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Abstract

Background: Drug response is below genetic influence, proven by the genetic variants. Pharmacogenetics trials are
performed in many diseases, including coronary artery disease. This study was designed to determine the genetic
polymorphism (rs676210) Pro2739leu G > A in the lipid metabolism-related gene (ApoB gene) and its
pharmacogenetic role in the response to atorvastatin drug in a sample of Iragi population with coronary artery
disease (CAD).

Results: Significant differences of genotype distribution in CAD patients and controls were observed in ApoB, g>16
in Iragi population from Hardy Weinberg Analysis. It also found that dramatic difference of low-density lipoprotein
(LDL-Q) level in response to 40 mg/day of atorvastatin therapy, the minor allele (A) observed a greater LDL-C
lowering than the wild type allele (G). In ANOVA analysis, the result showed that the rs676210, Pro2739Leu, in ApoB
gene increased non significantly, but gradually in plasma level of total cholesterol (TC), triglyceride (TG), very low-
density lipoprotein (VLDL), and oxidize low-density lipoprotein (oxLDL) in the order of genotype AA, GA, and GG in
response to 40 mg atorvastatin.

Conclusion: We found the results highlighted the function of the rs676210, Pro2739Leu, in the ApoB gene in CAD
etiology, and the findings support this variant's impact in predicting the response of (LDL-C) to 40 mg of
atorvastatin therapy. ApoB gene polymorphism (rs676210, Pro2739Leu), specifically the AA genotype, may help to

identify individuals who will profit from atorvastatin's lowering effects.
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Background

Coronary artery disease (CAD) is an arterial disease
complex, involving medium and large arteries compris-
ing various genetic and environmental conditions [1]. It
is categorized by vascular inflammation, endothelial dys-
function, and lipid accumulation such as cholesterol in
the intima region of the vessel wall [2]. This construc-
tion results in a plaque deposition, which accumulates
on the internal walls of the arteries and is generally
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referred to as a hardening or furring of the arteries, and
as the artery walls thicken, the blood stream narrows,
and this can reduce or obstruct the blood flow which
reduces the supply of oxygen to target organs. Various
pathogenesis changes in biological properties including
elevated macrophage absorption and chemical activa-
tion of monocytes in the arterial walls and increased
chance of plaque rupture was associated with exces-
sive levels of ox-LDL [3]. According to the World
Health Organization (WHO), cardiovascular disease
(CVD) is an important cause of morbidity and mor-
tality in developed countries and the risk of death
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from cardiovascular disease is rising and 23 million
people will die each year in 2030 [4]. Etiological, gen-
etic, and environmental factors have just been docu-
mented to contribute to the enhancement of CAD
and among genetic factors, genes linked to lipid me-
tabolism such as (LDL-R, ApoB, and PCSK9 genes)
have been documented to have a major effect on the
disease predisposition. In the past several years, some
atherosclerosis researchers have been trying to iden-
tify predisposing genotypes that concentrate primarily
on single nucleotide polymorphisms (SNPs) that play
a critical role in lipid metabolism [5].

Pharmacogenetics is the pharmacology field that strug-
gles with the genetic effect variation on drug response in
patients through the related gene expression or SNP
with the activity or sensitivity of a medication. It is
objected that reasonable means built to customize drug
with regard to the patient's genotype, to ensure full ef-
fectiveness with limited adverse effects [6]. The basic el-
ements of lipoprotein particles are apolipoprotein, which
act as ligands of lipoprotein receptors and lipid metabol-
izing enzymes. A major structural protein of chylo-
micron (VLDL and LDLc) is apolipoprotein B (ApoB)
[7]. Several genetic variations or polymorphisms were
found within this gene, and such a polymorphism was
identified in the ApoB gene associated with LDL particle
oxidation was rs676210 SNP c. 8216G > A (Pro2739-
Leu). This SNP presents in exon 26 causing a proline to
leucine substitution which was expected to trigger a
functional change in the protein structure of ApoB [8].

Genetic variations in the ApoB gene may lead to an in-
creased the level of LDL particles and other lipid meta-
bolic disorders, as well as an increased risk of coronary
artery disease. The elevated serum ApoB levels, even
with a normal level of LDL, often cause hypobetalipo-
proteinemia, normotriglyceridemic hypobetalipoprotei-
nemia, and hypercholesterolemia [9, 10]. ApoB-100 is
not only a structural component, but also a ligand for
LDL receptor that mediated the endocytosis. Essentially
all circulating ApoB are connected to lipoproteins, and
unlike most the other apolipoproteins, ApoB cannot
freely exchange with other lipoprotein particles [8, 11].
Atorvastatin (3R, 5R)-7-{2-(4-fluorophyenyl)-3-phenyl-4
(phenylcarbamoyl)-5-propan-  2-ylpyrrol-1-yl}-3,5-dihy-
droxyhepatonic acid (LIPITOR) is abroad used a statin
therapy to lower the serum lipid level with a better
safety and tolerance and was patented approved in 1986
for medical use in the USA in 1996 [12]. Atorvastatin is
a class of statins used in Iraqi healthcare services and
two doses 20 mg/day and 40 mg/day were dependent in
the present study [13].

This study was implemented in an Iraqi patient to
explore the function of the genetic variability of ApoB
gene with respect to atorvastatin’s lipid-lowering
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effect. In this research, we investigate the role of
rs676210, Pro2739leu, G > A polymorphism in the
ApoB gene in responding of lipid profile and oxLDL
levels to atorvastatin drug with two doses (20 and 40
mg/day). The choice of the selected ApoB gene SNP
(rs676210) has been focused on their physiological
role in lipid metabolism, LDL-C oxidation, and
cardiovascular health based on the most previous
publications [8, 14].

Methods

Study design

The existing case-control study has been authorized by
the ethics committee of the Iraqi Ministry of Health, in-
cluding 100 CAD patients attended to the Iraqi center of
heart disease in Ghazi Al-Hariri Hospital/Baghdad, Iraq,
for diagnosis and treatment during the period from June
2018 to March 2019. The diagnosis is based on WHO
guidelines including chest pain with either electrocardio-
graphic (ECG), echocardiography, treadmill test (TMT),
or a full clinical history of myocardial infarction (MI);
angina pectoris (stable and unstable) has been requested
[10]. All patients received atorvastatin drugs, and the pa-
tients were distributed into two clinical subgroups ac-
cording to drug dose. The first includes 52 patients
treated with 20 mg/day and the second includes 48 pa-
tients treated with 40 mg/day. Patients will be registered
if they achieve any of the following inclusion criteria
were patients diagnosed as (CAD) with TC (usually >
200 mg/dL, LDL-c > 160 mg/dl, and TG <200 mg/dl) ac-
cording to the American Heart Association (AHA)
guidelines and normolipidemic subjects with LDL-c <
130 mg/dl and TG <150 mg/dL, and their age ranged
from 35 to 60 years.

Exclusion criteria

Subjects with hypertension (HT) were described as (1)
previously, the patient had diagnosed with HT by a
clinician, or (2) systolic blood pressure equivalent to
140 mmHg and/or diastolic blood pressure equivalent to
90 mmHg on two separate occasions. Diabetes mellitus
has been identified as fasting blood glucose treatment of
up to 126 mg/dl. Hypertriglyceremia; liver, renal, or thy-
roid disease; malignant tumor; autoimmune disease;
congenital heart disease (CHD); and patients with inad-
equate basic details were omitted to prevent the findings
from being inaccurate. The control group included 100
Iraqi subjects with healthy levels of cholesterol and not
documented with CAD. Upon entering the study, the
aims of the study and the medical ethics signed were
clarified to both patients and control. Each subject’s
demographic characteristics were documented by ana-
lyzing the answered questionnaire via a direct interview
with patients and control groups.
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Biochemical assays

After 12h of fasting, blood samples were taken in the
morning. Serum samples were tested using enzymatic
methods for TC, LDL-C, HDL-C, and TG tests and was
carried out using Biolabo reagents (Biolabo/France).
Serum low-density lipoprotein (LDL-C) was calculated
by Friedewald’s formula. The concentrations of oxLDL
were determined from thawed serum using the
Mercodia Oxidized LDL ELISA 10-1143-01/LOT 29196
(Mercodia, Uppsala, Sweden) which is a solid-phase
immunoassay adapted from the original Holvoet
method. It is directed against a conformational epitope
in the apolipoprotein B100 moiety of LDL produced as a
result of the conversion of at least 60 apolipoprotein
B100 lysine residues with aldehydes. The concentration
of oxLDL in each serum sample was expressed in U/L
for comparison of results with those of controls concen-
tration and detection ranges 26—117 U/L [15].

Genetic analyses

The genomic DNA from EDTA blood was purified by
the use the Wizard Genomic DNA Purification Kit
(Promega, USA). This research investigated ApoB
gene polymorphism (rs676210) G > A present in the
coding region, exon 26, and causes a missense muta-
tion at position 2739 substitutes the amino acid pro-
line to amino acid lysine. The polymorphism was
examined by the thermal profile of allelic discrimin-
ation methods used real-time PCR (RT-PCR)
(Cephied, USA). TagMan fluorescent oligonucleotide
probes and primer sequences were designed according
to their reference sequences (rs) in the database of
NCBI (National Center for Biotechnology Informa-
tion) and synthesized by Alpha DNA Ltd (Canada)
and stored at — 23. The real-time PCR was performed
in a total volume of 25 ul containing 0.5 pl of forward
and reverse primer, 0.5ul for each FAM and VIC
probe, TagMan master mix (Promega, USA) 12.5 i,
PCR grade water 6.5 pul, and Genomic DNA 4 pl. The
thermal profile of allelic discrimination real-time PCR
is initial denaturation at 95°C for 6 min was followed
by 5 cycles of denaturation at 95°C for 25s, annealing
at 60°C for 25s, and extension at 72°C for 20s, and
then followed by 35cycles of denaturation at 95°C
for 20s, annealing at 59°C for 30s, and extension at
72°C for 20s. A reporter dye (FAM, VIC) at the 5’
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end and a quencher dye (BHQ) at the 3" end were
included in the TagMan probe. The sequence of each
probe and primer used in the allelic discrimination is
shown in (Table 1; Fig. 1).

Statistical analysis

The alleles and genotypes of ApoB SNP have been
shown as a percentage, frequency distribution, and
significant differences between their distributions in
patients with CAD, and controls were tested by Fish-
er’'s exact probability (p). In addition, odds ratio
(OR) and its 95% (CI) were also calculated to define
the association between allele or genotype and CAD.
Analysis was achieved by using the WINPEPI pro-
gram version 11.36. All ApoB SNP frequencies were
estimated using a system of direct gene counting,
while a major deviation from Hardy-Weinberg equi-
librium (HWE) was estimated using the HWE calcu-
lator for two alleles. Pearson’s chi-square test has
measured significant differences between the ob-
served and expected genotype frequencies. Continu-
ous variables in the data were expressed as mean *
standard deviation (SD).

Results

Demographic distribution of the study population

In the previous of our publication, some demographic
characteristics were studied and demonstrated. However,
the mean age, gender, weight, height, BMI, SBP, DBP,
and drinking habit differed non significantly between the
two study groups (P< 0.05; Table 2) [16].

Distributions of genotype and allele frequency

The ApoB gene SNP at position + 8216 (ApoB, g)16) Was
identified in two studied groups with three genotypes
(GG, GA, and AA) corresponding to two alleles (G and
A). HWE analysis showed a significant difference in the
control group between the observed and expected geno-
type frequencies and was deviated from HWE; no signifi-
cant difference was found between the observed and
expected genotype frequencies in the patient group and
was consistent with HWE (Table 3).

The genotype (GG) showed a statistically significant
difference in the control group compared to the patient
group (42% vs 66%; OR = 2.8; 95% CI 1.52-4.74; P =
0.001; EF = 0.41). Also, there was a significant difference

Table 1 Primers and probes of ApoB gene polymorphism (rs676210) used in the study

Primer/probes Sequence (5'-3)

Product size, bp

Forward
Revers
FAM-Probe
VIC-Probe

5-TGTGTGTGAGATGTGGGGAA-3" 167
5"-GGGATCTGAAGGTGGAGGAC-3'

5 TCTGGTATGTGAAGGTCAGGA-3-BHQ

5-TTCTGATATGTGAAGGAAC-3"-BHQ
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ApoB gene SNP rs=676210 in exon 26 (G to A; Pro2739Leu)

421 ATTGGATTTTCAGAATACTGTATAGCTTGCCAAAAGTAGGTACTTCAATTGTGTGTGAGA
F-5->>>>>>>>>>>
FAM-TCTGGTATGTGAAGGTCAGGA-BHQ
481 TGTGGGGAAGCTGGAATTCTGGTATGTGAAGGTCAGGAACTTGAAAATCATTAAGGTTGA
SESS>>>>> VIC-TCTGATATGTGAAGGTCAGGAAC-BHQ

541 GAGTTGGGATTATGAATTCTGGAATTGCGATTTCTGGTAAACGGAAGTCTGGCAGGGTGA

601 TTCTCGCTAGAGGAATGTCCTCCACCTTCAGATCCCTGAGATATATATCTGGAACGGGCC
3-<<<KLLLLLLLLLLLLKLLL-5 -R

Fig. 1 Matching of the primer and probe sequences of Apo B gene in Exon 26 on the bioinformatic programs/NCBI

observed in the mutant genotype (AA) between the two
investigated groups (24% vs 6%; OR = 02; 95% CI 0.08—
0.52; P = 0.0005; PF = 0.19). It was also observed that
the mutant allele (A) revealed a significant increase in its
frequency in the control group when compared with the
patient group (41% vs 20%; OR = 0.36; 95% CI 0.23—
0.56; P = 0.0007) with a protective effect (PF = 0.26). In
addition, there a decrease frequency was observed in the
(G) allele in the control group compared to patient
group (59% vs 80%; OR = 0.2.78; 95% CI 1.78-4.34; P =
0.0007) with an etiological effect (EF = 0.51). No signifi-
cant differences were revealed in heterozygous genotype
(GA) of the two investigated groups (34% vs 28%; OR =
0.75; 95% CI 0.41-1.37; P = 0.44; PF = 0.083) (Table 4).

Table 2 Demographic characteristics of the study groups

Pharmacogenetic effects of rs676210 SNP on lipid-
lowering response to atorvastatin

The serum lipid levels and ox LDL in control and pa-
tients with 20mg and 40 mg subgroup according to
rs676210 genotype are shown in Tables 5, 6, and 7, re-
spectively. There were no significant variations in the
parameters of lipid profile and the level of oxLDL be-
tween the three genotypes of the control group.

The findings in patients with 20 mg atorvastatin exam-
ining the response to atorvastatin treatment and showed
no significant difference in TC and LDL levels, but there
was a significant difference in HDL and reported the
highest level of GG genotype (50.71+3.40) compared
with AA genotype (46.63+2.76) P = 0.01.

Variable Control (n = 100) Patients (n = 100) P value
Age (year)? 46.67 £ 9.25 48.81+8.21 0.10 (NS)
Gender® 040 (NS)

Female 26 (26 %) 21 (21 %)

Male 74 (74 %) 79 (79 %)
Weight (kg)® 80.34 + 1342 8141 + 1247 0.56 (N9S)
Height (cm)? 172.96 £ 9.00 17037 + 838 0.59 (NS)
BMI (kg/mz)a 28.06 + 3.38 2818 + 4.20 0.84 (NS)
Systolic pressure (mmHg)® 110.89+ 14.03 120.21+13.98 0.29 (NS)
Diastolic pressure (mmHg)? 7045 +12.00 80.32 +13.79 0.21 (NS)
Smoking Status® 0.02

Non smoker 76 (76 %) 61 (61 %)

Smoker 24 (24 %) 39 (39 %)

Total 100 (100%) 100 (100%)
Alcohol status® 0.12 (NS)

Consumed 0 (0 %) 4 (4 %)

Non consumed 100 (100 %) 96 (96 %)

Total 100 (100%) 100 (100%)

Data were expressed as counts with percentages in parentheses or mean + SD
NS no significant differences; significant values are bolded

Statistical analysis was performed by independent t test

Pstatistical analysis performed by the chi-squared test
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Table 3 Number and percentage frequencies (observed and
expected) of ApoB gene (rs676210 SNP) genotype and their
Hardy-Weinberg equilibrium (HWE) in patients and controls

Genotype Control (No. = 100) Patient (No. = 100)
Observed Expected Observed Expected
No (%) No (%) No (%) No (%)
GG 42 (42) 3481 (3481) 66 (66) 64 (64)
GA 34 (34) 4838 (4838) 28 (28) 32 (32)
AA 24 (24) 1681 (16.81) 6 (6) 4 (4)

HWE analysis x> =883, DF =1,P <001 x*=105DF=1P>005

1 degree of freedom (d.f) for chi-squared distribution

Results in patients with 40 mg atorvastatin showed a
strong correlation between AA genotype and LDL-C
level in response to 40 mg/day atorvastatin therapy, thus
the homozygous minor allele (A) reported a greater re-
duction in LDL-C than individuals carrying wild-type
homozygous (G) alleles. The result showed the
(rs676210, Pro2739Leu) in ApoB gene increased grad-
ually, but non significantly in plasma level of TC, TG,
VLDL, and oxLDL in the genotype order of AA, GA,
and GG in response to 40 mg atorvastatin.

Discussion

In this study, we shed light on the impact of ApoB
(rs676210) gene polymorphism on the response of
atorvastatin drugs and the frequency of alleles in the
Iraqi population. In the current study, it has been
noticed that SNP rs676210 has a putative effect on
Apo B protein structure of LDL particle, and the
SNP may be acting as a protective factor for athero-
sclerosis coronary condition in individuals who car-
rying AA and GA genotypes in comparison of GG

Table 4 Genotype and allele frequencies of ApoB gene
polymorphism rs676210 between patient and control groups

Groups ApoB gene at position + 8216 (dbSNP-ID: rs676210)
Genotypes Alleles
GG GA AA G A
Controls (No. = 100)
No. 42 34 24 118 82
% 42% 34% 24% 59% 41%
Patients (No. = 100)
No. 66 28 6 160 40
% 66% 28% 6% 80% 20%
(OR) 268 0.75 0.2 2.78 0.36
(EF) or (PF) 041 0.083 0.19 0.51 026
p 0.001 044 0.0005 0.0007 0.0007
95% (Cl) 152-474 041-137 008 -052 178434 023-0.56
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Table 5 The impact of the ApoB rs676210 polymorphism on
the lipid profile and oxLDL of the control group

Parameters Genotype (mean+SD)
G/G(n=66) G/A(n=28) A/A(n=6) P value*

TC (mg/dl) 140.52+2001  136.83+2626  134.02+1543 0.63
TG (mg/dl) 1M1.63£17.11  11347+2062 115081249 0.84
HDL (mg/dl) 52214947 51.49+8.77 49.25+13.35 0.74
LDL (mg/dl)  65.98+19.79 626542339  61.75£2449  0.73
VLDL (mg/dl)  22.32+3.42 22.69+4.12 23.01£2.49 0.84
OX-LDL (U/L)  50.20+8.77 43.39+9.66 3858+1290 042

*ANOVA significance test (2-tailed)

genotype that has a high risk of the disease. So, the
A allele has a protective effect against disease devel-
opment (A allele: OR = 0.36) while the G allele can
be regarded as a predisposing allele in the ApoB,g)16
(rs676210) SNP (G allele: OR = 2.78). The findings
reported were consistent with positive and negative
associations between ApoB, g, SNP (rs676210) and
CAD etiopathogenesis, and some researchers were
also in support of this study. In two earlier studies
on Chinese Yugur populations showed a positive
correlation between G allele and GG genotype with
CAD (susceptible allele) while A allele frequency was
(protective allele) and G allele of rs676210 had a sig-
nificantly higher risk of MI and may result in ele-
vated rates of ApoB and LDL-C plasma in the
control subjects [8, 10].

Our observation revealed a deviation from the HWE
analysis in the control group between the observed and
expected genotype frequencies. In this regard, it has
been well reported that the allele frequencies of ApoB
SNP (rs676210) display deviations across Iraqi popula-
tions and the study had a relatively limited sample size
as a limitation factor. For rs676210 distribution of geno-
type and allele frequencies, there was a notable differ-
ence between control and patients (A allele frequency:
41% vs. 20%; OR = 0.36; P = 0.0007) in the present

Table 6 Lipid profile and oxLDL response to atorvastatin
treatment (20 mg/day) according to apolipoprotein B (ApoB)
rs676210 polymorphism in the patients with CAD

Parameters  Genotype (mean+SD)
G/G(n=24) G/A(n=13) A/A(n=15) P value*

TC (mg/dl) 2707147863 2941145264 2738117897 0.76
TG (mg/dl) 1511444161  14500£31.37  156.36+4549 0.83
HDL (mg/dl)  50.71+3.40 48.22+1.78 46.63+2.76° 0.01
LDL (mg/dl) 1958147295 216.88+47.06 208.78+66.65 0.80
VLDL (mg/dl)  30.22+832 29.00+6.27 31.27£9.09 0.82
oxLDL (U/L) 82.904+29.01 78.72£18.24 77.58+£26.16 090

OR odds ratio, EF etiological fraction, PF preventive fraction, P Fisher's
exact probability

*ANOVA significance test (2-tailed)
5P < 0.05 GG group vs. AA group
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Table 7 Lipid profile and oxLDL response to atorvastatin
treatment (40 mg/day) according to apolipoprotein B (ApoB)
rs676210 polymorphism in the patients with CAD

Parameters  Genotype (mean+SD)
G/G(n=18) G/A(n=21) A/A(n=9) P value*

TC (mg/dl) 404.33+183.85 339.96+7324 298115468 0.14

TG (mg/dl) 1942249728 1773745128 1545542519 041

HDL (mg/dl)  4822+5.09 48.60+5.70 51.11£548 046

LDL (mg/dl) 3256248421  261.88+63.04 219.37+5427°  0.008
VLDL (mg/dl) 38.84+19.45 35471025  3091+£5.03 041
oxLDL (U/L) 7125+ 1780 6324+ 2095 58.13+1829 0.25

*ANOVA significance test (2-tailed)
BP < 0.05 GG group vs. AA group

study. By evaluating the literature, [17] published a study
which found that the three genotypes of rs676210 were
observed with a significant frequency in the population
of Caucasians. Such observation suggests by [14] demon-
strated the significant difference between G allele and A
allele of rs676210 in a cohort study of patients in the
Finland population. In a cohort study in Sweden, the fre-
quency of rs676210 SNP in the alleles and genotypes be-
tween patient and control was significantly increased
[18]. Certain pathogenic and etiological functions of
oxLDL can be understood when determining the ApoB
rs676210 polymorphism. In the current study, we found
that the mutant AA genotype of rs676210 was related to
the regulation of oxLDL level. The genome-wide associ-
ation analysis (GWAS) showed that rs676210 is an im-
portant factor in controlling the levels of oxLDL. The
explanation why rs676210 is associated with oxLDL
regulation may be that the ApoB (GG) genotype allows
LDL particles high susceptible to oxidation in the intima
arteries and the SNP in homozygous minor allele (A)
carriers. The minor allele A of rs676210 resulted in
amino acid substitution of proline to lucine, which could
further change the ApoB moiety and the 3D configur-
ation making the LDL particles less sensitive to oxida-
tion [19]. A previous suggestion revealed that the LDL is
easier to store in the intima matrix, so that the LDL
molecule may be exposed to oxidative processes longer
[14]. The findings obtained support such interpretation
on the base of its pharmacogenetic effects, AA genotype
showed a greater lowering of LDL-C than did individuals
bearing the wild type allele (G) in patients with 40 mg of
atorvastatin (219.37+54.27 vs. 325.62+84.21: p = 0.008).
A previous research by [20] showing that the minor al-
lele (A) of rs676210 was linked with lower levels of TG,
TC, and LDL and higher levels of HDL cholesterol in re-
sponse to statin therapy compared to major (G) carriers
with a P <5x10-8. Amusingly, [17] found that the mu-
tant allele (A) of rs676210 was correlated with enhanced
fenofibrate treatment response and decreased LDL
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oxidation, and the therapy was identified to lower TG
levels by “24.7%, 28.3%, and 34.5% according to the
genotypes GG, GA, and AA of rs676210 SNP respect-
ively.” This SNP was also studied and approved for the
TC-reduction efficacy and decreased after 40 mg simva-
statin treatment [21].

A prior examination carried out a similar finding in a
further study of [22] who observed the A allele was cor-
related with lower levels of TC, LDL, TG, and higher
level of HDL as opposed to the (G) allele. On the other
hand, patients bearing minor alleles of the other genes
such as ABCA1 (rs12003906) and APOE (rs7412) SNPs
increased their reduction in LDL-C in the highest doses
of atorvastatin [23]. A contradictory finding was ob-
served in patients with growth hormone deficiency
(GHD) in Sweden, ApoB SNP rs676210 was related to
greater decreases in TC and LDL-C in homozygous G
allele carriers after growth hormone replacement therapy
(GHRT) [18]. Our findings have revealed that this vari-
ant (rs676210) tends to have some pleiotropic effects in
patients taking 20 mg/day of atorvastatin, as shown by
an elevated level of HDL cholesterol in the GG genotype
compared to the AA genotype (50.71+3.40 vs. 46.63+
2.76: P = 0.01). The study by [24] found that transcrip-
tion factors such as peroxisome proliferator-activated
receptor-a cause cholesterol efflux by stimulating the
gene expression encoding ATP-binding cassette trans-
porters, thereby reducing the availability of free choles-
terol for storage in the form of cholesterol esters
through the activity of Acyl-CoA cholesterol acyltrans-
ferase (ACAT) enzymes.

Moreover, it is necessary to perform more accurate
studies focusing on the genetic variants in the pharma-
cogenetic analysis in order to arrive at a final conclusion
on the role of genetic polymorphism in the effectiveness
of drug response.

Conclusion

In summary, the results clarified the significant role of
1s676210 of the ApoB gene in CAD etiology, which was
the A allele exclusively related with a protective effect
against disease development while the G allele can be
regarded as a predisposing allele. The findings support a
function of (rs676210) polymorphism of the ApoB gene
in predicting LDL-C response to 40 mg/day atorvastatin
drug, thereby ApoB (rs676210, Pro2739Leu) polymorph-
ism, specifically the AA genotype, will help to classify in-
dividuals who will benefit from atorvastatin’s decreasing
effects in 40 mg/day dose.
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HT: Hypertension; CVD: Cardiovascular disease; ECG: Electrocardiographic;
ELISA: Enzyme-linked immune sorbent assay; GWAS: Genome-wide
association study; GHRT: Growth hormone replacement therapy; HWE: Hardy-
Weinberg equilibrium; HDL: High-density lipoproteins; LDL-C: Low-density
lipoprotein cholesterol; NCBI: National Center for Biotechnology Information;
ox-LDL: Oxidize low-density lipoprotein; RT-PCR: Real-time PCR; SNP: Single
nucleotide polymorphisms; TMT: Treadmill test; VLDL: Very low-density lipo-
protein; WHO: World Health Organization
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