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Abstract We have previously shown that butyrylcholin-
esterase-K  (BCHE-K, GI1615A/Ala539Thr) variant
increases the risk of coronary artery disease (CAD). In
addition, we have found that the presence of APOE-¢4
allele augments the risk of CAD in patients with type II
diabetes mellitus (T2DM/CAD). Here we explored the
concomitant presences of two alleles of the BCHE-K and
APOE-¢4 in increasing the risk of CAD or diabetes in
T2DM patients with or without CAD and CAD patients
without T2DM. This case—control study comprised 631
subjects undergoing their first coronary angiography. They
were matched and randomly assigned into four groups:
type II diabetic patients with no sign of CAD (T2DM), type
IT diabetic patients with CAD/ND (T2DM/CAD), CAD
patients with no sign of diabetes (CAD/ND), and healthy
individuals (NCAD/ND). BCHE-K variant and APOE
genotypes were detected by PCR-RFLP and serum lipid
level was measured enzymatically. We found that BCHE-K
and APOE-¢4 allele act synergistically to increase the risk
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of CAD in both T2DM, non-diabetic and total CAD
(TCAD = T2DM/CAD + CAD/ND) individuals. The
level of synergy 1.5 and 1.2 fold are higher in CAD
patients (OR = 4.5; P = 0.011) with T2DM than the non-
diabetic CAD patients (OR = 3.07; P = 0.024) and TCAD
patients (OR = 3.74; P = 0.018), respectively. The CAD
subjects with and without T2DM and TCAD patients car-
rying both APOE-¢4 allele and BCHE-K had significantly
lower plasma HDL-C (P values = 0.008, 0.047, and 0.036,
respectively) and higher plasma LDL-C (P values = 0.025,
0.048, and 0.04, respectively), than that of the control
carriers both APOE-¢4 and BCHE-K. We have found that
BCHE-K and APOE-¢4 allele not only act synergistically
to increase the risk of CAD, particularly in T2DM subjects
in population from western Iran, who have high levels of
LDL-C and low levels of HDL-C, suggesting that a specific
therapeutic intervention should be considered for these
particular groups of patients.
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Introduction

Type 2 diabetes mellitus (T2DM), coronary artery disease
(CAD) and Alzheimer’s disease are common age-related
disorders that result from genetic and/or environmental [1-
3]. T2DM is a disease with a high incidence and prevalence
throughout the world. It is associated with important
chronic diseases such as CAD, retinopathy, neuropathy and
nephropathy [1] with CAD being the most common com-
plication and a major cause of mortality in T2DM [4]. Type
two diabetic patients usually have a high level of small and
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dense LDL particles, which are more susceptible to oxi-
dation. The presence of these particles increases the risk of
atherosclerosis even in the absence of low concentration of
LDL-C [2, 4].

Apolipoprotein-E (APOE) and butyrylcholinesterase-K
variant (BCHEK, GI1615A) gene polymorphism may
influence the metabolism of lipids and lipoproteins in CAD
and diabetic patients [5—11]. Previously, we as well as
other investigators have shown that individuals carrying
APOE-¢4 allele has a higher tendency to develop CAD [1,
5-7, 9, 10] In addition, BCHE-K variant gene is also
implicated as a risk factor associated with T2DM [8], type |
diabetes and CAD [6, 7, 11, 12]. In addition, it has been
shown that individuals carrying BCHE-K variant gene are
at a higher risk of developing T2DM [12], type ldiabetes
and CAD [5, 6, 11, 12]. The relationship between the
BCHE-K variant and APOE-¢4 allele in prevalence of
CAD in patients with T2DM has yet to be established.

We have recently demonstrated that there is a synergistic
association between BCHE-K and APOE-¢4 allele in pro-
moting the risk of Alzheimer’s disease in Tehran, Iran [13].
Here, we have found that BCHE-K and APOE-¢&4 allele act
synergistically to increase the risk of CAD, particularly in
T2DM subjects in population from western Iran.

Materials and methods
Subjects

The target population for this case—control study consisted
of 118 unrelated T2DM patients (56 males and 62 females;
mean age 57.2 + 7.9 years), 162 unrelated individuals
consisting of 89 males and 73 females (mean age
56.3 + 8.5 years) with angiographic documented CAD
and without diabetes (CAD/ND), 172 unrelated T2DM
subjects (95 males and 77 females; mean age 57.2 £+ 7.9
! years) having angiographically-proven CAD (greater than
50% diameter stenosis of one or more major coronary
vessel; T2DM/CAD), and 179 unrelated control subjects
(88 males and 91 females; mean age 55.7 & 12.9 years),
consisting of non-diabetic individuals, as assessed accord-
ing to their fasting blood sugar level, who were angio-
graphically evaluated for suspected CAD but found to
have a normal coronary arteries. The control groups were
matched for sex and age with T2DM, CAD/ND and
T2DM/CAD patients. The subjects were assessed and
referred to the Cardiology Division of the Imam Ali Hos-
pital of the Kermanshah University of Medical Science and
were selected from individuals who had undergone their
first coronary angiography for evaluating the presence and
extent of CAD. Only patients undergoing elective angi-
ography were included in order to avoid the influence of
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stress situations. Patients undergoing coronary angiography
for diseases such as valvular or congenital heart disease
and restrictive or dilated cardiomyopathy were all exclu-
ded. The presence of diabetes in patients was confirmed
using World Health Organization criteria [14]. The study
was approved by the Ethics Committee of the Kermanshah
University of Medical Sciences and was in accordance with
the principles of the Declaration of Helsinki II and an
informed written consent was obtained from each indi-
vidual before participation.

DNA analysis

Genomic DNA was extracted from peripheral blood leu-
kocytes using phenol chloroform extraction method [15].
BCHE-K (G1615A) variant and APOE polymorphisms
were detected by PCR-RFLP as previously described
[16, 17].

Chemical analysis

Total serum cholesterol (TC), triacylglycerol (TG), serum
LDL-C and HDL-C levels were measured by the standard
enzymatic method (Pars Azmon kit, Iran), using an auto-
mated RA-1000 (Technician, USA).

Statistical analysis

The SPSS statistical software package version 11.5 was
used for the statistical analyses. The allelic frequencies
were calculated by the gene counting method. The y*-test
was used to verify the agreement of the observed genotype
frequencies with those expected according to the Hardy—
Weinberg equilibrium. Genotype and allele frequencies of
BCHE and APOE were compared between T2DM, CAD,
T2DM/CAD and control groups using - test. Odds ratios
(OR) as estimates of relative risk for disease were calcu-
lated and 95% confidence intervals obtained by SPSS
logistic regression. The interaction between the BChE-K
and APOE-¢4 allele was determined using logistic regres-
sion model. The correlation values of plasma HDL-C,
LDL-C, TG and TC level with the BCHE-K and APOE-¢4
allele between patients and controls were calculated using
linear regression and an unpaired ¢ test. Two-tailed Stu-
dent’s ¢ test and ANOVA analysis were also used to
compare quantitative data. Statistical significance was
assumed at the P < 0.05 level.

Results

The age, gender, distribution of genotypes and alleles of
BChE-K, APOE frequencies and lipid parameters found in
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Control subjects
(n=179)

Total CAD
(n = 334)

(n=118)

T2DM

CAD patients
(n = 162)

T2DM/CAD patients
(n=172)

Table 1 continued
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Lipid parameters

LDL-C
HDL-C
TG
TC

82 £+ 18
49 +5

91 + 26 (P < 0.001)

101 £ 30 (p < 0.001)
452 + 7.1 (P < 0.001)
196 + 70 (P < 0.001)
196 + 40 (P < 0.001)

87 + 22 (P = 0.32)

482 + 7 (P < 0.001)

94 £+ 29 (P < 0.001)

458 + 73 (P < 0.001)
199 + 59 (P < 0.001)

184 + 31 (P

435 + 6.8 (P < 0.001)
210 + 66 (P < 0.001)

178 £ 30
176 + 23

187 £ 49 (P < 0.001)
181 + 29 (P = 0.129)

0.004)

187 4+ 33 (P < 0.001)

T2DM, CAD/ND, T2DM/CAD and TCAD(T2DM/
CAD + CAD/ND) patients and in control subjects are
reported in Table 1. The distribution of the BChE-K and
APOE genotypes were found to differ significantly in CAD
subjects with (CAD/T2DM; Xz =12.6, P =0.002 and
}52 = 14, P = 0.015, respectively) and without (CAD/ND;
y* =45 P=0048 and y* = 12.9, P = 0.024, respec-
tively) diabetes and TCAD((}(2 = 10.2, P = 0.006 and
y* = 1.8, P = 0.011, respectively) compared to control by
Hardy—Weinberg equilibrium. In addition, the BChE-K
(G1615A) and APOE-¢4 allele frequencies (as calculated
using the actual allele number) in the T2DM/CAD subjects
were found to be 1.9 (P = 0.001) and 2 (P = 0.001) times,
in CAD/ND subjects to be 1.5 (P =0.04) and 1.4
(P =0.047) times and in TCAD patients to be 1.6
(P = 0.002) and 1.7 (P = 0.036) times higher than that of
the control group, respectively. However, the distribution
of the APOE and BChE alleles in T2DM were not signif-
icantly different from that of the control group.

Computation of the OR (95% confidence interval) as an
estimate of relative risk for CAD showed that subjects with
the BChE-K and APOE-&¢4 alleles in the CAD/T2DM
subjects were found to be 2.02 (P = 0.001) and 2.3
(P =0.001) times, in CAD/ND patients to be 1.56
(P =0.003) and 1. 6 (P = 0.018) times and in TCAD
individuals 1.8 (P = 0.002) and 1.86 (P = 0.007) times
more likely to suffer from CAD (Table 2).

As shown in Table 3, logistic regression analysis as
defined by Lehmann et al. [18] and Raygani et al. [19],
demonstrated a strong and significant interaction between
BCHE-K and APOE-&4 in TCAD individuals (Xz = 13.8,
P = 0.004) specially, in those with T2DM (12 =16,
P = 0.001). The APOE-¢4 and BChE-K variant increased
risk of CAD in T2DM patients by 2.1 (P = 0.022) and by
2.1 (P =0.003) times, in TCAD subjects by 1.7
(P =0.05) and by 1.9 (P = 0.006) times, respectively
(Table 3). The odds ratio for possession of both risk factors
BChE-K and APOE-&4 were found to be 3.07 (P = 0.024)
in CAD/ND patients and in TCAD individuals 3.74
(P = 0.018) and it increased to 4.5 (P = 0.001) for the
CAD subjects with T2DM.

The effects of presence (4) or absence (—) of APOE-&4
and/or BChE-K allele on plasma lipid and lipoprotein
concentration were also investigated (Table 4). Our results
showed a significant correlation between possession of both
APOE-¢4 and BChE-K allele and serum lipid profile in all
study groups. The CAD patients with or without T2DM,
TCAD patients and diabetic patients without CAD who
carried both APOE-¢4 and BCHE-K allele had significantly
higher LDL-C (P values = 0.025, 0.048, 0.04 and 0.007,
respectively) and lower HDL-C (P values = 0.008, 0.047,
0.036 and 0.001, respectively) levels compared to both
APOE-¢4 and BChE-K carrier control subjects.
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levels of LDL-C are all classic risk factors for CAD and
diabetes [1, 6, 8-11, 28-33].

The mechanism whereby the BCHE-K variant and
APOE-¢4 allele may act as a risk factor for CAD in Type 2
diabetic patients is unknown [1, 6-12, 18, 24-26]. How-
ever, it has been proposed that the presence of BCHE-K
and APOE-¢4 in the vascular lesions and the presence of
amyloid plaques in CAD and in types I and II diabetes may
be an indicative of a possible interaction between BCHE-K
and APOE-&4 protein and f amyeloid [3, 32, 34-36].
Amyloidal fibrils cause excessive production of superoxide
radicals leading to vascular endothelial damage. In addi-
tion, lipid peroxidation by superoxide radicals and nitric
oxide inactivation may contribute to atherogenesis and beta
cell pancreatic apoptosis [3-32, 34-36]. It has also been
shown that BCHE interacts with lipoproteins [37], thus
altering (modified) lipoprotein metabolism, which may
further contribute to the development and progression of
atherosclerosis [20, 21]. We have previously shown that the
role of the APOE-&4 allele as a risk factor for CAD is not
only due to its association with a high level of LDL-C, but
also by its association with a low level of the antiathero-
genic HDL-C [9, 10].

In addition, we recently reported a negative correlation
between BuCHE activities with total cholesterol level, also
the frequency of BuChE phenotypes with low activity is
high in stroke patients, who have high levels of cholesterol,
may have increased susceptibility to stroke [38]. These
observations emphasize the significance of lipid peroxida-
tion, APOE and BCHE proteins in the development of
CAD, however further studies are needed to shed light on
contribution of BCHE-K and APOE and their mechanism
of action in the development of CAD and diabetes in dif-
ferent populations.

In conclusion, we have found that BCHE-K variant and
APOE-¢4 alleles are significant risk factors for CAD. We
have demonstrated that BCHE-K synergistically increases
the risk of CAD in individuals carrying APOE-¢4 allele.
The presence of these alleles increases the risk of CAD
especially in diabetic patients in the western population of
Iran. In addition, individuals carrying both APOE-¢4 allele
and BCHE-K variant have distinct plasma lipids profile and
carrier of these alleles with low levels of HDL-C and with
high levels of LDL-C are more susceptible to CAD and
myocardial infarction.
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