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Introduction: Angiography is an X-ray-based technique for the diagnosis of disorders of the arteries, veins, 
and heart chambers. X-ray is a potential factor for the modulation of immune responses, including cytokines, 
the key molecules that participate in cardiovascular disease pathogenesis. Due to the potential roles of 
interleukin-6 (IL-6) and transforming growth factor-beta (TGF-β) in cardiovascular disease, this study was 
designed to evaluate the IL-6 and TGF-β serum levels before and after angiography in atherosclerosis 
suspected patients.  
Material and Methods: In this experimental study, the IL-6 and TGF-β serum levels were explored, using 
the enzyme linked immunosorbent assay (ELISA) technique, in the healthy controls as well as three groups, 
including atherosclerosis suspected patients without, obstruction of 1 and more than 1 vessel. The IL-6 and 
TGF-β serum levels also were evaluated before angiography and 3 hours after angiography in the last three 
groups. SPSS software was used for data analysis. 
Results: The results showed that TGF-β serum levels were significantly higher in the controls in comparison 
of other groups (p> 0.001). Angiography and smoking increased TGF-β (p= 0.027) and IL-6 (p= 0.035) 
serum levels, respectively, in atherosclerotic patients with obstruction of 1 vessel. Age had a positive, 
moderate correlation with IL-6 in the non-atherosclerotic patients (rs: 0.479, p= 0.039). 
Conclusion: Down-regulation of TGF-β may be associated with induction of inflammation in the patients. 
Angiography, via up-regulation of TGF-β, may reduce inflammation in the patients and smoking may 
increase the progression of atherosclerosis in atherosclerotic patients. Age may increase the risk of 
cardiovascular diseases via up-regulation of IL-6.  
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Introduction 
Cytokines are the important arms of immune 

responses which participate in the either 
physiological and or pathological functions of the 
immune system [1-3]. It has been demonstrated that 
the pro-inflammatory cytokines are the main parts of 
the cytokines which participate in human pro-
inflammatory based diseases, including 
atherosclerosis [4, 5]. Accordingly, the roles played by 
interleukin-6 (IL-6) in the pathogenesis of 
atherosclerosis have been reported by previous 
investigations [6, 7]. For example, the roles played by 
IL-6 in the accelerating of atherosclerosis in animal 
models have been reported previously [7]. IL-6 also 
has been introduced as a risk factor for the 
development of atherosclerosis [8]. 

Additionally, it has been documented that 
transforming growth factor-beta (TGF-β) is a cytokine 
that has dual roles in the immune system, and 
inflammatory and pro-inflammatory functions [9]. 

TGF-β alone can increase the development of T 
regulatory lymphocytes, the anti-inflammatory roles, 
and in association with IL-6 induce the development 
of Th17 lineage, the most important lineage that 
participates in the pathogenesis of human pro-
inflammatory based diseases [10]. TGF-β also is the 
main factor that is involved in the induction of fibrosis 
in the inflamed tissues, and its roles in the 
pathogenesis of atherosclerosis have been reported, 
as well [11]. Thus, the environmental factors which 
are associated with alteration in expression of the IL-6 
and TGF-β serum levels may be considered a risk 
factors for induction and stimulation of 
atherosclerosis.      

Physicians use angiography, which is known also 
as arteriography, to visualize the inside or lumen for 
the diagnosis of atherosclerosis. X-ray angiography is 
a kind of angiography to make the blood vessels 
visible using contrast agents [12]. X-ray is an 
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environmental factor that can be associated with 
altered immune cell functions [13]. For example, X-ray 
can up-regulate the expression of cell surface innate 
immunity receptors entitled "toll-like receptors 
(TLRs)" [14]. Since the innate immune cell receptors' 
interactions with their ligands lead to induction of 
several intracellular pathways which are associated 
with up-regulation of cytokines [15, 16], X-ray may be 
considered as an environmental factor for alteration 
of the expression of the cytokines. Based on the roles 
of the cytokines in the atherosclerosis pathogenesis, 
hence, it may be hypothesized that angiography may 
be a risk factor for altered expression of the cytokines 
which participate in the induction and stimulation of 
atherosclerosis. Thus, the main aim of this study was 
to examine the effects of angiography on the serum 
levels of IL-6 and TGF-β. 

Additionally, this study was also aimed to evaluate 
the effects of the angiography duration and X-ray 
doses on the IL-6 and TGF-β serum levels. Moreover, 
due to the potential correlations between 
atherosclerosis severity and cytokine serum levels, the 
effects of angiography-related factors on the 
expression of IL-6 and TGF-β, the participants were 
divided into three groups, without, with obstruction of 
1 and with obstruction of more than 1 vessels.    

 

Materials and Methods 
Subjects 

In this experimental study, the IL-6 and TGF-β 
serum levels were explored, using the ELISA technique, 
in the healthy controls as well as three groups, including 
atherosclerosis suspected patients without, obstruction 
of 1 and more than 1 vessel. Accordingly, 80 
participants were divided into four groups (20 cases in 
each group), group 1: Non-suspected atherosclerosis 
controls, group 2: Atherosclerosis suspected patients 
without vessel obstruction, group 3: Atherosclerosis 
suspected patients who had one vessel obstruction, and 
group 4: Atherosclerosis suspected patients who had 
more than one vessel obstructions. The groups were 
matched regarding sex, age, alcohol drinking, opium, 
smoking, and diabetes. The participants were enrolled to 
angiography based on the expert cardiologists' 
examinations and showing the angiography criteria 
which was explained in our previous investigation [17]. 
The expert cardiologists have diagnosed atherosclerosis 
in suspected patients and also performed angiography 
based on the comparison of the damaged/normal 
vessels. The participants who had a history of 
autoimmune, kidney, and infectious diseases and also 

allergies were excluded from the project. Before and 3 
hours after angiography 5 mL of the whole blood 
samples were collected in the non-pre-treated tubes to 
collect their serum. Rafsanjan University of Medical 
Sciences Ethical Committee by RUMS.REC.1396.159 
code approved the project protocol. The participants 
also filled out the consent form before blood collection. 

 

Cytokine assay 
IL-6 and TGF-β serum levels were measured using 

commercial kits (Karmania Pars Gene Company, 
Kerman, Iran), and based on the manufacturer 
guidelines.  

 

Statistical analysis 
The distributions of raw data were not normal. 

Accordingly, One-Sample Kolmogorov-Smirnov and 
Wilcoxon signed-rank test under SPSS version 16 were 
used to evaluate the normality distribution of the data 
and the differences in IL-6 and TGF-β serum levels 
before and after angiography, respectively. Kruskal-
Wallis H test was used to compare IL-6 and TGF-β 
serum levels among the groups before angiography. 
Non-smoking versus smoking and non-addicted versus 
opium-addicted IL-6 and TGF-β serum levels were 
compared using Mann-Whitney U tests. The correlations 
of IL-6 and TGF-β serum levels, X-ray doses, age, and 
the duration of angiography were explored using the 

Spearman Correlation test.  The p-value  0.05 was 
considered significant. 
 

Results 
The results demonstrated that IL-6 Serum levels in the 

patients who had no vessel obstruction before angiography 

was 5.2355 (1.6993- 6.6150) and after angiography was 

4.6590 (0.8788- 6.9768). The two-Related-Samples test 

revealed that the difference was not significant (p= 0.823). 

TGF-β serum levels also were not changed after 

angiography (1.7035 (0.0425- 11.5230)) in the patients 

who had no vessel`s obstruction when compared to before 

(2.6455 (0.0225- 13.5040)) angiography (p= 0.478).  

IL-6 serum levels also were not changed after 

angiography in groups 3 (p= 0.848) and 4 (p= 0.9) when 

compared to before angiography. TGF-β serum levels were 

not also different in group 4 (p= 0.350) before and after 

angiography. However, angiography led to up-regulation of 

TGF-β serum levels in group 3 (p= 0.027). Figure 1 

illustrates the effects of angiography on the serum levels of 

TGF-β.  
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Figure 1. IL-6 and TGF-β serum levels comparison among the control, without vessel`s obstruction, with 1 vessel`s obstruction and with more than vessel`s 
obstruction groups, as well as before and after angiography in the group 2, 3 and 4.  ‘*’ means that the differences are significant. 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 
 

Figure 2. IL-6 and TGF-β serum levels in the smoking versus non-smoking participants. ‘*’ means that the differences are significant. 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 
  

 

Figure 3. IL-6 and TGF-β serum levels among opium addicted versus non-addicted participants.  

 

Although, serum levels of IL-6 were not different 

among the groups (p= 0.248), when compared to each 

other before angiography, TGF-β serum levels were higher 

in the controls when compared to other groups (p> 0.001). 

Figure 2 shows that IL-6 (p= 0.035), but not TGF-β, 

serum levels significantly increased in the smoking 

participants in the group 3 when compared to non-smoking 

cases. However, smoking had no effects on the IL-6 and 

TGF-β serum levels in other groups, including group 1 (p= 

1.0 for IL-6 and p= 0.491 for TGF-β), group 2 (p= 0.126 

for IL-6 and p= 0.442 for TGF-β), group 3 (p= 0.262 for 

TGF-β) and group 4 (p= 0.682 for IL-17 and p= 0.892 for 

TGF-β). 

Figure 3 demonstrated IL-6 and TGF-β serum levels 

did not alter in the opium addicted participants versus non-

opium addicted cases in the group 1 (p= 1.0 for IL-6 and 

p= 0.491 for TGF-β), group 2 (p= 0.379 for IL-6 and p= 

0.674 for TGF-β), group 3 (p= 0.905 for IL-6 and p= 0.719 

for TGF-β) and group 4 (p= 0.659 for IL-6 and p= 0.968 

for TGF-β).  
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Table 1. Correlations among IL-6 and TGF-β serum levels, age, angiography duration, X-ray dose, and obstruct percent in all groups. 
 

   
IL-6 

Group 1 
TGF-β 

Group 1 
IL-6 

Group 2 
TGF-β 

Group 2 
IL-6 

Group 3 
TGF-β 

Group 3 
IL-6 

Group 4 
TGF-β 

Group 4 

Spearman's rho 

Age 

Correlation 

Coefficient 
0.054 0.111 0.479* 0.266 0.063 0.268 -0.111 0.150 

P value 0.826 0.652 0.039 0.257 0.787 0.240 0.671 0.565 

Angiography 

Duration 
 

Correlation 
Coefficient 

- - 0.033 0.091 0.148 0.176 0.269 -0.289 

P value - - 0.889 0.702 0.535 0.457 0.265 0.230 

X-ray dose 

Correlation 
Coefficient 

- - 0.020 -0.117 0.350 0.176 0.275 -0.379 

P value - - 0.935 0.623 0.120 0.445 0.255 0.109 

Obstruct 

Percent 

Correlation 

Coefficient 
- - - - 0.495 0.016 0.082 0.482 

P value - - - - 0.061 0.954 0.762 0.059 

 
*Age had a significant positive moderate correlation with IL-6 in the group 2.  

 

The Spearman correlation test showed that age had a 

significant positive, moderate correlation with IL-6 in 

group 2 (rs: 0.479, p= 0.039). Table 1 shows the details of 

the correlation tests. 
 

Discussion 
It has been demonstrated that TGF-β plays dual roles 

in the immune system from the development of T 
regulatory lymphocytes, to regulating pro-inflammatory 
responses, to the progression of Th17 lymphocytes, the 
inflammatory cells. As mentioned early, TGF-β led to 
the development of T regulatory and Th17 lymphocytes 
in IL-6 independent and dependent, respectively, 
manner. Due to the results which revealed that IL-6 
serum levels were not changed among the groups, while 
TGF-β serum levels were decreased among the patients 
when compared to controls, it appears that TGF-β 
down-regulation may be associated with decreased 
function of T regulatory lymphocytes. Since 
atherosclerosis is a pro-inflammatory-based disease and 
based on our results, it appears that TGF-β plays key 
role in the pathogenesis of atherosclerosis, maybe 
through decreased number and functions of T regulatory 
lymphocytes. In parallel with our results, previous 
investigations demonstrated that anti-atherosclerotic 
therapies are associated with up-regulation of TGF-β, as 
the anti-inflammatory cytokine [18]. However, the roles 
played by TGF-β in the induction of atherosclerosis 
have also been documented [19], but due to the fact that 
cytokines play their roles in a network manner [20, 21], 
for example, the pro-inflammatory functions of TGF-β 
in the presence of IL-6 [9], thus it is important to 
evaluate the cytokine serum levels simultaneously.  

Interestingly, our results revealed that angiography is 
associated with up-regulation of TGF-β, but not IL-6, in 
the participants who suffered from the obstruction of 1 
vessel (Group 3). Because IL-6 was not changed after 
angiography in the patients, hence, it may be 
hypothesized that angiography may reduce 
inflammation in atherosclerotic patients who have 
suffered from low levels of vessel obstruction, but not in 

patients with severe atherosclerosis. However, as 
mentioned in figure 2, smoking is a risk factor for up-
regulation of IL-6 in group 3. Therefore, it may be 
proposed that angiography may be associated with an 
increased risk of development of Th17 lymphocytes, the 
risk factor for the development of atherosclerosis [22], 
in patients with smoking. However, the conclusion 
needs to be confirmed by evaluation of T regulatory and 
Th17 lymphocytes population in the patients. 

Although previous investigations proved the roles 
played by opium on the cytokine levels in human [23], 
this study demonstrated that opium did not affect 
significantly IL-6 and TGF-β serum levels in the 
participants. Based on the fact that the sample size in the 
opium-addicted participants was low, hence, it seems 
that although there were differences between the groups, 
but it was no significant. Thus, it seems that more 
sample size needs to be evaluated to clear the roles 
played by opium on the IL-6 and TGF-β serum levels. 

The results also showed that age has a moderate 
correlation with IL-6 serum levels in the suspected 
patients who have not suffered from atherosclerosis. 
Due to the fact that the patients suffered from some 
symptoms which are the primary risk factor for the 
development of atherosclerosis, thus, it seems that age-
related up-regulation of IL-6 may be a risk factor for the 
development of cardiovascular disease. 

Collectively, the main message of this study is that 
the angiography may affect immune cell functions via 
alteration in cytokine production and it may limit 
repeated using the technique in a short time.  

 

Conclusion 
Collectively, TGF-β down-regulation may be a 

reason for the induction of inflammation in the patients. 
Additionally, angiography may reduce inflammation in 
the patients via up-regulation of TGF-β, and smoking 
and age may increase the progression of atherosclerosis 
through up-regulation of IL-6.  
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