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ABSTRACT

Objective: Cardiac syndrome X (CSX) can be defined as experiencing chest pain with angina by patients with normal coronary arteries.
Endothelial and microvascular dysfunction is responsible for the pathophysiology of the inflammatory CSX disease. Inflammation is especially
an important factor in the progression of ischemic heart diseases. It is accepted that both the number of B and T lymphocytes and expression
of various proinflammatory cytokines released from those cells increases during inflammatory response. Different proinflammatory cytokines are
produced by activated macrophages and T lymphocytes. Since interleukin-17 (IL-17) induces many signaling molecules, which promote immune
response and play a role in inflammation, it is assumed that IL-17 can play a role in the CSX pathogenesis. In our studly, the relationship between
CSX and IL-17 serum levels and the —152G/A polymorphism on IL-17 gene was investigated.

Methods: Serum IL-17 levels of blood samples were analyzed from 100 patients with CSX and 101 healthy control individuals using the Enzyme-
Linked ImmunoSorbent Assay (ELISA) method. After the DNA isolation was performed from blood samples, the IL-17 gene-152G/A polymor-
phisms were detected based on the PCR-RFLP method for both patients and healthy individuals. The pomotor region of the IL-17 gene was
amplified by the PCR method, and then, genotyping was performed using PCR products for the RFLP step. After that, obtained data for CSX
patients and the healthy control group were compared using the statistical analysis.

Results: When the IL-17 gene-152G/A polymorphism genotyping results of patients with CSX and healthy control individuals were compared,
no statistically significant difference was observed in both genotypic and allelic distributions (p=0.218). The IL-17 serum levels were found to be
significantly higher in patients with CSX than in healthy controls (p<0.001).

Conclusion: Endothelium plays a significant role in the regulation of vascular functions. Inflammatory response is generated against the en-
dothelial activation in the CSX pathogenesis. An increase in the CRP levels, which is a marker of inflammation, is common for both coronary
artery disease and CSX, associated with endothelial dysfunction. Helper T cells play important roles in cardiovascular diseases. IL-17 induces the
expression of different proinflammatory cytokines and chemokines, participating in the tissue infiltration and destruction. There are also several
studies that prove the significant role of proinflammatory IL-17, which is released from T cells, in cardiovascular diseases, supporting our results.
In addition, it has been demonstrated that statins, having anti-inflammatory effects, inhibit the IL-17 gene expression and cytokine release. In
this context, we foresee that statins can have a subsidiary effect on the CSX treatment to suppress the inflammatory response in patients in who
the IL-17 levels were determined as significantly higher than in healthy controls.
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INTRODUCTION

Although cardiac syndrome X (CSX) is used to describe a group
of patients with typical exercise-induced chest pain and normal
coronary arteries, the consensus on the definitive diagnosis of
the disease has yet to be reached in the guidelines. The reason
for this is that the syndrome is heterogeneous and contains many
different pathological mechanisms (1). Microvascular dysfunction
is predominantly responsible for the pathogenesis of CSX. In sev-
eral studies, it has been shown that there is increased chest pain
perception in patients with angina with normal coronary arteries;
however, it is not yet clear whether there is a cardiac problem
at the origin of this pain. Microvascular dysfunction in CSX may
be due to multiple mechanisms that are not expected to be the
same in all patients (2).

Immunopathology and inflammation are thought to play impor-
tant roles in the onset and progression of ischemic heart dis-
eases. In atherosclerotic dysfunction, leukocytes, such as mono-
cytes/macrophages, T cells, and B cells were found to increase
in amount (3). Endothelial cells of normal structure are resistant
to adhesion of leukocytes. However, when inflammation begins,
the expression of selectin family molecules increases on the sur-
face of endothelial cells. These molecules mediate the adhe-
sion of monocytes to endothelial cells. Monocytes adhering to
the endothelial cell surface pass into intima and transform into
macrophages. Thus, fatty lines, which are the early forms of ath-
erosclerotic lesion, are formed from lipid-laden macrophages or
foam cells (4).

Although various proinflammatory cytokines are produced by
activated macrophages and T lymphocytes, it has been report-
ed that cytokines are also secreted from adipocytes (5). Inter-
leukin (IL)-17 has a definite proinflammatory property because it
induces several signal molecules and it is thought to take a role
in the pathogenesis of CSX since inflammation plays an impor-
tant role in in its pathophysiology (6). IL-17 causes the produc-
tion of cytokines, such as IL-6, granulocyte colony stimulating
factor (CSF), granulocyte-macrophage CSF, IL-18, transforming
growth factor-f, and tumor necrosis factor (TNF)-a, keratino-
cytes, such as IL-8, growth-regulated oncogene-a, and mono-
cyte chemoattractant protein-1, and prostaglandins, such as
prostaglandin E2, in many different types of cells, such as fibro-
blasts, endothelial cells, keratinocytes, and macrophages. The
expression of each member of the IL-17 family is different from
each other. The expressions of IL-17A and IL-17F are observed
only in a small number of activated T cells and are regulated
during inflammation (7).

The aim of the present study was to target the IL-17 gene -152G/
A polymorphism and IL-17 serum levels that are thought to play
a role in the pathophysiology of CSX and to explain the relation-
ship between inflammation and disease on a genetic basis.

METHODS

This study was approved by the ethics committee for clinical re-
search within our faculty (approval no.: 35453) and conducted in
accordance with the Helsinki Declaration issued by the World
Medical Association. The patients and control subjects who
signed the informed consent form were included in the study.

A total of 100 consecutive patients with CSX diagnosed in the
cardiology clinic of our hospital according to the 2013 Euro-
pean Society of Cardiology Guidelines for Stable Coronary Dis-
ease Management (8) and a control group of 101 asymptomatic
healthy individuals with similar age and gender characteristics
with a 10-year probability of <10% cardiac event according to the
Framingham Risk Score were included in the study. The exclusion
criteria included coronary artery disease, previous acute coronary
syndrome, slow coronary flow syndrome, coronary artery ectasia,
vasospastic angina, myocardial bridge findings in coronary angi-
ography, congestive heart failure, valvular heart disease, cardio-
myopathies, congenital heart disease, pericardial and myocardial
diseases, atrial fibrillation block, pulmonary embolism, previous
cerebrovascular event, active infection, neoplasia, autoimmune
diseases, hepatic dysfunction, and renal dysfunction (serum cre-
atinine level >1.5 mg/dL).

Blood Collection and DNA Isolation

Blood samples collected from the patients and control subjects
via the antecubital vein into K3EDTA tubes after 12 h of fast-
ing were stored at =20 °C. Genomic DNA isolation from blood
samples was performed using the Invitrogen PurelLink Genomic
DNA kit (K1820-02; Thermo Fisher, Carlsbad, CA, USA) according
to the manufacturer’s protocol. Then, A260/A280 optical density
(OD) values of isolated DNAs were determined by measuring at
260 and 280 nm wavelengths with Thermo Scientific NanoDrop
2000 (Carlsbad, CA, USA), and these values were between 1.8
and 0.2 and DNA concentrations were 75-180 ng/uL. The ob-
tained genomic DNA samples were stored at =20 °C until used
for genotyping.

PCR and Genotyping

In the present study, the polymerase chain reaction (PCR) meth-
od was used to determine the -152G/A polymorphism on the
promoter region of the IL-17 gene (Applied Biosystems 2720;
Applied Biosystems, Foster City, CA, USA). The first denaturation
stage of the PCR cycle is 5 min at 94 °C, then 35 cycles of denatur-
ation, primer binding, and elongation steps were set as 94 °C for
20's,60°Cford0s, and 72 °C for 30 s, respectively. The following
process ended with the last elongation for 5 min at 72 °C. The
primer sequences used to amplify the 344 bp region of the IL-17
gene containing the target polymorphism in the promoter region
are shown in Table 1. PCR products obtained at the end of the
process were run on 1.5% agarose gels and were observed under
ultraviolet to check whether the desired products were formed.

Then, obtained PCR products were cut with Xmnl restriction
enzyme using the Restriction Fragment Length Polymorphism
(RFLP) method for genotyping. The cut products were run on 2%
agarose gel and analyzed.

ELISA

Peripheral blood samples were centrifuged at 5000 rom for 5 min
to obtain blood serum. IL-17 serum levels in the samples were
determined using the eBioscience Platinum ELISA kit (Thermo
Fisher).

Statistical Analysis
Data were analyzed using the Statistical Package for Social Sci-
ences version 20.0 (IBM Corp., Armonk, NY, USA) statistical soft-



ware program for statistical analysis. The summary data were
presented as average+SD and percentage. T-test was used to
compare the quantitative values of independent groups, and chi-
square test was used to compare the categorical characteristics.
A two-way ANOVA test was used for quantitative data and sub-
group comparisons of the two characteristics. A p value <0.05
was accepted as statistically significant.

RESULTS

Detection of the IL-17 gene -152G/A Polymorphism

In the present study, the IL-17 gene promoter region was ampli-
fied from the genomic DNAs of patients with CSX and control
subjects via PCR using the appropriate primers. The products
obtained as a result of PCR were visualized by agarose gel elec-
trophoresis method, and it was confirmed that the desired result
was obtained (Figure 1).

To determine the -152G/A polymorphism in the promoter region,
344 bp length DNA fragments amplified were cut using Xmnl re-
striction enzyme. As a result of the restriction, the samples show-
ing 213 bp and 131 bp length bands were determined as AA
genotypes, the samples showing a single band of 344 bp length
without restriction were determined as GG genotypes, and the
samples with bands of 344, 213, and 131 bp lengths were de-
termined as AG genotypes. Xmnl restriction products of some
samples belonging to the patients and control individuals are
shown in Figure 2.

The distribution rates of genotypes determined were found to be
20.0% for AA, 37.0% for AG, and 43.0% for GG in patients with
CSX; in the control group, AA was found to be 11.9%, AG was
35.6%, and GG was 52.5% (Table 2). No statistically significant dif-
ference was found between the patients and control groups with
respect to the genotype distribution of the IL-17 gene -152G/A
polymorphism (p>0.05) (Table 2). At the same time, there was
no significant difference between patients with CSX and con-
trol groups with respect to allelic distribution of the IL-17 gene
-152G/A polymorphism (p>0.05) (Table 3).

IL-17 Serum Level Results

IL-17 serum levels were determined by the ELISA method.
While the average IL-17 serum level of the CSX patient group
was 16.39+6.21 pg/mL, this value was measured as 9.07+3.35
pg/mL in the control group (Figure 3). When the serum IL-17
levels of the patient and control groups were compared, the
IL-17 levels of the patient group were found to be significantly
higher (p<0.001).

Demographic Data Results

When patients with CSX and control subjects included in the
study were compared, the incidence of CSX in females was signif-
icantly higher than that in the control group (p<0.05). In addition,
smoking was found to be significantly higher, and the presence
of hypertension and diabetes was higher in patients with CSX
than in control subjects. When the use of angiotensin receptor
blocker/angiotensin receptor inhibitor, cardiovascular disease,
or myocardial infarction or sudden death of first-degree relatives
in males before aged 55 years and in females before aged 65
years were compared between the two groups, it was statistically
higher in the patient group (p<0.05).
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Exercise stress test positivity was found to be 62% in the patient
group, whereas it was 0% in the control group. Hemoglobin lev-
els were found to be significantly lower in patients with CSX than
in the control group. In addition, in the comparison of demo-
graphic data of both groups, body mass index, calcium channel
blocker and statin usage, platelet, mean platelet volume, aspar-

Table 1. The primers used in the PCR procedure for the
amplification of the target region

Primers

5'CAG AAGACCTACATGTTACT 3'
5'GTAGCG CTATCGTCTCTCT 3'

Gene

IL-17

PCR product
344 bp

Table 2. The genotype distribution of the IL-17 gene -152G/A
polymorphism in patients with CSX and control subjects

IL-17 Control, Patient, Total,
promoter n (%) n (%) n (%)
AA 12 (11.9) 20 (20.0) 32(15.9)
AG 36 (35.6) 37 (37.0) 73 (36.3)
GG 53 (52.5) 43 (43.0) 96 (47.8)
Total 101 (100.0) 100 (100.0) 201 (100.0)

p=0.218, x?=3.050, and no significant difference was found.

(¥ =)

z——’—————“————--

Figure 1. [L-17 gene promoter region PCR products shown on agarose
gel electrophoresis. The first well is a molecular weight marker; other
12 wells are PCR products of 344 bp

PCR: polymerase chain reaction

Figure 2. The restricted products of the IL-17 gene cut by the restriction
enzyme Xmnl. The first well is the molecular weight indicator; in the 274
and 3 wells, AA genotypes with 131 and 213 bp bands, in the 4" and
5" wells, AG genotypes with 344, 213, and 131 bp bands, and in the 6*
well, GG genotype with a single band of 344 bp are seen
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tate aminotransferase, alanine aminotransferase, triglyceride,
gamma-glutamyl transferase, and total cholesterol low-density
lipoprotein and high-density lipoprotein did not have a statisti-
cally significant difference (Table 4).

DISCUSSION

Cardiac syndrome X, in addition to having angina pectoris and
ST segment depression indicating myocardial ischemia during
exercise stress test, is characterized by normal coronary angiog-
raphy. CSX is thought to be equivalent to microvascular angina
due to microcirculatory disorders seen in some patients. Deterio-
ration of vasodilatation at the microvascular level, therefore, en-
dothelial dysfunction, is considered to play an important role in
myocardial ischemia and the pathogenesis of angina in patients
with CSX (9, 10). Endothelial dysfunction, which is an indicator
of endothelial activation, also creates a proinflammatory, prolif-
erative, and procoagulant environment (11). The elevation of the
C-reactive protein (CRP) levels, an indicator of inflammation, is a
common marker for coronary artery disease and CSX associated
with endothelial dysfunction (12).

Helper T cell responses are of great importance in cardiovascu-
lar diseases (3). Any stimulus initiates inflammation by triggering

IL-17 ELISA
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a number of chemical mediators that are found in the plasma
and that are released from the cells (13). During the inflamma-
tory response, some endogenous mediators, such as nitric oxide,
platelet-activating factor, and cytokines, are synthesized from
membrane phospholipids, when necessary (14).

IL-17, which has a significant proinflammatory property, may be
involved in the pathogenesis of CSX (6,15). It is mainly a cytokine
secreted from T cells; however, it is also known to be secreted
from macrophages, dendritic cells, and natural killer cells. Pro-
duction of proinflammatory cytokines, chemokines, cell adhesion
molecules, and growth factors can be triggered by IL-17 (6). IL-17



also functions in regulating monocyte accumulation and activa-
tion in aortic tissues. IL-17A and interferon-y, with mutual influ-
ence, stimulate some inflammatory factors, such as IL-1, IL-6, IL-8,
TNF-a, and CXCL10, thereby triggering a possible inflammatory
process. These results support the role of IL-17 in the proinflam-
matory process (7).

Cardiac syndrome X is more common in women than in men. It
has been observed especially in women experiencing menopaus-
al and ovarian failure symptoms. It is more common in postmeno-
pausal women with estrogen deficiency. Estrogen deficiency may
be a trigger for CSX in women with endothelial dysfunction and/
or abnormal pain perception. It has been suggested that estro-
gen replacement therapy may have positive results in preventing
chest pain in these female patients (16). The demographic find-
ings of our study support the fact that CSX is more common in
women.

In our study, we investigated the relationship between CSX dis-
ease and the -152G/A polymorphism in the promoter region of
IL-17 gene by using the PCR-RFLP method in a Turkish popu-
lation. As a result of genotyping using genomic DNA samples
belonging to patients with CSX and healthy control subjects with
similar demographic characteristics, no statistically significant dif-
ference was observed between the two groups with respect to
genotype distribution (p=0.218). When the IL-17 gene -152G/A
polymorphism was analyzed with respect to allele distribution,
it was found that the result was close to significant, although not
significant (p=0.063). Thus, in future studies, it can be predicted
that a significant result with respect to the relationship between
CSX disease and -152G/A polymorphism allelic distribution can
be obtained via increasing the number of patients and control
individuals.

At the other stage of the study, IL-17 serum levels of the patients
and controls were determined by the ELISA method. The statisti-
cal analysis of the results of the two groups revealed that the IL-17
levels of the patients were significantly higher than those of the
control subjects. There is no study in the literature examining the
serum levels of IL-17 in patients with CSX. In studies performed
on individuals with inflammatory disease, IL-17 serum levels have
been shown to be higher in the patient group, and these results
support our study (17). Jafarzadeh et al. reported that IL-17 serum
levels are significantly higher in patients with acute myocardial
infarction and unstable angina than in healthy controls (18). In a
study, it was shown that IL-17 levels increased in patients with hy-
pertension, and when atherosclerosis and coronary artery disease
factors were excluded, IL-17 was again reported to be a risk fac-
tor in patients with hypertension. Again in the same study, it was
shown that vascular functions were preserved, and superoxide
production and aortic T cell infiltration decreased in IL-17 gene-
extracted mice (19). According to studies conducted in China,
an increase in IL-17 and Th17 levels have been reported in pa-
tients with coronary artery disease (20,21). In addition, IL-17 has
been shown to be effective in inflammation and the increase of
CRP, which may be an indicator of cardiovascular disease; this has
been shown in hepatocyte and coronary artery smooth muscle
cell cultures (22). IL-17 has different properties, such as trigger-
ing the expression of proinflammatory cytokines, such as IL-6 and
TNF-a, which are involved in tissue infiltration and destruction,
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and chemokines, such as macrophage chemoattractant protein-1
and matrix metalloproteinases. In this way, it has been reported
that IL-17 acts as a proinflammatory cytokine in various in vitro
and in vivo studies (23).

In addition, HMG-CoA reductase inhibitors known to have anti-
inflammatory effect are known to inhibit IL-17 gene expression
and secretion by T cells (24). In this context, it is evident that the
use of statins in routine treatment options can prevent or de-
crease the findings related to inflammation in patients with CSX,
whose serum levels are high and whose pathogenesis is accused
of inflammation.

Study Limitations

Our study has limitations. Since the project budget is within cer-
tain limits, different polymorphisms on the IL-17 gene cannot be
examined. In addition, again due to the limited budget, not be-
ing able to increase the number of patients and the number of
controls can be considered as a restriction. In addition to IL-17,
another limitation is the inability to study other cytokines thought
to be involved in the pathogenesis of CSX, other markers such
as high-sensitivity CRP and other additional markers that have
been shown to play a role in the development of microvascular
dysfunction, vascular inflammation, and endothelial dysfunction.
Moreover, another limitation is the diagnosis of CSX by coronary
angiography. Because coronary angiography is a lumenography,
it is insufficient to identify outwardly eccentric plates that do not
narrow the coronary lumen. Therefore, the fact that intracoronary
imaging methods, such as intravascular ultrasonography and op-
tical coherence tomography, cannot be used in our study may be
interpreted as another limitation.

CONCLUSION

In our study, although there was no statistical relationship be-
tween IL-17 -152G/A polymorphism and CSX disease, the serum
levels of IL-17 were significantly higher in patients with CSX than
in healthy controls. Therefore, we believe that various polymor-
phisms seen on the gene encoding the cytokine IL-17, which is
known to play a role in endothelial dysfunction and inflamma-
tory diseases responsible for the pathogenesis of CSX, may be a
marker for CSX disease. To better elucidate the relationship be-
tween these polymorphisms on the IL-17 gene and CSX disease,
more extensive studies can be conducted by including different
polymorphisms that may cause conformational changes in cyto-
kines or by increasing the number of samples.
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