
Tumour necrosis factor-a gene promoter polymorphism in
chronic obstructive pulmonary disease

M.A. Higham*, N.B. Pride**, A. Alikhan*, N.W. Morrell*

Tumour necrosis factor-a gene promoter polymorphism in chronic obstructive pulmonary
disease. M.A. Higham, N.B. Pride, A. Alikhan, N.W. Morrell. #ERS Journals Ltd 2000.
ABSTRACT: Tumour necrosis factor(TNF)-a levels are elevated in airways of
patients with chronic obstructive pulmonary disease (COPD) and may contribute to
its pathogenesis. A guanine to adenine substitution at position -308 of the TNF-a gene
promoter (TNF1/2) has been associated with chronic bronchitis of various aetiologies
in a Taiwanese population. The authors performed a study investigating association of
the polymorphism with smoking-related COPD in Caucasians.

Frequencies of TNF1/2 alleles in 86 Caucasians (52 males) with COPD were
compared with 63 (52 males) asymptomatic smoker/exsmoker control subjects and a
population control of 199 (99 males) blood donors. Genotyping was performed by the
polymerase chain reaction-restriction fragment length polymorphism technique on
genomic deoxyribonucleic acid (DNA) obtained from peripheral blood.

There were no significant differences in TNF1/2 allele frequencies between groups:
0.85/0.15 in COPD, 0.85/0.15 in smoker control subjects, 0.83/0.17 in population
control subjects. Within the COPD group there was no association of TNF1/2 alleles
with indices of airflow obstruction (% predicted forced expiratory volume in one
second (FEV1) and % predicted FEV1/vital capacity ratio) nor gas transfer (%
predicted carbon monoxide transfer coefficient and % predicted carbon monoxide
diffusing capacity of the lung).

It is concluded that: 1) the tumour necrosis factor gene promoter allele does not
influence the risk of developing chronic obstructive pulmonary disease in a Caucasian
population of smokers; and 2) there is no association of the tumour necrosis factor
gene promoter genotype with severity of airflow obstruction nor degree of emphysema
in chronic obstructive pulmonary disease.
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Cigarette smoking is the most common preventable
cause of chronic obstructive pulmonary disease (COPD).
Nevertheless, only 15±20% of smokers develop the severe
impairment of pulmonary function associated with COPD
[1] and factors determining susceptibility and disease
progression are poorly understood. However, contribu-
tions by genetic factors have been implicated [2]. Al-
though the precise nature of the genetic influence remains
undefined, studies suggest that inflammation of small and
large airways and airspaces as a response to direct expo-
sure to inhaled insults is important in the pathogenesis of
COPD [3].

Tumour necrosis factor (TNF)-a is a multifunctional
cytokine. In addition to pro-inflammatory properties, there
is evidence that TNF-a can promote tracheal smooth mus-
cle proliferation [4] and alter smooth muscle function [5].
Elevated levels are found in bronchoalveolar lavage fluid
[6], bronchial biopsies [7] and induced sputum [8] from
patients with chronic bronchitis/COPD, suggesting that
TNF-a may contribute to the airway remodelling and
altered smooth muscle cell function (i.e. airway hyperre-
sponsiveness) found in COPD.

A polymorphism resulting in a guanine to adenine sub-
stitution at position -308 of the TNF-a gene promoter
(designated TNF1/2) has been described. The rarer allele,

TNF2, has been associated with higher baseline and
induced expression of TNF-a [9, 10]. Several studies have
demonstrated positive associations with the presence of
the TNF2 allele and susceptibility to a number of inflam-
matory diseases, and recently an association between the
TNF2 allele and risk of development of chronic bron-
chitis was reported in a male Taiwanese population [11].
However, the aetiology of airflow obstruction was not
clear in the latter study, since 30% of their patients had
never smoked. The aims of the present study were to
determine whether the TNF1/2 polymorphism is asso-
ciated with smoking-related COPD in a Caucasian pop-
ulation and whether the TNF1/2 genotype correlates with
disease severity.

Subjects and methods

Subjects

The study was approved by the Research Ethics Com-
mittee of Imperial College School of Medicine, Hammer-
smith, Queen Charlotte's & Chelsea and Acton Hospitals,
London, UK and all subjects gave written informed con-
sent.
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The patient group consisted of smokers and exsmokers
recruited from the Respiratory Outpatient Department at
the Hammersmith Hospital, London, UK. All had irrever-
sible chronic airflow limitation and a diagnosis of COPD
made according to British Thoracic Society guidelines
[12]. No patients with a history of asthma were included.
Specific enrolment criteria were: 1) a smoking history of
at least 10 pack-years; and 2) forced expiratory volume in
one second (FEV1)/vital capacity (VC) ratio #80% pred-
icted without significant reversibility (#15% baseline or
200 mL) to 2.5 mg nebulized salbutamol.

Two control groups were used in the study: 1) a smoker
control group of smokers and exsmokers with a smoking
history of at least 10 pack-years but without evidence of
COPD or asthma; and 2) a population control group of
anonymous adult Caucasian blood donors from the West
London (UK) area.

Pulmonary function tests

Pulmonary function tests were performed by experi-
enced specialist lung function technicians. Spirometric
measurements were made using a dry wedge bellows spi-
rometer (Vitalograph Ltd, Buckingham, Buckinghamshire,
UK). Single breath gas transfer measurements were made
using a Morgan Benchmark system (Morgan, Rainham,
Kent, UK). Reference values were calculated according
to the European Respiratory Society's statement on stan-
dardized lung function testing [13].

Genotyping protocol

Three millilitres of whole peripheral blood was obtained
from each study participant by phlebotomy of an ante-
cubital vein. Samples were anticoagulated with ethylene
diamine tetra-acetic acid (EDTA) and stored at -208C until
required for deoxyribonucleic acid (DNA) extraction. Ge-
nomic DNA was extracted from samples using a Nucleon
BACC3 kit (Nucleon Biosciences, Coatbridge, UK). Pri-
mers 5'AGGCAATAGGTTTTGAGGGCCAT-3' and 5'-
TCCTCCCTGCTCCGATTCCG-3' were employed to
amplify a 107 base pair (bp) fragment containing the
variable -308 nucleotide of the human TNF-a promoter.
The sense primer was modified to incorporate the poly-
morphic site into an NcoI restriction site, as previously
described by other workers [14]. One hundred nanograms
of genomic DNA was amplified with 1 U Pro-zyme DNA
polymerase (Bioline Ltd, London, UK) in 25 mL of 70
mM tris-hydroxymethyl-amino methane (Tris)-HCl con-
taining 20mM KCl, 2mM MgCl2, 200 mM of each de-
oxyribonucleoside triphosphate (dNTP), and 50 pmol of
each primer. Amplification was for 35 cycles with dena-
turation at 948C for 1 min, annealing at 608C for 1 min,
and extension at 728C for 1 min. Ten microlitres of the

product was digested with 5 U NcoI (New England
Biolabs, Hitchin, Hertfordshire, UK) for 4 h, subjected to
electrophoresis in 3.5% agarose (NuSieve 3:1; FMC Bio-
products, Rockland, ME, USA), and stained with ethi-
dium bromide. The TNF1 allele gives two fragments of
87 bp and 20 bp, and the TNF2 allele a single 107 bp
fragment. Therefore a homozygote for the TNF1 allele
(TNF1/1) gives two bands, whereas a homozygote for the
TNF2 allele (TNF2/2) gives one band, and the hetero-
zygote (TNF1/2) gives three bands.

Power statement and data analysis

The study had an 80% power at a significance level of
p=0.05 to detect an increase in TNF2 allele frequency of
0.13 in the COPD patient group compared to the general
population control group.

Age, smoking history and pulmonary function para-
meters were compared using the Mann-Whitney U-test.
Allele and genotype distribution in the patient and control
groups were compared using contingency tables, with the
Fisher exact test where appropriate. Single factor analysis
of variance using the Kruskal-Wallis test was employed to
examine whether TNF genotype affected indices of airflow
limitation or gas transfer in patients with COPD.

Results

Fifty-two males and 34 females were recruited to the
COPD patient group. The smoker control group consisted
of 52 males and 11 females. The population control group
was composed of 199 (99 males, 100 females) anonymous
blood donors aged 18±65 yrs. Smoking history of the
population control subjects was unknown. Age, smoking
history and pulmonary function data of COPD patients and
smoker control subjects are summarised in table 1. There
was no significant difference in ages between groups.
However, the control group, although heavy smokers,
were significantly less exposed to tobacco than the COPD
group (p<0.0001). As expected, COPD patients demon-
strated significant reductions in % predicted FEV1 (p<
0.0001) and % predicted FEV1/VC ratio (p<0.0001).

Genotype and allele frequencies of patients versus con-
trol subjects are presented in table 2. There were no sig-
nificant differences in the distribution of genotype or
allele frequencies in these groups.

The following data pertain to the COPD patient group
and are presented as mean�SEM % predicted for each
variable according to genotype: FEV1: TNF1/1 45.0�2.4,
TNF1/2 48.8�4.9, TNF2/2 65.4�2.4 %; FEV1/VC ratio:
TNF1/1 54.3�2.0, TNF1/2 57.8�3.5, TNF2/2 58.3�6.3;
carbon monoxide transfer coefficient (KCO): TNF1/1 93.5�
5.4, TNF1/2 85.9�11.1, TNF2/2 115%. TNF2/2; carbon
monoxide diffusing capacity of the lung (DL,CO): TNF1/1

Table 1. ± Demographics of chronic obstructive pulmonary disease (COPD) and smoker control groups

Age
yrs

Smoking
history

(pack-years)

FEV1

% pred
VC

% pred
FEV1/VC

% pred
KCO

% pred
DL,CO

% pred

COPD patients n=86 67.4�0.8 51.5�2.9* 46.5�2.2 82.8�2.6 55.3�1.7 92.0�4.8** 75.1�4.3**
Smoker control subjects n=63 64.4�1.3 35.7�2.6+ 93.5�2.4 98.6�2.1 92.6�0.9 118.6�3.2++ 108.8�3.5++

Mean values�SEM are shown. *: full history available for 67 patients; **: data available for 57 patients; +: full history available for 59
patients; ++: data available for 60 subjects.
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77.4�4.8, TNF1/2 65.4�9.2, TNF2/2 110%. Analysis of
variance did not reveal effects of genotype on severity of
airflow obstruction nor defects in gas transfer.

Discussion

This study compared the frequency of a common bial-
lelic polymorphism in the promoter region of the TNF-a
gene (designated TNF1/2) in Caucasian patients with smo-
king-related COPD and an age-matched control group of
smokers and exsmokers. The results indicate that there is
no association of TNF1/2 alleles with susceptibility to
smoking-related COPD. Furthermore, there appears to be
no association of TNF1/2 genotype with severity of COPD
nor a relation to degree of emphysema.

It should be noted that the smoker control group were sig-
nificantly less exposed to tobacco than the disease group,
and this could be a cause of the groups' differing suscep-
tibilities to COPD. However, there is known to be a wide
variation in annual rate of decline in FEV1 in smokers with
similar cigarette consumption and that characterization of
smoking habit in terms of cumulative pack-years ignores
other complicating risk factors such as depth of inhala-
tion and chemical yield of cigarettes l15]. It is therefore
believed that the smoker control group recruited to the
present study were a representative sample of the 80±85%
of smokers who are resistant to developing COPD [1].

The results are at odds with a smaller study by HUANG et
al. [11], who reported that carriage of the TNF2 allele was
associated with chronic bronchitis in a Taiwanese popu-
lation, with an odds ratio of 11. There are, however, a
number of differences between the study by HUANG et al.
[11] and the present study. First, the aetiology of airflow
limitation in the Taiwanese study was not necessarily
related to cigarette consumption. Approximately one
third of their chronic bronchitis patients were nonsmo-
kers, and it is likely that other factors which occur in
Japan and Southeast Asia may have contributed, such as
diffuse panbronchiolitis. Second, the frequency of the
TNF2 allele was much lower in their general population
control than in the present study: 5% versus 17%. This
may represent a true ethnic difference in the frequency of
the TNF2 allele, since the frequencies in the present
control groups are similar to those found by other workers
studying predominantly Caucasian populations [16, 17].
However, other workers studying Chinese populations
have found TNF2 allele frequencies of 9±14% in control
populations [18, 19].

A number of studies have sought associations between
the TNF2 allele and disease manifestation, since this rarer
allele is reputedly associated with higher baseline and
inducible TNF-a expression in transfection studies [9].
However, it is debated whether this effect is observed in
vivo. For example, one large study reported no effect of
TNF1/2 genotype on circulating TNF-a or its soluble
receptors [16]. Despite this, associations have been rep-
orted between the TNF2 allele and rheumatoid arthritis
[20], and risk of death from cerebral malaria [21]. There
may also be an association with systemic lupus erythe-
matosus in some races but not others, although this is
debated [17, 18]. The underlying molecular basis of these
reported associations remain to be fully elucidated.

Association studies, such as the current study, cannot
be used to suggest that TNF-a is not a key mediator in
smoking-related airway inflammation and remodelling,
since the pathogenesis of airway disease is complex and
especially considering the uncertainty regarding the rela-
tionship between the TNF1/2 polymorphism and TNF-a
expression in vivo. Also, it may be that another TNF
promoter polymorphism is of greater functional signifi-
cance in COPD than the TNF1/2 polymorphism, which
may not be in linkage disequilibrium with the relevant
polymorphism. Further genetic investigation of TNF-a and
COPD may therefore be worthwhile.

In summary, the data does not implicate the tumour
necrosis factor-a 1/2 gene promoter polymorphism as a
risk factor for the susceptibility to nor severity of chronic
obstructive pulmonary disease in Caucasian smokers, al-
though tumour necrosis factor-a may still have a central
role in the process of airway inflammation in smoking-
related airways disease.
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