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Rare and common coding variants D
in lipid metabolism-related genes and their
association with coronary artery disease
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Abstract

Background Coronary artery disease (CAD) is a complex disease that is influenced by environmental and genetic
factors. In this study, we aimed to investigate the relationship between coding variants in lipid metabolism-related
genes and CAD in a Chinese Han population.

Methods A total of 252 individuals were recruited for this study, including 120 CAD patients and 132 healthy control
individuals. Rare and common coding variants in 12 lipid metabolism-related genes (ANGPTL3, ANGPTL4, APOAT,
APOAS5, APOCT, APOC3, CETP, LDLR, LIPC, LPL, PCSK9 and SCARBT) were detected via next-generation sequencing (NGS)-
based targeted sequencing. Associations between common variants and CAD were evaluated by Fisher's exact test. A
gene-based association test of rare variants was performed by the sequence kernel association test-optimal (SKAT-O
test).

Results We found 51 rare variants and 17 common variants in this study. One common missense variant, LIPC rs6083,
was significantly associated with CAD after Bonferroni correction (OR=0.47, 95% Cl=0.29-0.76, p=1.9x 103). Thirty-
three nonsynonymous rare variants were identified, including two novel variants located in the ANGPTL4 (p.Gly47Glu)
and SCARBIT (p.Leu233Phe) genes. We did not find a significant association between rare variants and CAD via gene-
based analysis via the SKAT-O test.

Conclusions Targeted sequencing is a powerful tool for identifying rare and common variants in CAD. The common
missense variant LIPC rs6083 confers protection against CAD. The clinical relevance of rare variants in CAD aetiology
needs to be investigated in larger sample sizes in the future.
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Introduction

Coronary artery disease (CAD) is a common chronic
inflammatory disease that remains the leading cause of
death worldwide [1]. It was estimated that 700,000 people
die from CAD in China every year [2]. Lipid disorders
are common conditions that involve abnormal levels of
lipids in the blood. These disorders are a significant risk
factor for the development of CAD. High levels of low-
density lipoprotein (LDL) cholesterol, known as “bad”
cholesterol, and low levels of high-density lipoprotein
(HDL) cholesterol, known as “good” cholesterol, are
associated with an increased risk of CAD. Elevated tri-
glyceride levels can promote plaque formation, and high
levels of lipoprotein(a) have been shown to increase the
risk of CAD. In addition to conventional risk factors such
as hypertension, dyslipidaemia, diabetes, obesity and
smoking, genetic factors also play an important role in
CAD pathogenesis. To reduce the occurrence of CAD,
identifying biomarkers responsible for CAD aetiology is
important [3].

Genome-wide association studies have identified many
variants associated with CAD [4-7]. GWASs focus on
common variants, and these susceptibility variants are
always located within intronic or intergenic regions with
relatively small effects. Common and rare variants in the
coding region that might also be associated with CAD
are generally missed.

Due to the increase in throughput and decrease in
costs, next-generation sequencing (NGS)-based technol-
ogy has been shown to be a powerful tool for identifying
novel causal mutations associated with Mendelian dis-
eases [8]. Targeted sequencing is a rapid and cost-effec-
tive way to detect known and novel variants in selected
sets of genes or genomic regions and has been shown to
be an efficient technique for screening variants in com-
plex diseases [9, 10]. Targeted sequencing of a subset of
genes generates results with quality identical to that of
Sanger sequencing [11]. Four rare variants in the cod-
ing region of apolipoprotein C3 (APOC3) that disrupt
APOCS3 function were found to be associated with lower
plasma triglyceride levels and a reduced risk of coronary
heart disease [12]. Dewey et al. showed that patients car-
rying inactivating variants in ANGPTL4 had lower tri-
glyceride levels and a lower risk of CAD than noncarriers
[13]. Compound heterozygosity for two distinct nonsense
variants in ANGPTL3 results in decreased plasma LDL
cholesterol levels and familial combined hypolipidae-
mia [14]. Rare alleles at LDLR and APOAS confer risk
for early-onset myocardial infarction [15]. Rare nonsyn-
onymous variants can facilitate the exploration of disease
pathogenesis and provide supportive evidence for puta-
tive drug targets for novel therapies.

In this study, we conducted targeted sequencing of 12
genes involved in lipoprotein metabolism to investigate
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both common and rare variants and their association
with CAD. We aimed to identify genetic risk factors that
confer susceptibility to CAD in the Chinese Han popula-
tion, thereby shedding light on the pathogenesis of CAD.

Materials and methods

Study population

A total of 120 CAD patients and 132 non-CAD control
individuals were recruited from Renji Hospital between
2016 and 2020. All of the participants were adults who
signed an informed consent form. The average age of the
participants was 64.601+9.58 years. All the participants
were unrelated Chinese Han individuals. This study was
approved by the Medical Ethics Committee of Renji Hos-
pital and complied with the principles set forth by the
Declaration of Helsinki. The diagnostic criteria for CAD
patients were defined as follows: at least one of the major
segments of coronary arteries (right coronary artery,
left circumflex, or left anterior descending arteries) with
250% organic stenosis based on coronary angiography.
The clinical characteristics of the CAD patients are sum-
marized in Supplementary Table 1. Non-CAD control
individuals were defined as those free from coronary
lesions (angiography normal). Individuals with incom-
plete information were excluded. A 5 ml peripheral blood
sample was collected from each subject.

Targeted sequencing

Genomic DNA was extracted using a TianGen DNA
Extraction Kit (TianGen Ltd., Beijing, China) follow-
ing the standard protocol. The DNA concentration and
quality were measured using a NanoDrop spectropho-
tometer (Thermo Scientific, USA). All the purified DNA
was stored at -80 °C, and 50ng DNA was used for PCR
amplification. We selected lipid metabolism-related
genes significantly associated with CAD based on exist-
ing genome-wide association studies and case-control
studies. We generated a multiplex PCR panel to capture
the coding region of lipid metabolism-related genes.
After pre-experimental adjustments, 12 genes were ulti-
mately retained for subsequent experiments (ANGPTL3,
ANGPTL4, APOAI, APOAS, APOCI, APOC3, CETP,
LDLR, LIPC, LPL, PCSK9 and SCARBI). All the genes
were shown to be associated with CAD in previous stud-
ies (Table 1). PCR primers (Supplementary Table 2) were
designed using Oligo 6.0 and synthesized by Shanghai
Free Biotechnology Co., Ltd. (Shanghai, China). Coding
regions of the target gene were captured by multiplex
PCR followed by adaptor addition. The final panel con-
sisted of 203 amplicons with an average size of 250 bp.
Paired-end sequencing (2x150) was performed with Illu-
mina NovaSeq sequencing instruments (Novogene, Bei-
jing, China).
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Table 1 The 12 genes selected for the NGS custom gene panel

Gene Location Ref seq no. No. of coding exons Transcript length (bp) Protein length (aa) Ref
ANGPTL3 1p31.3 NM_014495 .4 7 2926 460 [16]
ANGPTL4 19p13.2 NM_139314.3 7 1872 406 [13,17]
APOAT 119233 NM_000039.3 4 899 267 [18]
APOAS 119233 NM_001371904.1 3 1881 366 [19,20]
APOC1 19913.32 NM_001645.5 4 514 83 [18]
APOC3 119233 NM_000040.3 4 535 99 [12,21,22]
CETP 16013 NM_000078.3 16 1691 493 [23-25]
LDLR 19p13.2 NM_000527.5 18 5173 860 [26]

LIPC 150213 NM_000236.3 9 2559 499 [27]

LPL 8p21.3 NM_000237.3 10 3565 475 [26, 28]
PCSK9 1p32.3 NM_174936.4 12 3637 692 [26, 28]
SCARBI 12g24.31 NM_005505.5 13 3405 509 [29, 30]

Variant analysis

Nonsynonymous exonic variants were identified by BWA
(version 0.7.17) and SAMtools (version 1.9) according to
the following quality control criteria: (1) at least 50x cov-
erage; (2) Q-score>30; and (3) at least 40% variant fre-
quency. Variant annotation was performed on GRCh38.
p13. Variations that were absent or had a minor allele
frequency<0.01 in the public database (dbSNP build 155;
Exome Aggregation Consortium v1.0; 1000 Genomes
Project phase 3; and Genome Aggregation Database
v3.1.1) were regarded as rare variants. Common variants
were defined as having a minor allele frequency>0.05,
and low-frequency variants were defined as having a
minor allele frequency between 0.01 and 0.05. Associa-
tions between common variants and CAD were deter-
mined using a standard Fisher’s exact test with default
parameters. The p value was adjusted to 2.9x107% by
Bonferroni correction (0.05/17). A gene-based asso-
ciation test of rare variants was performed using the
sequence kernel association test-optimal (SKAT-O) test
[31]. Pathogenicity prediction of the missense variant
was performed with SIFT v4.0.3 (http://provean.jcvi.org/
index.php) and PolyPhen-2 version 2.2.3 (http://genetics.
bwh.harvard.edu/pph2/index.shtml) [32, 33]. Variants
were classified into five classes (benign, likely benign,
uncertain significance, likely pathogenic, and pathogenic)
based on the ACMG guidelines [34]. Multiple sequence
alignment was performed using the Clustal method [35].

Results

We screened all the exons of 12 lipid metabolism-related
genes (ANGPTL3, ANGPTL4, APOAI, APOAS, APOC]I,
APOC3, CETB LDLR, LIPC, LPL, PCSK9 and SCARBI)
and their flanking sequences in 120 CAD patients and
132 control individuals. A total of 75 variants were iden-
tified after quality control, including 51 rare variants
(MAF<0.01), 7 low-frequency variants (MAF: 0.01-0.05)
and 17 common variants (MAF>0.05).

Seventeen common variants were identified, including
9 synonymous variants and 8 nonsynonymous variants.
Common variant association analysis revealed that 4 vari-
ants located in the CETP and LIPC genes were nominally
associated with CAD (p value<0.05) (Table 2). Neverthe-
less, after Bonferroni correction (p value<2.9x1073),
the missense variant LIPC rs6083 remained significantly
associated (p value=1.9x1073).

To reveal the potential burden of rare variants in the
CAD group compared to the control group, we con-
ducted a gene-based association analysis using the
SKAT-O test. However, no significant difference was
found between the CAD patients and healthy control
individuals (Table 3).

A total of 33 coding nonsynonymous variants, includ-
ing 32 missense variants and one 7 bp duplication vari-
ant, were discovered in 12 gene regions (Table 2). All of
these variants were heterozygous variants (Table 4). Of
all the rare nonsynonymous variants, 18 were identified
only in the CAD group, 12 were identified only in the
control group, and 3 were identified in both the CAD and
control groups. Of all the rare synonymous variants, 3
were identified only in the CAD group, 10 were identified
only in the control group, and 5 were identified in both
the CAD and control groups.

Two novel missense variants discovered in this study
were not found in the ExAC, gnomAD or dbSNP data-
bases, and both were found in the CAD cohort. One
single nucleotide variant in the ANGPTL4 gene that
introduces a missense variant at position 47, resulting
in the amino variant p.Gly47Glu (GGA-GAA, located
in the first exon of ANGPTL4 at nucleotide 8,364,461 on
chromosome 19). The other single-nucleotide variant in
the SCARBI gene that introduces a missense variant at
position 233, resulting in the amino variant p.Leu233Phe
(CTC-TTC, located in the fifth exon of SCARBI at nucle-
otide 124,811,899 on chromosome 12). We also identified
novel alleles at 4 existing SNVs in the dbSNP database.
Two novel variants and four novel alleles were validated
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Table 2 Association analysis of common variants

Gene chr Position Ref/Alt rsiD Effect MAF OR (95% Cl) p
ANGPTL4 19 8,371,280 /T rs1044250 missense variant 0.057/0.068 1.210(0.579~2.528) 0611
APOAS 1 116,790,772 G/A rs3135507 missense variant 0.110/0.097 0.864 (0.419~1.783) 0.693
CETP 16 56,982,180 G/A rs5882 missense variant 0.439/0.534 1463 (1.010~2.118) 0.044
LDLR 19 11,113,589 A/G rs5930 synonymous variant 0.327/0.392 1.329(0.842~2.097) 0.221
LDLR 19 11,116,124 /T rs5929 synonymous variant 0.346/0.292 0.779 (0.535~1.134) 0.192
LDLR 19 11,116,926 /T rs688 synonymous variant 0.146/0.144 0.985 (0.599~1.618) 0.952
LDLR 19 11,120,205 T/C 1s5925 synonymous variant 0.218/0.187 0.825(0.518~1.313) 0417
LIPC 15 58,541,794 A/G rs6078 missense variant 0.278/0.280 3(0.684~1.499) 0.950
LIPC 15 58,542,542 G/T rs690 synonymous variant 0.292/0.275 0919 (0.611~1.380) 0.682
LIPC 15 58,545,758 A/G rs6082 synonymous variant 0.479/0.402 0.729(0.512~1.038) 0.079
LIPC 15 58,545,811 G/A rs6083 missense variant 0.221/0.117 0469 (0.290~0.761) 1.9E-03
LIPC 15 58,545,839 C/G rs6084 synonymous variant 0.117/0.057 0456 (0.237~0.877) 0.016
LIPC 15 58,568,764 A/C rs6074 synonymous variant 0.199/0.312 1.822 (1.167~2.845) 79E-03
LPL 8 19,962,213 /G rs328 stop gained 0.092/0.083 0.895 (0.471~1.702) 0.734
PCSK9 1 55,039,830 -/CTG rs35574083 inframe insertion 0.067/0.099 1.529(0.799~2.927) 0.197
PCSK9 1 55,039,995 /T rs11583680 missense variant 0.083/0.102 1.253 (0.683 ~2.299) 0.465
SCARB1 12 124,800,202 /T rs5888 synonymous variant 0.213/0.261 1.311(0.867~1.983) 0.198

Chr, chromosome; Position, genomic position based on GRCh38.p13; Ref/Alt, reference allele/alternative allele; MAF, minor allele frequency of case/control; OR, odds

ratio; Cl, confidence interval; p, Fisher’s p value

Table 3 Gene-based sequence kernel association test-optimal
(SKAT-0) test of rare variants

Gene Number of Variants  p Value
ANGPTL3 2 0913
ANGPTL4 5 0.202
APOA1 5 0.926
APOAS 3 0.117
APOC1 2 0.654
CETP 4 0.821
LDLR 6 0.897
LIPC 6 0.722
LPL 4 0.059
PCSK9 8 0.594
SCARB1 6 0.681

by bidirectional Sanger sequencing and demonstrated
100% concordance (Supplementary Fig. 1).

Variant pathogenicity analysis was performed using
SIFT and Polyphen-2. Twelve variants were predicted to
be deleterious by SIFT, and 18 were predicted to be pos-
sibly damaging or probably damaging by PolyPhen-2.
Ten variants were predicted to be tolerated by SIFT and
benign by PolyPhen-2, indicating that these variants are
not pathogenic. Eight variants were predicted to be dele-
terious/damaging in both programs. Twenty-two variants
were predicted to be damaging or deleterious in at least
one program. According to the standards and guidelines
of the ACMG, p.Aspl168Asn in the LDLR gene was clas-
sified as a likely pathogenic variant, while the rest were
classified as having uncertain significance or benign.

Discussion

In the present study, we systemically screened the coding
regions of 12 lipid metabolism-related genes in a Chinese
cohort of 120 CAD patients and 132 healthy control indi-
viduals. NGS based targeted sequencing can identify not
only disease-causing variants but also variants of uncer-
tain significance, which can be challenging for genetic
counselling.

We found that the missense variant LIPC rs6083 was
associated with protection from CAD. LIPC encodes
hepatic triglyceride lipase and participates in the hydro-
lysis of triglycerides (TGs) and phospholipids [36, 37]. It
has been reported that variants in the promoter region
of LIPC affect HDL-cholesterol levels [38, 39]. Epigen-
etic analysis revealed that CAD patients had higher LIPC
DNA methylation levels than healthy control individuals
[40]. However, further functional verification is needed
to determine whether the missense variant LIPC rs6083
affects the pathogenicity of CAD development. Rare vari-
ants have a population incidence of <1% and may not be
statistically associated with diseases of interest even in
large samples. It was predicted that 27-29% of nonsyn-
onymous variants are neutral or nearly neutral, 30-42%
are moderately deleterious, and the remainder are highly
deleterious or lethal [41]. Previous studies have shown
that rare variants in lipid metabolism genes are associ-
ated with CAD. Stitziel et al. reported 37 and 161 loss-
of-function variants in 21,980 CAD patients and 158,200
control individuals, respectively. These authors suggested
that ANGPTL3 deficiency is associated with protec-
tion from CAD (OR=0.44, p=0.04) [16]. Cohen et al.
reported that 2.6% of black participants (n=3,363) had
nonsense mutations in PCSK9, which was associated



Page 5 of 10

(2024) 24:97

Li et al. BMC Cardiovascular Disorders

JuelleA
ENVEN

SNA - Buibewep Ajgissod TLL0 PpRIRIIo) L 0 / -siu [eAZLneTd <D PED 9/0 €1079695 9l d1d
JueleA
ENVEN

SNA ublusg 0 P30}y 90 0 I 68Z£0000°0 LZ08EP69ES) Sl SIHPSBiyd  w<91912 v/9 767916y 61 1204V

cials 1vo9

SNA - - - - Ll 0 86100000 GS£0£9/9/5! -Na79¢sA7d LIDI/L  0£2916%h 61 120dY
JueleA
SNo ENVEN

SNA ubjuag [ZAXEICIETETe) 0 L / (¥/9)99/00995551  -Siw leassenaTd <D €901 2/9 LL SYOdY
JueLeA
ENVEN

SNA  BuiBewep A|qissod Y90 pa1eIRo1 610 0 L / S665/87SSI Sl leAgzA|d 1<D/LD v/ L SYOdV
JuelleA
ENVEN

SNA ubjuag LOL'0  pa1eIdjo) 0 L / -Siw 185/p160yd <D 6EpD 1o LL LVOdY
JuelleA
ENVEN

SNA  Buibewep A|qegoid 8660 PaleId[0) 800 L 0 /59000000 V/S1E68TSI  -SIW 19505A9d ¥ <OgyLD 1D LL LVOdY
JuelleA
ENVEN

SNA ubluag 1000 Pa1eI3|0)  £00 L L S¥y8yL10zs) Sl nallylend  1<OLZLD v/ LL LVOdY
JuelleA
ENVEN

SNA ublusg G000 Pa1es3jor |10 0 L / -Silw nopezupd  ©<) 68D 2/9 LL LYOdY
JueleA
ENVEN

SNA ublusg €000 P30l €0 L 0 8vzl0oo00 TELOWPOS/SI  -Slw Bivzseupd Dy SLLLD ON  08L€LE'8 61 ¥1LdONY
JueleA
ENVEN

SNA ublusq €200 Ppaes3or 10 0 I 7/S900000 7€6816007s)  -Slw liveelend  ¥<D0L62 v/ ESKLLER 6l 1LIONY
JueleA
Nale] ENVEN

SNA  buibewep A|gegoid EEICIETEN) 0 L / -SIw ok npADd  v<oopLD /9 L9YY9E'8 61 ¥1LdONY
JueLeA
SNo ENVEN

SNA ublusq L610  -U913j9p 0 L I 609¥0000°0 TE1890T LISl -Siw yle6lard  D<19652 /L 96/'86579 L €1LONY
JueLeA
SNo ENVEN

SNA - Buibewep Ajgegoid 8660 -Ma19RP 100 L 0 /6100000 L/Y97810TSI  -SlW yloelard  D<1/859 /L /8/'865T9 I €1LdONV

|o13uod
sjuenen  (Qywoub)
ssep uaydAjod usydAjod ssep yis L4IS  JosdquinN VN dldNSaP Pay3 |anou A VNG NV/53Y sod auap

ApN3s SIY} Ul PAYIIUSPI SIURLIEA SNOWAUOUASUOU 2JeY  djqel



Page 6 of 10

(2024) 24:97

Li et al. BMC Cardiovascular Disorders

JueleA
9SUaS

SNA ubluaq €000 Pa1eI3[0)  €£0 L 0 €/6100000 £0976504/8)  -Slw [eAgolelyd 1< €052 LD 9z9'9v0'ss L 6)50d
JueleA
SNo 9SUaS

SNA  buibewep Ajgegoid €660 -Ua13j9p 0 0 L ¥1£100000 110008LSI  -Slw lyregreyd  y<Hr9gd V/9  [T6'S56'61 8 1d1
JueleA
oSUSS

SNA  buibewep Ajqissod [9/°0 pa1es30) G0 L 0 #LE£100000 GZ005/0S/S1 -Slw SIHOGCOIYd Y <D6H/D v/ LTEYSE6L 8 1d1
JueleA
SNoO oSUaS

SNA - Buibewep Ajgegoid L -u31Rp  ¥00 0 L /5900000 IPE/SOSPLSI  -Siw ylgeelyd v <9rerd v/9 LIg'1s6'6lL 8 1d1
JueleA
ENVEN

SNA - Buibewep Ajgissod 6080 Pa1es2/01 900 0 L 665400000 SYOOPEELGSI  -SIW sAOppybiyd 1<) O0EELD LD $99'€95'8S Gl DdI
JueleA
ENVEN

SNA  Buibewep Ajqissod SZ/0 P1RIB0Y 970 L 0 /59000000 YP6/SYSLOLSI Sl usygegsasd  V<9O/8L1D V/9  7TS§'€95'8S  SL DdlI
JueLeA
SNo ENVEN

SNA - Buibewep Ajgegoid | -ua13jep 0 0 L 98Z£0000°0 46017880€/S)  -SIW IALEQSSIHG  1<D /p/1D LD 0069LLLL 6L Y1aT
JuelleA
ENVEN

SNA  Buibewep Ajqissod 6/,0 Ppawi201 80 0 | / 985¥5T6/85) Sl sAD00zaydd <1665 o/L S0S'SOL'LL 6l Y1a7
JuelleA
ENVEN

SNA - Buibewep Ajgegoid 8860 Pajei(0} L 0 / 0lO/PLELOLSS  -Slw Bv96L0idd  ©<D 985D 9/ T6V'SOLLL 6l 411
JuelleA
SNo ENVEN

d1 Buibewep A|gegoid | -ua1eep €00 0 L 689/2£007s)  -SIw usyggldsyd  ¥<Hz0s2 v/9  80Y'SOL'LL 6l ¥1a7
JuelleA
SNo ENVEN

SNA ubluaq 7010 -HaRPEP  $00 L 0 9%¥S800000 L9vZ0LL0zs!  -Siw SIHGLLBIYd ¥ <Opped v/9  0STSOL'LL 6l ¥1a7
JueleA
ENVEN

SNA ubluaq €000 Pa1eIR[01  £E0 0 L 1/6100000 781519p8Isl sl uppsLbiyd  y<DL9pd V/9  $€6'696'95 9l RIED)

|o13uod
~ sjueuen  (gywoub)
ssep uaydAjod uaydAjod ssep yis L4IS  JosdquinN VN aldNsap 1943 [snou VY VNQ Mv/3Y sod auap

(panunuod) y3jqer



Page 7 of 10

(2024) 24:97

Li et al. BMC Cardiovascular Disorders

(/126'007/U01IRLIRA/IRAUID/ACG YU WIU'IGDU) 35eqRIRp JeAUID 33 Ul A1dluaboyied jo suoneiaidisiul bupdijuo) se pajeiouuy,

(/9€1'€8L/UONIRLIRA/IBA

/AOB Y1urwijuigdu) aseqelep JeAaul|d 9y ul diusboyied A|ax17/21usboyied se pajejouuy,

(g) ubiuaq pue (g7) ubiuaq Ajay1| (SNA) @2uedyiubis uiepadun Jo Jueliea ‘(d7) diusboyied Aoy
‘(d) 21usboyied :uonedyisse|d JuelieA ‘DNDY ‘dseqeieq uonehaibby swouan ay) ul AKousnbauy 3|9|[e Joulw ‘Jy|\ D]9]|e dAIRUISIE/I|D]|e BDUDIRI YY/43Y ‘€1d 8EYDYD Uo paseq uonisod diwouab ‘sod ‘Buosowoiyd 4yd

SNA  buibewep Ajgissod

SNA ubluaq

g buibewep Ajgeqoid

SNA ubluaq

SNA  Buibewep Ajgegoid

SNA  buibewep Ajgegoid

SNA ubjusq

€060

7660

9660

£56°0

€Leo

pa1e3|0}

pa1e13|0}

pa1e13|0}

pa1e13|0}

sno
-11913[9p

sno
RIEIEIETe)

sno
RIEIEIETSY

600

Y00

€00

L L

0 L

8110000

195800

G5¢S00000

1€100000

¥8¢€00000

#1€100000

€1¢96¢€0154

L008ECYS

SCS9Y9C/SI

€6991889/51

SCE6BYOY LS

€CES6/89/51

JueLeA
ENIEN
]
JueLeA
ENIEN
-siu
JueLeA
ENIEN
]
JueLeA
ENIEN
]
JueLeA
35U
]
JueleA
5U3S
-siu
JueLeA
uolb
-al
921|ds
JueLRA
ENIEN
]

sak aydeeznaTd Y <DH/692

AD6ziesd  D<V 5892

195zA19d vV <O¥D

nag/soidd  1<D/t/LD

Biverziasd V<D /b0

1959¢zAod v <9H90/D

Jylozeelyd  v<98592

1/0

D/L

1/0

1/

v/D

/9

v/

0T¥'190'sS

6€£'750'SS

869'750'SS

059'750'sS

l

l

l

l

L94vOs

L94vOs

L99vOs

6)50d

6)50d

6)50d

6)S0d

ssepp uaydAjod usydAlod ssep Yis

IS

|o13u0d

sjuelieA

Jo ssquinN

(@ywoub)
EV

ai dNS9p

10343

|aAou vv VNa

HV/3ed

sod

ausn

(penunuod) ¢ ajqel



Li et al. BMC Cardiovascular Disorders (2024) 24:97

with an 88% lower risk of CAD (P=0.008) [42]. Analysis
of the CETP gene revealed that protein truncation vari-
ant carrier status was associated with a reduced risk of
CAD (OR=0.70, P=5.1x10-3) [25]. To our knowledge,
no previous study has reported the relationship between
rare variants in lipid metabolism genes and CAD in a
Chinese Han cohort. However, there have been associa-
tion studies of rare variants in other genes with CAD.
Jia et al. sequenced nine exons of the CPE gene in 51
CAD patients, and no significant associations were
found between rare variants and CAD [43]. Sequenc-
ing of MEF2A exon 11 revealed a rare 21-bp deletion in
five CAD patients, indicating that this deletion might be
a specific cause of CAD [44]. Wang et al. genotyped the
rare variant rs34166160 in NINJ2 and demonstrated that
rs34166160 significantly confers risk of CAD [45].

In the present study, a total of 33 nonsynonymous rare
variants were identified. However, a gene-based SKAT-
O test did not reveal an association between rare vari-
ants and CAD. We found two novel variants in the CAD
cohort. One of them was a variant that introduces a
missense variant in ANGPTL4 (p.Gly47Glu), which was
predicted to be deleterious by SIFT and probably damag-
ing by PolyPhen-2. The other variant was a variant that
introduces a missense variant in SCARBI (p.Leu233Phe),
which was predicted to be tolerated by SIFT and possi-
bly damaged by PolyPhen-2. Protein sequence alignment
of the novel variants revealed that both variants affect
residues highly conserved across multiple species (Fig. 1).

A Homo sapiens QSKSPRF
Pan troglodytes QSKSPREF

Mus musculus QPEPPRE
Rattus norvegicus QPEPPRF
Bos taurus PPETPRF

Sus scrofa PPEAPRFEF

Canis lupus familiaris PPEPQRF
Equus caballus PTESPRFE
Xenopus tropicalis SEKKVQ
Danio rerio  KEKRVQ

Gallus gallus KERRAQF

CDIEFJCOU)(DU)(D(DU)U}CD
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ANGPTL4 inhibits LPL activity and retards lipoprotein
catabolism Previous studies have shown that carriers of
the ANGPTL4 variant are more likely to have lower tri-
glyceride levels and higher HDL cholesterol levels than
noncarriers are and are less likely to have CAD [13]. In
this study, the HDL cholesterol levels (1.35 vs. 0.96+0.23)
of ANGPTL4 Gly47Glu variant carriers were greater
than those of noncarriers, while the TG levels (1.33 vs.
1.5940.79) were lower. These results are consistent with
those of previous studies [13]. Multiple studies have
shown that missense variants in the SCARBI gene are
associated with elevated HDL cholesterol levels. Zanoni
et al. identified 3 heterozygous carriers and 1 homozy-
gous carrier of p.Pro376Leu through targeted sequenc-
ing of SCARBI in 328 individuals with extremely high
plasma HDL cholesterol levels, while the variant did not
exist in 398 individuals with extremely low plasma HDL
cholesterol levels. Association analysis revealed that car-
riers of the p.Pro376Leu variant have an increased risk of
CAD. (OR=1.79, P=0.018) [30]. In this study, individu-
als carrying the SCARBI p.Leu233Phe variant had lower-
than-average HDL cholesterol levels (0.85 vs. 0.96+0.23).

In the ClinVar database, rs730882109 in LDLR was
classified as “conflicting interpretations of pathogenicity’,
and rs200727689 in LDLR was classified as “pathogenic/
likely pathogenic” Both of these variants were linked to
familial hypercholesterolemia-1 (FHCL1) in the ClinVar
database and identified only in the CAD cohort.

B Homo sapiens BEVONISRIH WHSDOC
Pan troglodytes QNTISRIH HSDQC

Mus musculus ONESRIH WHSEQC
Rattus norvegicus EVONFSKIH WHSEQC
Bos taurus BGVKNFSRIH WHSDQC

Sus scrofa ‘ EVKDFSRIHLY € WHSDQC

Canis lupus familiaris 5| T [ET EVKDFE SR T HILMI WHSDQC
Equus caballus SILIEMEV FEGV K DESRTI HLM ¢ WHSDQC
Xenopus tropicalis SVEMVNEEEGME DT S MV € N SQ T
Danio rerio S LERTFERDDIR fiIRSDQC

Gallus gallus S LEVNEEMKN TS0 IRENEC

Fig.1 Protein sequence alignment across species. A: Amino acid sequence alignment of ANGPTL4 across 11 species. The variant Gly47Glu is indicated by
a red box. B: Amino acid sequence alignment of SCARBT across 11 species. The Leu233Phe variant is indicated by a red box
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Conclusion

In summary, we described a novel targeted NGS panel
that included 12 lipid metabolism genes. One common
missense variant, LIPC rs6083, was significantly associ-
ated with a reduced risk of CAD. Of all the rare nonsyn-
onymous variants identified in this study, 18 existed only
in the CAD group, 12 were identified only in the control
group, and 3 were identified in both groups. However,
none of the gene-based SKAT-O tests revealed an asso-
ciation between rare variants and CAD. We identified 33
nonsynonymous rare variants, including two novel vari-
ants, one located in the ANGPTL4 gene (p.Gly47Glu)
and the other in the SCARBI gene (p.Leu233Phe). This
study suggests that targeted sequencing approaches can
be used to discover common and rare variants that con-
tribute to the aetiology of CAD risk and may lead to the
discovery of novel pharmaceutical targets for disease pre-
vention and treatment. However, this study has several
limitations. (1) This assay was designed to detect single
nucleotide variants and small indels, but larger indels
or structural rearrangements were missed. (2) Whether
these variants alter CAD risk remains unclear due to the
lack of statistical power. A larger sample size is needed to
increase the statistical power. (3) Determining the patho-
genicity of novel variants by computational methods
alone is difficult. Functional testing may help to clarify
the impact of these variants. (4) As an ageing-related dis-
ease, CAD might develop in subjects in the control group
in the future, leading to misclassification bias [46]. How-
ever, further studies are needed to validate these findings
and explore these variations as potential pathogenic vari-
ants for CAD.
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