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CONCLUSIONS: The polymorphisms rs102313 
and rs118231 in the promoter region of CTEP 
TaqIB gene are associated with CI in AS patients, 
and the polymorphism rs102313 is remarkably 
correlated with lipid metabolism abnormalities 
in AS patients.
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Introduction 

Cerebral infarction (CI), also known as isch-
emic stroke, refers to ischemic necrosis or soften-
ing of localized brain tissues caused by cerebral 
blood circulation disorder, ischemia and hypoxia1. 
As people’s diet structure changes and the aging 
of the population becomes increasingly serious in 
recent years, the risk factors for CI and population 
at risk of CI have increased, and the incidence rate 
and disability rate of CI have shown an upward 
trend, which seriously hazards human health 
and life and brings heavy economic burdens to 
the patient’s family and society2. Atherosclerosis 
(AS)-induced carotid artery stenosis is closely 
correlated with acute CI and will directly affect 
the clinical outcome of patients with acute CI. 
Carotid AS leads to cerebral artery stenosis, he-
modynamic changes, plaque formation and shed-
ding, which is the main mechanism of cerebral 
ischemia. It can damage multiple blood supply 

Abstract. – OBJECTIVE: The purpose of this 
study was to investigate the correlations of cho-
lesterol ester transfer protein (CTEP) TaqIB gene 
polymorphism with lipid metabolism abnormali-
ties and cerebral infarction (CI) in patients with 
atherosclerosis (AS).

PATIENTS AND METHODS: A case-control 
study was conducted on 100 AS patients com-
plicated with (CI) as AS+CI group, and 200 AS 
patients with matched age, gender and race as 
controls (AS group). Single nucleotide polymor-
phisms (SNPs) rs102313, rs118231 and rs201832 
in the promoter region of CTEP TaqIB gene were 
classified by conformational differential gel 
electrophoresis. Then, Chi-square test was car-
ried out to determine whether the distribution 
frequency of CTEP TaqIB genotypes conforms 
to the law of genetic equilibrium. In the mean-
time, the correlations of gene polymorphisms 
and allelotypes in the promoter region of CTEP 
TaqIB with CI and lipid metabolism abnormali-
ties in AS patients were analyzed.

RESULTS: Hardy-Weinberg genetic equilib-
rium analysis showed that the three polymor-
phisms of CTEP TaqIB gene were in accor-
dance with the genetic equilibrium distribution 
(p>0.05). Moreover, the results of gene associ-
ation analysis revealed that the polymorphisms 
rs102313 and rs118231 and allelotypes in the 
promoter region of CTEP TaqIB gene were cor-
related with CI in AS patients (p<0.05). Specifi-
cally, AS patients with GG genotype and allele G 
at rs102313 and those with TT genotype and al-
lele T at rs118231 had a higher risk of CI (p<0.05). 
Besides, the polymorphism rs102313 in the pro-
moter region of CTEP TaqIB gene was markedly 
related to lipid metabolism abnormalities in AS 
patients (p<0.05).
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regions with disability and lethality, endangering 
the life and health of patients3,4.

Genetic factors have been proved to play an im-
portant role in the pathogenesis of AS-induced CI 
through various methods such as animal model 
analysis, analysis of human twins, familial ag-
gregation and segregation analysis and genetic 
pattern analysis5. CI triggered by AS is a poly-
genic genetic disease, and different genes mod-
ulate different pathophysiological mechanisms. 
Currently, it has been found that AS-triggered CI 
is intimately associated with gene polymorphisms 
in a variety of metabolic pathways6. Although a 
single gene exerts a limited effect on the risk of 
AS-induced CI, the interaction among different 
genes or between genes and the environment has 
multiplied the risk of CI.

Cholesteryl ester transfer protein (CETP) is a 
crucial component involved in the reverse trans-
port of cholesterol mediated by high-density lipo-
protein (HDL)7, which regulates HDL level, parti-
cle size and composition in plasma. The enhanced 
CETP activity increases the levels of triglyceride 
(TG), low-density lipoprotein cholesterol (LDL-c) 
and very-low-density lipoprotein (VLDL) and de-
creases the level of high-density lipoprotein cho-
lesterol (HDL-c)8,9. CETP gene expression plays 
a decisive role in lipid transport activity and li-
poprotein composition in vivo. At present, more 
than a dozen gene polymorphisms and new gen-
otypes caused by gene mutations have been dis-
covered successively10, among which TaqIB gene 
polymorphism is especially common. Therefore, 
it is speculated that CTEP TaqIB gene polymor-
phisms may have a correlation with lipid metabo-
lism abnormalities and CI in AS patients.

In this study, the correlations of single nucle-
otide polymorphisms (SNPs) rs102313, rs118231 
and rs201832 in the promoter region of CTEP 
TaqIB gene with lipid metabolism abnormalities 
and CI in AS patients were assessed, so as to pro-
vide certain reference bases for further exploring 
the genetic pathogenesis of CI caused by AS.

Patients and Methods

Research Subjects 
A total of 100 AS patients admitted to our hos-

pital from March 2017 to November 2019 were 
selected as the research subjects (AS+CI group). 
The patients were at the age of (61.45± 2.83) years 
old, and they all had a history of CI. The diagnosis 
of CI was in accordance with the Guidelines for 

Diagnosis and Early Intravascular Intervention 
for Acute Ischemic Stroke in China (2015) and 
confirmed by head CT or MRI scans. Meanwhile, 
200 AS patients not complicated with CI were 
selected as controls (AS group), with an age of 
(59.35±3.97) years old. The patients in AS group 
were admitted to the Department of Neurology 
of our hospital and had no CI history, CI family 
history, basic diseases or major risk factors for CI 
confirmed by medical history, physical examina-
tion and auxiliary examination. A total of 4 mL of 
venous blood was extracted from each participant 
after 8 h of fasting, anticoagulated with ethylene 
diamine tetraacetic acid (EDTA) and stored in a 
refrigerator at -20°C for later use. This study was 
approved by the Ethics Committee of The First 
Affiliated Hospital of Zhengzhou University, and 
all the participants signed the informed consent.

Laboratory Examinations
Following fasting for 8 h, 4 mL of venous blood 

was extracted in the morning, and the total cho-
lesterol (TC), triglyceride (TG), high-density li-
poprotein cholesterol (HDL-c) and low-density 
lipoprotein cholesterol (LDL-c) in serum were 
measured using an automatic biochemical ana-
lyzer.

Deoxyribonucleic Acid (DNA) Extraction  
A total of 4 mL of EDTA-anticoagulated blood 

was taken from the two groups of patients, and 
genomic DNAs were extracted according to the 
instructions of a DNA extraction kit (Wuhan Se-
vier Biotechnology Co. LTD., Wuhan, China). 
Then, 2 μL of the DNAs were subjected to 1.5% 
agarose gel electrophoresis to measure the mass, 
and the concentration of DNAs was detected us-
ing an ultraviolet spectrophotometer.

Polymerase Chain Reaction (PCR) 
Amplification 

The primers designed for rs102313, rs118231 
and rs201832 in the promoter region of CTEP 
TaqIB gene were amplified. The primer sequenc-
es of each gene polymorphism were shown in Ta-
ble I. The PCR system (20 μL) consisted of 2.0 μL 
of DNA templates, 10.0 μL of 2´ Mix, 0.4 μL of 
forward primers, 0.4 μL of reverse primers and 
7.2 μL of ddH2O. PCR amplification conditions 
are as follows: (95°C ´120 s, 94°C ´30 s, 57°C ´90 
s and 72°C ́ 60 s) ́ 35 cycles, followed by extension 
for 10 min at 72°C. Subsequently, the amplifica-
tion of gene fragments was detected by agarose 
gel electrophoresis.



Z.-H. Zhao, Y.-R. Wang, R. Li, L. Xiao, Y. Xie, N.-C. Xie, H.-B. Liu

7404

Ligase Detection Reaction  
The forward and reverse probes used in this 

reaction were designed and synthesized by BGI. 
All forward probes were modified by 5’ phos-
phorylation to prepare a probe mixture with a 
concentration of 12.5 pmol/μL. The system of li-
gase detection reaction (3.05 μL) contained 0.05 
μL of ligases, 1 μL of buffer, 1 μL of PCR prod-
ucts and 1 μL of probe mixture, and the amplifi-
cation was conducted under the following condi-
tions: (95°C ́ 120 s, 94°C ́ 15 s and 50°C ́ 25 s) ́ 30 
cycles. At the end of the cycle, the concentration 
was measured with the ultraviolet spectropho-
tometer. Next, BGI was entrusted to sequence 
and analyze the target gene, and all data were 
analyzed by Genemapper. The sequences of li-
gase reaction probes at different polymorphisms 
of CTEP TaqIB and the size of the products were 
displayed in Table II.

Statistical Analysis 
All data were analyzed by Statistical Product 

and Service Solutions (SPSS) 22.0 (IBM, Ar-
monk, NY, USA). Count data were expressed 
as frequency and percentage, and measurement 
data were expressed as mean ± standard devia-
tion. Besides, count data were detected using 
chi-square test and subjected to multiple compar-
isons, whereas measurement data were assessed 

by t-test and analysis of variance. p<0.05 suggest-
ed that the difference was statistically significant.

Results

Comparisons of Basic Clinical Data 
Between the Two Groups of Patients

As shown in Table III, there were no statistical-
ly significant differences in age and gender ratio 
between the two groups of patients (p>0.05). The 
proportions of cases of smoking, drinking, dia-
betes, carotid intima thickening, carotid plaque 
formation and carotid stenosis in AS+CI group 
were remarkably higher than those in AS group 
(p<0.05). In the meantime, the levels of serum TC 
and LDL-C in AS+CI group were evidently high-
er than those in AS group (p<0.05), while TG and 
HDLC levels in the former were markedly lower 
than those in the latter (p<0.05).

Analysis Results of rs102313, rs118231 
and rs201832 of CTEP TaqIB Gene 

After CTEP TaqIB gene rs102313, rs118231 and 
rs201832 were cleaved by BSTU I restriction en-
zyme in AS+CI group and AS group, it was found 
that rs102313 had two alleles (A and G) and three 
genotypes (AA, AG and GG), rs118231 had two 
alleles (A and T) and three genotypes (AA, AT 

Table I. Primer sequences and product size at different loci in the promoter region of CTEP TaqIB gene.

Polymorphism  Primer sequence (5’-3’) Product (bp)

rs102313 Forward: TGTCGATGTCGTAAAGTGCT
 Reverse: AACGTAGACGCCGTCGCTAA 211
rs118231 Forward: CCATCGACTAGCTAGCTACT
 Reverse: ACGACTAGCTGATGAATGTG 185
rs201832 Forward: CACGATCCCCTAGTCGTGTG
 Reverse: ACATGTCGTAGTGCTGTAGTC 313

Table II. Ligase reaction probe sequences and product size at different polymorphisms of CTEP TaqIB.

Polymorphism  Probe Probe sequence (5’-3’) Product (bp)

rs102313 rs102313 P-CGTAGTCAAGTTTTTTTTTTTTTTTTTTT-FAM 183
 rs102313-A TTTTTTACGATGCTAGTCGAATTTTTTTTTAT 
 rs102313-G TTTTTTTTTTTTACGATGTGCATTTTTTTTTAAA 
rs118231 rs118231 P-ATAGTCGTAGTCGTTTTTTTTTTTTTTTTT-FAM 147
 rs118231-A TTTTTTTTTTTTTTTTTTTTATCGTAGTCGTAGTC 
 rs118231-T TTTTTTTTTTTTTTTTTTTTACGTAGTCGATACG 
rs201832 rs201832 P-AAGCTGATGTCGTAGTTTTTTTTTTTTT-FAM 179
 rs201832-C TTTTTTTTTTTTTTTTTCAGCTGATGCTGATGC 
 rs201832-T TTTTTTTTTTTTTTTAGCTGATGTCGATGCTGAT
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and TT), and rs201832 had two alleles (C and T) 
and three genotypes (CC, CT and TT).

Hardy-Weinberg Equilibrium Test 
The linkage disequilibrium test results of dif-

ferent polymorphisms of CTEP TaqIB gene de-
tected using Hardy-Weinberg equilibrium formu-
la were shown in Table IV. It was discovered that 
the gene polymorphisms in each group met the 
equilibrium test standards (r2 <0.33).

Correlation Between CTEP TaqIB Gene 
Polymorphisms and CI in AS Patients 

The genotype frequency of polymorphisms in 
the two groups of patients was displayed in Table 
V. It was discovered that polymorphisms rs102313 
and rs118231 of CTEP TaqIB gene were nota-
bly associated with CI in AS patients (p<0.05). 
Specifically, the proportion of GG genotype at 
rs102313 and that of TT genotype at rs118231 
in AS group were markedly higher. However, 
rs201832 had no evident correlation with CI in AS 
patients (p>0.05).

Relationship Between CTEP TaqIB Alleles 
and CI in AS Patients 

The distribution of different alleles at various 
gene polymorphisms in AS+CI patients and AS 
patients was shown in Table VI. It could be ob-
served that the allelic polymorphisms rs102313 
and rs118231 of CTEP TaqIB gene exhibited an 
evident correlation with the pathogenesis of CI 
in AS patients (p<0.05), while no significant 
relationship was observed between the allelic 
polymorphism rs201832 and CI in AS patients 
(p>0.05).

Association Between CTEP TaqIB Gene 
Polymorphisms and Lipid Metabolism 
Abnormalities in AS Patients 

According to the level of TG, 200 patients with 
AS and 100 patients with AS+CI were assigned 
into High TG group and Low TG group, with 
the median TG as the cutoff point. Firstly, the 
incidence rate of CI in AS patients with AS was 
compared between High TG group and Low TG 
group. The results manifested that the incidence 
rate of CI in AS patients in High TG group was 3 
times higher than that in Low TG group.

Furthermore, the correlation between CTEP 
TaqIB gene polymorphisms and lipid metabolism 
abnormalities in AS patients was examined. Ac-
cording to the results (Table VII), CTEP TaqIB 
gene polymorphism rs102313 had a remarkable 
correlation with lipid metabolism abnormalities 
in patients with AS. More precisely, the proba-
bility of lipid metabolism abnormalities in GG 
genotype was prominently higher than that in AA 
genotype and AG genotype at rs102313 (p<0.05).

Table III. Comparisons of general clinical data and biochemical indexes (mean ± standard deviation) between AS group and 
AS+CI group.

Index AS+CI group AS group
 (n=100) (n=200) p

Age (years old) 61.45±2.83 59.35±3.97 0.647
Gender (male/female) 172/28 168/32 0.421
Smoking (%) 53% 51% 0.637
Drinking (%) 46% 48% 0.273
Diabetes (%) 41% 43% 0.561
Carotid intima thickening (%) 52% 15% 0.000
Carotid plaque formation (%) 45% 22% 0.000
Carotid stenosis (%) 48% 8% 0.000*
History of cerebral stroke (%) 100% 0% 0.000*
TG (mmol/L) 0.23±0.06 0.24±0.13 0.871
TC (mmol/L) 5.61±0.66 5.32±0.53 0.671
HDL-c (mmol/L) 1.01±0.41 1.03±0.22 0.632
LDL-c (mmol/L) 3.31±0.672 3.45±1.03 0.721

*p<0.05 vs. AS group.

Table IV. Results of linkage equilibrium test results of the 
polymorphisms of CTEP TaqIB gene.

  r2

Locus rs102313 rs118231 rs201832

rs102313 - 0.003 0.167
rs118231 0.003 - 0.211
rs201832 0.167 0.211 -
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Discussion

Cerebrovascular diseases characterized by 
high morbidity rate, high disability rate and high 
mortality rate are currently one of the major dis-
eases endangering human health. Investigations 
have shown that cerebrovascular diseases have 
become one of the most major causes of death 
in China11. The annual morbidity and mortal-
ity rates of stroke in China are higher than the 
worldwide average level. Therefore, it is one of 
the current urgent medical tasks to carry out 
in-depth research on the etiology, pathogenesis, 
prevention and treatment of cerebrovascular dis-
eases. AS-triggered CI is a common type of CI, 
and its pathogenesis has attracted increasing at-
tention. Moreover, it is a polygenic disease with 
extensive genetic heterogeneity as well as region-
al and ethnic differences12. The location, function, 
expression and regulation mechanism of related 

genes involved in the pathogenesis of AS-induced 
CI have also become the focus of research. Al-
though the pathogenesis of AS has not been fully 
elucidated, it is intimately associated with the ab-
normal metabolism of lipids, apolipoproteins and 
lipoproteins in vivo, among which LDL peroxida-
tion is a primary link in the process of AS.

SNPs refer to the polymorphism of DNA se-
quences caused by a single deoxynucleotide vari-
ation, which is related to many complex diseases 
and phenotypic differences in human beings, and 
they are one of the most common genetic varia-
tions in human beings13. Moreover, SNPs are usu-
ally genetic variations of binary or bi-allelic gene 
composed of four kinds of bases. A SNP should 
have a mutation frequency greater than 1%. As a 
kind of genetic markers, SNPs have high stability, 
and they are the most reliable basis for finding the 
cause of disease and diagnosis, which also lay the 
foundation for screening therapeutic drugs14.

Table V. Distribution of different genotypes at the polymorphisms of CTEP TaqIB gene in AS patients..

  rs102313 rs118231 rs201832

Group AA AG GG AA AT TT CC CT TT

AS+CI 8% 28% 64% 16% 32% 52% 34% 34% 32%
AS 26% 49% 25% 24% 51% 25% 28% 36% 36%
x2  1.482   1.293   0.871
p  0.000   0.000   0.081

Table VI. Distribution of allelotypes of CTEP TaqIB gene polymorphisms in AS patients.

 rs1920453 rs1022436 rs1035627

Group C G A G A T

AS+CI 22% 78% 32% 68% 51% 49%
AS 50.5% 49.5% 49.5% 50.5% 46% 54%
x2 1.134  0.892  0.523
p 0.000  0.000  0.081

Table VII. Correlations of different genotypes at the polymorphisms of CTEP TaqIB gene with lipid metabolism abnormalities 
in AS patients.

  rs102313 rs118231 rs201832

Group AA AG GG AA AT TT CC CT TT

High TG 13% 33% 54% 25% 49% 26% 28% 44% 28%
Low TG 28% 40% 22% 27% 47% 26% 33% 34% 33%
x2 2.928   0.763   0.849
p 0.002   0.243   0.424



Cholesterol ester transfer protein TaqIB gene polymorphism in atherosclerosis

7407

CETP is a signal peptide composed of 476 ami-
no acid residues and 17 amino acids, and since as 
high as 45% of them are non-polar amino acid res-
idues, they are easy to be oxidized and inactivat-
ed. Known organs and tissues capable of synthe-
sizing CETP include liver, adrenal gland, adipose 
tissue, spleen, small intestine and macrophages. 
The molecular weight of CETP is 74,000, and its 
structural coding gene is located at the long arm 
of chromosome 1615. The main function of CETP 
is to coordinate and balance the exchange and 
transport between plasma lipoproteins, thereby 
exerting a pivotal effect in the reverse transport 
of cholesterol. The reverse transport of cholester-
ol is mediated by HDL that plays an important 
role in preventing AS and reducing the concen-
tration of cholesterol in blood. CETP is currently 
the only protein involved in the metabolic pro-
cess of cell cholesterol, and it significantly influ-
ences HDL-c16. Westerterp et al17 have illustrat-
ed that HDL-c has a negative association with 
the CETP level in plasma, so raising the HDL-c 
level by effectively suppressing CETP activity 
can reduce the prevalence rate of coronary heart 
disease. Research on the population genetics in 
Asian and European countries has manifested 
that there are many types of mutations in CETP 
gene, a majority of which can reduce CETP ac-
tivity, cause changes in various lipoprotein levels, 
and increase the incidence rate of coronary heart 
disease in mutation carriers18. Jensen et al19 have 
denoted that the CETP concentration and activi-
ty of patients with CETP gene mutations are re-
duced, resulting in notable changes in lipoprotein 
metabolism. It has also been found that the ex-
change between TG in CETP-mediated lipopro-
tein (including apolipoprotein B) and cholesteryl 
ester in HDL-c is decreased, cholesteryl ester ac-
cumulates in HDLC, and the quality and quantity 
of HDL-c change, in which increased HDL-c is 
a significant feature19. Genetic and environmental 
factors affect the activity and transport of CETP, 
and the expression of CETP gene determines lipid 
transport activity and lipoprotein composition in 
vivo. CETP gene has 16 exons, about 25000 bases, 
and many polymorphisms. Of them, the polymor-
phism at the 277 base of the first intron can be rec-
ognized by TaqI endonuclease to form B1 and B2 
alleles, which are combined into B181, B182 and 
B282 genotypes. Its polymorphisms influence the 
HDL level, and some or all structural gene muta-
tions with CETP defects increase HDL20. In the 
current study, the distribution of SNPs rs102313, 
rs118231 and rs201832 in the promoter region of 

CTEP TaqIB gene in AS-induced CI patients was 
detected, and it was found that polymorphisms 
rs102313 and rs118231 of CTEP TaqIB gene were 
markedly correlated with CI in AS patients. In 
particular, the risk of CI was higher in AS patients 
with GG genotype and allele G at rs102313 and in 
those with genotype TT and allele T at rs118231. 
Additionally, the probability of lipid metabolism 
abnormalities in AS patients with GG genotype 
at rs102313 was evidently higher than that in AS 
patients with AA genotype and AG genotype.

Conclusions

Briefly, this study revealed for the first time 
that the gene polymorphisms and alleles at 
rs102313 and rs118231 in the promoter region of 
CTEP TaqIB gene are susceptible factors for CI 
in AS patients, the gene polymorphism rs102313 
is a susceptible factor for lipid metabolism abnor-
malities in AS patients, and this gene locus can be 
used a genetic marker for CI and lipid metabolism 
abnormalities caused by AS in the future.
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