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Abstract

Purpose: To evaluate the association between common single nucleotide polymorphisms (SNPs) in
angiotensin converting enzyme (ACE) gene and the risk of in-stent restenosis (ISR) and/or the response
to angiotensin converting enzyme inhibitor ACEI in individuals with stable coronary artery disease
(CAD) after stent implantation.

Methods: The total population of this study consisted of 200 Egyptian individuals divided into 2 groups -
in-stent restenosis (ISR) and non ISR group). Genomic DNA was withdrawn from EDTA whole blood
applying a spin column approach and ACE gene insertion/deletion (I/D) polymorphisms were
determined by polymerase chain reaction (PCR).

Results: Carriers of allele D of ACE gene were significantly more liable to ISR occurrence. However,
carriers of allele | were significantly more liable to ISR occurrence after administration of ACEI. There is
a negative interaction between DD genotype of ACE gene and ACEI administration on ISR after
percutaneous coronary intervention (PCl). However, there is a positive interaction between Il and ID
genotype of ACE gene and ACEI administration on ISR after PCI with bare metal stents (BMS).
Conclusion: It is beneficial to implement ACEI in therapeutic regimen in individuals with ID or Il
genotypes of ACE gene, especially with BMS implementation.
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INTRODUCTION

There is a serious complication after stable
coronary artery disease (CAD) or acute coronary
syndrome known as In-stent restenosis (ISR).
This stent generation overcomes the preceding
disadvantages including ISR[1]. Genes such as
ACE gene or eNOS gene may perform a crucial
province in improvement of ISR between CAD

patients. Endothelin-1, TGF-3, angiotensin Il and
nitric oxide (NO) are set free from injured
endothelial cells participating in the hyperplasia
of endomembrane and cell proliferation of
smooth muscle leading to subsequent rise in ISR
[2].

Several studies investigated the consequences
of polymorphisms in ISR in genes especially
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encoding various receptors, enzymes, and
growth factors. Although several reports have
not indicated the implied purposes of functional
polymorphisms in several genes as vascular
endothelial growth factor, endothelial nitric oxide
synthase and transforming growth factor-f3,
these studies indicated an association between
ISR and single nucleotide polymorphisms
(SNPs) in these genes [3,4].

An important clinical obstacle that should be
considered is the alteration of individuals
response to drugs which may rely on different
factors like body weight, gender, genetics, age,
organ function, drug interactions, disease states,
culture, lifestyle, smoking and diet [5]. Moreover,
genetic alteration is the most sensitive factor
affecting the alteration of individuals response to
drugs [5]. If ISR can be related to SNPs, it may
be obvious why the repetition of stent
implantation is still required and also why genetic
screening is needed for these patients.

The aim of this research was to estimate the
correlation between SNPs in the ACE gene
polymorphism and the liability of ISR occurrence
in  Egyptian individuals  following  stent
implantation with stable coronary artery disease.
Additionally, the correlation between ACE gene
polymorphism and the response to patients'
medications (ACEIls) was evaluated.

METHODS

Patient samples collection

Study subjects include 200 Egyptian patients
which separated into 2 groups. The patients of
the first group (100 case) had complications of
in-stent restenosis while those of the second
group (100 case) that did not show complications
of in-stent restenosis after PCl. The patients
were enrolled from Cardiology Section of
hospitals of Zagazig University from March 2018
to December 2019. This research was approved
by the institutional review board (IRB) in Zagazig
University (medical ethics committee of Zagazig
University) (IRB no. 5097). All patients were
treated following the principles in the declaration
of Helsinki [6]. Coronary angiography confirmed
in-stent stenosis which was outlined as
renarrowing of vessel lumen to > 50% in 3 to 12
months after PCl. According to the European
Society of Cardiology, when systolic blood
pressure is more than or equal 139 mm Hg
and/or diastolic blood pressure is more than or
equal 89 mm Hg in two different measurements
or when the patient is on hypertension
medication, the patient is indicated as a
hypertensive case. Additionally, individuals are

referred to be smokers when they have 5
cigarettes/day or more and non-smokers when
they had never smoked or had discontinued
smoking for at least one-year preceding sample
collection. Moreover, obesity was determined for
women as waist-to-hip ratio of more than 0.85
and for men as waist-to-hip ratio of more than
0.9.

Isolation of DNA

Genomic DNA was withdrawn from EDTA whole
blood (whole human peripheral blood which is
collected in sterile vacutainer tubes containing
the anticoagulant Ethylene diamine tetra acetic
acid (EDTA)) applying a spin column approach in
agreement with the protocol (QlAamp Blood Kit;
Qiagen GmbH, Hilden, Germany).

Genetic polymorphism detection

PCR identified the ACE gene insertion/deletion
(I/D) polymorphisms genotyping by forward 5’-
CTGGAGACCACTCCCATCCTTTCT-3"  primer
and reverse 5-ATGTGGCCATCACATTCGTCA
GAT-3 primer. There was no bias about any
group when genotyping was performed and
evaluated. The PCR product of ACE gene was
either 490 bp (I allele) or 190bp (D allele). On 3%
agarose gel dyed with ethidium bromide, the
PCR products were separated and subsequently
the gel was examined with ultraviolet
transilluminator using one hundred bp ladder.

Statistical analysis

Descriptive data were demonstrated as mean +
standard deviation. Statistical differences were
analyzed applying Student’s t-test or one-way
analysis of variance (ANOVA) then Fisher’s least
significant difference (LSD) and/or post hoc test
(in case of 2 sets of data or more were being
correlated). Hardy—Weinberg equilibrium was
used to evaluate genotype frequencies and any
difference from the anticipated frequencies was
evaluated for significance. Moreover, 95%
confidence intervals (Cls) and the odds ratios
(ORs) concerning the existence of genotype
allele and polymorphism with respect to the

presence of ISR and/or specific drug
administration were estimated. To analyze
possible synergism between ACE gene

polymorphism, ACEI and ISR, a 4 x 2 table
outline was applied to estimate ORs, 95 % Cls, p
values and synergy index (Sl). It was presumed
that the protected person without the vulnerable
genotype carried a specific liability for disease
(OR0O0 is presumed to be 1). Also, OR10
indicates the corresponding liability for disease
between individuals without the vulnerable
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genotype for disease but prone to the
environmental risk factor compared to those with
not either the liability genotype or exposure. In
addition, ORO1 indicates the corresponding
liability between individuals with the vulnerable
genotype who are protected from the risk factor
compared to those with no vulnerable genotype
and exposure. Moreover, OR11 indicates the
proportion of disease liability = between
unprotected people with vulnerable genotype to
disease liability between protected individuals
without the vulnerable genotype. Consequently,
these ORs were applied to estimate the S| which
is SI = (OR11 - 1) / (OR10 + ORO1 - 2)[7].
Differences were regarded significant at p less
than 0.05. SPSS version 10 for windows was
used to calculate the whole data.

RESULTS

In this study, 200 cases were separated into 2
groups. Patients in the first group (100 cases)
(ISR) had complications of in-stent restenosis
and those of the second group (100 cases) (Non-
ISR) did not show complications of in-stent
restenosis after PCI with DES.

Table 1: Characteristics of study patients

Characteristics of study patients

ISR group had significant increase in male
frequency while Non-ISR group had significant
increase in female frequency. Moreover, there
was significant increase in hypertension,
diabetes, CKD, obesity and length of stent in ISR
group in comparison with Non ISR group.

Monitoring of ACE gene polymorphism (ll, DD
and ID) and their allele frequency

The frequencies of genotype ID of ACE gene
were significantly higher in ISR  patients than
non-ISR group (genotype ID was 46 % versus 36
%). Carriers of genotype ID were significantly
more expected to develop ISR than carriers of
genotype Il [OR = 5.8, Cl = (1.17-28.3), p< 0.05].
Based on the allelic frequencies of the ACE gene
polymorphism of ISR and non-ISR group, it was
observed that the allele D genotype frequencies
were significantly more in ISR group than Non-
ISR group (75 % versus 27 %) (p < 0.0001).
Therefore, carriers of allele D were significantly
more expected to develop ISR than carriers of |
allele (OR =8.1, Cl = (5.2-12.7), p < 0.0001).

Variable ISR Non ISR p value
(n=100) (n=100)
Gender
> Male 84 60 <0.001
> Female 16 40 <0.001
Age 57 £0.25 58.10 £ 0.36 Ns
Smoking 40 40 NS
Hypertension 80 35 < 0.0001
Familial history 8 4 NS
Diabetes mellitus 66 40 < 0.001
Dyslipidemia 32 28 NS
Chronic kidney disease 6 0 <0.05
Obesity 44 24 <0.01
Myocardial infarction 12 6 NS
Type of stent
> DES 44 58 ns
> BMS 56 42 ns
Length of stent 26.5 +0.49 20.6 £ 0.25 < 0.0001
Diameter of stent 2.9 £ 0.0009 2.95 + 0.0004 Ns

Table 2: Monitoring of ACE gene polymorphism (Il, DD and ID) and their allele frequency between ISR group and

Non ISR group after PCI

ACE gene ISR Non ISR OR p value
polymorphism (n=100) (n=100) (95% CI)
] 2(2%) 9(9%) 1 -
DD 52(52%) 55(55%) 4.3 (0.87-20.6) ns
ID 46(46%) 36(36%) 5.8 (1.17-28.3) <0.05
Alleles ISR Non ISR

(n=200) (n=200)
| allele 50(25%) 146(73%) 1 -
D allele 150(75%) 54(27%) 8.1 (5.2-12.7) < 0.0001
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Monitoring of ACE gene polymorphism (ll, DD
and ID) and their allele frequencies in patients
administered ACEI

As Table 3 shows the frequencies of genotype |l
and ID of ACE gene were significantly more in
ISR group than Non-ISR group in patients
administered ACEI (genotype Il was 11.1 %
versus 1.3 % and genotype ID was 51.9 %
versus 36.8 %). Carriers of genotype Il and ID
were significantly more expected to develop ISR
than carriers of genotype DD [OR = 14.1, CI
(1.6 - 124.9), p < 0. 01] and (OR = 2.35, ClI
(1.12 - 4.9), p < 0.05) respectively.

Based on the allelic frequencies of the ACE gene
polymorphism of ISR and Non ISR group in
patients administering ACEI, it was observed that
the frequencies of allele | genotype were
significantly more in ISR group than Non ISR (37
% versus 19.7 %) (p < 0. 01).

Therefore, carriers of allele | were significantly
more expected to develop ISR than carriers of D
allele (OR=2.4,Cl =(1.36 - 4.2), p < 0.01).
Synergistic effect of ACE
polymorphism, ACEIl and ISR

gene

Patients who administered ACElI and had DD
genotype of ACE gene have significantly
decreased risk to develop ISR than those who
did not administer ACEI and had DD genotype of
ACE gene (OR=0.23 (95 % Cl =0.1-0.53; p <
0.001) which subsequently proposed the

protective role of ACEI (ISR group 20% versus
non-ISR 40%; p < 0.001). Synergy index (S| =
0.56) indicated a negative interaction between

DD genotype of ACE gene and ACEIl
administration on ISR after PCI.
Synergistic effect of ACE gene

polymorphism, ACEl and ISR after PCI with
BMS

Patients who administered ACEI and had DD, Il
or ID genotype of ACE gene have significantly
decreased risk to develop ISR than those who
did not administer ACEI and had DD genotype of
ACE gene (OR =0.31; 95 % Cl =0.1 - 0.9; p <
0.05 and OR = 0.16; 95 % CIl = 0.05 - 0.5; p <
0.01) respectively which consequently proposed
the protective role of ACEI (ISR group versus
non-ISR was 25 % vs 35.7 %; p < 0.05 and 12.5
% vs 35.7 %; p < 0.01, respectively). Synergy
index (S| = 1.1) indicated an additive interaction
between Il and ID genotypes of ACE gene and
ACEI administration on ISR after PCI with BMS.

Synergistic effect of ACE gene
polymorphism, ACEIl and ISR after PCI with
DES

Patients who administered ACEI and had DD, Il
or ID genotype of ACE gene had no significant
difference to develop ISR than those who did not
administer ACEI and had DD genotype of ACE
gene. Therefore, the Synergy index was not
significant and did not have any impact on ISR
after PCI with DES.

Table 3: ACE gene polymorphism (ll, DD and ID) and their allele frequencies between ISR group and non-ISR

group after PCI in patients administered ACEI

ACE gene polymorphism ISR non-ISR OR p value
Patient taking ACEI (n=54) (n=76) (95% CI)
DD 20(37%) 47(61.9%) 1 -
] 6(11.1%) 1(1.3%) 14.1 (1.6-124.9) <0.01
ID 28(51.9%) 28(36.8%) 2.35(1.12-4.9) <0.05
Alleles ISR non ISR

(n=108) (n=152)
D allele 68(63%) 122(80.3%)
| allele 40(37%) 30(19.7%) 2.4 (1.36-4.2) <0.01

ACE: Angiotensin converting enzyme and ACE: Angiotensin converting enzyme inhibitor

Table 4: Synergistic effect of ACE gene polymorphism, ACEI and ISR

ACEI I1+ID ISR non-ISR OR p value Synergy index
(N =100) (N =100) (95% CI) (SI)
0 0 32(32%) 15 (15%) 0.56
0 1 14(14%) 9 (9%) 0.73 ns
(0.26-2.1)
1 0 20(20%) 40 (40%) 0.23 <0.001
(0.1-0.53)
1 1 34(34%) 36(36%) 0.42 ns
(0.2-0.96)
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Table 5: Synergistic effect of ACE gene polymorphism, ACEI and ISR after PCI with BMS

ACEI I1+ID ISR non ISR OR p value Synergy index
(n =56) (n =42) (95% CI) (SI)

0 0 24(42.8%) 8 (19%)

0 1 11(19.7%) 4 (9.6%) 0.9 (0.23-3.7) ns 1.1

1 0 14(25%) 15(35.7%)  0.31(0.1-0.9) <0.05

1 1 7(12.5%) 15(35.7%)  0.16 (0.05-0.5) <0.01

Table 6: Synergistic effect of ACE gene polymorphism, ACEI and ISR after PCI with DES

ACElI DD+ID ISR non-ISR OR p value Synergy index

(n =44) (n =58) (95% ClI) (SN
0 0 0 (18.2%) 1(12%)
0 1 11 (6.8%) 11 (8.6%) 3(0.1-81.7) ns
1 0 0 (13.6%) 8 (43.2%) 0.18 (0.002- ns 1.36

12.8)
1 1 33 (61.4%)  38(36.2%) 2.6 (0.1-66.3) ns
DISCUSSION allele D were significantly more expected to

This study demonstrated a significant increase in
male frequency, length of stent, hypertension,
diabetes, CKD and obesity in ISR group relative
to Non-ISR group suggesting that these are risk
factors for ISR.

These results are consistent with previous
studies which demonstrated that chronic kidney
disease, diabetes and longer stents were
associated with a higher rate of restenosis [8].
Moreover, previous studies supported these
results and showed that hypertension and
obesity are risk factors that increase
inflammation markers and therefore increase
stent restenosis [9].

However, Ekizler et al found that females in
comparison with males were associated with a
higher rate of ISR occurrence after BMS
implantation [10]. On the other hand, another
study indicated that female gender was not a
separate indicator of ISR occurrence regardless
of stent type [11].

This study indicated that the frequencies of
genotype ID of ACE gene were significantly more
in ISR group than non ISR group and Carriers
of genotype ID were significantly expected to
develop ISR than carriers of genotype II.

These results were compatible with the meta-
analysis performed by Agema ef al which
indicated that ID genotype increased the risk for
restenosis  after stent implantation [12].
Additionally, Guneri et al [13] reported no
association among ACE gene polymorphism and
stent restenosis. It was observed that the allele D
genotype frequencies were significantly more in
ISR group than Non-ISR group and carriers of

develop ISR than carriers of | allele.

These results were in accordance with Wang et
al showing that the DD genotype of ACE gene
polymorphism was significantly correlated with
increased liability of restenosis [14]. Meurice et al
indicated that ACE D allele carriers had a higher
rate of restenosis suggesting that ACE D allele is
significantly correlated to restenosis [15].

These results may be explained by previous
reports which showed that ACE activity of the left
ventricle was greater in people with D allele and
transformation of angiotensin | to angiotensin Il
was higher in individuals with the DD genotype
demonstrating greater  ACE activity in the
existence of D allele and therefore higher risk for
ISR [16]. Moreover, Tiret et al indicated that DD
genotype of the ACE gene showed significantly
greater angiotensin Il levels and ACE activities
than Il or ID genotype indicating a greater liability
of ISR for DD genotype carriers [17].

This study showed that the frequencies of
genotype Il and ID of ACE gene were
significantly more in ISR group than Non-ISR
group in patients administered ACEI and carriers
of genotype Il and ID were significantly more
expected to develop ISR than carriers of
genotype DD.

However, the frequencies of allele | genotype
were significantly more in ISR group than Non
ISR and carriers of allele | were significantly
more expected to develop ISR than carriers of D
allele in patients administering ACEI.

These results may be explained by previous
studies which showed that Genotype DD is
associated with increased response to ACEI
more than Il and ID genotypes especially in
patients with hypertension, dyslipidemia and
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smokers [19]. As ACEI had protective role on
ISR patients with D allele [20] and genotype DD
was associated with increased response to ACEI
more than Il and ID genotypes, hence | allele
may play a risk factor in patients administering
ACEI in their therapeutic regimen.

Synergy index in the study (SI=0.56) indicated
the protective role of ACEI administration on ISR
after PCI in subjects carrying DD genotype.

One study suggested that ACEI had protective
role on ISR patients with D allele (restenosis
group 43.5% vs 56.5% in non-restenotic group
[13]. However, previous studies indicated that
ACE D allele carriers possessed a higher rate of
restenosis indicating that ACE D allele is
significantly correlated to restenosis [15]. Lee et
al also reported that ACEl was associated with
lower risk for ISR and subsequently lower need
for revascularization. Moreover, it indicated that
DD genotype of ACE gene was correlated with
higher incidence for revascularization [21].

These studies may explain the negative
interaction (antagonism) between DD genotype
which is a risk factor for ISR and ACEI which has
a protective effect on ISR patients with D allele.

Synergy index (Sl= 1.1) in this study between I
and ID genotypes of ACE gene and ACEI
administration on ISR after PCl with BMS
indicated that there was an additive interaction
between Il and ID genotypes of ACE gene and
ACEI administration. Several studies
demonstrated that Il and ID genotypes had more
response and less resistance for ACEI than DD
genotype proposing a protective role for Il and ID
genotypes in patients having ACEIl in their
medical strategies than compared to DD
genotype [22]. Moreover, another study
demonstrated that Il genotype significantly
reduced restenosis incidence in patients taking
ACEI suggesting a protective role on ISR [18].
Therefore, these studies may illustrate the more
than additive interaction (synergism) between
ACEIl and (Il and ID) genotypes which has a
protective role on ISR.

On the other hand, one study indicated that ACE
inhibitor  treatment exaggerated restenotic
process with DD genotype when compared with
administration of placebo [15].

This study showed that ACE administration did
not have any impact on ISR after PCI with DES.
These results were in agreement with Blendea et
al that indicated there is no correlation between
the incidence of restenosis and treatment with
ACE inhibitors [23].

Limitations of the study

Although this study provided significant insight on
the risk factors for ISR and its correlation to ACE
gene polymorphism, extending the study to other
races other than Egyptian patients may provide a
better analysis and improved generalized
conclusion.

CONCLUSION

It is better to implement ACEI in therapeutic
regimen in individuals having Il or ID genotypes
of ACE gene especially with BMS
implementation. For better clinical
consequences, another alternative for ACEI is
needed especially in patients with DD genotypes
of ACE gene either DES or BMS. Furthermore,
detecting allele gene polymorphisms in large
sample size studies is very crucial to decreasing
the harmful adverse effects of stent restenosis.
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