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Summary

 Background: Tumor necrosis factor-a (TNF-a) is a multifunctional cytokine involved in the pathogenesis of vari-
ous infl ammatory and malignant diseases. Previous studies investigating the role of the TNF-a gene 
polymorphisms in lung cancer have generated contradictory results. The present study investigat-
ed whether the TNF-a-308 and TNF-a-238 polymorphisms are associated with risk and/or severity 
of disease in Croatian lung cancer patients. This is the fi rst study in a Caucasian population to an-
alyze the infl uence of these two polymorphisms on multiple types of lung cancer.

 Material/Methods: In a case-control study, lung cancer patients (n=230) and appropriate age- and sex-matched con-
trols (n=230) were genotyped by the polymerase chain reaction/restriction fragment length poly-
morphism method. Allele and genotype frequencies were estimated by gene counting. The chi-
squared test was used to compare the observed numbers of different TNF-a genotypes for the 
population with those predicted by Hardy-Weinberg equilibrium. Differences in genotype and al-
lele distributions in the patient and control groups were analyzed for statistical signifi cance using 
the chi-squared test or Fisher’s exact test as appropriate.

 Results: There were no signifi cant differences in the genotype and allele frequencies for the TNF-a-308 
and TNF-a-238 polymorphisms between lung cancer patients and controls. Furthermore, no asso-
ciation between the genotypes and different stages of lung cancer was detected.

 Conclusions: This study indicates that the TNF-a-308 and TNF-a-238 polymorphisms do not infl uence suscepti-
bility to or severity of lung cancer in a Croatian population.
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BACKGROUND

Lung cancer is a multifactorial disease with a complex in-
terplay of environmental and genetic factors contributing 
to its progression. The cause of the most common and fatal 
malignant tumors in Europe [1], lung cancer ranks as the 
most prevalent cause of mortality in men and the second 
most prevalent in women in Croatia [2]. Individual cancer 
risk may be mediated by physical factors within the airways 
as well as individual responses to environmental and occu-
pational mutagens [3].

Tumor necrosis factor-a (TNF-a) is a potent pro-infl amma-
tory cytokine that functions as a central mediator of the im-
mune response in a wide range of immune-infl ammatory and 
infectious diseases [4]. In addition to its role in infl ammation 
and as a signifi cant modulator of airway infl ammation [4], 
TNF-a has also been recognized as an important factor in 
cancer development and spread. Previous studies have shown 
that TNF-a has antitumor effects, but it has also been shown 
to be tumorigenic both in vitro and in vivo [5]. TNF-a alone 
can induce apoptosis in human cancer cell lines [6], but in-
creasing evidence suggests that TNF-a may also promote the 
development and spread of cancer. Increased levels of TNF-a 
were detected in the serum of cancer patients and have been 
associated with an adverse disease outcome [7–9].

Cytokine promoter polymorphisms, including TNF-a-308 and 
TNF-a-238, are associated with altered protein levels and/or 
rates of transcription [8]. Several polymorphisms have been 
associated with a higher production of TNF-a, including the 
G/A transitions at positions -308 and -238 [10], and these 
polymorphisms have been the subject of many studies in-
vestigating their functional signifi cance [11]. To our knowl-
edge, only two studies thus far have investigated the role of 
TNF-a polymorphisms in the susceptibility to and severity of 
lung cancer. In the fi rst study the TNF-a-308 polymorphism, 
along with polymorphisms in TNF-b, interleukin 6 (IL-6), and 
interleukin 10 (IL-10), were analyzed in all types of primary 
lung cancer in 117 German patients [8]. No correlation was 
observed between the TNF-a-308 polymorphism and lung 
cancer susceptibility. In the second study the TNF-a-308 and 
TNF-a-238 polymorphisms were investigated in 202 Chinese 
patients with non-small-cell lung cancer (NSCLC) [12]. In 
contrast to the previous fi nding, this study found a signifi -
cant association between the -308 G/A and -238 G/A poly-
morphisms in the TNF-a promoter region and lung can-
cer susceptibility. Moreover, these two polymorphisms were 
shown to be related to the severity of disease. The -308 A al-
lele positively correlated with lung cancer development and 
progression, whereas the -238 A allele had a protective im-
pact on the development of lung cancers.

The apparent discrepancy in the previous reports led us to 
investigate further the role of TNF-a polymorphisms in the 
development of lung cancer. In this study we conducted an 
analysis of a Croatian patient population to determine wheth-
er the TNF-a-308 and -238 polymorphisms contribute to lung 
cancer susceptibility and/or modify the disease course.

MATERIAL AND METHODS

A total of 230 primary lung cancer patients (163 males and 
67 females) of the Department of Pulmonology, Clinical 

Hospital Center, Rijeka, Croatia, were recruited prospec-
tively into the study from 2006 to 2007. Patient data, includ-
ing patient demographics and lifestyle, past medical histo-
ry, treatment, and survival, were collected by interview and 
entered into a custom-built database. The histological de-
termination was performed according to the WHO classi-
fi cation method (WHO, 1999) [13] and the classifi cation 
of tumor stages according to the TNM system (Mountain, 
1997) [14]. The control group consisted of 230 unrelated 
age- and sex-matched healthy blood donors with no family 
history of lung cancer.

The Ethics Committee of the School of Medicine of the 
University of Rijeka approved the study and written informed 
consent was obtained from each subject. The study was car-
ried out in accordance with the Code of Ethics of the World 
Medical Association (Declaration of Helsinki).

Genomic DNA was extracted from peripheral blood lym-
phocytes according to standard protocols. The analysis of 
TNF-a gene polymorphisms was performed by polymerase 
chain reaction/restriction fragment length polymorphism 
(PCR-RFLP) analysis under the conditions described by 
Shih et al. [12].

Allele and genotype frequencies were estimated by gene 
counting. The c2 test was used to compare the observed 
numbers of the different TNF-a genotypes for a popula-
tion with those predicted by Hardy-Weinberg equilibrium. 
Group differences in genotype and allele distribution in 
the patient and control groups were analyzed for statistical 
signifi cance using the c2 test or Fisher’s exact test as appro-
priate. Odds ratios (OR) and their 95% confi dence inter-
vals (CI) were calculated to evaluate the effects of different 
genotypes/alleles. A p value <0.05 was considered statisti-
cally signifi cant.

Based on the number of 230 patients and 230 control sub-
jects, the statistical power was 80% to identify a 1.5-fold in-
crease in the frequency of TNF-a-308 heterozygosity (26% 
carriers in the control subjects). For TNF-a-238 (7% carri-
ers in the control subjects), the statistical power was 80% to 
identify a 2.2-fold increase in frequency of heterozygosity.

RESULTS

Of the 230 patients with lung cancer, 201 (87%) had non-
small-cell lung cancer (NSCLC). This group included 144 
males and 57 females and the median age was 67 years 
(range: 31–92 years). Of the NSCLC group, 67 (29%) pa-
tients had adenocarcinomas (AD), 113 (49%) had squa-
mous carcinomas (SQ), and 21 (9%) were diagnosed with 
other types of carcinomas (3 large-cell carcinomas and 18 
with an undetermined type of non-small-cell carcinoma). 
The small-cell lung cancer (SCLC) group consisted of 29 
(13%) patients, 19 males and 10 females, with a median age 
of 60 years (range: 45-88 years). A history of smoking was re-
ported in 86% of the NSCLC group and 93% of the SCLC 
group. Forty-fi ve (20%) patients were classifi ed with stage I 
or II lung cancer and 185 (80%) with stage III or IV.

Analyses of the genotype and allele frequencies of the 
TNF-a-308 and TNF-a-238 polymorphisms in the lung can-
cer patients and controls are presented in the tables. No sig-

Clinical Research Med Sci Monit, 2009; 15(7): CR361-365

CR362



nifi cant deviations from the predicted Hardy Weinberg pro-
portions were observed in either the patients (TNF-a-308: 
p=0.46, TNF-a-238: p=0.85) or controls (TNF-a-308: p=0.78, 
TNF-a-238: p=0.86). No signifi cant differences were ob-
served in G and A allele frequencies of the TNF-a-308 and 
TNF-a-238 gene polymorphisms in the lung cancer patients 
and controls (p=0.64 and p=0.71, Table 1).

The distribution of the TNF-a-308 G/A genotypes in the 
lung cancer patients was similar to that in the healthy sub-
jects (p=0.83, Table 2). Due to the low frequency of patients 
and controls homozygous for the A allele, all carriers of the 
A allele, both homozygous and heterozygous, were grouped 
for further analysis. No signifi cant differences (p=0.47) were 
observed in tumor stage between patients carrying the A al-
lele and those homozygous for the G allele.

Regarding the TNF-a-238 G/A genotype distributions, no 
signifi cant differences between controls and lung cancer 
patients were found (p=0.71, Table 3). We also observed 
no signifi cant difference in tumor stage among the patients 
with TNF-a-238 GA genotypes and those with TNF-a-238 
GG genotypes (p=0.28).

Similar results were obtained when overall NSCLC lung 
cancer patients or the subgroups (AD, SQ, OC) were com-
pared separately to the healthy controls as when SCLC can-
cer patients were compared to the controls (Tables 1–3). 
Also, separating lung cancer patients by gender, familiar-
ity, or smoking status did not generate any statistically sig-
nifi cant differences in allele and genotype distributions 
(data not shown).

DISCUSSION

In this study we found no association between either 
TNF-a-308 or TNF-a-238 biallelic polymorphisms and lung 
cancer, and thus no evidence that these polymorphisms 
contribute to disease susceptibility or severity. Also, when 
tumor types were considered in the analysis of allelic and 
genotype frequencies, no signifi cant differences in the risk 
of any type of lung cancer were apparent.

These results are in line with a previous study which demon-
strated a lack of association between the TNF-a-308 polymor-
phism and lung cancer in German patients [8]. Seifart et al. 
previously suggested a connection between the IL-10-1082-G 

TNF-α (308 G/A) polymorphism TNF-α (238 G/A)  polymorphism

Allele G (%) Allele A (%) p Allele G (%) Allele A (%) p

Controls (n=230) 85.9 14.1 96.5 3.5

Total lung cancer (n=230) 84.8 15.2 0.64 97.0 3.0 0.71

NSCLC (n=201) 84.3 15.7 0.59 97.0 3.0 0.83

SCLC (n=29) 87.9 12.1 0.82 96.5 3.5 0.99

Table 1. Allele frequencies of the TNF-α-308 and TNF-α-238 gene polymorphisms in lung cancer patients and controls.

NSCLC – non-small-cell lung cancer; SCLC – small-cell lung cancer.

Characteristics
Genotypes

Total p OR (95% CI) 
AA (%) GA (%) GG (%)

Controls  6 (3)  53 (23)  171 (74) 230

Lung cancer  9 (4)  52 (23)  169 (73) 230 0.83 1.05 (0.68–1.62)

Tumor type

AD  3 (4)  12 (18)  52 (78) 67 0.59 0.84 (0.42–1.66)

SQ  4 (4)  30 (27)  79 (70) 113 0.38 1.25 (0.73–2.12)

OC  1 (5)  5 (24)  15 (71) 21 0.77 1.16 (0.38–3.38)

NSCLC total  8 (4)  47 (24)  146 (73) 201 0.69 1.09 (0.71–1.68)

SCLC  1 (4)  5 (17)  23 (79) 29 0.56 0.76 (0.26–2.08)

Tumor stage

I + II  2 (4)  8 (18)  35 (78) 45 0.47 

III + IV  7 (4)  44 (24)  134 (72) 185

Table 2. Association between the TNF-α-308 polymorphism and clinicopathological parameters of the subjects.

AD – adenocarcinoma; SQ – squamous cell carcinoma; OC – other carcinoma; NSCLC – non-small-cell lung cancer; SCLC – small-cell lung cancer;
OR – odds ratio (95% confi dence interval); GA plus AA vs. GG.

Med Sci Monit, 2009; 15(7): CR361-365 Flego V et al - TNF-a gene polymorphisms in lung cancer

CR363

CR



allele and SCLC. Although the mechanism(s) of this corre-
lation is still undetermined, it is known that infl ammatory 
events may lead to local respiratory conditions which may 
result in increased susceptibility to lung cancer.

Shih et al. [12] provided the fi rst report of an association be-
tween the TNF-a-308 and TNF-a-238 gene polymorphisms and 
risk of NSCLC in a Chinese population. Although the meth-
ods and the sample size of patients were similar, our fi ndings 
in a Caucasian population did not confi rm these results. The 
apparent inconsistency in the results regarding the role of the 
TNF-a polymorphisms might be due to differences in lung 
cancer etiology for patients of different ethnic origin.

Signifi cant associations between the TNF-a-308 polymor-
phism and increased susceptibility to renal cell carcinoma, 
non-Hogkin’s lymphoma, hepatocellular carcinoma, gas-
tric carcinoma, bladder cancer, melanoma, and oral carci-
noma have been described [7,9,11,15–18]. In other inves-
tigations the TNF-a-308 polymorphism was not associated 
with gastric carcinoma, myeloma, basal cell carcinoma, 
cervical cancer, or breast cancer [10,19–26]. Similarly, the 
TNF-a-238 polymorphism was shown not to be associated 
with increased risk for gastric cancer, breast cancer, cervical 
cancer, and esophageal carcinoma [17,25,27–29], but other 
investigations, in contrast, showed a protective function of 
TNF-a-238 against gastric cancer, cervical cancer, colorec-
tal cancer, and renal cell carcinoma [30].

Why these results differ remains to be determined, and an 
important consideration is ethnic variability as a potential-
ly critical factor. The genotype and allele frequencies of the 
TNF-a-308 and TNF-a-238 gene polymorphisms in different 
populations vary dramatically according to ethnicity [25,31]. 
Another possible reason for the above discrepancies might be 
due to differences in study design and data analysis or to type 
I/type II statistical errors. Although our study had 80% pow-
er to detect a twofold increase in the frequency of the TNF-

a-238 A allele, the number of patients with the TNF-a-238 
GA genotype was too small (n=14) to permit fi rm conclu-
sions on the effect of TNF-a-238 polymorphism and on the 
lung cancer subgroup analysis. Further studies in a larger se-
ries of patients from populations with different genetic back-
grounds are necessary to clarify the potential role of TNF-a 
gene polymorphisms in lung cancer susceptibility.

CONCLUSIONS

The present study showed that the TNF-a-308 and TNF-a-238 
polymorphisms do not infl uence susceptibility to lung can-
cer or affect its clinical course in a Croatian population.

REFERENCES:

 1. Remontet L, Esteve J, Bouvier AM et al: Cancer incidence and mortali-
ty in France over the period 1978–2000. Rev Epidemiol Sante Publique, 
2003; 51: 3–30

 2. Cancer incidence in Croatia 2004. Bulletin no. 29. Zagreb: Croatian 
national institute of public health. Croatian National Cancer Registry, 
2006

 3. Kiyohara C, Yoshimasu K, Takayama K, Nakanishi Y: EPHX1 polymor-
phisms and the risk of lung cancer: a HuGE review. Epidemiology, 2006; 
17: 89–99

 4. Kharfi  A, Labelle Y, Mailloux J, Akoum A: Defi cient expression of tu-
mor necrosis factor receptor type 2 in the endometrium of women with 
endometriosis. Am J Reprod Immunol, 2003; 50: 33–40

 5. Benlloch M, Mena S, Ferrer P et al: Bcl-2 and Mn-SOD antisense oligo-
deoxynucleotides and a glutamine-enriched diet facilitate elimination 
of highly resistant B16 melanoma cells by tumor necrosis factor-alpha 
and chemotherapy. J Biol Chem, 2006; 281: 69–79

 6. Choi C, Benveniste EN: Fas ligand/Fas system in the brain: regulator 
of immune and apoptotic responses. Brain Res Brain Res Rev, 2004; 44: 
65–81

 7. Basturk B, Yavascaoglu I, Vuruskan H et al: Cytokine gene polymor-
phisms as potential risk and protective factors in renal cell carcinoma. 
Cytokine, 2005; 30: 41–45

 8. Seifart C, Plagens A, Dempfl e A et al: TNF-a, TNF-b, IL-6, 
and IL-10 polymorphisms in patients with lung cancer. Dis 
Markers, 2005; 21: 157–65

Characteristics
Genotypes 

Total p OR (95% CI) 
AA (%) GA (%) GG (%)

Controls  0 (0)  16 (7)  214 (93) 230

Lung cancer  0 (0)  14 (6)  216 (94) 230 0.71 0.87 (0.39–1.93)

Tumor type

AD  0 (0)  5 (7)  62 (93) 67 0.89 1.08 (0.33–3.31)

SQ  0 (0)  5 (4)  108 (96) 113 0.36 0.62 (0.19–1.86)

OC  0 (0)  2 (10)  19 (90) 21 0.45 1.41 (0.00–7.16)

NSCLC total  0 (0)  12 (6)  189 (94) 201 0.94 0.97 (0.44–2.15)

SCLC  0 (0)  2 (7)  27 (93) 29 0.67 0.99 (0.00–4.88)

Tumor stage

I + II  0 (0)  4 (9)  41 (91) 45 0.28 

III + IV  0 (0)  10 (5)  175 (95) 185

Table 3. The association between the TNF-α-238 polymorphism and clinicopathological parameters of the subjects.

AD – adenocarcinoma; SQ – squamous cell carcinoma; OC – other carcinomas; NSCLC – non-small-cell lung cancer; SCLC – small-cell lung cancer;
OR – odds ratio (95% confi dence interval); GA plus AA vs. GG.

Clinical Research Med Sci Monit, 2009; 15(7): CR361-365

CR364



 9. Liu CJ, Wong YK, Chang KW et al: Tumor necrosis factor-a promot-
er polymorphism is associated with susceptibility to oral squamous cell 
carcinoma. J Oral Pathol Med, 2005; 34: 608–12

 10. Gonzalez EG, Padilla FJB, El-Omar E et al: Role of the polymorphic 
IL-1B, IL-1RN and TNF-A genes in distal gastric cancer in Mexico. Int 
J Cancer, 2005; 114: 237–41

 11. Jeong P, Kim EJ, Kim EG et al: Association of bladder tumors and GA 
genotype of -308 nucleotide in tumor necrosis factor-alpha promoter 
with greater tumor necrosis factor-alpha expression. Urology, 2004; 64: 
1052–56

 12. Shih CM, Lee YL, Chiou HL et al: Association of TNF-a polymorphism 
with susceptibility to and severity of non-small cell lung cancer. Lung 
Cancer, 2006; 52: 15–20

 13. Brambilla E, Travis WD, Colby TV et al: The new World Health 
Organization classifi cation of lung tumors. Eur Respir J, 2001; 18: 
1059–68

 14. Mountain CF: Revisions in the International System for Staging Lung 
Cancer. Chest, 1997; 111: 1710–17

 15. Seidemann K, Zimmermann M, Book M et al: Tumor necrosis factor 
and lymphotoxin alfa genetic polymorphisms and outcome in pediatric 
patients with non-Hodgkin’s lymphoma: results from Berlin-Frankfurt-
Munster Trial NHL-BFM 95. J Clin Oncol, 2005; 23: 8414–21

 16. Ho SY, Wang YJ, Chen HL et al: Increased risk of developing hepato-
cellular carcinoma associated with carriage of the TNF2 allele of the -
308 tumor necrosis factor-alpha promotor gene. Cancer Causes Control, 
2004; 15: 657–63

 17. Machado JC, Figueiredo C, Canedo et al: A proinfl ammatory genetic 
profi le increases the risk for chronic atrophic gastritis and gastric car-
cinoma. Gastroenterology, 2003; 125: 364–71

 18. Nikolova P, Pawelec G, Mihailova S et al: Association of cytokine gene 
polymorphism with malignant melanoma in Caucasian population. 
Cancer Immunol Immunother, 2007; 56: 371–79

 19. Wu MS, Chen LT, Shun CT et al: Promoter polymorphisms of tumor 
necrosis factor-alpha are associated with risk of gastric mucosa-associ-
ated lymphoid tissue lymphoma. Int J Cancer, 2004; 110: 695–700

 20. Morgan GJ, Adamson PJ, Mensah FK et al: Haplotypes in the tumour 
necrosis factor region and myeloma. Haematol, 2005; 129: 358–65

 21. Skov L, Allen MH, Bang B et al: Basal cell carcinoma is associated with 
high TNF-a release but not with TNF-a polymorphism at position -308. 
Exp Dermatol, 2003; 12: 772–76

 22. Govan VA, Constant D, Hoffman M, Williamson AL: The allelic distribu-
tion of -308 Tumor Necrosis Factor-alpha gene polymorphism in South 
African women with cervical cancer and control women. BMC Cancer, 
2006; 6: 24

 23. Li C, Xia B, Yang Y, Li J, Xia HH: TNF gene polymorphisms and 
Helicobacter Pylori infection in gastric carcinogenesis in Chinese pop-
ulation. Am J Gastroenterol, 2005; 100: 290–94

 24. Lee JY, Kim HY, Kim KH et al: Association of polymorphism of IL-10 
and TNF-A genes with gastric cancer in Korea. Cancer Lett, 2005; 225: 
207–14

 25. DeMichele A, Martin AM, Mick R et al: Interleukin-6–174G-->C poly-
morphism is associated with improved outcome in high-risk breast can-
cer. Cancer Res, 2003; 63: 8051–56

 26. Smith KC, Baterman AC, Fussell HM, Howell WM: Cytokine gene 
polymorphisms and breast cancer susceptibility and prognosis. Eur J 
Immunogenet, 2004; 31: 167–73

 27. Azmy IA, Balasubramanian SP, Wilson AG et al: Role of tumour ne-
crosis factor gene polymorphisms (-308 and -238) in breast cancer sus-
ceptibility and severity. Breast Cancer Res, 2004; 6: 395–400

 28. Kirkpatrick A, Bidwell J, van den Brule AJC et al: TNF-a polymorphism 
frequencies in HPV-associated cervical dysplasia. Gynecol Oncol, 2004; 
92: 675–79

 29. Gough MD, Ackroyd R, Majeed AW, Bird NC: Prediction of Malignant 
Potential in Refl ux Disease: Are Cytokine Polymorphisms Important? 
Am J Gastroenterol, 2005; 100: 1012–18

 30. Jang WH, Yang YI, Yea SS et al: The -238 tumor necrosis factor-a pro-
moter polymorphism is associated with decreased susceptibility to can-
cers. Cancer Lett, 2001; 66: 41–46

 31. Stojadinovic A, Henry LR, Peoples GE et al: Satisfaction with breast 
cancer screening and future screening participation. Med Sci Monit, 
2007; 13(10): CR422–29

Med Sci Monit, 2009; 15(7): CR361-365 Flego V et al - TNF-a gene polymorphisms in lung cancer

CR365

CR


