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Genetic polymorphisms of drug-metabolizing enzymes and

susceptibility to lung cancer—relevance to smoking
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Summary

Lung cancer has been associated with smoking and many carcinogenic compounds are
thought to contribute to the origin of lung cancer. Most of these carcinogens exert their
carcinogenicity after conversion to more potent forms through reactions mediated by

drug-metabolizing enzymes, such as cytochrome P450s (CYPs).

Carcinogens in the

human body are then detoxified by enzymes such as glutathione S-transferase (GST) and
excreted. The genetic differences, or polymorphisms, of these enzymes may affect genet-
ically-determined susceptibility to lung cancer. Recently, a variety of polymorphisms
have been found for drug-metabolizing enzymes in humans, such as CYP2E1, CYPIAL,
CYP2D6, and GST. These polymorphisms have been related to susceptibility to lung
cancer by some researchers. Their relevance with the dose of tobacco smoke has also

been investigated.

Key words : Restriction fragment length polymorphism, CYP2EL,

Glutathione S-transferase

L REHDHOEFRAILE TS HRH

Tl & ERAROARER &V (3, Mo
e A O X EB—HOBEFORFOE
HicH oY, NifEORIEICR, SEERILKE
PN-=bov{bEYMERLDEL, £ DR
EYEOMSHEESNITVWE, $ a0
BMICEENTOLAREHMHOERIIZ <, %
TR T — 9 o b, BEMEONE I T 5
MERHEREsN TV, S AREDH
E, EERICI AT RO BBERRUGICL 5
IEYEAL (MR 2523, Kist o
B hibit s n 3 CGE_HRIR). chsoif
TiE, FEPHOMEIC L - THRE 3 —dokk

" RAE A IR ES ORI - RIS IRES A S 4 Y

CYP1Al, CYP2Ds,

FMHMb-TV A, FEH LIS LTVLAD
2F b7 o—L PO (CYP) L LT HRERT
db, R b5 LTV3DR, Sy Fat
YSPFFYR7 5 —H(GSTHEDHEER
METHE, oD b0 2h0fERICHE
LTk, ML RBEREOESBRVIZENAT
WA, TERERMELE T ORI SIEA L C Eick
O, ELEBREFENE DL S BEEED—
Mg, B TOREEZEHET BHEG AN
LEBHDTHAI b -TEL, #IT,
BinFARAREL L, s ot ELR
AWBENTV D, Frcfilives 3WUE & B
WEEZSNT WA, B L OSSR
ENTVWARDTENICOVLWT RT3,

Presented by Medical*Online



234 (514

B Ak 54 %25 (2, 1996)

&1 CYP2E1® Dral RFLP &M eH

b CC(%) CD(%) DD(%) = ot
HA(=EH) Ao W 11(14.5)  22(28.9) 43(56.6) 76 (4)
Bt ¥ 2(2.2) 42(46.2) 47(51.6) 91
g
=20 py 1(4.0) 16(64.0) 8(32.0) 25
>20 py 1(1.9) 21(38.9) 32(59.3) 54
T4vIvE B W 1(0.8) 24(19.8) 96(79.3) 121 (5)
fifi ¥ 2(2.0) 14(13.9) 85(84.2) 101
Ay x—Fv ¥ H 2(1.0) 38(18.4)  166(80.6) 206  (6)
Bt & 000.0) 8BA7.D 160(82.9) 193
1 2 3 4 5 7 8 9

o
2

950 bp

670 bp ] 280 bp

Dral

RYAS—FEHERIG(PCR) (L& Y LTz CYP2EL BIEF

A4 v brove ki Dral $IfREEMES>7LLDIE, bicldv

cC CD DD
= = <—950 bp
00 |«—670bp e
=|=—280 bp
=1
OFIREREA RS
T L M (CY AT 5.

ORI FRICHEEN 5.

Il. CYP2El & & Rt

CYP2EL i3, #NaontEDLAEYICEENE =
by T I vERE, BSTORBEYEORH
FEMALICEES L TvwE, £ b TRERTET
HELTEBD, Mic&LbREOEANGEET S,
CYP2El i#if=+ Licid, Tagl, Dral, Rsal,
Msp 1 DGRBS IC & 5 HIFRREEN B2 5
(RFLP)BRWE SR TV A, bhbhidc
D56 Dral ik b RFLP & ifEFA & oy
HIZO2VWTHELTEAY, Dral RFLP 3
CYP2EL #{zFDA ¥ b v v 6 LICHEAET 54,
ZEEU WB0bp OECFIEMIET B &Ik
D TE2(ED. Dral 94 FEE5F0C

Tz & o #fEkiE, CC,CD, DD® 3>
(k4 L)

TLik, Dral ¥4 + 288D 7L LD
%, Wik & Bl WTHE L T5&
~F oESETH B CD MoESHNEEE T
EATRIcHNTE L, EEREL 21 TH -
EY(ELD. oS RIERAERD>ONH
OFNE, HLRROEEFICBLTLEDS
ne¥ woic, MEBEOLL, TR
3R (> 20 PY) & (EAEEEHE (= 20 PY) %
b 2 CHEENFAELLGRLD. HRBics
G AN ELET B L, REBRHROIZ S HHHE
MODRFDBRNTH D, ESREEFHOE D P
LB A amInEWERM AR, ol L
13, BUEEFTEND O AN, (EIREELODIE S 4,
ElEEE Y L 0 & CYP2EL & BlESed: o B hi%

Presented by Medical*Online



BES 1 4 IR

ThHZaREHEE RET 2Y. ki T
CYP2E1 @ £ it 9 2B Thh TV 3
W, BEOEIAHEOHMIZED o TV
R 5.6).

E ~ OFFiic B3 5 CYP2EL @ mRNA #3581
%, /—¥ itk ->TERL, Dral RFLP
EDOMMEFNG &, ~FoESEKCD )T
DOFESFHOHEE A S, i ki,
[izifi~7z RFLP & fififE & oB#iE, mRNA
LRVIZHB T 2 BRETREERM LI bDOTH
Bt 5 L WA BY,

L CYPIAl 2R & fifE B

CYPIAl #if=Fi3, Sy Y ELYyA2R3LoHE
L, #Na0EREICEE N AEEEATRK
bk FZoiEHALIcBEb - T3, Kellermann
503 20 4ELL LR 1973 4E, &~ ORMIM T
AV, CYPIAL OoFHEAE:, BEHICBY
B FIE & oA RE LY. Sabbt
Mok 2 (EKFEBREDOMIEDOESIL 5% TH
stedicxt L, MEEEICB Y 2 (KFEREDE
BRbEL A% TH -1, L LZ0BoBR
TROETL—HLAERIESATVIV,

Kawajiri & (& 1990 ¥, CYP1Al ® Msp1
i & % RFLP %%, WhEERIECE L Twa
LERE L o3 CYPIAL @iz 70 3
BEERRICHEATA26DTHY, TNt EHE
GIETH B m2/m2 BoESHs, M BEf
REERBEET ER LTV, b BIE
WATHEm2/m2 BIOEAIZ106%TH->1D
b L, WiEeds L ORELEETE, £h
Fh 23.5%, 304%Tdh - 1-%. EERICHOW
ThbE, ERBER(< 3X10°A) TiatExdE
MEIZ7.31 Th oot L, hEREGEEE(3~4
X 10° A)TiE 2.00, SRBEE(>4x10°K)T
2113 L2t b{ED 7Y FhoEH
i3, CYPIAlBIZFOHE Tz 7 v vicBiT 5
T3/ BERVallle) EFHEICBELTWA
EARENTLAY, &5, ZoERIcEF
DR TR, KD DI OB R T il A
FRAET B AlEtE AR E LTV EY, Eokick
WT b ZOERET 21BN TV 355,

235 (515)

e & OB BT IZES o e, Fi AR
L AEETHIEOALANEAET 2 ML

1o fe e,
IV. CYP2D6 3 & il RE 1

CYP2D6 FMERITH A7 7Y v+ ¥ (AKX
TRARBILEDIE,, 5 x0FIEEN
B=toH I yO—-FEOERLICEMEES S &
shTwa® F7)vrro#icid, e
2k D S S EGHEIAEE S 5 O LA
SN TWiH, AEINIBETFREEZELD
ETAEFBILTICLAbDTH S LML
hicEh-o2dH 5,

Ayesh & (3 1984 1F, JififZ B & TIH{EAHE
21.4% &, WHEO 9B~ EV T & AR~
TWw3Y, zoksBABTOhATVLSY, —
B LAERmITEL Tuigniese

V. GST 2R L hERRH

GST 3{bFWHEORBEEOH —Hicks L
TrNYF A EABICME T 2ERTHY,
BHEZTIT42D7 3 RICHIENTHWS, §F
ICZFDABEO Mu 75 RiE, 70L&
SEN A REHEOERETRRLKE ORI
BMb-TWw3, MuZ73520DGSTDHHT A
VA L GSTMI T, iGHERIER DKL 40
%I EOHETHLNS, THE GSTMI @iz
FORKIZEBHDTH B, D GSTMI K
HUOBEETE, MEo) 27 h AT 5L
W3 F— AR EhTWE? ™ Hirvonen &
DFER T, WO 4% BERIBHTH- D
L, MiEEH s 3 RIBHEB%TH
D, TOIERFELFEETES SiIcgL e
BREMED SN, ARAZWRE LAHE
Tb, EROERMNEIATLEY,

GSTMI1 iz -2 %13, MiicEid % GSTM3
REEGHBLTWA, MEBEEELHRE LA
HRic B W T, GSTMI RigMoEHETIE, B
FELWE L CO DRl L 1 ADid 5 43,
RHES@mE L it 5 GSTM3 O %8
MEFLTWAIEMBEDONL., T,
GSTM1 & GSTM3 @ Wlijiifs 745, [6—oi#{x

Presented by Medical*Online



236 (516)

Fr2s5z25—IC@L,

HEOHEEEE Lo

BTEEWhEEL SRATWEY,

VI BE~~ODERE

g DMICE T N A REYEOEEIIEA
TH, TORBIMEbIBENKE RV
ENTVWATZ Loy, MEcSd 3/TO
Mo sbns. K, MHEOCKKLE L
TR LA T & Al KRrh o R e o4

HaEZOOTEOT,

FHi=HE LIRS

T hssRd ST WA,

1)

2)

3)

4)

5)

6)

7

8)

9)

X &

Vel F, REAR ST WA O SR
fi##. Annual Review FREZE 1995, pl99-211,
rhAA B, 1995,

Uematsu F, et al: Association between
restriction fragment length polymor-
phism of the human P450IIE]1 gene and
susceptibility to lung cancer. Jpn J Can-
cer Res 82 : 254-256, 1991.

Uematsu F, et al:Human cytochrome
P450 gene : Dra | polymorphism and sus-
ceptibility to cancer. Tohoku J Exp Med
168 : 113-117, 1992.

Uematsu F, et al: Restriction fragment
length polymorphism of the human
CYP2E] (cytochrome P450IIE1) gene and
susceptibility to lung cancer : possible
relevance to low smoking exposure.
Pharmacogenetics 4 : 58-63, 1994.
Hirvonen A, et al: The human CYP2E1
gene and lung cancer:Dra I and Rsa I
restriction fragment length polymor-
phism in Finnish study population. Car-
cinogenesis 14 : 85-88, 1993.

Persson I, et al : Genetic polymorphism
of cytochrome P450 2E1 in a Swedish
population : relationship to incidence of
lung cancer. FEBS Lett 319 : 207-211, 1993.
Kellermann G, et al: Aryl hydrocarbon
hydroxylase inducibility and broncho-
genic carcinoma. N Engl J Med 289 : 934~
936, 1973.

Kawajiri K, et al : Identification of genet-
ically high risk individuals to lung can-
cer by DNA polymorphisms of the cyto-
chrome P450IA1 gene. FEBS Lett 263:
131-133, 1990.

Nakachi K, et al: Genetic susceptibility

10)

11

12)

13)

14)

15)

16)

17

18)

19

20)

21)

H A& W% 54 % 2% (2, 1996)

to squamous cell carcinoma of the lung
in relation to cigarette smoking dose.
Cancer Res 51:5177-5180, 1991.

Nakachi K, et al : Polymorphisms of the
CYPIAl and glutathione S-transferase
genes associated with susceptibility to
lung cancer in relation to cigarette dose
in a Japanese population. Cancer Res
53 : 2994-2999, 1993.

Hirvonen A, et al : Point-mutational Msp
I and Ile-Val polymorphisms closely link-
ed in CYP1A1l gene: lack of association
with susceptibility to lung cancer in a
Finnish study population. Cancer Epide-
miol Biomarkers Prev 1:485-489, 1992.
Shields P G, et al:Lung cancer, race,
and a CYP1Al genetic polymorphism.
Cancer Epidemiol Biomarkers Prev 2:
481-485, 1993.

Sugimura H, et al:Cytochrome P-450
1Al genotype in lung cancer patients and
controls in Rio de Janeiro, Brazil. Can-
cer Epidemiol Biomarkers Prev 3:145-
148, 1994.

Crespi CL, et al: A tobacco smoke-de-
rived nitrosamine, 4-(methylnitrosami-
no)-1-(3-pyridyl)-1-butanone is activated
by the polymorphiec human cytochrome
P450 2D6. Carcinogenesis 12 :1197-1201,
1991.

Ayesh R, et al : Metabolic oxidation
phenotypes as markers for susceptibility
to lung cancer. Nature 321 : 169-170, 1984.
Benitez J, et al: Polymorphic oxidation
of debrisoquine in lung cancer patients.
Eur J Cancer 27 : 158-161, 1991.

Wolf CR, et al:Relationship between
the debrisoquine hydroxylase polymor-
phism and cancer susceptibility. Carcino-
genesis 13 : 1035, 1992.

Hirvonen A, et al: PCR-based CYP2D6
genotyping for Finnish lung cancer pa-
tients. Pharmacogenetics 3 : 19-27, 1993.
Tefre T, et al : Genotyping of the CYP2D6
gene in Norwegian lung cancer patients
and controls. Pharmacogenetics 4 : 47-57,
1994.

Seidegard J, et al : Hereditary differences
in the expression of the human glutathi-
one transferase active on trans-stilbene
oxide are due to a gene deletion. Proc
Natl Acad Sci USA 85: 7293-7297, 1988.
Seidegard J, et al : A glutathione trans-

Presented by Medical*Online



22)

23)

24)

HEIE S TR

ferase in human leukocytes as marker
for the susceptibility to lung cancer. Car-
cinogenesis 7 : 751-753, 1986.

Seidegard J, et al : Isoenzyme(s) of glu-
tathione transferase (class Mu) as a
marker for the susceptibility to lung can-
cer:a follow up study. Carcinogenesis
11 : 33-36, 1990.

van Poppel G, et al : Increased cytogenet-
ic damage in smokers deficient in gluta-
thione S-transferase isozyme Mu. Car-
cinogenesis 13 : 303-305, 1992.

Hirvonen A, et al : The GSTM1 null geno-
type as potential risk modifier for squa-

25)

26)

27)

237 (517)

mous cell carcinoma of the lung. Car-
cinogenesis 14 : 1479-1481, 1993.

Kihara M, et al:Lung cancer risk of
GSTM1 null genotype is dependent on
the extent of tobacco smoke exposure.
Carcinogenesis 15 : 415-418, 1994.

Anttila S, et al:Pulmonary expression
of glutathione S-transferase M3 in lung
cancer patients: association with GSTM1
polymorphism, smoking and asbestos
exposure. Cancer Res 55 : 3305-3309, 1995.
SRR, dR B B L. Lung 2:
379-393, 1994.

Presented by Medical*Online



