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ABSTRACT

Introduction

Chronic obstructive pulmonary disease (COPD) is a complex disease characterized

by airflow limitation and can cause hypoxia. Worldwide, COPD is the sixth leading

cause of death and expected to become third in 2020. Cigarette smoke is a

recognized major risk factor for COPD and its toxic effect is protected by

antiprotease, antioxidants and also xenobiotic metabolizing enzymes. But the fact that

only 10-20% of smokers develop symptomatic COPD suggests that genetic variations

might be involved in the development of COPD. Thus, genetic variations in

detoxification genes are potential candidates that affect susceptibility to COPD. Since

hypoxia is a common feature of COPD, we also investigate the genotype of hypoxia

inducible factor-1 alpha (HIF1α) as a key regulator of the response to hypoxia.

Methods

We examined the 12 polymorphisms of 7 detoxification related genes (GSTM1,

GSTT1, GSTP1 exon 5, CYP1A1 exon 7, CYP1A1 3’-flanking, CYP2E1 intron 6,

CYP2E1 5’-flanking, EPHX1 exon 3, EPHX1 exon 4, HMOX1 promoter) and HIF1α

gene (C1772T and G1790A in HIF1A exon 12) by PCR-RFLP, fragment analysis,

and/or direct sequencing in 48 Japanese COPD patients among former workers in

Ookuno-jima poison gas factory. Susceptibility to COPD was evaluated by comparing

the genotype frequencies with controls in our previous reports (Budhi et al., IJMM 11:

321, 2003; Tanimoto et al., Carcinogenesis 24: 1779, 2003) and relationship with

severity was evaluated between mild (%FEV1.0≥60%) and moderate/severe (<60%)

cases.

Results

While susceptibility to COPD was considered to be low in individuals having the

GSTP1 Ile105Val allele (P=0.0312) and severe phenotype was more frequently

observed in EPHX1 slow/very slow cases (P=0.0357) and GSTM1 positive cases

(P=0.004, but comparable when combined with GSTT1 positivity), there was no

significant association with other genetic polymorphisms and susceptibility or severity

of COPD developed among the former poison gas workers.

Conclusion

This is the first study that examined HIF1A polymorphisms in COPD and these

functionally activating variants do not seem to affect the development of COPD

(P>0.7).
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RESULTS

1. Genotype frequencies of the detoxification gene polymorphisms possibly associated with 

COPD in Japanese COPD patients and controls

2. Genotype frequencies of HIF1A polymorphisms possibly associated with COPD

in Japanese COPD patients and controls

*Control data were referred from our previous paper (Tanimoto et al.,Carcinogenesis 24:1779, 2003)

** Severity of COPD was classified into mild (%FEV1.0 ≥ 60%) and moderate/severe (< 60%)

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a major health

and socioeconomic problems in the world that continues to grow.

Current theories suggest that inflammation, oxidant-antioxidant and

protease-antiprotease imbalance leads to pathophysiological process

of COPD with disease susceptibility being controlled by variation of

protective genes. The differences in susceptibility to COPD among

cigarette smokers and occupationally exposed workers could be

caused by genetic influences, and identification of the candidate

genetic loci or polymorphisms have improved our understanding of

the mechanisms by which genetic factors predispose to COPD.

Detoxification genes and a master regulator of hypoxia are

potential candidates in the susceptibility to COPD. Polymorphisms in

these genes (GSTM1, GSTT1, GSTP1 exon 5, CYP1A1 exon 7,

CYP1A1 3’-flanking, CYP2E1 intron 6, CYP2E1 5’-flanking, EPHX1

exon3, EPHX1 exon 4, HMOX1 promoter and HIF-1α C1772T, HIF-

1α G1790A) might alter the metabolism of xenobiotics and adaptation

to low O2 concentrations, respectively.

Polymorphism Genotype Susceptibility P -

value

Control **

> 51 years

n=66 (%)

P -

value

Severity**** P –

value
COPD

n= 48 (%)

Control**

n=172 (%)

Mild

n=25 (%)

≥ Moderate

n=23 (%)

GSTM1 Null* 27 (56.3) 93 (54.1) 0.7885 35 (53.0) 0.7333 19 (76.0) 8 (34.8) 0.0040

Positive 21 (43.7) 79 (45.9) 31 (47.0) 6 (24.0) 15 (65.2)

GSTT1 Null* 22 (45.8) 71 (41.3) 0.5722 25 (37.9) 0.3943 10 (40.0) 12 (52.2) 0.3978

Positive 26 (54.2) 101 (58.7) 41 (62.1) 15 (60.0) 11 (47.8)

GSTM1 & T1 Both Null* 14 (29.2) 34 (19.8) 0.1633 12 (18.2) 0.1676 9 (36.0) 5 (21.7) 0.2775

34 (70.8) 138 (80.2) 54 (81.8) 16 (64.0) 18 (78.3)

GSTP1 ex 5
Wild 

homozygote*
40 (83.3) 126 (73.3) 0.1514 43 (65.2) 0.0312 21 (84.0) 19 (82.6) 0.9999

Variant alleles 8 (16.7) 46 (26.7) 23 (34.8) 4 (16.0) 4 (17.4)

CYP1A1 ex 7 Variant alleles* 20 (41.7) 79 (45.9) 0.5996 32 (48.5) 0.4705 12 (48.0) 8 (34.8) 0.5573

Wild homozygote 28 (58.3) 93 (54) 34 (51.5) 13 (52.0) 15 (65.2)

CYP1A1 3’fl Variant alleles* 27 (56.3) 115 (66.9) 0.1742 46 (69.7) 0.1396 15 (60.0) 12 (52.2) 0.7877

Wild homozygote 21 (43.7) 57 (33.1) 20 (30.3) 10 (40.0) 11 (47.8)

CYP2E1 IVS 6 Wild homozygote 23 (47.9) 100 (58.1) 0.2072 39 (59.0) 0.2369 11 (44.0) 12 (52.2) 0.6344

Variant allele 25 (52.1) 72 (41.9) 27 (41.0) 14 (56.0) 11 (47.8)

CYP2E1 5’fl Variant alleles* 21 (43.8) 68 (39.5) 0.5988 27 (40.9) 0.7616 13 (52.0) 8 (34.8) 0.7209

Wild homozygote 27 (56.2) 104 (60.5) 39 (59.1) 12 (48.0) 15 (65.2)

EPHX1

phenotype***

Slow or very 

slow*
28 (58.3) 115 (66.9) 0.2734 42 (63.6) 0.5658 11 (44.0) 17 (73.9) 0.0357

Others 20 (41.7) 57 (33.1) 24 (36.4) 14 (56.0) 6 (26.1)

EPHX1

phenotype***
Other than fast* 45 (93.8) 148 (86.0) 0.2134 53 (80.3) 0.0556 23 (92.0) 22 (95.7) 0.9999

Fast 3 (6.2) 24 (14.0) 13 (19.7) 2 (8.0) 1 (4.3)

HMOX1 Type 1* 40 (83.3) 140 (81.4) 0.7582 54 (81.8) 0.8337 20 (80.0) 20 (87.0) 0.7032

Type 2 8 (16.7) 32 (18.6) 12 (18.2) 5 (20.0) 3 (13.0)

Polymorphism Genotype Susceptibility P –

value

Severity** P -

value
COPD

n= 48 (%)

Control**

n=172 (%)

Mild

n=25 (%)

≥ Moderate

n=23 (%)

C1772T (P582S) CC 43 (89.6) 98 (89.1) 0.9268 22 (88.0) 21 (91.3) 0.9999

CT 5 (10.4) 12 (10.9) 3 (12.0) 2 (8.7)

TT 0 (0) 0 (0) 0 (0) 0 (0)

G1790A (A588T) GG 41 (85.4) 101 (91.8) 0.2220 21 (84.0) 20 (87.0) 0.9999

GA 7 (14.6) 9 (8.2) 4 (16.0) 3 (13.0)

AA 0 (0) 0 (0) 0 (0) 0 (0)

1772T and/or 1790A Variant ≥ 1 allele 10 (20.8) 21 (19.1) 0.7998 6 (24.0) 4 (17.4) 0.7267

Wild type 38 (79.2) 89 (80.9) 19 (76.0) 19 (82.6)

1772T and 1790A Variant 2 alleles 2 (4.2) 0 (0) 0.0909 2 (8.0) 0 (0) 0.4902

Others 46 (95.8) 110 (100) 23 (92.0) 23 (100)

*Susceptible genotype/allelotype in literatures

**Control data were referred from our previous paper (Budhi et al.,IJMM 11: 321, 2003)

***The EPHX1 phenotype was classified into normal, fast, slow, and very slow types, by genotype combination of exons 3 and 4

**** Severity of COPD was classified into mild (%FEV1.0 ≥ 60%) and moderate/severe (< 60%)

3. Direct and subclone sequencing of HIF1A polymorphisms

DIRECT SEQUENCING Pt. g-32 SUBCLONE SEQUENCING

C1772T G1790A

RESULT SUMMARY

 Hardy-Weinberg equilibrium was tested for all

polymorphisms and no deviation was found

 Among the polymorphisms examined, wild homozygotes for

Ile105Val in GSTP1 exon 5 was significantly higher in the

patients with COPD

 EPHX1 fast phenotype showed protective tendency in

susceptibility to COPD

 Slow or very slow EPHX1 phenotypes were significantly more

frequent in patients with moderate/severe COPD than those

with mild COPD

 To our knowledge, we for the first time assessed HIF-1α

polymorphisms in COPD, and found 2 patients with HIF1A

compound heterozygosity, but not in controls (P=0.091)

PURPOSE

To investigate the possible involvement of function-

related polymorphisms in HIF1A exon 12 and

metabolizing enzymes in the pathogenesis of COPD

48 COPD patients from former workers 

in a poison gas factory
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SUSCEPTIBILITY  AND  SEVERITY OF COPD

MATERIALS & METHODS

Genotyping of candidate genes by sequence analysis 

DISCUSSION

Our study has been focused on the association of several

candidate gene polymorphisms, especially HIF1A functionally

activating polymorphisms, with the susceptibility and severity of

COPD. Present study found that GSTP1 exon 5 related with

susceptibility to COPD, and the fast phenotype of EPHX1 showed

tendency in protective role. It has been suggested that each

polymorphism may contribute to only a small relative risk of COPD

and combination of several polymorphisms and environmental

factors may be important. Furthermore, we showed slow activity

phenotype of EPHX1 was significantly associated with severer

phenotype of COPD. Thus, EPHX1 might be related with

susceptibility and severity of COPD.

Recently, numerous studies showed HIF-1α activation during

inflammation. We previously reported that HIF1A C1772T and

G1790A variants had significantly higher transcription activity than

wild type. However, we could not find significant difference in the

genotype frequencies between patients and controls. But

interestingly, we found 2 patients, but not in controls, with

compound heterozygotes, i.e., having activating variants on both

alleles. These 2 patients with HIF1A compound heterozygosity

might have higher transcription activity than heterozygotes, and

this genotype could have contributed to pathogenesis of COPD.

CONCLUSION
GSTP1 and EPHX1 polymorphisms are likely to be

involved in the pathogenesis of COPD. Although the

functionally activating HIF1A variants do not seem to

affect the development of COPD in general, rare

individuals with these variants on both alleles might

have higher susceptibility to COPD.
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