CYP2C19*2 polymorphism influenced
response to clopidogrel treatment but was
not related to restenosis in atherosclerotic
smokers
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ABSTRACT. Atherosclerosis is an important cardiovascular disease due
to its high mortality rate worldwide. Risk factors such as chronic use of
cigarettes, poor diet, sedentary lifestyle, diabetes mellitus and genetic
factors significantly contribute to the disease. The CYP2C19 gene is a
well-studied target for cardiovascular disease treatment. Polymorphisms
in the CYP2C19 gene, which encodes cytochrome P450 enzymes, may
result in inefficiency of the drug clopidogrel. Identification of CYP2C19
polymorphisms may improve preventive treatment and the prognosis of
the disease. We investigated if the CYP2C19*2 polymorphism
influences the onset of restenosis in smokers. We analyzed 200 patient
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blood samples from the Cardiology and Peripheral Vascular Surgery
clinics of hospitals in Goiânia, Brazil. The DNA samples were submitted
to PCR amplification and the product obtained was submitted to
electrophoresis. We found that 34% of the atherosclerotic smokers had
stents, and 46% of them developed restenosis. The frequency of the
CYP2C19*2 polymorphism showed that 34% of atherosclerotic smokers
who had at least one polymorphic allele had a stent and 45% of these
patients developed restenosis. These differences were not significant.
Although the CYP2C19*2 polymorphism alters the response to
clopidogrel, its association with smoking did not influence the
development of restenosis.
Key words: Atherosclerosis; Stent; Restenosis; CYP2C19*2; Tobacco

smoking

INTRODUCTION
Atherosclerosis is an inflammatory cardiovascular disease with a chronic and
multifactorial character that affects the progression of atherogenesis. The disease develops
as a response to endothelial aggression and mainly affects the tunica intima and media of
medium and large caliber arteries. Usually the first lesions occur in childhood through the
accumulation of cholesterol in macrophages, leading to the formation of foam cells
(Chistiakov et al., 2017). According to the World Health Organization, cardiovascular
diseases are the leading cause of death in the world. Cardiovascular disease killed about
17.7 million people in 2015, which represented about 31% of global deaths (Lüscher, 2018).
Around 300,000 people suffer from heart attack each year in Brazil, causing considerable
economic burden.
The onset of atherosclerotic plaque formation occurs when the endothelium suffers
aggression caused by physiological, genetic and environmental factors. This leads to a
decrease in the production of anticoagulants and an increase in the production of procoagulant and vasoactive molecules. Endothelium damage increases its permeability to
lipoproteins. favoring the retention of these molecules in the sub-endothelial space. The
result is an inflammatory process maintained by vascular permeability and local adherence
of leukocytes and platelets. The recruitment of monocytes and T lymphocytes, and an
increase in the number of smooth muscle cells, promote thickening of the vessel walls.
After lesion formation, a fibrous capsule with necrotic tissues and lipids can aggravate the
disease (Friedlander and Altman, 2001).
Atherosclerotic lesions are more common in men than in women due to the fact that
estrogen is a protective factor. However, after menopause the risk of women developing
atherosclerosis is similar to that in male patients. The main risk factors of the disease are
diabetes mellitus, hyper-caloric diet, hypertension, alcoholism, genetic polymorphisms and
smoking (Pires et al., 2007).
A smoking habit is a risk factor because inhibits the synthesis of high-density
lipoprotein (HDL), the so-called good cholesterol. A decrease in HDL leads to an increase
in the levels of low-density lipoprotein (LDL) and the very low-density lipoprotein
(VLDL). The accumulation and consequently deposition of LDL and VLDL in the tunica
intima of vessels mark the onset of atherogenesis (McGill and McMahan, 1998). The
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cigarette contains substances capable of increasing blood viscosity (Almarshad and Hassan,
2016), affect platelet functions and increase the risk of thrombosis (Anand, 2017).
More than 400 genes have been associated with the onset of atherosclerosis. CYP
(cytochrome P450), GSTs (glutathione S-transferases), ApoE (apolipoprotein E) and eNOS
(endothelial nitric oxide synthase) are commonly investigated genes in atherosclerotic
patients. Genetic variability in these genes are considered polymorphisms when they occur
in the population at a rate of at least 1%. Polymorphisms are efficient genetic markers
because they are transmitted associated with other genes located around their chromosomal
regions (Balasubramanian et al., 2004).
Genetic polymorphisms are responsible for human diversity and influence the
development of several diseases (Syvänen, 2001). Polymorphisms may be responsible for
the pharmacokinetic and pharmacodynamic particularities of each individual (Cooper et al.,
2005), principally when they affect genes encoding enzymes. For example, the
polymorphisms CYP2C19*2 and *3 are factors that significantly interfere in the formation
of atheromatous plaque.
Angioplasty is one of the main and most effective methods for the treatment of
atherosclerosis. The procedure is based on the remodeling of the atheromatous plaque;
however, development of restenosis is frequent among atherosclerotic patients (Caramori et
al., 1997). Atherosclerotic patients with stents should be treated with antiplatelet drugs.
Clopidogrel is one of these drugs and requires the activation of the CYP gene in order to
present a proper response (Jia et al., 2013; Messner et al., 2014).
Atherosclerosis is a public health problem in worldwide. The CYP2C19 gene is a
well-studied target for cardiovascular disease treatment. Polymorphisms in the CYP2C19
gene, which encodes cytochrome P450 enzymes, may result in inefficient response of the
drug clopidogrel. Identification of CYP2C19 polymorphisms may affect preventive
treatments and the prognosis of the disease. We investigated whether the CYP2C19*2
polymorphism influences restenosis development and stent replacement in atherosclerotic
patients with a smoking habit.

MATERIAL AND METHODS
We collected 200 peripheral blood samples from patients with atherosclerosis from
October 2014 to February 2015. Patients were attended at the service of cardiology and
peripheral vascular surgery of Goiânia Hospitals. Atherosclerosis was confirmed by echo
Doppler, angiotomography and/or digital angiography, angiotomography and/or cine
coronary angiography.
The patients answered a questionnaire and signed a free and informed consent form.
Atherosclerosis patients who presented results for the CYP2C19*2 polymorphism
participated in the research. Patients without the pathology or who did not obtain
amplification for this polymorphism were excluded.
DNA extractions were initiatited with purification of the samples, according to the
instructions of the GFXTM Kit (Amersham Pharmacia Biotech, USA). After extraction, the
samples were subjected to quantification on a NanoVue™ Plus spectrophotometer
following the manufacturer's instructions, and only samples whose concentration was
greater than 5ng/µL were used.
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The DNA samples were subjected to amplification, aiming to detect the
CYP2C19*2 polymorphism. The PCR reactions were performed according to the protocol
proposed by Sambrook et al. (2001), with a final volume of 25 µL (Table 1). The product
obtained was subjected to electrophoresis on an agarose gel in an electric field of 100 V/cm
and stained with ethidium bromide (5mg/mL) and then visualized on a BIORAD photodocumenter (Bio-Rad, Hercules, California, USA).
Table 1. Primer sequences for the CYP2C19*2 polymorphism analysis.

Allele

Primers

PCR (37 cycles)

Restriction
Enzyme

DNA fragment

*2 FP
RP

5´-AATTACAACCAGAGCTTGGC-3´
5´-TATCACTTTCCATAAAAGCAAG-3´

94 ºC 60’’
58 ºC 30’’
72 ºC 30’’

MspI

AF169
HWT 120,49
HE 169,120,49
HM 169

Source: (Chaudhry et al. 2009). AF, amplified fragment; HWT, Homozygous Wild-Type, HE, Heterozygous; HM, Homozygous Mutant.

The data regarding the polymorphisms were organized in Excel spreadsheets.
Statistical analysis was performed by chi-square test (χ2) in order to determine possible
relationships between the polymorphism and disease. Values of P < 0.05 were considered
statistically significant and the statistical tests were performed with the BioEstat® 5.3
software. This research was approved by the Research Ethics Committee of Pontifical
Catholic University of Goiás, with protocol number 35322624.3.0000.0037.

RESULTS
Among non-smoking atherosclerotic patients 23.3% had a stent, while 33.8% of
smoking patients also had a stent. Regarding restenosis, 53.3% of non-smokers had this
complication and 45.8% of smokers also did (Table 2). These differences were not
statistically significant.
Table 2. Frequency of smoking, stents and restenosis in the atherosclerotic patients.

Stent
With
Without
Total
Complications
Without restenosis
With restenosis
Total

Non smokers
n
099
030
129

Smokers
n
47
24
71

014
016
030

13
11
24

P*
0.1079

0.5839

*Chi-squared Test.

Among atherosclerotic smokers with stents one third had the wild genotype for
CYP2C19*2, while about a third of atherosclerotic smokers with stents had at least one
polymorphic allele for CYP2C19*2 (Table 3). Regarding restenosis, half (3/6) of carriers of
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the wild gene had restenosis, while about 44% (8/18) of those who had at least one
polymorphic allele had restenosis. These differences were not significant.
Table 3. Polymorphism of the CYP2C19*2 gene in smoking patients in relation to stenting and restenosis.

n
12
06
18

CYP2C19*1/*2
CYP2C19*2/*2
n
35
18
53

03
03
06

10
08
18

CYP2C19*1/*1
Stent
With
Without
Total
Complications
Without restenosis
With restenosis
Total

P
0.611*

0.8132**

*Chi-squared Test. ** G Test

DISCUSSION
Various studies have shown that smoking has a strong influence on cardiovascular
disease. The cigarette contains about 4,000 different chemical substances; these can
promote changes in the body, such as mutations in the CYP family (Messner, 2014).
According to Lee et al. (2015), nicotine can increase blood pressure by up to 15 mm Hg for
about 30 minutes after using cigarettes, which is a risk factor for atherogenesis. Celermajer
et al. (1992) published a study that demonstrated a decrease in flow-mediated dilation in
young adults who were smokers, this being one of the first damages caused by smoking in
the human body. Experimental studies have suggested a link between cellular proatherogenesis and the molecular effects of cigarettes and the onset of cardiovascular disease
(Messner, 2014).
Craig et al. (1989) demonstrated that in smoking patients there is an increase in total
cholesterol, LDL, VLDL and triglycerides in the serum, while HDL and apoprotein A1 are
in low concentrations. Likewise Neufeld et al. (1997) showed a link between passive
smokers and low HDL levels. In their study, it was observed that children who live daily
with smokers had low HDL rates.
Cigarettes have several influences on coagulation; one of them is endothelial
dysfunction, it delays endothelial healing, thus leaving the smoker who undergoes stent
implantation to be more susceptible to in-stent restenosis (Bossard, 2017). In 2017, Bossard
and collaborators analyzed smoking in stent patients, where there was no statistically
significant difference between smoking and the need for stenting. Result similar to that
found in the present research. In 2015, Tanindi analyzed Turkish patients seen at the Ufuk
University hospital in Ankara. The majority of patients who had a stent were smokers and
had restenosis. This result is in line with the present study, where we found no association
between smoking and the development of restenosis.
The CYP2C19 gene is one of those responsible for encoding cytochrome p450
enzymes, these enzymes act mainly in the endoplasmic reticulum of hepatocytes, thus being
responsible for the metabolism of drugs. One of the drugs that these enzymes act on is
clopidogrel, which in its active form, inhibits the platelet surface protein P2RY12,
responsible for their aggregation (Nie et al., 2017).
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In their study, Ayesh et al. (2019), analyzed patients at the European Gaza Hospital,
in Palestine, where all of them had undergone surgical intervention in the coronary artery.
Of these 15.5% had CYP2C19*2, the data being statistically significant. Grines et al. stated
in his 2007 study that treatment with clopidogrel for 24 months interrupted after placement
of the drug-eluting stent significantly reduces the risk of death for these patients. In
addition, the guidelines recommend the continuous use of the drug for at least 12 months
after the conventional stent placement procedure. In the current study, 34.0% of the patients
who needed to have a stent were smokers, but the difference between the groups was not
statistically significant.
In 2018, Idrissi and colleagues analyzed the genes of CYP2C19*2 and CYP2C19*3
of Moroccan patients in the cardiology department located at Hospital Universitário de
Hassan II. They did not obtain statistically significant results when they analyzed the alleles
separately. However, it was statistically significant when analyzing the three alleles together
(CYP2C19*2, CYP2C19*3 and CYP2C19*17). In the present study, CYP2C19*2 was
analyzed and no statistically significant differences were obtained, corroborating with the
data found. The same is true for the analysis performed for eNOS patients (Barbosa et al.,
2020).
Yi et al. (2016) analyzed in their study the habit of smoking and resistance to
Clopidogrel, where there was no significant difference in the response to this medication in
the groups of smoking and non-smoking patients. Although the response to clopidogrel is
influenced by the polymorphisms of the Cytochrome P450 family, the present study found
no difference between the CYP2C19*2 polymorphism and the development of restenosis in
smoking patients.
Studies comparing individuals with and without polymorphism in the CYP gene,
attest that the presence of the polymorphism can cause a lower pharmacokinetic response
compared to the individual who does not have polymorphism (Kulmyrzaeva, 2016).

CONCLUSIONS
We conclude that although the CYP2C19*2 polymorphism alters the response to
clopidogrel, its association with smoking did not influence the development of restenosis.
Also smoking, regardless of the genetic profile for CYP2C19 allele 2, did not contribute to
the main complication of patients with stent, restenosis. A slightly higher frequency of this
polymorphism was observed in non-smoking patients, when compared to smokers.
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