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ABSTRACT  

 

Background and aims: Genetic partial Lipodystrophies are rare heterogeneous disorders 

characterized by abnormalities of fat distribution and associated metabolic complications 

including a predisposition for atherosclerotic cardiovascular disease. We hypothesized that 

the milder forms of these diseases might be underdiagnosed and might result in early acute 

coronary syndrome (ACS) as the first sign of the pathology. 

Methods: We performed targeted sequencing on a panel of 8 genes involved in genetic 

lipodystrophy for 62 patients with premature ACS, and selected heterozygous missense 

variations with low frequency. To confirm those results, we analyzed a second independent 

group of 60 additional patients through Sanger sequencing, and compared to a control group 

of 120 healthy patients. 

Results: In the first cohort, only PLIN1, exhibited variants in more than 1 patient. In PLIN1, 3 

different variants were found in 6 patients. We then analyzed PLIN1 sequence in the second 

cohort with premature ACS and found 2 other patients. Altogether, 8 patients were carriers 

of 4 different mutations in PLIN1. The variant frequencies in the total cohort of 122 patients 

were compared to frequencies observed in a local control cohort and in 2 different public 

databases showing a significant difference between patient vs control group frequencies for 

two mutations out of  4 (c.245C>T p=10-4 ; c.839G>A p=0.014).   

Discussion: This is the first study that identifies a high frequency of potential pathogenic 

mutations in PLIN1 related to early onset ACS. These findings could contribute to the 

prevention and care of precocious ACS in families carrying those mutations.  

 

INTRODUCTION 
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Genetic lipodystrophies refer to a group of rare diseases characterized by the abnormal 

distribution of adipose tissue and metabolic anomalies including insulin resistance or type 2 

diabetes and hypertriglyceridemia. These anomalies ultimately result in atherosclerosis and 

confer an increased risk of Acute Coronary Syndrome (ACS) [1][2]. The molecular causes of 

generalized partial lipodystrophies include a broad spectrum of proteins which can be 

classified into 2 groups: the first one gathers proteins which are key to adipocyte 

differentiation and are involved in premature aging syndrome; the second group includes 

proteins playing a role in the adipocyte lipid droplet formation and regulation [3].  

Clinically, in genetic partial lipodystrophies, the fat loss is predominant on the limbs but can 

be present on the abdomen and chest in the most severe forms [4]. In parallel, adipose 

tissue accumulates on the face and neck and on organs that are not supposed to store fat, 

such as the liver and the heart. The severity of these syndromes varies, ranging from 

precocious onset right after puberty to later onset with an expression mimicking metabolic 

syndrome [5–7]. The majority of the cases reported so far are females, suggesting that male 

patients may be underdiagnosed since all described genes responsible for partial 

lipodystrophy are autosomal [8]. ACS is a major public health issue and the first cause of 

death worldwide [9]. A family history of coronary artery disease is a major risk factor for the 

disease but the genetic cause of the disease remains mostly undetermined except for 

familial hypercholesterolemia which only accounts for a limited number of patients with an 

early onset of ACS. Because genetic lipodystrophies are associated with ACS, we 

hypothesized that the milder forms of these diseases might be underdiagnosed and might 

result in early acute coronary syndrome (ACS) as the first sign of the pathology. 
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To identify such gene alterations, we investigated a series of 62 individuals who experienced 

ACS, by the massive parallel sequencing of a panel of 8 genes involved in the most frequent 

genetic generalized or partial lipodystrophies: AGPAT2, BSCL2, CAV1, LMNA, PLIN1, PPARG, 

CAVIN1 and ZMPSTE24. Following this approach, we identified four very rare heterozygous 

mutations of PLIN1 encoding perilipin 1, a major component of the lipid droplet which 

regulates the release of free fatty acids from the droplet.  

 

MATERIALS AND METHODS 

Patients 

We prospectively included 122 patients admitted to the cardiology departments of the 

North Hospital and La Timone Hospital in Marseille, for a first episode of ACS treated by 

percutaneous coronary intervention (PCI) and occurring before 55 years of age for women 

and before 50 years for men. ACS was defined according to the guidelines and includes both 

ST elevation and non-ST elevation ACS [10]. Only patients with at least one significant 

athero-thrombotic stenosis requiring PCI were included. We excluded patients whose ACS 

was due to non-atherosclerosis cause including trauma, dissection, septic embolus, toxic or 

coronary artery dissection. 

The healthy control group was constituted of 120 individuals matched for gender and 

recruited in the same 2 centres as patients. These subjects were part of a larger cohort of 

6154 individuals of French origin with no cardiovascular events before the age of 60, 

recruited as healthy controls [11].   
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The present study was approved by the institution review board and in accordance with the 

declaration of Helsinki. All patients accepted the study and gave written informed consent 

before inclusion. 

 

Clinical endpoint 

We recorded clinical ischemic and bleeding events during a 1-year follow-up period post-ACS 

(Table 1). Ischemic events are composed of major adverse cardiovascular events (MACE): 

cardiovascular death, myocardial infarction, urgent revascularization and stroke. Bleedings 

were assessed using the TIMI classification [12].  

 

Genetic analysis 

DNA was extracted from peripheral blood using standard procedures. DNAs were prepared 

and stored at the certified Biological Resource Center (CRB TAC component (NF S96-900 & 

ISO 9001 v2015 Certification)). All DNAs belong to biological sample collections declared to 

the French Ministry of Health (declaration numbers DC-2008-429) whose use for research 

purposes was authorized by the French Ministry of Health (authorization AC-2011-1312 and 

AC-2017-2986).  

 

Next Generation Sequencing (NGS) study: 

The targeted regions correspond to the coding regions and intron-exon boundaries of the 

following genes: AGPAT2 (NM_006412), BSCL2 (NM_001122955), CAV1 (NM_001753), 

LMNA (NM_170707), PLIN1 (NM_002666), PPARG (NM_005037), CAVIN1 (NM_012232), and 

ZMPSTE24 (NM_005857). This panel focuses on genes associated with lipodystrophy and 
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nucleopathy. The capture was performed with reagents from a custom design HaloPlex 

Target Enrichment kit (Agilent Technologies, USA), according to the HaloPlex Target 

Enrichment for Ion Torrent Sequencing v D4. Template preparation, emulsion PCR, and Ion 

Sphere Particles (ISP) enrichment were carried out using the Ion PI™ Template OT2 200 Kit 

v2 on the Ion OneTouch™ 2 System (Thermo Fisher Scientific Inc. USA). The quality of the 

ISPs was assessed using a Qubit 2.0 Fluorometer, and the ISPs were loaded and sequenced 

on an Ion PI™ Chip Kit v2 using Ion PI™ Sequencing 200 Kit v2 on the Ion Proton™ Sequencer 

(Thermo Fisher Scientific Inc. USA). Raw data were first aligned with the provided software 

suite included with the Ion Proton system to generate BAM files. The coverage and 

sequencing depth analysis were computed using the BEDtools suite v2.17 and in-house 

scripts. Variants were identified using the Torrent Browser Variant caller (version 4.0.2), 

annotated and prioritized with the in-house VarAFT system that includes Annovar [13]. The 

deleterious effect of the sequence variation identified were analyzed by bioinformatics tools 

such as: MutationTaster (http://www.mutationtaster.org/) [14], SIFT (http://sift.bii.a-

star.edu.sg/) [15], PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/) [16] and UMD 

predictor (http://umd-predictor.eu/) [17]. 

All mutations in the PLIN1 gene were confirmed using Sanger sequencing according to 

standard procedures on ABI3500XL (Life Technologies, Carlsbad, C.A, U.S.A.). Mutations are 

numbered according to the GenBank reference sequence NM_002666 and the Human 

Genome Variation Society recommendations (http://varnomen.hgvs.org/). 

 

Statistical analysis 

Statistical analyses were performed using PASW Statistics version 17.0. Continuous variables 

are reported as means and standard deviation or as medians and range (according to their 

http://genetics.bwh.harvard.edu/pph2/
http://umd-predictor.eu/
http://varnomen.hgvs.org/
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distribution), and categorical variables are reported as count and percentages. Univariate 

and multivariate analyses were performed using a logistic regression model to estimate the 

risk of ACS associated with the presence of PLIN1 mutated alleles. Odds ratios (OR) were 

estimated with a 95% confidence interval. The calibration of the logistic model was assessed 

using the Hosmer-Lemeshow goodness of fit test. A classification table was used to evaluate 

the predictive accuracy of the logistic regression model. 

 

RESULTS 

Clinical data 

Our cohort was composed of a majority of male patients (81.6%). The mean age at the time 

of the first ACS was 43.6 ± 7 years old. Among cardiovascular risk factors, a family history of 

CAD was present in 37.5% (45/120) of patients, obesity in 67.8% (80/118), active smoking in 

80.8% (97/120) and diabetes in 20.5% (24/117). Hypercholesterolemia and 

hypertriglyceridemia were present in 14% (16/111) and 35% (45/119) of the patients 

respectively. All clinical and laboratory data are summarized in Table 1. 

Coronary angiography revealed multi-vessel disease in 67% (81/120) of patients. All patients 

received PCI of the culprit lesion with drug-eluting stents. PCI was successful in all patients.  

Among the 122 patients included, a recurrent event of ACS was observed in 30.8% (37/120) 

over the one-year follow-up. 

 

Molecular findings 
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NGS was first performed for a subgroup of 62 patients out of 122 included in the study, on a 

panel of 8 genes. We focused exclusively on rare heterozygous missense variations since in 

partial lipodystrophies, pathogenic variants are usually missense variants with dominant 

transmission mode. An allelic frequency cutoff to consider a variant as rare was established 

at 0.0015 in GnomAD database (https://gnomad.broadinstitute.org/). 

Using the VarAFT software, we collected 68 variants in heterozygous condition, 10 were 

nonsynonymous and located on 5 out of the 8 genes. Among those, 4 variants in 2 genes had 

a frequency lower than the frequency cutoff set up at 0.15% in GnomAD. These 4 variants 

were not reported in ClinVar or PubMed as previously associated with a phenotype of 

lipodystrophy or any other pathogenic phenotype. The first variant, c.463G>A (p.Val155Ile), 

was located in CAV1 and was present in only one patient, the 3 others were located in one 

single gene, PLIN1, and were present in 6 patients.  Four individuals shared the same variant: 

c.245C>T (p.Thr82Ile) and two other patients carried a different variant in this gene: 

c.269T>C (p.Leu90Pro) and c.820C>T (p.Arg274Trp). All 3 variants were confirmed by Sanger 

sequencing (primer sequences in supplementary data).  

We then tested a second sub-group of 60 patients by direct Sanger sequencing of the coding 

regions of PLIN1 and identified two other patients carrying a rare missense heterozygous 

mutation in PLIN1: the first patient was a carrier of the recurrent mutation previously 

identified in the first series: c.245C>T (p.Thr82Ile), the second one carried a different 

mutation: c.839G>A (p.Arg280Trp).  

Altogether, from the 122 patients included in the cohort, 8 (7 males) were carriers of a 

variant in PLIN1, 5 of whom carried the same variant and the remaining 3 carried 3 different 

variations.  

https://gnomad.broadinstitute.org/
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All variants are described as deleterious in at least two of the following prediction tools: 

Mutation Taster, Sift, Polyphen2 and UMD predictor. Severity prediction scores are shown in 

Table 2. 

A transcripts study was performed for mutations c.245C>T (p.Thr82Ile), c.269T>C 

(p.Leu90Pro) and c.820C>T (p.Arg274Trp) because of the prediction by bioinformatics tools 

of a potential splicing alteration (http://www.umd.be/HSF3/HSF.shtml). These analyses did 

not confirm the prediction showing that roughly 50% of the transcripts carried the variation 

and that no abnormal transcript was produced. 

Allele frequencies in controls and in the studied cohort 

Allele frequencies and OR are summarized in Table 3. Univariate analysis confirmed the 

significantly higher prevalence of 2 of the PLIN1 mutations in patients with ACS compared to 

data frequency extracted from the GnomAD database: c.245C>T (p<10-4) and c.839G>A 

(p<0.014). For another mutation, a tendency was observed (c.820C>T: p=0.1).  

As the ACS cohort was recruited in the south of France, we looked for a potential bias linked 

to the geographical origin of the patients. In order to compare the ACS cohort to a 

population with close geographical origins, we consulted another database gathering exome 

data from a reference control panel of individuals of French ancestry (FREX, 

https://www.france-genomique.org/). Only the recurrent c.245C>T mutation was found in 

this database with a frequency of 0.00795 i.e. comparable to the frequency reported for this 

mutation in GnomAD. 

To investigate again a potential bias linked to the region of recruitment, we tested a local 

control cohort of 120 voluntary persons included in the same hospitals as the patients, by 

Sanger sequencing of PLIN1 coding regions. Out of the 120 controls, one male person was 

http://www.umd.be/HSF3/HSF.shtml
https://www.france-genomique.org/
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identified as a carrier of the recurrent c.245C>T mutation. The frequencies of the mutations 

were again significantly higher in the ACS cohort compared to controls and the risk of 

developing an ACS conferred by the presence of any of the 4 mutations in PLIN1 was 

significantly higher (OR, 8.2946, 95% CI: 1.0834; 372.9476, p=0.035).  

 

Relationship between mutations and clinical profile or recurrence events 

When comparing patients with or without a mutation in PLIN1, we observed no significant 

difference regarding baseline clinical characteristics or biological parameters (Table 1). In 

particular, there was no difference in disease diffusion or rate of recurrent events (p-values 

of respectively 0.6 and 1). We observed a tendency for the association of one risk factor, 

smoking, in the ACS group vs control group (p=0.143). 

 

 

DISCUSSION  

In the present study, mutations frequency in PLIN1 is increased in patients who present with 

an ACS when compared to healthy volunteers without ACS or to 2 public exome aggregation 

databases. Four different missense mutations in PLIN1 gene were identified in 8 patients 

(Table 2).  A mutated PLIN1 allele was more frequent in the ACS cohort than in the control 

group with an odd ratio of 8.3. Another missense variant was identified in CAV1 in one 

patient. Because previously described pathogenic mutations in CAV are nonsense mutations 

and only one patient was concerned, this variant was not further investigated [18] 

The significance of a family history of CAD for premature ACS (defined in this study as 

occurring before 50 years old for males and before 55 for females) has been recognized for 

more than 60 years [19]. The first identification of a molecular cause of precocious CAD was 
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the characterization of mutations in the LDLR gene responsible for familial 

hypercholesterolemia (FH) [20].  Although it was suggested that a network of proteins 

participated in atheroma plaque development such as proteins involved in lipid metabolism, 

the hereditability of premature CAD remains largely undetermined except for the very 

specific form due to  FH [21,22]. In fact numerous genome wide association studies (GWAS) 

have been conducted to identify loci associated with CAD. Up to now, more than 160 loci are 

described. Most of them are associated with common polymorphism and with modest 

effects on disease risk [23,24].   

Perilipin 1 is one of the 5 major members of the Perilipin family (perilipins 1 to 5) in humans. 

Perilipin 1 is involved in the control of neutral lipids stored in lipid droplets in cells [25]. In 

adipocytes at the basal state, it opposes triglyceride hydrolysis by preventing adipose 

triglyceride-lipase access to the lipid core of the droplet. After beta-adrenergic stimulation, 

perilipin 1 is phosphorylated by PKA on 5 specific sites and then promotes lipolysis by the 

hormone-sensitive lipase (HSL) or ATGL [25–27]. Two lipase-selective functional domains in 

perilipin 1 have been identified [28]. The phosphorylation of the 2 sites located in the N-

terminal domain (Ser81 and Ser276) seems to play a key role in the activation of lipolysis by 

HSL whereas those 3 in the C-terminal domain seem to involve lipolysis not linked to HSL and 

more specifically the lipolysis mediated by the adipose tissue triglyceride-lipase (ATGL) [28]. 

HSL and ATGL both induce hydrolysis of tri- and di-acyl glycerol, allowing the release of fatty 

acids and mono-acylglycerols.  In our study, we report 4 mutations in close vicinity of the 

two phosphorylation sites of the N-terminal domain of perilipin 1 Ser81 and Ser276 (Figure 

1)[28]. These results fit the paradigm where free fatty acid mobilization and utilization 

improves prognosis. As specific examples, SGLT2 inhibitors enhance the mobilization and 

utilization of free fatty acids in many tissues and thus improve prognosis [29] while the 
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described mutations in the perilipin gene near the phosphorylation sites may reduce the 

mobilization of lipids stored in lipid droplets in cells, thus possibly worsening the prognosis. 

Prediction tools for the phosphorylation site (http://gps.biocuckoo.org/online.php) showed 

that one of the mutations, p.Arg274Trp, abolishes the second phosphorylation site 

suggesting a possible pathological pathway through the alteration of the phosphorylation 

rate and an abnormal HSL activity leading to abnormal lipolysis. In the literature, 3 missense 

mutations of PLIN1 have been reported in 5 patients with autosomal dominant partial 

lipodystrophy [30,31].  These mutations were located at the C-terminal end of the protein 

and resulted in the expression of a truncated dysfunctional perilipin 1 lacking the 3 

phosphorylation sites of the C-terminal part of the protein. 

Beside adipocytes, perilipin 1 is also expressed in macrophages and vascular smooth muscle 

cells and is overexpressed in atheroma plaques [32,33], suggesting that it might play a role in 

the development of atherosclerosis by controlling the hydrolysis of esterified cholesterol in 

the above areas.  

A study has been performed in obese mice KO for PLIN1 and showed the correction of 

obesity thanks to an increased metabolic rate [34]. Two other in vivo studies are 

contradictious as one concluded that expression of perilipin 1 may play an atheroprotective 

role [35] whereas the other showed that its deficiency resulted in atherosclerosis reduction 

[36]. 

In vitro, it was observed that in ruptured atheroma plaque, perilipin 1 expression was 

increased when compared to stable plaque, suggesting a potential role of this protein in 

plaque rupture [37]. The speculated mechanism is a reduced lipolysis when perilipin 1 is 

expressed resulting in increased lipid retention and thus plaque destabilization. In addition, 

perilipin 1 expression in macrophages favors an increase in lipid droplets formation and 
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Triglycerides accumulation which favors conversion of macrophages into foam cells [38]. Up 

to now, there is no study reporting SNP in PLIN1 associated with an increasing risk of 

premature ACS ( https://www.gwascentral.org/ and https://www.ebi.ac.uk/gwas/).  

Atheroma plaque rupture or erosion is the main event responsible for ACS in patients but 

the mechanism involved in these acute complications remains undetermined, preventing 

effective therapies from being developed. The identification of perilipin 1 as a potential key 

factor of premature ACS could help in defining new therapeutic strategies to prevent or 

stabilize athero-thrombotic processes. Moreover, the identification of mutations in genes 

strongly associated with premature ACS could be of major clinical interest for screening. 

Indeed, our findings, if confirmed, could enable the identification of patients with a high risk 

of developing CAD and trigger the introduction of primary prevention measures in these 

patients and their relatives, similarly to strategies previously adopted in familial 

hypercholesterolemia. 

 

The limits of our study lie in the fact that the size of the cohort is limited. Investigations in  a 

larger cohort with different geographical origins will be necessary to evaluate more precisely 

the prevalence of these mutations in patients with premature ACS. In addition, this study did 

not allow us to determine whether these mutations are associated with a higher risk of 

recurrent events. Functional analyses are ongoing to better delineate the mechanisms by 

which such mutations in PLIN1 impact the lipid droplet formation and may favor plaque 

destabilization.   
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Legends:  

Figure 1: Schematic views of (A) PLIN1 gene with mutations reported in this work (black boxes: 

coding exons). (B) perilipin 1 protein with the different phosphorylation. 

Tables: 

Table 1: Baseline characteristics of the 120 patients with SCA. (2 out of the 122 patients had no 
clinical data available). 
 
Table 2: Bioinformatics software prediction and allelic frequencies in GnomAD: 

http://gnomad.broadinstitute.org/ for the 4 mutations identified in PLIN1. 

Table 3: Risks associated with the presence of the mutations (control: GnomAD and cohort: 122 

patients with Precocious ACS) 
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