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ABSTRACT 
 

Breast cancer (BC) is the most frequently diagnosed cancer among women in the world. Genetic 

polymorphisms in Interleukin (IL) genes are one of the most important risk factors in BC. The aim of 

this study was to investigate the association of rs1946518 C/A polymorphism in the promoter region 

of the IL-18 gene and BC risk in Iranian women. 

In this case-control study, we recruited 140 women with BC as a case group and 140 age and 

ethnically matched women as healthy controls from East Azerbaijan, Tabriz in Iran. The genomic 

DNA was extracted using a salting-out method from peripheral blood leukocytes. Genotyping was 

performed using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP).  

The genotype distribution in BC patients was 37.86% CC, 47.14% CA, and 15.00% AA, whereas 

in healthy controls these were 40.72% CC, 42.85% CA, and 16.43% AA. Statistical analysis showed 

that the genotype and allele frequencies of IL-18 rs1946518 C/A polymorphism were not significantly 

different between BC patients and healthy controls (p>0.05). The only significant difference between 

cases and controls was related to family history (p=0.023). 

In conclusion, our study indicated that IL-18 rs1946518 C/A polymorphism was not associated 

with BC in the Iranian women population. However, more studies on different races and geographic 

areas are required to determine the exact role of rs1946518 C/A polymorphism in prognosis, 

diagnosis, and risk of BC. 
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INTRODUCTION 

 

Nowadays, breast cancer (BC) is one of the most 

common diseases in women across the world which is 

increasing in developed and developing countries.
1
 In 

2017, about 255180 newly affected cases by BC and 

about 41070 death causalities of BC were reported in 

the United States.
2 

Although the main cause of it, has 

not been known yet, the findings of different researches 

prove that BC can be caused by multiple reasons. There 

are different factors that may expose a person to this 

disease including genetic alterations, diet, 

breastfeeding, and environmental factors.
3
 The most 

significant cause which can lead to BC is genetic 

alternations in some main genes such as tumor 

suppressor genes, growth adjusting genes, and 

oncogenes.
4 

Moreover, single nucleotide pymorphisms 

(SNPs) which are detrimental in phenotype variations 

among people, seem to play a role in the susceptibility 

of people to cancer and worsening the disease 

condition.
5
 

Chronic inflammation can be one of the most 

important factors leading to tumor formation and its 

further development. In addition, different factors of 

chronic inflammation are involved in the stimulation of 

angiogenesis, mutagenesis, invasion, and cell growth. 

The factors associated with angiogenesis, 

inflammation, and thrombosis can increase the risk of 

developing different types of cancer.
6 

Interleukin 18 

(IL-18) gene is located on 11q22.2-q22.3 chromosome 

region in human and is a member of IL-1 cytokine 

family.
7
 IL-18 is produced by different cells such as T 

cells, B cells, and antigen presenting cells (APCs); 

including active monocytes, dendritic cells, and 

macrophages which can adjust innate and adaptive 

immune responses.
8
 In addition to the vital role of IL-

18 in the immune response, there are pieces of evidence 

proving a connection between IL-18 and tumorigenesis 

which indicates the connection between inflammation 

and cancer.
9
 In comparison to normal cells, high 

available level of IL-18 in various cancer cells has been 

observed. In a study, it was reported that the IL-18 

levels in breast tumor tissue and lymph nodes were 

increased during tumor progression in mice.
10

 In 

another study, it has been reported that levels of IL-18 

were increased in serum of patients with metastatic BC 

and has a high value for use as an effective marker for 

prognosis and diagnosis of BC.
11

 Moreover, higher IL-

18 levels show to be capable of producing 

angiogenesis, proliferation and escaping from the 

immune system.
12

 IL-18 gene has considerable 

polymorphisms; especially in the promoter region. 

Studied reported that some polymorphisms in the 

promoter of the IL-18 gene are related to differential 

levels of gene expression and production of protein.
13

 

The rs1946518 C>A polymorphism in the promoter 

region of the IL-18 gene is the most common SNP 

which can change the protein binding site of cyclic 

adenosine monophosphate and increase the IL-18 

transcription. Also, a substitution from C to A at 

position -607 of promoter region in rs1946518 C>A 

polymorphism leads to disturbs a potential cAMP-

responsive element-binding protein site.
14

 

In general, the association of interleukin genes 

polymorphisms with BC is still unclear. Therefore this 

study aimed to investigate the association of rs1946518 

C/A polymorphism in the promoter region of the IL-18 

gene and BC risk in Iranian women. 

 

MATERIALS AND METHODS 

 

Patients and Sample Collection 

In the current case-control study, 280 women were 

recruited from educational hospitals of Tabriz-Iran, 

from December 2015 to January 2017. All studied 

women aged 40-60 years. A total of 140 women with 

BC were selected as case groups with histologically 

confirmed BC; using physical and histopathologic 

examination and imaging tests. Also, 140 age- and 

ethnically-matched healthy women without a familial 

history of any malignancy were selected as a control 

group who were referred to as routine physical 

examination. All participants avoided anti-

inflammatory agents within 72 hours before sample 

collection. Women with kidney, cardiovascular, 

metabolic, and liver diseases, as well as any systemic 

disease, were excluded. The information such as 

clinical characteristics, lifestyle, and demographic data 

were collected using interviews and questionnaires 

from case and control groups. The collected 

information included age (year), Body Mass Index 

(BMI kg/m2), age at menarche (year), menopausal 

status, tobacco smoking, alcohol drinking, age at first 

delivery (year), and family history of BC (Table 1). In 

order to prevent the epidemiological bias, all selected 

women in this study were from the East Azerbaijan 

province of Iran and matched for age and ethnic and 

were genetically unrelated. All participants were 
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informed about the study and signed a consent form 

according to the Declaration of Helsinki ethical 

standards. The ethical code was 

IR.TBZMED.REC.1395.366. 

 

DNA Extraction and Genotyping 

The peripheral blood (5 mL) was drawn from all 

participants and collected into vials containing 

Ethylene diamine tetraacetic acid (EDTA) as an 

anticoagulant. Genomic DNA extraction was 

performed using the salting-out procedure from 

collected peripheral blood leukocytes. The quantity and 

quality of extracted DNA were investigated according 

to OD 260/280 ratio using a nanodrop instrument. The 

ratio between 1.7-1.9 was desirable. Also, 

electrophoresis on 1% agarose gel was carried out in 

order to confirm the results. The extracted DNA 

samples were stored at -20°C until genotype analysis. 

The genotyping was carried out using polymerase chain 

reaction restriction fragment length polymorphism 

(PCR-RFLP) method. The respective forward and 

reverse primer sequences were as follows: 5′-

TCAGTGGAACAGGAGTCCAT-3′ and: 5′-

GCAGAAAGTGTAAAAATTTTT-3′.
13

 The obtained 

PCR products (150 bp) were digested with the DraI 

restriction enzymes and then incubated at 37°C. After 

digestion, the PCR product remained intact and a 

150bp fragment was produced in presence of C allele, 

and also PCR product was cut and two 109bp and 41bp 

fragments were produced in presence of A allele. The 

RFLP pattern was CC: 150bp, CA: 

109bp+41bp+150bp, and AA: 109bp+41bp for 

rs1946518 C/A polymorphism. The PCR reaction was 

carried out in a total volume of 25 μL: forward primer 

(25pmol), reverse primer (25 pmol), template DNA (1 

μg), dNTP (0.1 mmol), PCR buffer (2.5 μL), Mgcl2 

(1.5 mmol/L), and Taq DNA polymerase (1.5 unit) in 

the following condition: initial denaturation (1 cycle in 

94°C for 4 minutes), denaturation (40 cycles in 94°C 

for 40 seconds), annealing (40 cycles in 50°C for 30 

seconds), extension (40 cycles in 72°C for 25 seconds), 

and final extension (1 cycle in 72°C for 5 minutes). The 

digested fragments were separated using 

electrophoresis on 3% agarose gel stained by ethidium 

bromide. A 50bp size marker (ladder) was used to 

estimate the size of DNA bands. Finally, a gel 

documentation instrument was used to visualize the 

bands of digested PCR products. 

 

Statistical Analysis 

The statistical analysis of obtained data was carried 

out using Statistical Package for the Social Sciences 

(SPSS) software (version 21.0). The logistic regression 

was used to analyze the association between rs1946518 

C/A polymorphism and BC risk. The hardy-weinberg 

equilibrium (HWE) in genotypes distribution of BC 

patients and healthy controls were analyzed using the 

chi-square (χ2) test and Fisher’s exact test. Also, the 

odds ratio (OR) and 95% confidence intervals (CI) 

were evaluated. The difference between demographic 

and clinical features between BC patients and healthy 

controls were analyzed using independent sample t-test. 

The statistically significant was considered as p<0.05.  

 

Web Base Analysis of Survival 

A meta-analysis of gene markers obtained from BC cell 

microarray database and disease-free survival data 

collected by the Gene Expression Omnibus (NCBI, 

Bethesda, MD, USA; http://www.ncbi.nlm. 

nih.gov/geo) was conducted by the use of analytic tools 

generated by Gyorffy et al and facilitated by the 

Kaplan-Meier Plotter (http://www. kmplot.com) in a 

web-based analysis tool. The all-cause of mortality was 

compared by inverse probability log-rank test and 

plotted survival functions and the hazard ratio was 

estimated. 

 

RESULTS 

 

In the current study, we recruited 140 women with 

BC (case group) and 140 age- and ethnically matched 

healthy women (control group) from East Azerbaijan 

province origin for evaluating the association between 

rs1946518 C/A polymorphism in the promoter of IL-18 

gene and BC in the Iranian population. 

The demographic characteristics and clinical 

features of studied patients and controls are presented 

in Table 1. The statistical analysis showed that there 

were significant differences between cases and control 

groups in terms of family history of BC (p=0.023); 

whereas we did not find any significant differences 

between case and control groups in term of age, body 

mass index (BMI), age at menarche, menopausal status, 

tobacco smoking, alcohol drinking, and age at first 

delivery (p>0.05). 

The distributions of genotype and allele frequencies 

of rs1946518 C/A polymorphism in case and control 
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groups are presented in Table 2. According to χ2 tests, 

the rs1946518 C/A polymorphism was in HWE in the 

case and control groups (p>0.05). 

The obtained results revealed that the frequency of 

homozygous CC, heterozygous CA, and homozygous 

AA in patients group were 37.86%, 47.14%, and 

15.00%, respectively. Also, the frequency of 

homozygous CC, heterozygous CA and homozygous 

AA in patients group were 40.72%, 42.85%, and 

16.43%, respectively. The statistical analysis showed 

that there were no significant differences between BC 

patients and healthy controls in the genotypes 

frequencies of rs1946518 C/A polymorphism in the 

codominant, dominant (p=0.333; OR=0.95; 95% 

CI=0.88-1.51), recessive (p=0.677; OR=1.18; 95% 

CI=0.69-1.31), and overdominant (p=0.522; OR=0.99; 

95% CI=0.77-1.45) inheritance model. The typical 

electrophoresis results for genotyping of rs1946518 

C/A polymorphism are presented in Figure 1.  
 
 

 

Table 1. The clinical features and demographic variables of cases and controls 

Variables Patients (n=140) Controls (n=140) p-value 

Age, year 53.21 ± 9.12 52.95 ± 10.05 0.455 

BMI, kg/m 23.34 ± 2.85 22.50 ± 3.20 0.295 

Age at menarche, year 12.49 ± 2.13 12.56 ± 2.13 0.395 

Menopausal status 

Premenopausal 104 (74.28%) 113 (80.71%)  

Postmenopausal 36 (25.72%) 27 (19.29%) 0.121 

Tobacco smoking 

Never 131 (93.57%) 133 (95.00%)  

Ever 9 (6.43%) 7 (5.00%) 0.566 

Alcohol drinking 

Never 126 (90.00%) 131 (93.57%)  

Ever 14 (10.00%) 9 (6.43%) 0.449 

Age at first delivery, year 25.15±3.55 23.85±3.22 0.288 

Family history 

Positive 11 (7.85%) 3 (2.14%)  

Negative 129 (92.15%) 137 (97.86%) 0.023 

Data mean (SD) or n (%); Statistically Significant p<0.05; BMI-Body Mass Index 

 
Table 2. Genotype and allele distribution of IL-18 rs1946518 C/A polymorphism in cases and controls 

Polymorphisms Inheritance 

model 

Genotype 

and Allele 

Patients 

(n=140) 

Controls 

(n=140) 

p-value OR (95% CI) 

IL-18 

rs1946518 C/A 

 

Codominant CC 53 (37.86%) 57 (40.72%) Ref Ref =1 

AC 66 (47.14%) 60 (42.85%) 0.267 1.25 (0.83-2.49) 

AA 21 (15.00%) 23 (16.43%) 0.788 1.29 (0.77-2.50) 

Dominant CC 53 (37.85%) 57 (40.72%) Ref Ref =1 

AC + AA 87 (62.15%) 83 (59.25%) 0.333 0.95 (0.88-1.51) 

Recessive AA 21 (15.00%) 23 (16.43%) Ref Ref =1 

CC + AC 119 (85.00%) 117 (83.57%) 0.677 1.18 (0.69-1.31) 

Overdominant AC 66 (47.15%) 60 (42.85%) Ref Ref =1 

CC + AA 74 (52.85%) 80 (57.15%) 0.522 0.99 (0.77-1.45) 

 C normal 172 (61.43%) 174 (62.14%) Ref Ref =1 

A minor 108 (38.57%) 106 (37.86%) 0.885 1.09 (0.49-2.31) 

Statistically Significant p<0.05; OR-Odds Ratio; CI-Confidence Interval 
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Figure 1. The electrophoresis digested PCR products of IL-18 rs1946518 C/A polymorphism on 3% agarose gel. PCR product 

(150bp) remains intact if C allele is present and yields two fragments (109bp and 41bp) in the case of A allele. 

 
According to Table 2, the frequency of C allele in 

patients and healthy controls were 61.43% and 62.14%, 

respectively. Also, the frequency of A allele in patients 

was 38.57% and in healthy controls, it was 37.86%. 

The evaluation of alleles frequencies showed no 

significant differences between cases and controls 

(p>0.05). 

The web-based analysis of survival revealed that 

there is no significant difference in survival of patients 

with BC between the low expression of IL-18 gene and 

high expression of IL-18 gene (Hazard Ratio-HR=0.84; 

95% CI=0.68-1.04; p=0.002 by the log-rank test). 

However, low expression of IL-18 is associated with 

better survival in patients with BC (Figure 2). 

 

 

 

 

Figure 2. Inverse probability of survival curves among women with breast cancer, according to the expression of IL-18. The 

women with high expression of IL-18 had shorter overall survival than those with low expression of IL-18 (p=0.1015 by the 

log-rank test). 
 

 



N. Fathi Maroufi, et al. 

676/ Iran J Allergy Asthma Immunol                      Vol. 18, No. 6, December 2019 
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

 

DISCUSSION 

 

According to the complex, heterogeneous, and 

multifactorial entity of BC, many different agents such 

as proinflammatory cytokines have been studied to be 

associated with it.
15

 The proinflammatory cytokines are 

involved in altering epithelial tissues and play an 

important role in the suppression of anti-cancer 

immune responses and promotion of angiogenesis.
16

 

The inflammation process also plays a role in 

suppressing the anti-cancer immune response and 

promote angiogenesis.
17

 Genetic variation in regulatory 

genes in the immune system can affect anti-tumor 

immune response.
18

 Cytokines derived from tumors 

and their environmental components, play an important 

role in growth, invasion, and metastasis in BC.
10

 

Several studies have demonstrated that polymorphisms 

of cytokine genes result in upregulation or 

downregulation of cytokines production.
9,18

 Therefore, 

the aim of this study was to evaluate the association of 

rs1946518 C/A polymorphism in the promoter region 

of the IL-18 gene and BC risk in Iranian women. 

According to results of this study which was performed 

on 140 BC patients and 140 healthy controls, there was 

no significant association between rs1946518 C/A 

polymorphism and BC in Iranian women. Also, 

according to obtained results from web-based analysis 

of Kaplan Meier plot for expression of IL-18, median 

survival in BC patients with low expression of IL-18 

was more than BC patients with high expression of IL-

18.  

Previous studies reported that IL-18 plays a crucial 

role in tumor formation, invasion, and angiogenesis.
19,20

 

The higher expression of IL-18 gene have been found 

in many cancer types in human and animal models.
21

 In 

addition, serum levels of IL-18 are increased in the 

advanced stages of various tumors.
22

 The previous 

studies showed a significant association of many cancer 

types in different populations in the world and 

polymorphisms in the promoter region of IL-18 genes, 

such as rs1946518 C/A and rs187238 G/C 

polymorphisms. For example colorectal cancer in a 

Greek population,
23

 ovarian cancer in native Hawaiian 

populations,
24

 prostate cancer and esophageal 

squamous cell carcinoma oral cancer in Chinese 

populations,
25

 and nasopharyngeal carcinoma risk in 

the world.
26

 Genetic polymorphisms on promoter of IL-

18 could change production levels and function of IL-

18 and affect in tumorigenesis process.
27

Both of the 

rs1946518 C/A and rs187238 G/C polymorphisms in 

IL-18 promoter region play important role in 

expression and activity of IL-18 gene. Therefore, high 

promoter activity may increase IL-18 gene 

expression.
28

 Several studies investigated the 

association of IL-18 polymorphisms and the risk of BC 

in various populations. A number of these studies have 

reported a significant association between IL-18 gene 

polymorphisms and risk of BC,
29,30

 whereas various 

studies did not indicate any correlation between the 

mentioned gene polymorphisms and risk of BC.
31,32

 

Khalili-Azad et al (2009) and Taheri et al (2012) 

reported no significant association between rs1946518 

C/A polymorphism and risk of BC in Iranian 

women.
31,32

 In our study, the correlation between 

rs1946518 C/A polymorphism and risk of BC was 

investigated in Iranian women and no significant 

association was observed, which is in agreement with 

mentioned studies. In two studies by Hasan and Naif 

(2017) and Bao et al (2015); reporting that IL-18 

rs1946518 C/A polymorphism in promoter region does 

not play a pivotal role in the expression of IL-18 gene. 

They showed that the expression of IL-18 was 

increased insignificantly with presence of C allele.
33,34

 

Therefore, these can confirm the results of our study, 

due to remained fairly constant expression of IL-18 

with different genotypes of rs1946518 C/A 

polymorphism. However, Back et al (2014) and Zhao et 

al (2017) reported that AA genotype was increased 

significantly in Brazilian and Chinese BC patients 

compared to healthy controls.
30,35

 Nevertheless, another 

meta-analysis study by Li et al (2015) suggested that 

rs1946518 C/A polymorphism in IL-18 gene promoter 

is associated with a substantially increased risk of 

BC.
29

 The reasons for the difference of reported results 

among the above studies could be due to several other 

related genes and environmental factors, and difference 

in studied samples size, ethnicity, race, and 

geographical area.
36-38

 

In summary, this study demonstrated a more 

understanding of BC as a multifactorial disease and 

suggests that IL-18 rs1946518 C/A polymorphism is 

not associated with the risk of BC in Iranian women. 

However, the exact role and effects of IL-18 rs1946518 

C/A polymorphism in BC are not fully identified. 

Therefore, for a better understanding of the association 

of this polymorphism with BC, further studies are 

recommended on other populations and races with 

larger sample sizes. 
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