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ABSTRACT

Objectives: We determine the significant relation of HDL
cholesterol and total cholesterol/HDL cholesterol between CETP
1405V genotypes and activity of CETP.

CETP is an essential for transfer of cholesterol ester to the liver
from peripheral tissues which facilitating its transfer to TG rich
VLDL. Reduction activity of CETP 1405V may associate with
genotypes of CETP 1405V. This study is undertaken to assess the
presence and impact of CETP 1405V genotype in our population.
Materials and Methods: In this study 100 acute myocardial
infarction patients and 100 normal age & sex matched healthy
individuals were included. Serum Lipid profile was estimated by

using universal standard methods whereas CETP 1405V genotype
was studied by ARMS PCR.

Result: There is presence of CETP 405Val genotype both in patient
as well as in control group. Results show that HDL cholesterol
(p<0.0001) and ratio of total cholesterol/HDL cholesterol are
significantly (p<0.0043) associated with Val/Val genotype. In
addition to that the CETP 1405V genotype is associated with
inhibition of CETP activity with higher HDL-C level and decreased
total cholesterol/HDL cholesterol ratio.

Conclusion: Our results show that the CETP 1405V genotypes
are very much significantly determinant of HDL cholesterol in
patients with CHD.

Keywords: Cholesteryl ester transfer protein (CETP), CETP 1405V genotype,

High density lipoprotein cholesterol, Total cholesterol, Triacylglyceride

INTRODUCTION

High density lipoprotein (HDL) cholesterol plays a central role in
the transport of cholesterol from peripheral tissues to the liver. This
process of reverse cholesterol transport [1,2] explains the major
antiatherogenic mode of action of this lipoprotein fraction. This
process involves the esterification of free cholesterol within the HDL
fraction and its subsequent transfer by Cholesteryl Ester Transfer
Protein (CETP) to TG-rich lipoproteins [3].

The CETP gene is one of the major genes affecting HDL metabolism;
the gene codes for CETP, a protein responsible for the transfer of
cholesteryl ester (CE) from HDL to apolipoprotein B-containing
particles, particularly very low-density lipoprotein (VLDL), in
exchange for triacylglyceride [4]. Human CETP gene consists of 16
exons located on chromosome 16 adjacent to lecithin cholesterol
acyl transferase (LCAT) gene [5]. Some genotypes like the R451Q
[6] and A373P [7] are associated with high plasma CETP activity,
low HDL-C. The other genetic alterations such as Int14A, D422G
genotypes [8-9] and 1405Vgenotype [10] have been identified as
cause of low or deficient CETP activity and elevated levels of
HDL-C [11].

There are scanty reports of CETP genotype studied and its correlation
with lipid profile in the Indian population. We studied CETP genotype
and their correlation with lipid levels in acute myocardial infarction
patients and healthy controls from Western Maharashtra region,
India.

MATERIALS AND METHODS

Subjects

The present case-control study was performed in the Department
of Biochemistry, Government Medical College, Miraj, India. Total
100 acute myocardial infarction (AMI) patients, out of which 67
were males and 33 were females, within age ranging from 19 to 88
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years and 100 normal age and sex matched healthy individuals as
controls were included. All control samples were free from diseases
like diabetes mellitus, hypertension, coronary artery disease,
atherosclerosis, acute or chronic renal or liver disease, no history of
thyroid impairment and smoking and/or tobacco chewing.

The diagnosis of acute myocardial infarction was done by the
physicians of General Hospital, Sangli and General Hospital
Miraj; based on clinical history, electrocardiogram, and relevant
biochemical parameters. Fasting blood sample of patients and
controls were collected and analysed. The protocol was approved
by the Institutional Ethical committee and subjects provided written
informed consent.

Methods

The fasting blood samples of control and Ml subjects were collected;
for MI subjects sample was collected within three days of diagnosis
of the disease. Serum samples were analysed for lipid profile and
EDTA samples were used for extraction of DNA.

Serum Total Cholesterol level was estimated by enzymatic method
[12]. For HDL cholesterol estimation, Chylomicrons, VLDL cholesterol
and low density lipoprotein (LDL) cholesterol fractions in serum was
separated by precipitating with phosphotungstic acid and magnesium
chloride. After centrifugation the cholesterol in the HDL fraction,
which remains in the supernatant, was assayed with enzymatic
cholesterol method [12]. LDL cholesterol level was calculated using
Friedwald’s formula [13]. Serum Triacylglyceride was determined by
Glycerol phosphate oxidase-peroxidase method [14].

Genetic analysis

EDTA blood samples were used for DNA extraction by salting out
method [15]. Genotypes for CETP 1405V for all above subjects and
controls were determined by Amplification Refractory Mutation
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[Table/Fig-1]: The mutation-specific ARMS primers, control primers,
primer for CETP 1405V genotype

S. Mutation/wild specific/ | Primer sequence (5’-3’) Length
No | common/ control of PCR
primer product (bp)

1 CETP 405 Wild GCAGAGCAGCTCCGAGTTCA 646 bp

2 CETP 405 Mut CAGAGCAGCTCCGAGACCG

3 CETP 405 Com ATGTTCAAAAGGAAAGCACAGTC

4 CONTROL FOR CCCACCTTCCCCTCTCTCCAG 360 bp
GCAAATGGG

5 CONTROL RES GGGCCTCAGTCCCAACATGGC
TAAGAGGTG

and common

[Table/Fig-2]: Photograph showing electrophoresis of ARMS-PCR for CETP 1405V

genotype

1, 8 & 4- Samples positive for VV genotype of CETP 1405V
2. Sample negative for V genotype of CETP 1405V

5. Negative control for genotype CETP 1405V
6. Positive control for genotype CETP 1405V
7. 100 bp DNA marker ladder

Biochemical Patients (n=100) Controls (n=100) | p-value
parameters

Total Cholesterol (mg/dl) | 220.21 + 55.70 170.92 + 22.45 p < 0.0001*
HDL Cholesterol (mg/dl) 37.83 +12.58 49.14 + 10.50 p < 0.0001*
Total Cholesterol /HDL 6.48 +2.88 3.65 +0.98 p < 0.0001*
Cholesterol

LDL Cholesterol (mg/dl) 168.22 + 58.22 108.36 + 25.40 p < 0.0001*
VLDL Cholesterol (mg/dl) 2415+ 12.038 18.41 £ 5.67 p < 0.0001*
Triacylglycerol (mg/dl) 120.76 + 60.16 92.07 + 28.39 p < 0.0001*

* Significant

[Table/Fig-3]: Biochemical parameters in MI patients and controls

Genotypes Patients (n=100) | Controls (n=100) | p-value
lle/lle 32 % 38 % 0.4585*
lle/Val 46 % 44 % 0.8870*
Val/Val 22 % 18 % 0.5959¢

‘# not significant., X? test p-value of patients is 0.4795

[Table/Fig-4]: Frequency distribution of lle 405Val genotype of CETP in MI patient

& controls

Biochemical parameter | lle/ lle (n=32) Val/ Val (n=22) p-value
Total Cholesterol mg/dl | 216.53 + 57.38 225.74 + 48.78 p = 0.5413"
HDL Cholesterol mg/dl 32.66 + 8.67 48.50 + 15.51 p < 0.0001*
Total cholesterol/HDL 7.06 +2.43 5.15+2.11 p = 0.0043*
cholesterol

LDL Cholesterol mg/d 160.26 + 58.81 152.46 +51.30 |p=0.6166"
VLDL Cholesterol mg/dl | 23.61 + 7.63 24.78 £ 12.21 p= 0.6681*
Triglycerides mg/dl 118.07 + 38.13 123.88 + 61.04 p= 0.6681*

* significant. ‘#’ not significant

[Table/Fig-5]: Comparison of biochemical parameters of CETP 1405V genotype in
study subjects with lle/lle group with Val/Val group in Ml patients
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System PCR [16]. The mutant and wild specific ARMS primers,
control primers, and common primer used to diagnose CETP 1405V
genotype in this study are listed in [Table/Fig-1].

A common primer was designed that paired with CETP 1405V giving
a product of 646 base pairs (bp). A 360-bp fragment of the al-
antitrypsin gene was co-amplified to function as an internal control.
For each reaction there were total four primers used. For CETP
1405V genotypes wild/mutant primer, common primer and two
control primers were used.

The PCR was carried out in a total volume of 25 pl of reaction mixture,
containing 50 ng of genomic DNA; 12.5 pl 2X master mix giving final
concentration 200 mmol/L of deoxynucleotides triphosphates; 10
mmol/L Tris-HCL, pH 8.8; 1.5 mmol/L MgCl,; 50 mmol/L KCl; 2.5
U of Tag DNA Polymerase; and then 8 nmol/L of control primers,
and 0.8 mmol/L ARMS common primer. Reaction mixture wild
type contained, in addition to the above, 0.2 ~ 0.5 pmol / L CETP
1405V wild primer. Similarly, reaction mixture mutant type contained,
in addition to the above, 0.2 ~ 0.5 pmol / L CETP 1405V mutant
primer. Amplification was performed with a Quanta Biotech DNA
thermocycler. Each PCR run had negative controls. Cycling was
carried out on the thermal cycler with initial denaturation at 95°C
for 5 min, 32 cycles with denaturation at 94°C for 50 s, annealing at
66 °C for 45 s, and extension at 72°C for 60 s, followed by a final
cycle of extension at 72°C for 5 min. Total 10 pl of amplified product
was mixed with 2.0 pl of gel loading dye and fragments separated
in 2% agarose gel that contained 0.1 mg/L ethidium bromide for
visualization. The samples were electrophoresed for 1 hour at 100
volts, using 1x TAE (Tris-Acetate-EDTA) running buffer The DNA
fragments were visualized by staining with Ethidium bromide (EtBr).
This dye binds to DNA and fluoresces under ultraviolet radiation.

Amplification products of the CETP 1405V genotypes with modified
ARMS on agarose gel electrophoresis are shown in [Table/Fig-2].

STATISTICAL ANALYSIS

Within patient group, Hardy—Weinberg equilibrium was tested by
means of chi-square analysis. Throughout, independent samples
test-test was used and p-value of <0.05 was interpreted as
indicating a statistically significant difference. All statistical analyses
were carried out with MEDCALC software.

RESULTS

Total 200 samples were studied, out of which 100 were acute
myocardial infarction patients and 100 were control subjects. [Table/
Fig-3] shows serum lipid profile in study and control groups. The
total cholesterol level was 220.11 + 55.70 mg/dl in patients and
170.92 + 22.45 mg/dl in controls, which is found to be statistically
significant (p<0.0001). The HDL cholesterol level was 37.83 = 12.58
mg/dl in patients and 49.14 + 10.50 mg/dl in controls, which is
significantly (p<0.0001) decreased in patients than in controls. Total
cholesterol/HDL cholesterol ratio was 6.48 + 2.88 in patients and
3.65 + 0.98 in controls which is significantly increased (p<0.0001)
in patients than in controls. Mean values for serum LDL cholesterol
was 1568.22 + 58.22 in patients and 103.36 + 25.40 in controls
which is significantly higher (p<0.0001) among myocardial infarction
patients than the controls. The VLDL cholesterol level was 24.15 +
12.03 mg/dl in patients and 18.41 + 5.67 mg/dl in controls, which
is found to be statistically significant (p<0.0001). The triacylglycerol
level was 120.76 + 60.16 mg/dl in patients and 92.07 + 28.39mg/dl
in controls, which is significantly (p<0.0001) increased in myocardial
patients than in controls.

The observed frequencies of genotypes were in Hardy—Weinberg
equilibrium with Chi-square p-value 0.4795. Frequency Distribution
of lle 405 Val genotype of CETP gene in myocardial infarction patients
and controls were as depicted in [Table/Fig-4]. The frequencies of
CETP 1405V genotype in patient group were lle/lle (32%), lle/Val
(46%) and Val/Val (22%), while those in control group were Il/lle
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(38%), lle/Val (44%) and Val/Val (18%), which is not significant with
patients compared to controls.

We also compare the lipid levels in group having lle/lle genotype
with Val/Val genotype in myocardial infarction patients, as shown
in [Table/Fig-5]. The group with lle/lle genotype had significantly
Lower HDL cholesterol (p<0.0001), and higher total cholesterol/
HDL cholesterol ratio (p=0.0043) and no significant difference found
in Total cholesterol (p=0.5413), LDL cholesterol (p=0.6166), VLDL
cholesterol (p=0.6681), plasma triacylglyceride (p=0.6681) when
compared to the Val/Val genotype of CETP 1405V.

DISCUSSION

CETP is essential in the reverse cholesterol transport pathway,
the only route to eliminate excess cholesterol from body. After
HDL particles accept cholesterol from extra hepatic tissues, CETP
facilitates the transfer of cholesteryl ester onto triglyceride rich
lipoproteins as part of the reverse cholesterol transport pathway,
ultimately leading to cholesterol excretion by the liver [17,18].

Freeman et al., [19] initially reported an inverse association between
HDL and CETP activity in highly selected population samples for low
and high HDL cholesterol levels. CETP 1405V genotype is the most
important inherited trait modulating CETP activity and serum HDL
cholesterol. We examined the effect of CETP 1405V genotype on
lipid level in a south west Maharashtra population originating from
western India.

In the present study, we found significantly increased levels of serum
cholesterol, triacylglyceride, LDL cholesterol, VLDL cholesterol
and total cholesterol/HDL cholesterol ratio in myocardial infarction
patients when compared to controls, while HDL cholesterol was
significantly decreased in Ml patients. We found 22 myocardial
infarction patients and 18 normal healthy controls with Val/ Val
genotype. There was no significant difference in frequency of CETP
[405V in patients when compared with controls. This genotype
is shown to be associated with a reduction in CETP activity, and
increased level of HDL cholesterol [20-23].

We have studied a relationship between CETP 1405V genotype and
lipid profile. The lipid levels were compared in patients of myocardial
infarction on the basis of the genotype present i.e. in between
lle/lle and Val/Val genotypes. HDL cholesterol was significantly
higher in patients carrying the Val/Val genotype than with the lle/
lle genotype, and lower total cholesterol/HDL cholesterol ratio in
Val/Val genotype than patients with lle/lle genotype. There was no
significant difference found in total cholesterol, LDL cholesterol,
VLDL cholesterol and triacylglycerol in patients with lle/lle & Val/Val
genotype of CETP 1405V.

From the above results we conclude that in myocardial infarction the
presence of Val/Val is found to be associated with increased HDL
cholesterol, and decreased atherogenic ratio total cholesterol/HDL
cholesterol was found in patients with Val/Val genotype. The increase
in HDL cholesterol may not be beneficial as per Todur SP et al.,[24]
as they found no association between CETP 1405V genotype and
CAD, but it is an important determinant of HDL cholesterol.

CETP deficiency due to genetic defect in CETP is an autosomal
recessive phenomenon caused by homozygous or heterozygous
CETP genotypes [25]. The CETP 1405V genotype affect level of HDL
cholesterol and apolipoprotein A-1, the major protein in HDL particles.
Complete CETP deficiency leads to massively elevated levels of HDL
cholesterol and apolipoprotein A-l, [26-29] and our results are in
accordance with previous studies, who demonstrated dysfunction
of CETP due to CETP 1405V genotype which leads reduced reverse
cholesterol transport and increase in HDL cholesterol level and
decreased risk of atherosclerosis [30,31].

In an analysis of the CETP 1405V genotype of the Copenhagen City
Heart Study by Agerhoim-Larsen B [32]. Found that women for the
presence of valine at position 405 of CETP gene had increased
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levels of HDL cholesterol and total cholesterol/HDL cholesterol
ratio was significantly lower with Val/Val genotype compared to
lle/lle genotype in women having anti-atherogenic effect of Val/Val
genotype. And no significant difference was found in men for total
cholesterol/HDL cholesterol in Val/Val genotype and lle/lle genotype
showing no risk of atherogenecity.

Bruce C et al.,, [25] found significantly lower CETP in Val/ Val
genotype than lle/ lle and lle/ Val genotype and significantly higher
HDL cholesterol than lle/ lle and lle/Val genotype, and showed the
CHD risk was higher due to hypertriglyceridemia with the Val/Val
genotype than in those with the lle/Val or lle/lle genotype of CETP
1405V. Pallaud C et al., [33] found no association between the CETP
1405V genotype and either HDL cholesterol levels or CHD risk in
the men.

CONCLUSION

Data demonstrate that variation at the CETP gene locus is a
significant determinant of HDL-C levels, CETP activity, and probably
a genetic risk factor for CHD in the study population
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