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Research Paper 
Interleukin 4 Is an Important Factor to Overcome 
Cardiovascular Suspected Patients Independent of 
CC Chemokine Receptor 5

Background and Aim: Interleukin 4 (IL-4) is the main Th2 cytokine, which confers several 
pleiotropism functions, including induction of fibrosis, and can be induced by CCR5-dependent 
signaling pathways. Thus, serum levels of IL-4 before and after angiography were explored in 
this project to clear the roles played by angiography indices, and its related X-ray on the cytokine 
and CC chemokine receptor 5 (CCR5) delta 32 mutation was explored to find its relation with 
IL-4 serum levels.

Materials and Methods: In this project, IL-4 serum levels and CCR5 delta 32 mutation 
were evaluated in the healthy controls, the Acute Coronary Syndrome (ACS) patients without 
vessel obstruction, those with obstruction of one vessel, and those with more than one vessel 
obstructions using ELISA and Gap-PCR techniques, respectively. The IL-4 serum levels were 
explored in the three groups before and after angiography.

Results: The results showed that IL-4 serum levels significantly decreased in the patients 
without, with one, and with more than one vessel obstructions in comparison to healthy controls. 
Angiography had no effects on the IL-4 serum levels in all groups when it was compared before 
and after angiography. IL-4 serum levels had a moderate positive correlation with angiography 
duration in patients who suffered from severe vessel obstruction. The CCR5 delta 32 mutation 
was not seen in the participants.

Conclusion: IL-4 can be considered an inhibitory factor for the generation of ACS. Due to the 
lack of CCR5 delta 32 mutation, it appears that the disease and serum levels of IL-4 were not 
affected by this mutation.
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1. Introduction

nterleukin 4 (IL-4) is a well-known Th2 lym-
phocyte secreted cytokine, which plays several 
pleiotropism roles in the immune responses 
from isotype switching into IgE to suppress 
Th1 responses [1]. It has been considered an 

anti-inflammatory cytokine because it can modulate cel-
lular immunity as well [2]. IL-4 also is the main mol-
ecule, which participates in the induction/suppression 
of tissue fibrosis and also atherosclerosis plaque, either 
directly by interaction with endothelial cells or indirectly 
by affecting macrophages [3-5]. Additionally, several 
investigations have demonstrated that IL-4 serum levels 
were altered among patients who suffered from athero-
sclerosis and cardiovascular diseases [6, 7]. Therefore, 
the environmental factors, which alter the expression of 
IL-4, may be considered as research targets regarding 
their roles in the pathogenesis of atherosclerosis. 

Human CC chemokine receptor 5 (CCR5) is the most 
important receptor for cysteine CCL3 (MIP-1α), CCL4 
(MIP-1β), and CCL5 (RANTES), and has been catego-
rized in the G-coupled receptors [8]. Due to the expres-
sion of the chemokine receptor on the immune cells, 
such as macrophages and T lymphocytes, the receptor 
plays a significant role in the induction of inflammation 
by recruitment of the immune cells to the inflamed tis-
sues [9, 10]. Thus, it has been hypothesized that CCR5 
may be considered a part of the inflammation puzzle 
in pro-inflammatory-based diseases. The interaction 
between CCR5 and IL-4 has been reported previously 
[11]. Additionally, a well-known 32 base pairs deletion 
(CCR5D32) within the unique exon of the CCR5 gene 
has been defined, which is prevalent among some popu-
lations as polymorphism and is associated with impaired 
functions of CCR5 [12]. Thus, it has been hypothesized 
that the CCR5 delta 32 mutation may be associated with 
some human pro-inflammatory based diseases. 

It has been reported that angiography is a technique 
for atherosclerosis diagnosis and handling which uses 
x-ray [13]. X-ray is an environmental factor, which al-
ters the expression of several molecules, including in-
nate immunity receptors and cytokines [14, 15]. Thus, 
angiography may be considered an environmental factor 
to alter the expression of IL-4, as the well-known Th2 
cytokine affects atherosclerosis. Therefore, in this proj-
ect, IL-4 serum levels were evaluated in the four groups, 
including healthy controls (Group 1), the patients who 
were suspected to have atherosclerosis but did not suffer 
from vessels obstruction (Group 2), those suffering from 
obstruction of one vessel (Group 3), and those suffering 

from obstruction of more than one vessel (Group 4). Ad-
ditionally, another aim of this study was to evaluate the 
CCR5 delta 32 mutation prevalence in the participants 
and its relation with IL-4 in the groups. This study aimed 
to evaluate the correlation between angiography indices 
and serum levels of IL-4 in the participants under angi-
ography operation.

2. Material and Methods

Subjects

In this study, 80 participants were evaluated regarding 
the IL-4 serum levels and CCR5 delta 32 mutation and 
were divided into four groups, including healthy controls 
(Group 1, 20 cases), the patients with angiography crite-
ria without vessel obstruction (Group 2, 20 cases), the 
patients with angiography criteria with one vessel ob-
struction (Group 3, 20 cases), and the patients with an-
giography criteria with more than one vessel obstruction 
(Group 4, 20 cases). The IL-4 serum levels were evalu-
ated in the healthy controls once because they do not 
have angiography criteria and were not under angiogra-
phy, while IL-4 serum levels were evaluated in groups 2, 
3, and 4 before and 3 h after angiography by separating 
the serums from 5 mL whole blood samples. The par-
ticipants in the groups were matched regarding age, sex, 
opium use, diabetes, smoking, drugs, and alcohol con-
sumption. However, the participants with autoimmune, 
allergic, kidney, and infectious diseases were excluded 
from the project.

The angiography criteria were considered as the exis-
tence of acute coronary syndrome (ACS) containing 
unstable angina, typical chest pain, ST-elevation myo-
cardial infarction (STEMI), positive exercise stress test 
(EST), and non-ST elevation myocardial infarction 
(NSTEMI) by the expert cardiologists due to the dam-
aged to normal vessels comparison. Six French sheath 
and Judkins catheters (left and right catheters) were used 
to perform the selective coronary angiography following 
local anesthesia from the right femoral artery percutane-
ously. In the multiple projections manner, contrast media 
(Visipaque) was injected directly into both left and right 
coronary arteries. 

Cytokine assay

IL-4 serum levels were explored using a commercial 
kit from Karmania Pars Gene Company, Kerman, Iran, 
and according to the manufacturer’s guidelines. Briefly, 
60 mL serum and the standard were added to the cor-
responding anti-IL-4 coated vials and incubated at 4 
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ºC overnight. Then, the vials were washed, and 60 mL 
Biotin-conjugated anti-IL-4 was added and incubated 
for 1 h at room temperature on the shaker and the vials 
were washed. After that, 60 mL HRP-Avidin was added 
and incubated for 1 h at room temperature on the shaker. 
After washing, 60 mL substrate was added and after 15 
min, incubation was stopped using stopping solution and 
evaluated using ELISA reader, EMP Company, China, 
at 450 nm.

DNA extraction 

DNA was purified from whole blood using a kit (Cat # 
KPG-DNK-Plus) from Karmania Pars Gene Company, 
Kerman, Iran, according to the manufacturer’s guide-
lines. Briefly, 250 mL of lysis solution and 150 mL of 
blood were added to the sterile DNase-free tubes and af-
ter shaking, the tubes were incubated for 5 min at room 
temperature, and then 50 mL of solution A was added. 
Then, the tubes were centrifuged at 12000 RPM for 5 
min and the watery supernatants were moved to new 
sterile DNase-free tubes. In this step, 250 mL of pre-
cipitation solution was added and after 5 min of incuba-
tion at -20 ºC, centrifugation was done at 12000 RPM 
for 5 min. The supernatant was removed and 250 mL of 
washing solution was added and centrifuged again. The 
supernatant was removed and after incubation at room 
temperature for 3 min up to drying, 30 mL of sterile DN-
ase free water was added. 

Assessment of CCR5D32 mutation 

The CCR5 delta 32 mutation was evaluated using a com-
mercial kit (Cat # KPG-CCR5D) from Karmania Pars Gene 
Company, Kerman, Iran, according to the manufacturer’s 
guidelines. Briefly, to perform the Gap-PCR technique, 10 
mL of master mix, 5 mL of activator, and 5 mL of sample 
DNA/negative and positive controls were added to the ster-
ile DNase free tubes and the following program was execut-
ed: 95 ºC for 5 min and then, 40 cycles of 95 ºC for 30 s, 58 
ºC for 20 s, and 72 ºC for 20 s. The protocol was extended 
by 5 min of incubation at 72 ºC. Primer sequences were 
5`-CAAAAAGAAGGTCTTCATTACACC-3` for forward 
and 5`-CCTGTGCCTCTTCTTCTCATTTCG-3` for re-
verse. A 3% Agarose gel was used for electrophoresis of 
PCR products and accordingly, the PCR product size of 188 
and 156 bp indicated wild and mutated types, respectively. 

Statistical analysis

The one-sample Kolmogorov-Smirnov test using SPSS 
version 16 showed that the distributions of the raw data 

were not normal; hence, the non-parametric tests were 
applied to analyze the IL-4 serum levels data before and 
after angiography and also the groups before angiogra-
phy were analyzed by two-sample paired and Kruskal-
Wallis tests, respectively. IL-4 serum levels in the smok-
ing/non-smoking, opium-addicted/non-addicted, and 
male/female patients were calculated using the Mann-
Whitney U test. The correlations among the variables, 
including X-ray doses, duration of angiography, age, and 
IL-4 serum levels were evaluated by the Spearman cor-
relation coefficient. A P<0.05 was considered significant.

3. Results

The results showed that although IL-4 serum lev-
els were not changed before and after angiography 
in the group 2 (P=1.0), group 3 (P=0.272), and group 
4 (P=0.334), it was significantly higher in the control 
group compared to other groups, either before or after 
angiography (P=0.002). Figure 1 illustrates the IL-4 se-
rum levels in the groups. 

The results also demonstrated that IL-4 serum levels 
were not altered between smoking and non-smoking 
participants in the groups 1 (P=0.947), 2 (P=0.450), 3 
(P=0.219), and 4 (P=0.738). Figure 2 shows the results 
regarding IL-4 serum levels in the smoking and non-
smoking participants.

As it is illustrated in Figure 3, IL-4 serum levels did 
not significantly differ between opium consuming par-
ticipants in all groups, including group 1 (P=0.742), 2 
(P=0.450), 3 (P=0.866), and 4 (P=0.452).

Table 1 shows the correlation between IL-4 serum lev-
els and other variables, including age, angiography dura-
tion, X-ray doses, and the percentage of vessel obstruc-
tion. There was a moderate positive correlation between 
IL-4 serum levels and angiography duration in group 4 
(r: 0.492, P=0.032). The results demonstrated that there 
was no CCR5 delta 32 mutation among the participants. 
In other words, the participants in groups 1, 2, 3, and 4 
had a wild type of CCR5 gene. 

4. Discussion

The results showed that IL-4 serum levels significantly 
decreased in the patients who had angiography criteria 
compared to healthy controls, the individuals without 
angiography criteria, independent of vessel obstruc-
tion or not. IL-4 may be considered a factor to suppress 
ACS symptoms, including unstable angina, typical chest 
pain, STEMI, positive EST, and NSTEMI. It has been 
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Figure 2. Interleukin 4 (IL-4) serum levels between the smoking and non-smoking participants before angiography

IL-4 serum levels were not significantly different in all groups when the smoking participants compared to non-smoking participants.

Figure 1. Comparison of Interleukin 4 (IL-4) serum levels among the groups and before and after angiography

The results showed that IL-4 serum levels were significantly decreased in patients with and without vessel obstruction compared to 
healthy controls. Angiography had no effects on the IL-4 serum levels in all the groups. * P=0.002.

Se
ru

m
 le

ve
ls 

of
 IL

-4
 (p

g/
m

L)

Contro
l

With
out O

bstr
ucti

on Befo
re

With
out O

bstr
ucti

on Afte
r

With
 1 

Obstr
ucti

on Befo
re

With
 1 

Obstr
ucti

on Afte
r

More 
than

 1 
Obstr

ucti
on Befo

re

More 
than

 1 
Obstr

ucti
on Afte

r
-2

0

2

4

6

8

10 *

Yousefi et al. IL-4/CCR5 Delta32 Mutation and Atherosclerosis. JVC. 2021; 2(2):69-76

http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1


73

Spring 2021. Volume 2. Number 2

reported that the patients with ACS suffer from increased 
pro-inflammatory cytokines and subsequently, the pro-
inflammatory micro-environment of the heart and ves-
sels [16]. Due to the fact that IL-4 acts as an anti-inflam-
matory cytokine and decreases several pro-inflammatory 

functions of the immune system, such as the production 
of pro-inflammatory cytokines, it can be hypothesized 
that down-regulation of IL-4 is the main reason for the 
induction of ACS symptoms. In other words, it may be 
hypothesized that IL-4 down-regulation in the patients 

Table 1. Correlation between Interleukin 4 (IL-4) serum levels, angiography duration, X-ray doses, the percentage of obstruc-
tion, and age in the groups

Statistical Test Characteristins Data
IL-4

Group 1 Group 2 Group 3 Group 4

Sp
ea

rm
an

’s 
rh

o

Age
Correlation Coefficient -0.058 0.193 0.173 0.051

P 0.815 0.415 0.453 0.844

Angiography Duration
Correlation Coefficient - -0.359 0.053 *0.492

P - 0.121 0.826 0.032

X-ray dose
Correlation Coefficient - 0.003 0.331 0.350

P-value - 0.990 0.143 0.141

Obstruct Percent
Correlation Coefficient - - 0.367 -0.201

P - - 0.179 0.455

* There was a moderate positive correlation between IL-4 serum levels and angiography duration in group 4. 

Figure 3. Interleukin 4 (IL-4) serum levels in the opium and non-opium addicted participants before angiography

IL-4 serum levels were not significantly different in the opium-addicted compared to non-opium-addicted participants in the groups separately.
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with unstable angina, typical chest pain, STEMI, posi-
tive EST, and NSTEMI may be a reason for the up-regu-
lation of pro-inflammatory Th1 cytokines. However, the 
hypothesis needs to be assessed via evaluation of other 
pro-inflammatory cytokines in the patients. In parallel 
with our results, Hilderman et al. revealed that serum 
levels of tumor necrosis factor-alpha (TNF-α), IL-1β, 
and IL-10 were not changed before and after angiogra-
phy in patients that underwent elective coronary angi-
ography [17]. Collectively, no alteration in IL-4 serum 
levels before and after angiography, which was revealed 
in this project, is the main advantage of the study results 
and demonstrates the safety of angiography.

Although there was no association between angiogra-
phy and IL-4 serum levels among groups 1, 2, and 3, our 
results demonstrated that IL-4 serum levels had a moder-
ate positive correlation with angiography duration in the 
ASC patients who had more than one vessel obstruction. 
It appears that it is a normal immune response to the en-
vironmental factors in the condition of severe ASC to 
overcome the pro-inflammatory conditions. Szkodzinski 
et al. revealed that angiography leads to up-regulation of 
IL-4 serum levels in ACS patients with severe left ven-
tricular dysfunction [18]. 

Additionally, our results demonstrated that neither 
smoking nor opium use affected IL-4 serum levels in all 
groups. This is in contrast with previous investigations, 
which demonstrated that smoking and opium alter IL-4 
serum levels both in vivo and in vitro conditions [19-23]. 
However, no effects of the smoking and opium use on the 
IL-4 serum levels may be related to the various ethnici-
ties regarding our population. Because the sample size of 
our investigation was low, 20 cases in each group; hence, 
it appears that the effects of angiography need to be ex-
plored by other investigations with larger sample sizes. 

Moreover, the results showed no prevalence of CCR5 
delta 32 mutation among the participants. Thus, it can be 
concluded that not only do cardiovascular diseases have 
no correlation with the mutation in the Iranian popula-
tion, but also they cannot affect IL-4 serum levels in pa-
tients. In other words, the patients had a complete form 
of CCR5 on their immune cells, because of no existence 
of CCR5 delta 32 mutation.

5. Conclusion

According to the results, serum levels of IL-4 did not 
change before and after angiography. Thus, the safety of 
angiography is confirmed. However, the positive corre-
lation of angiography duration with IL-4 serum levels 

proposes caution when using prolonged angiography. 
No prevalence of CCR5 delta 32 mutation confirmed 
that vessel obstruction had no relation to the mutation in 
the Iranian population. 
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