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Abstract

A polymorphism of the CETP gene (CETP/TaqIB) with
two alleles B1 (60% ) and B2 (40% ) has been investigated
in relation to lipid variables and the risk of myocardial
infarction in a large case-control study (ECTIM) of men
aged 25-64. No association was observed between the poly-
morphism and LDL or VLDL related lipid variables. Con-
versely, B2 carriers had reduced levels of plasma CETP (P
< 0.0001) and increased levels of HDL cholesterol (P <
0.0001) and of other HDL related lipid variables. The effects
of the polymorphism on plasma CETP and HDL cholesterol

were independent, suggesting the presence of at least two -

functional variants linked to B2. A search for these variants
on the coding sequence of the CETP gene failed to identify
them. The effect of B2 on plasma HDL cholesterol was ab-
sent in subjects drinking < 25 grams/d of alcohol but in-
creased commensurably, with higher values of alcohol con-
sumption (interaction: P < 0.0001). A similar interaction
was not observed for plasma CETP. The odds-ratio for myo-
cardial infarction of B2 homozygotes decreased from 1.0 in
nondrinkers to 0.34 in those drinking 75 grams/d or more.
These results provide the first demonstration of a gene—
environment interaction affecting HDL cholesterol levels
and coronary heart disease risk. (J. Clin. Invest. 1995.
96:1664-1671.) Key words: alcohol drinking ¢ carrier pro-
teins ¢ high density lipoprotein cholesterol « myocardial in-
farction - restriction fragment length polymorphisms
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Introduction

Plasma high density lipoprotein (HDL ) cholesterol is negatively
related to the risk of coronary heart disease (CHD)' (1, 2) and
alcohol consumption is associated with a decreased incidence
of CHD, apparently through an increase in plasma HDL choles-
terol (3). Part of the relation between alcohol consumption
and HDL cholesterol is mediated by the effect of alcohol on
cholesteryl ester transfer protein (CETP) activity (4, 5). In
alcoholics, CETP activity is low and increases after ethanol
withdrawal (6—8); moreover, moderate alcohol intake induces
a decrease of CETP activity (9). The role of CETP is to promote
transfer of cholesteryl ester from the core of HDL particles to
triglyceride-rich lipoproteins, in exchange for triglycerides (4,
5). Recent data show that an increased transfer of cholesteryl
esters from HDL to very low density lipoproteins (VLDL) and
low density lipoproteins (LDL) may characterize patients with
established coronary artery disease (10). An increased CETP
activity by reducing the cholesterol content of HDL relative to
LDL and VLDL could thus contribute to an increased risk of
CHD. Furthermore, major deficiencies of the CETP gene are
associated with high levels of HDL cholesterol (11-13) and
possibly increased life span (12). A frequent Taql polymor-
phism (CETP/TaqIB) of the CETP gene is associated with
plasma HDL cholesterol, individuals carrying the B2 allele (ab-
sence of cutting site) having the highest levels of HDL choles-
terol (14-18).

Since plasma HDL cholesterol and other related parameters,
including apolipoprotein (apo) Al and lipoprotein particle (Lp)
Al, as well as alcohol consumption are important discriminant
factors between cases with myocardial infarction (MI) and con-
trols in the ECTIM study (19), the CETP gene was considered
as a possible candidate for MI and its polymorphism was inves-
tigated. Possible associations between CETP/TaqIB and differ-
ent plasma lipid parameters (including CETP mass) were inves-
tigated in control subjects and the distribution of CETP geno-
types was compared between cases and controls. Each analysis
was also performed according to alcohol consumption. Finally,
the CETP gene was screened for variants linked to the CETP/
TaqIB polymorphism.

Methods

Study populations and sampling of cases and controls. Study popula-
tions and sampling of cases and controls have been described elsewhere



Table 1. Amplimers, Allele-specific Oligonucleotides and Reaction Conditions Used to Detect Polymorphisms of the CETP Gene

Position Amplimers (5'-3") Size Annealing temperature Allele-specific oligonucleotide (5'-3")*
bp
U:CACTAGCCCAGAGAGAGGAGTGCC —
¥
Intron 1 L:CTGAGCCCAGCCGCACACTAAC 535 60°c —
Infron 78 U:ACTGGTCAGGGGCTCATTGT 33 60°C 1":GGTGAGTGCGTTTCTGT
L:GGCTCCCACTGCTGTCTTCT 2!:GGTGAGTGTGTTTCTGT
Intron 12 U:GGCCAATGGAGGGTCAAAT 77 sgC 1:TATCATCGCTTTTTTAT
L:TGGTCTGGTTGCCTGATTTC 2:.TATCATCGTTTTTTTAT
Intron 14 U:CATCTGCCTTGTGGGTCACT 192 65°C 1:CATGTCTCGTAAGTGTG
n L:TGAAATGGGAAGCTCTGTCA 2:CATGTCTCATAAGTGTG
2":TGTCTCGTTAAGTGTGG
Exon 15 U:AGGGCTGACTGGGGCTCTGT 179 65°C 1:CCTCTTCGACATCATCA
L:GAATCCTGTCTGGGCCTCTC 2:CCTCTTCGGCATCATCA
Intron 16 U:TCGCCCCTCTCTCCTACTGC 302 s5°C 1:TTCCACCACGCTGGAGG

L:AGAAGGACTCCGCAGCTCTT

2:CCTCCAGCATGGTGGAA

"1 corresponds to the more frequent allele, 2 to the less frequent allele. * The amplification product was digested by Taq]l, the lengths of the
fragments obtained were 174 and 361 bp. ® The amplification product was digested by Dpnl before single-strand conformation polymorphism
analysis, the lengths of the fragments obtained were 161 and 274 bp. * The melting temperature used for hybridization was calculated by adding
4°C for each G or C and 2°C for each T or A and subtracting 5°C from the total. The washing temperature was melting temperature minus 3°C.

(19). Briefly, in the ECTIM study, cases were recruited from WHO-
MONICA registers (20) from Belfast (Northern Ireland), Lille (North-
ern France), Strasbourg (Eastern France ), and Toulouse (Southwestern
France). Male patients aged 25—-64 who survived an MI (MONICA
category I) were eligible. Male age-matched controls were randomly
recruited from the same areas. All participants were white Europeans.
For the present analysis, all controls with CHD (prevalent cases in the
random samples) were excluded. Information on CETP/TagIB geno-
type, alcohol consumption, and plasma HDL cholesterol was available
from 608 patients and 724 controls (CETP/TagIB genotype could be
obtained for all but one subject). For the present analysis, focused on
HDL related lipid variables, the reported results include subjects receiv-
ing lipid-lowering drugs (19); however, consistency of the results was
also checked after exclusion of subjects treated with lipid-lowering
drugs.

Informed consent was obtained from the subjects and their family
doctors. A set of questionnaires was completed which included details
of personal history, presence of disease, drug intake (not including
dose), cigarette smoking, and alcohol consumption. Patients with MI
were interviewed on their consumption of alcohol and cigarettes before
MI. A blood sample of 20 ml was obtained from all subjects in the
fasting state; in patients, blood was taken 3—9 mo after the MI.

Alcohol consumption for a typical week was obtained by interview
using a questionnaire describing standard doses of each alcoholic bever-
age. The translation in grams per day was done automatically by com-
puter. For the analysis reported here, alcohol consumption was stratified
in five classes: 0, > 0 < 25, = 25 < 50, = 50 < 75, = 75 grams/d.

Lipid-related analyses. The assays for measuring lipoprotein param-
eters and a detailed analysis of lipid variables in the ECTIM study have
already been reported (19). CETP mass was measured from frozen
samples stored at —80°C by two-site immunoenzymatic assay (21) in
a large subgroup of the ECTIM study, 564 controls (78%) and 425 cases
(70%). Missing measurements are the consequence of transportation or
storage problems.

Genetic analyses. Genomic DNA was prepared from white blood
cells by phenol extraction. Fragments encompassing the polymorphic
sites were amplified by PCR (22). Each amplification was performed
using 500 ng of genomic DNA in a volume of 50 ul containing 50
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pmol of each primer (Table I), 200 uM dNTPs, 1.5 mM MgCl,, and 0.2
U of Taq polymerase (Appligene, Ilikirch, France). The PCR reaction
consisted in 30 cycles of 30 s of denaturation at 94°C, 30 s of annealing
at appropriate temperature (Table I), and 1 mn elongation at 72°C. To
detect the CETP/TaqIB polymorphism, 10-ul aliquots were digested
with 5 U of Tagl at 65°C for 3 h.

Overlapping fragments of the entire coding region and 387 bp of
the 5’ flanking region of the CETP gene were amplified by PCR and
submitted to single-strand conformation polymorphism analysis (23)
according to a strategy that we have formerly used to explore the apoli-
poprotein B gene (24). Among the 10 individuals selected for this
analysis, 7 had high plasma HDL cholesterol levels and were homozy-
gous for the less frequent CETP/TaqIB allele (B2) and 3 had low
plasma HDL cholesterol levels and were homozygotes for the more
frequent allele (B1). Three intronic variants were identified by single-
strand conformation polymorphism and sequencing (25): C — T at
position +8 of intron 7 (CETP IN7 C = T); C — T in intron 12, 14
bp before exon 13 (CETP IN12 C — T), and G — A in intron 16,
84 bp after the stop codon (CETP IN16 G — A). Furthermore, three
polymorphic sites identified by Inazu et al. (26) were also investigated:
two in intron 14: G — A, 1 bp after exon 13 (CETP IN14A) and an
insertion of a T, 3 bp after exon 13 (CETP IN14T), and one in exon
15: a A — G affecting codon 442 (CETP D442G).

All polymorphisms, except CETP/TaqIB, were analyzed in the EC-
TIM study by allele-specific oligonucleotide hybridization (24, 27), the
probes used and assay conditions are provided in Table I.

Statistical analysis. For most analyses involving genotypic data,
alleles were coded 0, 1, 2 according to the number of the less frequent
allele. This ordinal 0, 1, 2 variable was used to test an allele—dose linear
effect, which is equivalent to assuming codominance of the genetic
effect. Alcohol consumption was coded as an ordinal O, 1, 2, 3, 4
variable for consumptions of 0, >0 <25, =25 <50, =50 <75,
= 75 grams/d, respectively.

Data were analyzed using the SAS statistical software (SAS Institute
Inc., Cary, NC). Lipid and lipoprotein levels were compared between
genotypes by ANOVA or regression analysis when testing a dose effect.
When investigating the effect of genotypes and alcohol consumption on
plasma HDL cholesterol and CETP, a regression model was used where
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Table 1. Mean (SD) Values of Several Characteristics in Controls According to CETP/TaqlB Genotypes

CETP/TagIB genotypes

Test of linear trend* adjusted on:

Population and

11 12 22 Population CETP level
n 258 346 120
Age 53.1 (8.9) 527 (82 537 (84) NS NS
Body mass index (kg/m?) 265 (3.9) 264 (3.7 263 (3.9) NS NS
Alcohol (grams/d) 39.6 (41.9) 40.0 (40.9) 43.8 (455) NS NS
Cigarettes (n/d) 52 (9.9) 62 (11.4) 48 (9.5) NS NS
LDL cholesterol (mg/dl) 1522  (35.6) 1559 (43.9) 1519 (34.9) NS NS
Triglycerides (mg/dl) 155.7 (124.3) 1543 (91.9) 1771 (211.3) NS NS
HDL cholesterol (mg/dl) 495 (12.5) 512 (14.8) 56.8 (17.3) P < 0.0001 P < 0.002
apoAl (mg/dl) 1422 (23.5) 147.7 (26.7) 156.2  (29.1) P < 0.0001 P < 0.0005
apoAIl (mg/dl) 345 (84) 362 (9.0) 38.7 (11.1) P < 0.0001 P < 0.0005
LpAI (mg/dl) 46.2 (12.5) 482 (14.1) 52.1 (15.6) P < 0.0002 P < 0.0005
LpAL:AIl (mg/dl) 80.2 (17.1) 81.0 (18.9) 86.0 (20.7) P <0.02 P < 0.05
CETP (mg/dl)* 0.229 (0.109) 0.212 (0.102) 0.166 (0.067) P < 0.0001 —

* The means (SD) are unadjusted. * The number of alleles 2 (coded 0, 1, 2) is used as a continuous variable and tested in a regression model with
the variable in the left-hand column as dependent variable. The tests of linear trend are adjusted on population, there was no significant heterogeneity
across population except for plasma CETP (see Table III). ® As a consequence of transportation or storage problems, only 78% of the ECTIM

controls had their plasma CETP measured. The mean plasma HDL cholesterol levels in 11, 12, and 22 individuals were 50.1 (SD 12.8), 51.3 (15.3),
and 57.9 (18.7) mg/dl (test of linear trend, P < 0.001) among those who had their plasma CETP measured and 47.1 (10.7), 50.5 (12.4), and 54.1

(13.3) mg/dl (P < 0.007) among those who did not have their plasma CETP measured.

the dependent variable was HDL cholesterol or CETP and the indepen-
dent variables were the genotypes and alcohol consumption. The interac-
tion term involving both independent variables was also tested.

Genotype frequencies were compared between cases and controls
by logistic regression analysis, the independent variables were the geno-
types and alcohol consumption. Here again the interaction between the
two independent variables was tested. Odds-ratios and their 95% confi-
dence intervals were computed from the logistic regression coefficients
and their standard errors.

Since the ECTIM study consists of independent studies in four popu-
lations, homogeneity of the results in the different populations was tested
and the statistical tests were adjusted on population. Homogeneity across
population was checked by adding an independent term for population
in the regression models and testing the interaction term involving popu-
lation and genotypes and alcohol consumption. Most tables report results
adjusted on population.

In the control groups, the genotype frequencies of the different
polymorphisms were not significantly different from Hardy-Weinberg
expectation.

Results

Lipid-related variables were first analyzed in the control group
to avoid a potential bias resulting from post-MI changes. The
frequency of the CETP/TaqIB 2 (B2) allele was similar in the
four populations (40% ) and did not differ according to alcohol
consumption. As shown in Table II, HDL related variables
(HDL cholesterol, apolipoproteins Al and AIl, LpAl and
LpAI:AIl) were associated with the CETP/TaqIB polymor-
phism (P < 0.001, except for LpAL:AIl, P < 0.05). The B2
allele was associated with an increased plasma concentration
of these variables, especially in homozygotes. Lower plasma
concentrations of CETP were observed in subjects carrying the
B2 allele, with a dose effect (P < 0.0001). Conversely, no
association was observed for the other lipid variables: LDL
cholesterol and triglycerides (Table II), total and VLDL choles-
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terol, apoB, apoClIll, apoE, LpE:B, and LpCIII:B (not shown).
Plasma HDL cholesterol and CETP were uncorrelated (r
= —0.04, NS), this was true in individuals with genotypes
B1B1 (r = 0.00, NS), and B2B2 (r = —.02) and the association
between B2 and HDL related variables remained highly signifi-
cant after adjustment on plasma CETP (Table II). The differ-
ences between genotypes were homogeneous across the four
population samples included in the ECTIM study for all lipid
variables except plasma CETP. As shown in Table III, the lack
of homogeneity across populations for plasma CETP was princi-
pally due to a reduced genotypic effect in Strasbourg. Although
a similar trend existed for HDL cholesterol, there was no sig-
nificant lack of homogeneity of genotypic effect across popula-
tions for this variable.

The effect of B2 on HDL cholesterol was absent in non-
alcohol drinkers but increased with alcohol consumption (Table
IV), this heterogeneity of effect is reflected by the highly sig-
nificant interaction (P < 0.0001). Among those individuals
consuming 75 grams/d of alcohol or more, B1B2 heterozygotes
and B2B2 homozygotes had, respectively, a 13 and 30% higher
mean plasma HDL cholesterol level than B1B1 homozygotes.
For the other HDL related variables, similar interactions be-
tween the B2 allele and alcohol consumption were observed
(data not shown). Conversely, alcohol consumption had no
effect on plasma CETP concentration whatever the genotype of
CETP and the genetic effect on CETP concentration was not
influenced by alcohol consumption (Table IV). The mean
plasma HDL cholesterol levels according to alcohol consump-
tion (< 25 grams/d vs. 25 grams/d or more) and CETP/TaqIB
genotypes in the four populations of the ECTIM study are
shown in Table V. No relationship between plasma HDL choles-
terol and genotypes was observed in those consuming < 25
grams/d of alcohol in any of the populations. Conversely in
those consuming 25 grams/d of alcohol or more, higher mean
levels of HDL cholesterol were observed in those carrying the



Table III. Mean (SD) Levels of Plasma HDL Cholesterol and CETP in the Different Control Groups of the ECTIM Study

CETP/TAqIB genotype Belfast Lille Strasbourg Toulouse
HDL cholesterol (mg/dl)
11 n = 60 n =48 n =68 n=282
51.6 (13.7) 51.0 (12.0) 489 (13.8) 477 (10.3)
12 n = 86 n=176 n =96 n =88
49.0 (144) 544 (17.9) 50.8 (14.5) 50.8 (11.8)
22 n=232 n=24 n =27 n =37
56.8 (16.4) 64.7 (21.7) 519 (139) 552 (16.1)
CETP (mg/dl)
11 n =158 n = 46 n =63 n=35
0.222 (0.115) 0.298 (0.123) 0.166 (0.051) 0.266 (0.088)
12 n = 80 n =67 n =94 n =36
0.195 (0.078) 0.272 (0.140) 0.172 (0.065) 0.239 (0.089)
22 n =27 n =20 n=25 n=13
0.154 (0.072) 0.184 (0.083) 0.153 (0.045) 0.190 (0.058)

ANOVA of HDL cholesterol: population (NS), CETP/TaqIB (P < 0.0001), interaction (NS). ANOVA of CETP: population (P < 0.0001), CETP/
TaqIB (P < 0.0001), interaction (P < 0.025).

B2 allele in the four populations; however, a significant interac- trols), the results were similar to those reported for the whole

tion (P < 0.05) between genotypes and population was ob- study group.

served which reflected a weaker association in Strasbourg. Comparisons of relevant characteristics in patients with MI
All of these analyses were also performed after exclusion and controls are provided in Table VI. Patients were 1 yr older

of subjects treated with lipid-lowering drugs (6% among con- (P < 0.05) and had a 16.5% lower plasma HDL cholesterol

Table IV. Mean (SD) Levels of Plasma HDL Cholesterol and CETP According to CETP Genotypes and Alcohol Consumption
in Controls.

CETP/TaqIB genotypes
Alcohol consumption Test of
grams/d 11 12 22 linear trend*

HDL cholesterol (mg/dl)*

0 n = 36 n=252 n=15
483 (12.7) 48.7 (13.5) 463 (10.0) NS
>0<25 n=283 n=110 n =36
499 (139 484 (12.8) 519 (14.1) NS
=25 < 50 n =56 n=178 n =27
48.5 (11.3) 50.1 (12.2) 57.1 (13.8) P < 0.01
=50< 75 n =43 n =46 n=17
493 (9.0) 526 (17.8) 609 (22.1) P < 0.02
=175 n =40 n =60 n=25
51.6 (14.1) 585 (17.3) 67.0 (19.6) P < 0.001
CETP (mg/dl)*
0 n =31 n =43 n =10
0.234 (0.132) 0.236 (0.098) 0.171 (0.059) NS
>0<25 n =64 n =91 n=23
0.207 (0.089) 0.200 (0.074) 0.168 (0.060) P < 0.05
=25 < 50 n = 40 n =62 n =20
0.226 (0.103) 0.207 (0.121) 0.177 (0.065) P < 0.05
=50 < 75 n=35 n =35 n=11
0.260 (0.130) 0.201 (0.090) 0.143 (0.064) P < 0.001
=175 n =33 n =46 n=21
0.241 (0.101) 0.225 (0.132) 0.165 (0.083) P < 0.03

* The means are unadjusted. * The number of alleles 2 (coded 0, 1, 2) is used as a continuous variable and tested in a regression model with HDL
cholesterol (CETP) as dependent variable. The tests of linear trend within each class of alcohol consumption are adjusted on population. Global
statistical analysis: regression analysis adjusted on population, the number of alleles 2 (coded 0, 1, 2) and classes of alcohol consumption (coded
0, 1, 2, 3, 4 for consumption of 0, > 0 < 25, = 25 < 50, = 50 < 75 and = 75, respectively) are used as continuous independent variables. HDL
cholesterol:alcohol (NS), CETP/TagIB (NS), interaction (P < 0.0001); CETP:alcohol (NS), CETP/TaqIB (P < 0.0001), interaction (NS).
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Table V. Mean (SD) Levels of Plasma HDL Cholesterol According to the CETP/TaqlB Genotypes and Alcohol Consumption in the

Different Control Populations of the ECTIM Study

CETP/TaqIB genotype Belfast Lille Strasbourg Toulouse
Alcohol consumption < 25 grams/d
11 n =37 n=12 n=32 n =38
52.2 (16.4) 514 (11.9) 473 (13.2) 479 (10.7)
12 n=252 n=19 n =51 n =40
46.3 (13.0) 48.0 (13.6) 50.2 (14.9) 49.6 (9.7)
22 n =14 n=9 n=11 n=17
48.9 (10.3) 50.0 (16.1) 49.7 (14.5) 51.8 (13.6)
Alcohol consumption = 25 grams/d
11 n =23 n = 36 n = 36 n=44
50.7 (8.0) 50.9 (12.2) 50.4 (14.3) 47.5 (10.1)
12 n =34 n =157 n = 45 n =48
53.2 (15.7) 56.5 (18.7) 51.6 (14.3) 519 (134)
22 n=18 n=15 n =16 n =20
63.1 (17.7) 73.5 (20.7) 53.4 (13.6) 58.0 (17.7)

ANOVA of plasma HDL cholesterol: alcohol consumption < 25 grams/d: population (NS), CETP/TagIB (NS), interaction (NS); alcohol consumption
= 25 grams/d: population (P < 0.001), CETP/TagIB (P < 0.0001), interaction (NS). In this group when the genotypes are tested as a 0, 1, 2
ordinal variable, the results of the statistical analysis are: population (NS), CETP/TaqIB (P < 0.0001), interaction (P < 0.05).

level (P < 0.0001) than controls. Conversely, plasma CETP
level was similar in both groups. Alcohol consumption in pa-
tients before MI was lower than in controls (P < 0.05); on the
other hand, the cigarette consumption of cases before MI was
much higher than that of controls (P < 0.0001). In MI patients
(Table VII), the mean level of plasma CETP decreased with
the number of B2 alleles (P < 0.008) as in the controls, whereas
the effect of the polymorphism on plasma HDL cholesterol (P
< 0.03) was much weaker than in the controls (Table II, P
< 0.0001). The simultaneous effect of the CETP/TaqIB poly-
morphism and alcohol consumption on plasma HDL cholesterol
was not investigated in MI patients because alcohol consump-
tion reflected consumption before MI, whereas HDL cholesterol
was measured on plasma obtained 3—9 mo after the MI.

An association between the B2 allele and plasma HDL cho-
lesterol in alcohol drinkers suggested that presence of this allele
might be protective against CHD in this subgroup. The results

Table VI. Mean (SD) Values of Some Characteristics in Patients
with MI and Controls

Test of
case-control
Patients with MI Controls difference*
n 608 724
Age 540 (8.2) 530 (8.5) P < 0.05
Alcohol consumption
(grams/d) 341 (399) 405 (4200 P <005
Cigarettes/d 11.5 (16.5) 56 (10.6) P < 0.0001
HDL cholesterol
(mg/dl) 43.0 (114) 515 (146) P < 0.0001
CETP (mg/dl)* 0.208 (0.109)  0.211 (0.102) NS

* Plasma CETP was measured in 78% of the patients and 70% of the
controls. * Adjusted on population.
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reported in Table VIII are consistent with this hypothesis. The
odds-ratio for MI in those carrying the B2B2 genotype de-
creased with increasing alcohol intake. The interaction term
estimated in the logistic regression analysis involving presence/
absence of the genotype and alcohol consumption was signifi-
cant (P < 0.034). The protective effect of B2B2 was significant
only in the highest category of alcohol intake (P < 0.02, odds-
ratio [95% confidence interval]: 0.34 [0.14-0.83]) and was
present in the high risk population of Belfast (odds-ratio: 0.28
[0.07-1.1]) as well as in France (odds ratio: 0.44 [0.14-
1.39]). Adjustment on HDL cholesterol level induced a slight
reduction of this association (odds-ratio: 0.47 [0.17-1.26]),
while adjustment on CETP concentration did not (odds-ratio:
0.35 [0.12-1.05]).

The interaction between alcohol consumption and the CETP
polymorphism on MI was also explored by computing odds-
ratios for MI associated with alcohol consumption (< 50
grams/d vs. 50 grams/d or more) in the different CETP/TaqIB
genotypes. The protective effect of alcohol consumption was
weak and nonsignificant in B1B1 and B1B2 individuals (odds-
ratios: 0.72 and 0.81, respectively) and stronger in B2B2 homo-
zygotes (P < 0.005, odds-ratio: 0.39 [0.20-0.75]).

No significant interaction between smoking status and CETP
genotypes on lipid variables or MI risk was observed (Ta-
ble IX).

Molecular screening of 6 B1 and 14 B2 alleles of the CETP
gene revealed 3 noncoding polymorphisms in introns 7, 12, and
16, respectively, but no coding polymorphism was found. The
three variants were assayed in the whole ECTIM population.
The intron 7 polymorphism was strongly associated with the
TaqIB polymorphism; only 4.6% of the controls and 4.9% of
the cases had nonconcordant genotypes. As a consequence, both
polymorphisms provided similar results when analyzed in rela-
tion to plasma HDL cholesterol and CETP concentrations and
MI risk (data not shown). The less frequent alleles of the intron
12 and intron 16 polymorphisms had a frequency of 0.35 and
0.14, respectively. These polymorphisms, either considered sin-



Table VII. Mean (SD) Values of Several Characteristics in Patients with MI According to CETP/TaqlIB Genotypes

CETP/TaqIB genotypes

Test of linear trend

11 12 22 adjusted on population
n 209 312 87
Age 53.8 (8.0) 53.6 (84 55.8 (8.2) NS
Alcohol consumption (grams/d) 355 (399 348 @414 28.7 (33.9) NS
Cigarettes/d 120 (16.2) 114 (16.7) 105 (16.7) NS
HDL cholesterol (mg/dl) 42.1 (104) 428 (12.1) 45.7 (10.5) P < 0.03
CETP (mg/dl) 0.223 (0.116) 0.204 (0.108) 0.185 (0.082) P < 0.008
gly or in combination with the CETP/TaqIB polymorphism, Discussion

were not associated with plasma lipid variables or MI risk (data
not shown).

The IN14A and IN14T variants in intron 14 and the D442G
variant in exon 15 which have been identified by Inazu et al.
(26) were genotyped in the ECTIM study in 182 patients with
MI (96 from Belfast and 86 from Strasbourg) and 184 controls
(86 from Belfast and 91 from Strasbourg). Only one individual
was heterozygous for IN14A, no variant could be identified for
the other sites. '

Table VIII. Distribution of CETP/TaqlB Genotypes in Patients
and Controls According to Alcohol Consumption

This study of large representative samples confirms the already
known relationship between the CETP/TaqIB polymorphism
and plasma HDL cholesterol (14-18). It furthermore demon-
strates an interaction between this polymorphism and alcohol
intake, on plasma HDL cholesterol level and the risk of MI.
The CETP/TaqIB polymorphism was also strongly related to
plasma CETP concentration; however, the genetic effect of the
polymorphism on HDL cholesterol was independent of its effect
on CETP concentration. It has already been shown that plasma
CETP concentration is more strongly associated with choles-
terol in apoB-containing lipoproteins than with HDL cholesterol
level (4). In agreement with these results, plasma CETP was
correlated with LDL cholesterol (r = 0.12, P < 0.004) but not
with HDL cholesterol (r = —0.04, NS) in the controls of the
ECTIM study.

Alcohol Odds-ratio (22 vs. 11
consumption CETP/TaqIB  Cases  Controls + 12% [95% CI)) Recently, Hannuksela et al. (18) investigated plasma CETP
gramsid activity and HDL cholesterol level in relation to the CETP/
TaqIB polymorphism in heavy alcohol drinkers (n = 93) and
controls (n = 82). In this study, the effects of the CETP/TaqIB
11 25 36 polymorphism on plasma CETP activity and HDL cholesterol
0 12 52 52 level were apparently stronger among the controls than among
22 15 15 1.04 (0.68-1.59) the heavy drinkers. This is in contradiction with the results of
1 84 83 the ECTIM study in which the polymorphism was associated
with plasma CETP level whatever the level of alcohol consump-
>0<25 12 114 110 . . . . :
” 36 36 0.97 (0.58-1.61) tion and with Plasma ‘HDL chplgsterol only in alcohol drinkers.
The heavy drinkers in the Finnish study consumed 193 (SD
11 48 56 81) grams/d of alcohol whereas in the ECTIM study those
=25<50 12 65 78
22 21 27 0.96 (0.51-1.81)
11 19 43 Table IX. Mean (SD) Levels of Plasma HDL Cholesterol and
=50 <75 12 42 46 CETP According to CETP/TaqlB Genotypes and Smoking
22 7 17 0.56 (0.22-1.47)
CETP/TagIB HDL cholesterol CETP
11 33 40
=75 12 39 60 n mg/dl n mg/dl
22 8 25 0.34 (0.14-0.83)* 11 185 49.7 (12.7) 141 0.223 (0.105)
Nonsmokers 12 236 50.7 (13.4) 187 0.209 (0.095)
* Odds-ratios for MI were computed from the regression coefficients 2 26 57.1(17.0) 62 0.166 (0.069)
estimated in the logistic regression analysis of case/control status on 11 73 49.1 (11.9) 61 0.243 (0.117)
CETP genotype (22 vs. 11 + 12) and alcohol consumption (coded as Smokers 12 110 522 (17.3) 90 0216 (0.117)
indicated in the legend of Table IV) and are adjusted on population. In 2 34 56.1(18.2) 23 0.167 (0.064)

the logistic regression analysis, the interaction term involving presence
of genotype 22 and alcohol consumption was statistically significant: P
= 0.034. * P < 0.02, no significant heterogeneity across center, the
corresponding odds-ratios in Belfast and France were 0.28 (0.07-1.1)
and 0.44 (0.14-1.39), respectively.

Effects of CETP Gene Polymorphism and Alcohol on HDL Levels and MI Risk

ANOVA of HDL cholesterol: smoking (NS), CETP/TaqIB (P <
0.0001), interaction (NS); CETP: smoking (NS), CETP/TaqIB (P <
0.0001), interaction (NS).
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consuming 75 grams/d or more had a mean alcohol consump-
tion of 113 (SD 32) grams/d. It is possible that heavy drinkers
develop metabolic abnormalities which may mask or cancel the
genetic effect, this might be an explanation for the difference
between the two studies. In the Finnish study, the genetic effect
on plasma HDL cholesterol and CETP was apparently stronger
in nonsmokers than in smokers. A similar finding has been
reported from another study (17). In ECTIM, the polymorphism
influenced plasma HDL cholesterol and CETP similarly in
smokers and nonsmokers (Table IX); we have no explanation
for these discrepant results.

The CETP/TaqlIB polymorphism affects the 277th nucleo-
tide in the first intron of the CETP gene. This polymorphism is
not likely to be functional and is probably a marker for one or
several functional variants located within the CETP gene or its
vicinity. The two variants that we have identified in introns 12
and 16 of the CETP gene can be excluded as putative functional
candidates because they were unrelated to plasma HDL choles-
terol and CETP and to MI. Conversely, the polymorphism iden-
tified in intron 7 was very tightly associated with the CETP/
TaqIB polymorphism and both polymorphisms exhibited simi-
lar relationships with the lipid phenotypes and MI. The intron
7 polymorphism affects the eighth base of intron 7, and, al-
though we cannot exclude from our data that this polymorphism
is functional, it is not likely to affect the splicing of the CETP
mRNA.

The CETP/TaqIB and CETP/IN7 polymorphisms may de-
fine a particular haplotype identified by B2 which is linked to
at least two functional variants. One of these variants would
affect plasma CETP concentration without influencing the me-
tabolism of HDL and the risk of MI. Conversely, the other
variant would affect HDL levels and MI risk and its expression
could be modulated by alcohol consumption. In two studies
(15, 18) the CETP/TaqIB polymorphism was associated with
CETP activity, whereas it was not in another study (17). Free-
man et al. (17) postulated that differences in activity could be
seen only in extreme situations (i.e., hyperalphalipoprotein-
emia) and that in the general population changes in activity
were not responsible for the relation between the CETP gene
polymorphism and HDL levels. These results suggested that
mutations of the CETP protein might influence its substrate
specificity. The measurement of CETP mass (21) in the ECTIM
study would probably not be influenced by differences in sub-
strate specificity resulting from a sequence polymorphism of
the CETP protein. However, the likelihood of frequent sequence
changes in the protein is small given the absence of any varia-
tion in the coding sequence of 14 B2 alleles. Although the
implication of a gene located in the vicinity of the CETP gene
cannot be excluded, it is more probable that the functional vari-
ant(s) responsible for the effects observed on plasma HDL
cholesterol is located in a region involved in the expression of
the gene or the processing of its product.

The important role played by environmental factors in the
modulation of the expression of the CETP gene is supported
by experiments in which the human gene and its flanking regula-
tory sequences were transfected in mice (28). In these studies,
hepatic CETP mRNA was markedly induced and plasma CETP
mass and activity increased in response to a high cholesterol
diet. In contrast, such modifications were not observed in mice
in which the expression of the CETP gene was controlled by a
nonspecific promoter. These results show that the natural flank-
ing regions of the CETP gene contain elements that mediate
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the increased transcription of the gene in response to dietary
cholesterol.

Given the strong effect of alcohol consumption on HDL
cholesterol in B2B2 homozygotes, a commensurate inverse ef-
fect on plasma CETP concentration would have been expected.
The fact that this was not observed could be due to a reduced
catabolism of apoAl-containing lipoproteins, the main carriers
of CETP, induced by alcohol consumption (29). It is known
that lipolysis of VLDL by lipoprotein lipase stimulates the trans-
fer of esterified cholesterol from HDL to VLDL (4) and that
alcohol intake stimulates lipoprotein lipase (30, 31). A func-
tional variant linked to the B2 allele, by interfering with the
normal transcription of the CETP gene, might impair the in-
creased transfer of cholesteryl esters from HDL to VLDL ex-
pected in response to lipolysis. Since plasma HDL cholesterol
and CETP are uncorrelated, this phenomenon could take place
in the postprandial state and/or locally, in the adipose tissue
for example. It may be relevant to note that in an animal model
the local adipose tissue CETP mRNA was more strongly related
with plasma HDL cholesterol than with plasma CETP concen-
tration (32), thus suggesting that local transfer activity may
contribute to the plasma level of HDL cholesterol. These postu-
lated mechanisms are highly speculative, however, and meta-
bolic studies will be needed to resolve the issue.

In studies in Finland (33), and Sri Lanka (16), the CETP/
TaqIB polymorphism was not associated (33) or only weakly
associated with HDL cholesterol (16) and no effect on coronary
risk could be demonstrated. This may be due to the small sample
size of these studies or to the low alcohol consumption in the
populations concerned.

The stronger effect of the CETP polymorphism on LpAI
than on LpAI:All particles is consistent with the fact that CETP
is mainly present in LpAl and absent from LpAL:AlIl (34).
Furthermore, it is known that LpAl increases the efflux of cho-
lesterol from cultured cells in vitro while LpAI:AIl does not
promote this effect (35). Thus, it has been proposed that LpAI
could constitute the antiatherogenic fraction of HDL (35). The
results of the ECTIM study are compatible with this hypothesis
(19) and they suggest that CETP may play a role in determining
the relative amount of LpAl and LpAI:All in the plasma.

Recently, Inazu et al. (26) identified three variants of the
CETP gene in the Japanese population, a G to A substitution
inintron 14 (IN14A), an insertion of a T at position +3 from the
exon 14/intron 14 junction (IN14T), and a missense mutation
within exon 15 (D442G). The percentage of subjects carrying
the IN14A and D442G variants was 6.9 and 1.8%, respectively,
whereas IN14T was less frequent. Interestingly, these variants
accounted for 10% of the variability of HDL cholesterol in a
sample of Japanese subjects unselected for HDL cholesterol
level. In the ECTIM study we genotyped 366 individuals for
these polymorphisms, only 1 individual was heterozygote for
IN14A, no variant could be identified for the other sites. It may
be concluded that these variants, which are relatively frequent
in the Japanese population, are very rare in Caucasians.

In conclusion, these data demonstrate an interaction between
alcohol consumption and a frequent polymorphism of the CETP
gene on plasma HDL cholesterol and the risk of MI. This inter-
action is of similar magnitude in the high risk population of
Belfast and in France and apparently does not contribute to the
difference in CHD frequency between the two countries. The
protective variant linked to the B2 allele was not found on the
coding sequence of the gene, so it is possibly located in a
region involved in the regulation of the expression of the gene.



Therefore, we may surmise that it acts by modifying the interac-
tion of such a region with a trans-acting factor that may be
modulated by alcohol consumption.
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