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INTRODUCTION

Cholesteryl ester transfer protein (CETP) is a crucial 
protein in high-density lipoprotein cholesterol (HDL-C) 
metabolism. The cholesteryl ester transfer protein medi-
ates the transfer of cholesteryl ester from HDL-C to tri-
glyceride-rich lipoproteins [1]. It is involved in modulat-
ing concentrations of HDL-C concentration [2,3] and 
may, therefore, alter susceptibility to coronary artery dis-
ease (CAD). Thus increased CETP activity is associated 
with lower HDL-C and higher low-density lipoprotein 
cholesterol (LDL-C) levels. The studies have demon-
strated an inverse relationship between CETP activity and 
HDL-C [4–8]. Based on these findings, CETP has been 
proposed as a candidate locus for CAD, although its role 
is still debated [8].

Several polymorphisms have been reported in the CETP 
gene locus [9-11]. The most studied polymorphism to date 
has been TaqIB polymorphism, which has been shown to be 
a silent base change affecting the 277th nucleotide in the first 
intron of the gene [9,12]. The allele containing the restriction 
site for the Taq1 endonuclease is called B1, while the allele 
without the restriction site is called B2. Individuals with 
the B2 allele have been found to have higher plasma HDL-C 
concentrations [5, 13-17]. B2 allele is related to lower CETP 
activity and higher HDL-C level [16,17]. However, some 
other similar studies showed conflicting results [18-20]. The 
association with plasma HDL as well as with CAD may be 
population specific and influenced by environmental fac-
tors [18, 21-23].

The primary objective of the present study was to investi-
gate a potential association between TaqIB polymorphism and 
lipid levels in Turkish participants. The secondary objective 
was to investigate the relationship between TaqIB and severity 
of coronary atherosclerosis with angiographically assessed in 
the Turkish population.
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ABSTRACT

The cholesteryl ester transfer protein (CETP) plays a crucial role in high-density lipoprotein (HDL) metabolism. Genetic variants that alter 
CETP concentration may cause significant alterations in HDL-cholesterol (HDL-C) concentration. In this case-control study, we analyzed 
the genotype frequencies of CETP Taq1B polymorphisms in coronary artery disease patients (CAD; n=210) and controls (n=100). We 
analyzed the role of the CETP Taq1B variant in severity of CAD, and its association with plasma lipids and CETP concentration. DNA was 
extracted from 310 patients undergoing coronary angiography. The Taq1B polymorphism was genotyped using polymerase chain reac-
tion—restriction fragment length polymorphism (RFLP) analysis. Lipid concentrations were measured by an auto analyzer and CETP level 
by a commercial enzyme-linked immunosorbent assay (ELISA) kit. In our study population, the B2 allele frequency was higher in control 
subjects than patients with single, double or triple vessel disease. B2B2 genotype carriers had a significantly higher high-density lipoprotein 
cholesterol (HDL-C) concentration than those with the B1B1 genotype in controls (51.93±9.47 versus 45.34±9.93; p<0.05) and in CAD 
patients (45.52±10.81 versus 40.38±9.12; p<0.05). B2B2 genotype carriers had a significantly lower CETP concentration than those with the 
B1B1 genotype in controls (1.39±0.58 versus 1.88±0.83; p< 0.05) and in CAD patients (2.04±1.39versus 2.81±1.68; p< 0.05). Our data suggest 
that the B2 allele is associated with higher concentrations of HDL-C and lower concentrations of CETP, which confer a protective effect on 
coronary artery disease.
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MATERIALS AND METHODS

The Patient Population and Documentation of Cad 
Severity

This was a case–control study. The cases and controls were 
the angiographically confirmed. The study sample comprised 
310 persons who underwent coronary angiography for diag-
nostic purposes. The angiograms were assessed by two cardiol-
ogists who were unaware that the patients were to be included 
in the study. None of the patients was treated with thrombo-
lytics, angiotensin converting enzyme (ACE) inhibitors or 
angiotensin receptor blockers. Using coronary angiography, 
the study population was divided into subjects without any 
angiographically detectable CAD or with coronary arterial ste-
noses less than 50% (no vessel disease; n=100) and individuals 
with single-vessel disease (n=72), double-vessel disease (n=75) 
or triple-vessel disease (n=63) (Table 1). Written informed 
consent was obtained from all subjects, and a local ethical 
committee approved the study protocol.

Blood Sample Collection

Patients were fasted for at least six hours before venous 
blood samples were taken into 10 mL EDTA vacuum tubes, 
and blood samples were separated in a refrigerated centri-
fuge within 15 min of collection. Plasma was divided into 
small aliquots, stored at –20oC until analysis. Serum lipids 
were determined immediately after collection by using the 
Advia 1800 (Siemens) autoanalyser and reagents.

Genotyping

DNA was extracted from EDTA anti-coagulated whole blood 
from all subjects (controls and patients) and was prepared from DNA 
isolation kit (Sigma-Aldrich, GenElute Blood genomic DNA Kit, 
Catalog no: NA2010, Germany). The Taq1B polymorphism was gen-
otyped by restriction fragment length polymorphism(RFLP) assay. 
A 535 bp fragment in the intron 1 of the CETP gene was amplified by 
using the primers 5’ CACTAGCCCAGAGAGAGGAGTGCC3’ 
and 5’CTGAGCCCAGCCGCACACTAAC3’. Amplification was 
carried out in a volume of 20 μL containing 1 - 10 μg of genomic 
DNA, 20 pmol of each primer, 0.5 mM of each dNTP, reaction 
buffer, 2% DMSO and 1.0 U of Taq DNA polymerase. Amplified 
products were digested overnight with 8 μL of Taq1 at 65oC. The 
resulting fragments were 174 and 361 bp for B1 allele and 535 bp for 
B2 allele.

Determination Of Plasma Cetp and 
High-Sensitivity C-Reactive Protein (Hscrp) Level

The plasma level of CETP and hsCRP was measured using 
a commercial enzyme-linked immunosorbent assay (ELISA) 

kit (Cusabio; Catalog no: CSB-E08567h and Catalog no: 
CSB E08617h). The sensitivity of the CETP assay is 0.2 ng/mL, 
the range of detection is 0.78 to 50 ng/mL and inter-assay and 
intra-assay variation is 5% and the sensitivity of the hsCRP assay 
is 0.156 ng/mL, the range of detection is 0.625 to 40 ng/mL, 
and inter-assay and intra-assay variation is 10%.

Statistical Analysis

Statistical analyzes were performed by using the SPSS 12.0 
statistical package. We have presented normally distributed 
data as mean ± SD. Categorical variables are presented by fre-
quency of counts, and inter-group comparisons analyzed by 
a chi-squared analysis. ANOVA was used to test for overall 
differences in mean levels of total cholesterol (T-Chol), LDL-
cholesterol, HDL-cholesterol, triglyceride, hsCRP and CETP 
between the groups. When we analyzed the quantitative rela-
tionships between CETP and lipids, bivariate correlation coef-
ficients were calculated, using Pearson’s for parametric data. 
Two-tailed p values are reported. For the comparisons of the 
values of different groups, p<0.05 was considered statistically 
significant. Logistic regression analyzes were performed to 
investigate the association between the environmental factors 
and CETP TaqIB genotypes with HDL-C levels.

RESULTS

Clinical Characteristics of Patients With Single, 
Double or Triple Vessel Disease and Controls

The clinical characteristics of the patients with single, 
double, triple vessel disease and controls are shown in Table 1. 
Total cholesterol and LDL cholesterol levels did not differ 
significantly between the groups. Levels of triglyceride, HDL 
cholesterol, CETP, hsCRP and Body Mass Index (BMI) were 
significantly different among groups (p=0.038, p=0.0005, 
p=0.0001, p=0.0001, and p=0.037, respectively). The higher 
levels of LDL cholesterol, CETP, hsCRP, BMI and the lowest 
levels of HDL cholesterol were shown in patients with triple 
vessel disease.

Genotype Frequencies

Genotypic and allelic frequencies for the study groups 
are shown in Table 2. There was no deviation from Hardy–
Weinberg equilibrium for the polymorphisms considered. 
Genotype frequencies of B2B2, B2B1 and B1B1 were respec-
tively: 29%, 45% and 26% in controls, 18.1%, 50% and 31.9% 
in single vessel disease, 18.7%, 33.3% and 48% in double ves-
sel disease and 27%, 31.7% and 41.3% in triple vessel disease. 
The difference of genotypes between groups were statisti-
cally significant  (p=0.028). The B2 and B1 allele frequencies 
were  51.5%,  48.5% in controls, 43.1%, 56.9% in single vessel 
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disease, 35.3%, 64.7% in double vessel disease and 42.9%, 57.1% 
in triple vessel disease, respectively. The difference of alleles 
between groups were statistically significant (p=0.026).

Association of the CETP Taq1B allele with lipids 
and CETP levels

Table 3 and Table 4 show the association between the 
CETP Taq1B allele and lipid and CETP level in controls and 
patients with CAD, respectively. The mean HDL-cholesterol 
was higher in the B2B2 genotype in controls and patients, 
and it was significantly different among groups (p=0.002 and 
p=0.02 respectively). Serum level of CETP was lower in B2B2 
genotype in controls and patients, and it was also significantly 
different among groups (p=0.012 and p=0.03 respectively). No 
other associations were detected between the CETP Taq1B 
allele and total cholesterol, LDL cholesterol, triglyceride, and 
hsCRP.

Correlations between lipid levels and CETP

Table 5 shows the correlations between lipid levels and 
CETP in the total population. There was a significant nega-
tive correlation between CETP and HDL cholesterol lev-
els  (r =  -0.15, p=0.013) but a significant correlation between 
CETP and LDL cholesterol, triglyceride was not found.

Logistic regression analysis was performed to analyze the 
relevance of selected parameters (BMI, smoking, gender and-
Taq1B2) to HDL cholesterol levels (Table 6). It was observed 
that BMI and smoking had no lowering effect on HDL-C lev-
els. However, gender (male) and Taq1B was a strong risk factor 
on HDL-C levels.

DISCUSSION

In the present study, we found an association of CETP 
TaqIB gene polymorphism with severity of CAD in Turkish 
population. For CETP, we chose theTaq1B polymorphism in 
intron-1, because the Taq1B polymorphism has a much larger 
effect on plasma CETP levels [24].

The role of CETP in coronary artery disease is contro-
versial, particularly with respect to the effect of genetic vari-
ants that alter the activity and concentration of this protein 
and its regulation of HDL-C. Studies of these genetic variants 
may be significant because CETP inhibitors are still being 
tested as potential therapeutic agents for raising plasma HDL 
concentrations.

Epidemiological evidence strongly favors the notion that 
the risk of cardiovascular disease (CVD) is inversely related 
to the plasma HDL cholesterol concentration [25]. Low HDL 
cholesterol is still predictive of high CVD risk in subjects with 
low LDL cholesterol [26]. The CETP mediates the exchange of 

TABLE 2. Genotype and allele frequencies among groups

Control
n: 100 (%)

Single vessel
n: 72 (%)

Double vessel
n: 75 (%)

Triple vessel
n: 63 (%) p

Genotypes
B2B2 29 (29) 13 (18.1) 14 (18.7) 17 (27.0) 0.028
B2B1 45 (45) 36 (50.0) 25 (33.3) 20 (31.7)
B1B1 26 (26) 23 (31.9) 36 (48.0) 26 (41.3)

Alleles
B2 51.5 43.1 35.3 42.9 0.026
B1 48.5 56.9 64.7 57.1

TABLE 3. Biochemical markers of the control subjects according 
to Taq1B genotypes

Variables B1B1 B1B2 B2B2 p
Total cholesterol (mg/dL) 195.80±32.63 204.61±60.32 209.79±46.01 0.58
Triglyceride (mg/dL) 127.73±55.51 157.88±114.94 153.72±86.42 0.41
HDL-cholesterol (mg/dL) 45.34±9.93 44.19±8.85 51.93±9.47 0.002
LDL-cholesterol (mg/dL) 126.00±28.44 131.88±47.62 134.41±36.19 0.73
CETP Level (ng/mL) 1.88±0.83 1.41±0.56 1.39±0.58 0.012
hsCRP (ng/mL) 3.00±1.13 2.71±1.21 2.63±1.02 0.44

TABLE 1. Clinical characteristics of individuals with single, double, triple vessel disease and controls

Control
n=100

Single vessel
n=72

Double vessel
n=75

Triple vessel
n=63 p

Age (years) 58.11±7.68 60.36±11.90 60.18±10.52 61.33±5.86 0.15
Gender (F/M) 53/47 48/24 49/26 46/17 0.055
Total cholesterol (mg/dL) 203.81±50.01 200.47±48.54 197.50±47.45 211.98±66.11 0.42
Triglyceride (mg/dL) 148.74±94.23 172.29±78.65 166.54±75.99 187.00±80.93 0.038
HDL-cholesterol (mg/dL) 46.76±9.83 42.81±11.07 41.99±9.81 40.06±10.04 0.005
LDL-cholesterol (mg/dL) 131.07±39.82 127.27±38.21 124.48±36.85 140.44±59.75 0.16
CETP Level (ng/mL) 1.53±0.68 1.88±1.32 2.66±1.70 3.42±1.82 0.0001
hsCRP (ng/mL) 2.76±1.13 4.50±2.12 5.41±2.53 5.62±2.55 0.0001
BMI (kg/m2) 24.98±1.98 25.45±1.97 25.20±2.08 25.88±1.76 0.037
Smokers (%) 21% 23.6% 28.8% 27.0% 0.70

TABLE 4. Biochemical markers of the patients with CAD 
according to Taq1B genotypes 

Variables B1B1 B1B2 B2B2 p
Total cholesterol (mg/dL) 210.57±44.17 197.13±48.19 198.52±76.93 0.23
Triglyceride (mg/dL) 187.08±86.88 165.07±67.56 168.27±78.64 0.16
HDL-cholesterol (mg/dL) 40.38±9.12 40.99±10.89 45.52±10.81 0.02
LDL-cholesterol (mg/dL) 134.83±35.36 127.58±39.09 126.20±69.01 0.48
CETP Level (ng/mL) 2.81±1.68 2.83±1.68 2.04±1.39 0.034
hsCRP (ng/mL) 5.26±2.44 4.85±2.20 5.53±2.80 0.30
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lipids between lipoproteins, resulting in the net transfer of cho-
lesteryl ester from HDL to other lipoproteins. Thus, the CETP 
lowers HDL-C and increases non-HDL-C, resulting in a lipo-
protein distribution predisposing to atheroma formation [17].

The frequencies of the genotypes B1B1, B1B2 and B2B2 in 
our population with coronary artery disease were 40.5,  38.6 
and 21%, respectively, with a B2 allele frequency of 0.29 (data 
not shown). These results are similar to those reported in a 
Turkish population report [27]. There have been reports 
of differences in the frequencies of the B2 allele in other 
ethnic groups: the frequency of the B2 allele was found to 
be 0.43, 0.44, 0.43 and 0.42 in Europeans, Americans, Israelis 
and Taiwanese, respectively [6,15,17].

It was already suggested by others [28] that there may be 
a link between CETP polymorphisms and severity of CAD. 
Several studies have reported the B2B2 genotype to be associ-
ated with high HDL-C levels [15-17,29] this effect being looked 
at as a consequence of the lower CETP activity associated 
with this genotype [15,16,29]. The association of the B2 allele 
with higher HDL-C levels was confirmed in our population 
controls and patients with single, double or triple vessel dis-
ease. Our study is one of the few which have investigated the 
association between CETP Taq 1B genotype and the sever-
ity of CAD. In the present study, the highest frequency of B2 
allele was shown in control subjects (51.5%) and the highest 
frequency of B1 allele was shown in double/triple vessel dis-
ease (61.2%).

Although Taq1B polymorphism has been the most stud-
ied RFLP to date, these studies have yielded conflicting results. 
Although some studies have confirmed this association, some 
have not [30-32]. This discrepancy in previous studies may be 
the result of influences of other factors on HDL-C, such as 
gender, BMI, smoking, and alcohol consumption. In our study, 
we reported that the B2 allele of the CETP gene Taq1B poly-
morphism was associated with a significant increase in HDL-C 
concentration and reduction in the severity of coronary artery 
disease. There are several well-known environmental factors 
influencing HDL-C levels that act through the activities of 
lipases or lipid transfer proteins. In our study male sex and-
Taq1B2 decrease HDL-C levels. However, the BMI and smok-
ing did not reach the level of significance in our study group.

In summary, CETP gene Taq 1B genotype was associated 
with HDL-C concentration and the severity of coronary artery 
disease in Turkish population. The B2 allele has a protective 
effect on coronary artery disease by increasing HDL-C con-
centration. CETP is expected to be a potential target for the 
development of new pharmacological agents that may raise 
serum HDL-C concentrations. It will therefore be interesting 
to examine the relationship between responses to such drugs 
and the genotypes of the CETP gene.
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