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Background: Coronary artery disease (CAD) is the leading cause of death worldwide. In this study, we aimed to
explore whether some genetic variants of the human IDOL gene were associated with CAD among Chinese popula-

Methods: We designed two independent case—control studies. The first one included in the Han population (448
CAD patients and 343 controls), and the second one is the Uygur population (304 CAD patients and 318 controls). We
genotyped three SNPs (rs2072783, rs2205796, and rs909562) of the IDOL gene.

Results: Our results revealed that, in the Han female subjects, for rs2205796, the distribution of alleles, dominant
model (TT vs. GG+ GT) and the additive model (GG+TT vs. GT) showed significant differences between CAD patients
and the control subjects (P=0.048, P=0.014, and P=0.032, respectively).

Conclusions: The rs2205796 polymorphism of the IDOL gene is associated with CAD in the Chinese Han female

Background

Coronary artery disease (CAD), also known as coro-
nary heart disease (CHD), is one of the leading causes of
death worldwide. Atherosclerosis and its complications,
including coronary atherosclerotic heart disease and cer-
ebral atherosclerotic vascular disease, account for nearly
80% of CAD deaths [1-3]. Certain risk factors, includ-
ing increased plasma low-density lipoprotein (LDL), tri-
glyceride (TG) levels, smoking, obesity, hypertension,
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diabetes, aging etc. increase the incidence of athero-
sclerosis [4, 5]. In recent years, with the development of
genome technology, researchers have found that several
genetic susceptibility genes and the risks of CAD were
associated in several ways.

IDOL, also known as myosin regulatory light chain
interacting protein (MYLIP), is a liver X receptor-target
gene: increased cellular cholesterol levels activate liver
X receptor and increase IDOL expression [6]. In addi-
tion, by mediating the ubiquitination of the intracel-
lular tail of the receptor and its lysosomal degradation,
IDOL could control the LDLR abundance [7]. Cells lack-
ing IDOL showed significantly increased LDLR protein
levels, sterol depleted growth conditions and increased
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LDL uptake under basal. Further, IDOL-null cells fail to
respond to synthesized LXR ligands and down regulate
LDLR levels [8, 9]. Therefore, IDOL is a pivotal gene in
the process of cholesterol metabolism.

Experiments related hepatic overexpression of the
IDOL gene in mouse showed hypercholesterolemia and
development of atherosclerosis [10, 11]. The human
IDOL gene is identified as an important gene in choles-
terol metabolism by Genome-wide association studies
(GWAS) [12, 13]. Studies concerning the relationships
between human IDOL gene and CAD remain controver-
sial results. A study in a Mexican population showed that
the rs9370867 single nucleotide polymorphism (SNP) on
human IDOL gene was correlated with high total choles-
terol (TC) levels [14]. Another study in a Dutch popula-
tion showed that there was no difference in IDOL gene
rs9370867 polymorphism between two populations with
low levels of low-density lipoprotein-cholesterol (LDL-C)
and high levels of LDL-C [15]. Nevertheless, an investi-
gation in a Brazilian population showed that there were
no associations between the IDOL gene rs9370867 SNP
and lipid profiles [16]. Furthermore, the relevance of
CAD and human IDOL gene remains unclear. Xinjiang
is located in the northwest of China, where more than
forty ethnic groups live in here. There are few intermar-
riages among these ethnic groups, and the characteris-
tics of each ethnic group are basically maintained. Uygur
and Han populations account for 48.53 and 40.1% of
them, respectively. Compared with other minority eth-
nic groups, Uygur people has a large population, which
is comparable with the Han population. Therefore, the
two ethnic groups were included in our study. Our main
objective is to analyze the correlation between some pol-
ymorphisms of the human IDOL gene and CAD in Uygur
and Han population in Xinjiang, China.

Methods

Ethical approval of the study protocol

The study was approved by the Ethics Committee of the
First Affiliated Hospital of Xinjiang Medical University.
All participants signed an informed consent. The inves-
tigation was conducted in accordance with the principles
of the Helsinki declaration.

Population sample

The study was carried out in two independent case—
control study designs. All participants were selected
from the First Affiliated Hospital of Xinjiang Medi-
cal University from August 2013 to October 2019. We
selected 448 Chinese Han patients (333 men and 115
women) diagnosed with CAD. Meanwhile, 304 Chinese
Uygur CAD patients (247 men and 57 women) were
recruited between the same period of time. According
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to the coronary angiography, CAD was defined that
the presence of at least one significant coronary artery
stenosis has over 50% luminal diameter. For two CAD
groups, participants, not suffering from any diseases and
matched for ethnicity, sex, and ages, were selected into
the control groups. The subjects [Han, # =343 (165 men
and 178 women) and Uygur, #=2318 (139 men and 179
women)] in control groups were selected from healthy
volunteers who had normal coronary angiography.
Exclusion criteria included those suffering from impaired
malignancy, connective tissue disease, concomitant val-
var heart disease, chronic inflammatory disease or val-
vular disease, renal function, pancreatic disease, thyroid
disease, fatty liver, cirrhosis, hepatitis. Hypertension was
defined as a systolic blood pressure > 140 mmHg and/or
a diastolic blood pressure >90 mmHg of both arms on
three consecutive measurements in different days [17].
Diabetes mellitus was diagnosed when two consecutive
measurements on plasma glucose level>11.1 mmol/L
and/or fasting plasma glucose levels>7.0 mmol/L two
hours after meal [18]. The information, including hyper-
tension, diabetes, age, gender, total cholesterol (TC),
triglyceride (TG), low-density lipoprotein cholesterol
(LDL-C) and high-density lipoprotein cholesterol (HDL-
C), was collected.

Genotyping

Using phase I&II database on the International Hap-
Map Project website and Haploview 4.2 software, three
tag SNPs of the IDOL gene: SNP1 (rs2072783), SNP2
(rs2205796), and SNP3 (rs909562) were selected with
linkage disequilibrium patterns (+*>0.8) and minor allele
frequency (MAF > 0.05). Blood samples were collected
from all subjects. With the use of a DNA extraction kit
developed by Beijing Biotech Co. Ltd, Genomic DNA
was extracted from peripheral vein blood leukocytes.
SNP genotyping was performed based on the iMLDR
(improved multiplex ligation detection reaction). Geno-
typing was carried out by blinded method without know-
ing any clinical data of patients, and some genotyped
samples (10%) were repeated to monitor genotyping
quality.

Statistical analysis

Statistical analyses were carried out by SPSS version 22.0
(SPSS, Chicago, IL). All data from the SPSS were used
for the variance tests of equal and normality (Kolmogo-
rov—Smirnov test). Continuous variables are expressed
as mean=+SD in case of normal distribution and the
median (minimum to maximum) in case of non-normal
distribution. Quantitative variables were compared with
independent-Sample T-test, and the chi-squared test
was used to analyze the differences in qualitative data
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(drinking, smoking and IDOL genotypes) taken from
the case and control groups. Finally, logistic regres-
sion analysis was used to assess the major risk factors
of CAD, and a P value <0.05 was considered statistically
significant.

Results

Characteristics of study participants

Table 1 showed the clinical and metabolic characteris-
tics of the two study populations. For both two groups,
the CAD patients’ average age was higher than con-
trol subjects, and the prevalence of smoking, diabetes,

Table 2 Distribution of SNPs of IDOL gene in Han male subjects

Genotype Model Case (n, Control (n, Pvalue
%) %)
rs2072783 Codomi- AA 120(36.0) 55(33.3) 0.838
A>G) nant GA 15747.1)  81(49.1)
GG 56 (16.8) 29(17.6)
Dominant  AA 120(36.0) 55(33.3) 0.552
GA+GG 213(64.0) 110 (66.7)
Recessive AA+GA 277(832) 136(824) 0832
GG 56 (16.8) 29 (17.6)
Additive GG+AA 176(529) 84(50.9) 0.683
GA 157 (47.1) 81 (49.1)
A 397 (62.4) 191 (57.9) 0.601
G 269 (37.6) 139(42.1)
rs2205796 Codomi- T 198 (59.5) 104 (63.0) 0283
(T>G) nant GT 124(372)  52(315)
GG 11 (3.3) 9(5.5)
Dominant  TT 19,859.5) 104 (63.0) 0443
GT4+GG 135(405) 61(37.0)
Recessive TT+GT  322(96.7) 156 (94.5) 0.250
GG 133) 9(5.5)
Additive GG+TT 209 (62.8) 113 (68.5) 0.209
GT 124 (37.2)  52(31.5)
T 520(78.1) 260(78.8) 0.798
G 46(219)  70(21.2)
rs909562  Codomi- AA 134 (40.2) 5(333) 0316
A>G) nant GA 151 (453) (49 7)
GG 48 (14.4) 8(17.0)
Dominant  AA 134 (40.2) 55 (33 3) 0.135
GA+GG 199 (59.8) 110 (66.7)
Recessive  GA+AA 285(856) 137(83.0) 0455
GG 48 (14.4) 28(17.0)
Additive GG+AA 182(547) 83(503) 0.360
GA 1(453) 82(49.7)
A 419 (62.9) 192 (58.2) 0.149
G 247 (37.1) 138 (41.8)

Note: In the Han male participants, there were no significant differences in the
distributions of genotypes and alleles, dominant model, recessive model, and
additive model for three SNPs between case and control groups (all P>0.05)
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hypertension, and drinking in patients with CAD was
higher than control groups. CAD patients have signifi-
cantly higher levels of LDL-C, TC, FPG and lower levels
of HDL-C than control subjects in both Han and Uygur
groups. Uygur patients also have significantly higher lev-
els of TG and high sensitive C reactive protein (hs-CRP)
than the control group.

Distributions of genotype and alleles in subjects

Tables 2, 3, 4 and 5 separately showed the genotypes and
alleles distribution for three SNPs (rs2072783, rs2205796,

Table 3 Distribution of SNPs of IDOL gene in Han female

subjects
Genotype Model Case (n, Control (n, Pvalue
%) %)
rs2072783 Codomi- AA 42 (36.5) 67 (37.6) 0.283
(A>G) nant GA 60(522) 80 (449)
GG 3(113) 31(174)
Dominant  AA 42 (36.5) 67 (37.6) 0.847
GA+GG 73 (63.5) 111 (64.4)
Recessive  AA+GA 102(87.7) 47(826)  0.153
GG 13(11.3) 31(17.4)
Additive GG+AA 55(47.8) 98 (55.1) 0.226
GA 60 (52.2) 80 (44.9)
A 144 (62.6) 214 (60.3) 0573
G 86 (37.4) 41 (39.7)
rs2205796 Codomi- T 59(51.3) 117 (65.7) 0.048
(1>G) nant GT 49(426)  54(30.3)
GG 7(©.1) 7(3.9)
Dominant  TT 59(51.3) 117 (65.7) 0.014
GT+GG 56 (48.7) 61 (34.3)
Recessive  TT+GT 108 (93.9) 171 (96.1)  0.399
GG 7(6.1) 7(3.9)
Additive GG+TT 66 (574) 124 (69.7)  0.032
GT 49 (42.6) 54(30.3)
T 167 (72.6)  288(80.9)  0.019
G 63 (274) 68 (19.1)
rs909562 Codomi- AA 49 (42.6) 9(33.1) 0.254
A>G) nant GA 52(452)  92(51.7)
GG 4(12.2) 7(15.2)
Dominant  AA 49 (42.6) 59(33.1) 0.101
GA+GG 66 (574) 119 (66.9)
Recessive GA+AA 101 (87.8) 151 (84.8) 0471
GG 14(12.2) 27 (15.2)
Additive GG+AA 63 (54.8) 86 (48.3) 0.280
GA 52 (45.2) 92 (51.7)
A 150 (65.2)  210(59.0) 0.130
G 80 (34.8) 146 (41.0)

Note: In the Han female participants, for rs2205796, there were significant
differences in the genotypes and alleles distribution, dominant model and
additive model between the case and control groups (P=0.048, P=0.019,
P=0.014, and P=0.032, respectively)



Adi et al. Hereditas

Table 4 Distribution of SNPs of IDOL gene in Uygur male

(2021) 158:12

Page 5 of 9

Table 5 Distribution of SNPs of IDOL gene in Uygur female

subjects subjects
Genotype Model Case (n, Control (n, Pvalue Genotype Model Case (n, Control (n, Pvalue
%) %) %) %)
rs2072783 Codomi- AA 111(49.0) 69 (49.6) 0.508 rs2072783 Codomi- AA 31 (54.4) 84 (46.9) 0.405
(A>G) nant GA 113(457)  61(43.9) A>Q) nant GA 22(386)  72(40.2)
GG 23(9.3) 9(6.5) GG 4(7.0) 23(12.8)
Dominant  AA 111 (49.0) 69 (49.6) 0374 Dominant  AA 31 (54.4) 84 (46.9) 0.327
GA+GG 136(55.1)  70(504) GA+GG 26 (45.6) 95 (53.1)
Recessive AA+GA 224 (90.7) 130 (93.5) 0332 Recessive AA+GA 53(93.0) 156 (87.2) 0.332
GG 23(9.3) 9(6.5) GG 4(7.0) 23(12.8)
Additive GG+AA 134 (543) 78(56.1) 0.724 Additive GG+AA 35(614) 107 (59.8) 0.827
GA 113(45.7) 61(43.9) GA 2(38.6) 72 (40.2)
A 335 (67,8) 199 (71.6) 0276 A 4 (73.7) 240 (67.0)  0.183
G 9(322) 79(284) G 0(26.3) 118 (33.0)
rs2205796 Codomi- T 44 (58.3) 83(59.7) 0.602 rs2205796 Codomi- T 6(63.2) 116 (64.8) 0975
(T>G) nant GT 95(385) 49 (35.3) (1>G) nant GT 19333)  57(318)
GG 8(3.2) 7(5.0) GG (3.5 6(3.4)
Dominant 1T 144 (58.3) 83 (59.7) 0.787 Dominant  TT 36 (63.2) 116 (64.8)  0.821
GT+GG 103 (41.7) 56(40.3) GT+GG 21(36.8) 63 (35.2)
Recessive  TT+GT 239(96.8) 132(95.0) 0.380 Recessive  TT4+GT  55(96.5) 173(96.6)  0.955
GG 8(3.2) 7 (5.0) GG 2(3.5) 6(3.4)
Additive GG+TT 152(61.5) 90 (64.7) 0.531 Additive GG+TT  38(66.7) 122 (68.2) 0.834
GT 95 (38.5) 49 (35.3) GT (333) 57 (31.8)
T 383(775) 222(77.9) 0.906 T 1(79.8) 289 (80.7) 0.832
G 1(225) 63(22.1) G 3(20.2) 69 (19.3)
rs909562  Codomi- AA 123 (49.8) 74(53.2) 0.755 rs909562  Codomi- AA 3(57.9) 86 (48.0) 0354
(A>G) nant GA 102(413)  52(374) A>G) nant GA 21368 76(452)
GG 22(8.9) 13 (94) GG 3(53) 17 (9.5)
Dominant  AA 123 (49.8) 74(53.2) 0516 Dominant  AA 33(57.9) 86 (48.0) 0.195
GA+GG 124(50.2) 65 (46.8) GA+GG 24 (42.1) 93(52.0)
Recessive GA+AA 225(91.1) 126 (90.6) 0.884 Recessive GA+AA 54(94.7) 162 (90.5) 0317
GG 22 (8.9) 13 (94) GG 3(5.3) 17 (9.5)
Additive GG+AA 145(58.7) 87(62.6) 0.454 Additive GG+AA 36(63.2) 103 (57.5) 0453
GA 102 (413) 52(37.4) GA 1(36.8) 76 (45.2)
A 348 (704) 200(71.9)  0.660 A 87 (76.3) 248 (693)  0.149
G 146 (29.6) 78(28.1) G 7(23.7) 110 (30.7)

Note: In the Uygur male participants, there were no significant differences in the
distributions of genotypes and alleles, dominant model, recessive model, and
additive model for three SNPs between case and control groups (all P> 0.05)

rs909562) of the IDOL gene in Han and Uygur popula-
tions. The genotype distributions of these SNPs met
the Hardy—Weinberg equilibrium balance (all P>0.05).
Our results showed that, in the Han male participants,
there were no significant differences in the distribu-
tions of genotypes and alleles, dominant model, reces-
sive model, and additive model for three SNPs between
case and control groups (all P>0.05). However, in the
Han female subjects, for rs2205796, there were signifi-
cant differences in the genotypes and alleles distribution,
dominant model (TT vs. GG+ GT) and additive model
(GG+TT vs. GT) between the case and control groups

Note: In the Uygur female participants, there were no significant differences in
the distributions of genotypes and alleles, dominant model, recessive model,
and additive model for three SNPs between case and control groups (all P> 0.05)

(P=0.048, P=0.019, P=0.014, and P=0.032, respec-
tively; Table 3). Nevertheless, the three SNPs and alleles
distribution did not show differences in Uygur male and
female participants.

Table 6 and 7 showed the multivariable logistic regres-
sion analyses of the major risk factors for CAD in Han
and Uygur ethnic groups by different genders. Accord-
ing to the results of the multivariate adjustments for
the confounders such as age, smoking, drinking, hyper-
tension, diabetes, TG, TC, HDL-C, LDL-C, and FPG,
in the Han female subjects, the rs2205796 SNP is an
independent risk factor for CAD [TT vs. GG/GT: odds
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ratio=2.304, 95% confidence interval=1.211-4.83,
P=0.011]. Whereas after adjustment for other confound-
ers, rs2072783 and rs909562 SNPs are not the independ-
ent risk factors for CAD (P=0.695 and P=0.555). The
three SNPs do not represent as the independent risk fac-
tors for CAD in the Han male participants and the Uygur
population (all P> 0.05).

Discussion

In the present study, we investigated the relationships
between three SNPs in the human IDOL gene and risk fac-
tors of CAD in Han and Uygur populations. This was the
first attempt to study some common variants in the IDOL
gene and their correlations with CAD in these populations.
Our results indicated that rs2205796 was strongly corre-
lated with CAD susceptibility in the Han female population.

The human IDOL gene is located in 6p23—-p22.3 [19],
and it encodes a 445 amino acid protein identified as an
E3-ubiquitin ligase. The E3-ubiquitin ligase contains the
N-terminal frame of ezrin/radixin/moesin homology
(FERM) domain and the C-terminal catalytic of really
interesting new gene (RING) domain, and they are sepa-
rated by a short linker region [20]. IDOL functions can be
regarded as the regulator for cellular cholesterol uptake
with the help of the LDL receptor (LDLR) pathway [6],
and is the direct target regulated by the nuclear recep-
tor liver X receptor (LXR). Meanwhile, IDOL expression
is coordinately regulated by the ATP-binding cassette
transporter in multiple cell types [21]. In response to cel-
lular cholesterol loading, activation of LXR leads to the
rapid induction of IDOL expression. IDOL conducts the
degradation of LDLR by means of stimulating ubiquitina-
tion of the LDLR on its cytoplasmic tail. IDOL expres-
sion in mouse liver can markedly decrease the levels of
LDLR protein and then increase the levels of LDL-C [22,
23]. Therefore, the LXR-IDOL-LDLR pathway can be
regarded as a complementary pathway for sterol regula-
tory element-binding proteins to realize the feedback
inhibition of cholesterol uptake.

The relationship between plasma lipid profiles and the
IDOL gene polymorphisms was poor, and previous stud-
ies showed inconsistent results. Adi et al. [24] reported
that the rs149696224 SNP in the IDOL gene was related
to the high LDL-C levels in the Chinese Uygur popu-
lation. Their study showed the G51S mutation stabi-
lizes IDOL protein through inhibiting its dimerization
and self-ubiquitination and, consequently, leading to
increased LDLR degradation. A study performed by Yan
et al. [25] analyzed the relevance of plasma lipid levels
and the rs3757354 SNP of the human IDOL gene in dif-
ferent ethnic groups. They found that the serum lipid lev-
els and IDOL rs3757354 SNP in Han group differs from
other minority ethnic groups. Ashish et al. [26] reported
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that the N342S variant of the IDOL gene had no impact
on plasma lipid profiles, and no relevance with CVD
and atherosclerosis progression in the general Italian
population.

In our present study, we carried out two independ-
ent case—control studies to investigate the relevance of
CAD and IDOL gene polymorphisms, and found that
the rs2205796 was related to CAD in the Han female
population. Further, the Logistic analysis results showed
that the relevance of rs2205796 SNP and CAD remains
significant after adjustment for several confounders.
However, the results we mentioned were only found in
Chinese the Han female population, but not taken from
the Han male and the Uygur population. There may be
some reasons resulting in above differences. Xinjiang
is a province with vast territory and diverse ethnic cus-
toms. Besides the different genetic backgrounds in the
two ethnic groups, the influence of ecological environ-
ment, the different living habits and lifestyles may play
a role in it. The Uygur population consume more pasta,
meat and milk products than the Han population do,
and the Han people eat more rice, vegetables and fruits
than other minorities do. Our study indicated that the
Chinese Han female population with rs2205796 SNP of
IDOL gene may have increased susceptibility to CAD.
Our results may help scientific researchers and doctors
working on CAD improve the screening quality and
early diagnosis of coronary heart disease in this popula-
tion. The results may be helpful for the early prevention
of public health problems such as cardiovascular dis-
ease, in this population in Xinjiang.

There are several limitations in our study. First of all,
our conclusion drew only by the present observational
study, and it lacked functional validation. Secondly, the
study population is only from one hospital, which may
produce selective bias. Finally, the sample size of our
study was still small and based on only one center. Large
sample and multi center researches are still needed to
confirm our conclusions.

Conclusions

In summary, the rs2205796 polymorphism of the
IDOL gene is associated with CAD in the Chinese Han
female population. Subjects with GG/GT genotype or
G allele of rs2205796 were related to an increased risk
of CAD.
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