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Summary

Tumor necrosis factor-o (TNF-o) is a multifunctional cytokine involved in the pathogenesis of vari-
ous inflammatory and malignant diseases. Previous studies investigating the role of the TNF-0, gene
polymorphisms in lung cancer have generated contradictory results. The present study investigat-
ed whether the TNF-0-308 and TNF-0-238 polymorphisms are associated with risk and/or severity
of disease in Croatian lung cancer patients. This is the first study in a Caucasian population to an-
alyze the influence of these two polymorphisms on multiple types of lung cancer.

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-0; 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 significance using
the chi-squared test or Fisher’s exact test as appropriate.

There were no significant differences in the genotype and allele frequencies for the TNF-a-308
and TNF-0-238 polymorphisms between lung cancer patients and controls. Furthermore, no asso-
ciation between the genotypes and different stages of lung cancer was detected.

This study indicates that the TNF-0-308 and TNF-0-238 polymorphisms do not influence suscepti-
bility to or severity of lung cancer in a Croatian population.

lung cancer  TNF-o polymorphism ¢ tumor type * tumor stage « Caucasian population °
cancer susceptibility
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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-ot (TNF-0) is a potent pro-inflamma-
tory cytokine that functions as a central mediator of the im-
mune response in a wide range of immune-inflammatory and
infectious diseases [4]. In addition to its role in inflammation
and as a significant modulator of airway inflammation [4],
TNF-o 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 vitroand in vivo [5]. TNF-ot alone
can induce apoptosis in human cancer cell lines [6], but in-
creasing evidence suggests that TNF-o. may also promote the
development and spread of cancer. Increased levels of TNF-at
were detected in the serum of cancer patients and have been
associated with an adverse disease outcome [7-9].

Cytokine promoter polymorphisms, including TNF-0-308 and
TNF-0-238, 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 significance [11]. To our knowl-
edge, only two studies thus far have investigated the role of
TNF-0. polymorphisms in the susceptibility to and severity of
lung cancer. In the first study the TNF-0-308 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-0-308 polymorphism and lung
cancer susceptibility. In the second study the TNF-0-308 and
TNF-0-238 polymorphisms were investigated in 202 Chinese
patients with non-small-cell lung cancer (NSCLC) [12]. In
contrast to the previous finding, this study found a signifi-
cant association between the -308 G/A and -238 G/A poly-
morphisms in the TNF-o0 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-ot 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-0-308 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-
fication method (WHO, 1999) [13] and the classification
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-0 gene polymorphisms was performed by polymerase
chain reaction/restriction fragment length polymorphism
(PCR-RFLP) analysis under the conditions described by
Shih etal. [12].

Allele and genotype frequencies were estimated by gene
counting. The x? test was used to compare the observed
numbers of the different TNF-o0 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
significance using the x? test or Fisher’s exact test as appro-
priate. Odds ratios (OR) and their 95% confidence inter-
vals (CI) were calculated to evaluate the effects of different
genotypes/alleles. A p value <0.05 was considered statisti-
cally significant.

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-0-308 heterozygosity (26%
carriers in the control subjects). For TNF-0-238 (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-five (20%) patients were classified with stage I
or IT lung cancer and 185 (80%) with stage III or IV.

Analyses of the genotype and allele frequencies of the
TNF-0-308 and TNF-0-238 polymorphisms in the lung can-
cer patients and controls are presented in the tables. No sig-
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Table 1. Allele frequencies of the TNF-a-308 and TNF-a-238 gene polymorphisms in lung cancer patients and controls.

TNF-a (308 G/A) polymorphism

TNF-a (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) 843 15.7 0.59 97.0 3.0 0.83
SCLC (n=29) 87.9 121 0.82 96.5 35 0.99
NSCLC — non-small-cell lung cancer; SCLC — small-cell lung cancer.
Table 2. Association between the TNF-a-308 polymorphism and clinicopathological parameters of the subjects.
Genotypes
Characteristics 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) 13 0.38 1.25(0.73-2.12)
0c 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 1T 4 5 (17) 23 (79) 29 0.56 0.76 (0.26-2.08)
Tumor stage
[+ 2 4 8 (18) 35 (78) 45 0.47
-+ 1v 7 4 44 (24) 134 (72) 185

AD — adenocarcinoma; SQ — squamous cell carcinoma; 0C — other carcinoma; NSCLC — non-small-cell lung cancer; SCLC — small-cell lung cancer;

OR — odds ratio (95% confidence interval); GA plus AA vs. GG.

nificant deviations from the predicted Hardy Weinberg pro-
portions were observed in either the patients (TNF-0-308:
$=0.46, TNF-0:-238: p=0.85) or controls (TNF-a-308: p=0.78,
TNF-0-238: $=0.86). No significant differences were ob-
served in G and A allele frequencies of the TNF-0-308 and
TNF-0-238 gene polymorphisms in the lung cancer patients
and controls (p=0.64 and p=0.71, Table 1).

The distribution of the TNF-0-308 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 significant 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-0-238 G/A genotype distributions, no
significant differences between controls and lung cancer
patients were found (p=0.71, Table 3). We also observed
no significant difference in tumor stage among the patients
with TNF-0-238 GA genotypes and those with TNF-0-238
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-
nificant differences in allele and genotype distributions
(data not shown).

DiscussIioN

In this study we found no association between either
TNF-0-308 or TNF-0-238 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 significant 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-0-308 polymor-
phism and lung cancer in German patients [8]. Seifart et al.
previously suggested a connection between the IL-10-1082-G
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Table 3. The association between the TNF-a-238 polymorphism and clinicopathological parameters of the subjects.

Genotypes
Characteristics 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 () 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)
0C 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 (%3) 29 0.67 0.99 (0.00-4.88)
Tumor stage
[+11 0 (0 4 9 41 (91) 45 0.28
I+ 0 (0 10 (5) 175 (95) 185

AD — adenocarcinoma; SQ — squamous cell carcinoma; 0C — other carcinomas; NSCLC — non-small-cell lung cancer; SCLC — small-cell lung cancer;

OR — odds ratio (95% confidence interval); GA plus AA vs. GG.

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

Shih etal. [12] provided the first report of an association be-
tween the TNF-0-308 and TNF-0-238 gene polymorphisms and
risk of NSCLC in a Chinese population. Although the meth-
ods and the sample size of patients were similar, our findings
in a Caucasian population did not confirm these results. The
apparent inconsistency in the results regarding the role of the
TNF-o polymorphisms might be due to differences in lung
cancer etiology for patients of different ethnic origin.

Significant associations between the TNF-0-308 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-0-308 polymorphism was not associated
with gastric carcinoma, myeloma, basal cell carcinoma,
cervical cancer, or breast cancer [10,19-26]. Similarly, the
TNF-0-238 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-0-238 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-0-308 and TNF-0-238 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 1l statistical errors. Although our study had 80% pow-
er to detect a twofold increase in the frequency of the TNF-

0-238 A allele, the number of patients with the TNF-0-238
GA genotype was too small (n=14) to permit firm conclu-
sions on the effect of TNF-0-238 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-o.
gene polymorphisms in lung cancer susceptibility.

CONCLUSIONS

The present study showed that the TNF-0-308 and TNF-0-238
polymorphisms do not influence susceptibility to lung can-
cer or affect its clinical course in a Croatian population.
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