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ABSTRACT

Introduction and Aim: The ApoE gene polymorphisms are considered as risk factors for developing atherosclerosis
and related cardiovascular disease (CVD) in humans. There exists no study pertaining to ApoE gene polymorphism
and its association to these disorders among the Iragi population. Hence in this study, we aimed to investigate the
possible relationship between single nucleotide polymorphisms (SNPs) in the ApoE gene with the prevalence of
diabetes (T2DM) and cardiovascular disease among the Iragi population.

Materials and Methods: This cross-sectional investigation involved 76 patients (50 with diabetics and 26 with
cardiovascular disease) and 73 otherwise healthy individuals. The ApoE gene fragment corresponding to the SNPs
rs429358 and rs7412 was amplified using conventional polymerase chain reaction (PCR) with a specific pair of
primers. Genotyping was performed by direct sequencing.

Results: Differences in genotypic and allelic frequencies were seen in SNPs rs429358 and rs7412 of the ApoE gene.
Significant higher frequency was seen for the CT genotype in SNP rs429358 when compared to healthy controls.
Among the epsilon alleles, the £3/e3 was the most common genotype, accounting for 76% and 69.23% of patients
with diabetes and CVD, respectively. €2/¢4 was the least common genotype, accounting for 2% and 0% of diabetes
and CVD patients, respectively. When DM patients were compared to controls, the genotype € 3 € 4 was found to be
more common in T2DM patients (10%) than in controls (1.34%), with a significant difference (OR= 4.32,
95%C1=0.02-0.98, p= 0.050). At the allelic level, the €2 allele was significantly more common in patients than in
controls (OR=12.73, 95%Cl= 1.38-116.87).

Conclusion: Data in this study indicate ApoE gene polymorphisms in SNPs rs429358 and rs7412 could be risk
factors for T2DM and CVD in Iraqgi patients.
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INTRODUCTION In 2007, Bennet et al., (7) demonstrated a linear
e . . . relationship between ApoE genotypes, LDL-C levels
yperlipidemia is con5|dered_an important risk and the risk of coronary disease. Different ApoE gene

factor ~ for atherosclerosis ~and  related alleles have been linked to different types of

cardiovascular disease (CVD) (1) which are hyperlipidaemia. Higher triglycerides were seen with
affected by several factors including environmental, ¢2 alleles, and higher cholesterol and LDL-C with 4

lifestyle, cholesterol, and genetic factors (2). The ApoE alleles (8). ApoE gene polymorphisms have been
gene polymorphism is considered one of the risk factors shown to play a role in the efficacy of statins used in

for these disorders (3,4). the treatment of hyperlipidemia (4).

ApoE gene is located on chromosome 19 at position
g13.2a. The ApoE glycoprotein consists of 299 amino
acids, and has three alleles €2, ¢3, and ¢4, differing from
one another by one amino acid substitution (5,6). The
glycoprotein is known to regulate physiological
activities such as lipid metabolism, cognitive function,
and immune regulation (5). The ApoE alleles 2, and &4
together with other allelic genes are considered risk
factors in dysbeta-lipoproteinemia (DBL) susceptibility
which is associated with both T2DM and CVD (5,6).

ApoE3 is responsible for the conversion of very low-
density lipoprotein (VLDL) and its remnants to LDL in
the liver, whereas ApoE2 has been shown to inhibit this
process, resulting in the appearance of high cholesterol-
containing remnants in the blood, which can lead to
premature coronary heart disease (5). Homozygous
carriers of ApoE2 (Argl58—Cys158) are reported to
develop hyperlipidemia (6), while few reports showed
a strong association to the ¢4 allele with the risk of
CVD (9), and a cause of increased risk especially in
diabetic patients (10).
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The prevalence of ApoE gene alleles was found to be
0.061, 0.904, and 0.035 in normal Iragi Kurdish people
for APOE2, APOE3, and APOE4, respectively (11).
However, there are no reports of ApoE gene
polymorphism, or the prevalence of diabetes and
cardiovascular disease among the lragi population.
Hence, the present study aimed to investigate the
association of ApoE gene polymorphisms (rs 429358
and rs7412) with T2DM and CVD among Iraqi
patients.

MATERIALS AND METHODS
Study subjects and samples

This is a cross-sectional study that included 50 patients
with T2DM and 26 patients with CVD, who were
attending Al-Imamain Al-Kadhumain Medical City,
Baghdad during the period from October 2010 to
February 2021. The inclusion criteria for T2DM
patients were fasting blood sugar >126 mg/dl, while for
CVD patients, echocardiography was the principal tool.
Family unrelated, age- matched apparently healthy 73
individuals were selected to represent the control
group. Once written informed consent was provided,
the subject’s demographic information was obtained.

About 2 ml of venous blood was collected from each
subject in tubes containing EDTA and proceeded
further for DNA extraction, amplification, and

genotyping.
DNA extraction, Gene amplification and genotyping

DNA was extracted from whole blood using a ready
commercial kit (gSYNCTM DNA Mini Kit Whole
Blood Protocol/ Genaid/ Taiwan) following
manufacturer’s instructions. ApoE gene fragments (335
bp) corresponding to SNP rs429358 and SNP rs7412 of
the gene were amplified using specific primer pairs
(Bioneer, Korea). The primer sequences used were as
follows: Fwd: 5-
TGTAAAACGACGGCCATGGGCACGGCTGTCC

AA-3" and Rev: 5’-CAGGAAACAGCTATGACCG
CGGCCCTGTTCCA-3". PCR reaction was carried out

in a total volume of 25pl, containing 50 ng of genomic
DNA, 1.5 ul of 10xPCR buffer, 0.3 pl of 10 mM
dNTPs, 0.25 pl of 10 pmol/pl of each primer, and 1.25
U of Tag DNA polymerase (Bioneer/Korea). The
amplification was carried out in a thermocycler ABI
9600 (Hybaid, England) with cycling conditions set up
as follows: 94°C for 2 min; 35 cycles at 94°C for 30 s,
60°C for 45s, and 72C for 30 s; and a final extension
step at 72°C for 5 min.

The amplified PCR products were excised, and
outsourced for sequencing (Macrogen, Korea). The
resultant sequences obtained were subjected to
comparative sequence analysis using Basic Local
Alignment Search Tool (BLAST) available at
https://blast.ncbi.nlm.nih.gov/Blast.cgi.

Statistical analysis

The SPSS program version 25.0 was used for statistical
analysis (SPSS, Chicago). The mean and standard
deviation of continuous data were calculated and
examined using analysis of variance (ANOVA).
Categorical variables were reported as numbers and
percentages, and the Chi-square test was used to
examine them. In order to analyze the association
between the polymorphism and MD and CVD risk,
binary logistic regression was used to generate the odds
ratio (OR) and the related 95% confidence intervals
(CI). A p-value of 0.05 was regarded as significant.

RESULTS

Demographic  characteristics of the

population

study

The mean age of the patients with T2DM and CVD was
similar to that of controls with no significant difference.
Females were more frequent in the T2DM group (60%)
than either CVD group (53.85%) or controls (50.9%)
with no significant differences. The mean BMI in
controls was 28.11+5.98 kg/m? which was significantly
lower than patients with T2DM and CVD (31.74+6.37
kg/m? and 32.1+2.83kg/m?, respectively) as shown in
Table 1.

Table 1: Demographic characteristics of the study population

Variables | Diabetes CVvD Controls p- value
(n=50) (n=26) (n=73)

Age, years

MeantSD | 46.48+9.3 43.15+7.34 43.51+11.47 | 0.268

Range 25-67 29-57 18-56

Gender

Male 20(40%) 12(46.15%) 30(41.1%) 0.868

Female 30(60%) 14(53.85%) 43(50.9%)

BMI

Mean+SD | 31.7446.37% | 32.1+2.83% 28.11+5.98" | 0.003

Range 21.33-49.05 | 20.31-41.67 18.69-46.88

Different lower-case letters indicate significant differences
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Association of Apo E gene polymorphisms with DM
and CVD

Two SNPs in ApoE gene were investigated in their
association with DM and CVD using conventional PCR
with specific sets of primers. Fig. 1 shows the gel
electrophoresis for the ApoE gene fragment
corresponding for the two SNPs: rs429358 and rs7412.
Genotyping was performed through direct sequencing.

Sequencing of SNP rs429358 showed the TT, CT and
TT genotypes (Fig.2A), while the SNP rs7412 showed
the CC and CT genotypes (Fig: 2B). The genotypic and
allelic frequencies for TT and CT genotypes within
SNP rs429358 among patients suffering from diabetes
and cardiovascular disease (CVD) is presented in Table
2. As seen from Table, no significant difference was

1500bp
1000bp

S00bp

100bp

seen for the presence of genotypes between the two
disorders. Although allele C was more frequentin CVD
patients (7.69%) than T2DM patients (6%) the
difference was not significant (Table 2).

A comparison of SNP rs429358 genotypes between
T2DM patients and controls, showed the frequency of
the CT genotype to be significantly higher in patients
(p=0.037; OR= 9.82, 95% Cl= 1.14-84.28) compared
to healthy individuals (Table 2). Similarly, significant
difference (p=0.025), was also observed for the CT
genotype between CVD patients and the control group.
As shown in Table 2, the C allele was more common in
T2DM than controls (6% vs 0.7%), with a significant
difference (OR=9.25, 95% CI=1.1-78.1). There was no
significant difference in the genotype distribution
between patients with T2DM and CVD (Table 2).

335bp

Fig.1: Gel electrophoresis of ApoE gene fragment (335 bp) corresponding to SNP rs429358 and rs7412.
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Fig. 2: Chromatogram of A. SNP rs429358 and B. SNP rs7412

Table 2: The genotype and allelic frequency in SNPrs429358 for diabetic and CVD patients

SNP Diabetes CVD Controls P-values OR (95%Cl)
rs429358 (OM) (n=26) (n=73) DMvs | CVDvs | DMvs DMvs CVDvs DMVsCVD
(n=50) control | control | CVD control control
Genotypes
TT 44(88%) |21(84.62%) |72(98.63%) | 0.037 0.025 0.697 10 10 10
CT 6(12%) | 4(15.38%) | 1(1.36%) 0.82(1.14-84.28)|13.09(1.39-123.3) | 0.75(0.19-2.93)
CcC 0(0%) 1(3.85%) 0(0%)
HWE 0.652 0671 0.953
Alleles
T 94(4%) | 46(88.46%) |145(99.3%) | 0.041 0.027 0.690 10 10 10
C 6(6%) 6(11.54%) 1(0.7%) 925(1.1-781) |12.08(1.32-110.75) | 0.77(0.21-2.84)

HWE: Hardy-Weinberg equilibrium, Bold numbers : Significant p-values
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Table 3: The genotype and allelic frequency in SNPrs 7412 for diabetic and CVD patients

SNP Diabetes | CVD Controls P-values OR (95%Cl)

rs7412 OM) | (n=26) | (n=73) DMvs [ CVDvs [ DMvs | DM CVDvs | DMuvs
(n=50) control | control | CVD vs control control CVD

Genotypes

T 43(86%) |22(84.62%) |68(93.15%) | 0.198 | 0.205 0.871 1.0 10 10

cT 7(14%) |4(15.38%) | 5(6.85%) 2.21(0.66-7.42) |247(061-1003)| 0.89(0.24-3.39)

HWE 0594 | 0671 0.762

Alleles

T 93(93%) |48(92.1%) [141(96.58%)| 0.21 0.216 0.876 1.0 10 10

C 7(7%) |4(7.69%) | 5(3.42%) 2.12(0.65-6.89) |235(161-911) | 09(025-3.24)

In the case of SNP rs7412, the frequency of the CT
genotype was slightly higher in T2DM and CVD
patients when compared to healthy controls, with the
difference however, seen to be not significant (Table
3). At allelic level, the C allele was more frequent in
T2DM than controls (7.69% vs 3.42%) with no
significant difference. Similarly, there was no
significant differences between CVD patients and
controls neither in genotype distribution or allele
frequency (Table 3).

Genotyping according to different epsilon alleles

Different epsilon genotypes are formed for each allele
in SNP rs429358 with alleles in SNP rs7412. Based on
the results of this study, there were four epsilon
genotypes E3E3, E2E3, E3E4 and E2E4. In general, the
most common genotype was E3E3 representing 76%
and 69.2% of patients with T2DM and CVD,
respectively. The least common genotype was E2E4
accounting for 2% and 0% of patients with T2DM and
CVD, respectively. As E3E3 genotype was the most
common, it was considered as the wild genotype. On
the other hand, allele E3 accounted for the vast majority
of cases both in DM and CVD (87% and 84.62%,
respectively). The distribution of genotypes and allele
was comparable between T2DM and CVD patients
with no significant difference (Table 4).

A comparison between T2DM patients with controls
revealed that the genotype E3E4 was more common
among DM patients than controls (1.34%) with a

significant difference (p value=0.05 and OR= 4.32,
95%C1=0.02-0.98). Furthermore, the frequency of E4
allele in patients was 6% which was higher than that of
controls (0.68%) showing significant difference (p=
0.037, and OR= 9.65, 95%C=1.14-81.56) as shown in
Table 4.

A comparison between CVD patients and controls
demonstrated the higher frequency of E2E3 and E3E4
genotypes (15.38% for each) in patients than controls
(6.85% and 1.34%, respectively) with significant
differences (OR= 15.0, 95%CIl= 1.56-141, p= 0.019
and OR= 5.0,95%=1.38-64.37, p=0.016, respectively).
At the allelic level, the E2 allele was significantly more
common in CVD patients than in controls (p value=
0.025, OR=12.73, 95% Cl= 1.38-116.87) (Table 4).

DISCUSSION

Our study showed the C allele of rs429358 to be
significantly associated with T2DM and CVD, while
the T allele of rs7412 to be significantly associated
with T2DM. These findings are consistent with
previous studies (10). Furthermore, allele E4
(representing allele C of rs429358 and allele C of
rs7412) was significantly linked to diabetes, while
allele E2 (representing allele T of both SNPs) was
linked to CVD. These findings support previous
research that found these SNPs to be important in
T2DM and CVD.

Table 4: The genotypic and allelelic frequency in epsilon (¢) alleles in diabetic and CVD patients

Epsilon | Diabetes | .o Controls P-values OR (95%Cl)
alleles (DM) (n=26) (n=73) DMvs| CVDvs | DMvs DM vs CVD vs DM vs
(n=50) control| control | CVD control control CcVvD

Genotypes

£3/e3 38(76%) | 18(69.23%) | 67(91.78%)| 0.169 0027 | 0838 |10 1.0 1.0

€2/e3 6(12%) | 4(15.38%) 5(6.85%) | 0.241 0.019 | 0.628 [1.33(0.14-1.65) | 15.0(1.56-141)  |1.41(0.35-5.62)

€3/ed 5(10%) | 4(15.38%) 1(1.34%) | 0.050 0.016 | 0.472 [4.32(0.02-0.98) | 5.0(1.38-64.37) |1.69 (0.4-7.05)

€2/ed 1(2%) 0 (0%) 0(0%) 0.692 1.00 0.605 |1.4(0.43-25.4) 1.0 (1.0-1.0) 2.11(0.12-35.7)
Alleles

€3 87(87%) 44(84.62%) | 140(95.89%) | 0.050 0.036 0.908 |1.0 1.0 1.0

€2 7(7%) 4(7.69%) 5(3.42%) | 0.236 0.025 | 0.852 [4.28(0.38-47.62) |12.73(1.38-116.87) |1.13(0.31-4.07)

&4 6(6%) 4(7.69%) 1(0.68%) 0.037 0.217 | 0.681 [9.65(1.14-81.56) |5.0(0.39-64.38) 1.32 (0.35-4.91)

Bold indicates significant values.
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ApoE polymorphism and CAD have been linked in
numerous ethnic groups, including Caucasian in the
United States (12), Austrian (13) and Indian (14)
populations. Other studies have found the ApoE 4 allele
to be an independent risk factor for the development of
CAD in T2DM (15) and myocardial infarction after
adjusting for other known risk variables (14).

Clark et al., (16) found that both the allele and genotype
distribution of rs429358 were linked with diabetes (p =
0.04 and p = 0.05, respectively) in a British cohort.
Zheng et al., (17) examined the relationship between
ApoE gene polymorphism and T2DM complicated by
CAD in the Chinese population first. The findings
revealed that the APOE-4 allele enhanced the risk of
CAD in T2DM, which was similarly shown in previous
similar investigations (18). However, the ApoE-2 allele
was discovered to be related with the risk of CAD in
T2DM  patients  (19). Nevertheless, several
investigations revealed no relationship between ApoE
2/3/4 polymorphisms and the incidence of CAD in
T2DM patients (20).

Song et al., (21) demonstrated that ApoE-e4 allele
carriers had a 42% increased risk for CAD in relative
those carrying €3/e3 genotypes. Almost similar results
were obtained by Xu et al., (22) who revealed that the
4 allele had a 46% higher risk of CAD in the Chinese
population (OR = 1.46, 95% CI = 1.28— 1.66). These
results are in accordance with many other studies
(23,24). In a meta-analysis, Wu et al., (25) disclosed
that ApoE-¢4 allele is linked with increased risk of
T2DM patients with CAD in the Chinese population.
Interestingly, it was reported ethnicity is a crucial factor
in determining the risk of ApoE-¢2 allele in CVD (22).

The three ApoE alleles (g2, €3, 4) differ by only one
or two amino acids. However, these insignificant
differences can dramatically affect the structure and
function of ApoE. In general, the ApoE-e4 allele is
linked with higher and the APOE-¢2 allele with lower
serum cholesterol as well as low density lipoprotein
compared with the APOE-¢3 allele (8). Accordingly,
disturbance in lipoprotein metabolism may describe, at
least in part, the connection between ApoE €2/e3/e4
polymorphisms and the development of CAD in
patients with T2DM. Thus, the results obtained in this
study show that ApoE gene polymorphisms in SNPs
rs429358 and rs7412, could be important risk factors
for T2DM and CVD probably interfering with lipid
parameters. Further studies regarding the effect of
different genotypes on lipid profile in the Iraqi
population are required in order to illustrate the
mechanism(s) by which ApoE polymorphisms can
predispose patients for T2DM or CVD.

CONCLUSION

Our findings suggest that ApoE gene polymorphisms in
SNP rs429358 and SNP rs7412 could probably be
considered important risk factors for T2DM and CVD
among Iraqi the population.
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