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Abstract 

Atherosclerosis is a dynamic and progressing inflammatory pathology. Studies have demonstrated that genetic 

variants that directly or indirectly alter the inflammatory system raise the risk of coronary artery disease (CAD). 

Genetic variations account for the variances in how the disease develops and progresses as well as the disclosure of 

poor prognostic information linked to extreme inflammatory reactions in individuals. In our investigation, we aimed 

to determine whether there may be a connection between CAD and the IL-1 C-889T, IL-6 G-174C, IL-10 G-1082A, 

and TNF G-308A polymorphisms. In the study, 80 patients with coronary artery stenosis of 70% or more and 80 

people with normal coronary arteries were both evaluated using coronary angiography. An enzymatic colorimetric 

approach was used to quantify fasting blood glucose (FBG), the serum lipid profile, and an immunoturbidimetric 

method was used to measure CRP levels. Real-time PCR was used to identify IL-1 C-889T, IL-6 G-174C, IL-10 

G1082A, and TNF G-308A polymorphisms. CRP (mg/L) levels varied in the CAD group for IL-1 C-889T and IL-10 

G-1082A (p = 0.031 and 0.018, respectively). For IL-1, wild (CC) type CRP levels were 18.93 16.38, mutant (TT) 

genotype CRP levels were 53.12 21.03, and wild (GG) type CRP levels were 23.09 16.64. As a result, it was 

discovered that atherosclerosis significantly depends on the balance between pro and anti-inflammatory cytokines. In 

the presence of mutations in these cytokines, we identified variations in the levels of inflammatory markers. 
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Introduction 

Cardiovascular diseases are one of the most common causes of death in the world [1]. Coronary artery 

disease (CAD) has a multifactorial basis, characterized by interactions between genetic and environmental 

factors. These interactions largely define the degree of susceptibility of the individual to CAD [2]. Recently, 

many candidate genes and chromosomal loci have been identified that may be associated with CAD, and 

most of these genes were involved in the etiopathogenesis of the inflammation process [3]. Inflammatory 

markers can be used to prevent prospective risks in cardiovascular events. The use of these markers alone or 

in combination may be protective for cardiovascular diseases. Therefore, genes encoding inflammatory 

cytokines are candidate genes in determining the risk of CAD. Although major risk factors leading to the 

disease have been determined by extensive epidemiological studies, these classical risk factors alone are not 

sufficient to explain the prevalence of CAD in the community and to explain the cause of premature CAD in 

some patients [4,5]. Cytokines are biological mediators that regulate the immunological, local or systemic 

inflammatory and reparative host responses and act as signals between cells [6]. Differential response to 

cytokine stimulation in the immune system may control the balance of T helper lymphocytes (Th1/Th2). 

Disruption of this balance in both directions significantly affects the clinic of many immune and infectious 

diseases [6,7]. Today, nearly 50 inflammation-related cytokines have been identified, and a significant 

portion of them have been detected in human atherosclerotic plaques [6,8,9]. Interleukin-1 (IL-1), which 

induces acute and chronic inflammation, has been shown to act a key role in atherogenesis and thrombus 

formation. IL-1, which plays a major role in CAD, regulates the inflammatory response during 

atherogenesis. IL-1, which enables many target cells to differentiate and synthesize specific products, 
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especially activates T cells differentiation and interleukin-1 (IL2) production, inducing inflammatory 

responses such as prostaglandins synthesis as well as inducing fever by acting as an endogenous pyrogen. IL-

1 supports smooth muscle cell proliferation in the vascular space and prevents a wide spectrum of 

macrophage/monocyte functions (e.g. monokine synthesis, nitric oxide (NO) production, expression of 

molecules such as class II major histocompatibility complex (MHC), IL-12, and  

CD80/CD86). The main effects of pro-inflammatory TNF-α produced by macrophages in the cardiovascular 

system are to ensure the expression of adhesion molecules and leukocyte antigen proteins, the increasion of 

endothelial cytokine and NO release as well as vascular permeability, hepatic fatty acid synthesis, 

plasminogen activator inhibitor expression, von Willebrand factor synthesis and, the decreasing of 

lipoprotein lipase activity and suppression of protein-C, which has anticoagulant properties [13]. Today, in 

addition to inflammation, genetics is accepted as another important mechanism in atherosclerosis and arterial 

thrombosis. It is important to determine the genetic background of coronary artery diseases in order to 

describe the predisposition of individuals for CAD in the early periods and to take precautions according to 

the information obtained. In our study, we aimed to investigate the possible relationship between IL-1α C-

889T, IL-6 G-174C, IL-10 G-1082A, TNFα G-308A polymorphisms, and CAD. 

Materials and Methods 

Study subjects  

This study comprised 160 patients with chest pain who were referred to Cardiology at Mersin University 

Medical Faculty Hospital. The coronary artery disease group consisted of 80 individuals with an average age 

of 36 and stenosis in the coronary arteries of at least 70%, including 23 women and 57 males. Following 

coronary angiography, a control group of 80 individuals, including 32 women and 48 men with normal 

coronary arteries and ages ranging from 36 to 79, was assembled. Approval was obtained from the Mersin 

University Faculty of Medicine Ethics Committee for this study (2008/69), which was conducted according 

to the specifications of the Declaration of Helsinki. All individuals participating in the study were informed 

about the study and their written consent was obtained.   

Blood sampling  

Peripheral venous blood samples of the individuals participating in the study were taken into tubes 

containing ethylenediaminetetraacetic acid (EDTA), and their serums were taken into biochemistry tubes for 

separation. In the blood samples taken into EDTA tubes, erythrocyte sedimentation rates (ESR) were studied 

and stored at +4ºC until the study day for DNA isolation. Peripheral venous blood samples taken into 

uncontained biochemistry tubes for lipid profile, C-reactive protein (CRP), and fasting blood glucose (FBG) 

levels were kept for 10 minutes and then centrifuged at 3000 rpm for 10 minutes and their serums were 

separated. Serum FBG enzymatic hexokinase, lipid profile enzymatic colorimetric, and CRP levels were 

studied in a Cobas 501 autoanalyzer (Roche Diagnostics GmbH Mannheim, Germany) by particle-enhanced 

immunoturbidimetric methods. ESR was measured in a sedimentation device (ALIFAX, Italy) with the 

photometric capillary flow kinetic analysis method.  

DNA extraction and genotyping       

To perform genetic analysis, peripheral blood was drawn into tubes containing ethylenediaminetetraacetic 

acid (EDTA). DNA extraction was performed from circulating leukocytes by utilizing a high pure PCR 

template preparation kit (Roche Diagnostics, GmbH, Mannheim, Germany, catalog no: 1 796 828). 

Mutations were detected by Real-Time PCR using Light Cycler (Roche Diagnostics, Manheim GmbH, 

Germany) of IL-1α C889T, IL-6 G-174C, IL-10 G-1082A, TNF α G-308A after DNA isolation of samples 

(Sample preparation kit, Roche Diagnostics, Manheim GmbH, Germany) (Cat. No. 2 015 102, Cat. No. 2 

015 102, Cat. No. 2 015 102, Cat. No. 2 015 102 Roche Diagnostics GmbH, Mannheim, Germany). 

Statistical analysis  

IBM SPSS 20.0 package program was used for statistical analysis (IBM SPSS Inc. Free Download, Chicago, 

Illinois, USA). The Shapiro-Wilk test was used to determine whether FBG, TC, LDL, HDL, VLDL, TG, 

CRP, and ESR,  showed normal distribution. Those with normal distribution were compared with the 
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Independent sample t-test and those without normal distribution with the Mann-Whitney U test. In the 

examination of the distribution of alleles in genotypes and the agreement of this distribution with expected 

values (HardyWeinberg equilibrium), it was determined that all genotypes were in balance in all groups. Chi-

square or Likelihood Ratio test was used to examine the relationship of genotypes with other parameters.  

Results 

The study included 80 healthy individuals with a mean age of 59.66 ± 9.80 (mean±SD), 23 females and 57 

males, 80 CAD patients with a mean age of 57.80 ± 11.66 (mean±SD), 32 females and 48 males of the 

coronary artery patients, 14 were diagnosed with stable angina pectoris (SAP), 29 with unstable angina 

pectoris (USAP), and 37 with acute myocardial infarction (AMI). Descriptive information and distribution of 

risk factors of coronary artery patients and control groups are given in Table 1. Both groups were 

homogeneous in terms of age (p=0.276). It was determined that coronary artery disease is more common in 

males than females (p=0.001). While the presence of type 2 diabetes (p=0.081) and hypertension (p=0.999) 

did not differ between the groups, it was determined that cigarette consumption carries a risk for the 

formation of CAD (p=0.001). In the patient group consisting of coronary artery patients, serum FBG 

(p=0.005) and CRP (p=0.001) levels were determined to be significantly higher than the control group 

(Table 2).  Although serum total cholesterol (TC) (p=0.248), LDL(p=0.406), VLDL(p=0.433), triglyceride 

(TG) (p=0.433), and ESR (p=0.184) levels in the patient group were higher than in the control group, they 

were not significant. While serum HDL-C (p=0.040) was significantly higher in the control group (Table 2).   

The distribution of mutation analyses of IL-1, IL-6, IL-10, and TNF-α genes in CAD and control groups 

between genotypes are given in Table 3. There was no significant difference between the patient and control 

groups and IL-1α C-889T, IL-6 G-174C, IL-10 G-1082A, and TNFα G-308A genotypes (table 3) (p>0.05).  

CRP (mg/L) levels for IL-1α C-889T (p=0.031) and IL-10 G-1082A (p=0.018) were different in the patient 

group. CRP levels were found 18.93±16.38 in IL-1 C-889T wild (CC) genotype; 53.12±21.03 (p=0.031) in 

IL-1 C-889T mutant (TT) genotype and 23.09±16.64 in IL-10 G-1082A mutant (AA) genotype, 78.36±19.33 

in IL-10 G-1082A wild genotype (GG)  (p=0.018) (Table 4).  

Table 1. Descriptive information and distribution of risk factors in coronary artery patients and control 

groups  

  CAD Group  Control Group  p value  

Age    59,66 ± 9,80  57,80 ± 11.66  0,276  

BMI
#
    28,08 ± 2,93  28,34 ± 3.60  0.628  

  

Gender  

Female  23 (28,8)  32 (40)    

0.001  Male  57 (71,2)  48 (60)  

Diabetes  

(Type 2)  

+  28 (35,0)  18 (22,5)  
0,081  

-  52 (65,0)  62 (77,5)  

Hypertension  
+  42 (52,5)  42 (52,5)  

0,999  
-  38 (47,5)  38 (47,5)  

Smoking  
+  28 (35,0)  15 (18,8)  

0.020  
-  52 (65,0)  65 (81,2)  

Family History  

  

+  25 (31,2)  19 (23,8)  
0,288  

-  55 (68,8)  61 (76,2)  

Alcohol consumption 

  

+      
  

-  80 (100)  80 (100)  

  

0    80  

  

1  25 (31,3)    

2  22 (27,5)    

3  29 (36,2)    

4  4 (5,0)    
#
BMI: body mass index (kg/m2) Continuous variables are given as mean±standard deviation, categorical 

variables as n (%). p: degree of significance between groups  
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 Table 2. Serum FBC, lipid profile, CRP and ESR levels of coronary artery patients and control groups  

  CAD Group  Control Group  p value  

Fasting Blood Sugar*  121.91 ± 54.01  101.84 ± 31.62  0.005  

Total Cholesterol*  170.67 ± 43.45  178.77 ± 44.70  0.248  

HDL-Cholesterol*  37.99 ± 11.99  41.54 ± 10.30  0.040  

LDL-Cholesterol*  100.75 ± 37.64  105.34 ± 35.56  0.406  

VLDL-Cholesterol*  30,42 ± 13.51  28.79 ± 12.78  0.433  

Triglyceride *  152,12 ± 67,51  143,95 ± 63,93  0.433  

CRP#  33,77 ± 15,21  7,09 ± 3,86  0.001  

ESR
Ψ
  14,70 ± 12,70  12,19 ± 10,56  0.184  

* Continuous variables are given as mean±standard deviation, and concentration units are mg/dl. #mg/L, Ψ 

mm/hr, p: significance between groups  

 

Table 3. Distribution of mutation analysis between genotypes in CAD and control groups  

  Genotype  CAD  Control  P value  

  

IL-1α C-889T  

CC  40 (%50,0)  40 (%50,0)    

0,841  
CT  32 (%40,0)  34 (%42,5)  

TT  8 (%10,0)  6 (%7,5)  

  

IL-6 G-174C  

GG  49 (%61,2)  45 (%56,2)    

0,787  
GC  24 (%30,0)  28 (%35,0)  

CC  7 (%8,8)  7 (%8,8)  

  

 IL-10  G- 

1082A  

GG  10 (%12,5)  9 (%11,3)    

0,968  
GA  37 (%46,3)  38 (%47,5)  

AA  33 (%41,2)  33 (%41,2)  

  

TNF α G-308A 

GG  63 (%78,7)  65 (%81,2)    

0,753  
GA  15 (%18,8)  12 (%15)  

AA  2 (%2,5)  3 (%3,8)  

n: number of patients, p: degree of significance between groups  

  

Table 4. CRP levels according to IL-1α C-889T and IL-10 G-1082A genotype distribution in CAD group  

Mutasyon  GenotYPE  CRP#  p   

  

IL-1α C-889T  

CC  18,93 ± 16,38  

  0.031  CT  47,02 ± 18,61  

TT  53,13 ± 21,03  

  

IL-10 G-1082A  

GG  78,36 ± 19,33  
  0.018  

GA  31,16 ± 16,98  

 AA  23,09 ± 16,64   

 #Continuous variables are given as mean±standard deviation and concentration units are mg/dl  

Discussion  

Single nucleoid polymorphisms (SNPs) for IL-1 (-889 C/T), IL-6 (-174 G/C), and TNF (-308 G/A) have 

been linked to increased CVD risk in various groups [14,15]. Through a number of mechanisms, such as 

vascular endothelial damage and the production of adhesion molecules for monocytes in the arterial wall, 

these cytokines contribute to inflammation and atherogenesis [16]. IL-10 (-1082G/A) single nucleotide 

polymorphism plays an important role in anti-inflammation to balance the pro-inflammatory response with 

decreased levels shown in patients with CAD [17]. Pasqui et al. [18] demonstrated increased TNF-α and 

decreased IL-10 levels in patients with acute coronary syndrome. Cytokine production is under genetic 

control, and many single-nucleotide polymorphisms in cytokine genes affect gene transcription and cytokine 

function and were associated with decreased or increased cytokine production [17]. It has been found that IL-

1 α (-889  
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C/T) and TNFα (-308G/A) polymorphisms cause increased IL-1 α and TNFα levels (19, 20). IL-6 (-174 G/C) 

polymorphism causes decreased IL-6 levels [21]. The effect of IL-10 (-1082G/A) polymorphism on IL-10 

levels has also been reported to cause a decrease [22]. Most of the gene polymorphisms of cytokines and 

their receptors are located in the promoter, intron, and 3' untranslated regions. These sequence changes in the 

nontranslated regions of the gene can still affect gene expression and function by disrupting or stopping 

transcription regulatory elements. All four of these polymorphisms shown in IL-1, -6, -10, and TNFα 

included in the study are in the promoter region [19,21-23]. When we examined IL-1 α (-889 C/T), IL-6 (-

174 G/C), TNFα (-308G/A) and IL-10 (-1082G/A) polymorphisms, the distribution between genotypes, there 

was no significant difference between the groups. For the first three polymorphisms, we determined that 

while individuals with mutant genotypes were less in both the patient and control groups, the number of 

mutants and heterozygous individuals for IL-10 was higher than the number of individuals with the wild 

genotype. Although our data do not support the hypothesis that there may be a relationship between 

polymorphisms in IL-1 α, IL-6, TNFα and IL-10 genes and the development of CAD, our negative findings 

may be related to factors limiting our study, such as the low number of individuals in the study groups. When 

Banarje et al. [24] examined IL-1 α (-889 C/T), IL-6 (-174 G/C), TNFα (-308G/A) polymorphisms in their 

study in which they included 442 individuals, they found no difference for CAD, similar to our findings. 

Francis et al. [25]with   

IL-1 α (-889 C/T), TNFα (-308G/A), and Keso et al. [26]  with TNFα (-308G/A)  found no relationship 

between these mutations and CAD in their study. Manginas et al. [17] found no relationship between TNFα 

(-308G/A) and IL-10 (-1082G/A) polymorphisms and CAD in their study on the Greek population but found 

a significant difference for IL-6 (-174 G/C). Sekuri et al. [21] did not find a significant difference for IL-6 (-

174 G/C) as in our findings and their study included 225 people. Karaca et al. [27] also found no relationship 

between IL-10 (-1082G/A) polymorphisms and CAD, in line with our findings.  

Factors such as aging, high blood pressure, hypercholesterolemia, diabetes (insulin resistance), smoking and 

obesity (adipose tissue), which trigger inflammatory/proliferative reactions in the vascular wall by stressing 

the endothelium involved in the development of atherosclerosis, have also been found to be associated with 

the release of proinflammatory cytokines such as IL-1 and TNF-α, which can lead to excessive CRP release. 

These cytokines are responsible for the expression of molecules that will increase the inflammatory cascade, 

such as ICAM-1, P and E selectin, MCP-1 and CSF (29-31). In our study, a significant difference was found 

between patient serum CRP levels and control serum CRP levels (p=0.001). In coronary artery patients, CRP 

levels for IL-1α C-889T were low in the wild (CC) genotype, but increased in the heterozygous (CT) 

genotype and were highest in the mutant (TT) genotype. CRP levels for IL-10 G-1082A in coronary artery 

patients were low in mutant (AA) genotype, but slightly increased in heterozygous (GA) genotype and 

highest in wild (GG) genotype. There may be two alternatives for this situation, which conflict with CRP 

levels and IL-1 data. The first is that IL-10 levels may not decrease in the homozygous genotype, as reported 

by Matsumoto et al. [22].  

This alternative will align our findings with the pro-inflammatory anti-inflammatory balance state of IL-1 

and IL-10. Kingo et al. [32] reported that there were different results given to different groups noting this 

contradictory situation. The second alternative, as we mentioned before, may be the unclear state of Th1/Th2 

cytokines, as well as high levels of CRP due to statin use, smoking, and adipose tissue itself. Considering the 

heterozygous genotype levels, the first alternative seems more valid. Further studies are needed to explain 

this discrepancy.  

The cardiovascular risk factor CRP was found to be high in the inflammatory cytokine IL-1α C-889T mutant 

(TT) genotype and low in the anti-inflammatory cytokine IL-10 G-1082A mutant (AA) genotype. We can 

say that IL-1α C-889T mutant (TT) genotype together with CRP can be considered a risk factor for CAD, 

and the IL-10 G-1082A mutant (AA) genotype can be considered protective in CAD.  

As a result, it may be possible to determine if genetic variants that directly or indirectly affect the 

inflammatory system raise the risk of disease by elucidating other cellular interactions at the molecular level 

that will clarify the association between CAD and inflammation, particularly with CRP, IL-1, and IL-10. 

This may lead to the development of new approaches in the diagnosis and treatment of CAD.   
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