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i ARECET 2 EYMNEHEROBLE TSR OKE

FANT F N

LEfa X Hov

EDAMH BT oD R D RIGHREETHE IS, 8§ 1R TRBAEDEXH
gL (CPRGHED OAR) I DNA LEEL, RRERYEC T, Zof 1AL L
T 5 DORFRYRHEES cytochrome P450 (CYP) TH 5, CYP DT TH S CYPIAL 3HH/
WeRAL K FEKERILEESR (aryl hydrocarbon hyroxylase, AHH) & $MHEI TV %, CYPLAL
(AHH) 31 E 8 f f£75 7 5 benzo(a) pyrene 75 & O S BRFEEIRR ALK FE ORBE9E S
LCWBDT, MintAFREY A2 LOBHEIRER IR Th5, HFEYFEoESe X »IRpARH
HROBBTF LN LERORPARSEN Y L VB CHET A ENTEL LI -1,
CYPIAL BET O LT AAANC BTN A & DBE#EIR IR TV, F 1T EHE
TR HE 2L IV &+ 4+ v SEBFHE (glutathione S-transferases, GSTs) 72 & DEFRHES
LTk, PRERBEDOMREBENREI TThh b, GSTIRIL 4 2D5TH (GSTA, GSTM,
GSTP B LUV GSTT) 2% b, GSTA ZREBETOLEEIHFE IR TW5, GSTMI {E¥ED
KRBEHHTORNLBIETFRRE LLHBECET, ANEXHDLTEAPCH0%FEET 5,
GSTM1 (X CYP1AL X b d DS A RAENOBG NI W EE 2 BRTW5, BAEORZMT,
HIMEE 2 HEHAGHED & CHBICRETE 5, F1HEE 2 Hic kT AN A RZH
BIETHEEY BT HE~OREREN, 5t LRERCDH 5 It A RRBRICHE LD E 1T 501

BRTHAD,

Key words : ilin’ A, FWRBEER, CYPIALRETSR, GSTH#ZTLEE

I FL&®IC

fili’ A BB HR T A N EN Jo\ T B Pt A o
L, BEETRRLERONA LT D, filins
ADFRE UTIREY RS EETH S, #E
DR H FDIMEHI T4 Tlew, FindA R4
DIER DR M2 RET 5 BEEIORENER & L
T, HIHOE | HEER Ch 5 HERRIKSE
KR LEESR (aryl hydrocarbon hyroxylase, AHH
# B\ cytochrome P4501A1, CYP1A1)1L2)=24
SR ThLDE IV 24 vS-EBEER
(glutathione S-transferase M1, GSTM1) 7 & DI
YRR O LT ER St b, BEED
%6, ThboRYRBBERO LT L 753
BETFHOMA G L D st AR RZ N

* AN KBRS ARE L

> A BRYEER TR
g« T812-8582 BWRATHHXEH 3-1-1
NINKEEFRARGLES BRTET

Rish, AT ARERZERZRET 58
RRVERICOWTER 118 & 58 2 SO AGHEER
DRIET LI A e~ %,

I Cytochrome P450

37wV — AHETH—BLRERE AR D
DANARYAPBEDT E T, 450 nm R IRA
HOBHRET 5 EW T, cytochrome P450 & 4
fH s,

Cytochrome P45013%, #E4h HE%4Y, W
HICE D THL OEMFEEL T 5, Bl
TR KRS FFET 503, ARIMIRCKE T K <
FTRTCOMRE, b X%, B, M, N,
W4, B, BRI ADBIENOERET S, /7
Y — A DSIRISIEMIBACTEEIIZ L A L & ORER
X o TSR D, RO, 2 vAT e
—VDFER, 2 VAT r—LOGR (BHEBCA
TrA Fhre o), BB IEREY
th (FrrAx75vovicd) oo 4k
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HFHEONRHTH T, D X5 icliEriEo%
D cytochrome P450D Hps b5, ARt B~
JBT %R C, R R ARENEM: O\ TS
RELIEELZBRTWE, 2L DH5TFED cyto-
chrome PA5S0SFFE L L O A NRA L CE oD
T, BOEH LAk _E X h, cytochrome
P450iL CYP & L, Z0HILT 7 € 78T (BH)

CTNT Ny b (HR) - 7T ETRE (HR
DHRER OS5 TR D HBE) RT3z i
s otc,

CYP OBIIHFIE CIR 108 7T 5, Bl
BB O B L DL 1 B 4 S CC, B
6FIIAT v FARKELE LT3, Hic 15
DEFFRIFED AW E T & DO RBIEE LI B 5
LT, —fic, BPAMWERChE LS
DAL FIT, AR CRBIECERLL SR T
REE I PEHED S 7c b, DNA K L LR
BETHZ LRI DV REPAMELTRT, & OPRIR
DR S 5 REHEE 1 G & Eh,
KEBCYPIC X » Tlibh b, 1 BEIIL 1AL &
A2 Y, & afidiicd ¥ h 5 benzo(a)
pyrenc(BP) 7 K DG HHKERIL L, BEXRn Y
KEEND & v BN 1BY) T H D Trp-P-
275 £ D N=K@gptos = h 2 h o RER 10 iE#:©
Hhb,

M AHH &fpd A

= v ARG RBROSE, AHH FHiEk
DE\RHE (A REMRH) 13, BOEANYE
wRG- UIcB A A RIS RSN TR A
R, AHH FEM & B0\ A Ok B
HARDBN TN 53D, <Y ZADFEERILE b
—ARHET B EE2 BNRTW 5B,

19734, Kellermann 51 & - C V) v -3 E24)
AHH #%# ¥ (3-methylcholanthrene (MC) 4L
B LTt ORI AHH S /358 AHH i)
EWiniA L OB BT B B EE S hieD,
b b Y VoSERD AHH 8T, B -R/ETECE
BRAEORR) @k - CHHSh, BENER
DB BT AHH FEENE - b - Ho 3 o0k
BB irh 59, BEERELTNALUAONRA
BERO AHH FEM: O (45%) - b (46%) -
B (9%) OHTCITEL IR, Mot A B
IRBEER L XSMA R D, AHH FHE M

SERE114E 4 A15H

Tl WHRABE, HBAUNORABERS IO
fEE# o AHH 38k 0540

- AHH #H#EMH: (%)

1iid G2l [

fatE 85 447 459 9.4

MNALNDORABRFE 46 435 45.6 10.9

Thin A B 50 4.0 66.0 30.0

WUCEOBE (30%) MWHEELHENER LT
% (E1D, T7cbb AHH HEM R E W LN
ABBLLST VDO TIER W &5 FE A
Kellermann B2 X - CHRIE I iz,

v b TORRE, —BEAFORE LY v Bk
A, 0 AHH iEikE L RERIHE A & OB%
IRE LIcFgenis s, b b Cin AR eIk
AHH &M, FHE AHH M E e sitknib %
DT, FiNnA & OBEELYZLBEHEHEDOLTH
b, BERCHIR TS AHH FEMN L b
LR L #E 2 b b6), Kellermann b DR
BHRIBIC X v, st A D& Cikic S MEEEMAY,
WAEE 23 A9 75 & O MERERR D 23 A2\ CTOBFSE
e Zhte, L L, AHH FHEW LA Lo
BldA BT AW S B B0,

AHH FEM: Lot A L oBIE S e + Cli—3K
LigWERA G o0nE 2 bhb, AHH Gk
HETAEE, B0 X5y v HGHR
BEFEDE N ) VBRI~ ) VB X e K
WL SRS, <4 P2 VB X T
FAL I T U C AHH {EM O RITES T EE & 7o
5, MABEBDOES, 3H~-thymidine DAL H A %
EOMET LT 5 2 EBIZE IR T 571D,
<A Y= VIEHT D RIGESEL (ET) LT
WHHAREMAE 2 bh b, <1 b2 = VIERTS
Bt & AHH B8 ORIz EOMHBNZED 5
NTHBE, BRAALBET~A Py = Vet s
FURHEDMENFo b AHH 53800/ Nl X T
WHEEZBRD, Ibic, b UNiNA B
BHRRR Y20 OO RUE ) v BRI E 519,
Y voBRO AHH {E#E, FE 105 (@RI H o
1 43 [ ® 3-hydroxy BP A LB TR I b, KIS
o b MR LY EECIE L\ L BEo AHH
EHONBIIHECHD, 2D L5 &4,
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%2 CYPIAL BETHEM
RETER LR SRR G T (bp) SR B
Mspl %% 6235T—C Mspl P 899 17
6234 BRI 693, 206
Tle-Val Z&H* 4889A—CG — — —— 18
AA &HI 5639T—C Mspl TR 899 19
5638 ZERA 802, 97
Thr-Asn 25! 4887C—A Bsal 4877 BT 139, 65 20
R 204

* HIREERE T RSB T

AHH M LA & OBBATED 5T B —
e - T B 0nt Liview,

Fte, VvV oBR AHH EM: o SR E O B
BHEHYILSTEVCIRELH D, FHEMO
BMERAEL edicid, /s 0 Bl LBk
MO RERAMSE L S h b,

%< OWFULTRTCHARBAE DO AHH FHl %
FARNTC B, AHHFERLFG 2 L85, BAD
FEREOMERICODPTRETCH S, bbHA, %
 OFFFREIL AHH FEENB N Z &85, A0
FERTHHZ EE2T5, REBGHLHEETS
it, HHABEMCE T, ¥ VB0 AHH
WtEx 2k~ PERERECHELCEE, £0%
MZBIE BT 5 Laview, L, ADA
DEVCERIIECEORBELZERTH L, 2
DOKEX XD 2k — bR 0BT 55
Erby, BRES< vy —%Ex B, it
TR E IR D B,

NV CYPIA|l BIEFSR LN A

Polymerase chain reaction (PCR) BT EHED
SFRIEFODIE LRI X Y, HEICEE
ROFESAEZELTHE CE 5 X owinote, &
b b TR EC, BRI SR oRE
RRECTE 5HIREBERM A RS A (restriction
fragment lenghth polymorphism, RFLP) 43#f/s &
DEFRCTHIGH ST 5,

CYPIAL IR 2WRT L O ED & A4
&b 4 DOREFEMHBHEE SR T B2,
BENRLOBEFLEAZWUETLHHEDS,
DNA & LTI AFNEE T, germ line DIEH
GRIEZMHRR) 28 5h 5 RMEMm Y v <R A

%3 CYPIALEETF O Mspl S L flind A

Mspl %1
¥ AT B c

WA B

RERgRA  19(33.3)% 23(40.4) 15(26.3)

NRR A A 10(41.8) 7(20.1)  7(29.1)

KM A 10(41.8) 7(29.1)  7(29.1)

R A 30(50.3) 22(36.7) 8(13.3)
B 166(44.3)  169(45.1) 40(10.6)

RN Gy

bhb, PRI oMspl % 813
CYP1AL BET O 3 OFFEREBIC BT % thy-
mine A & cytocine ~D BRI L - TH LB,
COBRE, TOBEEBBTAY FT:0.34kbp w
PCR % CHiE 3, HIFREESR Mspl i X » TH)
WL, FOMAEEDSLE (A (m1/m1) & ;0.34
kbp Wi H, B (m2/m2) & ; 0.14, 0.20 £0.34 kbp
Wk X O°C (n2/m2) B ; 0.14 £0.20 kbp K
) BBET 5, BAABTEETILA, B, COH
BEE IR S RT X 5 i345% (m1?), 44%
(2m1*m?2), 11% (m22)7c DT, ml 7 v (K57
BETF) OFEIR0.67T, m27 v A DEER
0.33 L HEE I T\ B 0, A BH
SETIRCHOBENEL (235%), IHIHE
FERAEMI A (R EED A, NMElaRA, K
aniA) onwWThb e CHOBEEIR3
e o T 5 (30.4%)2022, & o Mspl &8 TD
A, B, CEB DAL, Kellermann B Z X » TR
Shi- AHH FEMEOEK, o, SOk iy
b & ORI LA DBRA D D & L HHERITE
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R4 BEECRTS Mspl 4T L AHH 1Fi/AHH 802
" AB AHH it AHH
AT %) i i ik
AR 38(46.3) 0.051+0.005 0.244+0.027 4.89+0.36
B # 37(45.1) 0.0490.005 0.23040.025 4.82+0.29
CH 7( 8.5) 0.022+0.003° 0.296+0.050 13.61+1.44¢
* EEAIE

brAR, BRI (p<0.0001).
<t AL, BEIEIES (p<0.04).

£5 CYPIAL BETFD He-Val £ LA

Tle~Val 25!

i
Te/Nle®  Tle/Val # Val/Val B
WA B 161(57.1)* 87(30.9) 34(12.0)
FEEERA 56(58.9)  27(28.5) 12(12.6)
BRMA 73(57.0)  41(32.0) 14(11.0)
FRo{esmlss A 32(54.2) 19(32.2)  8(13.6)
A 223(65.1)  108(30.2) 17( 4.7)

L AB (EE)

%,
AT, REREEMAACSVEHE SR
TWwab CHoOFED AHHFEM (13.6) it AR
(4.9) ®BE (4.8) ©F > AHH FHE M1z I
TEEYRL S 49,

WEFER I N0 b leVal £ -CH 51, &
N T=2 Y vDa ¥ v ki 5EENE
i} (adenine—*guanine) Crnh7 I oBER
(isoleucine—valine) = L 5 d D THh %, HeVal
I3 1le/Tle, Tle/Val, Val/Val Bz 531 B h 5,
ZDEMOBAL, Val/Val Bl SHEIIA B

#F (EMAREcETy) IBEEAD2HETHS
(FE5)®, B6IRT Lo, BEZOFEFED
AHH JfE# % Val/Val # (0.076 pmaol/min/ 106
) ©FEMN e/lle # (0.044 pmol/min/ 106 i fa)
R Ile/Val # (0.047 pmol/min/108 fifa) oE i
ey \23)0

B ABECR TS, ZhbD=20ORET
%#) & AHH {EMD 5\ i3 AHH FHEb: & oo
BfRIE U TH B, v Y v 3k AHH IEMIT
FHER LY, IDLICEHe, WE, 22— -8
Bk - CTH RT3, hboBERM
DEBINTIERTORT X 5 1c AHH FHEMEN
T0%#2 % 3.0 TOB G T H » XN
12.4 (C#R Val/Val B+ » AHut 3 B &
Y, MBARE S5 AHH $FEM: O EEM:
BRI T3,
CHEARLBRE X C, Val/Val Bl |3
Tle/Tle £ %2 Tle/Val B HrX-C A B B 5%
DALTHHN, CHRDENRES2 L, x2.3n
FROFEBAMWEIC X - C, BOBRBEI
h, COLBTHFEINCERCL - TRIPAM
WEPHEEALE ST, ROAWBE b1

#®6 B¥HETRTD UeVal 47 L AHH 5/ AHH 5

HETR N AHH Tl _AHH

6 I i A

Ile/Ile Fidl] 63 (75.0) 0.044-+0.004 0.22940.020 5.8140.46

IIe/Valﬂ 16(19.0) 0.047£0.007 0.295+0.041 7.52+1.26

Val/Val_ﬁ__! 5(5.9) 0.076£0.010° 0.266+0.052 3.51+0.48
. T

b : Tle/Xle, Tle/Val B & Hilg (p<<0.05).
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7 MMA L AHH G, CYPIALEETHEW

R ooSsibian P

CYP1A1 EHH
AHH #F#E M

0<53.0 1.0

3.0<=7.0 1.43(0.37-5.61) 0.64

7.9< 12.4 (2.88-53.4) 0.0007
CYP1A1 BEH
Mspl 2!

AR 1.0

Bl 1.18(0.64-2.17) 0.59

CH 2.93(1.26-6.84) 0.013
Hle-Val HETHH

Tle/Tle 1.0

Tle/Val # 1.72(0.89-3.35) 0.11

Val/Val B 3.45(1.29-9.25) 0.014

STRB95 A, FEBIE108 A
AR, BLE, ZFHE, MR

DRNVALLTWEEZBNRD, ¥, Val/Val
BRI T AR BN\ oD X ) B
ABNEREND EEZ DA, 20X,
CYPIAL BEF LM OEYEXNBEZHIHH I
20h b LTHIEOBFE I Enld, CHL
Val/Val Bl A3 5 B~ OWEBEEEF I AFE
RO IRBEOREBEHEEL D,
CRBDTODRIETEE EHNA L OB
BAATERBED LR TWAR, BRATERLTL
3 2 OBHER OWTHBER TRV, Zh
3E&EAOT VADHENAARAE E ST Bt S
mhEELBDL, BRATIE Mspl £#BIc 1%

H46% HARNHERE

wae 245

ml 7 VA30.89, m2 7 VALL012TH B DT
CHBOHE (m22) 1%L ARACTH
/10175 527~ ¥ iz, Me-Val T >\~ Th
&, HRANTO Val 7 VA DFHET0.25TH %
DT Val/Val B 11.0.252 THI6.3% CTh 5 DI
LT, BRARADZOHEIL0.03TH B
Val/Val Bliziz & A B LTe\vW 2 L icin D),
BRI, TOOORETEHMIIFE R E
L TWB,

ZF/DIFEHE XDt African-Americans I&
RRNIGERTFET (0BT AR A Criiss
SR Thin) T, AA &8 LT e
Mspl £ Bl & [\ R 3" O FEFIER IR e it 5
thymine 7* & cytocine ~DEBIC L - T4 Ui
MspliZ & 5 RFLP THh 519, = © 483 Afri-
can-Americans '3\ CIIGIEN A & OBSHE 234
HEIRTNBH0),

PUBDIFERE DM ThrAsn LT, #
7=V /O N AR A HEEDEME (cyto-
cine—adenine) & X %57 3 BRiEH#L (threonine
—asparagine) L X B bDTH5H, & DHE L
DAL DEREILS D L & AFERTH B0,

BB, Mspl &EIPNCRP B REAA TR Y
A7 B UelErh 50, BEREN W
(A+B) BlOBAERS V) A 7 MEL, BEREMN
Z W CHEOBECREL VA ZREL o T\Wh,
UL, VAZREECE U CEEMCIZ LS
2, HEMY A7 (FREETCOHOCHD
(A+B) Blietf3 574 » A k) BRI
CUhELIgo T, Tinht, BERND:
WBSITEGER OB L X, BEENRS
BHTREEROBEINIWEE L bR,

®8 RTEERBACET S CYPIALEET O Mspl % & GSTM1 SO % 5 XD

A B ofil}
GSTMI1(+) GSTMI1(—) GSTM1(+) GSTM1(—) GSTM1(+) GSTM1(—)
I 1.0 2.6 0.4 2.2 8.3 16.0
(0.7-10.3)* (0.01-3.4) (0.5-9.5) (1.8-38.7) (2.5-17.2)
I 9.0 11.8 5.0 16.3 10.0 20.0
(2.3-35.3) (3.2-43.1) (8.5-47.7) (4.4-60.8) (1.4-73.6) (8.5-113.6)

% F =

: 9526 I

RN AR <321 x 104 K CRHRBU27 A, EFIEBIA)
s AETEREAS > 32.1 X 10t A CRIBER 434, REGIEKS54A)
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V. GSTEEFZELHHRA

AR OB _HRSEERTHH GST ik e k
TRl E b 4oD s TFE (GSTM, GSTA,
GSTP ¥ X O GSTT) BHEIh T3, =0
5 B GSTA MBS R BFRIRVKFEOBEN
BB 5 LTk ), GSTMI®, GSTTI¥ & &
O GSTPPIC DWW TR ET O LB 2 A X
HTCB, GSTML A & OBFHEARE I h
T390, GSTMI BIEFIX AL MbT4E
M 0#50% TR MBRTFORE (414 v b
v VRBES =2 Y VAT T) BAEUTWAS,
¥k, FT=2VvERT5 2 P V13—l
BE#re X p o0 R (GSTMI*A,
GSTMI*B) 24 U5, MIETH GSTMIA*A,
GSTMI1B*B, GSTMI1A*B, GSTM1A*0 &
GSTMIB*0 fi1-C GSTM1 IEHEITIz L A E 8 b S
o 2E D, Dl L LR HONILEE TV
T LBERIEESIERE V1 ThDH GSTML(+) &
FERIEMEDNT & A EB GSTML(—) DBE 5
FHRTHBE WL OMDIFERFERNFT LS
., GSTMLI(—) DL, GSTMI(+) T
T ERA Y A 238 2 58 640, i
BB THENA LT 5BY,

1 HArEbECLIMHBRAYRY

FRADKEF o E 2 1B a, RONAMWER Y
DMEPICIERL S C b BB D ks o
LT, T LARNIIL D EFHIRH
BITOBFOFNREEEL DS, Lo
T, IS S e B BRI B B\ it
RN TER LI h B DT, ZhbpAs v
AR L o CHENAMDNRIT 5, BEEZEDBE,
B—HREEROEENE L, HoMRIEERD
TEHEMECB BN ARED ) 2 7 b8 <
th, BOBEY A/ BBELEL DL EEL S
hbd, BELENAKE W TCYPIAL &
GSTMI BiaFHR A M AR IHFRO 1T
1130, RERT L 5 BERRD I WHED
ABMTHOGSTMI(+)DF » A H1.0E T3
&, CHITHDGSTML(—) DA o XHIE16.0,
SHLIEBEBEEIALZ B EDOCHE THrO
GSTMI(—) D7 » XH1320.0& 70 v, FEH A
E VA7 D ERREDORL, LOPRTY,

TR 4 150

CEipyv2 GSTMIL(—) DFCTHBRDCEVA » Xlb
ﬁiﬁ% X ;}’L“C W5 38,42,43)0

PlED X 5w B—H B i fitdbes o
Lk 5T, Hic GBS Val/Val Bl o JHEE 2 I
ARSI 6\ Tt BB 5 A A,
FERZ WA RGBT 5 Z LN TE B,

VI b VU I(C

B A AR Lo & LT« on AL
HORERR EOBBRATFCH Y, —BERNT
HEEHE IR RIS D THD, M ARKETF
B2 A AR (Bl Ty, CEBlB %S
W3 Val/Val B Chvo GSTMI (=) D) w Bo
U, PR IR A BT U & SRR s
5LE2D, UL, BEZMHE~ONADORET
BEMEY, BATIEED v v+ ) v 7 HIE T
LTEb, SHLIBEFREICKTH V7 4
— A F - =22 b OREY B HFEEOMED
B EGBROBFFBELE 2 5,

ARBmO—MIBENEREMB OB L bt sh
12 DTH B,
(&H ’98, 6.15)
BHE 99, 2.15

X R

) BRETET, BEMEME. MEREORZERET
BT B HERRKE KRR FEEORE. H
gk 1994; 48: 1027-1036.

2 BETEF. MERZH R % cytochrome
P4501A1 (CYPIAL) DR E. fREE%HTE 1996;
87: 185-188.

3) Kouri RE, Ratire H, Whitmire C. Genetic control of
susceptibility to 3-methylcholanthrene-induced sub-
cutaneous sarcoma. Int J Cancer 1974; 13: 714-720.

4) Nebert DW, Benedict WF, Kouri RE. Aromatic
hydrocarbon produced tumorigenesis and the genetic
difference in aryl hydrocarbon hydroxylase. In: Ts’o
POP, DiPaolo JA, eds. Chemical Carcinogenesis, Part
A, New York: Marcel Decker Inc, 1974: 271-988.

5) Kellermann G, Shaw CR, Luyten-Kellermann M.
Aryl hydrocarbon hydroxylase inducibility and bron-
chogenic carcinoma. N Engl ] Med 1973; 289: 934
937.

6) Atlas SA, Vesell ES, Nebert DW. Genetic control of
interindividual variations in the inducibility of aryl

hydrocarbon hydroxylase in cultured human lympho-



PR114E 4 A15H

cytes. Cancer Res 1976; 36: 4619-4630.

7) Paigen B, Gurtoo HL, Minowada J, et al. Genetics
of aryl hydrocarbon hydroxylase in the human popula-
tion and its relationship to lung cancer. In: Gelboin
HV, Ts’o POP, eds. Polycyclic Hydrocarbons and Can-
cer. Vol 2. New York: Academic Press, 1978: 391-405.

8) Trell E, Kordgaard R, Hood B, et al. Aryl hydrocar-
bon hydroxylase inducibility and laryngeal carcinomas.
Lancet 1976; ii: 140,

9) Andreasson L, Bjorlin G, Laurell P, et al. Oral and
oropharyngeal cancer, aryl hydrocarbon hydroxylase in-
ducibility and smoking. A follow-up study. Orl; J Oto-
Rhino-Laryngol its Related Specialties 1985; 47: 131—
138.

10) Lieberman J. Aryl hydrocarbon hydroxylase in bron-
chogenic carcinoma. N Engl J Med 1978; 298: 686—
687.

11) K#rki NT, Pokela R, Nuutinen L, Pelkonen O. Aryl
hydrocarbon hydroxylase in lymphocytes and lung tis-
sue from lung cancer patients and controls. Int ] Can-
cer 1987; 39; 565-570.

12) Prasad R, Prasad S, Harrell JE, et al. Aryl hydrocar-
bon hydroxylase inducibility and lymphoblast forma-
tion in lung cancer patients. Int J Cancer 1979; 23:
316-320.

13)  Jett JR, Moses HL, Branum EL, et al. Benzo(a) py-
rene metabolism and blast transformation in peripheral
blood mononuclear cells rom smoking and nonsmoking
population and lung cancer patients. Cancer 1978; 41:
192-200.

14) Raben M, Walach N, Galili U, Schlesinger M. The
effect of radiation therapy on lymphocytes subpopula-
tions in cancer patients. Cancer, 1976; 37: 3771-3773.

15) Fletcher KA, Evans DA, Canning MV. Inducibility
of aryl hydrocarbon hydroxylase in cultured human
lymphocytes: a study of repeatability. J] Med Genet
1978; 15: 182-188.

16) Paigen B, Ward E, Reilly A, et al. Seasonal variation
of aryl hydrocarbon hydroxylase activity in human lym-
phocytes. Cancer Res 1981; 41: 2757-2761.

17) Kawajiri K, Nakachi K, Imai K, et al. Identification
of genetically high risk individuals to lung cancer by
DNA polymorphisms of the cytochrome P450IA1 gene.
FEBS 1990; 263: 131-133.

18) Hayashi S, Watanabe J, Nakachi K, Kawajiri K.
Genetic linkage of lung cancer-associated Mspl poly-
morphisms with amino acid replacement in the heme
binding region of the human cytochrome P450IA1
gene. ] Biochem 1991; 110: 407—411.

19) Crofts F, Cosma GN, Currie D, Taioli E, Toniolo P,
Garte SJ. A novel CYP1A1 gene Polymorphism in Afri-

H46% HALAHKE £45 247

can-Americans Carcinogenesis 1993;.14: 1729-1731.

20) Cascorbi I, Brockmoller J, Roots IA, C4887A poly-
morphism in exon 7 of human CYP1A1: population fre-
quency, mutation linkages, and impact on lung cancer
susceptibility. Cancer Res 1996; 56: 4965—4966.

21) Nakachi K, Imai K, Hayashi S-1, et al. Genetic sus-
ceptibility to squamous cell carcinoma of the lung in re-
lation to cigarette smoking dose. Cancer Res 1991; 51:
5177-5180

22) Kawajiri K, Nakachi K, Imai K, et al. The CYP1A1
gene and cancer susceptibility, Criti Rev Oncol
Hematol 1993; 14: 77-87.

23) Kiyohara C, Hirohata T, Inutsuka S. The relation-
ship between aryl hydrocarbon hydroxylase and poly-
morphisms of the CYP1Al gene. Jpn J Cancer Res
1996; 87: 18-24.

24) Kiyohara C, Nakanishi Y, Inutsuka S, et al. The
relationship between CYP1Al aryl hydrocarbon
hydroxulase activity and lung cancer in a Japanese
population. Pharmacogenetics 1998; 8: 315-323.

25) Kiyohara C, Tanaka K, Hirohata T. Effects of
seasonal change of aryl hydrocarbon hydroxylase activi-
ty in human lymphocytes in a Japanese population.
Med Sci Res 26: 75-78, 1998

26) Kiyohara G, Hirohata T. Environmental factors and
aryl hydrocarbon hydroxylase activity (CYP1A1 pheno-
type) in human lymphocytes. J Epidemiol 1997; 7:
244-250.

27) Tefre T, Ryberg D, Haugen A, et al. Human
CYPiA1 (cytochrome P1450) gene: lack of association
between the Mspl restriction fragment length polymor-
phism and incidence of lung cancer in a Norwegian
population. Pharmacogenetics 1991; 1: 20-58.

28) Hirvonen A, Husgafvel-Pursiainen K, Karjalainen
A, et al. Point-mutational MsplI and Iie-Val polymor-
phisms closely linked in the CYP1A1 gene: lack of as-
sociation with susceptibility to lung cancer in a Finnish
study population. Cancer Epidemiol Biomarkers &
Prev 1992; 1: 485—489.

29)  Alexandrie AK, Sundberg MI, Seidegard J, et al.
Genetic susceptibility to lung cancer with special em-
phasis on CYP1Al and GSTM1: a study on host fac-
tors in relation to age at onset, gender and histological
cancer types. Carcinogenesis 1994; 15: 1785-1790.

30) Taioli E, Crofts F, Trachman J, et al. A specific Afri-
can-American CYP1Al polymorphism is associated
with adenocarcinoma of the lung. Cancer Res 1995; 55:
472-473.

31)  Meyer DJ, Coles B, Pemble SE, et al. Theta, a new
class of glutathione transferases purified from rat and
man. Biochem J 1991; 274: 409-414.



248 a6k BAXERE #45

32) Seidegard J, Vorachek WR, Pero RW, Pearson
WR. Hereditary differences in the expression of the hu-
man glutathione transferase active on trans—stilbene
oxide are due to a gene deletion. Proc Natl Acad Sci
(USA) 1998; 85: 7293-7297.

33) Pemble S, Schroeder KR, Spencer SR, et al. Human
glutathione S-transferase theta (GSTT1): ¢cDNA clon-
ing and the characterization of a genetic polymor-
phism. Biochem J 1994; 300; 271-276.

34) Harries LW, Stubbins MJ, Forman D, et al. Iden-
tification of genetic polymorphisms at the glutathione
S-transferase Pi locus and association with susceptibili-
ty to bladder, testicular and prostate cancer. Carcino-
genesis 1997; 18: 641-644.

35) Nazar-Stewart V, Motulsky AG, Eaton DL, et al.
The glutathione S-transferase mu polymorphism as a
marker for susceptibility to lung carcinoma. Cancer
Res 1993; 53 (10 Suppl): 2313-2318.

36) Zhong S, Howie AF, Ketterer B, et al. Glutathione
S-transferase mu locus: use of genotyping and
phenotyping assays to assess association with lung can-
cer susceptibility. Carcinogenesis 1991; 12: 1533-1537.

37) Nakachi K, Imai K, Hayashi S, Kawajiri K. Poly-
morphisms of the CYP1Al and glutathione S-trans-
ferase genes associated with susceptibility to lung can-
cer in relation to cigarette dose in a Japanese popula-
tion. Cancer Res 1993; 53: 2994—-2999.

38) Mannervik B, Awasthi YC, Board PG, et al, Nomen-

clature for human glutathione transferases. Biochem J

SRR 4 B 15H

1992; 282: 305-306.

39) Ketterer B, Harris JM, Talaska G, et al. The human
glutathione S—transferase supergene family, its poly-
morphism, and its effects on susceptibility to lung can-
cer. Environ Health Perspect 1992; 98: 87-94.

40) Hirvonen A, Husgafvel-Pursiainen K, Anttila S,
Vainio H. The GSTM1 null genotype asa potential risk
modifier for squamous cell carcinoma of the lung. Car-
cinogenesis 1993; 14: 1479-1481.

41) Kihara M, Kihara M, Noda K. Lung cancer risk of
GSTMI1 null genotype is dependent on the extent of
tobacco smoke exposure. Carcinogenesis 1994; 15:
415-418.

42) Hayashi S, Watanabe J, Kawajiri K. High suscep-
tibility to lung cancer analyzed in terms of combined
genotypes of P450JA1 and Mu-class glutathione S-
transferase genes. Jpn J Cancer Res1992; 83: 866-870.

43) Anttila S, Hirvonen A, Husgafvel-Pursiainen K, et
al. Combined effect of CYPIAl inducibility and
GSTM1 polymorphism on histological type of lung can-
cer, Carcinogenesis 1994; 15:1133-1135.

44) Kihara M, Kihara M, Noda K. Risk of smoking for
squamous and small cell carcinomas of the lung modu-
lated by combinations of CYP1A1 and GSTMI1 gene
polymorphisms in a Japanese population.Carcinogene-
sis 1995; 16: 2331—2336.

45) BREE—, BETBRLIv7i—aVF av
v . BAREFEFI 1998; 3887: 57-58,




P4 4 A15H fack RAXMER H4T 249

ROLE OF METABOLIC POLYMORPHISMS IN LUNG
GCARCINOGENESIS

Chikako KIYOHARA¥, Yoshiyuki OHNO**
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Metabolism of most chemical carcinogens in humans is thought to occur in two distinct phases.
The carcinogens exert their effect only after being metabolically activated to intermediates (phase T),
which are capable of binding to DNA and causing mutations. The most ubiquitous phase I catalysts are
the cytochrome P450s (CYPs). There is convincing epidemiological evidence that lung cancer risk as-
sociated with polycyclic aromatic hydrocarbons (PAHs) is mediated in part by aryl hydrocarbon hydroxy-
lase (AHH), which is used as an indicator of the phenotype of CYP1A1. Since AHH is responsible for the
activation PAHs in cigarette smoke, it may be important in the causation of lung cancer. Kellermann et al.
reported a significant positive correlation between AHH inducibility and susceptibility to lung cancer.
The finding, however, has been both supported and refuted by subsequent investigators. Advances in
molecular biclogy have allowed many allelic variants of several drug metabolizing enzymes so that individ-
uals with the susceptible genotypes can be determined easily. A close association between development of
lung cancer and homozygous rare genotypes in Mspl and Ile-Val polymorphisms of CYP1A1 gene has
been recently reported in some Japanese populations. The association between GSTM1 polymorphism
and lung cancer risk is not so strong, however.

Following the phase I reaction, phase II enzymes such as glutathione S-transferases (GSTs) are
responsible for detoxification of activated forms PAH-epoxides. GST's form a superfamily of genes consist-
ing of four distinct families, named Alpha, Mu, Pi and Theta. The GSTM1, GSTT1 and GSTP1 genes
are polymorphic in humans. The phenotypic absence of GSTMI activity is due to a homozygous inherited
deletion of the gene, the null genotype. The homozygous deletion of GSTM1 genes has been shown to oc-
cur in approximately 509 of the populations of various ethnic origins. The GSTMI1 null genotype confrs a
moderately increased risk of smoking-related lung cancer, however.

Genetically determined susceptibility to lung cancer may depend on the metabolic balance be-
tween phase I and phase II enzymes. Risk of lung cancer, especially squamous cell carcinoma is shown to
be remarkably increased in individuals with a combination of a homozygous rare allele of the CYP1A1
gene and the nulled GSTM1 gene, compared with those having other combinations of genotypes. Individ-

uals with susceptible genotypes may become important for the prevention of lung cancer.
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