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Abstract. Smoking is considered as the major causal factor of chronic obstructive pulmonary disease (COPD). Nevertheless,
a minority of chronic heavy cigarette smokers develops COPD. This suggests important contribution of other factors such as
genetic predisposing. Our objective was to investigate combined role of EPHX1, GSTP1, M1 and T1 gene polymorphisms in
COPD risk, its phenotypes and lung function impairment. Prevalence of EPHX1, GSTP1, M1 and T1 gene polymorphisms
were assessed in 234 COPD patients and 182 healthy controls from Tunisia. Genotypes of EPHX1 (Tyr113His; His139Arg) and
GSTP1 (Ile105Val; Ala114Val) polymorphisms were performed by PCR-RFLP, while the deletion in GSTM1 and GSTT1 genes
was determined using multiplex PCR. Analysis of combinations showed a significant association of 113His/His EPHX1/null-
GSTM1 (OR = 4.07) and null-GSTM1/105Val/Val GSTP1 (OR = 3.56) genotypes with increased risk of COPD (respectively P
= 0.0094 and P = 0.0153). The null-GSTM1/ null-GSTT1, 105Val/Val GSTP1/null GSTT1, 113His/His EPHX1/null-GSTM1
and null-GSTM1/105Val/Val GSTP1 genotypes were related to emphysema (respectively P = 0.01; P = 0.009; P = 0.008 and
P = 0.001). Combination of 113His/His EPHX1/null-GSTM1 genotypes showed a significant association with the decrease of
ΔFEV1 in patients (P = 0.028).
In conclusion, our results suggest combined EPHX1, GSTP1, GSTM1 and GSTT1 genetic polymorphisms may play a significant
role in the development of COPD, emphysema and decline of the lung function.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is a
devastating clinical problem and is a major cause of ill
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health increasing in many parts of the world. It is char-
acterized by airflow obstruction due to chronic bron-
chitis, emphysema and/or small airways disease [1].

Despite that the most important risk factor for the
development of COPD is cigarette smoking, it has been
estimated that only 10–20% of chronic heavy smok-
ers will ever develop symptomatic COPD, which indi-
cates an additional genetic or environmental contribu-
tion [2,3]. Factors, such as childhood viral respiratory
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infections, environmental and occupational pollution,
certainly play a role in determining this susceptibili-
ty. Moreover, there is evidence that genetic suscepti-
bility is of major importance. Several candidate genes
that have been found to be involved in antiproteolysis,
metabolism of toxic substances in cigarette smoke, the
inflammatory response to cigarette smoke, and the effi-
ciency of mucociliary clearance in the lung are suspect-
ed to impart in this pathogenesis [4,5]. Glutathione-
S-transferases (GSTM1, T1 and P1) and microsomal
epoxide hydrolase (EPHX1) were previously studied in
relationship with COPD [6–14].

GST is a complex supergene family of soluble
isozymes which catalyse the nucleophilic attack of glu-
tathione on a wide range of hydrophobic electrophil-
es [15]. EPHX1 enzyme is an important phase II bio-
transformation enzyme, catalyzing the hydrolysis of
various epoxides and reactive epoxide intermediates
into less reactive and more water-soluble dihydrodi-
ols [16]. Genetic polymorphisms in these two detoxi-
fying and antioxidant enzymes can be important mark-
ers as they might affect the function of proteins and
significantly influence the detoxification and oxidative
stress, thereby playing a crucial role in the disease.

The two polymorphic EPHX1 (1q42.1) alleles in ex-
on 3 (Tyr113His) and exon 4 (His139Arg) are associ-
ated with altered EPHX1 activity [17]. Four groups of
putative EPHX1 phenotypes having different activities
(fast, normal, slow and very slow) were reported [6]
and the enzyme has been postulated as a possible deter-
minant of COPD susceptibility, but with controversial
results [6–14].

The GSTM1 (1p13) and the GSTT1 (22q 11.2)
genes, encoding for respectively a mu- GST isoenzyme
and a theta-GST isoenzyme, can be deleted causing a
lack of the respective enzyme function. GSTP1 (11q3)
encodes for a pi-GST isoenzyme heavily expressed in
the digestive and respiratory epithelium, is found in hu-
mans in two allelic forms with an A to G substitution at
exon 5 causing an 105Ile to105 Val replacement within
the active site of the protein and in exon 6 changing
alanine (Ala) to valine at the amino acid position 114
by a C to T substitution [18]. The GSTP1 105Ile/Val
substitution is located near the substrate-binding site,
leading to a different enzyme activity depending on the
type of chemical reaction [18]. These GST polymor-
phisms have been investigated in relation to COPD, but
without definitive conclusions [19–26].

As a complex polygenic disease, in 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.
Moreover, expression of different gene combinations
probably affects the heterogeneous histopathological
and clinical profile of COPD seen among individuals.

One of the possible approaches to understanding the
influence of genetic factors on COPD, as well as their
mutual interactions, is to assess the combined geno-
types effect. GSTM1, GSTT1, GSTP1 [27,28] and
EPHX1 [29] genotypes were individually studied in re-
lationship with COPD in our sample. We aimed, in this
present investigation, to analyse the EPHX1 and GST
M1, T1 and P1 genotypes in combination in order to
elucidate the association between the various genotype
combinations and development of COPD in our pop-
ulation. We furthermore attempted by cross-sectional
and longitudinal studies to examine the differences in
COPD clinical characteristics associated to these poly-
morphisms.

2. Material and methods

2.1. Study populations and sample processing

Our hospital-based case control studywas carried out
during the last two years in groups of patients with the
diagnosis of COPD and in controls of Tunisian origin.
The involved cases and healthy controls were unrelated.

The baseline demographic characteristics of the 416
study subjects are showed in Table 1.

Tow hundred and thirty-four patients were recruited
from the service of pneumology in Tahar Sfar Univer-
sity hospital in Mahdia, Tunisia. All patients satisfied
the clinical criteria of COPD set down in the Global
Strategy for Obstructive Lung Disease (GOLD) guide-
lines. Inclusion criteria for COPD are the following:
chronic airway symptoms and signs such as coughing,
breathlessness, wheezing and chronic airway obstruc-
tion, defined as a forced expiratory volume in one sec-
ond (FEV1)/forced vital capacity (FVC) of < 70 %
and an FEV1 of < 80% of the predicted values from
spirometric data; and FEV1 reversibility of < 12% of
prebronchodilator FEV1 after inhalation of 200 mg of
salbutamol. COPD phenotype exploration was based
on chest radiographic and high-resolution computer-
ized tomography (HRCT) densityfindings. In our study
the COPD groups was stratified as carrying or not an
emphysematous change. Patients who do not show a
Centrolobular emphysematous change were classified
as chronic bronchitis.
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Table 1
Demographic characteristics of COPD patients and healthy controls

Demographic characteristic COPD patient (n = 234) Controls (n = 182) P

Age 61.75 ± 13.96 56.43 ± 7.03 0.27a

Male:female 222:12 173:9 0.92b

BMI 25.3 ± 6.7 24.1 ± 5.2 0.48c

Smoking status
Never 15 13
Ex 102 63
Current 117 106

Pack years 51.76 ± 29.35 47.58 ± 26.42
Geographic origin in Tunisia

North 0 4 0.17b

Center 234 178 0.11c

South 0 0 0.21b

BMI: Body mass index, weight (kg)/(height (m))2.
Pack years: (number of cigarettes smoked per day x number of years smoked)/20.
aMann-Whitney U-test.
bPearson’s χ2 test.
cStudent’s t test.

Table 2
Clinical characteristics of COPD patients

Clinical characteristic Patients (n = 234)

COPD phenotype
CB (127) 54.27%
CLE + PLE (107) 45.72%

Spirometry
FEV1 1.19 ± 0.78
FEV1% pred 46.7 ± 19.2
FVC 1.65 ± 0.83
FVC% pred 50.9 ± 16.4
FEV1/FVC % pred 69.36 ± 0.66
RV% 4.3 ± 3.2

COPD stage
I (6) 2.56%
II (40) 17.09%
III (113) 48.29%
IV (75) 32.05%

CB: Chronic Bronchitis; CLE: Centrolobular
Emphysema; PLE: Panlobular Emphysema;
FEV1: Forced Expiratory Volume in 1 sec
(L); FVC: Forced Vital Capacity (L); FEV1

%pred: percentage of the predicted FEV1 val-
ue adjusted for age, height and weight. FVC
% pred: percentage of the predicted FVC
value adjusted for age, height and weight.
RV: Reversibility of baseline FEV1 following
bronchodilator inhalation.

The patients with bronchial asthma were excluded
on the basis of reversibility of airflow obstruction. The
detailed information of patients is listed in Table 2.

The control group contains one hundred and eighty
two healthy subjects; all were recruited from a blood
donor’s cohort from the central area of Tunisia. Indi-
viduals with respiratory diseases or any familial histo-
ry of lung disease were excluded. All control subjects
exhibited normal pulmonary function (FEV1/ FVC >

70%and FEV1> 80%predicted). Hospital ethics com-
mittee approval and informed consent were obtained.

For genotyping, DNA was isolated from whole pe-
ripheral blood by incubation overnight with proteinase
K (0.1 mg/mL) in 1% sodium dodecyl sulfate at 37◦C,
extracted with phenol: chloroform and ethanol precip-
itation as previously described [30].

2.2. GSTM1 and GSTT1 genotyping

A multiplex polymerase chain reaction (PCR) was
performed to examine the polymorphisms of GSTM1
and GSTT1 as it was described in the literature [31].
PCR for albumin was also performed as an internal
control. The primer pairs for each gene were the
following: GSTM1:5’-GAACTCCCTGAAAAGCTA
AAGC-3’, 5’-GTTGGGCTCAAATATACGGTGG-3’;
GSTT1: 5’-TTCCTTACTGGTCCTCACATCTC-3’,
5’- CAGCTGCATTTGGAAGTGCTC-3’ and finally
for albumin: 5’-GCCCTCTGCTAACAAGTCCTAC-
3’, 5’GCCCTAAAAAGAAAATCGCCAATC-3’. The
PCR buffer contains 20 ng DNA, 1.5 mM MgCl2,
200 mM of each dNTP, primers of GSTM1 at 3 μg/mL
each, primers of GSTT1 at 1 μg/mL each and albumin
primers at 1 μg/mL each, 4 μL of 5X colorless GoTaq
Flexi Buffer and 1.5 unit of GoTaq Flexi DNA poly-
merase (Promega, USA) in a final volume of 20 μL.
PCRs were carried out with a Mastercycler personal
thermal cycler (Eppendorf, Germany).

PCR program consisted of 30 cycles of 94◦C for 30
seconds, 64◦C for 30 seconds, 72◦C for 30 seconds,
and a final extension at 72◦C for five minutes. The
initial pre-treatment was carried out at 95◦C for 5 min-
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utes. The PCR products containing fragments of 215
bp, 480 bp and 350 bp (indicating respectively the pres-
ence of GSTM1, GSTT1 and Albumin) were separated
by electrophoresis with ethidium bromide stained 2%
agarose gel and visualized by UV detection.

2.3. PCR-RFLP analysis of GSTP1 gene
polymorphisms

Genotypes were carried out using the method of
Ishii et al. with slight modification [21]. For both
exon 5 and exon 6, genomic DNA (20 ng) was am-
plified in 25 mL reaction mixture containing 1.5 mM
MgCl2, 1 μM of each primer, 200 mM deoxyribonu-
cleoside triphosphate (dNTP) and 0.5 IU of GoTaq
Flexi DNA polymerase (Promega, USA). The follow-
ing primers: 5’-GTAGTTTGCCCAAGGTCAAG-3’
and 5’-AGCCACCTGAGGGGTAAG-3’were used for
the amplification of exon 5.

After enzyme digestion with Alw26I (Fermentas,
Germany) at 37◦C during two hours, the homozy-
gous wild genotype yielded two bands, 329 and 104
bp; while homozygous mutant genotype yielded two
bands of 222 and 107/104 bp. The two variant al-
leles in exon 6 were also differentiated by RFLP.
The DNA of each sample was subjected to PCR
amplification with the following primers: 5’-GG
GAGCAAGCAGAGGAGAAT-3’ and 5’-CAGGTTG
TAGTCAGCGAAGGAG-3’. The restriction enzyme
AciI (Fermentas, Germany) was used to digest the PCR
product. Wild type genotype shows 247, 118 and 55
bp fragments while mutant genotype shows 365 and 55
bp fragments.

2.4. Analysis of EPHX1 gene polymorphisms

Genotypes of exon 3 and 4 EPHX1 polymorphisms
were performed by PCR-RFLP analysis similar to that
described previously [6]. These primers: EPO1 (5’-
GATCGATAAGTTCCGTTTCACC-3’) and EPO2 (5’-
ATCCTTAGTCTTGAAGTGAGGAT-3’) were used
for the amplification of exon 3. The same reaction mix-
ture as above was used. After enzyme digestion with
EcoRV (Fermentas, Germany) for overnight at 37◦C,
homozygouswild genotype yielded two bands, 140 and
20 bp; while homozygousmutant genotype yielded on-
ly one band of 162 bp.

As for exon 4, the primers were as following: EPO3
(5’ACATCCACTTCATCCACGT-3’) and EPO4 (5’-
ATGCCTCTGAGAAGCCAT-3’). The restriction en-
zyme RsaI (Fermentas, Germany) was used to digest
the PCR product. The wild type genotype shows a
fragment of 210 bp while mutant genotype yielded two
fragments of 164 and 46 bp.

2.5. Lung function measurements

To assess the lung function impairment, follow-up
examinationswere conductedwith the group of patients
during a two-year period after baseline, with annually
repeated spirometry test. Complete clinical informa-
tion and longitudinal lung functionmeasurements were
obtained during these two years.

The lung functionmeasurementswere carefully stan-
dardized and monitored using a high-quality control
program to control formultiple factors that were known
to increase intraindividual variability of FEV1 and FVC
results.

2.6. Statistical analysis

Hardy-Weinberg equilibrium tests of EPHX1 and
GSTP1 genotype distribution in cases and controlswere
evaluated by calculating χ2 and P values. Differences
in allele distribution and allele frequencies among the
groups were examined for statistical significance by
Pearson’s χ2 test. Odds ratios (OR) with their cor-
responding 95% confidence intervals (CI) were calcu-
lated. The χ2 test was used to compare the gender,
smoking status and geographic origin between the two
groups. Demographic data and spirometric parameters
are presented as means ± standard deviation. Age,
smoking index expressed as pack years (number of
cigarettes smoked per day x number of years smoked
/20) were compared using the unpaired Student’s t test
and Mann-Whitney U-test where appropriate. Annual
FEV1 decline (mL/year) was calculated as the differ-
ence between follow-up and baseline observed FEV1
values, divided by the number of months between the
two surveys, multiplied by 12.

Multivariate logistic regression model was con-
structed to confirm the association between combined
EPHX1, GSTM1, GSTT1 and GSTP1 gene polymor-
phisms with COPD as well as emphysema by adjust-
ment for covariates, including age, sex, BMI, smoking
status and pack years of smoking. Where appropriate,
P values for pairwise differences were corrected for
multiple comparisons by using Bonferroni correction
with statistical significance set at P < 0.008. The sta-
tistical power was calculated to estimate the level of
association.

Multivariate linear regression was also used to con-
firm the association between combined gene poly-
morphisms and ΔFEV1. We used the Kolmogorov-
Smirnov test to test the distribution of Δ FEV1 variable
for normality.All statistical analyses were undertaken
using the Statistical Package for the Social Sciences
(SPSS), version 10 software. P < 0.05 was considered
as statistically significant.
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3. Results

A total of 416 subjects were entered in this case-
control study: 234 COPD patients (male:female ratio,
222:12; mean age, 61.75 ± 13.96) and 182 healthy
controls (male:female ratio, 173:9; mean age, 56.43 ±
7.03). Both patients and controls had a similar body-
mass index (BMI; P = 0.48) and were almost all from
the central area of Tunisia. There was no significant
difference between patients and controls in term of pack
years cigarette smoking (P = 0.11) (Table 1). Clini-
cal characteristics of patients were summarized in Ta-
ble 2. From all cases, 54.27% had a chronic bronchitis
whereas 45.72% of them had emphysema.

3.1. Combined effect of EPHX1, GSTP1, M1 and T1
gene polymorphisms and COPD risk

Genotypes were determined by the combined data
obtained from individual PCR-RFLP analysis of exon
3 and 4 EPHX1, exon 5 GSTP1 polymorphisms and
PCR multiplex examination of GSTM1 and GSTT1
deletions. As for exon 6 GSTP1 polymorphism, nei-
ther heterozygote (Ala/Val) nor homozygous mutants
(Val/Val)were found in both patient and control groups,
so that it was excluded in the analysis.

The analysed genotype combinations in this study
were chosen basing on the principle previous investiga-
tions results suggesting that presence of variant alleles
in these genes may increase risk of COPD. These geno-
types were the following: null-GSTM1/null-GSTT1;
105Val/Val GSTP1/null GSTT1; 113His/His EPHX1/
nullGSTT1; 113His/HisEPHX1/null-GSTM1; 113His
/His EPHX1/105Val/Val GSTP1; null GSTM1/105Val
/Val GSTP1.

113His/His EPHX1/null-GSTM1/null-GSTT1/105
Val/Val GSTP1 and 113His/His EPHX1/null-GSTM1/
105Val/Val GSTP1 combined genotypes were not con-
sidered because of the lower number of individuals in
these subgroups which made ineffective the statisti-
cal calculations and interpretations. The distribution
of different combinations among healthy controls and
patients can be found in Table 3.

In crude combined analysis of EPHX1, GSTP1, GS
TM1 and GSTT1 gene polymorphisms, our results
demonstrated that combined 113His/His EPHX1/null-
GSTM1, null-GSTM1/105Val/ValGSTP1 and 113His/
His EPHX1/105Val/Val GSTP1 genotypes were asso-
ciated with significantly increased risk of COPD (re-
spectively OR = 4.07; CI:1.52–10.87; P = 0.0032,
OR = 3.56; CI:1.46–8.68; P = 0.0042 and OR =

3.65; CI:1.1–12.08; P = 0.027). When the bonferroni
correction for multiple testing was applied, differences
of 113His/His EPHX1/null-GSTM1 and null-GSTM1/
105Val/Val GSTP1 combined genotypes remained sig-
nificant (respectively P = 0.019; P = 0.025).

After adjustments for confounding variables, the as-
sociation between 113His/His EPHX1/null-GSTM1,
null-GSTM1/ 105Val/Val GSTP1 combined gene poly-
morphisms and the increased COPD risk remained sig-
nificant (respectively P = 0.0094, P = 0.0153). As
for 113His/His EPHX1/105Val/Val GSTP1 combina-
tion, the association with COPD susceptibility was sig-
nificant in the univariate analysis (P = 0.027). Af-
ter controlling for other COPD confounding factors,
the risk decreased slightly and the association became
no significant (P = 0.0687). Furthermore, our results
showed that null-GSTM1/null-GSTT1 (OR = 1.66; CI:
0.95–2.9; P = 0.072), 105Val/Val GSTP1/null GSTT1
(OR = 2.51; CI: 0.97–6.5; P = 0.052) and 113His/His
EPHX1/null GSTT1 genotypes (OR = 2.68; CI: 0.93–
7.68; P = 0.058) were not related to COPD.

3.2. EPHX1, GSTP1, M1 and T1 gene polymorphisms
combinations and COPD phenotypes

According to their predominant phenotype, 127 pa-
tients exhibited the bronchial type of the disease (chron-
ic bronchitis subgroup),while 107 presented centrolob-
ular and panlobular emphysema. Table 4 summa-
rizes the distribution of combined EPHX1, GSTP1,
GSTM1 and GSTT1 genotypes between chronic bron-
chitis and emphysema COPD patients. The results
demonstrated that there was no association between
all combined studied genotypes and chronic bronchi-
tis. In the emphysematous group, as for the null-
GSTM1/105Val/Val GSTP1, 105Val/Val GSTP1/null
GSTT1, 113His/His EPHX1/null-GSTM1 and Null-
GSTM1/null-GSTT1 combined genotypes in relation-
ship to emphysema, the significance remained after the
Bonferroni correction (respectively P = 0.0018; P =
0.011; P = 0.0018; P = 0.039).

In the multivariate regression analysis, the com-
bined genotypes null-GSTM1/null-GSTT1 (OR =
2.48; CI: 1.27–4.83), 105Val/Val GSTP1/null GSTT1
(OR= 4.71;CI: 1.61–13.79),113His/His EPHX1/null-
GSTM1 (OR = 6.96; CI: 2.28–21.29) and null-
GSTM1/105Val/Val GSTP1 (OR = 5.83; CI: 2.12–
16.01)were found in association with emphysema even
after the adjustment for COPD confounding risk factors
(respective adjusted P values: P = 0.01; P = 0.009;
P = 0.008 and P = 0.001).Whereas the association
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Table 3
Distribution of combined EPHX1, GSTP1, M1 and T1 genotypes in COPD patients and healthy controls

Number of COPD patients/healthy controls
Genotypes EPHX1 exon4 GSTP1 exon5 GSTM1 GSTT1

His/ His/ Arg/ Ile/ Ile/ Val/ Non-null Null Non-null Null
His Arg Arg Ile Val Val genotype genotype genotype genotype

EPHX1exon3
Tyr/Tyr1 59/58 39/25 4/3 36/35 45/41 21/10 30/45 72/41 76/60 26/26
Tyr/His 61/54 33/27 2/1 40/47 43/30 13/5 34/31 62/51 65/60 31/22
His/His 22/7 14/7 0/0 5/2 16/8 15/4 17/7 19/7 19/9 17/5
GSTP1exon5
Ile/Ile1 51/58 28/25 2/1 31/31 50/53 58/60 23/24
Ile/Val 59/50 42/26 3/3 33/42 71/37 70/57 34/22
Val/Val 31/11 17/8 1/0 17/10 32/9 32/12 17/7
GSTM1
Non-null
genotype1 58/54 21/25 2/4 60/64 21/19
Null genotype 84/65 65/34 4/0 100/65 53/34
GSTT1
Non-null 92/86 62/39 6/4
genotype1

Null genotype 50/33 24/20 0/0
OR 95% CI P P2 OR for statistical power of 80%

Non-null GSTM1/ non-null GSTT11

Null-GSTM1/ null-GSTT1 1.66 0.95–2.9 0.072 2.1
105Ile/Ile GSTP1/non-null GSTT11

105Val/Val GSTP1/ null GSTT1 2.51 0.97–6.5 0.052 3.4
113Tyr/Tyr EPHX1/ non-null GSTT11

113His/His EPHX1/ null GSTT1 2.68 0.93–7.68 0.065 3.8
113Tyr/Tyr EPHX1/ non null GSTM11

113His/His EPHX1/ null GSTM1 4.07 1.52–10.87 0.0032∗ 0.0094 3.3
113Tyr/Tyr EPHX1/105Ile/Ile GSTP11

113His/His EPHX1/105Val/Val GSTP1 3.65 1.1–12.08 0.027 0.0687 4.6
Non-null GSTM1/105Ile/Ile GSTP11

Null GSTM1/105Val/Val GSTP1 3.56 1.46–8.68 0.0042∗ 0.0153 3.2
1Reference group;
2P adjusted for sex, age, BMI, smoking status, pack year smoking;
∗Significance remained after the Bonferroni correction.

between 113His/His EPHX1/105Val/Val GSTP1 (OR
= 4.67; CI: 1.22–17.91) and 113His/His EPHX1/null
GSTT1 (OR = 3.33; CI: 1.05–10.52) combined geno-
types were attenuated after correction (respective ad-
justed P value: P = 0.056 and P = 0.071).

3.3. Association between lung function impairment
and EPHX1, GSTP1, M1 and T1 gene
polymorphisms

Annual FEV1 decline means distribution were com-
pared according to different polymorphisms combi-
nations. Combined gene polymorphisms associations
with lung function impairment are presented in Table 5.
After multivariate linear regression adjusted for COPD
confounding factors the obtained results showed that
annual FEV1 decline and 113His/His EPHX1/null-GS
TM1 (P = 0.028) combined genotypes were related.
However, the associations between null-GSTM1/ null-

GSTT1, 105Val/Val GSTP1/null GSTT1, 113His/His
EPHX1/null GSTT1, 113His/His EPHX1/105Val/Val
GSTP1 and null-GSTM1/105Val/ValGSTP1 combina-
tions were not significant (respective P values: P =
0.097; P = 0.072; P = 0.081; P = 0.088 and P =
0.174).

4. Discussion

Up to now, more than 25 different candidate genes
have been investigated for their potential role in lung
function impairment in smokers [32,33]. Few works
were interested to study the combinations of poly-
morphisms in COPD. In this study, we provided a
new data about the association between the combined
EPHX1, GSTP1, GSTM1 and GSTT1 genetic poly-
morphisms and COPD risk and lung function impair-
ment in a Tunisian population. Our results suggest that
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Table 5
Combined EPHX1, GSTP1, M1 and T1 gene polymorphisms association with
lung function impairment in COPD patients

Combined genotypes ΔFEV1 (mL/year) P2 P3

Non-null GSTM1/ non-null GSTT11 209 ± 142
Null-GSTM1/ null-GSTT1 171 ± 132 0.097
105Ile/Ile GSTP1/non-null GSTT11 204 ± 129
105Val/Val GSTP1/ null GSTT1 179 ± 144 0.072
113Tyr/Tyr EPHX1/ non-null GSTT11 207 ± 153
113His/His EPHX1/ null GSTT1 176 ± 137 0.081
113Tyr/Tyr EPHX1/non null GSTM11 206 ± 161
113His/His EPHX1/null GSTM1 144 ± 101 0.035 0.028
113Tyr/Tyr EPHX1/105Ile/Ile GSTP11 205 ± 216
113His/His EPHX1/105Val/Val GSTP1 174 ± 169 0.088
Non-null GSTM1/105Ile/Ile GSTP11 199 ± 136
Null GSTM1/105Val/Val GSTP1 178 ± 156 0.174
1Reference group.
2Student’s t test.
3P adjusted for sex, age, BMI, smoking status, pack year smoking.

the combined 113His/His EPHX1/null-GSTM1, null-
GSTM1/105Val/Val GSTP1 genotypes are associated
with significantly increased risk of COPD. 113His/His
EPHX1/105Val/Val GSTP1 association with the dis-
ease was significant before adjustment for COPD risk
factors.

Our findings are in line with some studies reporting
that the odds ratiowas raisedwhen the two genotypes of
at least one slow EPHX1 exon-3 allele and GSTM1 null
were combined [12,13]. 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. Therefore, function-
al studies, including analysis of EPHX1 and GST mes-
senger ribonucleic acid and protein expression, should
be continued to confirm the causal relationship before
conclusions can definitely be drawn. Nevertheless, the
replication of the results in several works could be a
sign that there was still a significant trend towards as-
sociation between these gene polymorphisms and the
development of COPD [12,13].

Furthermore, gene frequency is different between
different racial groups, which may explain the differ-
ences in association between gene polymorphism and
COPD in the various studies. In fact, the distribution
of EPHX1 and GST genotypes are complex among
races [10,13,34,35] and the difference in genotype fre-
quencies might be relevant to different metabolising
enzyme activities and types of dominant functional en-
zymes against oxidative stress in different races.

The evidence of association between the candidate
genes and COPD and its associated phenotypes is sel-
dom definitive and is often conflicting [36]. Smith and
Harrison (1997) reported first that EPHX1 gene poly-
morphisms were associated with susceptibility to pul-
monary emphysema. There has been also some evi-
dence that GSTM1 null genotype might be related to
severe bronchitis in heavy smokers [20] and to reduc-
tion in lung function and emphysema in smokers with
bronchogenic carcinoma [19,37]. Moreover, DeMeo
and co-authors reported an association of GSTP1 and
EPHX1 gene polymorphisms with emphysema distri-
bution [38].

In the present study, we have analyzed combined
genotypic data within patients divided into chronic
bronchitis and emphysema subgroups. Our results sug-
gested a significant association between 113His/His
EPHX1/null-GSTM1 and null-GSTM1/105Val/ValGS
TP1 genotypes with emphysema. The association be-
tween 113His/His EPHX1/105Val/Val GSTP1 and this
subgroup was slightly attenuated after adjustment for
covariates. The majority of glutathione S-transferase
activity in the lung is likely provided by GSTP1 [39].
The EPHX1 enzyme activity has been detected in all
tissues, and the highest concentrations have been found
in lung, liver, kidney, gonads, and epithelial cells [40].
Several recent studies were focused on the relation-
ship between gene polymorphisms and lung function
in COPD patients, smokers and in general population
with controversial results [41–47].

In our present investigations, we explored the rela-
tionships between EPHX1, GSTM1, GSTT1, GSTP1
gene polymorphisms combinations and lung function
decline in our sample. On the bases of the results found
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we deduce that 113His/His EPHX1/null-GSTM1 com-
bined genotype was in association with the lung func-
tion impairment. Our findings are in agreements with
those of Vibhuti and colleagues. The authors found
an association between EPHX1 and GSTP1 genotypes
and lung function either when studied separately or
in combination [46]. Andrew and co-authors demon-
strated that EPHX1 His113/His139 haplotype was as-
sociated with increased rate of decline of lung func-
tion. This association was stronger when the sub-
jects also had a family history of COPD [6]. Jian-
Qing and colleagues reported that concurrent deletion
of GSTT1 and GSTM1 genes together with the pres-
ence of the GSTP1 105Ile/Ile genotype carried an in-
creased risk for accelerated decline of lung function
in smokers. In addition, the combination of homozy-
gous GSTP1 105Ile/Ile and a family history of COPD
were associated with an increased risk of decline of
lung function [48]. Imboden and co-workers found
that GSTT1 homozygous gene deletion in combination
with GSTM1 homozygous gene deletion was associat-
ed with excess decline in FEV1 in men general popu-
lation [49]. In our sample, COPD family history was
absent. The presence of more than one gene polymor-
phism seems to be with main effect of the lung decline
in the studied population. A long longitudinal study
and a larger population are of a great importance to
draw firm conclusions. By contrast, Siedlinski et al.
recently reported that there are no effects of EPHX1
polymorphisms on the level or change of FEV1 in the
general population [47]. Indeed the contribution of
EPHX1 polymorphisms on COPD susceptibility is con-
troversial and the discrepancy between studies may be
due to the different ethnic groups investigated.

There are several limitations of the present study.
First, a relatively small population was recruited and
the numbers of males and females were not balanced
within the two studied groups. The major population of
COPD patients and chronic smokers is male in Tunisia.
Therefore, it is difficult to find a balanced set of female
subjects for genotype studies. Secondly, there were
a difference of the mean age between cases and con-
trols. In fact Younger controls were more likely to pro-
vide a blood sample than older controls and were over
sampled. However, the statistical calculation showed
that there is no significant difference between the two
groups in mean age, so it is unlikely that this age dif-
ference confounded the results. Additionally, age was
included in all the multivariate models. Thirdly, after
patients classification according to COPD phenotypes,
and genotype combinations the size of the subgroups

became small and this may affect the statistical pow-
er and so that our findings might be considered with
caution.

In conclusion, we have demonstrated that com-
bined genotypes 113His/His EPHX1/ null-GSTM1 and
null-GSTM1/ 105Val/Val GSTP1 were in association
with the development of COPD in the Tunisian pop-
ulation. A significant association was also found be-
tween these genotypes and emphysema. Moreover
113His/His EPHX1/ null-GSTM1 combined genotype
was in relationshipwith lung function impairment. Fur-
ther works using a larger population and studying more
candidate genes taking in account the gene- environ-
ment interaction remains necessary in order to elucidate
the genetic pathogenesis of COPD.
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