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Comparison of serum levels of IL-6, IL-8, TGF-p and TNF-a in coronary artery diseases,
stable angina and participants with normal coronary artery
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reduce the risk of CAD through downregulation of pro-inflammatory cytokines.
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Abstract: Cytokines, which typically regulate the immune responses, play a role in cardiovascular diseases such as coronary artery diseases (CAD) and ische-
mic heart diseases (IHD). The aims of this study were to evaluate serum levels of IL-6, IL-8, TGF-p and TNF-a in patients with or without CAD, as well as stable
angina, and to assess the effects of drug administration on the serum levels of these cytokines. Serum levels of the cytokines were analyzed in the three groups:
patients with acute coronary syndrome, stable angina and participants with normal coronary arteries as controls. Cohort study of the patients showed that Nitrocon-
tin was the only drug used in a significantly different pattern between the groups where it was used less frequently in patients with stable angina compared to the
acute coronary syndrome or control groups. Serum levels of the evaluated cytokines were not different neither between the studied groups nor between the groups
with variable Gensini scores. However, IL-8 in controls that were not engaged in regular exercise was higher than the controls performing regular exercise. In the
stable angina group, TNF-a in non-smokers was higher than the smokers. It was revealed that serum levels of pro-inflammatory cytokines are not associated with
atherosclerosis and stable angina in patients from the South-East of Iran. However, suppressed expression of TGF-f, may increase the risk of CAD. Exercise can

/

Introduction

Coronary artery diseases (CADs), especially athero-
sclerosis, are the most common causes of myocardial
ischemia (1). Ischemic heart disease (IHD) may be cli-
nically manifested as either stable angina or acute coro-
nary syndrome (ACS). ACS can be divided into ST-seg-
ment elevation myocardial infarction (STEMI), non-ST-
segment elevation myocardial infarction (NSTEMI) or
unstable angina. There are two main types of angina:
stable and unstable. Stable angina is the most common
form of angina, with symptoms brought on by physical
activity or stress. Unstable angina is defined as crescen-
do angina, angina at rest, and angina lasting more than
15 minutes (2).

The process of atherosclerosis has been associa-
ted with inflammation and cytokine imbalances (1).
Although numerous factors can induce the disorder
but complex changes driven by the immune system are
considered as the major risk factors. It has been revealed
that macrophages play a significant role in the induction

of atherosclerosis (3) by the secretion of free radicals
and cytokines (4,5). However, ethnic variation and ge-
netic factors can also play important roles in the induc-
tion of atherosclerosis.

Cytokines, which are mostly produced by immune
cells, have several important biological functions inclu-
ding inflammation, tissue damage as well as its rege-
neration (6). 1L-6, IL-8 and tumor necrosis factor-al-
pha (TNF-a) are the main pro-inflammatory cytokines
which are produced by several cells including macro-
phages and dendritic cells (7). These cytokines induce
immune cell activation and recruitment and are also the
main inducers of atherosclerosis (8). TNF-a, which is
the main inducer of infectious shock and can induce
hypotension, is the main cause of coma and death in the
infected patients (9). Conversely, tumor growth factor-
beta (TGF-B) is an anti-inflammatory cytokine which
participates in tissue remodeling and angiogenesis (10).
During atherosclerosis, vascular tissues are damaged
by agents such as immune cells, therefore, it may be
hypothesized that the pro-inflammatory cytokines like




Zahra Sepehri et al.

Cytokines and coronary artery diseases.

IL-6, IL-8 and TNF-a, and anti-inflammatory cytokines
like TGF-B may play key roles in the pathogenesis of
the disease. Similar to the role of TNF-a in the infec-
tious shock, cytokines may be involved in the induction
of atherosclerosis and stable angina. Although inflam-
mation plays a key role in the pathogenesis of atheros-
clerosis, but the results of clinical trials are still contro-
versial, hence, the main aim of this study was to eva-
luate the serum levels of IL-6, IL-8, TGF-p and TNF-a
in the patients with or without CAD as well as stable
angina. Another aim of this study was to evaluate the
correlation between serum cytokines and drugs used
by the patients. Additionally, based on the fact that
smoking, exercise and opium addiction are the critical
factors which can alter susceptibilities to CAD, hence,
another aim of this project was to evaluate the variables
on the serum levels of IL-6, IL-8, TGF-p and TNF-a in
the participants.

Materials and Methods

This is a cross-sectional study. All the subjects were
candidates for coronary angiography. Participants were
selected in the post-angiography ward of Shafa Hospi-
tal of Kerman, Iran. Data were collected using a ques-
tionnaire included demographic information such as,
gender, age, education, family history of CAD, smo-
king and the use of specific drugs (11). All records were
maintained as confidential data. Inclusion criteria of
this study were: 1) Symptoms of ischemic heart disease
and 2) Requirement for coronary angiography. Based
on the previous studies, the exclusion criteria were: 1)
Impossible to investigate the patient exactly, 2) History
of congenital heart disease, heart surgery, nephropathic
diseases, immune-mediated diseases, acute or chronic
infectious diseases, diabetes, respiratory diseases, and
physiological conditions related to the immune system
functions such as pregnancy (12). All procedures of this
study was approved by the Ethics Committee of the Za-
bol University of Medical Sciences, Zabol, Iran.

Coronary angiography was performed using Judkins
method. All angiographic data were collected and repor-
ted by an experienced cardiologist. In total, 184 patients
were divided into three groups with regards to their his-
tory, angiographic data, electrocardiogram (ECG) and
cardiac enzyme assay including: 1) Acute coronary syn-
drome with one or more arterial stenosis (67 patients),
2) Stable angina (48 patients) and 3) Patients with nor-
mal coronary arteries as the control group (69 patients).
In brief, standard angiography was performed for all of
the patients and the severity of CAD was evaluated by
comparing the diameter of the coronary artery stenosis
and was considered significant with the lumen was >
50 percent of any of the major epicardial coronary arte-
ries. Gensini Scores were ranked as weak (scores 1-10),
moderate (scores 10-50) and severe (more than 50). In
patients who were opium users or smokers, data regar-
ding age, exercise regimen and sex were obtained using
a questionnaire. Regular exercise was defined for those
who perform moderate physical activity for at least 150
minutes per week or vigorous activity for 75 minutes
per week (13). Participants without stable angina and
artery stenosis were matched regarding sex, age, opium
consumption and smoking and they were considered as

controls.

Preparation of blood samples

After at least a night's rest, fasting venous blood
sample (5 mL) was collected from the participants.
Samples were centrifuged at 2500 rpm for 7 min and
the serum samples were collected in separate vials and
kept at -20°C.

Cytokine assay

Serum levels of the cytokines (IL-6, IL-8, TGF-f
and TNF-a) were evaluated using commercial Kkits
(eBiosciences, USA) according to the manufacturer's
guidelines.

Statistical analysis

Data were analyzed using SPSS version 18. One-
Way ANOVA, t-test and Chi-square were used for ana-
lysis of the serum levels of cytokines among the groups
regarding sex, opium consumption, smoking and exer-
cise regimen.

Results

It was revealed that serum levels of IL-6 (P=0.502),
IL-8 (P=0.996), TGF-B (P=0.095) and TNF-a. (P=0.566)
were not statistically different among the three groups
(Figure 1, Panel A).

The results also demonstrated that serum levels of
IL-6 (P=0.538), IL-8 (P=0.361), TGF-B (P=0.516) and
(P=0.580) were not also altered among the groups with
different Gensini scores (Figure 1, Panel B).
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Figure 1. Serum levels of TGF-f, TNF-q, IL-8, and IL-6. Panel
A evaluates patients with stable angina, acute coronary syndrome
(ACS) and controls (A). The serum levels of TGF-§3, TNF-a, IL-8
and IL-6 were not different between the groups. Panel B shows
serum levels of TGF-B, TNF-a, IL-8, and IL-6 in the patients
against their Gensini scores. The figure demonstrates that serum
levels of the evaluated cytokines were not different between the

groups.
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Table 1. Serum levels of IL-6, IL-8, TGF-f and TNF-a in smoking versus non-smoking (A), opium-addicted versus non-addicted (B) and male

versus female (C) participants.

A

Group Cytokine Smoking Participants Non-smoking Participants P-value
IL-6 15.34+5.77 24.01 £4.61 0.443
IL-8 46.35+14.17 33.50 +5.87 0.399
Control
TGF-B 9.19+3.11 1242 +1.44 0.393
TNF-o 20.41 £3.38 22.60 +1.75 0.620
IL-6 14.24 +£3.33 20.77 £4.19 0.228
Acute coronary IL-8 36.15+£10.87 3520+ 11.80 0.961
syndrome TGF-B 9.70 +£1.63 12.60 +1.76 0.310
TNF-a 20.91 £2.95 19.24 £2.20 0.664
IL-6 16.31 +£3.51 16.78 £3.74 0.958
. IL-8 33.88 £16.64 36.85+10.19 0.900
Stable angina
TGF-B 11.51 +2.83 7.37+0.50 0.191
TNF-o* 11.16 £2.65 23.20+2.13 0.018
B Group Cytokine Opium-addicted Participant Non-opium addicted Participant = P-value
IL-6 19.31 £ 7.04 23.69 + 4.79 0.651
Control IL-8 30.45+9.13 36.92 + 6.49 0.620
TGF-p 11.07 £2.56 12.21 £1.53 0.720
TNF-a 18.72 +3.27 23.41+1.77 0.203
IL-6 13.56 +3.50 22.38 +4.60 0.132
Acute coronary IL-8 44.68 = 13.74 29.52 £ 11.51 0.405
syndrome TGF-B 10.19 £ 1.65 12.85+1.95 0.322
TNF-a 22.19+2.84 18.10£2.23 0.258
IL-6 16.55 +6.67 16.80 +3.42 0.971
. IL-8 30.00 +£9.39 40.41 £13.28 0.571
Stable angina
TGF-B 8.61 +1.45 7.89 +£0.66 0.628
TNF-a 19.37 +£3.20 22.25+2.44 0.476
C Group Cytokine Male Female P-value
IL-6 21.06 +5.86 24.14 £5.57 0.705
IL-8 32.78 £ 8.29 37.95+7.12 0.637
Control
TGF-B 12.40 +1.96 11.54+1.76 0.745
TNF-a 21.91+2.23 22.59+2.22 0.832
IL-6 18.87 £3.16 18.67 + 8.49 0.978
Acute coronary IL-8 34.64 £10.46 38.14 £ 16.39 0.866
syndrome TGF- 1143 +1.54 12.48 £ 1.54 0.735
TNF-a 20.95+1.99 16.20 +3.68 0.246
IL-6 13.41 £3.35 21.23 £5.98 0.231
. IL-8 44.36 + 14.09 24.93 +£7.23 0.228
Stable angina
TGF-p 8.05+1.05 8.41+0.89 0.811
TNF-a 21.10 £ 2.75 21.21 £2.63 0.978

Data are expressed as mean = SE (standard error of mean).

*Tables 1-3 show that serum levels of TNF-a in the stable angina group and non-smoking participants were significantly higher than the smoking

participants.

Evaluation of cytokine serum levels in smokers and
non-smokers in each group demonstrated that TNF-a in
non-smokers was significantly (P=0.018) higher than
the smokers with stable angina (Table 1). The serum
levels of other cytokines in non-smokers compared with
smokers in other groups were not statistically signifi-
cant (Table 1). Furthermore, a statistical analysis revea-
led that the smoking and non-smoking patients with
stable angina received similar patterns of drugs (Aspirin
(P=1.0), Clopidogrel (P=1.0), Atorvastatin (P=0.437),
Metoprolol (P=0.418), Nitrocontin (P=1.0) and Losar-

tan (P=1.0)), therefore, the use of these drugs cannot be
considered as a causative agent.

Serum levels of IL-8 in participants with regular
exercise in control group were significantly lower than
those with non-regular exercise in the control group
(P=0.035). Serum levels of IL-8 between participants
with regular exercise and non-regular exercise in other
groups were not significantly different (Table 2). The
serum levels of IL-6, TGF-f and TNF-a between parti-
cipants with regular exercise and non-regular exercise
in all groups were not significantly different (Table 2).
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Table 2. Serum levels of IL-6, IL-8, TGF-B and TNF-a in participants with regular versus non-regular exercise.

Participant with

Participant with

Group Cytokine Regular Exercise Non- Regular Exercise P-value
IL-6 14.55 +7.56 23.36 +4.29 0.565
IL-8* 10.92 +8.78 37.46 £ 5.74 0.035
Control

TGF-B 6.25 +£0.81 12.35+1.38 0.260
TNF-a 21.86 +5.46 2230+ 1.64 0.940
IL-6 17.62 + 6.63 19.03 +3.49 0.873
Acute coronary 1L-8 4537+ 17.31 33.72+9.95 0.639
syndrome TGF-B 11.00 £2.98 11.81 £ 1.47 0.825
TNF-a 2191 +5.54 19.37+1.84 0.604
IL-6 7.70 £2.92 18.37 £ 3.69 0.230
. IL-8 10.64 £ 8.12 40.95 +10.17 0.222

Stable angina
TGF-B 5.58 £0.41 8.66 + 0.82 0.129
TNF-a 19.00 + 5.84 21.52 £2.06 0.648

Data are expressed as mean + SE (standard error of mean).

Statistical analysis also showed that the participants
with regular exercise in the control group received simi-
lar patterns of drugs when compared with controls with
no regular exercise, therefore, drug regimen cannot be
considered as a causative agent for the differences in
IL-8 levels. The table shows that serum levels of 1L-8
in the control group, were significantly increased in pa-
tients with non-regular exercise compared to those with
regular exercise.

The results also demonstrated that serum levels of
IL-6, 1L-8, TGF-B and TNF-o in the opium- addicted
patients, compared to non-addicted patients in any sub-
group were not significantly different (Table 1, panel B).

The results demonstrated that the three evaluated
groups were similar in the use of prescribed or over-
the-counter drugs with the exception of Nitrocontin,
which had been administrated more in controls and
ASC groups compared with those with stable angina
(Table 3).

Discussion

Cytokines play key roles in cells proliferation and
also the fibrogenic disorders like atherosclerosis (8).
Furthermore, there are significant overlap and inter-
play between the nervous and cardiovascular systems
with the immune system via the cytokines network
(14). Therefore, it may be hypothesized that [HD has a
correlation with cytokine networks. The results of this
study showed that serum levels of IL-6, IL-8, TGF-j3

Table 3. Frequency of prescribed and over-the-counter drug usage
in the three groups.

Drugs ASC Stable Angina P-value
Aspirin 63 (94.0) 47 (97.9) 0.691%*
Clopidogrel 11 (16.4) 2(4.2) 0.065
Atorvastatin -~ 21 (31.3) 21 (43.8) 0.375
Metoprolol 11 (16.4) 13 (27.1) 0.377
Nitrocontin 61 (91.0) 21 (43.8) <0.001
Losartan 9(13.4) 9 (18.8) 0.720

Data are expressed as n (%). *Frequency of data was analyzed using
Fisher's exact test for Aspirin and chi-square test for other drugs
among the three groups. P<0.05 was statistically considered as
significant differences.

and TNF-a were not changed among patients with ACS
and stable angina in comparison to the controls. The-
refore, it seems that the cytokines have no biologically
significant function in determining the pathology of
ACS and stable angina in the patients. Additionally, as
mentioned in Table 3, Nitrocontin was prescribed less
frequently to the stable angina group compared to the
control and ASC groups. Therefore, it seems that Nitro-
contin has no effect on the serum levels of the evaluated
cytokines. Similar to this study, a study by Song et al
(2004) also showed that IL-6 does not play a signifi-
cant role in atherogenesis (15). It should be noted that
in this study, only a total of 184 patients (67 in the acute
coronary syndrome group, 48 in the stable angina group
and 69 in the control group) were evaluated. This is the
limitation of the present study and further studies with
a larger sample size are required to improve the power
of the study and to reveal statistically significant data
between the groups.

Although, this study showed no correlation between
the cytokines and ACS and stable angina, but several
previous studies demonstrated a relationship between
the cytokines and CAD. For instance, Saremi et al.,
(2009) reported that IL-6 was significantly associa-
ted with changes in the coronary artery calcium score
in type 2 diabetic patients (16). Another study revea-
led that serum levels of IL-6 were positively correlated
with carotid intima-media thickness (17). Haddy et al.,
(2003) demonstrated that serum levels of 1L-6, but not
TNF-a, are closely associated with atherosclerosis risk
factors (18). Marino and colleagues (2015) showed that
in patients with carotid plaques, circulating and intra-
plaque polymorphonuclear (PMN)cells produce IL-8
which is essential for plaque development and progres-
sion (19). Investigations demonstrated that statins and
renin-angiotensin blockers regulate the production of
pro-inflammatory cytokines (20,21). For example, Bria-
soulis et al., (2016) reported that the drugs have a ne-
gative effect on the cytokines production (22). Results
from Hassanin and colleagues (2014) supported these
findings and showed the regulatory effects of renin-an-
giotensin blockers on the production of TNF-a (23). The
patients who participated in the present study received
similar patterns of statins and renin-angiotensin bloc-
kers, hence, it seems that the drug can decrease serum
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levels of pro-inflammatory cytokines, which may have
been normally elevated in the CAD through disease pro-
gression.

McCaffrey (2008) reported that the cells of athero-
sclerotic lesions of human arteries produce adequate
levels of TGF-f, as a major orchestrator of the vascular
repair process, but are resistant to some cytokine func-
tions including anti-proliferative and apoptotic effects
(24). However, this study cannot confirm the results
because the serum levels of TGF-B were not altered
between CAD, stable angina and controls. Based on
the fact that TGF-B is a main factor for repairing the
vessels, especially after atherosclerosis (25), therefore,
more investigations are required to determine the main
roles of TGF-B in CAD and stable angina. Therefore, it
is possible that a mechanism which leads to the induc-
tion of ACS in our patients is related to disrupted pro-
duction of TGF-.

In this study, no correlation between IL-6, IL-8,
TGF-B and TNF-a in ACS and stable angina was repor-
ted. However, it should be noted that cytokines act in a
network manner and there can be redundancies within
these systems, hence, other cytokines, which normally
act in a redundant manner, may take the role of indu-
cing inflammation and CAD. For example, Hulthe et al.,
(2003) reported that IL-18 is associated with atheroscle-
rosis independently of IL-6 (26).

The results also revealed that serum levels of the
pro-inflammatory cytokine IL-8, were suppressed in the
controls, but not in the ACS and stable angina groups,
with regular exercise in comparison to those with non-
regular exercise. The patterns of drug regimens were
similar in the patients with regular exercise in compa-
rison to those with non-regular exercise in the control
group, so the drugs have no effect on the cytokine se-
rum levels in these groups. Therefore, it seems that the
variations of IL-8 between the participants were not
associated with the types of drugs given to the patients.
Therefore, it may be concluded that regular exercise in
people with normal coronary artery can inhibit chronic
inflammation via downregulation of pro-inflammatory
cytokines like IL-8. Based on the fact that IL-8 is the
main factor for recruitment of neutrophils, hence, it
may be hypothesized that regular exercise is associated
with decreased chronic inflammation in the non-CAD
individuals in IL-8-dependent manner. Additionally, the
results showed that the serum levels of TNF-a in non-
smokers were higher than the smokers with stable angi-
na. Considering that the groups were given similar pres-
cribed or over-the-counter drugs, it can be concluded
that smoking leads to the development of stable angina
through the other mechanisms rather than the produc-
tion of pro-inflammatory cytokines.

According to the results of the present study, it seems
that the evaluated cytokines have no significant partici-
pation in determining the pathology of ACS and stable
angina in the patients. It could be concluded that regular
exercise can inhibit progression of the disease through
downregulation of pro-inflammatory cytokines.
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