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Abstract

Background: Coronary Artery disease (CAD) is the leading
cause of death worldwide. Platelet activation and aggregation
play a crucial role in the process of arterial thrombosis; the
main pathogenesis of the disease. The major membrane protein
on platelet is integrin 01,3 which mediates this response
by rapidly transiting from its resting to an activated state in
which it serves as a receptor for ligands that can bridge
platelets together.

Aim of Study: The aim of the present study was to assess
the relationship between Platelet Antigen 1/Platelet Antigen
2 (P1A1/A2) polymorphism of ITGB3 gene and CAD.

Patients and Methods: The study was conducted on 55
CAD patients in addition to 55 age-and sex-matched healthy
subjects serving as a healthy control group. Patients were
subdivided into three subgroups according to the degree of
disease severity based on the number of occluded coronary
blood vessels as seen by the coronary angiography (subgroup
Ia: Patients with one-vessel occlusion, subgroup Ib: Patients
with two-vessel occlusion and subgroup Ic: Patients with
three-or more-vessel occlusion). Determination of the P1IA1/A2
polymorphism of ITGB3 gene was carried out using Restriction
Fragment Length Polymorphis-Polymerase Chain Reaction
(RFLP-PCR).

Results: The results of the present study revealed that
PIA1/P1A2 genotype and P1A2 allele were more frequent in
CAD patients as compared to controls; however such difference
in frequency was not statistically significant. No significant
difference was detected between the genotype distributions
among the different degrees of CAD severity. Moreover, no
significant difference was found between both genotypes as
regards the presence of risk factors. Finally, the heterozygous
genotype PIA1/P1A2 was associated with male sex and in-
creased total cholesterol level.

Conclusion: PIA1/P1A2 polymorphism of ITGB3 gene
failed to prove any association with CAD.
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Introduction

CORONARY Artery Disease (CAD) remains a
leading cause of death worldwide despite of the
scientific advancements in the understanding of
its pathophysiology [1]. In Egypt, CAD is respon-
sible for 21% of all deaths and its prevalence rate
is 8.3% [2]. It is a multifactorial complex chronic
inflammatory disease where atherosclerosis and
its superimposed thrombosis result in the occlusion
of the coronary arteries and the occurrence of CAD
[3] . Platelets contribute to the initiation of athero-
sclerosis through interaction with other cells in-
cluding endothelial cells and leukocytes. Moreover,
upon rupture of the atherosclerotic lesion, platelet
activation and subsequent aggregation at the site
of injury lead to thrombosis and vessel occlusion,
resulting in the disease. Platelet integrin 0 ypP3 is
the dominant membrane protein expressed on
platelets. Platelet activation renders integrin
aypB3 active and thus integrin O P 5 binds its
ligand, fibrinogen, bridging platelets together [4,5].
Glycoprotein IIb (o) and glycoprotein IITa (B3)
are the non-covalently bound subunits of the
single membrane glycoprotein IIb-I1la (integrin

OnB3) 161

Glycoprotein I1la or the beta subunit of the
platelet integrin is coded by the integrin B3 (ITGB3)
gene [3]. PIA1/P1A2 is a common polymorphism
of ITGB3 gene. In the PIA2 allelic isoform, thymine
to cytosine nucleotide transition occurs at codon
33 of exon 2 of the ITGB3 gene corresponding to
substitution of proline for leucine in the mature
GP IIla [7]. The PIA1/P1A2 polymorphism of
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ITGB3 gene was reported to influence platel et
activation, aggregation, and post-occupancy sign-
aling by a3 where thereisincreasein the
binding affinity of platelet to fibrinogen in subjects
with the PIA2 allele as well asincrease in platel et
aggregation in response to epinephrine, adenosine
diphosphate and collagen in-vitro [8]. Moreover,
carotid plague morphology examined by magnetic
resonance imaging showed that subjects who car-
ried the PIA2 alele were found to have plaques
with thinner fibrous caps, and these thinner caps
represent the major precursor lesion for CAD [9].

Aim of thework: The aim of the present study
was to to assess the relationship between PIAL/PIA2
polymorphism of ITGB3 gene and CAD.

Material and M ethods

Subjectsin this study were recruited from the
Angiography Unit at the Cardiology Department
of Ain Shams University from January 2017 till
January 2018, Cairo, Egypt. Informed written
consent was obtained from each participant before
enrolment in the study. Moreover, the study was
approved by the Research Ethics Committee of
Ain Shams University. The study included 110
subjects who underwent coronary angiography.
According to the results of coronary angiography,
the included subjects were classified into: 55 pa-
tients with atherosclerotic CAD serving as patients
group in addition to 55 age-and sex-matched sub-
jects proven to be coronary artery disease-free by
coronary angiography and serving as a healthy
control group. Patients suffering from type 2 dia-
betes mellitus or any malignancy were excluded
from the study.

Full history was taken from all individuals
included in this study with special emphasis on
history of smoking, hypertension, and family his-
tory of CAD together with thorough clinical exam-
ination with special emphasis on cardiological
examination. Weight and height of all individuals
in the study were taken to calculate body mass
index [BMI=weight (Kg)/height 2 (m?)].

Five milliliters of venous blood were withdrawn
under complete aseptic conditions subsequent to
10-12 hours fasting from patients and controls
(prior to angiography). Three mL of blood were
put into a sterile plain vacutainer, left to clot for
30 minutes, centrifuged (at 4000rpm for 10 min-
utes) and the separated serum was used for the
assay of lipid profile. The remaining two milliliters
of blood were put into a sterile K3 EDTA vacutainer
for ITGB3 polymorphism detection.

Lipid profile [Total Cholesterol (TC), Triglyc-
erides (TG), and High Density Lipoprotein-Cho-
lesterol (HDL-C)] were analyzed on the Beckman
coulter AU 480 system (Beckman coulter, Inc.
250s. Kraemer Blvd. Brea, CA92821, USA) by
enzymatic method, while Low Density Lipoprotein-
Cholesterol (LDL-C) was calculated using Fried-
wald equation.

ITGB3 gene polymorphism (FAL/PIA2): DNA
extraction was performed using GeneJET Whole
Blood Genomic DNA Purification Mini Kit sup-
plied by Thermo Scientific (Thermoscientific, 168
Third Avenue, Waltham, MA, USA) and kept at
—20°C until required. ITGB3 gene polymorphism
(PIA1/PA2) was determined by PCR-RFLP. Am-
plification by PCR was performed in a DNA ther-
mocycler ( Prime thermal cycler). Thetest primers
and the hot start master mix were supplied by
Thermo Scientific (Thermoscientific, 168 Third
Avenue, Waltham, MA, USA). The forward primer
was 5GCTCCAATGTACGGGGTAAAC3 and the
reverse primer was 5GCTCCAATGTACGGGGT-
AAACS'. Thereaction mixture (25 g) aensisted
of 12.5 g_het start master mix, 1 gj—omforward
primer, 1 gofmeverse primer, 10 g ofMDNA tem-
plate and 0.5 g—_omnuclease-free water. The PCR
conditions were as follows: An initial 4 minutes
denaturation at 95°C, then thermocycling at 94°C
for 30 seconds, 59°C for 30 seconds, and 72°C for
60 seconds (35 cycles), with subsequent final
extension at 72°C for 10 minutes. Samples were
digested using the restriction enzyme FastDigest
Mspl (Thermo Scientific, USA) at 37°C for 15
minutes. The polymorphic PIA2 allele has one
restriction site and produces two fragments of 125
and 157bp. DNA detection was performed by 2%
agarose gel electrophoresis and stained by ethidium
bromide Fig. (1).

Statistical analysis was performed using statis-
tical soft-ware programme IBM SPSS statistics
(Version 25.0, IBM Corp., USA, 2017). Qualitative
data were expressed as number and percent (n, %);
parametric quantitative data were expressed as
mean and Standard Deviation (SD). Comparative
statistics between two independent groups were
done by Chi-squaretest (X ) for qualitative data
and Student's t-test for quantitative parametric
data. Genotype distribution was investigated in
relation to Hardy-Weinberg Equiljbrium (HWE)
by applying Chi square Test (X ). p<0.05 was
considered significant. Logistic multi-regression
analysis was applied to search for panel independent
parameters (CAD risk factors) that can predict the
target parameter dependent variable (ITGB3 poly-
morphism).
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Fig. (1): Gel electrophoresis of PIA1/P1A2 polymorphism
genotypes. Lanes (1, 2, and 3): Heterozygous (TC)
(125, 157 and 282bp), lane 4: Molecular weight
marker (50bp ladder), and lane 5: Homozygous wild
(TT) (282bp).

Results

The descriptive and comparative statistics of
demographic, clinical, and routine laboratory data
of all participants in the study are included in
(Table 1). A significant difference was found be-
tween patient and control as regards smoking,
hypertension, family history and BMI. A non-
significant difference was found between both
groups as regards lipid profile (TC, TG, HDL-C
and LDL-C) (p>0.05 respectively). Within the
patients’ group, 27.3% of the patients had a positive
family history of CAD, 61.8% suffered from pre-
mature CAD and most of patients had only one
occluded coronary blood vessel (52.7%).

The descriptive and comparative statistics of
the genotype and allele frequencies of the studied
polymorphism in patients and controls are presented
in (Table 2). PIA1/P1A1 (TT) genotype and P1A1
(T) allele were less frequent in CAD patients as
compared to controls (72.7% Vs. 83.6% and 86.4%
Vs. 91.8% respectively); however such difference
in frequency was not statistically significant
(p>0.05 respectively). Moreover, PIA1/P1A2 (TC)
genotype and PIA2 (C) allele were more frequent
in CAD patients as compared to controls (27.3%
Vs. 16.4% and 13.6% Vs. 8.2% respectively);
however such difference in frequency was not
statistically significant (p>0.05 respectively).
PIA2/P1A2 (CC) genotype was not identified.

Table (3) shows the descriptive and comparative
statistics between the different degrees of CAD
severity and PIA1/P1A2 genotypes among the pa-
tients' group. A non-statistical significant difference
was found in the genotype distribution among the
different degrees of severity of CAD (X =1.08, p
>0.05).
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Table (1): Descriptive and comparative statistics of demo-
graphic, clinical, and routine laboratory data of
all participants using Student's #-test for quantitative
data and Chi-square test for qualitative data.

Controls

n=55 p-
value

Patients
Parameters n=55

n (%) /X £ SD*

57.6+7.3% 0340
49 (89%)  0.567

59.4+9 8%
47 (85.5%)

Age (years)
Male sex

2
Body mass index (Kg/m ):

Normal (18.5-24.9) 8 (14.5%) 39(70.9%) 0.345

Overweight (25-29.9) 27 (49.1%) 10 (18.2%)

Obese (230) 20(36.4%) 6 (10.9%)
Hypertension (>140/90mmHg) 21 (38.2%) 0% 0.00

Smoking:
Non-smoker
Former smoker
Current smoker

20 (36.3%)
14 (25.5%)
21 (38.2%)

15 (27.3%)

39 (70.9%) 0.00
6 (10.9%)
10 (18.2%)

Positive family history of CAD 5 (91%) 0013

Premature CAD:
* (CAD in male <55 years or in
female <65 years)

34 (61.8%) - -

CAD severity (number of occluded
coronary vessels):
Subgroup Ia (1 vessel)
Subgroup Ib (2 vessels)
Subgroup Ic (23 vessels)

29 (52.7%)
13 (23.65%)
13 (23.65%)

Lipid profile:

* Total cholesterol (mg/dL):
Normal (<200)
Borderline (200-239)

49 (89.1%)
6 (10.9%)

48 (87.3%) 0.768
7 (12.7%)

* Triglycerides (mg/dL):
Normal (<150)
Borderline (150-199)

* HDL-C (mg/dL):

- Normal (40-50 in males, 50-59
in females)

- Low (<40 males, <50 females)

* LDL-C (mg/dL):

Normal (<100)
High (>100)

41 (74.5%)
14 (25.5%)

45 (81.8%) 0.356
10 (18.2)

53(96.4%) 49 (89.1%) 0.142

2 (3.6%) 6 (10.9%)

36 (65.5%)
19 (34.5%)

40 (72.7%) 0.409
15 (27.3%)

CAD : Coronary Artery Disease.

HDL-C : High Density Lipoprotein Cholesterol.

LDL-C : Low Density Lipoprotein Cholesterol.

p>0.05 : Non-significant. p<0.05: Significant.

Table (2): Descriptive and comparative statistics of genotype
and allele frequencies of PIA1/PIA2 polymorphism
in patients and controls using chi-square test.

Genotype frequency Allele frequency
PIA1/P1A2 n (%) n (%)

polymorphism

TT TC T C
* CAD patients 40 (72.7%) 15 (27.3%) 95 (96.4%) 15 (13.6%)
(n=55)
* Controls (n=55) 46 (83.6%) 9 (16.4%) 101 (91.8%) 9 (8.2%)
X2 1.92 1.30
D 0.17 >0.05
* Odds ratio (95% 0.52(0.21-1.32)
CI)
T : Thymine. CAD : Coronary Artery Disease.
C : Cytosine. p>0.05 : Non-significant.

CI : Confidence Interval.
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Table (3): Descriptive and comparative statistics between
P1A1/P1A2 genotypes in the different subgroups
of CAD patients using Chi-square test.

CAD severity (number of TT TC 2
occluded coronary vessels) n (%) n (%) X P

22(55%) 7(46.7%) 1.08 0.58
10 (25%) 3 (20%)
8 (20%) 5 (33.3%)

* Subgroup Ia (one vessel)
* Subgroup Ib (two vessels)
* Subgroup Ic (three or more

vessels)
T : Thymine. CAD : Coronary Artery Disease.
C: Cytosine. p>0.05 : Non-significant.

Statistical comparison between TT and TC
genotypes as regards the presence of risk factors
among the patients' group revealed a non-statistical
significant difference between both genotypes
(p>0.05 respectively) (Table 4).

Table (4): Comparative statistics between TT and TC genotypes
as regards the CAD risk factors among patients'
group using student's z-test for quantitative risk
factors and Chi-square test for qualitative risk factors.

TT (1=40) TC (n=15) 2/
z

Parameters —n (%)/ —n (%)/ « p
X £ SD** X £ SD**

Age (years) 58.6£8.9%*  60.9+7.8*%* 0.45* 0.23

Female 4 (10%) 4(26.7%) 2.44 0.12

Male 36 (90%) 11 (73.3%)

Family history:

Logistic stepwise multi-regression analysis
revealed that the heterozygous genotype TC is
associated with male sex and increased total cho-
lesterol level (F-ratio=3.29, p=0.04).

Discussion

Coronary artery disease is a complex multifac-
torial disease where atherosclerosis and its subse-
quent thrombosis are the underlying cause of the
disease [10]. The activation of platelet together
with its surface fibrinogen receptor, integrin O 3,
plays a crucial role in the process of arterial throm-
bosis and hence its role in the development of
CAD. Glycoprotein IIla (3 subunit of integrin
aypP3) is encoded by ITGB3 gene [11]. Previous
researches focusing on the association of PIA1/PIA2
polymorphism of the ITGB3 gene with CAD in
various ethnic groups are contradictory and are
still debated [2,12]. Accordingly, the present case-
control study was designed to evaluate the relation-
ship between P1A1/PIA2 polymorphism of ITGB3
gene and CAD in a group of Egyptian patients and
controls.

In our study, most of CAD patients were smok-
ers and overweight. These findings strengthened
the fact that the environmental factors and the
patient lifestyle are major traditional risk factors
for the disease development [13]. A non-statistical
significant difference was observed between CAD
patients and controls regarding the lipid profile
being almost normal in both groups. This result is
attributed to the patients’ intake of lipid lowering
drugs.

Our study demonstrated the presence of ho-

mozygous PIA1/PIA1 and heterozygous PIA1/P1A2

ong all participants; meanwhile the
homozygous PIA2/P1A2 genotype was completely
absent. Such results were not surprising as some

Negative 29 (72.5%) 11(73.3%) 0.01 0.95
Positive 11 (27.5%) 4 (26.7%)
Classic CAD 14 (35%) 7(46.7%) 0.63 0.43
Premature CAD 26 (65%) 8 (53.3%)
Smoking:
Non-smoker 13 (32.5%) 7(46.7%) 133 0.51
Former smoker 10 (25%) 4 (26.7%)
Current smoker 17 (42.5%) 4 (26.7%)
Hypertension:
Negative 25(62.5%) 9 (60%) 0.03 0.87
Positive 15 (37.5%) 6 (40%)
Body mass index (Kg/m 2)
Normal (18.5-24.9) 7 (17.5%) 1(6.7%) 1.03 0.59
Overweight (25-29.9) 19 (47.5%) 8(53.3%)
Obese (230) 14 (35%) 6 (40%)
Total cholesterol (mg/dL):
Normal (<200) 3(7.5%) 3(20%) 1.75 0.19

Borderline (200-239)
Triglycerides (mg/dL):

37(92.5%) 12 (80%)

Normal (<150) 10 (25%) 4 (26.7%) 0.02 0.89
Borderline (150-199) 30 (75%) 11 (73.3%)
HDL-C (mg/dL):
* Normal (40-50 in males, 1 (25%) 1 (6.7%) 054 0.46
50-59 in females)
* Low (<40 males, <50 39 (97.5%) 14 (93.3%)
females)
LDL-C (mg/dL):
Normal (<100) 16 (40%) 5(33.3%) 021 0.65
High (>100) 24 (60%) 10 (66.7%)

CAD : Coronary Artery Disease. BMI: Body Mass Index.
HDL-C : High Density Lipoprotein Cholesterol.

LDL-C : Low Density Lipoprotein Cholesterol.

p>0.05 : Non-significant.

I previous siildies had reported such unusualPIAA

genotype distribution characterized by the complete
absence of homozygousPlA2/P1A2 [14,15].

The application of Hardy-Weinberg law proved
the genetic equilibrium of the studied population
regarding the distribution of the studied genotypes.

Data of our study revealed that the heterozygous
P1A1/P1A22 genotype andP1A2 allele ofPIA1/P1A22
polymorphism were more frequent in CAD patients
as compared to controls(PIA1/P1A2:: 27.3% Vs.
16.4%;P1A2:: 13.6% Vs. 8.2%). However, such
difference in frequency was not statistically signif-
icant. This data is in accordance with an American
community-based case-cohort study by Aleksic
and his colleagues, [12]1 which revealed a non-
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significant increase in the risk of CAD in individ-
uals heterozygous or homozygous for the PIA2
alele. The PIAT/PIA2 and PIA2/PIA2 genotypes
constituted 26.9% of cases as compared to 25.9%
of healthy subjects. Moreover, ameta-analysis
study performed by Zhu et al., [16] who combined
datafrom severa separate studies done on Cauca-
sian populations found that the overall PPAL/PIA2
and PIA2/PI A2 genotypes constituted 28.4% of
the patients and 27.2% of the controls. Hence, the
study concluded that the PIA2 allele was not arisk
factor for acute coronary syndrome.

The Helsinki Sudden Death Study which was
conducted on the sudden out-of hospital unexpected
deaths revealed that the carriage of the PIA2 allele
was significantly associated with acute coronary
thrombosis in those diagnosed with sudden cardiac
death [17]. Accordingly, there isamortality bias
where almost third of individuals with afirst major
coronary event die out-of-hospital and hence are
not included in studies [18] .

On the other hand, a meta-analysis performed
by Floyd et al., [9] showed increased risk of CAD
and myocardial infarction in carriers of the PIA2
alele. Moreover, the results of a study done by
Khatami et al., [3] suggested that the polymorphic
variant PIA1/PIA2 was associated with CAD in
the Iranian population where PIAL/PIA2 and PIA2/
PIA2 genotypes constituted 33.3% of the patients
and 17.2% of the controls. Several factors could
contribute to the aforementioned discrepancies as
different ethnicity that affects the polymorphism
frequency, different study designs, and publication
bias toward positive results in small studies. Later
study by Fawzy et al., [2] on 23 Egyptian patients
with stable CAD undergoing diagnostic coronary
angiography and 34 controls, found a significant
higher prevalence of PIAL/PIA2 and PIA2/PIA2
genotypes among CAD patients compared to con-
trols. The PIAL/PIA2 genotype was 34.8% in the
patients Vs. 23.5% in the controls; meanwhile the
PA2/PIA2 genotype was 8.7% in the patients and
0% in the controls. However, several limitations
of the study were mentioned by the author himself
that should be taken into consideration. First,
coronary angiography was not performed for the
controlsin this study and accordingly, some of the
controls could have had a subclinical atherosclerosis
that affected the true risk associated with the PIA2
allele. Second, the included patient population was
relatively of small sample size which might play
arolein the discrepancy between their results and
ours. Such conflicting results could be referred to
the complexity of the disease and to the presence
of different mechanisms underlying plague rupture
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and thrombosis. Asthe CAD isacomplex multi-

factorial disease, the PIA role in the pathogene-

sisof CAD islargely dependent on other factors
that influence the impact of any altered PIA phe-

notype and the disease outcome depends on the
sum of other multiple interacting factors determin-

ing the disease severity [2] . Thus, the identification
of a contribution by a single gene polymorphism
to amultifactorial, polygenic pathological process
is challenging and requires avery large sample
size [19].

In our study, severity of CAD was evaluated
using the coronary angiography to detect the
number of occluded coronary vessels. No relation
was found between the type of genotype present
and the number of occluded coronary vessels.
Similar datawere reported by Grove et al., [20]
and Le Hello et a., [21] who proved that the ITGB3
gene genotypes have no influence on the disease
severity. By contrast, study performed by Galasso
and his colleagues [22] noticed that CAD patients
with PIA2 dlele had a worse prognosis with a
higher incidence of re-infarction and/or cardiac
death than PIA2 negative patients. However, the
authors could not rule out the presence of possible
linkage disequilibrium which might explain their
results.

The study investigated the differences between
the PIA1/PIA2 and PIA1/PIA1 genotypesin relation
to the conventional risk factors (age, sex, smoking,
hypertension, obesity, dyslipidemia, and positive
family history of CAD). No significant differences
were found between both genotypes and the pres-
ence of CAD risk factors. These resultswerein
agreement with those of LeHello et a., [21] and
Galasso and his colleagues [22] ; who concluded
that the PIA1/PIA2 polymorphism is not associated
with the presence of any conventional CAD risk
factors.

Logistic stepwise multi-regression analysis was
applied to evaluate the association between PIA1/
PIA2 polymorphism and the risk factors of CAD.
The analysis revealed that the heterozygous geno-
type PIAL/PIA2 ismore likely to be combined with
male sex and high total cholesterol level.

In Conclusion:

The present study revealed the absence of sig-
nificant differences in the genotype frequencies of
PIA1/PIA2 polymorphism of the ITGB3 genein
CAD patients as compared to controls although
being higher in the former group. Moreover, the
different genotypes of the ITGB3 gene were not
associated with any separate risk factor. Meanwhile,
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the heterozygous PIA1/PIA2 genotype tends to be
more frequent in male patients who have a high
cholesteral level.

Further multi-ethnic studies on larger sample
sizes with wide range of age groups will be needed
to verify these findings in the future. Prospective
longitudinal studies are recommended to study the
association of PIAL/PIA2 polymorphism with CAD,
to evaluate its contribution in the pathogenesis of
the disease, and its association with other risk
factors of CAD as hypertension and smoking. This
will help in developing novel strategies for early
screening of individuals at risk and early manage-
ment of patients with CAD. Further evaluation of
ITGB3 gene polymorphisms other than PIAL/PIA2
and their association with CAD is also recommend-
ed. Application of new modalities for genotyping
single nucleotide polymorphism as tetra primer
amplification refractory mutation system (T-
ARMS-PCR) is also recommended where genotyp-
ing can be done using only a thermocycler machine
at the least time. Interaction of multiple genes that
arein linkage disequilibrium and simultaneous
studies of different genes may reveal associations
that at present seem to be weak.
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