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Little is known about the association of the TIMD4 (T-cell immunoglobulin and mucin do-
main 4 gene)-HAVCR1 (hepatitis A virus cellular receptor 1) variants and lipid metabolism,
the risk of coronary heart disease (CHD) and ischemic stroke (IS). The present study aimed
to determine the TIMD4-HAVCR1 variants, their haplotypes and gene–environment inter-
actions on serum lipid levels, the risk of CHD and IS, and the lipid-lowering efficacy of
atorvastatin in a southern Chinese Han population. Genotypes of three variants in 622
controls, 579 CHD, and 546 IS patients were determined by the Snapshot technology.
Atorvastatin calcium tablet (20 mg/day) was given in 724 hyperlipidemic patients for 8
weeks after genotyping. The rs12522248 genotypic and allelic frequencies were different
between controls and patients, and were associated with the risk of CHD and IS. The
rs1501908G-rs12522248T-rs2036402T haplotype was associated with an increased risk
of CHD; the G-C-T haplotype was associated with lower risk of CHD; and the C-C-C
haplotype was associated with an increased risk of IS. Variants and their haplotypes
in controls were associated with triglyceride (rs1501908), low-density lipoprotein choles-
terol (LDL-C, rs1501908, G-T-T), high-density lipoprotein cholesterol (HDL-C, rs12522248,
C-C-C) and the ratio of total cholesterol (TC) to HDL-C (C-C-C). Interactions of rs1501908-
and rs2036402-alcohol (HDL-C); rs1501908- and rs12522248-high body mass index (hBMI,
≥24 kg/m2; TC); and TIMD4-HAVCR1 variants-atorvastatin on several lipid parameters were
detected. Interactions of rs12522248TC/CC-hBMI, G-T-T-, and C-C-C-smoking on the risk
of CHD; and C-C-C-smoking, C-C-C-, and G-C-T-hBMI on the risk of IS were also observed.
These findings suggest that the TIMD4-HAVCR1 variants may be the genetic risk factors for
CHD and IS.

Introduction
Coronary heart disease (CHD) and ischemic stroke (IS) remain the leading causes of morbidity and mor-
tality globally [1,2]. The pathological basis of both diseases is atherosclerosis [3], which is a chronic process
characterized by the combination of lipid accumulation and inflammatory immune processes in the ar-
terial wall [4]. Atherogenic dislipidemia including elevated serum levels of total cholesterol (TC), triglyc-
eride (TG), low-density lipoprotein cholesterol (LDL-C) and apolipoprotein (Apo) B, and low levels of
high-density lipoprotein cholesterol (HDL-C). ApoA1 is a serious risk factor for atherosclerotic vascu-
lar diseases [5-10]. Both blood lipid disorder and atherosclerotic disease are multifactorial and compli-
cated diseases caused by genetic factors [11,12], environmental factors [13-16], and their interactions
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[17-19]. Family history and twin studies showed that almost 40–70% of the interindividual variation in plasma lipid
phenotypes [20,21] and 30–60% of the incidence of CHD and IS [22] can be explained by genetic factors, suggesting
a considerable genetic contribution. Therefore, single nucleotide polymorphisms (SNPs) in the lipid-related genes
[12,23,24] may have some associations with serum lipid levels, and the risk of CHD and IS.

The T-cell immunoglobulin and mucin domain 4 gene (TIMD4) and the hepatitis A virus cellular receptor 1 gene
(HAVCR1; also known as TIMD1), the associated interval spanned two genes [24], are located on chromosome
5q23 and are members of the T-cell immunoglobulin domain and mucin domain gene family that plays a critical
role in regulating immune responses. TIMD4 is exclusively expressed on antigen-presenting cells, where it mediates
phagocytosis of apoptotic cells and plays an important role in maintaining tolerance [25]. In contrast, HAVCR1,
an important susceptibility gene for asthma and allergy, is preferentially expressed on T-helper 2 (Th2) cells and
functions as a potent costimulatory molecule for T-cell activation [25]. Blockade of TIMD4 and HAVCR1 enhanced
the risk of atherosclerosis in LDL receptor-deficient mice [26]. Genome-wide association study (GWAS) and other
studies performed in different populations have reported that the TIMD4-HAVCR1 variants were associated with
serum lipid traits, but the association was inconsistent [24,27-29]. In addition, little is known about the association
of the TIMD4-HAVCR1 SNPs and the risk of CHD and IS. Therefore, the purpose of the present study was to detect
the association of three SNPs (rs1501908, rs12522248, and rs2036402) in or near TIMD4-HAVCR1, their haplotypes
and G × E interactions on serum lipid traits, the risk of CHD and IS, and the lipid-lowering efficacy of atorvastatin
in a southern Chinese Han population.

Materials and methods
Study patients
A total of 1125 unrelated patients with CHD (n=579) and IS (n=546) were recruited from hospitalized patients in
the First Affiliated Hospital, Guangxi Medical University. The diagnosis of CHD was based on typical ischemic dis-
comfort plus one or more of electrocardiographic change (ST-segment depression or elevation of ≥0.5 mm, T-wave
inversion of ≥3 mm in ≥3 leads or left bundle branch block), as well as increase in the cardiac markers, including
creatinine kinase-MB and troponin T. Coronary angiography was performed in patients with CHD. The coronary
angiograms were reviewed by two independent angiographers who were blinded to the results of the genotypes. For
a vessel to be scored, stenosis ≥50% had to be noted in an epicardial coronary vessel of interest or in one of its ma-
jor branches. In the event of discordance of the number of vessels scored between the two reviewers, angiograms
were scored by a third independent reviewer. The selected CHD patients were subject to significant coronary stenosis
(≥50%) in at least either one of the three main coronary arteries or their major branches (branch diameter ≥2 mm).
Additionally, angiographic severity of disease was classified according to the number of coronary vessels with signif-
icant stenosis (luminal narrowing ≥50%) as one-, two- or three-vessel disease in the three major coronary arteries
[30,31]. The diagnosis and classification of IS was ascertained in accordance with the TOAST (Trial of Org 10172
in Acute Stroke Treatment) criteria [32] after strict neurological examination, computed tomography, or MRI. The
selected IS patients in the study included individuals who were eligible for one of the two subtypes of TOAST criteria:
large-artery atherosclerosis and small-vessel occlusion. Individuals with a history of hematologic or brain MRI re-
vealing cerebral hemorrhage, cardioembolic stroke, or unspecified stroke, neoplastic or intracranial space-occupying
lesion, infection and other types of intracranial lesions, renal, liver, thyroid, autoimmune diseases, and type I diabetes
were excluded. The selected IS patients who had a past history of CHD or IS were excluded from the study.

Control subjects
A total of 622 control subjects matched by age, gender, and ethnic group were randomly selected from the healthy
adults who underwent periodical medical check-up at the Physical Examination Center of the First Affiliated Hos-
pital, Guangxi Medical University during the same period when CHD and IS patients were recruited. The con-
trols were free of CHD and IS by questionnaires, history-taking, and clinical examination. The examination com-
prised physical examination, blood sampling, electrocardiography, chest X-ray, and Doppler echocardiography. All
enrolled individuals were Han Chinese from Guangxi, the People’s Republic of China. Information on demogra-
phy, socioeconomic status, medical history, and lifestyle factors was collected by trained research staff with stan-
dardized questionnaires for all participants. The reported investigations were in accordance with the principles of
the Declaration of Helsinki. All procedures of the investigation were carried out following the rules of the Decla-
ration of Helsinki of 1975 (http://www.wma.net/en/30publications/10policies/b3/), revised in 2008. The study de-
sign was approved by the Ethics Committee of the First Affiliated Hospital, Guangxi Medical University (number:

2 c© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

http://www.wma.net/en/30publications/10policies/b3/


Bioscience Reports (2018) 38 BSR20171058
https://doi.org/10.1042/BSR20171058

Lunshen-2011-KY-Guoji-001; 7 March 2011). All procedures were performed in accordance with ethical standards.
Informed consent was obtained from all participants.

Atorvastatin treatment
A total of 724 hyperlipidemic patients (TC >5.17 mmol/l, and/or TG >1.70 mmol/l; 253 from control, 248 from CHD
and 223 from IS) were treated with atorvastatin calcium tablet (Lipitor, Pfizer Wuxi Pharmaceutical Co., Ltd.) 20 mg
per day for 8 weeks after the genotype determination. Blood samples were collected after 8 weeks of treatment again.
Clinical biochemistry analyses for serum lipid profiles were performed.

Biochemical measurements
Venous blood samples were obtained from all subjects after at least 12 h of fasting. The levels of serum TC, TG,
HDL-C, and LDL-C in samples were determined by enzymatic methods with commercially available kits, Tcho-1,
TG-LH (Randox Laboratories Ltd., Ardmore, Diamond Road, Crumlin Co., Antrim BT29 4QY, U.K., ), Cholestest
N HDL and Cholestest LDL (Daiichi Pure Chemicals Co., Ltd., Tokyo, Japan), respectively. Serum ApoA1 and ApoB
levels were detected by the immunoturbidimetric immunoassay (Randox Laboratories Ltd.). All determinations were
performed with an autoanalyzer (Type 7170A; Hitachi Ltd., Tokyo, Japan) in the Clinical Science Experiment Center
of the First Affiliated Hospital, Guangxi Medical University [33-36].

Diagnostic criteria
The diagnosis of type II diabetes mellitus was based on the WHO diagnostic criteria for diabetes: (i) fasting plasma
glucose (FPG) ≥7.0 mmol/l; (ii) Two-hour postprandial glucose ≥11.1 mmol/l; or (iii) self-reported diagnosis of
diabetes or use of antidiabetic medications [37,38]. The individuals with TC >5.17 mmol/l, and/or TG >1.70 mmol/l
were defined as hyperlipidemic [39,40]. Hypertension was defined according to the criteria outlined by the 1999
World Health Organization-International Society of Hypertension Guidelines for the management of hypertension
[41,42]. Hypertension was defined as a systolic blood pressure of 140 mmHg or greater, and/or a diastolic blood
pressure of 90 mmHg or higher, or the use of antihypertensive drugs. Normal weight, overweight, and obesity were
defined as a body mass index (BMI) <24, 24–28, and >28 kg/m2, respectively [43,44].

SNP selection and genotyping
The SNPs were selected on the basis of the following assumptions: (i) selected SNPs were established by Haploview
(Broad Institute of MIT and Harvard, U.S.A., version 4.2); (ii) Information of the SNPs was obtained from NCBI db-
SNP Build 132 (http://www.Ncbi.nlm.nih.gov/SNP/); (iii) SNPs were restricted to minor allele frequency (MAF) >1%.
(iv) SNPs might be associated with the plasma lipid levels in recent GWASs [24,28]. Genomic DNA was extracted from
leukocytes of venous blood using the phenol-chloroform method, and then sent to the Center for Human Genetics Re-
search, Shanghai Genesky Bio-Tech Co. Ltd. Genotyping of the SNPs was performed by the Snapshot technology plat-
form [33-36]. The restriction enzymes for the SNPs were SAP (Promega) and Exonuclease I (Epicentre), respectively.
The sense and antisense primers were: rs1501908F: 5′-TTCTGTTAGGCCCTGAGAATAAAGACA-3′, rs1501908R:
5′-TGCCATTTACCAGA AAGAAAGTATTGGTA-3′; rs12522248F: 5′-AGGCCTTTGGGCTTCCAAACA-3′,
rs12522248R: 5′-G TTCGAACGAGCACCACTGTTC-3′; rs2036402F: 5′-TGGGGAGAC AAA GGGAA GTCGT-3′,
and rs2036402R: 5′-TGGGTGTCATCATTGCCAAAAG-3′.

Statistical analyses
The statistical analyses were carried out using the statistical software package SPSS 17.0 (SPSS, Inc., Chicago, Illinois).
Quantitative variables were expressed as mean +− S.D. (serum TG levels were presented as medians and interquar-
tile ranges). Qualitative variables were expressed as percentages. Allele frequency was determined via direct counting,
and the standard goodness-of-fit test was used to test the Hardy–Weinberg equilibrium (HWE). A chi-square analysis
was used to evaluate the difference in genotype distribution and sex ratio between the groups. The general character-
istics between patient and control groups were tested by the Student’s unpaired t test. The association of genotypes
and serum lipid parameters was tested by analysis of covariance (ANCOVA) for TC, HDL-C, LDL-C, TC/HDL-C,
ApoA1, ApoB, and ApoA1/ApoB and Kruskal–Wallis test for TG. Any variants associated with the serum lipid pa-
rameter at a value of P<0.017 (corresponding to P<0.05 after adjusting for three independent tests by the Bonferroni
correction) were considered statistically significant. Unconditional logistic regression was used to assess the corre-
lation between the risk of CHD and IS and genotypes. Age, gender, BMI, smoking, and alcohol consumption were
adjusted for the statistical analysis. Odds ratio (OR) and 95% confidence interval (95% CI) were calculated using
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Table 1 Comparison of general characteristics and serum lipid levels between controls and patients

Parameter Control CHD IS PCHD PIS

Number 622 579 546 - -

Male/female 446/176 431/148 394/152 0.286 0.862

Age, years 61.68 +− 11.99 62.23 +− 10.56 62.87 +− 12.34 0.403 0.097

BMI, kg/m2 22.64 +− 3.20 23.89 +− 3.22 23.39 +− 3.49 <0.001 <0.001

Systolic blood pressure,
mmHg

127.39 +− 19.77 133.05 +− 23.29 147.63 +− 22.16 <0.001 <0.001

Diastolic blood pressure,
mmHg

81.28 +− 13.08 79.15 +− 14.20 83.73 +− 12.97 0.007 0.001

Pulse pressure, mmHg 46.11 +− 18.27 53.90 +− 17.50 63.89 +− 17.92 <0.001 <0.001

Cigarette smoking, n (%) 248 (39.9) 250 (43.2) 227 (41.6) 0.245 0.554

Alcohol consumption, n
(%)

267 (42.9) 134 (23.1) 152 (27.8) <0.001 <0.001

TC, mmol/l 4.99 +− 1.06 4.53 +− 1.19 4.52 +− 1.14 <0.001 <0.001

TG, mmol/l 1.00 (0.71) 1.36 (0.94) 1.36 (0.92) <0.001 <0.001

HDL-C, mmol/l 1.90 +− 0.50 1.14 +− 0.033 1.23 +− 0.40 <0.001 <0.001

LDL-C, mmol/l 2.77 +− 0.78 2.71 +− 1.00 2.70 +− 0.89 0.272 0.163

TC/HDL-C 2.77 +− 1.26 4.22 +− 1.84 3.96 +− 1.44 <0.001 <0.001

ApoA1, g/l 1.41 +− 0.27 1.04 +− 0.52 1.03 +− 0.22 <0.001 <0.001

ApoB, g/l 0.90 +− 0.21 0.91 +− 0.27 0.89 +− 0.24 0.713 0.455

ApoA1/ApoB 1.65 +− 0.52 1.38 +− 2.48 1.25 +− 0.58 0.009 <0.001

Type II diabetes mellitus, n
(%)

25 (4.0) 95 (16.3) 124 (22.3) <0.001 <0.001

Hypertension, n (%) 180 (28.7) 298 (51.0) 272 (49.0) <0.001 <0.001

The value of TG was presented as median (interquartile range), the difference between CHD/IS patients and controls was determined by the
Wilcoxon–Mann–Whitney test. Abbreviations: PCHD, CHD compared with controls; PIS, IS compared with controls.

unconditional logistic regression. The interactions of three SNPs with alcohol consumption, cigarette smoking, BMI
≥24 kg/m2, age, and sex on serum lipid levels and the risk of CHD and IS were detected by using a factorial regression
analysis [45-49]. After controlling for potential confounders, a PI≤0.003 was considered statistically significant after
Bonferroni correction (according to three SNPs and five interactive factors). Pairwise linkage disequilibria and hap-
lotype frequencies amongst the SNPs were analyzed using Haploview (Broad Institute of MIT and Harvard, U.S.A.,
version 4.2).

Results
General characteristics
The general characteristics of the patients and healthy controls are summarized in Table 1. The values of BMI, systolic
blood pressure, pulse pressure, TG, and the ratio of TC to HDL-C were higher, but diastolic blood pressure, TC,
HDL-C, ApoA1, the percentage of alcohol consumption, and the ratio of ApoA1 to ApoB were lower in CHD patients
than in controls (P<0.05–0.001). The values of BMI, systolic blood pressure, diastolic blood pressure, pulse pressure,
TG, and the ratio of TC to HDL-C were higher, whereas those of TC, HDL-C, ApoA1, the percentage of alcohol
consumption, and the ratio of ApoA1 to ApoB were lower in IS patients than in controls (P<0.05–0.001).

Genotypic and allelic frequencies
The genotypic and allelic frequencies of the three TIMD4-HAVCR1 SNPs are presented in Table 2. The genotype
distribution of the three SNPs was concordant with the HWE in patients and controls (P>0.05 for all). The genotypic
and allelic frequencies of the rs12522248 SNP were different between controls and patients (CHD and IS, P<0.05 for
all). There was no difference in the genotypic and allelic frequencies of the rs1501908 and rs2036402 SNPs between
CHD or IS patients and controls (P>0.05 for each). Significant linkage disequilibrium (LD) was noted between the
rs1501908 and rs2036402 SNPs; and between rs12522248 and rs2036402 SNPs in controls and patients (D′>0.8).

TIMD4-HAVCR1 genotypes and the risk of CHD and IS
As shown in Figure 1, the genotypes of the rs12522248, but not the other two SNPs, were associated with the risk of
CHD after the Bonferroni correction (a value of P<0.017 was considered statistically significant) in different genetic
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Table 2 Genotypic and allelic frequencies of three SNPs in controls and patients (n (%))

SNP Control CHD IS PCHD PIS

n=622 n=579 n=546

rs1501908

CC 307 (49.4) 286 (49.4) 296 (54.2)

CG 264 (42.4) 235 (40.6) 204 (37.4)

GG 51 (8.2) 58 (10.0) 46 (8.4) 0.512 0.200

C 878 (70.6) 807 (69.7) 796 (72.9)

G 366 (29.4) 351 (30.3) 296 (27.1) 0.634 0.215

PHWE 0.583 0.345 0.203

rs12522248

TT 472 (75.9) 384 (66.3) 376 (68.9)

TC 137 (22.0) 170 (29.4) 149 (27.3)

CC 13 (2.1) 25 (4.3) 21 (3.8) 0.001 0.015

T 1081 (86.9) 938 (81.0) 901 (82.5)

C 163 (13.1) 220 (19.0) 191 (17.5) <0.001 0.003

PHWE 0.414 0.268 0.203

rs2036402

TT 496 (79.7) 459 (79.3) 430 (78.8)

TC 119 (19.1) 117 (20.2) 105 (19.2)

CC 7 (1.1) 3 (0.5) 11 (2.0) 0.469 0.466

T 1111 (90.8) 1035 (89.4) 965 (88.4)

C 133 (9.2) 123 (10.6) 127 (11.6) 0.965 0.472

PHWE 0.963 0.122 0.132

Abbreviations: PCHD, CHD compared with controls; PIS, IS compared with controls.

models: dominant: CT/CC compared with TT (OR =1.43, 95% CI =1.10–1.88, P=0.0084) and log-additive model:
C compared with T (OR =1.39, 95% CI =1.10–1.75, P=0.0052). The genotypes of the rs12522248 SNP were also
associated with the risk of IS in different genetic models: dominant model: CT/CC compared with TT (OR =1.43, 95%
CI =1.10–1.86, P=0.0082) and log-additive model: C compared with T (OR =1.39, 95% CI =1.11–1.75, P=0.0045).

Haplotypes and the risk of CHD and IS
As shown in the Figure 2, the haplotype of C-T-T (in order of the rs1501908, rs12522248, and rs2036402) was the
commonest haplotype and represented ∼60% of the sample. The haplotype of G-T-T was associated with an increased
risk for CHD (adjusted OR =1.28, 95% CI =1.05–1.57, P=0.015), but the haplotype of G-C-T was associated with a
decreased risk for CHD (adjusted OR =0.39, 95% CI =0.19–0.83, P =0.015). The haplotype of C-C-C was associated
with an increased risk for IS (adjusted OR =1.35, 95% CI =1.02–1.80, P =0.037).

Genotypes and serum lipid levels
The association of the TIMD4-HAVCR1 SNPs and serum lipid levels in controls is presented in Figure 3. Serum TG
and LDL-C levels were different amongst the genotypes of the rs1501908 (P<0.01 for each), the rs1501908G allele
carriers had lower TG and LDL-C levels than the rs1501908G allele noncarriers. Serum HDL-C levels were different
amongst the genotypes of the rs12522248 (P<0.01), the rs12522248C allele carriers had lower HDL-C levels than the
rs12522248C allele noncarriers.

Haplotypes and serum lipid levels
The association of the haplotypes and serum lipid levels is shown in Figure 4. The G-T-T haplotype carriers had higher
LDL-C levels than the G-T-T haplotype noncarriers (P<0.01). The C-C-C haplotype carriers had lower HDL-C levels
and higher TC/HDL-C ratio than the C-C-C haplotype noncarriers (P<0.01 for each).

Interactions of the TIMD4-HAVCR1 SNPs and drinking, smoking, BMI,
age, and sex on serum lipid levels and the risk of CHD and IS
Table 3 shows the interactions of the TIMD4-HAVCR1 SNPs and drinking, smoking, BMI, age, and sex on serum
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Figure 1. Genotypes of the three TIMD4-HAVCR1 SNPs and the risk of CHD and IS

*P<0.017 was considered statistically significant (corresponding to P<0.05 after adjusting for three independent tests by the Bon-

ferroni correction).

Figure 2. Haplotype frequencies of the three TIMD4-HAVCR1 SNPs and the risk of CHD and IS

The haplotypes consist of three alleles in order of the rs1501908, rs12522248, and rs2036402 SNPs; *P < 0.05.

6 c© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).



Bioscience Reports (2018) 38 BSR20171058
https://doi.org/10.1042/BSR20171058

Figure 3. Genotypes of the three TIMD4-HAVCR1 SNPs and serum lipid levels in controls

The value of TG was presented as median (interquartile range), and the difference amongst the genotypes was determined by the

Kruskal–Wallis test. *P<0.017 was considered statistically significant (corresponding to P<0.05 after adjusting for three indepen-

dent tests by the Bonferroni correction).

lipid levels and the risk of CHD and IS. The SNPs of rs1501908 and rs2036402 interacted with alcohol consumption to
influence serum HDL-C levels (Figure 5A,B). The SNPs of rs1501908 and rs12522248 interacted with BMI ≥24 kg/m2

to modulate serum TC levels (Figure 5C,D). The rs12522248CT/CC genotypes interacted with BMI ≥24 kg/m2 to
increase the risk of CHD (P<0.001). No interaction of the genotypes and smoking, age, and sex on the risk of CHD
and IS was detected in our study populations.

Interactions of the haplotypes and BMI on the risk of CHD
The interactions of several haplotypes and BMI ≥24 kg/m2 on the risk of CHD were also noted in the present study.
As compared with the C-T-T haplotype in BMI <24 kg/m2, the haplotypes of C-T-T (OR =1.94, 95% CI =1.31–2.84),
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Figure 4. Haplotypes of the three TIMD4-HAVCR1 SNPs and serum lipid levels in controls

The haplotypes consist of three alleles in the order of rs1501908, rs12522248, and rs2036402. The value of TG was presented

as median (interquartile range), and the difference amongst the genotypes was determined by the Kruskal–Wallis test. *P<0.017

was considered statistically significant (corresponding to P<0.05 after adjusting for three independent tests by the Bonferroni

correction). A: C-T-T; B: G-T-T; C: G-C-T; and D: C-C-C haplotypes.

Table 3 The PI values for interactions of genotypes and drinking, smoking, and BMI on serum lipid levels and the risk of
CHD and IS

SNP/factor TC TG HDL-C LDL-C TC/HDL-C ApoA1 ApoB ApoA1/ApoBCHD IS

rs1501918

Smoking 0.520 0.374 0.476 0.112 0.994 0.714 0.906 0.442 0.620 0.341

Drinking 0.268 0.246 <0.001 0.415 0.006 0.005 0.185 0.728 0.686 0.093

BMI <0.001 0.005 0.290 0.004 0.005 0.706 0.046 0.054 0.556 0.923

Age 0.147 0.591 0.885 0.033 0.081 0.736 0.758 0.340 0.122 0.920

Sex 0.098 0.503 0.692 0.073 0.054 0.298 0.257 0.188 0.901 0.067

rs12522248

Smoking 0.658 0.022 0.020 0.035 0.615 0.072 0.975 0.909 0.262 0.504

Drinking 0.700 0.618 0.134 0.383 0.007 0.404 0.639 0.355 0.183 0.864

BMI 0.001 0.010 0.037 0.083 0.013 0.135 0.207 0.066 <0.001 0.974

Age 0.869 0.459 0.288 0.497 0.077 0.628 0.308 0.016 0.072 0.681

Sex 0.131 0.811 0.142 0.069 0.049 0.016 0.011 0.431 0.842 0.502

rs2036402

Smoking 0.709 0.492 0.441 0.081 0.678 0.097 0.507 0.253 0.743 0.371

Drinking 0.702 0.633 0.001 0.112 0.052 0.282 0.906 0.552 0.375 0.991

BMI 0.438 0.753 0.264 0.198 0.074 0.640 0.364 0.115 0.089 0.672

Age 0.653 0.782 0.066 0.348 0.423 0.666 0.209 0.059 0.565 0.587

Sex 0.354 0.851 0.445 0.195 0.186 0.029 0.032 0.792 0.693 0.814

PI≤0.003 was considered statistically significant after Bonferroni correction (according to three SNPs and five interactive factors).
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Figure 5. Interactions of the TIMD4-HAVCR1 SNPs and drinking, smoking, BMI, age, and sex on serum lipid levels

The differences in serum HDL-C and TC levels amongst the genotypes were assessed using ANCOVA. The differences in serum

TG levels amongst the genotypes were determined by the Kruskal–Wallis test. The interactions of the genotypes and alcohol

consumption or BMI ≥24 kg/m2 on serum lipid levels were detected by using a factorial regression analysis after controlling for

potential confounders (PI). Genotype and alcohol consumption or BMI ≥24 kg/m2 interaction increases serum lipid levels (↑). PI

≤0.003 was considered statistically significant after Bonferroni correction (according to three SNPs and five interactive factors). A:

rs1501908-drinking interaction on HDL-C; B: rs2036402-drinking interaction on HDL-C; C: rs1501908-BMI≥24 kg/m2 interaction

on TC; and D: rs12522248-BMI≥24 kg/m2 interaction on TC.

G-T-T (OR =2.33, 95% CI =1.63–3.33) and C-C-C (OR =2.56, 95% CI =1.54–4.28) in BMI ≥24 kg/m2 were asso-
ciated with an increased risk of CHD. As compared with the same haplotype in BMI <24 kg/m2, the haplotypes of
C-T-T (OR =1.94, 95% CI =1.31–2.87), G-T-T (OR =2.16, 95% CI =1.55–3.02) and C-C-C (OR =2.16, 95% CI
=1.23–3.81) in BMI ≥24 kg/m2 were associated with an increased risk of CHD.

c© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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Figure 6. Effects of the TIMD4-HAVCR1 SNPs on serum lipid levels at baseline and response to atorvastatin therapy in

hyperlipidemia

Genotype and atorvastatin interaction decreases serum lipid levels (↓); *P<0.001.

Interactions of the haplotypes and BMI on the risk of IS
The interactions of several haplotypes and BMI ≥24 kg/m2 on the risk of IS were also observed in the present study. As
compared with the C-T-T haplotype in BMI <24 kg/m2, the haplotypes of C-T-T (OR =1.64, 95% CI =1.11–2.41),
G-T-T (OR =1.53, 95% CI =1.08–2.18), C-C-C (OR =2.27, 95% CI =1.39–3.69), and G-C-T (OR =2.62, 95% CI
=1.09–6.32) in BMI ≥24 kg/m2 were associated with an increased risk of IS. As compared with the same haplotype
in BMI <24 kg/m2, the haplotypes of C-C-T (OR =1.64, 95%CI =1.11–2.41), G-T-T (OR =1.66, 95% CI =1.18–2.33),
and C-C-C (OR =1.98, 95% CI =1.16–3.88) in BMI ≥24 kg/m2 were associated with an increased risk of IS.

Interactions of the TIMD4-HAVCR1 SNPs and atorvastatin on serum lipid
levels in hyperlipidemia
After 8-week treatment of atorvastatin, the levels of TC, TG, and LDL-C and the ratio of TC/HDL-C were significantly
decreased in the hyperlipidemic patients (P<0.001 for all; Figure 6). There was no significant difference in serum
HDL-C, ApoA1, and ApoB levels. We also found that the TIMD4-HAVCR1 SNPs changed the effects of atorvastatin
treatment on some serum lipid parameters. The rs1501908G and rs12522248C allele carriers had lower TC and LDL-C
levels than the rs1501908G and rs12522248C allele noncarriers, respectively after atorvastatin treatment. The subjects
with rs2036402TC genotype had lower TC and LDL-C levels than the subjects with rs2036402TT genotype after
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atorvastatin treatment. However, the subjects with rs1501908CC, rs12522248TT, and rs2036402TT genotypes had
lower ApoA1 levels than the subjects with rs1501908CG/GG, rs12522248TC/CC, and rs2036402TC/CC genotypes,
respectively after atorvastatin treatment (P<0.01 for all; Figure 6).

Discussion
The present study showed that the genotypic and allelic frequencies of the rs12522248 SNP were different between
controls and CHD or IS patients, and the rs12522248 genotypes or alleles were associated with the risk of CHD and
IS in different genetic models. Strong LD was noted amongst these SNPs. The haplotype of C-T-T was the common-
est haplotype. The G-T-T haplotype was associated with an increased risk for CHD, but the G-C-T haplotype was
associated with a decreased risk for CHD. The C-C-C haplotype was associated with an increased risk for IS. The
rs1501908G allele carriers had lower TG and LDL-C levels than the rs1501908G allele noncarriers. The rs12522248C
allele carriers had lower serum HDL-C levels than the rs12522248C allele noncarriers. The G-T-T haplotype carriers
had higher LDL-C levels than the G-T-T haplotype noncarriers. The C-C-C haplotype carriers had lower HDL-C lev-
els and higher ratio of TC to HDL-C than the C-C-C haplotype noncarriers. The SNPs of rs1501908 and rs2036402
interacted with alcohol consumption to influence serum HDL-C levels. The SNPs of rs1501908 and rs12522248 in-
teracted with BMI ≥24 kg/m2 to modify serum TC levels. The rs12522248TC/CC genotypes interacted with BMI
≥24 kg/m2 to increase the risk of CHD. The interactions of several haplotypes and some environment factors on the
risk of CHD and IS were also observed.

Several previous studies have reported the association of many SNPs in the TIMD4-HAVCR1 with one or more
lipid traits [24,27-29]. However, not all researches have consistent findings. A previous GWAS showed that the
rs1501908 SNP was associated with LDL-C in European ancestry, while a replication research conducted in Shang-
hai in China indicated that the rs1501908 variant in the TIMD4-HAVCR1 was associated with TC, TG, LDL-C, and
the ratio of TC to HDL-C [27]. Aguilar-Salinas et al. [29] showed that the rs2036402 SNP was associated with hy-
pertriglyceridemia in Mexicans, but not in Caucasians. In the present study, we found that the rs1501908 SNP was
associated with serum TG and LDL-C levels, which were partly consistent with the previous studies [24,27]. The
rs12522248 SNP was associated with HDL-C levels, the 12522248C allele carriers had lower HDL-C concentrations
than the 12522248C allele noncarriers, which was not reported previously. However, the association of the rs2036402
SNP and serum lipid profiles had not been detected. We also firstly showed that the G-T-T haplotype carriers had
higher LDL-C levels than the G-T-T haplotype noncarriers; and the C-C-C haplotype carriers had lower HDL-C lev-
els and higher TC/HDL-C ratio than the C-C-C haplotype noncarriers. The reasons for these diverse findings remain
unclear. It may be owing to the impact of other uncertain variants and the different genetic background, lifestyle and
diet in different ethnic groups. Another possible reason is that the sample size may not be enough to detect the exact
association. Therefore, further investigations with larger sample size are needed to confirm our findings.

We also found that the genotypic and allelic frequencies of the TIMD4-HAVCR1 rs12522248 SNP were differ-
ent between controls and CHD or IS patients, the patients with CHD (19.0%) or IS (17.5%) had higher frequen-
cies of rs12522248C allele than the controls (13.1%). The genotypes of the rs12522248 SNP were also associated
with the risk of CHD and IS after the Bonferroni correction in different genetic models. The data in the Interna-
tional HapMap Project’s database have showed that the frequency of rs12522248C allele was 25.9% in European,
20.23% in Han Chinese in Beijing, 12.4% in Japanese, and 12.8% in Sub-Saharan African. As compared with the
other populations, we found that the frequency of the rs12522248C allele in our study populations was lower than
that in Han Chinese from Beijing, which might be caused by different sample sizes and Han Chinese from Beijing
and Guangxi are different parts of Han. The prevalence of the rs12522248C allele was higher in European than in
Chinese. These results suggest that the rs12522248C allele variation may have a racial/ethnic-specificity. TIMD4,
present on macrophages and dendritic cells, plays a critical role in apoptotic cell clearance and regulates the number
of phosphatidylserine-expressing activated T cells, whereas HAVCR1 is expressed on activated T cells and is also
found on dendritic cells and B cells [26]. Both apoptotic cell death and activated T cells play an important role in the
maintenance of immune homeostasis in the atherosclerotic lesion [50-53]. A recent study showed that blockade of
TIMD4 aggravates atherosclerosis likely by prevention of phagocytosis of phosphatidylserine-expressing apoptotic
cells and activated T cells by TIMD4-expressing cells, whereas HAVCR1-associated effects on atherosclerosis are
related to changes in Th1/Th2 balance and reduced circulating regulatory T cells [26]. Another study detected that
mice deficient for TIMD4 or HAVCR1 have increased susceptibility for autoimmunity, as shown by hyperactive T-
and B-cell responses in TIMD4−/− mice [54] and increased Th2 responses in HAVCR1−/− mice [55]. In a human
population-based study, Lind et al. [56] found an association between HAVCR1 and plaque occurrence in carotid
arteries using proteomic arrays. Zhao et al. [57] showed that TIMD4 mRNA negatively correlated with LDL levels in
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mice having type II diabetes mellitus. In addition, the TIMD4-HAVCR1 rs12522248 SNP in our present study was
associated with serum HDL-C level, which has a strong effect on the risk of atherosclerosis related diseases. Taken
together, the association of the rs12522248 SNP and the risk of CHD or IS might be owing to the immunosuppressive
potency by regulating apoptotic cell clearance, the influence on adaptive immune responses, the association between
the rs12522248 mutation and serum HDL-C levels or the influence of the other uncertain genes. To the best of our
knowledge, this is the first report to evaluate the association between the rs12522248 SNP and the risk of CHD and
IS. Therefore, these findings still need to be confirmed in the other populations with larger sample size.

The interactions of the TIMD4-HAVCR1 SNPs and their haplotypes and some environmental factors on serum
lipid levels and the risk of CHD and IS have not been reported previously. In the present study, we showed that two
TIMD4-HAVCR1 SNPs (rs1501918 and rs2036402) interacted with alcohol consumption to influence serum HDL-C
levels. Two SNPs (rs1501918 and rs12522248) interacted with BMI ≥24 kg/m2 to modulate serum TC levels. The
haplotypes of G-T-T and C-C-C interacted with smoking to increase the risk of CHD. The haplotypes of C-T-T, G-T-T,
C-C-C, and G-C-T in BMI ≥24 kg/m2 were associated with an increased risk for CHD and IS. The rs12522248TC/CC
genotypes interacted with BMI ≥24 kg/m2 to increase the risk of CHD. It is well known that heavy alcohol intake,
smoking and obesity have an unfavourable effect on lipid profiles and atherosclerotic disease. Several case–control
and cohort studies have described a J- or U-shaped association between alcohol intake and atherogenesis [58]. A
moderate intake of alcohol when taken on a regular basis has been showed to protect against CHD death, which
has been ascribed to the changes in serum HDL-C, TG and ApoA1 levels [59]. However, results from the Italian
longitudinal study on aging also showed that alcohol consumption was associated with worse hematological values of
TC and LDL-C levels [60]. A previous study reported that for every 1-kg decrease in body weight, TG decreased by
0.011 mmol/l and HDL-C increased by 0.011 mmol/l, which have beneficial effects on atherosclerotic disease. Another
study about the correlation of BMI and atherogenic lipoprotein profile showed that overweight participants presented
with 30% higher TG levels and 9% lower HDL-C concentration compared with normal-weight individuals. Therefore,
the results of exposure to different environmental factors might further modify the effect of genetic variation on serum
lipid levels and atherosclerotic disease in our study populations.

The interactions of the TIMD4-HAVCR1 SNPs and statins are not well known. In the present study, we firstly
showed that the TIMD4-HAVCR1 SNPs changed the efficacy of atorvastatin on some serum lipid parameters. The
rs1501908G and rs12522248C allele carriers had lower TC and LDL-C levels than the rs1501908G and rs12522248C
allele noncarriers respectively after atorvastatin treatment. The subjects with rs2036402TC genotype had lower TC
and LDL-C levels than the subjects with rs2036402TT genotype after atorvastatin treatment. However, the sub-
jects with rs1501908CC, rs12522248TT, and rs2036402TT genotypes had lower ApoA1 levels than the subjects
with rs1501908CG/GG, rs12522248TC/CC and rs2036402TC/CC genotypes respectively after atorvastatin treatment.
These results suggest that the TIMD4-HAVCR1 rs1501908G and rs12522248C allele carriers benefited more from
atorvastatin therapy than the TIMD4-HAVCR1 rs1501908G and rs12522248C allele noncarriers in decreasing serum
TC and LDL-C levels. But the subjects with rs1501908CC, rs12522248TT, and rs2036402TT homozygotes might have
a detrimental effect by decreasing serum ApoA1 levels after atorvastatin treatment.

Study limitations
Although the present study provided interesting findings about the association of the TIMD4-HAVCR1 SNPs and
serum lipid phenotypes and the risk of CHD and IS, several potential limitations should be acknowledged in the
present study. First, the sample size was relatively small compared with many GWASs and replication studies. There-
fore, further studies with larger sample size are needed to confirm our results. Second, there were significant differ-
ences in the general characteristics between the control and patient groups. Although several confounders have been
adjusted for the statistical analysis, we could not completely eliminate the potential effects of these factors on the
results. Third, the association of the three SNPs and serum lipid levels in the CHD and IS groups was not analyzed
because of the interference of lipid-lowering drugs. Finally, it is well known that both CHD and IS are the complex
multifactorial diseases that are caused by genetic factors, various environmental factors and their interaction. Al-
though we have detected the association of three SNPs and their haplotypes in the TIMD4-HAVCR1 and the risk of
CHD and IS, there are still many unmeasured environmental and genetic factors and their interactions, and this may
result in some misinterpretation of our results.

Conclusion
In the present study, we showed that the genotypic and allelic frequencies of the rs12522248 SNP were different
between controls and patients, and the genotypes of the rs12522248 SNP were associated with the risk of CHD and

12 c© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).



Bioscience Reports (2018) 38 BSR20171058
https://doi.org/10.1042/BSR20171058

IS in different genetic models. Several SNPs and their haplotypes in controls were associated with TG (rs1501918),
LDL-C (rs1501918, G-T-T), HDL-C (rs12522248, C-C-C), and the ratio of TC to HDL-C (C-C-C). Several SNPs
and their haplotypes interacted with alcohol consumption, smoking and BMI ≥24 kg/m2 to modify serum TC and
HDL-C levels, and the risk of CHD and IS.
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