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Abstract
Cholesterol ester transfer protein (CETP) plays a key role in remodeling triglyceride-rich particles
and high-density lipoproteins (HDL). We investigated CETP sequence variants in response to long-
term overfeeding (100 days) in 12 pairs of male monozygotic twins (mean age±SD: 21±2 y). Body
fat mass (FM), abdominal subcutaneous (ASF) and visceral fat (AVF), and plasma lipoproteins were
determined. The CETP variants C>T/In9 (rs289714) and G>A/Ex14 (rs5882, or I405V) were
investigated by RFLP-PCR methodologies. Before overfeeding, the CETP CC/In9 (n=18) genotype
was associated with lower FM compared to the C>T/In9 heterozygotes. Overfeeding induced more
FM and ASF accretion in C>T/In9 carriers (P ≤ 0.05). CETP V405V homozygotes (n=8) had lower
BMI, FM, and ASF before overfeeding than those with the I405I (n=6) or I405V (n=10) genotypes.
However, V405V subjects had the largest gain in AVF with overfeeding (P = 0.02). Decreases from
baseline were significantly different across the I405V genotypes for HDL-C, HDL-Apo AI, HDL2,
and HDL3 (P ≤ 0.05). Our data suggests that CETP sequence variation contributes to the undesirable
changes in adiposity and HDL-C levels when exposed to excessive calorie consumption and may be
potentially helpful to identify individuals with the metabolic syndrome who are at higher risk of
cardiovascular disease.
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INTRODUCTION
Polymorphisms in specific genes are increasingly implicated in the response to dietary
challenges, particularly to excess calories and in the obese state, which are associated with a
high risk of coronary heart disease (CHD)1. High-density lipoprotein cholesterol (HDL-C), is
partly regulated by cholesteryl ester transfer protein (CETP).

Address correspondence to: Claude Bouchard, Executive Director, Pennington Biomedical Research Center, Louisiana State University
System, 6400 Perkins Road, Baton Rouge, LA 70808, Phone: (225) 763-2500, Fax: (225) 763-3106, e-mail: BouchaC@pbrc.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Atherosclerosis. Author manuscript; available in PMC 2009 January 1.

Published in final edited form as:
Atherosclerosis. 2008 January ; 196(1): 455–460.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



CETP mediates the exchange of TG for cholesterol esters (CE)2. Synthesized mainly in the
liver, it circulates bound to HDL containing Apo A1 particles3. CETP mRNA and protein
concentration rise in response to high cholesterol levels and dietary fat intake, increase the
transfer of CE to HDL particles 4, 5, enhance the return of cholesterol from the plasma to the
liver, and decrease plasma cholesterol levels. CETP is anti-atherogenic, when associated to
high HDL levels 6, while CETP deficiency diminishes cellular cholesterol efflux and, with low
HDL-C levels, promotes atherosclerosis 7, 8.

CETP polymorphisms have been related to variations in plasma HDL-C 9, 10. Environmental
factors influence CETP plasma levels 11–14 but no data, to our knowledge, have been reported
on the effects of CETP polymorphisms in chronic dietary energy surplus. This study evaluated
the effects of selected CETP polymorphisms on adiposity and lipoprotein changes in response
to a long-term overfeeding protocol.

METHODS
The study design and methodology of this overfeeding protocol have already been published
15. Only a brief description will be presented here.

Subjects
Twenty-four sedentary men (12 pairs of monozygotic twins), aged between 19 and 27 years
(mean age ± SD: 21.0 ± 2.0 years), gave their written informed consent to participate in this
study, which received the approval of the Medical Ethics Committee of Laval University and
the Office for the Protection from Research Risk of the National Institutes of Health.
Participants were subjected to a full physical examination and those with overweight,
cardiovascular disease, diabetes, dyslipoproteinemia, hypertension, or endocrine disorders
excluded.

Measurement of baseline energy needs
Twins were studied in three subgroups of four pairs each, under 24-hour close supervision by
the research staff. Subjects lived on Laval University campus for 120 consecutive days that
included 2 weeks of baseline measurements, 3 days for testing before overfeeding, and 3 days
for testing after the 100-day overfeeding protocol. Body weight, skinfold measurements, and
body composition assessments were used to monitor changes in body mass or composition.
Individual energy needs were evaluated during the first 14 days of observation. All foods
consumed by the subjects during this period were carefully weighed and recorded. The nutrient
composition and caloric intake were derived from Canadian food composition tables 16.

Overfeeding protocol
Following the baseline monitoring period and the pre-overfeeding measurements, subjects
were overfed by 4.2 MJ (1000 kcal) per day above their individually measured energy
requirements, 6 days per week, for a period of 100 days. One day each week, they were not
overfed but were fed the amount of energy determined during the baseline observation period,
for a total energy surplus of 353 MJ (84,000 kcal). During the entire project, subjects were kept
sedentary. As they lived together under the same supervised conditions, substantial individual
differences in their levels of physical activity were unlikely.

Phenotype indicators
Body composition—Body density was measured by the underwater weighing technique
17, and the percentage of body fat (%fat) was calculated with the equation of Siri 18. The cross-
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sectional areas of abdominal subcutaneous and visceral adipose tissues were measured by
computerized tomography as previously described 19.

Plasma lipoprotein concentrations—Blood samples were collected from an antecubital
vein in vacutainer tubes containing EDTA. Samples were taken in the morning after a 12-hour
fast. Plasma lipoprotein fractions were prepared by the combined use of ultracentrifugation
20 and heparin-manganese precipitation 21. Details of these assays were described in an earlier
publication 22.

Genotype markers
Genomic DNA extracted from lymphoblastoid cell lines by conventional phenol-chloroform
methods was used in PCR amplifications 23. Briefly, the PCR reactions were carried with
genomic DNA (200 ng), and the PCR product was digested with the appropriate restriction
enzyme. Five regions of the CETP gene were amplified in separate PCR reactions and digested
with restriction enzymes (ie, TaqIB, intron 1; MspI, intron 8; BamHI, intron 9; TaqIA, intron
10; and RsaI, exon 14) as suggested by Kuivenhoven 24. The oligonucleotide sets used with
TaqI (A and B) and MspI were described by Drayna and Lawn 25 and the primer pairs used
with BamHI and RsaI were described by Kuivenhoven 24. Following the recommendations of
the Nomenclature Working Group for gene names, symbols, and polymorphism descriptions
(http://archive.uwcm.ac.uk/uwcm/mg/docs//mut_nom.html), the GenBank sequence
AC010550.7 was used as the numbering reference (start of transcription as position +1). CETP
BamHI RFLP corresponds to position +11,592 and is referred to as C>T/In9 (rs289714) herein.
CETP RsaI RFLP corresponds to position +20,233 and is designated as G>A/Ex14 (rs5882);
this variant confers a non-synonymous amino acid change of isoleucine (I) to valine (V), and
is commonly known as I405V 26. According to NCBI RefSeq NM_000078.1. the amino acid
change is located at position 422, and not at 405, as it has been previously reported 27.

Statistical analysis
Differences between genotypes in the phenotypic response to overfeeding were analyzed by
t-tests. Percentage changes were calculated from individual scores. Analyses were performed
both with the 24 subjects considered as unrelated persons and with the phenotype means of
each of the 12 pairs. The SAS statistical package (SAS Institute Inc., Cary, NC) was used to
perform all statistical analyses.

RESULTS
Changes in body composition and lipoprotein profile in the overfeeding study have been
reported previously 22. Here, we report on changes related to two CETP gene single nucleotide
polymorphisms (SNPs), C>T/In9 and G>A/Ex14, which are not in linkage disequilibrium. We
detected no differences among the pairs of twins for the introns 1, 8 and 10 polymorphisms.

C>T/In9 CETP polymorphism
Eighteen subjects were CC homozygotes at the C>T/In9 variant and six were CT heterozygotes.
Table 1 and Table 2 depict changes in body composition and lipoprotein profile by genotype.
CT heterozygotes gained more weight with the overfeeding protocol than CC homozygotes
(Table 1). Individuals with the CT genotype had higher %fat and fat mass (FM) than the CC
homozygotes at baseline. These differences were constant; CT heterozygotes gained
significantly more weight and FM. After overfeeding, HDL3 levels were 19% lower in CT
subjects (P = 0.05). No other significant differences were observed between the two genotypes.
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G>A/Ex14 polymorphism (I405V)
Table 3 presents the body composition characteristics by genotype and Table 4 the lipoprotein
profile. Eight subjects were V405V homozygous, ten heterozygous, and six I405I homozygous.
The V405V homozygotes had lower BMI, %fat, FM, and abdominal subcutaneous fat (ASF)
areas before overfeeding than 405I carriers (Table 3). Despite their lower adiposity, the V405V
homozygotes gained more AVF with overfeeding (P = 0.02). Considering the change with
overfeeding as a percent increase from baseline, there was a trend for more gain in fat mass
(148% vs. 67%, P = 0.06) and AVF (130% vs. 52%, P = 0.09) in V405V homozygotes compared
to I405I homozygotes.

The I405V genotypes differed also in the lipoprotein profile (Table 4). Before overfeeding,
V405V homozygotes had higher levels of HDL-C, and HDL-Apo AI. With overfeeding,
decreases from baseline were significantly different among the three genotypes for HDL-C (P
= 0.01), HDL-Apo AI (P = 0.05), HDL2 (P = 0.05), and HDL3 (P = 0.0004) levels.

In response to overfeeding, VLDL-TG levels increased in all subjects. VLDL-TG
concentration increased from 0.70 ± 0.13 to 1.22 ± 0.34 mmol/l after overfeeding. Given the
VLDL-TG increase with overfeeding in all subjects, possibly affecting HDL-CE transfer to
LDL or VLDL particles 9, we investigated the CETP I405V genotypes in this response. When
HDL subfractions were adjusted statistically for both VLDL-TG at baseline and VLDL-TG
changes with overfeeding, there were significant differences in response to overfeeding for
HDL-C, HDL2, and HDL3 levels among the I405V genotypes (Table 4). After adding VLDL-
TG as a covariate in the analyses of HDL-C subfractions post-overfeeding, higher
concentrations of HDL-C, HDL2 and HDL3 were observed in V405V subjects compared to
I405I homozygotes. In response to overfeeding, I405I homozygotes consistently decreased
their HDL-C (P = 0.02), HDL2 (P = 0.04) and HDL3 (P = 0.002) concentrations compared to
the V405V homozygotes (Table 4), whether subjects were considered as 12 pairs or as 24
individuals.

DISCUSSION
CETP has both pro- and anti-atherogenic effects 9, 10, 28. It is apparently anti-atherogenic
with high HDL levels6 but negative correlations between CETP and HDL-C or the ratio of
TG/CE in HDL2 and HDL3 particles in obese individuals suggest atherogenicity 29.

Studies on the relationship between CETP polymorphisms and CHD risk levels are
inconclusive. Cross-sectional studies of the CETP I405V polymorphism have shown either no
association with the risk of CHD or lipid parameters 30 or higher HDL levels and increased
risk of CHD for male V-allele homozygotes2. No data exist on the effects of CETP
polymorphisms on the adaptation to chronic overfeeding but a few studies have positively
correlated circulating CETP levels and obesity 28, 29, 31.

Heterozygotes for the C>T/In9 polymorphism had more ASF before overfeeding and gained
25% more ASF with overfeeding compared to the CC/In9 homozygotes, even with BMI never
exceeding 25 kg/m2. This could have clinical implications, as the regional distribution of
adipose tissue is considered an independent risk factor for metabolic diseases.

Interestingly, individuals with the CETP V405V genotype had the lowest ASF before
overfeeding, but the highest percentage increase in AVF with overfeeding (130%). Despite
this, the V405V homozygotes had higher HDL-C, HDL-Apo AI, HDL2, and HDL3 levels.
Higher CETP mRNA levels in adipocytes of subcutaneous depots, compared to those of the
visceral depot, have been observed in obese individuals 32. The 405V allele has been
consistently related to decreased CETP mass and activity 10. We speculate that the increased
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adipose tissue mass might contribute to higher levels of CETP mRNA possibly with higher
circulating CETP protein levels compensating for the lower activity of CETP associated with
the 405V allele.

This overfeeding intervention was in young lean males with normal baseline lipid profiles.
Hence, the observed gene-overfeeding interactions could be different and perhaps stronger in
older or in high-risk individuals. The deleterious effects of the CETP V405V and CT/In9
genotypes may be more apparent in subjects with higher BMI or other risk factors. One could
speculate that phenotypic associations seen here may represent only early stages of more
complex metabolic anomalies.

In conclusion, DNA sequence variants in the CETP gene are associated with inter-individual
differences observed in the response of HDL-C and adiposity to long-term positive energy
balance. Although the sample size was small and the subjects young and healthy, these data
suggest that CETP sequence variants may help to recognize individuals who are at higher risk
of cardiovascular disease or metabolic syndrome.
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1. .
Changes in CT derived abdominal fat by the I405V CETP genotype in response to 100 days
of overfeeding. Bars represent the mean ± SE. Data analyzed as the mean change in each of
the 12 pairs of twins.
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Table 1
Effect of 100 days of overfeeding on total and abdominal fatness in relation to the CETP C>T/In9 genotype.

Variables CC/In9, n=18 Mean (SE) * CT/In9, n=6 Mean (SE) P value

Weight (kg)    
  Before 58.8 (2.9) 64.9 (1.7) NS
  Change† 7.3 (0.4) 10.6 (1.5) 0.01
BMI (kg/m2)    
  Before 19.5 (0.8) 20.2 (0.6) NS
  Change 2.5 (0.2) 3.3 (0.4) 0.04
Body Fat (%)    
  Before 10.0 (1.6) 15.1 (2.1) 0.02
  Change 6.2 (0.8) 7.6 (0.6) NS
Fat mass (kg)    
  Before 6.0 (1.1) 9.7 (1.2) 0.01
  Change 4.8 (0.4) 7.3 (0.7) 0.01
Fat-free mass (kg)    
  Before 52.8 (2.4) 55.2 (2.6) NS
  Change 2.6 (0.4) 3.2 (0.9) NS
CT derived adipose tissue areas    
Subcutaneous (cm2)    
  Before 60.6 (8.0) 106.9 (36.6) NS
  Change 64.4 (3.4) 80.4 (8.8) 0.05
Visceral (cm2)    
  Before 32.3 (3.2) 39.1 (1.7) NS
  Change 24.7 (3.9) 23.3 (7.3) NS

*
Values are means (SE), using the average value of each twin pair.

†
Change: Post-overfeeding minus pre-overfeeding values.

NS: No significant differences between genotypes were observed.
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Table 2
Effect of 100 days of overfeeding on plasma lipoproteins levels in relation to the CETP C>T/In9 genotype.

Variable CC/In9, n=18 Mean (SE) * CT/In9, n=6 Mean (SE)

Cholesterol (mmol/l)   
  Before 4.4 (0.3) 4.6 (0.4)
  Change† 0.4 (0.3) 0.5 (0.4)
Triglycerides (mmol/l)   
  Before 1.2 (0.2) 1.2 (0.1)
  Change 0.5 (0.3) 0.9 (0.4)
VLDL-C (mmol/l)   
  Before 0.4 (0.1) 0.5 (0.1)
  Change 0.2 (0.2) 0.2 (0.2)
LDL-C (mmol/l)   
  Before 2.8 (0.2) 3.1 (0.4)
  Change 0.3 (0.2) 0.4 (0.3)
LDL-apo B (mg/dl)   
  Before 67.7 (5.2) 77.2 (8.5)
  Change 7.4 (4.5) 10.7 (8.8)
HDL-C (mmol/l)   
  Before 1.2 (0.1) 1.1 (0.1)
  Change −0.1 (0.0) −0.1 (0.1)
HDL-apo A-I (mg/dl)   
  Before 112.2 (5.7) 105.3 (3.2)
  Change −4.3 (4.7) −3.0 (4.2)
HDL2 (mmol/l)   
  Before 0.50 (0.03) 0.40 (0.01)
  Change −0.03 (0.03) −0.03 (0.1)
HDL3 (mmol/l)   
  Before 0.75 (0.03) 0.67 (0.12)
  Change −0.05 (0.02) −0.10 (0.09)

*
Values are means (SE), using the mean value of each twin pair. No significant differences between genotypes were observed.

†
Change: Post-overfeeding minus pre-overfeeding values.
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Table 3
Effect of 100 days of overfeeding on total and abdominal fatness in relation to the I405V CETP genotype.

Variables V405V, n=8 Mean
(SE) *

I405V, n=10 Mean
(SE)

I405I, n=6 Mean (SE) P value

BMI (kg/m2)     
  Before 17.6 (0.7) 20.8 (0.6) 20.6 (0.8) 0.02
  Change† 2.7 (0.3) 3.0 (0.3) 2.2 (0.3) NS
Body Fat (%)     
  Before 7.9 (2.3) 13.5 (2.1) 12.0 (2.7) 0.05
  Change 7.3 (1.1) 6.6 (1.0) 5.3 (1.2) NS
Fat mass (kg)     
  Before 4.0 (1.4) 8.7 (1.3) 7.8 (1.6) 0.007
  Change 4.9 (0.8) 6.2 (0.7) 4.6 (1.0) NS
Fat-free mass (kg)     
  Before 47.3 (2.6) 56.5 (2.3) 56.1 (3.0) 0.0002
  Change 2.8 (1.0) 2.9 (1.3) 2.3 (1.1) NS
Sum 8 skin folds (mm)     
  Before 67.1 (7.6) 97.5 (6.8) 85.5 (8.8) 0.02
  Change 56.5 (8.4) 85.9 (7.5) 70.8 (9.7) NS
CT derived adipose tissue areas     
Subcutaneous (cm2)     
  Before 46.7 (18.1) 96.7 (16.1) 65.5 (20.9) 0.02
  Change 65.4 (6.2) 75.3 (5.6) 60.8 (7.2) NS
Visceral (cm2)     
  Before 29.4 (4.5) 37.9 (4.0) 33.6 (5.1) NS
  Change 33.9 (4.7) 21.3 (4.2) 16.6 (5.4) 0.02

*
Values are means (SE), using the average value of each twin pair

†
Change: Post-overfeeding minus pre-overfeeding values.

NS: No significant differences between genotypes were observed.
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Table 4
Effect of 100 days of overfeeding on lipoprotein fractions in relation to the I405V CETP genotype.

Variable V405V, n=8 Mean
(SE) *

I405V, n=10 Mean
(SE)

I405I, n=6 Mean
(SE)

P value

Cholesterol (mmol/l)     
  Before 4.5 (0.4) 4.9 (0.3) 3.9 (0.3) NS
  Change† 0.8 (0.7) 0.2 (0.3) 0.3 (0.1) NS
Triglycerides (mmol/l)     
  Before 1.22 (0.40) 1.21 (0.08) 0.97 (0.26) NS
  Change† 0.86 (0.76) 0.69 (0.26) 0.26 (0.24) NS
VLDL-C (mmol/l)     
  Before 0.44 (0.18) 0.47 (0.06) 0.34 (0.08) NS
  Change† 0.39 (0.38) 0.16 (0.10) 0.11 (0.11) NS
VLDL-apo B (mg/dl)     
  Before 6.5 (1.7) 7.7 (1.8) 5.3 (0.7) NS
  Change† 6.6 (4.1) 4.4 (1.6) 1.7 (0.9) NS
LDL-C (mmol/l)     
  Before 2.7 (0.3) 3.3 (0.3) 2.4 (0.3) 0.02
  Change† 0.4 (0.3) 0.2 (0.2) 0.3 (0.1) NS
ApoB (mg/dl)     
  Before 69.5 (6.9) 90.1 (7.2) 64.3 (5.6) 0.004
  Change† 19.4 (13.3) 12.0 (7.0) 4.8 (3.0) NS
HDL-C (mmol/l)     
  Before 1.31 (0.08) 1.08 (0.09) 1.17 (0.01) 0.02
  Change† −0.04 (0.08) −0.12 (0.05) −0.11 (0.02) 0.01
Adjusted change‡ 0.02 (0.04) −0.16 (0.03) −0.12 (0.04) 0.02
HDL2 (mmol/l)     
  Before 0.51 (0.06) 0.40 (0.03) 0.45 (0.03) NS
  Change† 0.01 (0.06) −0.02 (0.03) −0.07 (0.03) 0.05
  Adjusted change‡ 0.03 (0.03) −0.04 (0.02) −0.08 (0.03) 0.04
HDL3 (mmol/l)     
  Before 0.80 (0.02) 0.68 (0.08) 0.73 (0.03) NS
  Change† −0.04 (0.02) −0.10 (0.05) −0.03 (0.02) 0.0004
  Adjusted change‡ −0.004 (0.02) −0.13 (0.02) −0.04 (0.02) 0.002
HDL-apo A-I (mg/dl)     
  Before 123.8 (10.0) 103.2 (3.2) 105.0 (1.3) 0.005
  Change† −4.6 (11.4) −3.7 (2.5) −3.7 (2.4) 0.05
  Adjusted change‡ 2.7 (5.5) −7.0 (4.4) −7.9 (5.2) NS

*
Values are means (SE), using the mean value of each twin pair

NS: No significant differences between genotypes were observed.

†
Change: Post-overfeeding minus pre-overfeeding values.

‡
Adjusted change: Post-overfeeding minus pre-overfeeding values adjusted for baseline, baseline VLDL-TG and VLDL-TG change with overfeeding.
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