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Genetic Polymorphism of Epoxide Hydrolase and GSTM1
in Chronic Obstructive Pulmonary Disease
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Background : Although smoking is a major cause of chronic obstructive pulmonary disease (COPD), only
10-20% of cigarette smokers develop symptomatic COFPD, which suggests the presence of genetic
susceptibility. This genetic susceptibility to COPD might depend on variations in the activities of the
enzyme that detoxify hazardous chemical products, such as microsomal epoxide hydrolase (mEPHX) and
glutathione-S transferase M1 subunit (GSTMI) genes.

Methods : The genotypes of 58 patients with COPD, and 79 age matched control subjects, were
determined by a polymerase chain reaction, followed by restriction fragment length polymorphism
(PCR-RFLP) for the mEPHX, and multiplex PCR for the GSTML.

Results : GSTM1 was deleted in 53.3% of the subjects. There was no difference in GSTM1 deletion
rates between the COPD patients (32/58, 55.2%) and the control subjects (41/79, 51.9%). The combination
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patterns of two polymorphisms of mEPHX showed slow enzyme activity in 29(21.2%), normal in
73(53.3%) and fast in 32(23.4%). The COPD group (7/57, 12.3%) showed a significantly lower incidence
of slow enzyme activity compared to the control subjects (22/77, 28.6%, p<0.05). However, when the

COPD and control groups were compared with smokers only, there were no significant differences in

the genotypes of GSTMI and mEPHX.

Conclusion : The genotypes of GSTMI1 and mEPHX were not significant risk factors of COPD in this
cohort of study. (Tuberculosis and Respiratory Diseases 2003, 55:88-97)
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Table 1. Characteristics of subjects in COPD and control group

COPD (N=58) Control (N=79)
Sex (Male/Female/unknown) 49/8/1 53/26
Age (years) 63.7£109 604+81
Smoking (Current/Ex/Never/missing) 15/18/7/18 23/15/33/8"™
Amount of Smoking (Pack-years) 4631292 336206
FEV) (L) 1.46+062 237+065™
FEV) (%) 5841240 896+202™
FVC (L) 2.83%£0.79 3.16+0.76"
FEV/FVC (%) 520%16.1 756+ 16.0™

COPD : Chronic obstructive pulmonary disease

Numeric data : mean®SD
I p<005, " p<0.01, " p<0.001

HAd #AE 59¢ 9 5Ed o AT gle
2049 AARNER o5 HrTL 2F A ¥
el AAT (%FEV1>80%, FEV/FVC(%)>70%).
(Table 1)

DNA F& : 2= 89 4 mLE 75% EDTA7}
¥3¢l  vacutainer(Becton Dickinson, Plymouth,
UK)ell AFH st HEFE SaA)zl Fol U &
g3t Adg W¥FHE d& F 5M NaCls
H7tste] WPTES DAAZ Fo| =S AA
Ho2 DNAE F&3%ch

PCR &4 Glutathion S transferase Ml
(GSTM1) A+ homozygous deletion %=
GSTM1 73 #¢] exon 4, intron 5 Z12]3l exon
58 ¥¥3}E primer sequence 5'-ctg ccc tac ttg
att gat ggg-3'9t 5'-ctg gat tgt agc aga tca
tge-3'E ©|83d FEIIUG FTEZE FUEY
A7]% 267 baseclUth. ¥4 H=E 95t ¥
23 A2 V FAAY exon 108 4 multiplex
PCRZ FZ3to vusigcth 89 &z A& V
FAAE TEZ317] 91§ primer: 5'-acc cac aga
aaa tga tgc cca g-3'¢k 5'-tgc ccc att att tag
cca g-3'E ARR3lgEd FEAEY FAv|E 24
base °|lth GSTML ##A7F Z2& Hol &
7ASol= PCR 4H&E0] dojAA & AR F

600bp -

_ 267 bp : GSTM1
200 bp ii 224 bp : Factor V
s s

Null  Null

Fig. 1. Multiplex PCR for GSTMI1 (267 base
pairs) and control gene (Factor V, 224
base pairs). Note the homozygous deletion
of GSTMI1 gene in lane 4 and 5.

4 7 AAHFig. 1).

Epoxide hydrolase 7% 2}2] exon 3+ forward
primer 5'-cag gtg gag att ctc aac agg-3'¢t
reverse primer 5'-cac att gtg gaa gaa ggc tgt
t-3'E ©| &3t 115 base paird] F4HES AojA
GT"AC sequence® <143} Hdtsle  Rsal
(New England Biolab, Beverly, MA) A &&asi &
Aestdch A ¥ T7F e 9712
A mEPHX ©¥9¢] 113384 92 Tyrosineo 2
coding #ch. el T 47171 & A% 115
base?] PCR F41E8S 94 9} 21 bpE AdE A9t
C allele7l e 455 HAOHA Lolr FEHE

— 90 —
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CT T cc 71T
slow wild slow wild

AA GG AA AG AG
wild fast wild fast fast

Fig. 2. PCR and Rsal digestion of Exon 3 of
epoxide hydrolase. Restriction enzyme Rsal
cuts when this polymorphism is T.
Homozygous T allelotype (lane 3 and 5
from left) shows complete digestion into
94 bp bands. Homozygous C allelotype
(lane 4) have original 115 bp bands only
without digestion.

g, o]2g H- 11394 o] Histidineo® 5
o] G A4 A4S Hol: Aoz d¥A ot
(Fig. 2).

Epoxide hydrolase f7d7+¢] exon 4+ forward
primer 5'-aca tcc act tca tcc acg t-3'$} reverse
primer 5'-atg cct ctg aga agc cat-3' & o]-&3}
o 210 base par?] F4AMES dojA GTAC
sequenceE <¢143te] AWSlE Rsal(New En-
gland Biolab, Beverly, MA) A& &4AE s}
Aok HEA> A7F defiel d4712X mEPHX ©
wio] 1399 A ‘%l“i‘}% Histidine® 2 coding &tk
4 A 4717t d= AS FaHA ged, G
4717 dE 4% 210 base»] PCR #F4HE& 164
9} 46 bpE HFGEH, 13994 DS Argininel
2 codingdte] ¥ &4 FAHEL HolA HE A
o2 484 UrkFig. 3).

5 7HA f4A d84e PCR 2 A &2 A
2] & 2% agarose gelol A7) 9% & Ag &
Ao dod FAow Byl Agarose geloll
A AR 34 dd G4 fEEEs givtez

Fig. 3. PCR and Rsal digestion of Exon 4 of
epoxide hydrolase. Restriction enzyme Rsal
cuts when this polymorphism is G.
Homozygous G allelotype (lane 3 from
left) shows complete digestion into 164 bp
bands. Homozygous A allelotype (lane 2
and 4) have original 210 bp bands only
without digestion.

allelotyped A + gl F$5C tisied= &
71ME 45 tEo] Adddn 0 571 %A
71 PCR Z415-& 2% agarose gelo] #7195 A7l
* AP 3719 bandE EFsH= geliES oY
3 g2 Hosio Agaro—Power kit(Bioneer, Korea)
& °]%3}°4 DNAE tA F& AHAEA AA=
ZAHE 2-4 mLdl| forward primerS 1.6 pmole
’57}‘5]'3’- o}7]9 BigDye terminator& 8 mL #7}3}
(95 10 sec, 0C 5 sec, 60C 4 min)2= 25 F
7] ZZA171 ¥ Ethanol precipitationg 73 A
ABI Prism 310 Genetic Analyzer (Applied Bio-
systems, CA)E ©|&3&9 #gsd d7] A4 &
A& A3ttt
EAH 24 COPD #Adt diza 79
GSTM1 fr#zte] A& oF e} mEPHX #32H]
g Ade] Hlx=g Hlaste] COPD $Ae] ey
EZ Logistic 3ALM oz Fadch. =3 Chi
square HFCE FIH AGHA wme,
COPDZ FolME FAR Afe 2 A4 F4
o] zo]E H|mE k. mEPHX f82ke] a4
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Table 2. Distribution of microsomal epoxide hydrolase genotypes between COPD and Control

Group
Hardy-Weinberg equilibrium COPD  Control

Exon 3 Observed Expected X o)
TT 45 39.2 201 037 18 27 X105
CT 56 67.6 32 24 P<0.01
CC Slow 35 29.2 8 27
Exon 4 Observed  Expected X D
AA ® 97.1 017 092 43 5 X=071
AG Fast 33 34.8 13 20 P=0.70
GG Fast 4 3.1 1 3

o zZtzto]l YRl A alleleE2 WE7} Hardy-
Weinberg Equilibrium™ w2532 Chi square 7
& 3

7h 47 O

COPD< 584)(d/ol/ B =49/8/1)2 AZY &zl
(N=59) ¥ AZAE(N=20) 7949 hzT(d/d
=53/26)°] Hlste] A9l Hl&o] EHTHp<0.01).
7t AB(B3TE109 vs. 604814 A=
93 AolE Holx gty FA&o] COPDF
(33/40, 825%)°] WZ(38/71, 535%)°l Hsled
Fo)at A = RdeHp<0.01, Table 1).

Lt. GSTM1 &R Z&

GSTMI1-E AA oA 1379 F 73¢7} A&s o
53.3%9 A+&E Bt COPDw# gz 7ol
grlst FAgo] A2 dRone ogd e 2
&9 MES wasgor FAdot e o
£ Aeg Aol goth

GSTM1 ZA£S COPDT(32/58, 55.2%)% thizx

FAYT, 5199%) ¥ ol WE) Aol ¢l
THX*=0.14, p=042). =& FA} 71T o] &3}

o GSTM1 ZA&EE9 Aol HustgE "oz
COPD(20/33, 60.6%)¢} thZ7(24/38, 632%) i+
7l $relgt zholE YATH X = 0.06, p=1.00).

Ch. mEPHX S&Xi| CHEA A

mEPHX 749 Exon 3¢9 Exon 49 f3#} ¢t

84L& Hardy Weinberg equilibium®g wa
a19len single nucleotide polymorphism #43¢]
A% A dE AHezZ 44 4 dUd

(Table 2). ¥A 484 W& Exon 39 Exon 4
of FAA gy L FAFeE Fo3 Aol
& Holx| gstkrh

COPDi# tjzd Fte] Exon 39 UgAL #

HE 2ol HAYEd, ¥ 84 YE Hole

Aoz 4zl CC Fo] COPD(®/S8, 13.8%)elA
(27778, 346%) Rt fFostAl HATHX
22105, p<0.01). =&t Exon 39 CC 8& COPD
o} Hlal A=t 030(95% AF77E ¢ 014-065,
p<0.01)& 2 QrHTable 2). 281} Exon 49 th3
AL Fwitel] T3 ol AL, FAA 714
ghg ]84 Exon 39 49 tg A mtE
79} Aol HE wols Yol mEPHX &
HAH e Aol HAHA FUrh

T3 slow allele} fast alleleo] A 3= &

L= AAAQ gh GHEE e Aow o

!
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Table 3. Distribution of enzyme activity according to combination of exon 3 and 4
polymorphism of microsomal epoxide hydrolase gene

Exon 3 Exon 4 N % COPD Control P
Fast T wild G fast 32 23.4%

T wild A wild 68 50 55
Normal 73 53.3%

C slow G fast 5
Slow C slow A wild 29 21.2% 7 22 < 005

2 21, mEPHX exon 39 exon 49 t}&A ok
e 2FEA AAH a2 EHL G 7o)
vt =, COPDE(7/57, 123%)d tz
(22/77, 286%)BTF & B4 BAHE BHol: AL
Eo] frofatA HATH X513, p<0.05, Table 3).
w2t mEPHXS @& &4 #4%e COPDe
HI A¥E7t 032(99% AETF7E 0.14-0.75,
p<O0DOlAT} 2ejut HA] FA7}L 71 we A+
o % st mEPHX #3239 o 7o) zol&
vl 23 fold zpol WHYA Fr)

1 o
H71%34 Y 7BXES @A 23stE v
HAu AL 7t AU g Jde JNF
Ao WHHA TF T 2YstE Ao
o 3§ e x¥YEE 71F s duyoz
FHY #HE &7 BAEd A nAgA
A 9% v B’ d2d 9dte &)
o

b Fobdm, we Bal 59 Adz 7 o)
SAHAA A By wesl gase] HlZel

T

Hds 54 EFEE Rt A d A
9] Fd& COPD 249 714 Fa% 93 A=
Hl, Al 15~20% A% COPD7t A et
delA Aok E=F COPD #ak9) 5~10%E 8
F9E A @2 FAQSo|lnz FF o9 e
AASH A weh M2 gE FAHQ 2900]

ALE 4% F g

HHl 7] Fell A oS due EAs
of 4F & ¥ovn ¥ 42E 7Y $ Yy,
HE2Q EHE0| epoxide 33Eo|t}h B o
Al ZAMSE  microsome® Epoxide hydrolase
(mEPHX) &A% W9 A7 B4E5S 843147
€ 8% SHA T reactive epoxide FEjQ wHeA
steted e F849 dihydrodiol2 WEE FHge
Fojele BAER 71X W] A¥EdA
a5 e,

3 QAN E Gluta -
thione S-transferaseE ©]-€3} conjugation A7
¥ wdsiAY wEAds A7l de] 71do] ek
Glutathion S transferase(GST)& #4 & 13719 &
AARRE 57H familye] GST7F A4 1zl
AE  alpha(GSTA), sigma(GSTS), mu(GSTM),
pi(GSTP), theta(GSTT)®] 5 FF29 &4 o] ¢
=, °ol& % GSTML, GSTTI, 18]lx GSTPlo]
F32F g Adolut A&(deletion) S BT 9zt
o A 1p13ol AABHE GSTMIL HAAH o
£ 40-60% o] AFelA Aol HAsEY Iy
Aol Aol AEEE 50-56% AEoly o] fHz}
7t A d Afole O B4 EAY §5 5
#o] Astd zlolmz COPDY $¥EE &Y A
o8 FRAGY,

Harrison5"¢ #fo g $4& e x5
HAzHNM H7]Fo] THE BAES GSTML 2
S8 Y dzT Bt FolM GSTMI #+37

olpid 54 EHES

ol
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1eo Hoy ol T A AF
olzpele wmatgleh E3 Baranova e E#
20l FAANES o f& ATl A izl
Hlgte] uhAd 71AR G fAHELS ol o w2
Az &S Hee R JEM g 5P @
& Ao R g dAFoA COPDTH A4 o
23 7h GSTM1 2&82 o7t glies 1
g, B Ao E GSTML Fdxte] 2

bl

I ol e e ARE AME o
QAEE BAH Aolg: ABE F Us FE
719 Jg o]gdt] AT i
sjob ek HAR 5% A&EEY AolE alpha
error 0.05, beta error 029 foAdoZ AFII
A E o ol 747 1500% ol Bad A
og Axdch g £ A4 COPDw A
a7kl GSTML Z&go #9% zole fA
o A e 7 AHolA AAIAA Zelr}
A=A kg 7Hsdel Utk

mEPHX 32k 7ke] QAA 1g4214 944
3t 2789 AR Aol slojA olE &z
oEA] g wet T4 FHES ME thEo
aeiA Ao 53 mEPHX A7) exon 3914
coding® ¥ 11394 olvjeste] AAARQI tyrosine
o] o} histidineeZ A2¥E His1138 3% exon 4
o] 1399 x 9] gl ofn ikl Hisl30% e %
& mEPHX £29 84%=7 7P e fdx
Pog RaHAT”,

gzdes dioz ATE AR wad
mEPHX %x}x}gl \4,0_ g %}M% 5}_0]__.
His113/His139% o] COPDY 24 AUEE Eolx
Aog BuETh v o] AH2 20399 o
zZ79 d¥o] COPDT# t2A 18MFE 654
Atol2 ThdstHw EA7b lom o|s dHithz
COPDT #H4E FAd 7HAI A7 HEd

Moo 2

g AAEE By BAEelofA AFHI wul
o FA7F Atk
w3l NHLBI(National Heart, Lung and Blood
Institute)el A ZAF COPD 8xE F94 5d
2o BAL A43 32169 F FEVIY Ayt &
A% 28397 Ayt FA e 388E WY
o2 o9 mEPHX #AA¥E =AHe 23
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gl 28 A% A4Z BuHYY.
w3 YRIE9 A Yoshigawa 5 F
Z9 COPD®t dA#EL Hudrie o,
Takeyabus & —.%?L A#A-g HAS A Zarh
g=dle ez
mEPHX®] genotyped COPD2 @zt &93
deg 2R + QY oz A7 o4
COPDSL tiew ol o] Mz t& FdolA
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aelg EH’“OE Hlsdk ¥ o] diET
3 A B AT ook Wi E Hislly/
His139%°] COPD A9 Ad=rt 38 @
A#E Atk F AURleAe AzEFd e
mEPHX 9 @& &4 AL Holx= {fuAYo
COPDY 24 H8& AN AL, & o
3 BEE Gt AZolvt fidlen,
COPDvlol o o
COPDell A &4
okl EA7E Aok wEkA FAAERE o] &5t
39S woll= mEPHX th3Adel ot

2 COPDY Ao atols Bad + °i‘ii‘4
T A g4 dg Fgver dRrge] 74
AL AASA Hoz Ayt AR q2A 2

2 HAEAE e nEste 74 o) 2%
Z9] wlx7} Hardy-Weinberg equilibrium™g o
=

E2eAE #gose AX " dojth B AT
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& Holt Exon 39 U¥A ¥/ SAHeR
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274 A Ad A FHHo AR e/} gl
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somal epoxide hydrolasemEPHX)9] &4 &4
Ne FAA B Fde wet AR tE2a
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Ml subunit F#AAHGSTM1)® homozygous

Lo S

deletion d%-¢) wg} COPDe o4 FE O
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2 AAYUE 082 FHE AR Tx
g WMHFRHREH FEE DNAE o] &3t9
mEPHX fr3#e] o337 GSTML f3zte) 2
& o7 J8a 4 FEe BAE BRI
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A dFeXE 97 AEs AH s =3
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(563.3%)7F normal, 3290(234%)7} fast enzyme
activity & Holv fHxE oA =), slow enzyme
activity®  Eeole #¥a¥9 ¥lE7t COPDE
(7/51, 123%)o1 A =T (22/77, 286%) R} 2
SHAl WhTH(p<0.05). COPD #A4e] v gAx:
mEPHX®] @& &4 48 Hole #ARYHo)
0.32 (95% A& T3k 1 014-0.75, p<00)E HPL
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25 AeE ddez g £ dFd9A GSTMI
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