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Abstract

A polymorphism in the gene for cholesteryl ester transfer protein (CETP) has been reported to be associated with serum
cholesterol levels and risk for atherosclerotic vascular diseases, and to clarify the relationship between the gene polymorphism for
CETP and macroangiopathy in diabetes mellitus, a cross-sectional study was performed. The subjects of the study werel82
Japanese (age: 59.6 + 8.6 years) with type 2 diabetes and no signs of renal dysfunction, 24 of whom had macroangiopathy, and
158 of whom did not. The genotype of the subjects for the TaqIB polymorphism of CETP in intron one was analyzed by using
polymerase chain reaction — restriction fragment length polymorphism. Serum CETP levels were significantly higher in the B1/B1
genotype than in the other genotypes (P < 0.05). The serum CETP levels were correlated with the serum LDL cholesterol levels
(P <0.01), but not with the HDL cholesterol levels. Macroangiopathy was more frequently observed in subjects with the B1/B1
genotype than in the other genotypes (odds ratio =2.953, 95% confidence interval = 1.250-6.977, P = 0.0136). Logistic regression
analysis revealed that the CETP genotype was independently associated with macroangiopathy. The exact mechanism underlying
the association remains unknown, but differences in serum CETP levels may be involved. © 2001 Elsevier Science Ireland Ltd.
All rights reserved.
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1. Introduction knowledge in this area could lead to more efficient

treatments for diabetes mellitus.

Type 2 diabetes mellitus is associated with a major
risk factor for coronary heart disease, cerebral vascular
disease, and arteriosclerosis obliterans [1-4]. In addi-
tion to the duration of the disease and the status of
glycemic control, the atherosclerosis in type 2 diabetes
mellitus is also related to a lipid profile characterized by
a high triglyceride level and a low HDL cholesterol
level [5], insulin resistance [6], glycosylation of proteins
[7], and genetic factors. Various candidate genes have
been investigated for their associations with increased
susceptibility to macrovascular complications, since
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The cholesteryl ester transfer protein (CETP), a hy-
drophobic glycoprotein composed of 476 amino acids,
is thought to contribute to atherogenesis [15,16]. CETP
mediates the transfer of cholesteryl ester from HDL—
LDL and VLDL in exchange for triglyceride [8,9] and
plays an important role in the reverse cholesterol trans-
port system. High plasma levels of CETP are associated
with reduced HDL cholesterol levels [10—13] and in-
creased LDL cholesterol levels [14]. Several studies have
also shown high CETP levels to be atherogenic [15,16],
while other studies have suggested that CETP might
have an antiatherogenic effect in certain setting [10].
Thus the debate as to whether CETP is atherogenic is
still open, but the transfer of cholesterol esters from
‘atheroprotective’ HDL to ‘atherogenic’ apo-B contain-
ing LDL and VLDL is thought to play some role.
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Several mutations in the gene for CETP have been
reported, and most of them affect plasma HDL choles-
terol levels [12,13,17-19], resulting in an increased risk
for atherosclerosis [20]. One of these mutations, the
common TaqIB polymorphism in intron 1, has been
reported to be associated with lipid transfer activity
[12,13,17] and serum HDL cholesterol levels [21].
Ukkola et al. have reported finding that the B1/Bl
genotype of this mutation was associated with cere-
brovascular disease in Finnish patients with type 2
diabetes mellitus [22]. They also showed that individu-
als with the B2/B2 genotype had a lower prevalence of
signs of macroangiopathy. Kuivenhoven et al. reported
a significant association between the CETP TaqIB poly-
morphism and the progression of coronary atheroscle-
rosis, suggesting that the presence of the B1 allele might
be a risk factor for atherosclerosis [23]. Recently
Durlach et al. also reported that French type 2 diabetic
patients with the B2/B2 genotype had a lower preva-
lence of coronary heart disease, but this genotypic
effect was only seen in male patients [24]. Metabolic
abnormalities arising from the CETP TaqlB polymor-
phism probably have a systemic effect on the suscepti-
bility of an individual to atherosclerosis. We therefore
employed a cross-sectional study to elucidate the effects
of this polymorphism on serum CETP and cholesterol
levels, and overall atherosclerotic macrovascular com-
plications in Japanese patients with type 2 diabetes
mellitus.

2. Research design and methods

2.1. Subjects

The subjects were 182 Japanese patients with type 2
diabetes mellitus who attended the outpatient clinic at
Keio University Hospital, Tokyo. Diabetes mellitus was
diagnosed according to the criteria published by the
World Health Organization in 1985 [25]. Subjects with
overt nephropathy whose serum creatinine level was
above 132 umol/l were excluded from the study, be-
cause overt nephropathy can be a significant factor
leading to atherosclerosis. One hundred and four sub-
jects were male, and the remaining 78 were female.
Twenty-four patients exhibited macroangiopathy,
defined as a clinical history of myocardial infarction,
coronary stenosis of more than 75% in diameter (confi-
rmed by a coronary angiography), cerebral infarction
(confirmed by either brain magnetic resonance imaging
or computed tomography), or a history of amputation.
The remaining 158 patients exhibited no signs of
macroangiopathy. Written informed consent was ob-
tained from each participating subject.

2.2. Clinical analysis

The duration of diabetes mellitus was determined by
reviewing the clinical history of the patient or, if possi-
ble, based on the plasma glucose data in their medical
records. Hypertension was defined as a systolic blood
pressure > 140 mmHg, a diastolic blood pressure > 90
mmHg, or the prescription of antihypertensive medica-
tion. Hyperlipidemia was defined as a total cholesterol
(TC) serum value of over 5.69 mmol/l, a triglyceride
(TG) count of over 1.72 mmol/l, or the prescription of
lipid-lowering medication. The subjects were questioned
as to their history of smoking and divided into smoking
and non-smoking groups according to their current
status. BMI was calculated by dividing the subject’s
weight in kilograms by the square of their height in
meters. Family history for coronary artery disease was
also determined.

2.3. Genotyping

The genotype of intron 1 of the CETP gene was
determined by the direct polymerase chain reaction
(PCR) amplification method using a direct amplifica-
tion buffer kit (Shimadzu, Japan). In accordance with
the manufacturer’s instruction, 0.5 pmol/L each of two
primers (5 CAC TAG CCC AGA GAG AGG AGT
GCC 3" and 5 CTG AGC CCA GCC GCA CAC ACT
AAC 3'), 200 pmol/l1 dNTP, 0.5 pl whole blood, 0.5 U
thermostable DNA polymerase, and ready-made buffer
were mixed in a total volume of 50 pl. After initial
denaturation (15 min at 80°C followed by 5 min at
94°C), 40 amplification cycles at 94°C (5 min), 60°C (1
min) and 72°C (1 min) with a final extension step of 10
min were carried out. An 8 pl volume of the PCR
product was used for digestion with 9 U of the restric-
tion enzyme Taql (Toyobo, Japan) in a total volume of
10 wl for 3 h at 65°C. After electrophoresis of the PCR
product in 2% agarose containing ethidium bromide,
DNA restriction fragments were visualized and ana-
lyzed on a transilluminator. The allele containing the
restriction site for Taql was designated ‘B1°, and the
allele that did not contain the Taql restriction site was
designated ‘B2’.

2.4. Biochemical analysis

Routine clinical biochemical analyses were performed
in the hospital laboratory. Serum LDL cholesterol lev-
els were measured by homogeneous assay. Plasma
CETP levels were measured by ELISA and monoclonal
antibodies (Chugai, Tokyo). Urinary albumin excretion
(UAE) levels were obtained for a single sample ob-
tained in the morning and measured by nephelometry.
Serum advanced glycation end product (AGE) levels
were measured by an ELISA and monoclonal antibod-
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ies for carboxymethyl lysine [26] (SRL, Tokyo). Serum
homocystein levels were analyzed by HPLC (Nihon
Bunkoh, Tokyo), and aldose reductase levels were ana-
lyzed with a commercial ELISA kit and monoclonal
antibodies (Mitsubishi Gas Chemical, Tokyo).

2.5. Statistical analysis

All data were analyzed with the statistical software
StatView 5.0 (SAS Institute, Japan). Differences in
continuous variables among the TaqlB subgroups were
analyzed by one-way factorial ANOVA. Triglyceride and
microalbumin were analyzed after transformation to
their natural logarithm because of their skewed distribu-
tions. The PLSD Fisher test was used for posthoc
analysis. The correlations between serum CETP levels
and serum lipoproteins were calculated by simple linear
regression analysis. The Hardy—Weinberg equilibrium or
odds ratio (OR) and its 95% confidence interval (CI) for
the presence of macroangiopathy within the CETP
genotypes were analyzed by using the y2-square test.
Logistic regression analysis was performed to adjust the
contribution of each risk factor for atherosclerosis.

3. Results
3.1. Frequency of CETP TaqlB polymorphism

The genotype frequencies were 39.6, 44.5, and 15.3%
for B1/B1, B1/B2, and B2/B2, respectively. These fre-
quencies did not differ significantly from those of 333
age-matched healthy Japanese controls

Table 1

(31.2, 54.1, 14.7% for B1/B1, B1/B2, and B2/B2, respec-
tively). The calculated frequencies of the Bl alleles and
the B2 alleles were 0.62 and 0.38, respectively. The
observed frequencies were in Hardy—Weinberg equi-
librium (P < 0.05).

Comparison with other reported populations, al-
though all Caucasian, showed results similar to those in
our study in one population [23] but significantly lower
frequency of the BI allele in the other two populations
[22,24].

3.2. Clinical characteristics and CETP genotype

When the patients were classified according to their
TaqIB genotype, no statistically significant differences in
clinical or metabolic variables were found among the
TaqlB genotypes (Table 1). The proportion of the
subjects taking statin medication was not significantly
different among the genotypes (Table 1). Only two
subjects were taking fibrates, and none were taking any
other class of lipid-lowering medication. The groups were
also similar with regard to known risk factors for
atherosclerosis. The prevalence of diabetic retinopathy
(data not shown), level of urinary albumin excretion
(UAE), and prevalence of overt proteinuria were similar
in all groups.

3.3. Association between CETP genotype and serum
CETP levels

The Bl allele was significantly associated with a
higher serum CETP level in this study group. The

Clinical and metabolic characteristics according to CETP TaqIB genotype. Data shown are the means +2 SD

Characteristics B1/Bl (n=172) B1/B2 (n=281) B2/B2 (n=29)
Age (y/o) 61.1+7.7 58.7+8.1 5844114
Sex (female/male) 38/43 7/22
BMI 21.8+4.7 23.1+4.9 227+25
Duration of diabetes mellitus (yearr) 10.6 +7.8 93472 1224+ 8.7
Current smoker (%) 27 17
Hyperlipidemia (%) 33 21
Hypertension (%) 41 45
Family history of coronary artery disease (%) 27 40

Statin medication (%) 7.3 6.9
Fasting plasma glucose (mmol/l) 82+19 89+24 9.0+2.5
HbAlc (%) 7.1+1.2 74+13 7.6+1.6
Serum creatinine (pmol/l) 66 + 19 63+ 14 67+ 14
Total cholesterol (mmol/l) 5.28+0.93 5.454+0.91 5.344+0.88
HDL cholesterol (mmol/l) 1.46 +0.51 1.40 +0.31 1.444+0.33
LDL cholesterol (mmol/l) 3.13+0.91 3.41 +0.88 3.20+0.75
Triglyceride (mmol/l) 1.434+0.97 1.50 +£0.95 1.554+1.05
Overt proteinuria (%) 18 18

UAE (mg/g creatinin) 34.1 +66.7 60.3 + 161 41.4 +74.7
AGE (mU/ml) 35+19 3.6+23 34412
Glycated albumin (%) 22.6 +5.1 224 +5.1 23.846.0
Homocysteine (nmol/ml) 9.5+2.8 10.1 +4.2 10.2+2.9
Aldose reductase (ng/mg Hb) 11.54+3.3 109+2.2 125425
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Fig. 1. Serum CETP levels according to CETP TaqIB genotype. #:

P <0.05 for the difference between B1/Bl and B2/B2.

difference in CETP levels between B1/B1 and B2/B2
was statistically significant (P < 0.05; see Fig. 1), and
there secemed to be a gradual change in CETP levels
according to the genotype.

3.4. Correlation between serum lipoprotein and serum
CETP levels

Serum LDL cholesterol levels were positively corre-
lated with serum CETP levels (P < 0.01). No significant
inverse correlation between serum CETP and serum
HDL cholesterol levels were demonstrated in this study
(see Fig. 2).

3.5. Prevalence of macroangiopathy and CETP
genotypes

The prevalences of macroangiopathy were 20.8,
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Table 2

Association between CETP genotype and macroangiopathy. OR and
95% CI were tested by y2-square analysis

Macroangiopathy ~ Genotype

Bl/Bl Bl/B2 B2/B2 Total
Positive 15 (20.8) 7 (8.6) 2 (6.9) 24
Negative 57(79.2) 74 (91.4) 27 (93.1) 158
Total 72 81 29 182

8.6%, and 6.9% for B1/B1, B1/B2, and B2/B2, respec-
tively (Table 2). Statistical analysis among the three
genotypes was impossible because of the small number
of macroangiopathy-positive subjects in the B2/B2
genotype. When we pooled the data for the B1/B2 and
B2/B2 genotypes, the prevalence of macroangiopathy in
the B1/B1 genotype was significantly higher than in the
B1/B2 + B2/B2 genotype (OR =2.953, 95%, ClI=
1.250-6.977, P =0.0136).

3.6. Logistic regression analysis

The B1/BI1 genotype was significantly associated with
the prevalence of macroangiopathy (OR =5.38, P =
0.009), and the duration of diabetes mellitus was also
associated with macroangiopathy (OR =1.109, P =
0.005; see Table 3). When the HDL cholesterol levels
were included as an independent variable, the B1/BI
genotype was still significantly associated with the
prevalence of macroangiopathy (OR = 5.38, P=0.01;
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Fig. 2. Correlation between serum CETP and cholesterol levels. HDL-C: HDL cholesterol; LDL-C: LDL cholesterol.
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data not shown). When we included the statin medica-
tion as an independent variable, the B1/B1 genotype
was still significant (OR =3.65, P=0.01; data not
shown).

4. Discussion

The results of this cross-sectional study suggest the
possibility that the TaqIB polymorphism of the CETP
gene is associated with macroangiopathy in Japanese
Type 2 diabetic patients.

We observed a different genotype frequency in this
study compared with some of the previous studies
reported [22-24]. This difference could not be the
explanation for the variance of the prevalence of
atherosclerosis throughout the world, because the pop-
ulation with the higher prevalence of atherosclerosis,
like the Finnish population, had a lower frequency of
the risky B1/B1 genotype than the population with the
lower prevalence of atherosclerosis, like the Japanese
population. The fact that similar results for atheroscle-
rosis of this polymorphism were observed in various
populations instead suggested that the polymorphism
might be related to the more essential pathology of
atherosclerosis.

A significant association between serum CETP and
LDL cholesterol levels was found, but an inverse corre-
lation between serum CETP and HDL cholesterol levels
was not. Most studies [12,13] have shown that higher
CETP levels are related to lower serum HDL choles-
terol levels. Another study has shown an association
between serum CETP and LDL cholesterol levels in
healthy Japanese subjects [14], but whether this rela-
tionship is specific to the Japanese population or at-
tributable to environmental factors, including dietary
differences, remains unclear. A previous study [27] on
CETP gene deficiency in Japanese—Americans in
Hawaii, however, suggests that environmental factors,
and not race, may influence the relationship between
serum CETP and lipoprotein levels. Theoretically, the

Table 3
Logistic regression analysis on multiple risk variables for macroan-
giopathy

OR P value
Age 1.07 0.131
Male sex 0.67 0.552
BMI 1.00 0.993
Hypertension 1.73 0.388
Hyperlipidemia 1.22 0.751
Smoking 2.69 0.201
Duration of diabetes mellitus 1.11 0.005
HbAlc 1.12 0.609
CETPTaql B1/BI genotype 5.38 0.009

decreased affinity of LDL cholesterol for its receptors
in the liver due to their degeneration and resultant
prolongation of LDL cholesterol clearance may influ-
ence the serum lipoprotein profile. Diabetes mellitus is
one of the states known to degenerate LDL cholesterol.
Another possibility is that LDL cholesterol oxidation
or glycation and its delayed clearance from serum
influences the relation between CETP activity and
serum lipoprotein profile. Although this is merely a
speculation, a recent report by Talmud et al. suggested
that a novel tetranucleotide repeat within the CETP
promoter which had strong allelic association with the
CETP TaqlB polymorphism was related to the LDL
particle size [28].

In this study, neither LDL cholesterol nor HDL
cholesterol levels differed significantly between the
genotype groups. Thus, the higher prevalence of
macroangiopathy in the BI1/Bl genotype cannot be
attributed to the effect of CETP on serum lipoprotein
levels. The results of logistic regression analysis in this
study showed that the CETP B1/Bl genotype was a
significant risk factor for macroangiopathy in Japanese
Type 2 diabetes mellitus, even if HDL cholesterol levels
were included as an independent variable. The differ-
ence in serum CETP levels among the CETP genotypes
seemed to imply that the CETP levels account for the
genotypic effect on macroangiopathy in patients with
diabetes mellitus. However, the underlying mechanism
of how CETP affects atherogenesis is unclear. Recently,
the accumulation of atherogenic substances, such as
oxidized LDL cholesterol, in the subendothelium
[29,30] and an inflammation-like reaction to them
[31,32] is thought to be the main cause of accelerated
plaque formation and vulnerability. CETP may affect
cholesterol metabolism by reducing the amount of
cholesterol ester extraction from atherosclerotic lesions
as a result of reduced HDL function or increasing the
influx of cholesterol ester into the lesion as a result of
an increase in atherogenic Apo-B-containing lipo-
protein. However, this polymorphism may be a non-
functional marker in linkage disequilibrium with
functional variants of the CETP gene or other closely
linked genes, such as lecithin  cholesterol
acyltransferase.

A recent study performed by Durlach et al. suggested
a sex-dependent effect of CETP polymorphism for
coronary heart disease. The low prevalence of macroan-
giopathy in our study, mainly because of the low
prevalence of atherosclerosis in the Japanese popula-
tion, made gender separated analysis difficult, and thus
this issue was not reconfirmed by this study.

Although further investigations are needed to eluci-
date the mechanism of CETP’s effect on atherosclero-
sis, our study suggests that the TaqIB polymorphism of
the CETP gene may be a genetic risk factor for clinical
macroangiopathy in Japanese Type 2 diabetes mellitus.
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