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Genetic association between COPD and
polymorphisms in TNF, ADRB2 and EPHX1

J. Bragger**, V.M. Steen*", H.G. Eiken*", A. Gulsvik* and P. Bakke*

ABSTRACT: There is evidence of a hereditary component in chronic obstructive pulmonary
disease (COPD). A number of genetic association studies have been performed to find

susceptibility genes of COPD.

The current authors performed a case-control, genetic-association study and a meta-analysis
of 16 studies, involving seven polymorphisms in three well-studied genes: microsomal epoxide
hydroxylase (EPHX1); tumour necrosis factor; and p,-adrenoreceptor. A total of 492 Caucasian
smokers and former smokers were recruited from hospital databases and population cohort

studies.

In the present study, a protective effect of the EPHX1 Tyr113His polymorphism was found
(homozygous odds ratio (OR) 0.5). In the meta-analysis, homozygotes for this single nucleotide
polymorphism (SNP) also had a pooled OR of 0.5. The same effect has been found in several lung
cancer studies. Effects for other candidate SNPs were weak or statistically insignificant, and

probable genotyping error was common.

In conclusion, the present data and meta-analysis support a role for microsomal epoxide
hydroxylase in the aetiology of chronic obstructive pulmonary disease.

KEYWORDS: po-adrenergic receptor, case-control study, chronic obstructive pulmonary disease,
genetics, microsomal epoxide hydroxylase, tumour necrosis factor-a

hronic obstructive pulmonary disease

(COPD) is a major and increasing cause

of morbidity and mortality worldwide
[1]. It is characterised by progressive irreversible
airflow limitation. The major environmental risk
factor is smoking. There is a clear dose-response
relationship between lung function and smoking
exposure, although there is a substantial hetero-
geneity in lung function levels [2]. Only a subset
of smokers develop an accelerated rate of decline
in lung function that leads to COPD. There
appears to be a familial clustering of both lung
function and COPD [3, 4]. These insights suggest
that susceptibility to COPD may be influenced by
genetic factors.

The only well-established genetic cause of COPD,
op-antitrypsin deficiency, is rare. A number of
studies have been performed to find other genetic
susceptibility factors for COPD. Family-based
linkage studies with large pedigrees can be used
to locate broad genomic regions associated with
lung function [5] and early-onset COPD [6, 7].
However, such family-based studies of the more
common late-onset COPD are more difficult to
perform due to advanced age of the patients at

the time of diagnosis. As an alternative approach,
a number of genetic association studies have been
performed for COPD and its components [8, 9].
So far, >25 different candidate genes have been
tested.

In order to replicate a subset of these previous
genetic associations in COPD, a case—control
study was performed in 492 Caucasian current
or former smokers with and without COPD. The
current authors chose single nucleotide poly-
morphisms (SNPs) in three relatively well-studied
interesting candidate genes: tumour necrosis
factor (TNF)-o, P,-adrenoreceptor (ADRB2) and
microsomal epoxide hydroxylase (EPHX1). A
systematic literature review and meta-analysis of
previous studies was also performed.

EPHX1 is an enzyme involved in the detoxifica-
tion of harmful epoxides from smoking, chemi-
cals and drugs, which is strongly expressed in
bronchial epithelium [12]. Enzyme activity varies
widely in the population and two common
coding polymorphisms confer fast and slow
enzyme activity, Tyrl13His and His139Arg,
respectively [12, 13]. An initial study suggested
a strong genetic association with COPD for the
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Tyr113His polymorphism with a recessive odds ratio (OR) of
3.5 [14], whereas subsequent studies failed to confirm this [15,
16]. Large studies have also linked the same SNP in this gene to
lung cancer, using the powerful incident cases design or very
large pooled studies [17-19].

TNF is a multifunctional pro-inflammatory cytokine. Several
regulatory polymorphisms have been investigated (online
Mendelian inheritance in man (OMIM):191160) [19]. An initial
study determined a very high OR of >10 for an association
with COPD [20], whereas subsequent studies found smaller
ORs [21, 22]. ADRB2 is of importance because [,-receptor
agonists are widely used for the treatment of obstructive lung
disease. Two coding polymorphisms of functional significance
have been extensively studied from a pharmacogenetic
perspective (OMIM:109690), but only one previous study has
assessed its role in the susceptibility of COPD [23].

MATERIALS AND METHODS

Populations and screening

Potential cases and controls were searched for from a hospital
population and a general population cohort study. From
computerised hospital records at Haukeland University
Hospital (Bergen, Norway), all living patients with a recorded
COPD diagnosis during the period 19972002, without exclu-
sion criteria, were identified. Potential controls and cases were
also identified from an ongoing general adult population
cohort study in the city of Bergen, and surround-
ing areas, which had been running since 1985 [24]. From
January to June 2003, 1,478 persons were invited in random
order from the combined database (551 patients, 910 cohort
participants, 17 volunteers). Of these, 1,111 attended a clinical
examination that included lung function tests, questionnaires
and peripheral blood samples. Attendance rates were 75% in
both the patient registry and cohort sample. From patient
registry attendees, 48% were selected as cases and 10% as
controls. From cohort participant attendees, 6% were selected
as cases and 29% as controls. Of the attendees, 248 were
assigned case status and 244 control status, according to the
inclusion and exclusion criteria.

Inclusion and exclusion criteria

Common criteria for both cases and control were: 1) self-
reported Caucasian; 2) aged >40 yrs; 3) current or former
smokers with at least 2.5 pack-yrs smoking history; 4) no
severe op-antitrypsin deficiency (ZZ, Z null, null-null or S-Z);
and 5) no previous chronic lung disease, dementia, HIV,
hepatitis B or C. Cases were required to have COPD at stage 1I
or worse [1], ie. a post-bronchodilator forced expiratory
volume in one second (FEV1) >80% of predicted value and
FEV1 to forced vital capacity (FVC) ratio >70%. Controls were
required to have an FEV1 of >80% pred and FEV1/FVC ratio
>70%. There was no phenotyping related to asthma.

Spirometry was performed according to American Thoracic
Society standards after bronchodilation with 400 pg of salbu-
tamol viz a metered-dose inhaler and a spacer chamber.
Subjects were assessed at least 6 weeks after any respiratory
infection, but were not asked to withhold regular medication.

Genotyping procedures
DNA was extracted from frozen whole blood. SNP geno-
typing was performed with the Assay-on-Demand™ and
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Assay-by-Design™ system (Applied Biosystems) based on the
Tagman PCR assay using minor groove-binder probes. Assays
were run in a 96-well format according to the manufacturer’s
instructions. End-point allelic discrimination was performed
on an ABI Prism 7900HT unit (Applied Biosystems). Details of
primers and probes and dbSNP identification of the SNPs can
be found as online supplementary material.

Statistical analysis and meta-analysis

In the case—control study, statistical comparisons between
groups used t-tests for continuous variables and Fisher’s exact
Chi-squared tests for binary variables. ORs for each SNP were
computed and adjusted ORs were computed with logistic
regression, adjusting for age, sex and pack-years. A systematic
literature review was performed to identify previous case-
control studies of genetic susceptibility to COPD using
computer-based searches and scanning of the reference lists
of all identified relevant studies and review articles. The
computer search was performed using MEDLINE and
EMBASE. The search criteria included information up to
June 2004.

Studies without Hardy-Weinberg equilibrium (HWE) for a
given SNP were excluded from that analysis. Some studies
had more than one control group as well as different
phenotypes. A nonconservative pooled estimate was first calcu-
lated using all phenotype-genotype associations, thus counting
some studies and some cases more than once. Further pooled
estimates in subgroups were made in various combinations of
phenotype, ethnicity and control group type.

Meta-analysis was performed with inverse variance weighting,
i.e. the logarithm of the OR from each study was weighted by a
function of its variance and pooled. Random-effect models
were used that allowed for between-study heterogeneity [25].

Regulatory approval and informed consent

The case—control study was approved by the Ethical Review
Board of Western Norway, the Norwegian Data Inspectorate
and the Norwegian Department of Health. Written informed
consent was obtained from all participants.

RESULTS

Case-control study

Table 1 shows the demographic characteristics and lung
function measurements of cases and controls. Controls were
slightly younger than cases, more were female and more were
current smokers. Controls had a slight reduction in lung
function measurements, whereas cases, as expected, had a
much larger reduction in lung function, typical of a clinical
COPD population. The absolute levels of lung function had the
same standard deviations, but the per cent predicted had
higher standard deviations in cases than controls. This reflects
the heterogeneity in the COPD group. Cases had been exposed
substantially more to tobacco smoke, as evidenced by the
difference in 10 pack-yrs between the cases and controls.

Genotype and allele frequencies by case—control status are
given in table 2. There was no deviation from HWE in controls.
The EPHX1 Tyr113His (fast) polymorphism was significantly
associated with COPD (p=0.02 under a codominant model).
Adjustment for age, sex and pack-years did not change the OR,
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gy/-\:18S8 B Demographic characteristics and lung function
measurements in this study

Controls Cases p-value”

Subjects n 248 244

Age yrs 54.9+10.2 58.4+8.2 <0.001
Males % 51.6 59.0 0.10
Current smoker % 57.3 48.8 0.07
Pack-yrs of smoking 19.1+13.4 28.8+15.1 <0.001
FEV1 L 3.30+0.75 1.69+0.75 <0.001
FVC L 415+0.93 3.16+1.03 <0.001
FEV1 % pred 95.4+10.0 50.0+18.4 <0.001
FVC % pred 97.9+10.1 76.0+17.1 <0.001
FEV1/FVC ratio 0.80+0.04 0.52+0.13 <0.001

Data are presented as mean+sD, unless otherwise stated. FEV1: forced
expiratory volume in one second; FVC: forced expiratory volume; % pred: per
cent predicted. #: difference between cases and controls.

but the p-value was somewhat attenuated (p=0.06). The allele
frequencies were similar among cases and controls (0.31 and
0.30, respectively), but the frequency of minor allele homo-
zygotes was clearly reduced in COPD cases. This explains the
reduced variant homozygote risk (OR=0.5). ORs for other
SNPs or models were in the range of 0.81-1.26. Polymorphisms
in the TNF-376 and TNF-238 SNPs were rare.

Meta-analysis

The present authors’ literature search identified 49 publica-
tions, of which 17 publications concerned the SNPs in
question [14-16, 20-22, 26-35]. During the literature search,
14 additional genes used in COPD genetic association studies
were found, but with mostly single studies (genes: DEFB1,
IL1B, 1IL13, IL4R, IL13RA1, GSTT1, CYP1A1, CYP2E1, LTA,
HP, RHD, TF, FUT2, FUT7). A recent publication identified
after the literature search was not included in the meta-
analysis because it did not give sufficient data [36]. Two
studies were excluded, one because it only reported allele
frequencies [37], and another because it was in Chinese. One
study had probably reversed its assignment of genotypes of
the TNEF-308 SNP [20], which was corrected in the
meta-analysis.

Details of selection criteria for previous studies can be found as
online supplementary material. All studies were prevalent case
based. Spirometric COPD was almost universally taken as
FEV1/FVC ratio >0.7 and FEV1 <80% or worse. In contrast,
the case and control recruitment and selection criteria were
quite heterogeneous. Only six studies performed spirometries
in control subjects. Only five studies required a smoking
history in cases or controls, and others had various other
exclusion criteria. All studies except the one by KUCUKAYCAN
et al. [29] used the restriction fragment length polymorphism
(RFLP) technique for genotyping.

Three SNPs examined by the present authors had been
included in more than one previous study. Figure 1 shows
ORs from all the studies. In the controls, as many as seven out
of 15 individual studies had HWE absent for one or more
SNPs. Meta-analytical estimates are given in table 3 with a
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OR: odds ratio; MAF: minor allele fraction; Het OR: heterozygote OR; Hom OR: OR homozygote for minor allele; EPHX1: microsomal epoxide hydroxylase; TNF: tumour necrosis factor; ADRB2: Bo-adrenoreceptor; NA:

not applicable or computable, due to a sparse 2 x 2 table. #: p-value from test for Hardy-Weinberg equilibrium in controls;

ADRB2
yrs and sex.
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FIGURE 1. 0dds ratios (OR) from previous studies of three single nucleotide polymorphisms (microsomal epoxide hydroxylase (EPHX1) Tyr113His, EPHX1 His139Arg
and tumour necrosis factor (TNF)-308, respectively) and their association with spirometric chronic obstructive pulmonary disease (COPD) or emphysema, listed in decreasing

order of sample size. Effect estimates are shown under a codominant model for heterozygotes and homozygote for the minor allele. Marker size is proportional to study size.
Ca: Caucasian; A: Asian; S: smokers; H: healthy; C: COPD; E-M: emphysema based on morphology; E-CT: emphysema based on computed tomography scan; E-D:
emphysema based on diffusing capacity for carbon monoxide; HWE: Hardy-Weinberg equilibrium. #: absence of HWE.

nonconservative estimate across all associations, and then
stratified by various more or less interesting combinations of
phenotype and ethnic group.

There were eight previous studies of the EPHX1 Tyr113His
polymorphism, from which six associations were excluded due
to the absence of HWE in controls [14, 16, 31, 32, 35]. Five
associations remained from the current study and three
previous studies [15, 30, 33]. All of the three previous studies
were of Asian ethnicity. Meta-analysis of all associations did
not suggest an association. Stratifying by phenotype showed a
significant association of COPD with homozygotes for the
minor allele (OR 0.5; p=0.03) based on two studies, the
present study and the relatively small study by YOSHIKAWA
et al. [33]. There was no association between Tyr113His and
emphysema.

There were eight previous studies of the EPHX1 His139Arg
polymorphism, from which two studies were excluded due to
absence of HWE [30, 32]. Nine associations remained from the
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current study and seven previous studies [14-16, 31-33, 35].
There was no association overall or in analyses stratified by
phenotype, control group type or ethnicity.

There were seven previous studies of the TNF-308 polymorph-
ism, of which one was excluded due to the absence of HWE
[22]. Nine associations from seven studies were available [21,
26-29], of which one was emphysema [26]. There was no
association overall and no association in various stratifications
on control group and ethnicity.

The study by KucuxkaycaN et al. [29] of two other TNF
polymorphisms had an absence of HWE in TNF-376. For
TNF-238, a meta-analysis (575 controls, 476 cases) gave a
heterozygote OR of 1.28 (p=0.30). In the study by Ho et al. [23]
of ADRB2, polymorphisms had an absence of HWE in
GIn27Glu. For Argl6Gly, there was no effect in a meta-analysis
(OR=2.1; p=0.21).

Data regarding differences in genotype prevalence by ethnicity

from the dbSNP database are as follows [38]: 1) no difference
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gy 1Bl Meta-analysis from previous studies of three single nucleotide polymorphisms (SNPs) and their association with
spirometric chronic obstructive pulmonary disease (COPD) under a codominant model for heterozygotes and

homozygote for the minor allele

Study selection criteria Results
SNP Pheno. Ethnicity Control Multiple Assoc. Cases Controls Heterozygote Homozygote
groups control
groups® OR p-value OR p-value

EPHX1

Tyr113His B B B Yes 5 500 725 0.95 0.80 0.79 0.20
C B B No 2 279 381 1.28 0.15 0.50 0.03
E A No 2 142 230 0.61 0.07 0.93 0.80

EPHX1

His139Arg B B B Yes 9 829 1282 1.15 0.18 1.30 0.32
C B B No 6 577 907 1.2 0.21 117 0.61
C Ca B No 8 397 613 1.36 0.19 1.00 0.99
C A H No 3 180 294 0.97 0.90 1.58 0.48
E B B Yes 3 252 375 1.06 0.75 1.55 0.32

TNF G-308A B B B Yes 9 881 1232 1.25 0.22 0.67 0.02
C B B Yes 8 818 1146 1.31 0.17 0.66 0.07
C B S No 5 527 513 1.23 0.43 0.81 0.12
C B H No 8 291 633 1.49 0.31 0.32 <0.001
C A B Yes 3 137 206 5.05 <0.001 0.55 0.06
C Ca B Yes 5 681 940 1.01 0.90 0.96 0.91

Data are presented as n, unless otherwise stated. Pheno.: phenotype; Assoc.: association; OR: odds ratio; B: both; C: COPD; E: emphysema; A: Asian; Ca: Caucasian;
S: smoking; H: healthy. #: some studies had multiple control groups; if “yes”, each association between cases and different control groups was used, thus counting

cases twice.

for EPHX1 Tyr113His (major allele frequency range (MAF) 63—
64%); 2) no data available for EPHX1 His139Arg; and 3) some
differences for TNF-308 (MAF range 83-97%).

DISCUSSION

In a single genetic association study and meta-analysis, a
significant effect of the EPHX1 Tyr113His polymorphism on
susceptibility to COPD was found. The effects of six other
SNPs were small and few reached conventional levels of
significance. Significant heterogeneity of phenotyping and
absence of HWE was found in 40% of previous studies.

In the present context, absence of HWE is probably a
genotyping error [39]. The RFLP technique is known to be
biased away from heterozygotes [40]. This was confirmed in a
recent paper comparing TagMan genotyping and RFLP for the
EPHX1 Tyr113His SNP [17].

To the current authors” knowledge, this is the first meta-
analysis of non-o-antitrypsin genetic associations in COPD.

The inability to replicate genetic associations has led to
increasing scepticism about the value of genetic association
studies [10, 11, 41]. There are many reasons for nonreplication
apart from statistical error. Prominent sources of heterogeneity
include: ethnic heterogeneity; variable phenotypes and differ-
ent cut-off points; selection bias due to convenience controls;
and wuse of prevalent cases leading to survival bias.
Surprisingly, genotyping error was also quite common. All of
these sources of error were present in the collection of previous
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studies identified. There is no substitute for large studies with
well-defined phenotypes. Meta-analysis remains an essential
tool for summarising previous studies until such large studies
become available [11].

Insufficient statistical power remains a probable large con-
tributor to lack of replication. The present study had findings
that were somewhat statistically weak in relation to the
number of statistical tests. Conversely, it was a replication of
previous associations, thus increasing the prior probability
of association. A recent meta-analysis of many different gene-
tic associations found that a sizeable fraction of initial genetic
associations were in fact replicated [41].

A recent review and replication attempt of previous COPD
genetic association studies was more comprehensive in terms
of genes tested than the current study [36]. It was a large case—
control and family-based study, but only included severe
COPD (FEV1 <25%). Only two of the 19 SNPs tested were also
studied in the present study (EPHX1 and TNF). The results
were disappointing: no associations were convincingly repli-
cated across both study designs. However, in the case-control
portion, there was an association with EPHX1, but only with
the Hisl39Arg SNP (p=0.02). The observed differences
between family-based and case—control associations could be
biological, due to different phenotypes. The present authors
observed an association between Tyr113His, whereas HERSH
et al. [36] found an association between His139Arg. The bulk
of the evidence in other smoking-related diseases suggests
that Tyr113His is the causal polymorphism.

EUROPEAN RESPIRATORY JOURNAL
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The weakest link in all previous studies of COPD, including
the present study, is smoking. COPD is a prototypical model of
a disease with a major gene-by-environment interaction. Very
limited information was available on smoking histories in
previous studies. In the current case-control study, the pack-
year requirement was low and there was an imbalance in pack-
years, age and sex between the case and control groups. Hence,
a number of the controls could develop COPD in the future.
Similarly, many previous studies used young controls that
could develop COPD in the future. It is important to realise
that bias is a question of degree and is not insurmountable.
These biases would in fact tend to dilute the true effect of any
causal polymorphism. The association of EPHX1 Tyr113His
was unchanged after adjustment for age, pack-years and sex,
which suggests that this is a robust effect in the current
population.

The ideal COPD genetic association study would be large,
longitudinal, and use the cumulative reduction in lung
function in relation to cumulative smoking as a main outcome
measure. Such a study would take decades to complete, and
require tens of thousands of subjects. For genetic association
studies of most chronic diseases, the inevitable environmental
component is hardly known at all. The rationale is, and will
probably remain for a substantial period of time, that the
genetic contribution to disease will give a sufficiently strong
signal even in the case of gene-environment interactions.
However, in the future, attention to study design issues could
substantially enhance the chance of finding causal polymorph-
isms for COPD.

The functional role of EPHX1 and its polymorphisms has not
been as well studied as some other genes, but the polymorph-
isms appear to be functional [12, 13]. Biologically, a high
enzyme activity might both be pro-carcinogenic or anti-
carcinogenic, depending on the specific carcinogen [42]. This
might explain the paradox that the Tyr113His polymorphism
increases the risk of colorectal cancer in smokers [42], but
protects from lung cancer [17, 18].

Several large association studies of lung cancer susceptibility
have found results that are very similar to the current results,
i.e. a protective effect for homozygotes of the Tyr113His SNP
with an OR of 0.4, but no effect of the His139Arg polymorph-
ism. These studies were larger and stronger than the present
study because they studied incident lung cancer, and, thus,
were not susceptible to early death. The present study can in
fact not discern between a protective effect of Tyrl113His
towards COPD development, or a harmful effect due to early
death of COPD homozygotes. In summary, there is quite a lot
of evidence to implicate the Tyrl13His polymorphism in
smoking-related diseases, both in functional and association
studies.

Regulatory polymorphisms in TNF have been extensively
studied across diseases and populations, but the results only
seem consistent for infectious diseases [19]. The TNF-308
polymorphism is perhaps not even functional, while the role of
other TNF polymorphisms remains unclear [19]. The one
significant association found in the meta-analysis was between
COPD and healthy controls, while there was no association
with smoking controls.

EUROPEAN RESPIRATORY JOURNAL
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The ADRB2 polymorphisms have been studied in asthma
pharmacogenetics with interesting results as well as suscept-
ibility to obesity (OMIM), whereas their relationship with
susceptibility to asthma has not been confirmed. The evidence
for any association with COPD is weak, since the one previous
small study [23] possibly had a genotyping error in one
polymorphism and the meta-analysis of the other was
insignificant. The present study was adequately powered to
find a moderate genetic risk, so it can be concluded that there
was no meaningful effect of the ADRB2 polymorphism.

In conclusion, the microsomal epoxide hydroxylase Tyr113His
polymorphism is associated with a protection from chronic
obstructive pulmonary disease, whereas six other candidate
single nucleotide polymorphisms were not. Future genetic
association studies of chronic obstructive pulmonary disease
should account for possible effects of survival bias, and be
rigorous in genotyping quality control.
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