). For the majority of patients, muscle
weakness is the initial clinical manifestation, and cardiac
dysfunction appears later in the course of the disease. However,
there are cases where heart failure and arrhythmias are the main
clinical manifestations, with mild skeletal muscle involvement or
asymptomatic elevated CK levels (Kobayashi et al., 2008; Kaneko
et al., 2014; Higashi et al., 2015; Rao et al., 2019; Rajani et al., 2020).
Cardiomyopathy related to PNPLA2 loss-of-function variants could
result in a poor prognosis. In 51 NLSDM patients with cardiac
involvement, 5 (9.8%) died of heart failure and 5 (9.8%) received a
heart transplant (Higashi et al., 2015; Rajani et al., 2020)
(Supplementary Table S1).

Previous case reports on NLSDM have focused more on the
distribution and imaging characteristics of myopathy, with less
description of the electrocardiographic and cardiac imaging
features of myocardial involvement. We summarized the clinical
characteristics of previously reported NLSDM patients with cardiac
dysfunction, as well as the two cases we presented (Supplementary
Table S1, S2). Cases with detailed descriptions of electrocardiogram,
echocardiogram, or cardiac magnetic resonance features were
analyzed. ECG findings include poor R wave progression in the
precordial leads (3/51, 5.9%), low voltage in the limb leads (2/51,
3.9%), and Q wave in the lateral leads (3/51, 5.9%). Frequent
ventricular premature beats and ventricular tachycardia were
found in 5/51 (9.8%) of the patients. Echocardiography and
cardiac magnetic resonance imaging (MRI) revealed diffuse
hypokinesis of the ventricular walls with a reduced ejection
fraction, which was reported in 12/51 (23.5%) patients. Left
ventricular dilation and left ventricular hypertrophy were found
in 7/51 (13.7%) patients, while biventricular dilation and isolated
right ventricular dilation were found in 1/51 (2.0%) patients.
Hypokinesis of the inferolateral wall with the corresponding
transmural delayed enhancement of this segment on the
gadolinium late enhancement is a common feature, which was
observed in 5/51(9.8%) patients. Cardiac death or heart
transplantation was recorded in 11/51 (21.6%) of patients with
cardiomyopathy and the PNPLA2 mutation (Supplementary
Table S2). Although not routinely used, the ECG-gated 64-slice
CT scan and washout rate of iodine-123-β-methyl iodophenyl-
pentadecanoic (BMIPP) acid in the myocardial scintigram were
reported to specifically identify myocardial TG deposition and
impaired long-chain fatty acid (LCFA) metabolism and assist in
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the diagnosis of cardiomyopathy due to the PNPLA2 mutation
(Higashi et al., 2015; Hirano et al., 2015; Chen et al., 2022;
Miyauchi et al., 2023).

In NLSDM patients, a spectrum of phenotypes has been
observed, ranging from relatively asymptomatic CK elevation to
the full expression of severe myopathy and cardiomyopathy. The
evaluation of NLSDM symptoms suggests that many factors,
including genotype, epigenetic factors, gender, and ethnicity, may
modulate the clinical phenotype of this disorder. First, it has been
proposed that whether the myocardium is involved, as well as the
severity of cardiac involvement, may be related to the impact of the
mutation sites on ATGL lipase activity (Fischer et al., 2007;
Campagna et al., 2008; Kobayashi et al., 2008; Missaglia et al.,
2019). Human ATGL is a 504-amino acid protein, which harbors
a patatin domain and contains a catalytic dyad consisting of
Ser47 and Asp166 (Grabner et al., 2021). The carboxy-terminal
half of the enzyme contains a hydrophobic stretch
(325–360 residues), which is required for LD binding and TG
hydrolysis (Schweiger et al., 2008). Previously reported findings
provide evidence that NLSDM patients who carry missense
mutations manifest a mild disease phenotype, especially cardiac
symptoms, with the exception of patients who carry a missense
mutation that disrupts the ATGL catalytic site (Coassin et al., 2010).
However, in 51 patients with NLSDM-associated cardiomyopathy,
both frameshift and missense mutations were identified (Figure 3).
It is difficult to summarize the relationship between genotype and
phenotype based on this limited number of patients and the lack of
ATGL enzymatic activity analysis. Future molecular and
functional analyses of PNPLA2 mutations are needed to clarify
the variation in the clinical expression of the syndrome. Second, a
wide range of phenotypic variability has been found in patients
carrying the same mutation, both in terms of target organs and
severity of the disease, suggesting that epigenetic factors may affect
the disease phenotype (Missaglia et al., 2015; Pennisi et al., 2017).

Furthermore, estrogen appears to have a protective effect in
patients carrying the PNPLA2 mutation since heart failure has
been reported in almost 20% of NLSDM female patients and 55%
of male patients, although the frequency of PNPLA2 mutations
that cause a lack of ATGL protein production or expression of
truncated proteins is similar in men and women (Higashi et al.,
2015; Missaglia et al., 2017). Lastly, ethnic disparities in cardiac
involvement were reported. In a cohort of Italian patients with
NLSDM, mild cardiac involvement was observed in several
patients, which did not, however, require therapies other than
antihypertensive treatment. This is different from that observed in
the subjects from Japan, in whom cardiac involvement seems to be
the main clinical feature and often leads to heart transplantation or
cardiac death (Hirano et al., 2008; Ohkuma et al., 2008; Kaneko
et al., 2014; Higashi et al., 2015).

c.757 + 1G>T was previously reported in a small case series of
Hmong patients of Southeastern Asian origin and in a large cohort
of NLSDM patients from China as the hotspot mutation (Lin et al.,
2012; Laforet et al., 2013; Latimer et al., 2018; Tan et al., 2018; Zhang
et al., 2019). The mutation disrupts the splicing donor site of introns
5–6 and is predicted to result in the complete inclusion of introns
5–6 (106 bp) into the mRNA (p.Gly253ValfsX89) (Figures 2C, D).
To date, there have been 24 cases of homozygous patients carrying
c.757 + 1G>T, including 15 females and 9 males, with an average
onset age of 29.7 ± 9.4 years. A trend of a later onset of disease in
females than males was observed, although the difference is not
significant (females vs. male: 31 ± 10.0 vs. 28 ± 8.5 years, p > 0.05). In
terms of the presence of myocardial involvement, there is
heterogeneity among patients carrying the mutation, with 45.8%
(11/24) of cases accompanied by cardiomyopathy. In addition, one
case was reported to have isolated cardiac involvement without
skeletal muscle affection (Supplementary Table S3). The impact of
this splice mutation of PNPLA2 on the enzymatic activity of the
ATGL and LCFA metabolism in myocardial cells is not known.

FIGURE 3
Structural domains of ATGL protein and mutations identified in patients with cardiomyopathy and PNPLA2mutation. The ATGL protein consisted of
504 amino acids. There are two functional domains/regions: (1) the patatin domain, which contains a catalytic site (S47 and D166), and (2) a hydrophobic
region in the C-terminal, which takes part in binding with lipid droplets. Predicted ATGL protein changes of reported PNPLA2 mutations are listed.
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4 Conclusion

In conclusion, we describe NLSDM as a rare cause of DCM.
These two patients have cardiac involvement as the main clinical
manifestation, while the symptoms of skeletal muscle involvement
are mild or only accompanied by elevated CK levels without muscle
weakness. Our report suggests that for patients with
cardiomyopathy accompanied by elevated CK levels, the
possibility of neutral lipid storage disease should be considered,
and the PNPLA2 gene should be considered for inclusion in
cardiomyopathy genetic panels.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material; further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of Second Xiangya Hospital. The studies were conducted
in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study. Written informed consent
was obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

Author contributions

SuW: data curation, funding acquisition, investigation, project
administration, and writing–original draft. SaW: investigation and

writing–review and editing. DP: conceptualization, supervision, and
writing–review and editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by grants from the National Natural Science Foundation of
China (Youth Project 81600359) and the Nature Science Foundation
of Hunan Province Youth Project (2023JJ40855).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors, and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fgene.2024.1415156/
full#supplementary-material

References

Akiyama, M., Sakai, K., Ogawa, M., McMillan, J. R., Sawamura, D., and Shimizu, H.
(2007). Novel duplication mutation in the patatin domain of adipose triglyceride lipase
(PNPLA2) in neutral lipid storage disease with severe myopathy. Muscle Nerve 36 (6),
856–859. doi:10.1002/mus.20869

Campagna, F., Nanni, L., Quagliarini, F., Pennisi, E., Michailidis, C., Pierelli, F., et al.
(2008). Novel mutations in the adipose triglyceride lipase gene causing neutral lipid
storage disease with myopathy. Biochem. Biophys. Res. Commun. 377 (3), 843–846.
doi:10.1016/j.bbrc.2008.10.081

Chen, Z., Nakajima, K., Hirano, K. I., Kamiya, T., Yoshida, S., Saito, S., et al. (2022).
Methods of calculating 123I-β-methyl-P-iodophenyl-pentadecanoic acid washout rates
in triglyceride deposit cardiomyovasculopathy. Ann. Nucl. Med. 36 (11), 986–997.
doi:10.1007/s12149-022-01787-9

Coassin, S., Schweiger, M., Kloss-Brandstatter, A., Lamina, C., Haun, M., Erhart, G.,
et al. (2010). Investigation and functional characterization of rare genetic variants in the
adipose triglyceride lipase in a large healthy working population. PLoS Genet. 6 (12),
e1001239. doi:10.1371/journal.pgen.1001239

Fischer, J., Lefevre, C., Morava, E., Mussini, J. M., Laforet, P., Negre-Salvayre, A., et al.
(2007). The gene encoding adipose triglyceride lipase (PNPLA2) is mutated in neutral
lipid storage disease with myopathy. Nat. Genet. 39 (1), 28–30. doi:10.1038/ng1951

Fu, X., Yang, X., Wang, X., Jia, B., Ma, W., Xiong, H., et al. (2023). HyperCKemia: an
early sign of childhood-onset neutral lipid storage disease with myopathy.Neuromuscul.
Disord. 33 (9), 81–89. doi:10.1016/j.nmd.2023.07.007

Goldberg, I. J., Trent, C. M., and Schulze, P. C. (2012). Lipid metabolism and toxicity
in the heart. Cell Metab. 15 (6), 805–812. doi:10.1016/j.cmet.2012.04.006

Grabner, G. F., Xie, H., Schweiger, M., and Zechner, R. (2021). Lipolysis: cellular
mechanisms for lipid mobilization from fat stores. Nat. Metab. 3 (11), 1445–1465.
doi:10.1038/s42255-021-00493-6

Haemmerle, G., Moustafa, T., Woelkart, G., Buttner, S., Schmidt, A., van de Weijer,
T., et al. (2011). ATGL-mediated fat catabolism regulates cardiac mitochondrial
function via PPAR-α and PGC-1. Nat. Med. 17 (9), 1076–1085. doi:10.1038/nm.2439

Higashi, M., Hirano, K., Kobayashi, K., Ikeda, Y., Issiki, A., Otsuka, T., et al. (2015).
Distinct cardiac phenotype between two homozygotes born in a village with
accumulation of a genetic deficiency of adipose triglyceride lipase. Int. J. Cardiol.
192, 30–32. doi:10.1016/j.ijcard.2015.05.004

Hirano, K., Ikeda, Y., Sugimura, K., and Sakata, Y. (2015). Cardiomyocyte steatosis
and defective washout of iodine-123-β-methyl iodophenyl-pentadecanoic acid in
genetic deficiency of adipose triglyceride lipase. Eur. Heart J. 36 (9), 580. doi:10.
1093/eurheartj/ehu417

Hirano, K., Ikeda, Y., Zaima, N., Sakata, Y., and Matsumiya, G. (2008). Triglyceride
deposit cardiomyovasculopathy. N. Engl. J. Med. 359 (22), 2396–2398. doi:10.1056/
NEJMc0805305

Hirano, K., Tanaka, T., Ikeda, Y., Yamaguchi, S., Zaima, N., Kobayashi, K., et al.
(2014). Genetic mutations in adipose triglyceride lipase and myocardial up-regulation
of peroxisome proliferated activated receptor-gamma in patients with triglyceride
deposit cardiomyovasculopathy. Biochem. Biophys. Res. Commun. 443 (2), 574–579.
doi:10.1016/j.bbrc.2013.12.003

Kaneko, K., Kuroda, H., Izumi, R., Tateyama, M., Kato, M., Sugimura, K., et al. (2014).
A novel mutation in PNPLA2 causes neutral lipid storage disease with myopathy and

Frontiers in Genetics frontiersin.org06

Wang et al. 10.3389/fgene.2024.1415156

https://www.frontiersin.org/articles/10.3389/fgene.2024.1415156/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2024.1415156/full#supplementary-material
https://doi.org/10.1002/mus.20869
https://doi.org/10.1016/j.bbrc.2008.10.081
https://doi.org/10.1007/s12149-022-01787-9
https://doi.org/10.1371/journal.pgen.1001239
https://doi.org/10.1038/ng1951
https://doi.org/10.1016/j.nmd.2023.07.007
https://doi.org/10.1016/j.cmet.2012.04.006
https://doi.org/10.1038/s42255-021-00493-6
https://doi.org/10.1038/nm.2439
https://doi.org/10.1016/j.ijcard.2015.05.004
https://doi.org/10.1093/eurheartj/ehu417
https://doi.org/10.1093/eurheartj/ehu417
https://doi.org/10.1056/NEJMc0805305
https://doi.org/10.1056/NEJMc0805305
https://doi.org/10.1016/j.bbrc.2013.12.003
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2024.1415156


triglyceride deposit cardiomyovasculopathy: a case report and literature review.
Neuromuscul. Disord. 24 (7), 634–641. doi:10.1016/j.nmd.2014.04.001

Kintscher, U., Foryst-Ludwig, A., Haemmerle, G., and Zechner, R. (2020). The role of
adipose triglyceride lipase and cytosolic lipolysis in cardiac function and heart failure.
Cell Rep. Med. 1 (1), 100001. doi:10.1016/j.xcrm.2020.100001

Kobayashi, K., Inoguchi, T., Maeda, Y., Nakashima, N., Kuwano, A., Eto, E., et al.
(2008). The lack of the C-terminal domain of adipose triglyceride lipase causes neutral
lipid storage disease through impaired interactions with lipid droplets. J. Clin.
Endocrinol. Metab. 93 (7), 2877–2884. doi:10.1210/jc.2007-2247

Laforet, P., Stojkovic, T., Bassez, G., Carlier, P. G., Clement, K., Wahbi, K., et al.
(2013). Neutral lipid storage disease with myopathy: a whole-body nuclear MRI and
metabolic study. Mol. Genet. Metab. 108 (2), 125–131. doi:10.1016/j.ymgme.2012.
12.004

Latimer, C. S., Schleit, J., Reynolds, A., Marshall, D. A., Podemski, B., Wang, L. H.,
et al. (2018). Neutral lipid storage disease with myopathy: further phenotypic
characterization of a rare PNPLA2 variant. Neuromuscul. Disord. 28 (7), 606–609.
doi:10.1016/j.nmd.2018.04.010

Lin, P., Li, W., Wen, B., Zhao, Y., Fenster, D. S., Wang, Y., et al. (2012). Novel
PNPLA2 gene mutations in Chinese Han patients causing neutral lipid storage disease
with myopathy. J. Hum. Genet. 57 (10), 679–681. doi:10.1038/jhg.2012.84

Lopaschuk, G. D., Karwi, Q. G., Tian, R., Wende, A. R., and Abel, E. D. (2021).
Cardiac energy metabolism in heart failure. Circ. Res. 128 (10), 1487–1513. doi:10.1161/
CIRCRESAHA.121.318241

Missaglia, S., Coleman, R. A., Mordente, A., and Tavian, D. (2019). Neutral lipid
storage diseases as cellular model to study lipid droplet function. Cells 8 (2), 187. doi:10.
3390/cells8020187

Missaglia, S., Maggi, L., Mora, M., Gibertini, S., Blasevich, F., Agostoni, P., et al.
(2017). Late onset of neutral lipid storage disease due to novel PNPLA2 mutations
causing total loss of lipase activity in a patient with myopathy and slight cardiac
involvement. Neuromuscul. Disord. 27 (5), 481–486. doi:10.1016/j.nmd.2017.01.011

Missaglia, S., Tasca, E., Angelini, C., Moro, L., and Tavian, D. (2015). Novel missense
mutations in PNPLA2 causing late onset and clinical heterogeneity of neutral lipid
storage disease with myopathy in three siblings.Mol. Genet. Metab. 115 (2-3), 110–117.
doi:10.1016/j.ymgme.2015.05.001

Missaglia, S., Tavian, D., and Angelini, C. (2022). Neutral lipid storage disease with
myopathy: a 10-year follow-up case report. Eur. J. Transl. Myol. 32 (2), 10645. doi:10.
4081/ejtm.2022.10645

Miyauchi, H., Ono, R., Iimori, T., Sawada, K., Hoshi, K., Hirano, K. I., et al. (2023).
Modified algorithm using total count for calculating myocardial washout rate in single-
photon emission computerized tomography. Ann. Nucl. Cardiol. 9 (1), 19–25. doi:10.
17996/anc.22-00172

Muggenthaler, M., Petropoulou, E., Omer, S., Simpson, M. A., Sahak, H., Rice, A.,
et al. (2016). Whole exome sequence analysis reveals a homozygous mutation in
PNPLA2 as the cause of severe dilated cardiomyopathy secondary to neutral lipid
storage disease. Int. J. Cardiol. 210, 41–44. doi:10.1016/j.ijcard.2016.02.082

Ohkuma, A., Nonaka, I., Malicdan, M. C., Noguchi, S., Ohji, S., Nomura, K., et al.
(2008). Distal lipid storage myopathy due to PNPLA2 mutation. Neuromuscul. Disord.
18 (8), 671–674. doi:10.1016/j.nmd.2008.06.382

Pasanisi, M. B., Missaglia, S., Cassandrini, D., Salerno, F., Farina, S., Andreini, D., et al.
(2016). Severe cardiomyopathy in a young patient with complete deficiency of adipose
triglyceride lipase due to a novel mutation in PNPLA2 gene. Int. J. Cardiol. 207,
165–167. doi:10.1016/j.ijcard.2016.01.137

Pennisi, E. M., Arca, M., Bertini, E., Bruno, C., Cassandrini, D., D’Amico, A., et al.
(2017). Neutral Lipid Storage Diseases: clinical/genetic features and natural history in a
large cohort of Italian patients.Orphanet J. Rare Dis. 12 (1), 90. doi:10.1186/s13023-017-
0646-9

Rajani, P., Robertus, J. L., Wong, J., Homfray, T., Gil, F. R., and Shanmuganathan, M.
(2020). ATGL deficiency-induced triglyceride deposit cardiomyovasculopathy
requiring heart transplant: a 5-year follow-up. JACC Case Rep. 2 (5), 760–763.
doi:10.1016/j.jaccas.2020.03.021

Rao, M., Guo, G., Li, M., Chen, S., Chen, K., Chen, X., et al. (2019). The homozygous
variant c.245G > A/p.G82D in PNPLA2 is associated with arrhythmogenic
cardiomyopathy phenotypic manifestations. Clin. Genet. 96 (6), 532–540. doi:10.
1111/cge.13642

Schweiger, M., Schoiswohl, G., Lass, A., Radner, F. P., Haemmerle, G., Malli, R., et al.
(2008). The C-terminal region of human adipose triglyceride lipase affects enzyme
activity and lipid droplet binding. J. Biol. Chem. 283 (25), 17211–17220. doi:10.1074/jbc.
M710566200

Tan, J., Yang, H., Fan, J., Fan, Y., and Xiao, F. (2018). Patients with neutral lipid
storage disease with myopathy (NLSDM) in Southwestern China. Clin. Neurol.
Neurosurg. 168, 102–107. doi:10.1016/j.clineuro.2018.03.001

Zhang, W., Wen, B., Lu, J., Zhao, Y., Hong, D., Zhao, Z., et al. (2019). Neutral lipid
storage disease with myopathy in China: a large multicentric cohort study. Orphanet
J. Rare Dis. 14 (1), 234. doi:10.1186/s13023-019-1209-z

Frontiers in Genetics frontiersin.org07

Wang et al. 10.3389/fgene.2024.1415156

https://doi.org/10.1016/j.nmd.2014.04.001
https://doi.org/10.1016/j.xcrm.2020.100001
https://doi.org/10.1210/jc.2007-2247
https://doi.org/10.1016/j.ymgme.2012.12.004
https://doi.org/10.1016/j.ymgme.2012.12.004
https://doi.org/10.1016/j.nmd.2018.04.010
https://doi.org/10.1038/jhg.2012.84
https://doi.org/10.1161/CIRCRESAHA.121.318241
https://doi.org/10.1161/CIRCRESAHA.121.318241
https://doi.org/10.3390/cells8020187
https://doi.org/10.3390/cells8020187
https://doi.org/10.1016/j.nmd.2017.01.011
https://doi.org/10.1016/j.ymgme.2015.05.001
https://doi.org/10.4081/ejtm.2022.10645
https://doi.org/10.4081/ejtm.2022.10645
https://doi.org/10.17996/anc.22-00172
https://doi.org/10.17996/anc.22-00172
https://doi.org/10.1016/j.ijcard.2016.02.082
https://doi.org/10.1016/j.nmd.2008.06.382
https://doi.org/10.1016/j.ijcard.2016.01.137
https://doi.org/10.1186/s13023-017-0646-9
https://doi.org/10.1186/s13023-017-0646-9
https://doi.org/10.1016/j.jaccas.2020.03.021
https://doi.org/10.1111/cge.13642
https://doi.org/10.1111/cge.13642
https://doi.org/10.1074/jbc.M710566200
https://doi.org/10.1074/jbc.M710566200
https://doi.org/10.1016/j.clineuro.2018.03.001
https://doi.org/10.1186/s13023-019-1209-z
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2024.1415156

	Dilated cardiomyopathy caused by mutation of the PNPLA2 gene: a case report and literature review
	1 Introduction
	2 Case presentation
	2.1 Case 1
	2.1.1 Clinical characteristics
	2.1.2 Diagnostic assessment
	2.1.3 Genetic diagnosis

	2.2 Case 2
	2.2.1 Clinical characteristics
	2.2.2 Diagnostic assessment
	2.2.3 Genetic diagnosis


	3 Discussion
	4 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


