
Introduction

Inhaled asbestos fibres are known to cause progressive 
lung or pleural fibrosis and malignancies such as lung 
cancer or diffuse malignant mesothelioma (for review 
see Kamp 2009). Interindividual differences might play a 
crucial role in outcome and severity of asbestos diseases 
(Schneider et al. 2006). Inflammatory processes are of 
general importance in the pathogenesis of asbestosis 
or silicosis, as they are driven by chronic inflammation 
of the airways due to inhaled fibres and particles (for 
review see Manning et al. 2002). Coal dust exposure, for 
example, stimulates an inflammatory response leading 
to increased release of cytokines such as tumour necro-
sis factor (TNF)-α and interleukin (IL)-1, which play a 
key role in pathogenesis of pneumoconiosis (Ates et al. 
2009).

TNF-α, a multifunctional, proinflammatory cytokine, 
is produced primarily by monocytes, macrophages and 
lymphocytes. It exhibits many inflammatory effects (e.g. 
activating neutrophils and mononuclear cells, induc-
ing expression of adhesion molecules, cytokines and 
chemokines) and is involved in the regulation of a wide 
spectrum of biological processes including cell prolif-
eration, differentiation and apoptosis. TNF-α has been 
found to be significantly elevated in bleomycin and silica 
models of lung fibrosis (for review see Gharaee-Kermani 
& Phan 2005). Furthermore TNF-α is upregulated in 
macrophages, epithelial and mesenchymal cells after 
exposure to asbestos (Sullivan et  al. 2008) and TNF-α 
receptor, knock-out mice fail to develop lung fibrosis 
after treatment with bleomycin (Liu & Brody 2001, Liu 
et  al. 1998). TNF-α is also associated with in vivo and 
in vitro killing of tumour cells and causes cytolysis and 
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Abstract
Background: Tumour necrosis factor (TNF)-α influences the pathogenesis of lung fibrosis and carcinogenesis 
in normal cells. Polymorphisms of this gene have been suggested to be associated with susceptibility to 
lung diseases.

Methods: Association studies were performed in German subjects, using control subjects (n = 177), pulmonary 
fibrosis patients (n = 612) and bronchial carcinoma patients (n = 374).

Results: Compared with a healthy (control) group, a significant result could be obtained for the asbestosis 
(patient) group (crude odds ratio (OR

crude
) = 1.57; 95% confidence interval (CI) 1.05–2.36; p = 0.03), especially 

with severe lung asbestosis (OR
crude

 = 4.15; 95% CI 1.06–16.16; p = 0.04). A significant association was revealed 
when comparing asbestosis patients (OR

crude
 = 4.08; 95% CI 1.53–10.54; p = 0.004 and OR

adjusted
 = 3.89; 95% CI 

1.49–10.17; p = 0.006) with asbestos-induced lung cancer patients.

Conclusion: The results confirm the hypothesis that TNF-α polymorphisms are associated with asbestos-
induced fibrotic or malignant lung diseases in Germans.
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cytostasis of many tumour cell lines (for review see 
Gharaee-Kermani & Phan 2005, Kuwano et al. 2001, Kolb 
& Schmidt 2003).

Among others, TNF-α induces the production of 
cytokines such as IL-6 (Sanceau et  al. 1991) or trans-
forming growth factor (TGF)-β (Sullivan et al. 2008) and 
downregulation of TNF-α is considered to be associated 
with an overproduction of IL-10 (Huaux et al. 1999).

Single-nucleotide polymorphisms (SNPs) in regula-
tory regions of cytokine genes have been associated 
with susceptibility to a number of complex disorders (for 
review see Bidwell et al. 1999, 2001, Hollegaard & Bidwell 
2006). Variation in the TNF-α promoter region has been 
found to be associated with susceptibility to several lung 
diseases such as chronic bronchitis (Huang et al. 1997), 
fibrosing alveolitis (Whyte et al. 2000), asthma (Witte et al. 
2002), silicosis (Yucesoy et  al. 2001) and coal workers’ 
pneumoconiosis (Ates et al. 2008), as well as non-small 
cell lung cancer (Shih et al. 2006).

The SNPs located at nucleotides -238 (rs361525) and 
-308 (rs1800629) of the TNF-α promoter region, are all 
substitutions of adenine for guanine (Herrmann et  al. 
1998). In the literature the allelic types of the -238 poly-
morphism are referred to as -238G and -238A (Ates et al. 
2008), while the allelic types of the -308 polymorphism 
are referred to as -308G and -308A or TNF1 and TNF2, 
respectively (Witte et al. 2002, Mira et al. 1999). TNF2 is 
supposed to be a stronger transcriptional activator than 
the common allele (TNF1), as observed in a human B-cell 
line (Wilson et al. 1997).

In this study we investigated whether or not TNF-α 
promoter polymorphisms were associated with the out-
come or progression of asbestos-induced fibrosis and 
related malignancies.

Methods

Subjects

The study population consisted of a total of 1196 German 
patients. All subjects included in this study were inter-
viewed using a questionnaire to obtain information on 
lifestyle (including a lifetime history of tobacco use) 
and occupational history. According to their reported 
smoking habits, patients were classified into smokers, 
former smokers or never smokers. Individual pack-years 
(PY) were calculated. One PY was defined as smoking 20 
cigarettes daily over 1 year. Written informed consent 
was obtained from all patients before inclusion in the 
study.

The control group comprised 177 unrelated, healthy 
subjects without known diseases and without any expo-
sure to carcinogenic (or fibrogenic) agents at the work-
place. Any subjects with diseases related to potential 

tissue fibrosis (e.g. diabetes, chronic lung disease, etc.) 
or any benign or malignant tumours were excluded.

The lung fibrosis patients group contained 612 sub-
jects. Only subjects with a confirmed diagnosis of lung 
fibrosis, according to American Thoracic Society (ATS) 
criteria (2000, 2002) were included.

The lung cancer patients group contained 374 subjects 
and the malignant mesothelioma group contained 33 
patients. Only subjects with a histologically confirmed 
diagnosis of primary lung cancer or diffuse malignant 
mesothelioma, according to the WHO criteria (Travis 
2004), were included.

Diagnosis of pulmonary diseases was based on 
physical examination, haematological, biochemical and 
immunology laboratory analyses and pulmonary func-
tion tests. All patients underwent diagnostic procedures, 
including X-ray examination interpreted according to 
the International Labour Office (ILO) Classification of 
Radiographs of Pneumoconiosis from 2003 (Hering et al. 
2003).

To allow further discrimination between different 
kinds of exposure, several groups of patients suffering 
from lung fibrosis or lung cancer were created and com-
pared to a non-exposed control group (Table 1).

In a second evaluation step the asbestosis group was 
further subdivided into groups considering the expan-
sion and severity code of fibrosis. These groups were 
established using chest X-ray findings according to the 
ILO Classification of Radiographs of Pneumoconiosis 
from 2003 (Hering et al. 2003).

Chest X-ray findings

Asbestos-related abnormalities were classified as asbes-
tosis (parenchymal changes) or as asbestos-induced 
pleural diseases. Small irregular opacities (s, t, u) were 
considered and classification of severity was done 
according to the ILO (Table 2) (Hering et al. 2003). Diffuse 
pleural thickening without parenchymal bands was only 
observed in adipose patients and, as such, was attributed 
to subpleural fat.

The ethics committees of the university hospital, 
Giessen, Germany, approved the study (AZ:75/06).

Real-time polymerase chain reaction and 
polymorphism detection

Three millilitres of whole blood was collected by 
venipuncture in tubes containing EDTA (Sarstaedt, 
Nümbrecht, Gernmany). Genomic DNA was isolated 
from whole blood using the Versagene™ DNA Purification 
Kit (Gentra Systems, Big Lake, MN, USA). Detection of 
the polymorphisms was performed by rapid capillary 
polymerase chain reaction (PCR), with melting curve 
analysis, using fluorescence-labelled hybridization 
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probes in a LightCycler System (Roche Diagnostics, 
Mannheim, Germany). The PCR primers as well as the 
fluorescent-labelled detection probes were synthesized 
by TIB MOLBIOL (Berlin, Germany) (Table 3). A duplex 
assay was used to analyse the TNF-α promoter polymor-
phisms (Dietmaier et  al. 2002). The reaction mixture 
comprised 1 µl of each primer (10 µM) and 0.4 µl of 
each probe (10 µM), 0.8 µl MgCl

2
 (25 mM), 2 µl FastStart 

DNA Master Hybridization Probes (Roche Diagnostics, 
Mannheim, Germany) and 2 µl DNA. After an initial 
denaturation step of 95°C for 10 min, the thermocycling 
conditions were 50 cycles of 95°C for 5 s, 55°C for 10 s and 
72°C for 15 s. The melting curves were generated to obtain 
melting temperatures, which were visualized in canal F2 
for the TNF-α (-238) and in canal F3 for the TNF-α (-308), 
respectively, of the LightCycler instrument.

Therefore, the melting curve of DNA homozygous for 
allele A contained a single peak at a melting temperature 
of 64.5°C (-238 and -308), samples homozygous for the 
allele G showed a single peak at 69.5°C (-238) and 67°C 
(-308), respectively, while heterozygous probes gave 
rise to biphasic melting curves. PCR contamination was 
checked by the inclusion of a negative control, where 
cDNA was replaced by water.

Statistical analysis

The odds ratio (OR) and confidence interval (CI) assessed 
the association between genotype distribution and 
patient status. OR and 95% CI were used as an estimate 
of the risk in all cases. The OR and CI were calculated 
by unconditional logistic regression. Adjustments for 
age, gender and tobacco smoking (PY) were computed 
to estimate the association between certain genotypes 
and diseases. Smokers were considered current smok-
ers at the time of diagnosis. Ex-smokers were all people 
who had ever smoked. Information was collected on the 
usual number of cigarettes smoked per day, the age at 
which the subject started smoking and, if the person 
was an ex-smoker, the age at which the subject stopped 
smoking. Pack-years were calculated for the cumulative 
cigarette smoking. The smokers were stratified by the 
pack-year values. All statistical analyses were performed 
using the statistical software package, SSPS 15.0 (SPSS 
Inc., Chicago, IL, USA). Allelic and genotype frequen-
cies were obtained by direct counting. Hardy–Weinberg 
equilibrium was assessed by a χ2 test with 2 degrees of 
freedom. Allelic and genotype frequencies in patient and 
control groups were compared using a 2 × 2, contingency 
table and χ2 test or the two-tailed Fisher’s exact test when 
the number of expected cases was too low. The level of 
significance was set at p <0.05.

Table 2.  X-ray classification of asbestosis and pleural plaques. 
The groups were established using chest X-ray findings according 
to the International Labor Office Classification of Radiographs of 
Pneumoconiosis from 2000 (Hering et al. 2003).

Classification of parenchymal changes

<1/0 No definite lung fibrosis

1/1 and 1/2 Beginning lung fibrosis 
(asbestosis)

2/1, 2/2 and 2/3 Moderate lung fibrosis 
(asbestosis)

3/2, 3/3 and 3/+ Severe lung fibrosis (asbestosis)

Classification of pleural changes

0 No definite pleural plaques

1 <1/4 of lateral thoracic wall

2 1/4 - 1/2 of lateral thoracic wall

3 >1/2 of lateral thoracic wall

Hyalinosis complicata Costophrenic obliteration, 
diffuse pleural thickening  
and pleuroparenchymal fibrous 
strand (‘crow feet’)

Table 1.  Discrimination between different kinds of exposure. Several groups of patients suffering from lung fibrosis or lung cancer were created 
and compared with a non-exposed control group.

Diseases n Criteria  Reference

Asbestosis 395 Defined in list of  
occupational disease  
No. 4103 BKV

Caused by asbestos dust  
See criteria for diagnosis

Parker, 1997

Silicosis 162 Defined in list of  
occupational disease  
No. 4101 BKV

Caused by silica dust  
Criteria for diagnosis see

Parker, 1997

Lung interstitial  
fibrosis

55  No relevant exposure to  
asbestos or silica

 

Asbestos-related  
lung cancer

48 Defined in list of  
occupational disease  
No. 4104 BKV

asbestos or pleural plaques or 
cumulative asbestos exposure  
≥ 25 fibres/ml × year

DeVuyst, 1997

Diffuse malignant 
mesothelioma

33 Defined in list of  
occupational disease  
No. 4105 BKV

Caused by asbestos dust  

Lung cancer 326  No relevant exposure to  
asbestos

 

BKV, list of occupational diseases.
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Results

More smokers were present in the case groups (80.6%) 
when compared with the controls (58.2%). The lung 
cancer patient group (90.4%) but not the malignant 
mesothelioma patient group (42.4%) included more 
smokers when compared with the control group 
(Table  4). The mean age of the control group was 39.1 
years (range 20–76) and of all the cases was 67.4 years 
(range 29–91).

Genotype and allele frequencies of TNF-α promoter 
polymorphisms

The A-allele frequency in the control group of TNF-α 
(-308) polymorphism (0.124) was higher than the A-allele 
frequency of TNF-α (-238) polymorphism (0.042) (Table 
5). Compared with the control group, higher allele fre-
quencies for the A-allele of TNF-α (-238) were revealed in 
the asbestosis No 4103 BKV group (BKV – occupational 
disease regulation) (0.098) and the hyaline pleural 
plaques extend 3 group (0.094). Lower allele frequencies 

were revealed in the asbestosis-induced lung cancer  
No 4104 BKV group (0.021).

For the A-allele of TNF-α (-308) higher allele frequen-
cies compared with the control group were revealed in 
the asbestosis No 4103 BKV group (0.180), especially in 
the 2/1, 2/2 and 2/3 ILO groups (0.278). Additionally, 
the hyaline pleural plaques group (0.244) (extend 1 
group (0.375), extend 2 group (0.219) and extend 3 group 
(0.188)) revealed higher allele frequencies. Lower allele 
frequencies were seen in the asbestosis-induced lung 
cancer No 4104 BKV group (0.063) and in the malignant 
mesothelioma patient group (0.091).

The studied population, including controls, did not 
deviate from Hardy–Weinberg equilibrium (χ2 = 2.395 
for TNF-α (-238) and χ2 = 0.49 for TNF-α (-308) 
polymorphism).

TNF-α (-308) promoter polymorphisms and clinical 
manifestation

OR analyses were performed for homozygous wild-type 
(G-308G) genotype versus the genotypes carrying at least 

Table 3.  Primer and probes sequences for the -238 and -308 tumour necrosis factor (TNF)-α promoter polymorphisms.

Gene SNP Primer Primer sequence 5'–3'

TNF-α -238 TNF-396 TTCCTGCATCCTGTCTGGAA

(G→A) TNF-069 CAGCGGAAAACTTCCTTGGT

  anchor Fl-TTCAGCCTCCAGGGTCCTACACACAAATCAGTCAGTGGCCCAGAAGA

-238(G) 705-CCTCGGAATCGGAGCAGGGAGGA

-308 TNF-396 TTCCTGCATCCTGTCTGGAA

(G→A) TNF-069 CAGCGGAAAACTTCCTTGGT

 anchor Fl-TTCAGCCTCCAGGGTCCTACACACAAATCAGTCAGTGGCCCAGAAGA

-308(G) AATAGGTTTTGAGGGGCATGGGGACT-LC640

SNP, single-nucleotide polymorphism

Table 4.  Demographic and disease parameters of controls and patients.

 n

Age (years) Smoking habit (%), 
smoker/ex-smokerMean Range Median

Control group 177 39.1 20–76 34.9 58.2

Patient group 1019 67.4 29–91 68.7 80.6

Lung fibrosis 612 68.1 29–91 69.3 76.6

Silicosis (BK 4101) 162 70.5 40–89 71.3 80.2

Asbestosis (BK 4103) 395 67.8 45–91 68.5 76.7

Lung fibrosis of  
other genesis

55 64.7 29–82  65.5

Malignant 
mesothelioma  
(BK 4105)

33 65.1 46–75 67.0 42.4

Lung cancers 374 66.4 34–83 68.1 90.4

Asbestos-induced  
Lung cancers (BK 4104)

48 67.3 52–81 67.5 97.9

Lung cancer of other 
genesis

326 66.3 34–84 68.1 89.3
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one mutant (A) allele (G-308A and A-308A). Data for 
crude and for pack-years (PY), age (years) and gender-
adjusted analyses of TNF-α gene polymorphism (-308) 
in patients, are shown in Table 6.

This analysis revealed that patients with at least 
one mutant (A) allele of TNF-α (-308) were at higher 
risk for fibrotic lung diseases (OR

crude
 = 1.472; 95% CI 

0.99–2.17; p = 0.05). Significant results could be obtained 
for the asbestosis patient group (OR

crude
 = 1.57; 95% CI 

1.05–2.36; p = 0.03). In particular, the group with severe 
lung asbestosis (3/2, 3/3 and 3+), revealed a higher risk 
(OR

crude
 = 4.15; 95% CI 1.06–16.16; p = 0.04). Additionally, a 

significantly increased risk for (A) allele carriers was seen 
for patients with hyaline pleural plaques (OR

crude
 = 2.21; 

95% CI 1.11–4.1; p = 0.02 and OR
adjusted

 = 2.90; 95% CI 
1.08–7.78; p = 0.03). This result was evident in a subgroup 
of patients with hyaline pleural plaques (OR

crude
 = 4.64; 

95% CI 1.40–15.41; p = 0.01 and OR
adjusted

 = 5.32; 95% CI 
1.22–23.34; p = 0.03).

Only the crude OR revealed a decreased risk for indi-
viduals with asbestos-induced bronchial carcinoma, 
when carrying at least one mutant (A) allele at -308 of 
the TNF-α promoter (OR

crude
 = 0.39; 95% CI 0.14–1.04). 

After adjusting for PY, age and gender no association 
was detected.

When OR analyses were performed for lung fibrosis 
patients, compared with lung cancer patients the (A) allele 
at -308 of the TNF-α promoter was significantly associated 
with a higher risk for fibrotic lung diseases (OR

crude
 = 1.53; 

95% CI 1.14–2.06; p=0.050 and OR
adjusted

 = 1.75; 95% CI 
1.25–2.45; p = 0.001). A significant association for the 
(A) allele was also revealed when comparing asbestosis 
patients (OR

crude
= 4.08; 95% CI 1.53–10.54; p = 0.004 and 

OR
adjusted

 = 3.89; 95% CI 1.49–10.17; p = 0.006), with asbes-
tos-induced lung cancer patients. Additionally, a signifi-
cant result was obtained when comparing non-asbestos 
fibrosis with non-asbestos lung cancer (OR

adjusted
 = 1.58; 

95% CI 1.00–2.5; p = 0.049) (see Table 8).

TNF-α (-238) promoter polymorphisms and clinical 
manifestation

OR analyses were performed for the homozygous wild-
type (G-238G) genotype versus the genotypes carrying 
at least one mutant allele (G-238A or A-238A). Data for 
crude and to PY-, age- and gender-adjusted analyses of 
TNF-α gene polymorphism -238 in patients are shown 
in Table 7.

This analysis revealed that patients with at least one 
mutant (A) allele in the promoter of TNF-α were at higher 

Table 5.  Tumour necrosis factor (TNF)-α genotype distribution and allele frequencies in Caucasian healthy controls and patients.

 

TNF-α -238 TNF-α -308 

G/G G/A A/A q(A) = G/G G/A A/A q(A) =

Controls 162 15 0 0.042 136 38 3 0.124

Fibrosis 550 61 1 0.051 424 168 20 0.169

  Asbestosis (4103 BKV) 356 39 0 0.098 268 112 15 0.180

  Silicosis (4101 BKV) 144 17 1 0.059 117 41 4 0.151

  Fibrosis of other genesis 50 5 0 0.045 39 15 1 0.155

    Lung asbestosis 110 12 0 0.049 84 37 1 0.160

      1/1 and 1 /2 ILO 58 5 0 0.039 44 19 0 0.151

      2/1, 2/2 and 2/3 ILO 41 5 0 0.054 32 13 1 0.167

      3/2, 3/3 and 3/+ ILO 8 1 0 0.055 4 5 0 0.278

    Pleural asbestosis 188 22 0 0.052 144 56 10 0.181

  Calcified pleural plaques         

    Overall 108 12 0 0.050 86 30 4 0.158

      Extend 1 30 5 0 0.071 24 11 0 0.157

      Extend 2 34 1 0 0.014 27 7 1 0.129

      Extend 3 40 6 0 0.065 31 12 3 0.196

  Hyaline pleural plaques         

    Overall 40 5 0 0.055 27 14 4 0.244

      Extend 1 11 1 0 0.042 5 5 2 0.375

      Extend 2 15 1 0 0.031 10 5 1 0.219

      Extend 3 13 3 0 0.094 11 4 1 0.188

    Hyalinosis complicata 40 5 0 0.055 31 12 2 0.177

Lung cancers 338 36 0 0.048 290 79 5 0.119

Asbestos-induced lung  
cancers (4104 BKV)

46 2 0 0.021 43 4 1 0.063

Lung cancer of other genesis 292 34 0 0.052 247 75 4 0.127

Mesothelioma (4105 BKV) 30 3 0 0.045 27 6 0 0.091

ILO, International Labor Office; BKV, BKV, occupational disease regulation.
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risk for fibrotic lung diseases (OR
crude

 = 1.22; 95% CI 0.67–
2.20 and OR

adjusted
 = 1.77; 95% CI 0.67–4.98). The asbestosis 

and the silicosis patients groups revealed higher risks 
(OR

crude
 = 1.18; 95% CI 0.63–2.21 and OR

adjusted
 = 2.12; 95% 

CI 0.64–6.96 for asbestosis and OR
crude

 = 1.35; 95% CI 0.66–
2.78 and OR

adjusted
 = 1.95; 95% CI 0.46–8.23 for silicosis).

In contrast to the TNF-α (-308) findings above, 
individuals carrying at least one mutant (A) allele in 
the promoter of TNF-α (-238) had a decreased risk for 
asbestos-induced bronchial carcinoma (OR

crude
 = 0.47; 

95% CI 0.10–2.13 and OR
adjusted

 = 0.72; 95% CI 0.09–5.56). 
The lung cancer of other genesis shows the same 
trend towards a lower risk (OR

adjusted
 = 0.75; 95% CI 

0.26–2.18).
These results did not gain any significance, even when 

OR was performed for lung fibrosis patients versus lung 
cancer patients. The lung fibrosis patients were at a 
higher risk when carrying the (A) allele but significance 
remained to be achieved (Table 8).

Discussion

In this study we demonstrated a significant association 
for the (A) allele at position -308 of the TNF-α with a 

higher risk for fibrotic lung diseases. Simultaneously, 
we showed a significant association of the (A) allele with 
higher risk for fibrotic lung diseases and a lower risk for 
lung cancers, when both groups were compared with 
each other.

TNF-α, as a proinflammatory cytokine, plays an impor-
tant role in particle-induced inflammation of the lung, 
through induction of adhesion molecules and stimulation 
of other proinflammatory molecules (Driscoll 2000).

In cancer TNF-α has rather conflicting roles. TNF-α 
has an antitumour effect by inducing apoptosis, and at 
high doses, it is cytotoxic. On the other hand, chronic low-
dose production of TNF-α is supposed to promote cancer 
growth (for review see Balkwill 2006, Szlosarek et al. 2006). 
Nuclear factor κB activated by TNF-α leads to survival 
and resistance against the cytotoxic effects of asbestos in 
human mesothelial cells and therefore, increases the risk 
of malignant transformation (Yang et al. 2006). Just as in 
other multifactorial diseases, there is a large interindi-
vidual variability of susceptibility to asbestosis.

The genetic variant at position G-308A is supposed 
to have functional effects on gene transcription activity 
(Wilson et al. 1992, 1997). Higher constitutive and induc-
ible transcriptional levels were presented in carriers of 
the rare TNF2 allele (-308A) (Wilson et  al. 1997). Coal 

Table 6.  Crude and adjusted odds ratio (OR) for tumour necrosis factor (TNF)-α promoter polymorphism -308 in patients.

TNF-α -308

Crude OR OR adjusted for PY, age, gender 

OR 95% CI p-Value OR 95% CI p-Value

Controls 1.00   1.00   

Fibrosis 1.47 0.99–2.17 0.05 1.42 0.76–2.64 0.27

  Asbestosis (4103 BKV) 1.57 1.05–2.36 0.03 1.62 0.82–3.21 0.17

  Silicosis (4101 BKV) 1.28 0.78–2.08 0.33 1.23 0.53–2.88 0.63

  Fibrosis of other genesis 1.36 0.68–2.68 0.37 1.25 0.51–3.05 0.63

    Lung asbestosis 1.50 0.89–2.52 0.13 1.60 0.66–3.87 0.30

      1/1 and 1 /2 ILO 1.43 0.75–2.72 0.27 1.64 0.61–4.43 0.33

      2/1, 2/2 and 2/3 ILO 1.45 0.71–2.98 0.31 1.65 0.58–4.68 0.35

      3/2, 3/3 and 3/+ ILO 4.15 1.06–16.16 0.04 5.55 0.91–33.72 0.06

    Pleural asbestosis 1.52 0.97–2.39 0.07 1.52 0.72–3.20 0.72

  Calcified pleural plaques       

    Overall 1.31 0.77–2.23 0.32 1.19 0.52–2.74 0.68

      Extend 1 1.52 0.69–3.37 0.3 1.56 0.59–4.38 0.40

      Extend 2 0.98 0.42–2.33 0.97 1.06 0.34–3.33 0.92

      Extend 3 1.61 0.79–3.26 0.19 1.56 0.57–4.27 0.39

  Hyaline pleural plaques       

    Overall 2.21 1.11–4.41 0.02 2.90 1.08–7.78 0.03

      Extend 1 4.64 1.40–15.41 0.01 5.32 1.22–23.34 0.03

      Extend 2 1.99 0.68–5.81 0.21 0.49 0.69–9.04 0.17

      Extend 3 1.51 0.50–4.59 0.47 1.77 0.46–6.68 0.41

    Hyalinosis complicata 1.50 0.73–3.08 0.27 1.68 0.63–4.49 0.30

Lung cancers 0.96 0.63–1.47 0.85 1.19 0.59–2.46 0.63

    Asbestos-induced  
lung cancers (4104 BKV)

0.39 0.14–1.04 0.06 1.19 0.59–2.42 0.63

    Lung cancer of other genesis 1.06 0.69–1.63 0.79 1.372 0.67 -2. 81 0.39

    Mesothelioma (4105 BKV) 0.74 0.29–1.91 0.53 0.61 1.89–1.89 0.41

CI, confidence interval; PY, pack year; ILO, International Labor Office; BKV, BKV, occupational disease regulation.
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dust-stimulated release of TNF-α, was significantly higher 
in TNF-α (-238) (A) allele carriers compared with TNF-α 
(-238) (G) allele carriers (Ates et al. 2009).

In agreement with our findings for asbestosis, an 
increased risk was also seen for silicosis patients 
with the TNF-α (-308) (A) allele independently of the 

severity in Americans (Yucesoy et al. 2002, 2001) and 
among the Han population of southwest China (Wang 
et  al. 2005a). The TNF-α (-238) (A) allele frequency 
was significantly higher in severe forms of silicosis 
and reduced in moderate silicosis, indicating that the 
TNF-α (-238) (A) allele predisposes for a more rapid 

Table 8.  Crude and adjusted odds ratio (OR) for tumour necrosis factor (TNF)-α promoter polymorphism in fibrosis patients compared with 
bronchial carcinoma patients.

 

Crude OR OR adjusted 

OR 95% CI p-Value OR 95% CI p-Value

TNF-α -238       

Fibrosis vs lung cancers 1.058 0.687–1.631 0.797 1.056 0.650–1.716 0.826

Asbestosis (4103 BKV) vs 
 asbestos-induced  
lung cancers (BK 4104)

1.018 0.582–1.782 0.950 1.157 0.607–2.208 0.657

Fibrosis of other genesis vs  
lung cancer of other genesis

2.520 0.589–10.782 0.213 2.003 0.457–8.792 0.357

TNF-α -308     

Fibrosis vs lung cancers 1.531 1.137–2.061 0.050 1.753 1.252–2.454 0.001

Asbestosis (4103 BKV) vs  
asbestos-induced  
lung cancers (BK 4104)

4.075 1.526–10.536 0.004 3.891 1.488–10.172 0.006

Fibrosis of other genesis vs  
lung cancer of other genesis

1.223 0.828–1.805 0.312 1.583 1.002–2.500 0.049

CI, confidence interval; BKV, occupational disease regulation.

Table 7.  Crude and adjusted odds ratio (OR) for tumour necrosis factor (TNF)-α promoter polymorphism -238 in patients.

TNF-α -238

Crude OR OR adjusted for PY, age, gender 

OR 95% CI p value OR 95% CI p value

Controls 1   1.00   

Fibrosis 1.22 0.67–2.2 0.51 1.77 0.67–4.98 0.28

  Asbestosis (4103 BKV) 1.18 0.63–2.21 0.59 2.12 0.64–6.96 0.22

  Silicosis (4101 BKV) 1.35 0.66–2.78 0.42 1.95 0.46–8.23 0.37

  Fibrosis of other genesis 1.08 0.37–3.12 0.98 1.26 0.30–5.20 0.75

    Lung asbestosis 1.18 0.53–2.61 0.69 2.15 0.46–9.93 0.33

      1/1 and 1 /2 ILO 0.93 0.32–2.68 0.89 1.50 0.26–8.87 0.65

      2/1. 2/2 and 2/3 ILO 1.32 0.45–3.83 0.61 1.72 0.33–8.98 0.52

      3/2. 3/3 and 3/+ ILO 1.35 0.16–11.53 0.78 1.61 0.12–22.66 0.72

    Pleural asbestosis 1.26 0.63–2.52 0.51 2.03 0.56–7.46 0.28

      Calcified pleural plaques       

      Overall 1.20 0.54–2.66 0.65 2.24 0.48–10.38 0.30

      Extend 1 1.80 0.61–5.32 2.88 2.97 0.58–15.21 0.19

      Extend 2 0.32 0.04–2.49 0.28 0.38 0.03–4.37 0.44

      Extend 3 1.62 0.59–4.44 0.35 2.10 0.38–11.55 0.40

    Hyaline pleural plaques       

      Overall 1.35 0.46–3.93 0.58 1.83 0.39–8.62 0.45

      Extend 1 0.98 0.12–8.13 0.99 1.58 0.14–17.91 0.71

      Extend 2 0.72 0.09–5.83 0.76 0.94 0.09–10.48 0.96

      Extend 3 2.49 0.64–9.73 0.19 5.72 0.81–40.3 0.08

    Hyalinosis complicata 1.35 0.46–3.93 0.59 1.87 0.38–9.17 0.44

    Lung cancers 1.15 0.61–2.16 0.66 0.71 0.25–2.05 0.53

    Asbestos-induced  
lung cancers (4104 BKV)

0.47 0.10–2.13 0.33 0.72 0.09–5.56 0.75

    Lung cancer of other genesis 1.26 0.67–2.38 0.48 0.75 0.26–2.18 0.59

    Mesothelioma (4105 BKV) 1.08 0.29–3.96 0.91 1.98 0.34–11.54 0.45

CI, confidence interval; PY, pack year; ILO, International Labor Office; BKV, occupational disease regulation.

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

Pe
ki

ng
 U

ni
ve

rs
ity

 o
n 

11
/1

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Tumour necrosis factor_α gene polymorphisms in asbestos-induced diseases    407

development of the severe form (Yucesoy et al. 2001, 
2002). These findings were confirmed in a population 
of black South African miners (Corbett et al. 2002). We 
did not find any significant association with the TNF-α 
(-238) (A) allele, in 162 investigated silicosis patients. 
This may be because we did not discriminate between 
the severities of silicosis. However we did observe simi-
lar results for the lung asbestosis and the hyaline pleu-
ral plaque patients groups. Also we revealed lower ORs 
for the moderate forms, while higher ORs were seen in 
severe disease forms. Maybe through the low TNF-α 
(-238) (A) allele frequency, we did not detect significant 
results but still we can show a trend towards a higher 
risk of TNF-α (-238) (A) allele carriers towards fibrotic 
lung diseases

Confirming our results, higher TNF-α (-308) (A) allele 
frequencies were seen in Japanese, as well as Europeans, 
with coal workers’ pneumoconiosis (Wang et al. 2005b, 
Zhai et al. 1998). Carriage of the TNF-α (-308) (A) allele 
was also associated with increased risk of fibrosing alveo-
litis in English and Italian populations (Whyte et al. 2000) 
and with idiopathic pulmonary fibrosis in an Australian 
cohort (Riha et al. 2004). An association with a favour-
able prognosis was noted for the TNF-α (-308) (A) allele 
of pulmonary sarcoidosis patients in the Netherlands 
(Abraham & Kroeger 1999).

Mirroring its complexity in different types of cancer 
and differences within populations, there are varying 
results in the literature concerning the role of TNF-α 
(-308) polymorphism in tumour diseases. In our study 
we could not prove a definite effect of this polymorphism 
in the context of lung cancer. An association between 
the TNF-α (-308) (A) allele and an increased suscepti-
bility to non-Hodgkin’s lymphoma, uterine endometrial 
cancer and prostate cancer has been described (Skibola 
et al. 2010, Sasaki et al. 2000, Oh et al. 2000). A promoter 
effect was also shown, for lung cancer development and 
progression, in Chinese individuals with non-small cell 
lung cancer (Shih et  al. 2006). A contrasting result has 
been reported in Taiwanese patients with oral squamous 
cell carcinoma. Compared with healthy controls a higher 
frequency of TNF-α (-308) G/G genotype was detected 
(Liu et al. 2005). A study in North China also connects 
the TNF-α (-308) (A) allele with a lower risk and the 
TNF-α (-308) (G) allele with a higher risk for of develop-
ing oesophageal squamous cell carcinoma and gastric 
cardiac adenocarcinoma (Guo et al. 2005). No associa-
tions were seen with different types of lung cancer in a 
German (Seifart et al. 2005) and a Croatian (Flego et al. 
2009) population.

The TNF-α -238A allele was significantly lower in 
Korean patients with gastric cancer, uterine cervical 
cancer, colorectal cancer or renal cell carcinoma com-
pared with healthy controls, indicating a protective effect 
against cancers (Jang et al. 2001). Additionally, lower ORs 

were revealed for non-small cell lung cancer in Chinese 
individuals carrying the at least one TNF-α (-238) (A) 
allele (Shih et al. 2006). In Taiwanese patients with oral 
squamous cell carcinoma the TNF-α (-238) G/A genotype 
frequency was lower compared with healthy controls, 
offering a protective effect against oral squamous cell 
carcinoma (Liu et al. 2005).

These findings confirm our results. Even though we 
could not present significant data, we demonstrated a 
lower risk for asbestos-induced lung cancer, as well as 
lung cancers of other genesis when carrying the TNF-α 
(-238) (A) allele. The protective effect of the TNF-α (-238) 
(A) allele against cancer may be provided by its function 
of decreasing TNF-α production, which supports the pro-
posed role of TNF-α as an endogenous tumour promoter 
(Balkwill 2006).

The most relevant finding of the present study was the 
significant association for the (A) allele at position -308 
of the TNF-α with a higher risk for fibrotic lung diseases. 
Additionally a significant association of the (A) allele with 
higher risk for fibrotic lung diseases and a lower risk for 
lung cancers, when both groups were compared with 
each other was demonstrated.

Acknowledgements

Some of the results are included in the thesis of N. 
Aliahmadi.

Declaration of interest

The authors report no conflicts of interest. The authors 
alone are responsible for the content and writing of the 
paper.

References

ATS/ERS. (2000). Idiopathic pulmonary fibrosis: diagnosis and treat-
ment. International consensus statement. American Thoracic 
Society (ATS), and the European Respiratory Society (ERS). Am J 
Respir Crit Care Med, 161, 646-64.

ATS/ERS. (2002). American Thoracic Society/European Respiratory 
Society International Multidisciplinary Consensus Classification 
of the Idiopathic Interstitial Pneumonias. This joint statement 
of the American Thoracic Society (ATS), and the European 
Respiratory Society (ERS) was adopted by the ATS board of direc-
tors, June 2001 and by the ERS Executive Committee, June 2001. 
Am J Respir Crit Care Med 165:277-304.

Abraham LJ, Kroeger KM. (1999). Impact of the -308 TNF promoter 
polymorphism on the transcriptional regulation of the TNF gene: 
relevance to disease. J Leukoc Biol 66:562–6.

Ates I, Suzen HS, Yucesoy B, Tekin IO, Karakaya A. (2008). Association 
of cytokine gene polymorphisms in CWP and its severity in 
Turkish coal workers. Am J Ind Med 51:741–7.

Ates I, Yucesoy B, Yucel A, Suzen SH, Karakas Y, Karakaya A. (2009). 
Possible effect of gene polymorphisms on the release of TNFalpha 

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

Pe
ki

ng
 U

ni
ve

rs
ity

 o
n 

11
/1

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



408    Simone Helmig et al.

and IL1 cytokines in coal workers’ pneumoconiosis. Exp Toxicol 
Pathol [Epub ahead of print].

Balkwill, F. (2006). TNF-alpha in promotion and progression of cancer. 
Cancer Metastasis Rev 25:409–16.

Bidwell J, Keen L, Gallagher G, Kimberly R, Huizinga T, Mcdermott MF, 
Oksenberg J, Mcnicholl J, Pociot F, Hardt C, D’Alfonso S. (1999). 
Cytokine gene polymorphism in human disease: on-line data-
bases. Genes Immun 1:3–19.

Bidwell J, Keen L, Gallagher G, Kimberly R, Huizinga T, Mcdermott MF, 
Oksenberg J, Mcnicholl J, Pociot F, Hardt C, D’Alfonso S. (2001). 
Cytokine gene polymorphism in human disease: on-line data-
bases, supplement 1. Genes Immun 2:61–70.

Corbett EL, Mozzato-Chamay N, Butterworth AE, De Cock KM, 
Williams BG, Churchyard GJ, Conway DJ. (2002). Polymorphisms 
in the tumor necrosis factor-alpha gene promoter may predis-
pose to severe silicosis in black South African miners. Am J Respir 
Crit Care Med 165:690–3.

Devuyst P. (1997). Guidelines for attribution of lung cancer to asbes-
tos. Proceedings of an International Expert meeting on Asbestos, 
Asbestosis and Cancer, People and Work. Research Report. 
Helsinki, Finland: Finnish Institute of Occupational Health.

Dietmaier W, Wittwer C, Sivasubramanian N, (eds.). (2002). Rapid 
Cycle Real-Time PCR. Methods and Applications. Springer: 
Verlag.

Driscoll KE. (2000). TNFalpha and MIP-2: role in particle-induced 
inflammation and regulation by oxidative stress. Toxicol Lett 
112-113:177–83.

Flego V, Radojcic Badovinac A, Bulat-Kardum L, Matanic D, Crnic-
Martinovic M, Kapovic M, Ristic S. (2009). Primary lung cancer 
and TNF-alpha gene polymorphisms: a case–control study in a 
Croatian population. Med Sci Monit 15:CR361-5.

Gharaee-Kermani M, Phan SH. (2005). Molecular mechanisms of and 
possible treatment strategies for idiopathic pulmonary fibrosis. 
Curr Pharm Dis 11:3943–71.

Guo W, Wang N, Li Y, Zhang JH. (2005). Polymorphisms in tumor 
necrosis factor genes and susceptibility to esophageal squamous 
cell carcinoma and gastric cardiac adenocarcinoma in a popula-
tion of high incidence region of North China. Chin Med J (Engl) 
118:1870–8.

Hering KG, Jacobsen M, Bosch-Galetke E, Elliehausen HJ, 
Hieckel  HG, Hofmann-Preiss K, Jacques W, Jeremie U, Kotschy-
Lang  N, Kraus  T, Menze B, Raab W, Raithel HJ, Schneider WD, 
Strassburger  K, Tuengerthal S, Woitowitz HJ. (2003). [Further 
development of the International Pneumoconiosis Classification 
– from ILO 1980 to ILO 2000 and to ILO 2000/German Federal 
Republic version]. Pneumologie 57:576–84.

Herrmann SM, Ricard S, Nicaud V, Mallet C, Arveiler D, Evans A, 
Ruidavets JB, Luc G, Bara L, Parra HJ, Poirier O, Cambien F. 
(1998). Polymorphisms of the tumour necrosis factor-alpha gene 
coronary heart disease and obesity. Eur J Clin Invest 28:59–66.

Hollegaard MV, Bidwell JL. (2006). Cytokine gene polymorphism in 
human disease: on-line databases Supplement 3. Genes Immun 
7:269–76.

Huang SL, Su CH, Chang SC. (1997). Tumor necrosis factor-alpha gene 
polymorphism in chronic bronchitis. Am J Respir Crit Care Med 
156:1436–9.

Huaux F, Arras M, Vink A, Renauld JC, Lison D. (1999). Soluble tumor 
necrosis factor (TNF). receptors p55 and p75 and interleukin-10 
downregulate TNF-alpha activity during the lung response 
to silica particles in NMRI mice. Am J Respir Cell Mol Biol 21: 
137–45.

Jang WH, Yang YI, Yea SS, Lee YJ, Chun JH, Kim HI, Kim MS, Paik  KH. 
(2001). The -238 tumor necrosis factor-alpha promoter polymor-
phism is associated with decreased susceptibility to cancers. 
Cancer Lett 166:41–6.

Kamp DW. (2009). Asbestos-induced lung diseases: an update. Transl 
Res 153:143–52.

Kolb M, Schmidt M. (2003). [The role of cytokines and growth factors 
in fibroproliferative lung disease]. Pneumologie 57:91–7.

Kuwano K, Hagimoto N, Hara N. (2001). Molecular mechanisms 
of pulmonary fibrosis and current treatment. Curr Mol Med 
1:551–73.

Liu CJ, Wong YK, Chang KW, Chang HC, Liu HF, Lee YJ. (2005). Tumor 
necrosis factor-alpha promoter polymorphism is associated with 
susceptibility to oral squamous cell carcinoma. J Oral Pathol Med 
34:608–12.

Liu J, Y, Brass D, M, Hoyle G, W &Brody A. R. (1998). TNF-alpha recep-
tor knockout mice are protected from the fibroproliferative effects 
of inhaled asbestos fibers. Am J Pathol 153 1839–47.

Liu JY, Brody AR. (2001). Increased TGF-beta1 in the lungs of asbestos-
exposed rats and mice: reduced expression in TNF-alpha recep-
tor knockout mice. J Environ Pathol Toxicol Oncol 20:97–108.

Manning CB, Vallyathan V, Mossman BT. (2002). Diseases caused by 
asbestos: mechanisms of injury and disease development. Int 
Immunopharmacol 2:191–200.

Mira JP, Cariou A, Grall F, Delclaux C, Losser MR, Heshmati F, 
Cheval  C, Monchi M, Teboul J, L, Riche F, Leleu G, Arbibe L, 
Mignon A, Delpech M, Dhainaut JF. (1999). Association of TNF2 
a TNF-alpha promoter polymorphism with septic shock suscep-
tibility and mortality: a multicenter study. JAMA 282:561–8.

Oh BR, Sasaki M, Perinchery G, Ryu SB, Park YI, Carroll P, Dahiya R. 
(2000). Frequent genotype changes at -308 and 488 regions of the 
tumor necrosis factor-alpha (TNF-alpha) gene in patients with 
prostate cancer. J Urol 163:1584–7.

Parker J. (1997). Radiological criteria: the use of chest imaging 
techniques in asbestos-related diseases. Proceedings of an 
International Expert meeting on Asbestos Asbestosis and Cancer 
People and Work. Research Report. Helsinki, Finland: Finnish 
Institute of Occupational Health.

Riha RL, Yang IA, Rabnott GC, Tunnicliffe AM, Fong KM, 
Zimmerman  PV. (2004). Cytokine gene polymorphisms in idi-
opathic pulmonary fibrosis. Intern Med J 34:126–9.

Sanceau J, Wijdenes J, Revel M, Wietzerbin J. (1991). IL-6 and IL-6 
receptor modulation by IFN-gamma and tumor necrosis factor-
alpha in human monocytic cell line (THP-1). Priming effect of 
IFN-gamma. J Immunol 147:2630–7.

Sasaki M, Nakajima K, Perinchery G, Fujino T, Oh BR, Fujimoto S, 
Dahiya R. (2000). Frequent genotype changes at -308 of the 
human tumor necrosis factor-alpha promoter region in human 
uterine endometrial cancer. Oncol Rep 7:369–73

Schneider J, Arhelger R, Hauser-Heidt G. (2006). Wertigkeit der sta-
tischen Compliance-Messung bei Asbestfaserstaub-verursachten 
Erkrankungen der Lunge und der Pleura. Wissenschaftlicher 
Abschlußbericht Hauptuerband der gesterblichen berufsgenossin-
schaften St Augustin, 1–79.

Seifart C, Plagens A, Dempfle A, Clostermann U, Vogelmeier C, 
von Wichert P, Seifart U. (2005). TNF-alpha TNF-beta IL-6 and 
IL-10 polymorphisms in patients with lung cancer. Dis Markers 
21:157–65.

Shih CM, Lee YL, Chiou HL, Chen W, Chang GC, Chou MC, Lin LY. 
(2006). Association of TNF-alpha polymorphism with suscepti-
bility to and severity of non-small cell lung cancer. Lung Cancer 
52:15–20.

Skibola CF, Bracci PM, Nieters A, Brooks-Wilson A, De Sanjose S, 
Hughes AM, Cerhan JR, Skibola DR, Purdue M, Kane E and 
others. (2010). Tumor necrosis factor (TNF) and lymphotoxin-
alpha (LTA) polymorphisms and risk of non-Hodgkin lymphoma 
in the InterLymph Consortium. Am J Epidemiol 171:267–76.

Sullivan DE, Ferris M, Pociask D, Brody AR. (2008). The latent form 
of TGFbeta(1) is induced by TNFalpha through an ERK specific 
pathway and is activated by asbestos-derived reactive oxygen 
species in vitro and in vivo. J Immunotoxicol 5:145–9.

Szlosarek P, Charles KA, Balkwill FR. (2006). Tumour necrosis factor-
alpha as a tumour promoter. Eur J Cancer 42:745–50.

Travis WD. (2004). Tumours of the lung pleura thymus and heart. 
Lyon: IARC.

Wang DJ, Yang YL, Xia QJ, Lan YJ, Wang MZ, Zhang XQ, Han JP, 
Zhu  QS, Sun M. (2005a). [On the association of tumor necro-
sis factor-alpha gene polymorphisms with the susceptibility to 
silicosis]. Sichuan Da Xue Xue Bao Yi Xue Ban 36:679–82, 712.

Wang XT, Ohtsuka Y, Kimura K, Muroi M, Ishida T, Saito J, Munakata  M. 
(2005b). Antithetical effect of tumor necrosis factor-alphagene 
polymorphism on coal workers’ pneumoconiosis (CWP). Am J 
Ind Med 48:24–9.

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

Pe
ki

ng
 U

ni
ve

rs
ity

 o
n 

11
/1

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Tumour necrosis factor_α gene polymorphisms in asbestos-induced diseases    409

Whyte M, Hubbard R, Meliconi R, Whidborne M, Eaton V, Bingle C, 
Timms J, Duff G, Facchini A, Pacilli A, Fabbri M, Hall I, Britton J, 
Johnston I, Di Giovine F. (2000). Increased risk of fibrosing alveo-
litis associated with interleukin-1 receptor antagonist and tumor 
necrosis factor-alpha gene polymorphisms. Am J Respir Crit Care 
Med 162:755–8.

Wilson AG, Di Giovine FS, Blakemore AI, Duff GW. (1992). Single base 
polymorphism in the human tumour necrosis factor alpha (TNF 
alpha) gene detectable by NcoI restriction of PCR product. Hum 
Mol Genet 1:353.

Wilson AG, Symons JA, Mcdowell TL, Mcdevitt HO, Duff GW. (1997). 
Effects of a polymorphism in the human tumor necrosis factor 
alpha promoter on transcriptional activation. Proc Natl Acad Sci 
U S A 94:3195–9.

Witte JS, Palmer LJ, O’connor RD, Hopkins PJ, Hall JM. (2002). Relation 
between tumour necrosis factor polymorphism TNFalpha-308 
and risk of asthma. Eur J Hum Genet 10:82–5.

Yang H, Bocchetta M, Kroczynska B, Elmishad AG, Chen Y, Liu  Z, 
Bubici C, Mossman BT, Pass HI, Testa JR, Franzoso G, Carbone  M. 
(2006). TNF-alpha inhibits asbestos-induced cytotoxicity 
via a NF-kappaB-dependent pathway a possible mechanism 
for asbestos-induced oncogenesis. Proc Natl Acad Sci U S A 
103:10397–402.

Yucesoy B, Vallyathan V, Landsittel DP, Sharp DS, Weston A, 
Burleson GR, Simeonova P, Mckinstry M, Luster MI. (2001). 
Association of tumor necrosis factor-alpha and interleukin-1 
gene polymorphisms with silicosis. Toxicol Appl Pharmacol 172: 
75–82.

Yucesoy B, Vallyathan V, Landsittel DP, Simeonova P, Luster MI. (2002). 
Cytokine polymorphisms in silicosis and other pneumoconioses. 
Mol Cell Biochem 234-235:219–24.

Zhai R, Jetten M, Schins RP, Franssen H, Borm PJ. (1998). 
Polymorphisms in the promoter of the tumor necrosis factor-
alpha gene in coal miners. Am J Ind Med 34:318–24.

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

Pe
ki

ng
 U

ni
ve

rs
ity

 o
n 

11
/1

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


	Tumour necrosis factor-α gene polymorphisms in asbestos-induced diseases
	Abstract
	Introduction
	Methods
	Subjects
	Chest X-ray findings
	Real-time polymerase chain reaction and ­polymorphism detection
	Statistical analysis

	Results
	Genotype and allele frequencies of TNF-α promoter polymorphisms
	TNF-α (-308) promoter polymorphisms and clinical manifestation
	TNF-α (-238) promoter polymorphisms and clinical manifestation

	Discussion
	Acknowledgements
	References


