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Abstract
Background—The role of cholesteryl ester transfer protein (CETP) in the metabolism of HDL
cholesterol (HDL-C) is well studied but still controversial. More recently, GWAS and
metaanalyses reported the association of a promoter variant (rs3764261) with HDL-C in
Caucasians and other ethnic groups. In this study, we have examined the role of genetic variation
in the promoter region of CETP with HDL-C, CETP activity, coronary artery disease (CAD),
CAD risk factors, and the interaction of genetic factors with environment in a unique diabetic
cohort of Asian Indian Sikhs.

Methods and Results—We genotyped four variants; three tagSNPs from promoter (rs3764261,
rs12447924, rs4783961) and one intronic variant (rs708272 Taq1B) on 2,431 individuals from the
Sikh Diabetes Study. Two variants (rs3764261 and rs708272) exhibited a strong associations with
HDL-C in both normo-glycemic (NG) controls (β= 0.12; p= 9.35 ×10−7 for rs3764261; β= 0.10,
p= 0.002 for rs708272) and diabetic cases (β= 0.07, p= 0.016 for rs3764261; β= 0.08, p= 0.005 for
rs708272) with increased levels among minor homozygous ‘AA’ carriers. In addition, the same
‘A’ allele carriers in rs376426 showed a significant decrease in systolic blood pressure (β= −0.08,
p= 0.002) in NG controls. Haplotype analysis of rs3764261, rs12447924, rs4783961, and
rs708272 further revealed a significant association of ‘ATAA’ haplotype with increased HDL-C
(β= 2.71, p= 6.38 ×10−5) and ‘CTAG’ haplotype with decreased HDL–C levels (β= −1.78, p=
2.5×10−2). Although there was no direct association of CETP activity and CETP polymorphisms,
low CETP activity was associated with increased risk to CAD (age, BMI and gender adjusted odds
ratio 2.2 95% CI (1.4–3.4, p= 0.001) in this study. Our data revealed a strong interaction of
rs3764261 and rs708272 for affecting the association between CETP activity and HDL–C levels;
p= 2.2 × 10−6, and p= 4.4 × 10−4, respectively.

Conclusions—Our results, in conjunction with earlier reports confirm low CETP activity to be
associated with higher CAD risk. Although there was no direct association of CETP activity with
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CETP polymorphisms, our findings revealed a significant interaction between CETP SNPs and
CETP activity for affecting HDL-C levels. These results urge a deeper evaluation of the individual
genetic variation in the CETP before implementing pharmaceutical intervention of blocking CETP
for preventing CAD events.

Dyslipidemia with low serum high-density lipoprotein cholesterol (HDL-C) and elevated
low-density cholesterol (LDL-C) levels is a well established risk factor for coronary artery
disease (CAD) and a leading cause of mortality in individuals with type II diabetes (T2D).
In the past decade, decreasing LDL-C has been the major goal in primary and secondary
prevention of CAD through treatment with HMG-CoA reductase inhibitors (statins).
However, a large body of data suggests that while statin therapy can reduce CAD events by
~30%, the mortality rate due to CAD remains elevated particularly in the patients with
metabolic disease and insulin resistance 1. Decreased HDL-C has been suggested to be a
strong, independent, predictor of increased risk for CAD by several epidemiological
studies 2. Although, hormonal, environmental, and cultural factors determine HDL-C levels
within ethnic populations, a genetic component accounts up to 76% of the variation in
HDL-C 3. High heritability of HDL-C and HDL-associated lipid traits provide a strong
rationale for identifying genetic loci that may help uncover novel pathways crucial for HDL-
C regulation and eventually for treatment or early prevention of CAD.

The role of CETP in metabolism of HDL-C is well studied but still controversial. CETP
mediates the exchange of lipids between lipoproteins resulting in the net transfer of
cholesteryl ester from HDL-C to other lipoproteins and subsequent uptake of cholesterol by
hepatocytes through reverse-cholesterol transport 4. Genetic variation in rs708272 (also
called Taq1B) in CETP gene has been extensively studied for association with variation in
HDL-C in different populations 4, 5. One large meta-analysis study using 147,000
individuals from published studies (between 1970 to January 2008) reported CETP
genotypes to be associated with moderate inhibition of CETP activity (with modestly
increased HDL-C) and inverse association with CAD 6. However, some other studies have
seen greater CAD risk associated with low CETP activity in individuals with genetic
deficiency 7, 8. A recent prospective investigation on a moderate size community-based
sample from Framingham Heart Study also reported greater CAD risk associated with low
CETP activity 9. Most of these genetic studies have been focused on rs708272 (Taq1B) and
could not clearly specify the effect of this or other variants on variation in CETP activity or
CAD risk. A clear understanding of how genetic variation in CETP affects HDL-C and other
risk factors associated with CAD in interaction with environmental factors is still lacking
especially in ethnic groups at high risk for T2D and premature CAD. More recently, GWAS
studies reported the association of a promoter variant −2568 (rs3764261) with HDL-C
variation in Caucasians and has been confirmed in several large meta-analysis studies
including different ethnic groups 10, 11.

Based on the premise that increased CETP activity decreased HDL-C levels, a new class of
drugs (including torcetrapib) were developed with the intent to raise HDL-C levels through
inhibition of CETP activity. However, a failure of the trial of torcetrapib, due to an
unacceptable increase in CAD mortality (25%) along with 60% increase in all-cause
mortality questioned the logic of CETP inhibition and urged re-evaluation of the role of
CETP in possibly preventing CAD events 12. Additionally, recently published DEFINE trial
of anacetrapib showing robust effect on lowering LDL-C and increasing HDL-C by CETP
inhibition in a moderate size Caucasian populations (n=1,623)13 urges further investigations
in other high risk ethnic population (such as this) for ensuring safe inhibition of CETP to
lower CAD risk.

Schierer et al. Page 2

Pharmacogenet Genomics. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In this context, we examined the role of three SNPs (rs3764261 [−2568], rs12447924
[−1700], and rs4783961 [−998]) located in the promoter region and a non-coding SNP
(rs708272/Taq1B) located in first intron of the CETP gene. These SNPs were genotyped in a
sample of 2,431 participants drawn from our unique Sikh population of Northern India
(Punjab) known to have a high prevalence of T2D and CAD14, 15.

METHODS
Study Participants

The study participants are part of our ongoing Sikh Diabetes Study (SDS) 16. DNA and
serum samples were drawn from 2,431 participants: 1,307 T2D cases [682 males 56 ± 11 yrs
(mean ± SD) and 625 females 55 ± 11 yrs] and 1,124 NG controls [595 males 51 ± 15 yrs
and 529 females 50 ± 13 yrs]. The diagnostic criteria used for classifying participants as
T2D case, NG control, or impaired glucose tolerant (IGT) have been described in detail
elsewhere 17. Briefly, clinical records including medication histories were used to determine
the individual’s initial T2D status. Since this study was focused on Punjabi community from
Northern India, individuals of South, East, and Central Indian origin were excluded.
Individuals with type 1 diabetes (T1D), maturity-onset diabetes of the young (MODY),
secondary diabetes due to hemochromatosis, cystic fibrosis, or pancreatitis or individuals
with a family member with T1D were excluded from the study. If the individual was eligible
for the study, a full clinical evaluation was performed to confirm the diagnosis measuring
fasting glucose levels following the guidelines of American Diabetes Association 18. IGT
was defined as a fasting blood glucose (FBG) level > 100.8 mg/dL but < 126.1 mg/dL or a 2
hour oral glucose tolerance test (2h OGTT) > 141.0 mg/dL but ≤ 200 mg/dL. The 2h
OGTTs were performed following the criteria of the World Health Organization (WHO) (75
g oral load of glucose). BMI was calculated as weight (kg)/[height (m)2]. The NG
participants were recruited from the same Punjabi community and from the same geographic
location as the T2D participants 14. These were selected on the basis of a fasting glycemia
<100.8 mg/dL or a 2h glucose <141.0 mg/dL. Participants with IGT were excluded when
data were analyzed for association of variants with T2D.

Questionnaires provided information about the participant’s age, sex and the disease status.
In addition to demographic information, the questionnaires collected information on diet,
physical activity, smoking, alcohol, medication, and geographic and family health history 14.
In general, Punjabi Sikhs do not smoke for religious and cultural reasons. About 50% of
participants were life-long vegetarians, and the vast majority of Punjabi females do not drink
alcohol 14. Alcohol consumption was scored on a 0–4 scale: 0- for no alcohol, 1– 50 to 100
mL/day, 2– 100 to 400 mL/day, 3– 400 to 1000mL (1L)/day, 4- >1L/day.

Information regarding CAD, date of coronary artery bypass graft or angioplasty, and
medication usage was obtained from patient records. CAD was considered if there was use
of nitrate medication (nitroglycerine), electrocardiographic evidence of angina pain,
coronary angiographic evidence of severe (greater than 50%) stenosis, or echocardiographic
evidence of myocardial infarction. In this study, about 15% of participants had CAD.

All participants provided a written informed consent for investigations. The study was
reviewed and approved by the University of Oklahoma Health Sciences Center’s
Institutional Review Board, as well as the Human Subject Protection Committees at the
participating hospitals and institutes in India.

Metabolic Assays
All blood samples were obtained at the baseline visit after having fasted for at least eight
hours. Insulin was measured by radio-immuno assay (Diagnostic Products, Cypress, USA).
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HOMA IR was calculated as (fasting glucose × fasting insulin)/22.5 and HOMA B (fasting
insulin × 20/fasting glucose −3.5), as described 19. Quantitation of lipids [total cholesterol,
LDL-C, HDL-C, very low-density lipoprotein (VLDL-C), triglycerides (TG)] were
quantified by using standard enzymatic methods following manufacturer’s instructions using
Hitachi 902 auto-analyzer (Roche, Basel, Switzerland).

CETP Activity
CETP activity was assayed using the Roar CETP Activity Assay Kit. (Roar Biomedical
Incorporated, New York, USA) on frozen stored plasma samples of NG controls following
manufacturer’s instructions. The assay buffer provided in the kit was diluted 1:10 before
use, 5mL 10X buffer in 50mL dH2O. The samples were incubated in a 37°C water bath and
ran on a Tecan Infinite™ F200 series using Magellan software (Version 6.5). CETP activity
was recorded 1.5 hours. All samples were run in duplication to ensure quality control. Intra-
and inter-assay coefficients of variation was less than or equal to 3%.

SNP Genotyping
Physical locations of the investigated SNPs in the CETP gene are shown in Figure 1. From
the HapMap tagSNP database (which does not include North Indians), the HapMap CEU
population sample was chosen as providing the closest SNP coverage in and around the 3 kb
region of the 5’ UTR, and a list of maximally informative SNPs was generated 20. TagSNPs
with minor allele frequency greater than 10% and that passed Hardy-Weinberg equilibrium
(HWE) test were chosen using a pairwise r2 cutoff of 0.8. Three tagSNPs (−2568 C/A
rs3764261, −1700 C/T rs12447924, −998 A/G rs4783961) in the promoter region were
selected to be genotyped. Additionally, rs708272 (Taq1B) G/A from intron 1 was chosen for
its proximity and its extensively reported association with HDL-C in other studies.

Interestingly, despite the absence of LD reported between these SNPs in the HapMap
database, these SNPs revealed the presence of strong LD in the SDS cohort. With the
exception of rs4783961 and rs708272 (D’=0.17 r2=0.02), all other SNPS were in strong LD
with D’ ranging from 0.74 to 0.97 and r2 from 0.10 to 0.35. Moreover, rs708272 (Taq1B)
was also in strong LD (r2> 0.80) with another extensively reported promoter variant at −629
(rs1800775). The LD and correlation are illustrated in online Figure 1S.

Genotyping for all four SNPs on 2,431 DNA samples was performed using TaqMan pre-
designed or TaqMan made-to-order SNP genotyping assays from Applied Biosystems Inc.
(ABI, Foster City, USA). Genotyping reactions were performed on an ABI 7900 genetic
analyzer using 2 uL of genomic DNA (10 ng/uL), following manufacturers’ instructions. For
quality control, 8–10% replicative controls and 4–8 negative controls were included in each
384 well plate. The discrepancy rate of duplicate genotyping was <0.2%. Genotype calling
rate was 96% or higher for all of the SNPs genotyped.

Statistical Analysis
Data quality for SNP genotyping was checked by establishing reproducibility of control
DNA samples. Departure from HWE in NG controls was tested using the Pearson Chi-
square goodness-of-fit test. The genotype and allele frequencies in T2D cases were
compared to those in NG control participants using the Chi-square test. Statistical evaluation
of genetic effects on T2D risk used multivariate logistic regression analysis with
adjustments for age, gender, and other covariates. Continuous traits with skewed sampling
distributions (e.g. FBG, 2h glucose, fasting insulin, HDL-C, LDL-C, TG and CETP activity)
were log-transformed before statistical analysis. Untransformed measures were reported as
arithmetic means while arithmetic means of the transformed variables were re-transformed
into the original measurement scale and reported as geometric means. General linear models
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were used to test the impact of genetic variants on transformed continuous traits (FBG, 2h
glucose, HDL-C and LDL-C) in T2D cases, NG controls, and the entire cohort after
adjusting for the effects of covariates. Significant covariates for each dependent trait were
identified by using Spearman’s correlation and step-wise multiple linear regression with an
overall 5% level of significance. These statistical analyses were performed using SPSS for
Windows statistical package (version 15.0) (SPSS Inc., Chicago, USA).

Four-site haplotype analysis was performed to determine how the SNPs interacted as one
block or haplotype using PLINK (version 1.0.6)
(http://pngu.mgh.harvard.edu/~purcell/plink/). To adjust for multiple testing, a Bonferroni’s
correction (0.05/ number of observations) was used.

Statistical Power
Statistical power was assessed using the Genetic Power Calculator 21. The general estimates
of power in this cohort using additive genetic model at α=0.05, K=0.18 for detecting the
effect sizes between 1.11 and 1.30 for T2D, were 56% and 85% when the frequency of T2D
risk alleles for rs3764261 and rs12447924 were 0.36 and 0.17, respectively. Our sample had
>80% power to calculate the minimum detectable ORs for risk and maximum detectable OR
for protective models at α = 0.05 in variants (rs4783961 and rs708272) with allele
frequencies ranging from 0.42 to 0.50.

For quantitative traits, assuming the standard threshold of 80% then the power exceeded
90% to detect the inter-genotype difference (e.g. for HDL-C levels), assuming an additive
genetic model, (α= 0.05, and Bonferroni’s p= 0.008) at allele frequencies ranging from
0.17–0.50 in using 1,124 NG controls and 1,307 T2D cases. This power was associated with
detecting a difference in a quantitative trait, such as HDL-C, of as little as 1 mg/dL and
accounts for an effect size of 0.1 which corresponds to detecting significant βs outside of the
range of ± 0.05.

RESULTS
Demographic and clinical characteristics of SDS participants are summarized in Table 1.
The genotype distributions for all four SNPs were in HWE in NG controls: rs3764261 (p=
0.28), rs12447924 (p= 0.65), rs4783961 (p= 0.74) and rs708272 (p=0.32). As shown in
online Figure 1S, there was strong LD between rs3764261, rs12447924, and rs4783961 with
D’ ranging from 0.92–0.97, and a strong correlation between rs708272 and rs3764261
(r2=0.30). The genotyping data, including the call rate percentage and number of T2D cases
and NG controls for each SNP, is summarized in online Table 1S.

Association of CETP variants with T2D and CAD
Lower serum CETP activity was associated with higher CAD risk in this population. Mean
levels of CETP activity varied significantly (p=0.001) among CAD patients and non-CAD
patients were (183.6 ± 32.9) and (194.2 ± 33.5), respectively. The odds ratio (OR) for CAD
risk associated with CETP activity was 2.34 95%CI (1.51–3.64), p=1.44×10−4 without
adjusting for covariates and 2.2 95%CI (1.4–3.4), p=0.001 after controlling for the effects of
age, BMI and gender. However, CETP activity was not associated with T2D in this cohort
(OR 0.83 95%CI [0.56–1.22], p=0.343).

Association of CETP variants with T2D and CAD
Allelic distributions of all four CETP variants did not differ significantly between T2D cases
and NG controls except for the ‘A’ allele of rs4783961 that was moderately associated with
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T2D (OR 0.81 95% CI (0.7–1.0), p=0.022) after adjusting for age, BMI and gender (Table
2). None of the CETP variants revealed any association with CAD in this cohort.

Association of CETP variants with quantitative traits of obesity, T2D, and serum lipids
There was no evidence of association between CETP variants and traits related to obesity
(waist circumference, weight, BMI), FBG, or 2h glucose. However, multiple linear
regression analysis of lipids revealed a strong association of variant ‘A’ allele of rs3764261
and ‘A’ allele of rs708272 (Taq1B) with HDL-C in both NG controls (β = 0.123; p= 9.35
×10−7 for rs3764261; β= 0.10 p= 0.002 for rs708272) and T2D cases (β= 0.07, p= 0.016 for
rs3764261; β= 0.08, p=0.005 for rs708272) after adjusting for the effects of age, sex, and
BMI (Table 3). None of these SNPs revealed any consistent association with other lipid
traits except same alleles were associated with significantly decreased triglyceride levels in
this cohort (rs 3764261 β = −0.07, p=0.002; rs708272 β = −0.07, p=0.003) (Table 3)

In addition to age and BMI, alcohol consumption was a significant covariate affecting HDL-
C levels in males. Since the vast majority of females in this community do not drink alcohol,
analysis adjusting for the effect of alcohol on CETP genotypes was performed in the data
stratified by gender. For rs3764261 the overall p-values improved from 0.008 to 0.006 in
males and 1.5×10−6 to 9.3×10−7 in the combined sample after adjusting for alcohol
consumption (Figure 2A). However, alcohol consumption did not modify association of
rs708272 (Taq1B) with HDL-C levels in males (p=0.159) or in the combined cohort
(p=0.002) (Figure 2B). Similarly, adjusting for alcohol consumption did not modify the
association with the other SNPs (data not shown).

In females, HDL-C levels were significantly increased (3.8×10−6) by 11.8 mg/dL in
rs3764261 AA genotype carriers compared to CC genotype carriers and by 6.8 mg/dL in
rs708272 AA genotype carriers compared to GG genotype carriers (Figure 2A and 2B).
When we further stratified male cohort by alcohol drinkers vs. non-drinkers, the low HDL-
C-associated rs3764261 CC genotype carriers showed a moderate increase in HDL-C levels
among drinkers (38.8 ± 17.0 mg/dL compared to non-drinkers (32.9 ± 15.1 mg/dL),
p=0.039). However, this effect was not seen among ‘favorable’ AA genotype carriers
(Figure 3).

Furthermore, the rs3764261, AA genotype carriers showed significantly lower systolic
blood pressure compared to CC genotype carriers in combined NG controls with and
without controlling for the effect of alcohol (p=0.002). Interestingly, in gender stratified
cohort, AA genotype-associated decrease was highly significant (p=3.25×10−5) in females
and no such effect was seen in males either with or without adjustment for alcohol
consumption (Figure 4). No other variant in the CETP gene was significantly associated
with systolic blood pressure variation in this population.

Haplotype Analysis
Haplotype analysis using all four investigated SNPs (rs3764261, rs12447924, rs4783961,
and rs708272) revealed a strong association of the ‘ATAA’ haplotype with increased HDL-
C (β= 2.71, p=6.38×10−5) in NG controls and the ‘CTAG’ haplotype with significantly
decreased HDL-C (β= −1.78, p=2.5×10−2); and β= −2.09 p=1.4×10−3) in NG controls and
T2D cases, respectively, after adjusting for the effects of age, BMI, and gender. In gender-
stratified analysis, the haplotype effect remained highly statistically significant in females
(increased HDL-C in the ‘ATAA’ haplotype: β=3.39, p=6.2×10−4; decreased HDL-C in the
‘CTAG’ haplotype: β=−2.67, p=0.017) but was slightly muted in males (increased HDL-C
in the ‘ATAA’ haplotype: β=2.34, p=9.3×10−3; non-significant decreased HDL-C in the
‘CTAG’ haplotype: β= −1.09, p=0.317) (Figure 5). Less significant but similar trend
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associated with increased HDL-C level for the ‘ATAA’ haplotype but significant decreased
in HDL-C levels for the ‘CTAG’ haplotype especially in females (β= −2.69, p= 2.7×10−3)
and combined sample (β=−2.09, p= 1.4 ×10−3) was seen in T2D cases (Figure 5). None of
these haplotypes was associated with other lipid, obesity, or glucose-related traits.

Association of CETP variants with CETP activity and HDL-C levels
In linear regression analysis, none of the investigated SNPs revealed association with CETP
activity. As shown in online Figure 2S, the mean levels of CETP activity did not differ
significantly across genotypes for either rs3764261 or rs708272. CETP activity also did not
differ between T2D cases and NG controls. However, there was a strong positive correlation
between HDL-C levels and CETP activity (r=0.12, p=3.1×10−4). Interestingly, as shown in
Table 4, we also observed a strong interaction effect between CETP activity and CETP
SNPs rs3764261 (p=3.8×10−6), rs708272 (p=3.7×10−4), and rs4783961 (p=0.002) in
affecting HDL–C levels. As previously seen, in the data stratified gender, these interaction
effects were more pronounced in females for all three SNPs (rs3764261, p=2.95×10−6;
rs708272, p=9.49×10−5; and rs4783961, p=0.004). Only rs3764261 showed a significant
interaction effect with CETP activity on HDL-C levels in males (p=0.004) (Table 4).

DISCUSSION
Several studies have been undertaken to examine the associations of CETP gene
polymorphisms on plasma lipid concentrations 11. The role of Taq1B (rs708272)
polymorphism occurring in the first intron of CETP gene has been most extensively studied
and is associated with variations in HDL-C concentrations 2. However, the putative
correlation of CETP polymorphisms with CETP activity, HDL-C levels and other CAD risk
factors is still unclear 22.

As the allelic distributions of Punjab population of North India are similar to European
ancestries 23, tagSNPs from upstream of the 5’UTR were chosen using the CEU HapMap
data. A much tighter LD (D’= 0.74 −0. 97 and r2= 0.10 – 0.35) among these tagSNPs
including the Taq1B (rs708272) (Figure 1S) was found whereas little LD is reported in this
region for the CEU sample. Evidently, these findings suggest that the LD structure in this
population is different from Euro-Caucasians. Furthermore, variation at three of these four
SNPs correlated strongly with variation in HDL-C levels despite the fact that none of these
SNPs are known to affect a functional change in CETP; possibly this promoter region may
harbor a yet to be discovered functional variant which is in strong LD with these SNPs.

The males in this Punjabi cohort have inherently lower levels of HDL-C compared to
females (35.7 ± 15.1 (males) vs. 41.0 ± 15.3 (females), p=9.9×10−8), and these were even
lower in diabetics (34.3 ± 12.4 (males) vs. 38.3 ± 12.9 (females), p=4.22×10−8) (Figure 3S).
Also, lower HDL-C levels (<40 mg/dl) were more frequently associated in patients with
CAD (56% CAD patients had HDL-C <40mg/dL). In general, men are characterized by a
less favorable lipoprotein–lipid profile, which is accompanied by smaller HDL-C particle
size compared to women 24. Also, the higher HDL-C in women is attributed to higher
endogenous estrogen levels and the cardioprotective mechanisms of estrogen and
progesterone operating in women 25. However, despite this difference, variant alleles of
rs3764261 and Taq1B (rs708272) were directly correlated with increased HDL-C levels in
both men and women, and with the magnitude of effect being stronger in women. In
rs3764261, HDL-C levels were increased by 7.2 mg/dL (p=1.5×10−6) and in rs708272 by
4.4 mg/dL (p=0.002) in AA genotype carriers vs. CC genotype carriers among NG controls.
Notably, the same ‘A’ allele of rs3764261 that significantly increased HDL-C levels also
revealed a significant decrease in mean levels of systolic blood pressure from 135.8 ± 1.16
mmHg from CC genotype carriers to 133.2 ± 1.85 mmHg in AA genotype carriers in NG
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controls (β= −0.10, p=0.002). Interestingly, when separated by gender, this significant
association was confined to females (β= −0.17, p= 3.25× 10−5) while no such association
was seen in males (β=−0.02, p=0.597) (Figure 4). Increased blood pressure is a risk factor of
CAD and has been associated with decreased HDL-C levels 24. Thus, AA individuals of
rs3764261 carry a more favorable profile with increased HDL-C levels and decreased
systolic blood pressure which was predominantly seen in females. Another study reported
gender-specific risk reduction in metabolic syndrome component by Taq1B polymorphism
in CETP which was more pronounced in males 26. Further studies on a larger size sample
are needed to confirm these findings and to understand the gender specific association of
CETP in relation to CAD risk.

Alcohol consumption showed an attenuating effect on the inter-genotype differences of
rs3764261 for impacting HDL-C levels in this study. For instance, in rs3764261 among non-
alcoholic NG women, the HDL-C levels increased ~30% among ‘AA’ carriers over ‘CC’
(the majority) carrier (Figure 2). In non-drinking NG men the HDL-C levels increased ~18
% in ‘AA’ over the ‘CC’, but in drinking NG men it was increased only ~5% among ‘AA’
carriers. On the other hand, there was a paradoxical increase in improved HDL-C levels in
response to alcohol among less favorable ‘CC’ genotype carriers by 5.9 mg/dL (Figure 3).
These results suggest a mode of action for both the CETP genetic variation (associated with
rs3764261) and its modulation by alcohol consumption. Therefore, it can be speculated that
‘CC’ carriers can be benefitted with moderate alcohol intake. It is also possible that the
alcohol consumption disrupts inhibitory mechanism in ‘CC’ carriers so that ‘CC’ carriers
behave more like ‘AA’ carriers. However, these findings are speculative till validated and
the possibility of other genetic or non genetic factors modulating this effect can also not be
ruled out.

In haplotype analysis, in all four investigated SNPs with HDL-C revealed a strong
association of the ‘ATAA’ haplotype with increased HDL-C levels (β= 2.71, p=6.38×10−5)
and ‘CTAG’ haplotype with decreased HDL-C levels (β= −1.78, p=2.5×10−2) in NG
controls after controlling for age, sex, and disease status. When analyzed by gender, the
haplotype association was more pronounced in females compared to males (e.g. ‘ATAA’
females β=3.39, p=6.2×10−4, β= 2.34, p=9.34×10−3) (Figure 5).

The most interesting part of this investigation was the presence of significant positive
correlation of CETP activity and HDL-C levels (r= 0.12 p= 3.1×10−4) which was
independent of genetic variation in CETP, in contrast to previous studies 2. Not only that,
our results also showed significant increase CAD risk among subjects carrying low CETP
activity (OR 2.2 95%CI (1.4–3.4, p=0.001). Although there was no direct association of
CETP activity and CETP polymorphisms (Figure 2S), our findings revealed a significant
interaction between CETP SNPs and CETP activity for affecting HDL-C levels in
rs3764261 and Taq1B (rs708272), and even rs4783961 (Table 4). After including CETP
activity in the model, the significant association with HDL-C remained significant in both
rs3764261 and rs708272; single SNP analysis (p=9.3 × 10−7 and p= 0.002) and interaction
analysis (p=2.2 × 10−6, and p= 4.4 × 10−4) (Tables 3 & 4), respectively. There is little
relationship between HDL-C and CETP activity in the ‘AA’ homozygote carriers
(rs3764261) as shown in horizontal slop in (Figure 6). From this one could opine that
treating ‘AA’ carriers with a CETP inhibitor would contribute minimally to improving
HDL-C levels. These inconsistencies between our study and previous studies (supporting
high CETP activity linked to CAD risk) suggest the possibility of other factors affecting
HDL-C levels and CETP activity. Our results concur with the findings of a prospective
investigation from the Framingham Heart Study where low plasma CETP activity was
associated with greater CAD risk 9. Taken together with the Framingham Heart Study
findings, our investigation argues against inhibiting CETP for improving cardiovascular

Schierer et al. Page 8

Pharmacogenet Genomics. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



outcomes and urges a deeper evaluation of the individual genetic variation in the CETP
before implementing pharmaceutical intervention of blocking CETP for preventing CAD
events 27. These data suggest that, inhibiting CETP in the absence of knowledge of genetic
variation we may inhibit the protective effects of CETP (increased HDL-C and decreased
systolic blood pressure) in some people (specifically rs3764261 ‘AA’ carriers); where a
more personalized medical approach is needed. Our results may partially provide the reason
of failure of these drugs for decreasing CAD mortality and may explain why CETP
inhibition has not been a full success. Perhaps the off target effects of torcetrapib were
associated with genetic variation controlling blood pressure and gender differences
modulated by lifestyle and other factors. Although, the overall genetic variance explained by
common variants in the CETP locus is ~5–8%, it is likely that the ‘missing heritability’ lies
in less common or rare variants in this locus which can be detected by deep sequencing 28. It
appears that there are more complex aspects of CETP in the cholesterol metabolism pathway
which are currently unknown and further genetic and functional studies can delineate its role
in cardiovascular functions.

Nevertheless, our investigation suggests that genetic variation in CETP affects serum HDL-
C levels and may play an important role in the risk assessment for CAD. Although, the
genetic variation in this locus is not associated with increased risk to T2D or CAD, the
variant allele especially in CETP promoter (rs3764261) showed a strong association with
increased HDL-C, decreased blood pressure. Low serum CETP activity is associated with
greater CAD risk. Although, none of the investigated SNPs is associated with serum CETP
activity, through interaction analysis, it is evident that genetic polymorphism and CETP
activity significantly affects HDL-C and systolic blood pressure; in addition, genetic effects
are significantly modulated by environmental factors (alcohol consumption). Individuals
carrying protective genotypes in CETP can be benefitted by improving HDL-C and lowering
systolic blood pressure without inhibition of CETP activity. Therefore, genetic and
functional studies on a large size datasets from different ethnicities will be required before
using CETP inhibitors on every CAD patient.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Abbreviations

CETP Cholesteryl Ester Transfer Protein

T2D Type 2 diabetes

NG Normoglycemic

CAD Coronary artery disease

GWAS Genome-wide association study

HOMA-IR Homeostasis model assessment for insulin resistance

HOMA-B Homeostasis model assessment for β cell function

SNP Single nucleotide polymorphism

FBG Fasting blood glucose

BMI Body mass index

WHR Waist-to-hip ratio

MAF Minor allele frequency
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Figure 1. Structure of CETP Gene
Figure 1 denotes structure of CETP locus (3Kb) showing the position of SNPs genotyped for
this study. Vertical rectangles in the figure represent exons and horizontal lines denote non-
coding sequences (introns). Position of each SNP is marked by arrows.
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Figure 2. Effect of CETP Genotypes rs3764261 and rs708272 on HDL-C Levels in Data
Stratified by Gender
Bar plots in Figure 2 (A) and (B) show association of CETP (rs3764261)(A) and (rs708272)
(B) genotypes with HDL-C using multiple linear regression analysis. * In Model 1, analysis
was controlled for age, sex, and BMI; Ŧ In Model 2, analysis was controlled for age, sex,
BMI, and alcohol.
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Figure 3. Effect of Alcohol on HDL-C in Males (rs3764261)
Figure 3 shows that alcohol was a significant modifier for affecting HDL-C in males. Note
that the low HDL-C-associated ‘CC’ genotype carriers had a moderate increase in HDL-C
levels among alcohol drinkers (32.9 ± 15.1 mg/dL), compared to non-drinkers (38.8 ± 17.0
mg/dL; p=0.039). However, this effect was not noticed among ‘favorable’ ‘AA’ genotype
carriers.
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Figure 4. Effect of CETP Genotypes (rs3764261) on Systolic Blood Pressure
Figure 4 shows distribution of means for systolic blood pressure by genotypes. * In Model 1,
analysis was controlled for age, sex, and BMI; Ŧ In Model 2, analysis was controlled for age,
sex, BMI, and alcohol.
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Figure 5. Effect of CETP Haplotypes rs3764261, rs12447924, rs4783961, and rs708272 on HDL-
C
Figure 5 show regression coefficients (β) by ATAA and CTAG haplotypes in NG Controls
and T2D cases.
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Figure 6. SNP (rs3764261) CETP Activity Interaction for Affecting HDL-C
Figure 6 shows the relationships between CETP (rs3764261), HDL-C, and CETP activity.
Dashed line (purple) slop shows correlation of HDL-C and CETP activity in combined
rs3764261 (CC, CA, AA) genotypes (r= 0.12 p= 3.1×10−4). Three complete lines represent
the correlation between HDL-C and CETP activity by each genotype. The uppermost green
slop clearly shows that the increase in HDL-C levels in homozygous ‘AA’ carriers is
independent of CETP activity.
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