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ABSTRACT: Genetic susceptibility to the development of chronic obstructive
pulmonary disease (COPD) might depend on variation in the activities of enzymes
that detoxify cigarette smoke products, such as microsomal epoxide hydrolase
(mEPHX) and glutathione S-transferase (GST). It was investigated whether
polymorphisms in these genes had any association with susceptibility to COPD and
COPD severity.

The genotypes of 184 patients with COPD and 212 control subjects were determined
by polymerase chain reaction followed by restriction fragment length polymorphism
analysis of the mEPHX, GSTM1, GSTT1 and GSTP1 genes. All subjects were
smokers or exsmokers.

The proportion of GSTM1-null genotypes was significantly higher in patients with
COPD than in control subjects (61.4 versus 42.5%). No differences were observed in the
frequency of polymorphic genotypes for mEPHX, GSTT1 and GSTP1. During
combined analysis of genetic polymorphisms for mEPHX, GSTM1 and GSTP1, it was
found that there are strong indicators for susceptibility to COPD (genotype
combination with at least one mutant mEPHX exon-3 allele (histidine 113), GSTM1
null and homozygous for the GSTP1 isoleucine 105 allele). The frequencies of
homozygous mutant alleles of mEPHX exon 3 and the GSTM1-null genotype were
significantly higher in patients with severe COPD (forced expiratory volume in one
second of <35% of the predicted value).

It is proposed that the combination of genetic variants including at least one mutant
microsomal epoxide hydrolase exon-3 allele and glutathione S-transferase M1-null and
homozygous isoleucine 105 glutathione S-transferase P1 genotypes are significant
indicators of susceptibility to chronic obstructive pulmonary disease in the Taiwanese
population. In addition, the homozygous variant of microsomal epoxide hydrolase exon
3 and the glutathione S-transferase M1-null genotype are independent risk factors for
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It is generally accepted that cigarette smoking is the most
important risk factor for chronic obstructive pulmonary
disease (COPD). Nevertheless, only 10-20% of chronic
smokers develop the severe impairment of pulmonary
function associated with COPD [1, 2]. This indicates the
possible contribution of environmental or genetic cofactors to
the development of COPD. Although cofactors, such as
childhood viral infection and environmental and occupational
pollution, play important roles in pathogenesis [3], genetic
susceptibility may be a factor of major importance [4].

The only established genetic risk factor for COPD is
homozygosity of the Z allele of the oj-antitrypsin (o,-AT)
gene. Patients with genetic o-AT deficiency have a very high
risk of developing emphysema at an early age if they smoke.
However, these patients account for only a small proportion
of all patients with emphysema [5]. Recent studies reported
that genetic variations in the enzymes that detoxify cigarette
smoke products might be associated with the development of
COPD. These enzymes include microsomal epoxide hydrolase
(mEPHX), glutathione S-transferase (GST), and cytochrome
Paso 1Al. mEPHX is an enzyme involved in the first-pass
metabolism of smoking-induced highly reactive epoxide
intermediates and is expressed at varying levels in most

tissue and cell types [6, 7]. The human mEPHX gene is
localised to the long arm of chromosome 1 [8], and two
common aberrant alleles can be detected, which confer slow
and fast enzyme activity [9]. An exon-3 thymine (T) to
cytosine (C) mutation changes tyrosine residue 113 to
histidine, and enzyme activity is reduced by >50% (slow
allele). The second mutation, an adenine (A) to guanine (G)
transition in exon 4 of the gene, changes histidine residue 139
to arginine, and produces an enzyme with an activity
increased by >25% (fast allele). The distance between exon
3 and exon 4 is 6,696 base pairs [10].

GSTs are a superfamily of enzymes involved in the
conjugation of a wide range of electrophilic substances with
glutathione, thereby facilitating detoxification and further
metabolism and excretion. GSTs are separated into the
following classes: alpha, mu (GSTM), pi (GSTP), theta
(GSTT), sigma and kappa. The GST M1, T1 and P1 genes are
located on chromosomes 1p13, 22q11.2 and 11ql3, respec-
tively. Among the isoenzymes of GST, the homozygous
GSTMI1-null genotype has been reported to show some
association with the pathogenesis of lung cancer [11, 12],
bladder cancer [13] and, especially, emphysema [14]. The
GSTT1-null mutant has also been suggested as a risk factor in
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many diseases [15-17]. Polymorphisms of GSTP1 genotypes
have been reported, including isoleucine (Ile) 105 to valine
(Val) mutation in exon 5 and alanine 114 to Val (Val)
mutation in exon 6. Individuals with the Val'®® (mutant) allele
have a higher risk of developing lung cancer than those with
the Ile'® (wild-type) allele [18]. In addition, GSTP1 is
expressed more abundantly in respiratory tissues than other
kinds of GST [19].

Previous evidence indicates that susceptibility to COPD is
not a single-gene event. Moreover, ethnic differences
exist. For example, COPD is uncommon in Chinese living
in the USA, and the prevalence of Japanese-Americans
smoking >20 cigarettes daily was much lower than in a
matched Caucasian-American group (7.9 versus 16.7%) [20].
Studies on familial clustering of COPD also demonstrated
evidence of predominantly polygenic effects [21]. These
findings all indicate that exploration of the risk factors for
COPD at the molecular level will be informative and should
be performed in various racial groups. Multiple genetic
polymorphisms should be investigated to clarify whether the
genetic events have additive effects or can predict the risk of
developing COPD. In the present study, the relationship
between the mEPHX, GSTM1, GSTT1 and GSTPI1 geno-
types and susceptibility to and severity of COPD in cigarette
smokers in Taiwan was investigated.

Patients and methods
Study population

The study group consisted of 184 patients (152 males and
32 females) with smoking-related COPD recruited from the
National Taiwan University Hospital (Taipei, Taiwan).
COPD was diagnosed on the basis of medical history, chest
radiographic findings, physical examination and spirometric
data, according to American Thoracic Society (ATS) guide-
lines [1]. Inclusion criteria for COPD included the following:
chronic airway symptoms and signs such as coughing,
breathlessness, wheezing and chronic airway obstruction,
defined as a forced expiratory volume in one second (FEV1)/
forced vital capacity (FVC) of <70% and an FEV1 of <80% of
the predicted value from spirometric data; and FEV1
reversibility after inhalation of 200 pg salbutamol of <12%
of prebronchodilator FEV1. Patients with COPD were
classified into two subgroups according to severity (ATS
criteria): mild/moderate COPD; and severe COPD, with an
FEV1 of <35% pred. Subjects were excluded if they had a
history of asthma (reversibility of airflow obstruction) or
malignant lung disease.

The control group included 212 asymptomatic smokers
or exsmokers (182 males and 30 females) with a smoking
history of >10 pack-yrs without clinical or laboratory
evidence of COPD. All were subjects who visited the National
Taiwan University Hospital for a medical examination. All
control subjects exhibited normal pulmonary function (FEV1/
FVC >70% and FEV1 >80% pred) [22]. Ethical approval and
informed consent were obtained.

DNA preparation

Genomic deoxyribonucleic acid (DNA) was extracted from
total blood cells using a QIAamp Blood MiniKit (QIAGEN,
Hilden, Germany). Genomic DNA (20 ng) was amplified via
polymerase chain reaction (PCR) using a thermal cycler
(MinicyclerTM, MJ Research, Inc., Waltham, MA, USA) in
40 pL reaction mixture containing 1.5 mM MgCl,, 100 ng of

each primer, 500 pM deoxyribonucleoside triphosphate and
0.6 IU Tag DNA polymerase (MBI Fermentas, Hanover,
MD, USA).

PCR restriction fragment length polymorphism analysis
of microsomal epoxide hydrolase gene

The PCR conditions consisted of an initial single cycle of
10 min at 95°C followed by 35 cycles of 30 s at 94°C, 20 s
at 52°C and 5s at 72°C. Specific mEPHX primers for the
PCR-based genotyping assays were synthesised as follows:
5'-GATCGATAAGTTCCGTTTCACC-3" (exon 3, sense);
5'-ATCCTTAGTCTTGAAGTGAGGAT-3' (antisense;
engineered base change, G to A, underlined); 5'-ACATC-
CACTTCATCCACGT-3’ (exon 4, sense); and
5'-ATGCCTCTGAGAAGCCAT-3’ (antisense). The exon-4
mutation produces a Rhodopseudomonas sphaeroides (Rsa) 1
restriction fragment length polymorphism in the mutant (fast)
allele (ATAC to GTAC). Each PCR product was digested to
completion with Escherichia coli J62 pLG74 RV (exon 3) or
Rsa 1 (exon 4) (New England BioLabs, Inc., Beverly, MA,
USA), separated by electrophoresis through a 3% agarose gel,
stained with ethidium bromide and transilluminated with
ultraviolet light. The exon-3 wild-type allele was expected to
yield 140- and 22-base-pair (bp) fragments, whereas the
variant allele remained an uncleaved 162-bp fragment (fig.1a).
Conversely, the exon-4 wild-type allele remained an uncleaved
210-bp fragment, whereas the variant allele was expected to
yield 164- and 46-bp fragments (fig. 1b). According to the
report of SMITH and HARRISON [23], the four groups of
putative mEPHX phenotypes were classified as follows:
normal (no mutation or heterozygous for both exon-3 and
exon-4 mutations), fast (at least one fast mutation (exon 4)
and no exon-3 mutations), slow (one slow (exon-3) mutant
allele), and very slow (two slow alleles).

Multiplex PCR amplification of glutathione S-transferase
MI and T1

In order to detect deletion of the GST M1 and T1 genes,
multiplex PCR was performed, using a -globulin gene as an
internal control, as described by CHEN et al. [16]. The primer
pairs for each gene were as follows: GSTMI:
5'-GAACTCCCTGAAAAGCTAAAGC-3" and 5'-GTTGG-
GCTCAAATATACGGTGG-3'; GSTT1: 5'-TTCCTTACT-
GGTCCTCACATCTC-3' and 5'-CAGCTGCATTTGGAAG
TGCTC-3'; and B-globulin: 5'-CAACTTCATCCACGTT-
CACC-3' and 5-GAAGAGCCAAGGACAGGTAC-3". The
PCR buffer and cycles were the same as those used for mEPHX
gene amplification. The products of the multiplex PCR
(GSTMI1 215 bp, GSTT1 480 bp and B-globulin 268 bp) were
separated (fig. 1d). For both GST genes individually, subjects
were categorised as having either a non-null or null (homo-
zygous deletion) genotype.

PCR restriction fragment length polymorphism analysis
of glutathione S-transferase P1 gene

In the analysis of GSTPI1 genotype, the exon-5 polymorph-
ism (Ile'® to Val'® mutation) was chosen. The PCR and
RFLP studies were performed using methods described by
WATSON et al. [24] with a single modification. Assay of the
exon-5 variant used the primer pairs 5'- GTAGTTTGCC-
CAAGGTCAAG-3" and 5'-AGCCACCTGAGGGGTAAG-
3’. The PCR buffer and cycles were also the same as those
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Fig. 1.—Polymerase chain reaction (PCR) restriction fragment length
polymorphism analysis of: a) microsomal epoxide hydrolase
(mEPHX) exon 3; b) mEPHX exon 4; c) glutathione S-transferase
(GST) PI1 gene; and d) multiplex PCR amplification of GST T1 (480
base pair (bp)) and M1 (215 bp) genes (B-globulin internal control of
268 bp). M: 100-bp deoxyribonucleic acid ladder (marker); Ht:
heterozygote; Hm: homozygote; m: mutant; wt: wild type; C: control
(negative); T1: T1null; M1 M1null; T1: wt T1 gene; M17: wt M1
gene.

used for mEPHX gene amplification. The PCR products were
digested with 5 TU Bacillus stearothermophilus A664 Al (New
England BioLabs, Inc.) for 1 h at 55°C. The gel electro-
phoretic bands (wild-type 329 and 104 bp; mutant 222 and
104 bp) are shown in figure lc.

Statistical analysis

Age, cumulative cigarette consumption and pulmonary
function data are expressed as meantsD. Statistical analysis
of the relationship between genotype and clinical features was
carried out using the Chi-squared or Fisher's exact test, as
appropriate. A p-value of <0.05 was taken as significant.
Hardy-Weinberg equilibrium was tested for all polymorph-
isms and no obvious deviation was found. The logistic
regression model was used to calculate odds ratios and
adjusted for age, sex and cumulative cigarette consumption
between smokers with and without COPD. The mEPHX and
GST assays place individuals into distinct categories: those
not carrying or carrying at least one slow mEPHX allele,
those with null or non-null GSTM1 and GSTT1 genotypes,
and those with homozygous Val'®® or heterozygous or
homozygous Ile'® GSTP1 alleles. Odds ratios were also
estimated in a referent group of individuals without any
mEPHX slow alleles and with non-null GST M1 and T1 and
homozygous Val'®/ Val'® GSTPI1 genotypes.

Results

The age, sex, smoking history and pulmonary function data
of patients with COPD and control subjects are summarised
in table 1. No significant differences were observed in age or
smoking history between patients and the control group.
Hardy-Weinberg equilibrium was tested for all polymorph-
isms and no obvious deviation was found.

On multivariate analysis of the four genes, the frequency of
the GSTM1-null genotype was significantly higher in the
patients with COPD than in the control subjects (61.4 versus
42.5%) (table 2). The odds ratio was 2.2 (95% confidence
interval (CI) 1.3-3.5). The genotype frequencies of homo-
zygous mutant mEPHX exon 3 (His''*/His!"®) and 4 ﬁArg139/
Arg'*), GSTTI null and wild-type GSTP1 (Ile'*/1le'%) did
not show significant difference between groups (table 2).

The mEPHX, GSTT1, GSTM1 and GSTP1 genotypes were
analysed in combination in order to investigate whether a
combination of these genetic polymorphisms was associated
with the development of COPD. If the mEPHX genotype was
classified into two subgroups of normal or fast and slow or
very slow, there was a significant difference in mEPHX
genotype between patients with COPD and controls (OR for
slow/very slow versus normalffast 2.3; 95% CI 1.1-4.3). The
combined genotype of at least one slow mEPHX allele and
GSTM1-null genotype occurred significantly more frequently
in COPD patients than controls (48.4 versus 22.2%). The odds
ratio was 3.6 (95% CI 1.9-8.6) compared to genotypes with
normal and fast mEPHX alleles or the non-null GSTMI
genotype. The frequency in COPD patients was even higher

Table 1.—Age, sex, smoking and pulmonary function data of
patients with COPD and controls

COPD Controls
Subjects n 184 212
Age yrs 71.948.0% 69.248.0
Males/females 152/32 182/30
Smoking pack-yrs 36.6+11.5" 33.2+12.8
FEV1 % pred 47.2+16.3%** 103.2+13.7
FEVI/FVC 45.818.6%** 79.2+5.9

Data are presented as mean+SD. FEV1: forced expiratory volume in
one second; FVC: forced vital capacity; % pred: percentage of the
predicted value. #: p=0.23; : p=0.12; ***: p<0.001.
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Table 2. —Distribution of COPD associated with selected
genetic polymorphisms of xenobiotic-metabolising enzymes

Polymorphism COPD  Controls OR* (95% CI)
Subjects n 184 212
mEPHX exon 3
Tyr! 3 Tyr!13 33 (17.9) 56 (26.4) 1
Tyr!3/His!'3 84 (45.7) 92 (43.4) 1.6 (0.8-3.1)
His''¥/His'" 67 (36.4) 64 (30.2) 1.9 (0.9-3.8)
His!!? allele frequency 0.59 0.48
mEPHX exon 4
His'*/His'* 138 (75.0) 139 (65.6) 1
His'*’/Arg!'* 43 (23.4) 66 (31.1) 0.6 (0.3-1.1)
Arg'¥/Arg'?? 3 (1.6) 7(3.3)  0.4(0.1-2.6)
Arg'® allele frequency 0.13 0.19
GSTM1
Non-null genotype 71 (38.6) 122 (57.5) 1
Null genotype 113 (61.4) 90 (42.5) 2.2 (1.3-3.5)"
GSTTI
Non-null genotype 85 (46.2) 100 (47.2) 1
Null genotype 99 (53.8) 112 (52.8) 0.9 (0.6-1.6)
GSTPI
Ile'%/Me!%3 97 (52.7) 99 (46.7) 1.6 (0.7-6.3)
Ile'%/val'® 78 (42.4) 98 (46.2) 1.2 (0.4-3.9)
Val'%vall® 9(49) 15(7.1) 1
Ile'% allele frequency 0.74 0.64

Data are presented as n (%) unless otherwise indicated. OR: odds ratio;
CI: confidence interval; mEPHX: microsomal epoxide hydrolase; Tyr:
tyrosine; His: histidine; Arg: arginine; GST: glutathione S-transferase;
Ile: isoleucine; Val; valine. ”: adjusted for age, sex and cumulative
cigarette consumption; T: p=0.004.

compared to controls (36.4 versus 8.5%) when the combined
genotype was extended to include the homozygous wild-type
(Ile'%/Mle'%) GSTP1 genotype, and the odds ratio increased
to 6.8 (95% CI 1.6-17.7) (table 3).

Among the 184 patients with COPD, the severity of the
COPD was classified as mild/moderate (FEV1 >35% pred) in
119 patients and severe (FEV1 <35% pred) in 65 patients
according to ATS guidelines [3]. There were no significant
differences in smoking history between mild/moderate and
severe patients (31.212.9 versus 35.9+2.6 ack-?/rs; p=0.22).
The frequency of the homozygous His''*/His''> mEPHX
exon-3 mutant was significantly higher in patients with severe
COPD than in those with mild/moderate disease (63.1 versus
26.1%). The odds ratio was 7.5 (95% CI 2.1-26.3) for the
development of severe COPD, compared with patients with
homozygous wild-type exon-3 alleles. No significant diffe-
rence was observed when comparing the mutant mEPHX

Table 3.—Distribution of combinations of microsomal epoxide
hydrolase (mMEPHX) and glutathione S-transferase (GST) M1
and P1 genes among COPD patients and controls

Genetic factors™n COPD Controls ORY (95% CI)
Subjects n 184 212

o+ 52 (28.3) 93 (43.9) 1

1 137 (74.5) 125 (59.0) 2.3 (1.1-4.3)***
2 89 (48.4) 47 (22.2) 3.6 (1.9-8.6)***
3 67 (36.4) 18 (8.5) 6.8 (1.6-17.7)***

exon-4 allele frequency in the two groups of patients. Linkage
disequilibrium was estimated between the two single nucleo-
tide polymorphisms of mEPHX and no significant deviation
was found (p=0.49). However, it cannot be concluded that
exon 3 and exon 4 were in linkage equilibrium as only a very
low number of mutant exon-4 homozygotes could be
detected. As for GSTs, the distributions of GSTT1 and
GSTP1 genotypes were not associated with COPD severity.
However, there were significant differences in the distribution
of GSTMI1 genotypes and COPD severity. GSTMI1-null
genotypes occurred significantly more frequently than non-
null genotypes in patients with severe COPD (84.6 versus
52.9%) with an odds ratio of 5.6 (95% CI 2.2-13.9) (table 4).

Discussion

In a complex polygenic disease such as COPD, it is likely
that the operation of multiple genes is necessary and that
susceptibility to disease depends on the coincident actions of
several genetic events due to polymorphisms. Polymorphism
of each gene may impart only a small relative risk of COPD,
and it is reasonable to speculate that the coexistence of several
crucial polymorphisms is important in the pathogenesis of
COPD. In the present study, mEPHX and GST M1, T1 and
P1 genotypes were analysed in combination in order to
elucidate the association between the various genotype
combinations and development of COPD. The odds ratio
was raised almost four-fold when the two genotypes of at
least one slow mEPHX exon-3 allele and GSTMI1 null were
combined. The ratio increased to seven-fold with the addition
of the homozygous Ile'®/le'®® GSTP1 genotype. It is

Table 4.—Analysis of the interaction between genetic
polymorphisms of xenobiotic-metabolising enzymes and
their association with COPD severity

Polymorphism FEV1 OR* (95% CI)
<35% pred >35% pred
Subjects n 65 119
mEPHX exon 3
Tyr!Byr!t? 5(7.7)  25(21.0) 1
Tyr!¥/His!''3 19 (29.2)  63(52.9) 1.9 (0.5-7.0)
His'/His!'3 41 (63.1) 31 (26.1) 7.5 (2.1-26.3)**
His'"? allele frequency 0.77 0.53
mEPHX exon 4
His'*/His'® 46 (70.8) 91 (76.5) 0.9 (0.1-7.8)
His'*%/Arg!*’ 17 (26.2) 27 (22.7) 0.8 (0.1-4.2)
Arg'/Arg'® 2 (3.0) 1(0.8) 1
Arg'® allele frequency 0.16 0.12
GSTMI1
Non-null genotype 10 (15.4) 56 (47.1) 1
Null genotype 55(84.6) 63 (52.9) 5.6 (2.2-13.9)**
GSTTI
Non-null genotype 32 (49.2) 53 (44.5) 1
Null genotype 33 (50.8) 66 (55.5) 0.9 (0.4-1.7)
GSTPI
Ile'%/me!'%> 32(49.2) 64 (53.8) 0.6 (0.1-2.4)
Ile'%/val'® 28 (43.1) 51(42.9) 0.4 (0.1-1.5)
Val'%/vall® 5(7.7) 4(3.3) 1
1le'® allele frequency 0.70 0.75

Data are presented as n S’ ©) unless otherwise indicated. OR: odds ratio;
CI: confidence interval. ”: > 1 mEPHX exon 3 slow allele, GSTM1-null
genotype and Ile'¥11e!% GSTP1 added in sequence; ': adjusted for age,
sex and cumulative cigarette consumption; *: reference type: no
mEPHX exon 3 slow alleles, non-null GST M1 and T1 genotype and
Val'®/val'®® GSTP1; ***: p<0.001.

Data are presented as n (%) unless otherwise indicated. FEV1: forced
expiratory volume in one second; % pred: percentage of the predicted
value; OR: odds ratio; CI: confidence interval; mEPHX: microsomal
epoxide hydrolase; Tyr: tyrosine; His: histidine; Arg: arginine; GST:
glutathione S-transferase; Ile: isoleucine; Val; valine; # adjusted for
age, sex and cumulative cigarette consumption; **: p<0.01.
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reasonable to expect that extended exposure to cigarette
smoke pollution exposure leads to more severe destruction
and inflammation of lung parenchyma in individuals with
risk-conferring genetic polymorphisms. Therefore, the present
study suggests that cigarette smokers carrying specific genetic
polymorphisms of mEPHX, GSTMI1 and GSTPl are
particularly susceptible to COPD.

Chronic tobacco smoking is a major risk factor in the
development of COPD. However, only a relatively small
proportion of smokers suffer from airway obstruction.
Genetic factors are thought to be associated with this
susceptibility. Genes involving protease/antiprotease and
oxidant/antioxidant interactions are of special interest. In
the current report, using a control group of smokers, the
frequency of polymorphisms of three genes (at least one slow
mEPHX exon-3 allele, GSTM1 null and homozygous Ile'*Y
Ile'% GSTP1) were obviously higher in patients with COPD
than in controls after controlling for cumulative cigarette
consumption. The chance of development of COPD in
chronic heavy cigarette smokers increases stepwise as
individuals carry from one to three genetic polymorphisms.

It should be acknowledged that multiple combined
genotype comparisons have a number of drawbacks. Gene
interactions must be considered. The present genes are
situated on different chromosomes and linkage disequilibrium
is not likely. However, each locus could be in linkage
disequilibrium with an unknown casual gene(s). The potential
for linkage disequilibrium is a fundamental limitation of the
candidate gene association approach and depends on the
linkage disequilibrium surrounding each locus in the study
population. In addition, functional studies, including analysis
of mEPHX and GST messenger ribonucleic acid and protein
expression, should be continued to confirm the causal
relationship before conclusions can definitely be drawn.
Thirdly, multiple genotype comparisons of relatively small
sample size may show bias and uncertainty. However, the
present authors felt that there was still a significant trend
towards association between these gene polymorphisms and
the development of COPD.

It is known that allele frequencies vary between races.
SMITH and HARRISON [23] reported first that the mEPHX
gene polymorphism was associated with susceptibility to
pulmonary emphysema. In their study, the mutant allele
frequency of exon 3 was found to be higher in patients with
pulmonary emphysema than in the control group (28 versus
6%). However, no significant difference between COPD
patients and controls in the mutant allele frequencies of
mEPHX exon 3 or 4 could be demonstrated in two Japanese
studies and one Korean study [25-27]. The distribution of
mEPHX genotypes in the above three Asian studies are
similar to those in the present study.

Unlike the mEPHX gene, the distribution patterns of GST
genotypes are more complex among races. The frequency of
the GSTTI1-null genotype in the present control group
(52.8%) was close to that in the Korean population (62%),
but higher than in Caucasians (20.4%) [27, 28]. Although the
frequency of the GSTM 1-null genotype in the present control
group was similar to that found in Western countries (42.5
versus 46.9-53%), it was lower than that found in Koreans
(65%) [14, 18, 27]. The Tle'*/Mle'* genotype distribution of
GSTPI in the present control subjects (46.7%) was higher
than in Westerners (35-42%) [24], but lower than in Japanese
(52%) [29]. The difference in frequencies of genotype might be
relevant to different metabolising enzyme activities and types
of dominant functional enzymes against oxidative stress in
different races.

In the present study, the freqluencies of the GSTM1-null
and homozygous wild-type (Ile'®/Ile!'*®) GSTP1 genotypes
were higher in patients with COPD. GSTP1 is expressed more

abundantly than other GSTs in alveoli, alveolar macrophages
and respiratory bronchioles [19], and is expected to be the
major GST isoenzyme for local detoxification of xenobiotics
in the lung. Wild-type GSTP1 shows weaker catalytic efficacy
for carcinogenic aromatic epoxides than the Val'® GSTPI
mutant [30]. Therefore, GSTP1 isoenzymes from homozygous
wild-type alleles exhibit less detoxifying capacity against
xenobiotics in tobacco smoke. The null type of GSTM1 shows
defective function in detoxifying the polycyclic aromatic
hydrocarbons of cigarette smoke and promotes cellular and
tissue damage of the lung due to an excess of oxidants and free
radicals. Unlike GSTP1, an apparent decrease in or loss of
GSTMI1 expression in distal lung has been found in 56% of the
population [19]. Thus the contribution of GSTM1 to the overall
detoxifying capability of the lungs is controversial. However,
several studies, including the current report, have documented
the association of GSTM1 with susceptibility to lung diseases,
such as lung cancer [11, 12] and COPD [14]. Therefore, the
present authors speculate that people with the GSTM1-null
and wild-type GSTP1 genotype tend to show a defective or
weaker detoxifying capability in the lungs, as both GSTMI1
and GSTPI isoenzymes are more major catalytic enzymes
against oxidative stress than other kinds of GST in the
respiratory tract.

In patients with severe COPD (FEV1 <35% pred), the
frequency of mutant mEPHX exon-3 alleles and the GSTM 1-
null genotype are significantly higher than in mild/moderate
COPD. SANDFORD et al. [31] have recently reported the
association of the homozygous His!'* /His™® (very slow)
mEPHX genotype with rapid decline in lung function.
Yoshikawa et al. [25] also considered individual homozygous
variants of exon 3 to be associated with the development of
advanced COPD, rather than susceptibility to COPD. The
insufficient mEPHX enzyme activity may play an important
role in the further progression of COPD disease status. The
present findings are in agreement with the above studies and
emphasise that patients with very severe airway obstruction
(FEV1 <35% pred) impairment show higher frequencies of
homozygous variants of exon 3 than those with mild or
moderate pulmonary function. The present study is also the
first report documenting that the GSTM 1-null genotype is an
independent risk factor for developing severe COPD. The
GSTM1-null genotype causes an obvious enzymatic defect of
detoxifying function in the cellular defense against various
toxic substances in tobacco smoke. Individuals with homo-
zygous mEPHX exon 3 variants or the GSTM1-null genotype
would show slow enzyme activity and may detoxify epoxides
or other toxic particles in cigarette smoke less readily. Long-
term exposure to xenobiotics would lead to greater tissue
damage and inflammation of the lungs and leads to a more
rapid decline in lung function. Thus it is reasonable to
conclude that severe impairment of lung function may
develop in individuals carrying the mutant mEPHX exon-3
allele, GSTM 1-null genotype or both.

In the present study, several limitations remain. First, the
numbers of males and females were not balanced and a relatively
small population was recruited, especially in the severe COPD
group. The major population of COPD patients and chronic
smokers is male in Taiwan. Therefore, it is difficult to find a
balanced set of female subjects for genotype studies. Secondly,
the cases and control subjects were recruited from a tertiary
university hospital. This kind of hospital-based recruitment
of patients may cause selection bias. Thirdly, information
regarding environmental pollution or inhaled irritants other
than cigarette smoking is not available. Thus it is difficult to
quantify their contribution to airway obstruction.

In summary, it was found that the coexistence of genetic
variants, including at least one slow mutant microsomal
epoxide hydrolase allele and the glutathione S-transferase
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Ml-null (to give defective detoxifying enzymatic function)
and homozygous isoleucine 105 glutathione S-transferase P1
(to exert less protective mechanism) genotypes, was a
significant risk factor in susceptibility to chronic obstructive
pulmonary disease in the Taiwanese population. Moreover,
both the mutant allele of microsomal epoxide hydrolase exon
3 and the glutathione S-transferase M1-null genotype were
independent factors for developing severe chronic obstructive
pulmonary disease. In terms of the limitation in the number
of subjects examined, the present study is a preliminary work
and further studies should be performed using a larger
population. Furthermore, the study of more candidate genes,
such as those of xenobiotic phase I and II metabolising
enzymes, remains necessary in order to elucidate the genetic
pathogenesis of chronic obstructive pulmonary disease as a
complex polygenic disease.
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