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Background: Lung cancer, a leading cause of cancer-related mortality, is 

influenced by both environmental and genetic factors. Chronic inflammation is 

recognized as a key driver of tumorigenesis. This study investigates the role of 

genetic variations in three inflammatory response genes in modulating lung 

cancer susceptibility. By examining the frequencies of specific polymorphisms 

in lung cancer patients and healthy controls, we aim to identify potential 

genetic markers for increased risk. 

Materials and Methods: We conducted a case-control study comparing the 

frequencies of 5 inflammatory response gene polymorphisms (TNF-α-308, TNF-

α-238, IFN-γ-2109, IL-10-819, and IL-10-1082) in 62 patients with lung cancer 

and 78 controls. DNA samples were genotyped using PCR-based methods, and 

statistical analyses were performed to assess the associations between 

polymorphisms and lung cancer risk. 

Results: This study is the first to comprehensively analyze five key 

inflammatory response gene polymorphisms (TNF-α-308, TNF-α-238, IFN-γ-

2109, IL-10-819, and IL-10-1082) in lung cancer patients. Our findings reveal 

significant associations between four of these polymorphisms and lung cancer 

risk. 

Conclusion: This study provides novel insights into the genetic basis of lung 

cancer susceptibility, highlighting the potential role of inflammatory response 

gene polymorphisms as biomarkers for risk assessment. Future research should 

develop deeper into the underlying biological mechanisms through which these 

genetic variants influence lung cancer development. By elucidating these 

pathways, we may identify novel therapeutic targets and develop personalized 

prevention and treatment strategies. 
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INTRODUCTION 

Lung cancer is a significant public health concern that 

causes substantial morbidity and mortality in 

industrialized nations. While cigarette smoking and 

exposure to carcinogens are major risk factors, only a 

fraction of smokers ultimately develop lung cancer.       

This suggests that genetic factors play a crucial                

role in  modulating  cancer  risk  among  those  exposed   to 

carcinogens (1). Genetic variations in numerous genes have  

 

been associated with increased lung cancer risk, though the 

overall impact appears modest (1). The development of 

lung cancer involves multiple genetic and epigenetic 

abnormalities that activate oncogenes and inactivate tumor 

suppressor genes (2). Chronic inflammation in the lungs, 

resulting from both smoking and genetic factors, promotes 

carcinogenesis through various mechanisms (2).  
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Lung cancer incidence and mortality rates are 

significantly higher in patients with compromised lung 

function, regardless of smoking status, age, or family 

history. This association is particularly concerning for 

individuals suffering from chronic obstructive pulmonary 

disease (COPD), a condition characterized by impaired 

lung function and chronic inflammation of the airways (3-

5). COPD patients are at increased risk of developing lung 

cancer, with studies showing a correlation between COPD 

severity and lung cancer incidence (6). Chronic 

inflammation plays a crucial role in both COPD and lung 

cancer development, serving as a potential driver for 

carcinogenesis (6). Abnormalities in cytokine levels in 

serum and bronchoalveolar lavage fluid (BAL) have been 

observed in both smokers and patients with lung cancer 

(6). Immune dysfunction, the lung microbiome, epigenetic 

regulation, and extracellular vesicles have been implicated 

in the development of both COPD and lung cancer (6). 

Key cytokines that regulate airway inflammation 

include TNF-alpha, TNF-beta, IL-6, IL-8, and IL-10. Genetic 

variations in the promoters of these cytokines, such as 

TNF-alpha-308, TNF-beta-Intron1-252, IL-6-174, and IL-10-

1082, have been linked to changes in protein expression 

levels and transcription rates (7-11). These polymorphisms 

can affect how much and how quickly these inflammatory 

molecules are produced, potentially impacting immune 

responses and disease susceptibility. Understanding the 

relationship between these genetic differences and 

cytokine function is crucial for developing targeted 

therapies and predicting individual responses to 

treatments. 

This study examined the frequencies of five cytokine 

polymorphisms (TNF-α-308, TNF-α-238, IFN-γ-2109, IL-10-

819, and IL-10-1082) in patients diagnosed with Non-Small 

Cell Lung Cancer (NSCLC), Small Cell Lung Cancer 

(SCLC), and healthy controls. The study aimed to 

investigate potential associations between these genetic 

variations and lung cancer susceptibility across different 

cancer subtypes.   

MATERIALS AND METHODS 

Patients and control group 

This study examined the frequencies of five interleukin 

(IL) promoter polymorphisms in 141 Iranian participants, 

including 63 patients with lung cancer—42 with non-small 

cell lung cancer (NSCLC) and 21 with small cell lung 

cancer (SCLC)—and 78 healthy controls. The study was 

conducted at the National Research Institute of 

Tuberculosis and Lung Diseases (NRITLD), Tehran, Iran, 

between October and December 2023. 

Blood samples were collected from patients with 

primary lung cancer at the Department of Oncology. 

Patients with pre-existing severe pulmonary conditions, 

including chronic obstructive pulmonary disease (COPD) 

stages II–III, pneumonia, pulmonary fibrosis, or other 

interstitial lung diseases, were excluded. 

The study protocol was reviewed and approved by the 

Ethics Committee of National Research Institute of 

Tuberculosis and Lung Diseases. Written informed consent 

was obtained from all participants prior to their enrollment 

in the study, and all procedures were conducted in 

accordance with the relevant ethical guidelines and 

regulations. 

 

NSCLC group 

Among the 42 patients in the NSCLC group, 5 had 

Squamous Cell Carcinoma (SCC) and 37 had 

Adenocarcinoma (AC). The group consisted of 31 males 

and 11 females, with a mean age of 65.3 (43–82 years). Out 

of 42 patients, 28 (66.66%) were smokers. The mean age for 

all NSCLC patients was 65.11 years, for SCC it was 62.04 

years, and for the AC subtype it was 65.92 years. 

 

SCLC group 

The SCLC group comprised 21 patients, with a mean 

age of 62.04 years (range: 47-73 years). The group included 

18 males and 3 females. Smoking history was available for 

all patients: 13 (6190%) were current or former smokers. 

 

Controls group 

The control group consisted of healthy individuals 

without lung disease. Blood samples were collected for 

genetic analysis after obtaining informed consent from the 
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participants. This approach ensures ethical standards are 

met while gathering valuable data for research purposes. 

The use of healthy controls allows for meaningful 

comparisons with patient groups, providing valuable 

insights into disease mechanisms and treatment responses. 

 

Analysis of polymorphisms by RFLP and ARMS-PCR 

Peripheral blood samples were obtained from both case 

and control groups after obtaining informed consent. These 

samples were collected with EDTA to maintain a non-

agglutinated form. However, EDTA acts as an inhibitor of 

the PCR reaction, which is used to amplify specific DNA 

fragments. Therefore, efforts were made to prepare and 

use pure leukocytes for DNA extraction. 

The process involved adding RBC lysis solution to 

venous whole blood collected from individuals, followed 

by centrifugation. To ensure optimal results, this step was 

repeated 3-4 times 2. This approach helps reduce the 

concentration of PCR inhibitors such as heme compounds 

from red blood cells. 

DNA PCR samples were prepared using specific 

primers designed to amplify targeted gene sequences. The 

resulting PCR products were then treated with restriction 

enzymes overnight. After digestion, the enzyme-treated 

products were separated by electrophoresis on a 1.5% 

agarose gel. The resulting bands were visualized under UV 

light (Table 1). 

The fragments obtained from restriction enzyme 

digestion exhibited different weights based on the specific 

polymorphisms present in different genes across 

individuals. These weight differences resulted in distinct 

bands of varying lengths that could be separated and 

distinguished during agarose gel electrophoresis. 

 

Statistical analysis 

The frequency and percentage of adenocarcinoma, 

squamous cell carcinoma, and small cell lung cancer cases 

were calculated to describe the distribution of lung cancer 

subtypes in the dataset. Odds Ratios (ORs) with 95% 

Confidence Intervals (CIs) were utilized to assess the 

association between lung cancer subtypes and control 

groups. This statistical approach allowed for the 

comparison of disease occurrence probabilities between 

exposed and unexposed groups. 

 

Table 1. Primers and restriction enzymes for genotyping 

 

 
Specific Primer Pairs 

Restriction 

Enzyme 
Ref 

TNF-α-308 
TACACCATCTCCAGCACATAGAA 

CAAGACAACACTAAGGCTTCTTGAGGA 
NCO I (36) 

TNF-α-238 
CCTCAAGGACTCAGCTTTCTG 

ACACTC CCCATCCTCCCAGATC 
BglII (37) 

IFN-γ-2109 
AATCGCTGAAGTATGTAAT 

GCATTGTAGAGTTTTGGAG 
Fau I (38) 

IL-10-819 

AGGATGTGTTCCAGG CTCCT 

CCCTTGTACAGGTGATGTAAC 

ACCCTTGTACAGGTGATGTAAT 

 (39) 

 IL10-1082 

GCCTTCCCAACCATTCCCTTA 

TCACGGATTTCTGTTGTGTTTC 

TACTAAGGCTTCTTTGGGAG 

CTACTAAGGCTTCTTTGGGAA 

 (39) 

 

RESULTS 

Patients with lung cancer are referred to the National 

Research Institute of Tuberculosis and Lung Disease 

(NRITLD). During the study period, they were divided 

into groups based on pathological diagnosis. Healthy 

individuals served as controls. 

 A total of 62 patients and 78 controls were included in 

this study. Of the 62 patients, 49 were male (79.03%), and 

13 were female (20.96%). The 62 patients had a mean age of 

63.13±1.06 years. Forty-nine were male (62.49±1.20) and 13 

were female (65.54±2.27). Of the 78 controls, 46 were male, 

and 32 were female, with a mean age of 61.5 (Table 2). 

This demographic information provides an overview of 

the study population, highlighting gender distribution and 

mean ages for both patient and control groups. The data 

suggest that the patient group was predominantly male, 

while the control group had a more balanced gender 

distribution. Additionally, patients were slightly older than 

controls on average (Table 2). 
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Table 2. Characteristics of the groups under study and smoking habits of the lung Cancer groups 

 

 
Lung Cancer group Control group 

NSCLC SCC AC SCLC 
78 

N 42 5 37 21 

Male/Female 31/11 5/0 27/4 18/3 46/32 

Mean Age 

(range) 

65.30 

(43–82) 

59 

(47-73) 

65.92 

(43-82) 

62.04 

(47-73) 

65/30 

(42-81) 

Smokers 28 (66.66%) 3(60%) 25(67.65%) 13(61.90) 33(25.74%) 

 

NSCLC = Non-small cell lung cancer, SCLC = Small cell lung cancer, SCC = Squamous Cell Carcinoma, AC = Adenocarcinoma. 

 

Of the total patients, 21 had small cell carcinoma, 

comprising 18 males (29.03%) and 3 females (4.83%). 

Additionally, there were 42 patients with non-small cell 

carcinoma, which included 37 cases of lung 

adenocarcinoma: 27 males (43.54%) and 10 females (16.1%). 

There were also 5 cases of squamous cell carcinoma, all of 

which were male (6.45%) (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Distribution According to Gender and Histological Subtypes 

 

The frequency of polymorphisms and the results of 

both analyses in both patient and control groups showed 

significant differences between the control and patient 

groups for some polymorphisms. The frequency of certain 

polymorphisms indicated significant differences between 

the control and patient groups. Statistical analysis revealed 

that some polymorphisms had distinct frequencies in 

patients compared to controls (Tables 3 and 4). 

The heterozygous TNF-α-308 (GA) polymorphism was 

significantly associated with small cell lung cancer (OR: 

3.80) but not with non-small cell lung cancer. In contrast, 

the heterozygous TNF-α-238 (AG) polymorphism was 

significantly associated with both non-small cell lung 

cancer (OR: 12.45) and small cell lung cancer (OR: 12.57) 

when compared to a healthy control group. No significant 

associations were found between lung cancer risk and the 

IFN-γ-2109 or IL-10-819 polymorphisms in either small cell 

or non-small cell lung cancer. However, the IL-10-1082 G 

allele was significantly associated with an increased risk of 

non-small cell lung cancer (OR: 0.107) but not with small 

cell lung cancer (Table 3). 

The comparison of genetic polymorphisms between 

non-small cell lung cancer patients and a control group 

revealed significant associations for specific markers in 

both adenocarcinoma and squamous cell carcinoma 

patients. 

The heterozygous TNF-α-238 (AG) polymorphism was 

significantly associated with adenocarcinoma but not with 

squamous cell carcinoma. In contrast, the IFN-γ-2109 

polymorphism was significantly associated with  

squamous cell carcinoma but not with adenocarcinoma. 

Additionally, the IL-10-1082 G allele was significantly 

associated with adenocarcinoma but not with squamous 

cell carcinoma (Table 4). 
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Table 3. Frequencies of different genotypes in the groups under study (NSCLC and SCC groups) 

 

 
NSCLC Population control OR SCC Population control OR 

TNF-α G=>A 

GG 31(73.80%) 71 (89.9%) 0.32* 13(65%) 71 (89.9%) 0.21* 

GA 7(16.67%) 8 (10.1%) 1.77 6(30%) 8 (10.1%) 3.80* 

AA 4(9.52%) 0 - 1(5%) 0 - 

TNF-α A=>G 

AA 18(42.85%) 72 (91.1% 0.073* 9(45%) 72 (91.1%) 0.065* 

AG 23(54.76%) 7 (8.95) 12.45* 11(55%) 7 (8.95) 12.57* 

GG 1(2.38%) 0 - 0 0 - 

IFN‐γ  A=>G 

AA 28(66.7%) 64 (81%) 0.46 13(65%) 64 (81%) 0.43 

AG 14(33.4%) 15 (19%) 2.13 7(35%) 15 (19%) 2.29 

GG 0 0 - 0+00 0 - 

IL-10 A=>G G=>A 

AA 12(28.57%) 2 (2.5%) 15.4* 1(5%) 2 (2.5%) 2.02 

AG 28(66.7%) 75 (94.9%) 0.107* 17(85%) 75 (94.9%) 0.30 

GG 2(4.76%) 2 (2.5%) 1.92 2(10%) 2 (2.5%) 4.27 

IL-10 T=>C   C=>T 

TT 0 0 - 0 0 - 

TC 39(92.85%) 77 (97.5%) 0.34 19(95%) 77 (97.5%) 0.49 

CC 3(7.14%) 2 (2.5%) 2.96 1(5%) 2 (2.5%) 2.03 

 

Table 4. Frequencies of different genotypes in the groups under study (AC and SCC) 

 

 
Adenocarcinoma Population control OR Squamous Cell Carcinoma Population control OR 

TNF-α G=>A 

GG 28(73.685) 71 (89.9%) 0.31* 3(75%) 71 (89.9%) 0.33 

GA 6(15.78%) 8 (10.1%) 1.66 1(25%) 8 (10.1%) 2.95 

AA 4(10.53%) 0 - 0 0 - 

TNF-α A=>G 

AA 15(39.47%) 72 (91.1%) 0.06* 3(75%) 72 (91.1%) 0.29 

AG 22(57.89%) 7 (8.95) 14.14* 1(25%) 7 (8.95) 3.42 

GG 1(2.63%) 0 - 0 0 - 

IFN‐γ  A=>G 

AA 27(71.05%) 64 (81%) 0.57 1(25%) 64 (81%) 0.07* 

AG 11(28.94%) 15 (19%) 1.73 3(75%) 15 (19% 12.8* 

GG 0 0 - 0 0 - 

IL-10 A=>G G=>A 

AA 12(31.57%) 2 (2.5%) 17.76* 0 2 (2.5%) - 

AG 24(63.15%) 75 (94.9%) 0.091* 4(100%) 75 (94.9%) - 

GG 2(5.26%) 2 (2.5%) 2.13 0 2 (2.5%) - 

IL-10 T=>C   C=>T 

TT 0 0 - 0 0 - 

TC 35(92%) 77 (97.5%) 0.30 4(100%) 77 (97.5%) - 

CC 3(7.89%) 2 (2.5%) 3.3 0 2 (2.5%) - 

 

DISCUSSION 

To our knowledge, this is the first comprehensive 

analysis examining five specific polymorphisms –TNF-α-

308, TNF-α-238, IFN-γ-2109, IL-10-819, and IL-10-1082– in 

patients with lung cancer. Significant differences were 

observed between the lung cancer and control groups for 

four of these polymorphisms, except for IL-10-819. 

Lung cancer risk may be influenced by local factors in 

the airways, such as inflammatory reactions to 

environmental mutagens. Chronic inflammatory diseases 

of the airways, like COPD (chronic obstructive pulmonary 

disease),   which   is    often     related   to   cigarette   smoke  

 

exposure, are known to contribute to lung cancer risk (3, 4, 

12). Additionally, chronic inflammation itself has been 

associated with increased lung cancer risk (13, 14). 

Moreover, smokers and lung cancer patients often exhibit 

abnormal levels of cytokines in both serum and 

bronchoalveolar lavage fluid (BAL) (15-17). 

New experimental evidence emphasizing the role of 

inflammation in lung tumor development comes from 

different inbred mouse strains (18). This suggests that 

inflammation is important in both the initial and further 

promotion of epithelial cell alterations by inflammation-
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related release of reactive oxygen species (ROS), 

chemokines, and pro-angiogenic factors. Several 

susceptibility loci for lung neoplasia found in mice, which 

are homologous with human asthma loci, contain 

susceptibility genes for lung injury and inflammation, 

including TNF-α, which has been implicated in lung cancer 

development before (19). 

Tumor necrosis factor (TNF) and its receptors play 

multifaceted roles in non-small cell lung cancer (NSCLC), 

exhibiting both tumor-promoting and tumor-inhibiting 

activities. This complexity underscores the need for a 

nuanced understanding of TNF's role in cancer  

progression (20). 

While interferon-gamma genetic polymorphisms have 

been linked to the risk of Mycobacterium tuberculosis 

infection (21), this study found no significant association 

between these polymorphisms and overall lung cancer 

risk, although a potential association was observed with 

squamous cell carcinoma. However, due to the limited 

number of squamous cell carcinoma cases in this study, 

this finding requires further investigation with a larger 

sample size. 

IL-10, a cytokine postulated to inhibit inflammatory 

responses by reducing proinflammatory cytokine 

production, plays a complex and crucial role in immune 

regulation. Produced by various immune cells and non-

immune cells alike, IL-10 serves as a master regulator of 

immune responses (22, 23). 

The IL-10-1082 (G/A) promoter polymorphism is 

functionally significant, influencing IL-10 transcription, 

transcription factor binding activity, and constitutive 

mRNA levels (24-26). 

While in vitro studies have shown conflicting results 

regarding the impact of the IL-10-1082 polymorphism on 

IL-10 secretion, with some studies suggesting increased 

production associated with the G allele and others showing 

decreased production (26). In vivo studies have 

consistently linked the A allele to increased susceptibility 

to autoimmune inflammatory diseases, such as 

inflammatory bowel disease (27), rheumatoid arthritis (28), 

systemic lupus erythematosus (29), and severe asthma (30). 

Interestingly, the current study observed an increased 

frequency of the IL-10-1082 G allele in patients with non-

small cell lung cancer (NSCLC), suggesting a potential role 

of this polymorphism in lung cancer susceptibility. 

In humans, IL-10 has been implicated in immune 

evasion in lung cancer (31) and has been shown to 

influence the balance of proteases and antiproteases 

released by airway macrophages in cigarette smokers, a 

critical factor in lung cancer development (32). 

While the precise impact of IL-10 expression on lung 

cancer development and its significance for different lung 

cancer subgroups remains unclear, it is evident that lung 

cancer is a complex disease influenced by both genetic and 

environmental factors. Genetic variations in IL-10 

expression may contribute to lung cancer susceptibility 

through various mechanisms, including chronic 

inflammation, airway obstruction, or other unknown 

pathways. 

The IL-10-1082 G allele has been associated with COPD 

(33), a disease characterized by chronic inflammation and 

airway obstruction, further highlighting the potential link 

between IL-10 and lung disease. 

The observed difference in the frequency of the IL-10-

1082 genotype between NSCLC (adenocarcinoma) patients 

and controls could potentially be attributed to an 

exacerbating factor in lung cancer (34). In addition, the 

observed differences in age and gender distribution 

between subjects and controls are not expected to 

significantly affect the frequency of the genotype. This is 

because there is no known association between IL-10 and 

survival, age, or gender (33, 35). 

Interestingly, the frequency of the IL-10-1082 G allele 

was high in the control group. This suggests that the high 

frequency of this allele may be associated with a general 

susceptibility to chronic inflammation. 

In conclusion, while the observed difference in IL-10-

1082 genotype frequencies between NSCLC patients and 

the control group is intriguing, further research is needed 

to definitively establish a causal link between this 

polymorphism and lung cancer risk. 
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CONCLUSION 

This study represents the first comprehensive analysis 

of five key polymorphisms (TNF-α-308, TNF-α-238, IFN-γ-

2109, IL-10-819, and IL-10-1082) in lung cancer patients. 

Our findings reveal significant associations between four 

of these polymorphisms and increased risk of lung cancer. 

Notably, the functional IL-10-1082 promoter 

polymorphism appears to be particularly relevant, 

suggesting a potential role for genetically influenced IL-10 

expression in modulating inflammatory responses and 

lung cancer susceptibility. While further research is 

necessary to elucidate the precise mechanisms, these 

results underscore the importance of genetic factors in lung 

cancer development. 
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