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Abstract
Subject: The Angiopoietin-like 3 (ANGPTL3) gene has been reported to be as-
sociated with cardiovascular risk. This study is designed to compare the genetic
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variant (rs1748195) of the ANGPTL3 gene and the presence of a coronary artery
occlusion of >50% in Iranian nation.

Method: In this study, 184 patients underwent angiography and 317 healthy
individuals were evaluated for polymorphism of rs1748195 the ANGPTL3 gene
using Tetra-ARMs PCR. Coronary patients who experience angiography were
categorized into two groups: 54 patients who had an angiography indication for
the first time and coronary occlusion was <50% (Angio—) and 134 patients who
formerly underwent coronary stent implanting at least 1 month before with coro-
nary occlusion of >50% that again have an angiography indication (Angio+).

In addition, individuals with angio+ are categorized in two groups: (1) non-in-
stent restenosis (NISR); patient with a patent stent (N = 92). (2) in-stent resteno-
sis (ISR); in-stent stenosis >50% (N = 42).
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1 | INTRODUCTION

Cardiovascular disease (CVD), consisting of ischemic
heart disease, heart failure, arterial disease and other
heart problems, causes high mortality in the world (De
Hert et al., 2018). Based on the research studies, CVD is
one of the main reasons of reducing quality and duration
of life (Mensah et al., 2019). Given to the World Health
Organization (WHO) report in 2020, about 37% of prema-
ture non-communicable deaths and approximately 50%
of total annual deaths in Iran are caused by CVD (Roth
et al., 2017).

Atherosclerosis is a major cause of heart attack
and stroke (Parsamanesh et al., 2021). Observations
showed that cholesterol is an important component of
arterial plaque that leads to atherosclerosis (Samadi
et al., 2019). LDL cholesterol and Apo lipoprotein B
(ApoB100) are directly related to the risk of athero-
sclerotic cardiovascular events (ASCVE) (Aghasizadeh,
Bizhaem, et al., 2021; Levin, 2014). Angioprotein 3 is
a secreted glycoprotein expressed in the liver (Estey
et al., 2013) and contained 460 amino acid polypeptides
containing a peptide signal, an N-terminal domain, and
a fibrinogen-like C-terminal domain (Zierk et al., 2013).
This protein inhibits lipoprotein lipase, which has been
one of the important enzymes associated with CVD risk.
Besides controlling the activity of this enzyme is very
important in preventing diseases. Studies show that this
gene is a pathway for a therapeutic target for lipopro-
tein metabolism (Gomaraschi et al., 2011). Coronary
angiography is a medical procedure that uses a special
dye and x-rays to visualize the lumen of blood vessel
and the heart chambers (Parsamanesh et al., 2021). It
has known as a serious diagnostic method of detecting
atherosclerotic plaque. This medical technology can be
used as a detection method of coronary heart and pe-
ripheral arterial diseases (PAD). Coronary angiography

Result: The fundamental of characteristics of our study design population was
categorized based on undergoing angiography or not. In the present study, we in-
vestigated that the CC genotype, and also the A allele corresponding to rs1748195
at the ANGPTL3 gene loci, was associated with negative angiogram and directly
related to the risk of coronary occlusion >50%. In contrast, this result was not
significant in genotypes of ANGPTL3 between non-ISR and ISR groups.

Conclusion: The outcomes of this study showed that rs1748195 polymorphism
at the ANGPTL3 gene loci is associated with an elevated risk for the existence of

a coronary occlusion of >50%.

angiography, angiopoietin-like3 (ANGPTL3), atherosclerosis, cardiovascular diseases (CVD)

is often done along with catheterization (Aghasizadeh,
Samadi, et al., 2021; Saberi-Karimian et al., 2021). In
recent dedicate, coronary angioplasty has made a con-
siderable decrease in bypass operation in patients with
atherosclerotic plaque, but however in 15%-40% of pa-
tients restenosis of arteries veins happen (Gimbrone Jr
et al., 2000; Roth et al., 2017; Rubin et al., 2014) .

Restenosis is defined as stenosis in the coronary ar-
teries >50% after percutaneous coronary intervention
(PCI). This technique is the most important method of
revascularization in the coronary heart disease ther-
apy (Kiveld & Hartikainen, 2006; Oguri et al., 2007;
Sadeghi et al., 2017). Repeated treatment of coronary
angioplasty are cost high. Hence, to diminish this cost,
the other method of treatment such as coronary bypass
surgery, and implantation of drug-eluting stents, is very
critical to diminish the cost (Htay & Liu, 2005; Reiner
et al., 2011; Teslovich et al., 2010). Although drug-
eluting stents implantation is one way to regenerate and
prevent restenosis of the coronary arteries, stent throm-
bosis and in-stent restenosis (ISR) demonstrate inflam-
matory response by increasing the diffusion of reactive
oxygen species (ROS), and individual susceptibility play
a critical role in their onset (Montone et al., 2013; Niccoli
et al.,, 2010). This adverse effect has been shown in
15%-27% of implanted patients (Kathiresan et al., 2008;
The 1000 Genomes Project Consortium, 2010; Willer
et al., 2008).

Base on genome wide association studies (GWAS),
single nucleotide polymorphism (SNP) is one of the
major risk factor for cardiovascular disease (Kathiresan
& Srivastava, 2012; Teslovich et al., 2010). Angiopoietin-
like 3 (ANGPTL3) gene has critical role in regulation
of lipid profile and lipoprotein concentration therefore
(Kharazmi-Khorassani et al., 2019), this gene has been
shown to be associated with CVD risk (Bea et al., 2021;
Kathiresan & Srivastava, 2012).
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The ANGPTL3 gene encodes Angiopoietin-Like3 pro-
tein as a secretory protein that contributed in angiogenesis
(Kersten, 2017; Willer et al., 2008). This gene is a liver de-
rived circulating factor with a C-terminal fibrinogen chain
and a N-terminal coiled-coil domain that prohibits the en-
zyme lipoprotein lipase (LPL) (Kersten, 2017; Mattijssen &
Kersten, 2012). LPL is a hydrolysis enzyme that break down
triglycerides into free fatty acids (FFA) and monoacyl-
glycerols and then this product transported by very low
density lipoproteins (VLDL) and chylomicrons from differ-
ent organs to the bloodstream (Goldberg, 1996; Kobayashi
et al., 2002; Zechner et al., 2000). Hence, LPL plays a critical
role in lipid metabolism. Lipoprotein lipase deficiency is an
infrequent inherited disease define by chylomicronaemia
and severe hypertriglyceridemia, recurrent acute pancre-
atitis and increased risk of atherosclerosis or other com-
plications (Gaudet et al., 2012; Nordestgaard et al., 1997).
Higher level of LPL decrease bloodstream TG level and thus
protecting individual from CVD risk (Rip et al., 2006). In
2017, genetic research in CVD in GWAS showed that single
nucleotide polymorphisms (SNPs) can affect blood lipid lev-
els and contributing factors that cause CVD (Li et al., 2018).
Base on the GWAS study this rs1748195 is located at the en-
hancer histone signature site of the ANGPTL3 that effects
gene transcription (Oldoni et al., 2016). This SNP is located
on the forward (F) strand of the chromosome 1 that is en-
coding a protein involved in angiogenesis (Li et al., 2018).

The purpose of this study was to compare the genetic
variant (rs1748195) of ANGPTL3 gene in angiographic pa-
tients with healthy ones.

2 | METHODS

2.1 | Study population

In this case-control study, 501 subjects were recruited that
317 were healthy individuals and 184 underwent angiog-
raphy. The following patients were categorized into two
group:

1. Having a symptom to undergo angiography that
defines as a subject who has an angiography indica-
tion for the first time and coronary occlusion was <50%
(N = 54).

2. Having a symptom to underwent angiography that
defines as angio+ group who formerly experienced cor-
onary stent implanting and at least one month ago with
coronary occlusion of >50% that again have an angiogra-
phy indication (N = 134).

Also, classify individuals with angio+ in two groups
include patients in-stent restenosis (ISR); stent stenosis
>50% (N = 42), and non-in-stent restenosis (NISR); pa-
tient with patent stent (N = 92).
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2.2 | Genotyping

DNA extracted from the whole blood of these indi-
viduals by salting out method was done, detailed in
our pervious study (Valizadeh et al., 2021) and DNA
samples was stored at —20°C. In this study, Tetra
amplification-refractory mutation system (ARMS)
PCR reaction was used to determine the genotypes of
rs1748195 polymorphism. Tetra ARMS PCR reaction
was performed in a total volume of 20ml containing
DNA template-dNTP-primers and Mgcl2 buffer. To de-
termine the rs1748195 genotype, a sample containing
10 pl of Master Mix (Pars Tous company), 0.5 pl of FO,
RO and 1 pl of primer FI, RI and 2 pl of sample DNA
and 5 pl values deionized is used. Primer sequences
was “ACCTACTATACAAATTGTTGGCTTCA” for FO,
“AGTTGTTTTACCAGTTGTGTTGATG” for RO, and
“ACTTCTGGAGTAATAACAGGAATACTCTC “for FI,
and “TATCTAATCAGCTGCTCTGATTATCC” for RI.
After the reaction, the product was electrophoresed in
agarose powder 2%. To end (Figure 1), the genotypes
were established by sanger sequencing as shown in
Figure 2 and all sequenced examples were analyzed by
Finch TV (version 1.4.0).

2.3 | Biochemical measurements

HDL-C, TG and TC concentration was determined
by Pishtaz Teb kit and auto-analyzer. Furthermore,
Biosystem company kit was used to determined level of
Hs-CRP by autoanalyzer model BT3000.

2.4 | Statistical analysis

All analyses were performed by SPSS software. To deter-
mine variables with normal distribution performed t-test.

FIGURE 1 Agarose gel for rs1748195 polymorphism (C> G).
Number 1, CC genotype. Number 2, CG genotype. Number 9, GG
genotype.
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FIGURE 2 The results of DNA sequencing of rs1748195, ANGPTL3 gene; (a) CC genotype, (b) CG genotype, (c) GG genotype.

TABLE 1 Baseline characteristics of

Healthy Angio— Angio+ p healthy individuals, Angio— and Angio+
Age 48.73+7.69 54.68 £9.22 59.95+8.65 <0.001*
Female 185 (59.1%) 29 (58%) 35 (26.7%) <0.001*
HDL 44.74+12.95 36.21+8.79 35.35+8.87 <0.001*
LDL 114.65+37.90 95.48 +£32.20 93.80+33.46 <0.001*
TG 136.11+92.55 138.72+84.53 130.15+62.13 0.762
TC 192.13 +40.50 160.77 +42.62 154.30+38.91 <0.001*
SBP 121.43+£19.64 121.16 £12.99 124.66 +£14.20 0.257
DBP 79.39+11.80 78.86+7.84 78.59 +£9.81 0.801
BMI 27.75+4.77 27.33+4.04 28.77+20.96 0.654
CRPnew 5.37+10.87 4.43+4.22 3.55+3.36 0.181
PAB 93.37+£46.30 1.04+0.29 1.08 +0.30 <0.001*
Hypertention 96 (30.7%) 23 (46%) 76 (58%) <0.001*
Diabetes 51 (16.6%) 20 (40%) 50 (38.5%) <0.001*
Dyslipidemia 256 (81.8%) 28 (56%) 71 (54.2%) <0.001*

Note: Values are expressed as mean + standard deviation or median (interquartile range 25th-75th) for
normal and non-normal distribution data respectively. *p< 0.05 is indicates as significant.

Used square-Chi test to determine variables without a
normal. Estimated the risk ratio at a 95% confidence in-
terval to determined logistic regression of the correlation
between genotype and clinical information/patient pa-
thology. The level of statistical significance was consid-
ered <0.05.

3 | RESULTS

3.1 | Study population characteristics

The clinical characteristics of the three healthy, Angio—
and Angio+ groups studied are summarized in Table 1.
The mean age of healthy, Angio— and Angio+ individuals
was 48.73+7.69 and 54.68 +9.22 and 59.95+ 8.65, respec-
tively (p <0.001). Based on the results, there was a sig-
nificant difference in terms of gender between the study
groups (p <0.001). According to the analyses, the mean

levels of HDL, LDL and TC in the healthy group were sig-
nificantly higher compared to Angio— and Angio+ indi-
viduals (p <0.001). Also, in comparison between the two
groups of Angio— and Angio+, it was found that individu-
als with a history of hypertension, diabetes and dyslipi-
demia were more present in the Angio+ group (p <0.001).
The mean of other factors studied was different between
the study groups, but these differences were not statisti-
cally significant (p > 0.05).

3.2 | Association of rs1748195
genotypes of ANGPTL3 gene with
angiographic events

The frequency of AA, AC and CC, polymorphism
rs1748195 genotypes in healthy, Angio— and Angio+
groups is shown in Table 2. According to univariate re-
gression analysis, it was found that among the three
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TABLE 3 Genotype distribution and frequency of alleles and its relationship with non-ISR and ISR
Univariate regression Multivariate regression
Non-ISR ISR (odds ratio 95% CI) (odds ratio 95% CI)
N (%) N (%) D Non-ISR ISR D Non-ISR ISR D
Rs1748195 0.829
AA 29(33.3)  15(37.5) Ref Ref Ref Ref
AC 44 (50.6) 20 (50) Ref 0.88(0.39,1.99) 0.757 Ref 0.56 (0.20, 1.54) 0.262
cc 14(16.1) 5(12.5) Ref 0.69(0.21,2.28) 0.544 Ref 0.42(0.09,1.97)  0.272
Dominant 0.647
AA 29(33.3) 15(37.5) Ref Ref Ref Ref
AC + CC 58 (66.7)  25(62.5) Ref 0.83(0.38,1.82) 0.647 Ref 0.53(0.20,1.39)  0.195
Recessive 0.598
AA+AC 73(83.9) 35(87.5) Ref Ref Ref Ref
cc 14(16.1) 5(12.5) Ref 0.74(0.25,2.23) 0.599  Ref 0.59(0.14,2.44)  0.466
Additive 0.543
AA 29 (67.4) 15(75) Ref Ref Ref Ref
cc 14(32.6) 5(25) Ref 0.69(0.21,2.28) 0.544 Ref 0.40 (0.08,2.02)  0.270
Codominant 0.952
AA +CC 43(49.4)  20(50) Ref Ref Ref Ref
cc 44(50.6)  20(50) Ref 0.98 (0.46,2.07) 0.952  Ref 0.71(0.28,1.79)  0.464

studied genotypes, only the CC genotype of rs1748195
polymorphism has a significant relationship with the
risk of negative angiogram in individuals (OR = 0.38,
95%CI = 0.15-0.97, p=0.043). Also, based on dominant
and additive genetic models, after univariate regression
analysis, it was found that AC+CC and CC genotypes,
respectively, increase the risk of negative angiogram com-
pared to other genotypes (p <0.05), while after adjusting
the parameters of age, sex, BMI, Diabetes, HDL, LDL and
TC in the multiple regression model this relationship did
not remain significant (p >0.05). The data showed that
allele A of rs1748195 polymorphism was directly related
to the risk of coronary occlusion <50% in individuals. In
addition, the C allele frequency of this genetic variant was
higher in the control group (p = 0.44).

3.3 | Association of polymorphism
rs1748195 genotypes with non-ISR and ISR

The frequencies of AA, AC and CC genotypes associ-
ated rs1748195 in the non-ISR group were 33.3%, 50.6%
and 16.1%, and in the ISR group were 37.5%, 50% and
12.5%, respectively. According to the obtain results,
no significant differences were observed between
rs1748195 polymorphism genotypes and non-in-stent
restenosis and in-stent restenosis>50% in dominant,
recessive, additive and codominant genetic models
(p > 0.05) (Table 3).

3.4 | Association between genotypes of
genetic variants rs1748195 and lipid profile

According to the data in Table 4 which was analyzed
with Pearson ;(2 tests, there was a significant difference
between lipid profiles (HDL and TC) and rs1748195 in
ANGPTL3 gene with AA, AC and CC genotypes in all
groups (p <0.05). Analysis have revealed that the level
of PAB in the group of healthy individuals in all studied
genotypes is higher than the other two groups (p <0.05).
Evaluation of some disorders related to CVD events such
as hypertension, diabetes and dyslipidemia showed that
these disorders are more common in individuals with neg-
ative angiogram and carriers of AC genotype compared to
Angio+ group (p <0.001). In contrast, the investigation
of TG, SBP, DBP, BMI and CRP factors in three groups of
healthy individuals, Angio— and Angio+ did not show a
significant relationship in any of the rs1748195 polymor-
phism genotypes (p >0.05).

4 | DISCUSSION

Statistical analyzes in the present study demonstrated that
lipid profiles (including LDL, HDL, and TC), history of
hypertension, diabetes, and dyslipidemia were associated
with angiography. According to the results, we found that
the CC genotype of the rs1748195 polymorphism at the
ANGPTLS3 gene loci has a significant association with the
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found that the genetic variant rs1748195 would increase
the risk of atherosclerosis as well as CAD (Li et al., 2018).

In recent years, genome-related studies have provided
new insights into genetics and its association with car-
diovascular disease. Although many studies have been
performed to find an association between the ANGPTL3
gene and CVD on this gene and its polymorphisms, there
are still many unknowns. Therefore, it is suggested that
more studies be done in this regard so that the resulting
information can have more effective clinical applications
for us.

5 | CONCLUSION

In the present study, we investigated that the CC geno-
type, and also the A allele corresponding to rs1748195
at the ANGPTL3 gene loci was associated with negative
angiogram and directly related to the risk of coronary oc-
clusion >50%. In contrast, this result was not significant
between ISR and non-ISR groups. Furthermore, statistical
analysis demonstrates that the fundamental characteris-
tics of this study population were related to the existence
of a coronary occlusion of >50%. Therefore, it is suggested
that more studies should be done to have more effective
clinical applications for us.
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