#é%g%'i’(f&]im}?&l ,’&"t"xus;’;[&«fr;}@#mf&g AE s R A
BAFATL SR 2 ARG M Al LA TR 3

0%t o R = FRF AL AR F nd

o
=
=5
)

RN R S E R e

\\\?{r

\ »

B K Ak 2 2 RN P,{Hi‘#};:{r‘)‘%ﬂ_

TR NP SN SRR P R R E S R

e A EY F 3 ERREMEpeoa R P AR ST R
oot R €5 f R, S et daip] B ovRsE
LErRBECH b % ko AE g hE e RIRIRET
ot AREA B E i d CYPIA2 fo NAT2 o0 fipE2 i (7 &8s
v T kTR E R 1T “14* P00 e 28 F%,%'%‘Au\‘%ll‘fr' 167
AR & 0 f17 PCRRELD 02 2 245100 /A A #s 4 A7 5

Ak Tk - Kol a P L ARG R AR SiES
PR AEBATIATREF B ? S5 FRARA E NAT2 fast
acetylator % - fe & ¥ 2 < s gt W L slow acetylator 9

30 8 %2 195 % > d &M% E? {HA4 s 40582 7.12 % o d »



A AR TN B R b L P TR FI R M R § R A
FIFAHERFT A e BEFLIT O BEF I F S 2 NAT2
fast acetylator fe BV g e 8 ' M8 slow acetylator B 3.48 B > H s =
BRI ARERF P2 A8 od w2 2% B NAT?2 fast acetylator £
SH R PR EE A T B R AN B od 2
CEA A A AR R FIL AP EZRETE >V R
i %% ~47 CYPIA2 2 NAT2 A FA12 3 (£ % 21 e g% st < %
T2 A9 B M PE 3 I > CYP1A2 high or low +NAT?2 fast £ ]3| # ¥ 3
& NAT2 AFRFEG B3 e Rpapialt i< SRptd Rl
ARG FLRZ R REF R B R RIS 2 kB

g B o E b e B AR L GRS ERR
WL R B R AN XA Lk A RS G
B ORETR R D B 0T B0 e R T LR T G R
Brs i Lot ¢ b £ 385 2 B RORF T & CYPIA2 & NAT2

A (A 5 A S B R RS 2 SR R e g

AL S ML R s X SR s BRI &4 ~ BHS T » CYPIA2 ~

NAT2



=

P

R T RE Y SRy T EETES )

LR i 7 B A

EMPBHA 1982 # 1k - B LA+ 2 FlL g B P on
P E e koo B 1982 F ST L iR Fo R L5
FAr 1672 7.8 437 2002 # 5 F MR FH L 411 A
SRR SRS 194 4 o W ST (A T Ik

R0 21496 0 W IR L (169 & R 60 17.39%) e

A

% E k- i (FE %, 2002) 0 ARER R RIS Ko
TR beendg g o ASF I A LA IR AT AR R RO T
Aot PRpiaao FEELA RS 390+ (H¢ AR
kP RAEF TR 1000 =+ 0 B MY R E AR & F a0 70-909%
(Koetal, 1997))cLee % & (2000) #- 75 - w335 & 87 & 1wk g 5
< FAe v g ISR S FEEFRA S RS F IR
J PR A AR (ArFig. 1 9777 ) 0 B S8 W R a0 £UF

R B VR



11 9% e 305 25 i

g2 A2 2damhif > REF PRI & A L2 e W g
(non-small cell lung cancer ; NSCLC » 5] &% J c1375%) % | ‘m¥e ¥ Jg
(small cell lung cancer: SCLC » % 1£259) » H ¥ 2L ‘m P& & 35 85K
SR Ry s U~ R el AT SR Lk e R T 2L B

oL T RSN AR €3S BR w0 RITE R AL

a2

\“‘b

BT R OE M IZ AN SR S R R 1 PR
0¥ R St DG R AR 0 6 U v DIRL G SRR § )

(iF2 %, 1984-2000) > d 1 F enB %7 o BEAR A A E AW R A
% AL Ty

1.2 A fr g2 W g A = endp i

2R A AR M RS B TRE TR A
HAT TPV EN - REB o EFHEHAHLELT €3AHBRETFT 2 4
* 1761 # Dr. Hill 5 £ 5 J T & fe & H B &) 2 #7 1 (Redmond

etal., 1970) c 2 {77 3~ S FENFH P FHFI A ELH 0 b



PAH-DNA adduct ** % a8k m @3 F « &8 & 4% 7 2 K

Z 2

TELE

4 tobacco-specific nitrosamine (NNK) % heterocyclic amines (&]4-:PhIP)
FMEPF BRI EF Y ARSRERY RET E AT RS IVE

i od MY B Far g S W R & Rop R Flo R A

GE RS EREFRBT Mo T AR E o - IR A 9 F 80%:
HE 2B Mo

1.3 #

7z

” Iﬁﬁ%iﬁ%_ﬁw:}%ﬂjﬁi#ﬁfﬁ@’ﬁ

e

A

RF P N ER Y L AL R G ]G 2 A B
(Zaridze et al., 1986;Schneiderman et al., 1989) » e Jx 5t » S #E %

LM A 3%

- A

ok REr FRBES LA 194
Lo @ §HEGEA T FE 50-60% 0 (e H RS KR -
s =

T M 4L A (B2 F,2002)  J s BT R R Y 2 J

2 SIS B

ARk
80% 2 § W R H KRB FIT AT L 0 KA L
B RRIF 85% b 2 B @i kA R kR e E K S

Tl WHRHAEERCERE BBk A e P & TN D

ApE o w § ”Ijlffﬁiri’sﬁ‘f}??i’i" Frik & 4 (2 %, 1984 - 2000) > F]pt



BAFRERM SR P ORA AR G i Bk
B 7%

LEIPOE O YO ERNNEE Y ST

1.3.1 BH% @ 'E

pARE (REEAY E et < S g BB RERA LA
BoRd I BROR Y - FEFEIIRIA EPS AN A
AABARE A PRHEY FFFIRBF A ARSI RT S
¥ iv &% (B]4- BaP) (Chiang et al., 1997 ; 1999)2 B %> A 551 & 4~
(&]4- MelQx % PhIP) (Thiebaud et al., 1994 ; 1995 ; Yang et al., 1998) -

L g o
AR

CEEET RN TSNS S LT |

i
F_M

M (Sugimura & Sato, 1983 ; Felton et al., 1986 ; Ohgaki et al., 1991 ;
Adamson et al., 1990;Sugimura et al., 1996) - F Fix F:,}%ﬁ Rl 3{;,
o RAEZ R P ARE 0 B 2 PR G R 0 F R A
®FPHTH RF A HEAP S (Koetal, 1997) & 2 ¥ ok

SCET AR R S L -



132 H i 0 R s 4 )3

B

BOAFEE B Tz vk B M2 RES AR B s
LI A B P BRI 2 b A A 2 G E S E (Lee et al,
1988 ; Lofroth et al., 1991 ; Lietal., 1993) » & T e 3 4 &1 = £ F en
FA A RJeAFE N 2 A A AP e 2 FIVRER R K 3F S RO
P ERHE I A B 2 EREA o FU S S E54es e d 2
REFMH AP 2 4 # 5% (Adlkoferetal., 2001) ¥ - * & >

ORI Y SRR o BRI R T A A SRR R EER L AR

% E#B;jﬁ\:[gﬁ.vﬁ Bl A& H 8 fent o~ pEPEIE BV A B 4 G B E AP
B (Chenetal, 1990)c AF 7 2/ 7 T4 Hrf L g wiz 2 LA F 3
M A e Fpt N BEIEA 5 F o il A2 iz B B 3 (Chen
etal, 1996) ° BT 2FT 3 FFT 3 B R IR 0 FaE O AR BRI E
®Ara A ES REHS (HPV 16, 18) DNA & - # fe &% 0 'g
M- B AR A FF (Cheng et al, 2001) o Fpt & o 4 ok i ¥
IR eAA N RBHFDDNAFT EL=R 4T 5 R

/5 ' 1245 % (Chiou etal,, 2003)» 1+ 4 =¥ 1§ 2 HPV g 42 5
LR fAM LAY 0 BT P KR ML LR Sk

S SRR S E L BN P ST



ERREE L R (LS ERE ]

* R e 7R 5 S

S~ At AREF AR L e 2 B AEER S B RAATT
R RE? P L2 F D W AL EFT S a2 Loy
2o FA ek < gt 3 Brehge 2 o d AR 83 & ih% 4 L (R
= 5999« /xLtga) A TAKOI Ehn 3 L(F S 185 4/
AL FgAAMELE 139/ FLtg Ao L1624 /F5 L7 4)
Hype= FHNRRZE R (F2 %, 1994-2002)° © S S Fo
%4 5 5 ¢ (Familial Adenomatous Polyposis, FAP) ~ i &4 2t 5 5,
g2~ % 8 %% & (Hereditary Nonpolyposis Colorectal Cancer, HNPCC)
BAEYE G B RTEL AT AL P ORIl
2.5 2 th o X B pana FI P w o A ZEY PR o

TR L LIRS ERRE T T FRE A VTR GRS

‘?‘”

SR RERICE SRR RE L R N R P

B

=
i
S

"'ﬂ
1—"%?

SR blAe s FEEE L FOHEE VG onatE i

= =

%2 %o fe & (Trock et al, 1990 ; Fuchs et al., 1999) » H ¥ 4réf

(Bostick et al., 1995) ~ Vitamin D % E B~ % > ¥ it % (4% % e



o EH A RORERLT 7 MBIEITADE AL PR
BeW TRE PR R 2 M AT 6 g B et o
¥ ¢hig R enE & (Potter et al, 1993) ~ Hf % & % & (HRT -
Hormone replacement therapy) (Newcomb et al., 1995) ~ 2L ¥] A% 5F i
¥ % 3 (NSAID : Nonsteroidal Anti-inflammatory Drugs) 7 i# *
(Giovannucci et al., 1995)% € "% i<+ 3 i 2 o ¥ ¢ > dok g
(Giovannucci et al., 1994a; Giovannucci et al., 1994b) % =/ (Potter et al.,
1993) 7= ¢ Hi 4~ B E B oRpeniE 4 oo d b i R TR R S
P ERBEFF Y € FE XGRS o F RN R F LR
o g i KL BEE AN - b R

AFEP S hRB TS BT B SR 2 DR -
CRERIER N AL A R e ) X cd
3.0 HwZ R B 4 2 AP

© sep AE AR EOR R 2 bl B R F G S a4 0



W GRS AR 3 3§ 4 (Osann et al., 1993;Risch et al.,
1993) e ¥ e R F] & 35 0 — ~ H IR 5 7 R Fhae 4 R IR
s KTy ? ¢ Y (Kyerematenetal, 1988); = ~ ¥ f % e

BE AR R ROEL DR AP BN R bR %

[

7@ P #-estradiol ~ deoxycorticosterone ~ cortisone ~ progesterone ;i &
TR 0 g3 X 2 EWEA 2 % (Lupulescu et al, 1983) -
Kato & % (1974) e 3 # IR ¥ i 5 € B R we ¢ % P-450 p2
FAR En BERR R E 4 o TR R T L
o= W S A Ha;l:fgpf] >4 A R Fl2 - o@,ip a‘g AU J R By
R REL G M B BATE R R AR LR

Bt GIEap BE 2 s o e AZARGER P A R 2 L A B i R s

e EA LA T R B L R R U 2
O R GRS SRR S S L A U S

R pREEC £ (Koetal, 1997;Yang et al., 1998)» pt &g i+ & $» f3%

-n\.

Sh R S RER € AT BEnF 4 (Table 5)o ot daip| 2 g4
AR T R R R BRE R BT S b SR

LR A 2 B F]F 2 - o

10



32w Z R SRt 2 pR L

Fraumeni ¥ % (1969) e#7 3 # M > B+ 5 WF e b F K2 T
Bttt e Vg ALl AL TE 2O EFRFEL Y
Fpers oo ' At E ¥ it R ] - McMichael f+ Potter % 4 (1980)

NAS AT H - ek R R R F el s e X R
Fgis o Weiss & 4 (1981) 7 & IFE % 7 A %2 (HRT) £+ %
Fp2 BT A F g E o %E {8 Potter & £ (1983) #F | » K F IR
BATEE AR RS E SR ST PR MR R o 2
BREEFFILEAT R BRARLEE IR RE YT
HRT thig * ¢ BB Bk 2 c T T S5 PRk LB i

* HRT ¢ "% i<~ % g 2 (Newcomb et al., 1995; Potter et al., 1996;

A

Woodson et al., 2001) - Potter & 4+ (1995) 45 & ER A 7] 2 i 7 A i
¢ #rd] ER A Fl2o £ 3> ¥ v A =~ B kw4 9k Fl2 - > Eugene
* A (2000) - HF R G RLF LR ERY &2 0R T
ER-B 3ot ehd Tho o 11 b e § % 4ip] > Pt 2 2 s 2 SR &

RRERL F: s AT b St SRR R RU e R X

fo
=
!

i3l P% % [%v;f 4 1’5 15. ﬂ'}} miﬁ

11



I RBBRERBFERES 2 ZARME

R S Y L I

.18 %

% 1978 # Commoner ¥ A TFRF £ nEp P ¥ o 25 RR
Ry o ¥ -Hp AP EpFRcE Py i & A4 - & polycyclic
aromatic hydrocarbons (PAH)~nitrosamine # heterocyclic amines (HCA)

frie S o i H & Ames/Salmonella test (TA98 with S-9) © g

-

% %M (Sugimura & Sato, 1983 ; Felton et al., 1986) - H ¢ 12
heterocyclic amines #f it & # chIR R F 1+ & 8 o HCA &- fgenit &
P A ® A 5= %3 > & % i imidazoquinolines (IQ -~ MelQ) ~
imidazoquinoxalines (MelQx -~ DiMelQx) % imidazopyridines (PhIP)
(Fig. 3) o J*#gi* &4 2 & § d >t — - pEsf ~ i i 2 creatinine &
creatine % & JF iv* T o7& 4 (Jagerstad et al., 1991 ; Skog et al.,
1992 ; Robbana-Barnat et al., 1996) > ¥ & 4 HCA 8" ¥ 3. ¥

PR ~BRZ2 PR A7 AR (Felton et al., 1990 ; Felton et al.,

1991 ; Gross et al.,, 1992 ; Sinha et al.,1995) - & ¥ R ehi & %

12



2-amino-3,8-dimethylimidazo [ 4,5-f ] quinoxaline (MelQx) -~
2-amino-3,4,8 -trimethylimidazo ( 4,5-f ] quinoxaline (DiMelQx) 4 %
2-amino-1-methyl-6-phenylimidazo ( 4,5-b ) pyridine (PhIP) iz = f&
HCAs - s 47 HCAs 1 & 5 2§ A Rep 2g? » X H Lo p ¥ 3
EEB A AT ISP Y BI 2 TR ES %0 A
TR RN F S T 4 B IR HCA $#3t < d B~ | & (Ohgaki
etal., 1991 ; Sugimura et al., 1996) % jj&+ (Adamson et al., 1990) 5 £ 5
Rt L ¥ R3] HCA-DNA adducts 5975 &0 ® &% b 5 %
B> % e HCAs A2 2 RFpEaiEahBE » 7 > 8L Table 5 #f71 o

m

F_&

ABEAE S B R B e T' & ¢ 73 HCA-DNA adducts 75
# (Friesen et al.,1994;Totsuka et al.,1996) « /i {7 T Frawmgd s
B R AR 0 g e X B Rl £ % 0 Tt dae] HCA

F i A8 Az A SR RO 2 -

12 Br% g

FIFAI AN EST BEIANALDRIEY T3 REY
Fofokmensd 2 5 Mo £ 32 8% % (Rappaport et al., 1979 ; Mumford

et al., 1987 ; Berg et al., 1988 ; Lofroth et al., 1991,1994 ; Qu et al.,

13



1992) o v 5 F Bedp - R FIER F S F b (Bl b~ i
M E K E)EBETATAL TP 77 s A 3 & § PAHs #f <0
it & % > 12 benzo[ a Jpyrene (BaP)~ dibenz[ a,h Janthracence (DBahA)
benzo [ b ] fluoranthene (BbFA) % benzo [ a ] anthracene ( BaA) = #f

% 21 (Chiang et al., 1997,1999) - @ A§F % 3 2 H v T 3 PR B R

S&%\

FLARE AL g 5 4 R R RRS o 2 A

HCAs chfdsf 2 Z E"EF A AR A ~FR 2 AR HOEgr b
Ao B (2R )AL L & £ PhIP hE £EF

# % 2 MelQx % DiMelQx; & B & & # thig 'E 3 & 12 MelQx 15 #
BB P EER A PERAG AL HHCASHE 2 214 g8 (Y
Thiebaud et al., 1994, 1995;ang et al., 1998) o d ' ¥ &> Bt% 3. & #7 &
4 s ¥ HCAs 2 & K2 - o

A g F PR IR &4 (4o PhIP) (Manabe et al,
1991) 3 # % 45 d 4 F € % 14 hamster 77 CYPIA1/1A2 = #f HCAs

g 4 o d PP i 2 §_HCAs chE & K> » & HCAs =it &

& it -

14



2. BRI R Y RPN CBHSTI2

ok AR R F T Y ¢ dp o @ HCAs £ v R #0%
AR eR T s 5 4 2 P e HCAs W € BRI B R B g
£ (2-5%) A M e HCAs 5 d Fe £ I 4 #b (Gooderham et al.,
1987-1991 ; Murray et val.,1989; Lynch et al., 1992)> ¥ < 84 53 HCAs
o tw N AR ST Rt BT HCAs s RN 2L
RSB g o
A R p > HCAs 7 L~ 384 £ 5 d 93 cytochrome P450 f% %
{7 § i+ (N-hydroxylation) o Lz 3 FF 3 dp gt 5 31 & 4
CYPI1A subfamily * i& {= (Watanabe et al., 1982 ; McManus et al., 1989 ;

Turteltaub et al., 1989 ; Turesky et al., 1991 ; Watkins et al., 1991a ,b ;

Rich et al., 1992 ; Zhao et al., 1994) » H ¢ 12 CYPIA2 >t HCAs i& {7
N-hydroxylation =% — |4 % it 4 &35 (Yamazoe et al.,1983; Hayashi et
al., 1985 ; Thompson et al., 1991;Rich et al.,1992 ; Frandsen et al.,1994 ;
Shimada et al.,1989 ; Yanagawa et al.,1994 ; Edwards et al.,1994) » H

71 cytochrome P450s » 4= CYP1A1 ~ CYP3A4 ~ CYP2C9/10 ~ CYP2A3
% CYPIBI » v % HCAs 7 N-hydroxylation i # % 7 4o

CYPIA2 (Aoyama et al., 1990 ; McManue et al., 1990 ; Yamazaki et al.,

15



1995 ; Sadrieh et al., 1995 ; Crofts et al., 1997 ; Hellmold et al., 1998) -

A ¥ 1t 15 e N-hydroxy HCAs i # K31 € W 4r > 5 55d A fehn R
Bk~ 2 v BF (Kaderlik et al., 1994 ; Ghoshal et al., 1995) ¢ ¢ 1) 48
ot 2 g ERfrBREFHESE LK R FED BN F D
phasell f# % - 4- N-acetyltransferase -~ sulfotransferase 7 2%

phosphorylase 737% * 2% = N-acetoxy, N-sulfonyloxy 2 2 N-phosphatyl
ester # & T 4724 F (Kato et al., 1986 Buonarati et al., 1990; Minchin
et al., 1992 ; Chou et al., 1995) » &/ §d -KfZiT% # ester bond 71
BUTA > A5 F R enit &4 (nitrenium ion) s FEEL 0 i@ & DNA
Ry mAgd RBP4 HCAs » ¥ 2 b - B HET > b
Yo B fUUm e SRR ¥ F 4R R 14 0 £ X5 phasell f%
4% i2 {7 esterification » -k {235 DNA 4¢3+ (Aune et al., 1986 ;

Hellmold et al., 1993 ; Davis et al., 1994 ; Carmichael et al., 1996) - 7 #2
% 4p 41 HCAs & @ /2 ® #4% NATs> ¢ 45 NAT1 2 NAT2 :& {72 ff >
&R A% d CYP1IA2 ¥ i 5 N-hydroxy HCAs> @ gt % it 4+ i3 NAT2
¥ iE {7 O-acetylation 7} = B & /& (£ acetoxy esters (Toxicology, 6th;
Hein et al., 2002)> @ % d O-acetylation 2} = 77 acetoxy ester compounds
v 2 v phasell fi¥ % ) = 7 ester compounds { 7 % se# {5 AeA) = 4
2% (Gooderham et al., 2001) > p = % 3.7 HCA-DNA adducts 1 & =

16



%t guanine s C8 e ¥ o H v k=X & e ¥ > 4r guanine N2 =7 DNA
adduct 7= 45 IR » 4 Fig. 4 #757 (Snyderwine et al., 1988 ; Lin et al.,
1992 ; Turesky et al., 1992,1994,1996 ; Frandsen et al., 1992,1994 ; Tada
et al., 1994) - F]pt HCAs 21 & 5d CYPIA2-NAT2 B8 775

Ly a5 DNA 42 % o

3. RRIRGRFIERE G RE L AP L

AnF AL vHEFT Y HCAs A8 % ~ [ B¢ HRF 5 B TR

E5

it HP g 32 <% 5 0 Table 5 (Sugimura et al., 2002) - 3¥ % 77 7
%% 87 HCAsDNA 44 ch7, 3 § 2 2 (v % chifch B P 2 B
# — Rep b1+ 11 1Q 4% & Fischer-344 = & % &) 1 jp| $] e9 IQ-DNA
BEEPERITEZIFSNE ST v % 9 2 3%~ % (Schut et al.,

1994) » H @ 3+ < 5% ] BT8R L ]Q FHEHEE o e X ] D

o

IQ-DNA 44 £ F @ M09 ~ B § 2 0 4 gl 2L H B - d
W e DNA 4258 4 cnB 27 (5% B9 B enfp Bl a0 2hhopt B 5 5 2
TRE T FF 0 bldos R TR .

RIS B IR pS3 - Kras AFIEARE A < HED

p33 ~K-ras ~APC ~f3-catenin B ¥ % 2 R % > ¢ 7 3% 5 77 3 4p 1 HCAs

17



TR B € BURy 5 PV R R A TS 4 2% (Makino et al.,
1992; Ushijima et al., 1995; Tachino et al., 1995; Kakiuch et al.,
1995;Dashwood et al., 1998) - 7 # 7 # I fe~ % e » ¥R F

PhIP-DNA 4¢3 # 73 & (Friesen et al.,1994) > d 12} a7 7 32 B

HCAS F& § ¥ i 28 % g% X % A, & o
= CYPIA2 # NAT2 & %] % 2512 & i Ap B 257 3
1. Cytochrome P450 1A2 & 4

Cytochrome P450 % #8p f F:&(7% i A Jehpk % > B> phase I

it % 2. — o Cytochrome P450 iz— #g it % AV FRNEAILE R F »
R

Hov ey 5 - 2 ZAEM 0 Ui FESZ RS DRB

i

'F_k

Cytochrome P450 # %8 p %22 chk e 4% (1) hydroxylation of an
aliphatic or aromatic carbon. (2) epoxidation of a double bond. (3)
heteroatom ( O-, §-, N- and Si- ) oxygenation and N-hydroxylation. (4)
heteroatom ( O-, S-, N- and Si- ) dealkylation. (5) oxidative group

transfer (6) cleavage of esters. (7) dehydrogenation. (Toxicology, 6th )-

Cytochrome P450 1345 H =AM B 5| ¥ % A 5 3F 5 7F ~ X Fu
% o # ¢ AAFEEL B 11 CYPl~ CYP2 ~ CYP3 ~ CYP4 itw B 2%

18



% 2 (Wrighton and Stevens et al., 1992;Guengerich et al., 1994) »

\t

BH TR E 2 Y (B R X ) R R T KA R i
IR (Shimada et al., 1996 ; Zeldin et al., 1996 ; Guidice et al., 1997 ;
Mace et al., 1998 ; Raunio et al., 1999 ; Su et al., 2000 ; Rylander et al.,
2001;Wei et al, 2001, 2002) o @ iz &% %5 % R cytochrome

P450 f% % 'ﬁ 7 CYP2A13 ~2F1 ~2S1 ~3A5-4Bl 2 ¢t H 4% &

=1

AT AFER o X 3 éﬂ”%ﬁi‘iﬁ 4 & LI CYP1AL ~ 1A2
% CYP3A = #2% (Mercurio et al., 1995 ; Zeldin et al., 1997) » 4r
Table 3 #77r » itigk CYPs 42 ch& E » 3 PP 7 b
2P AA L ENNES T A R R FPAKE
BiE- HIR o R F T P2 e o iRz CYPs fiFe
EEOCFHE S S H) DA RERM > BT Ao BRI R
2 F B RG] I E MR s RS A RES A
BRABETFh R T AL ARG/ M

CYPIA2 v CYPIALl - %% 5 CYPIA spt %2 - H ¢ CYPIA2 &
B piFggt o m CYPIAL 2 & AR - 5

5 o< e

i
™

B3] CYP1A2 si7mRNA & F-v 14 3L (Mercurio
et al., 1995 ; Mace et al., 1998;Wei et al, 2001, 2002) » & 2% & L& &

R M T CYPIA2 feigd R aniifit £ 4 DR E & on



£¢ o frH T CYPs £ 4p - CYPIA2 R it &4 £ 5
#F %2 & - h3g it it 4 (N-hydroxylation) (Aoyama et al., 1990 ;
McManue et al., 1990 ; Yamazaki et al., 1995 ; Sadrieh et al., 1995 ;
Crofts et al., 1997 ; Hellmold et al., 1998) » it #-HCAs % i = & it i
e hydroxyl-HCAs & @ 5 d phasell f%¥ % i it 25 = ester
compounds *» i KfEF &0 A2 F & T 9 Aryl nitrenium ion » i#
= DNAE g 4 od 12 F 42 Jap] CYPIA2 3#a # g

5500 SRR A < kA P v & HCAs AR M ) 1 M o

. CYPLA2 2 L 5] 5 A5 42 2 e 2 Ap B 247 3

CYPIA2 A F = A 85 % 1542 ¢ 48 » A F) 2L 7.8kb>
# 7 6 1 introns 2 7 i exons (Ikeya etal., 1989) - 1345 L %1 #7 § 4y
41 CYPIA2 v CYPIAL — 7 443 T it S 4 o134 g b > bdodd
# (Kalow et al., 1991) ~ TCDD (Postlind et al., 1993) ~ ‘&% & }»
(Vistisen et al., 1992)~ 7 wxez2F| el (Vistisen et al., 1992 ; Chen et
al., 1996) % jcz|i&# (Vistisen et al., 1992) % % i 3% CYP1A2
FEF 2 2B F I a0t A E P 4o o CYPIA2 #h4L 7] 5

444 B o B H e dven CYPIA2 A5 52544 & 23 CYPIA2
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5’-flanking region =1 T-3605 insertion ~ G-3595T ~ T-3591G (Katherine
et al., 2000) ~ G-2964A (Nakajima et al., 1999) ~ i=** exon 1 57 C734A
(Sachse et al., 1999)12 2 =** exon 2 % exon 7 (Macleod et al.,
1998) » # ¢ 12 i3t 5°-flanking region 7 G-2964A % =*% intron 1
1CT734A i&d B AT 5 A58 22 CYPIA2 (il 4 2 g 8
% Bk % P B (Nakajima et al., 1999 ; Sachse et al., 1999) » ¥ i3
o Lt E A :}dv;?"j‘ P v T (Hanetal, 2001) - @ H ¥ a4k
F] 5 A5 > R4 CYPIA2 B2 il P B RS - 3
G-2964A =B A F1 5 251 =% » 1 3 G allele (wild type) i Ziesr e 7]
(3-demethylation) st # #i2Z A allele JFT 55 PRm f CT734A i 1B A 7
A% o P27 A allele (mutant)?’f e F e 4 g C
allele % 5 < % 7 AF17) § B CYPIA2 enps i 12 » 0 ot 3
feftena e ~ Pl g i o * F-omeprazole £ 0 ¥ €34
W CYPIA2 ch# 3 > TP 4733 CYPIA2 &2 R 2 N 3BhE v 4.7
BE2 A= Mo A2 I CYPIA2 &2 %W g 3 < S 7 57 6

3@ Table 1 ~2 ¢ o
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3.NAT2 #§ 4

N-acetyltransferase 7 ferf St 4 ¢ § L4 > 4 & 5 3 mbe o
OPEE ATt A A 4 4 8p22 it % (Blum et al, 1990 ;
Hickman et al., 1994) > > & 870 bp » 5 — intronless 4L F] » d& 50!
290 B = ps (Blum et al, 1990 ; Vatsis ey al., 1991) - A 4 %73 & %
& NAT1 2 NAT2 = #& isozymes > * & f8 isozymes £ F1 5 71 .55 87
Yoergp it (K3 55 Brefpieni £) (Blum et al., 1990 ; Ebisawa et
al.,, 1991) o Lo e 7 :fﬁ I NAT1 A=< 3Ry mE'f]%\« LA S
NAT2 3 & 2T AAF2 [ % o fe X 5%« Wot s L 5 5 2 Wi ko
¥ WP 3] NAT2 2z RNA & H 3o 94 3 (Mace et al., 1998;Kelly et
al., 2000) - * #F A% % 2 & B 7% F 5 aromatic amine 2 hydrazine 47
it & o I HEEZ it ¢ .o cysteine "<z Af4 (amino acid 68)
(Dupret et al., 1992) %”ﬁf d #-acetyl-coenzyme + 12 fig L (acetyl group:
_COCH,)% # | cysteine + (E-SH + CoA-S-COCH; — E-S-COCH3 +
CoA-SH) » £ #-$% { cysteine } 1 acetyl group # 4% 3] aromatic amine
(R-NH,) %2 hydrazine (R-NH-NH,)_} =7 amine group & {7 ¢ fit > & H
f# i* 5 aromatic amides (R-NH-COCH;) %2 hydrazides (R-NH-NH-

COCH3) - NAT1 2 NAT2 {7 Feh k20 [ 3 95 (8 sipehde 77
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Feoo A A & §F 02 bicyclic aromatic amines % heterocyclic aromatic
amines = 2 *NAT # i {7 N-acetylation (detoxification- inactivation) &
O- or N,O-acetylation (toxification- activation) » st @ &7 3 35 1 » NAT1
3 NAT2 % ¥ #f bicyclic aromatic amines 2 N-hydroxy aromatic amines
i 7 N-acetylation (detoxification)% O-acetylation (toxification) ; X m

heterocyclic aromatic amines E #&4% NAT1 % NAT2 ¢ fg it (N-
acetylation) e fot i » H Z & L& d CYPIA2 27§ (v > a5
N-hydroxy heterocyclic aromatic amines > NAT2 #t ¢ i 34 & 3 #.3
% — M2 7 O-acetylation (Hein et al., 1994,2002 ; Toxicology, 6th) » ?X
@ pt & A toxification =7 3% > i - 4 H# N-hydroxy heterocyclic
aromatic amines /% it = & g+ ester compounds © & 2 ¥H{EpL L F

B F &M enitrenium ion > A5 DNA 42 » 3 F 2 AFF 4 %
FoEaE A KL PFE L od T o NAT2 £33 & 44 heterocyclic

aromatic amine 375 4 ) X RF 5 W ez & o

4.NAT2 2. A 7] 5 24| B e 2. AR A §

% NAT2 e coding region + & # I 11 B SNPs =% - H ¢ & }£-

# missense (G191A~T341C~A434C~G590A~A803G~A845C~G857A)
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3w i silent B~ =¥ (T111C ~ C282T ~ C481T ~ C759T) » o i& 11
# SNP ¥ 2= 26 &% F NAT2 alleles (L Table.4) (Vatsis et al.,
1995) - 42 % International Gene Nomenclature Committee

(http://www.louisville.edu/medschool/pharmacology/NAT.html) 5 2_3& -

/\

#-7 3 T341C SNP site @ % M1 allele (* £ NAT2*5allele) -
GS590A i 5 M2 allele (NAT2%6) » G857A 3 M3 allele (NAT2*7) ~
GI91A 5 Mdallele (NAT2*14)- 7 7 5§ r2 1 » 65 B # 8 & 714 4
= 7 2 A 5HiE A F(wild type allele) © 3 7 % 45 ) MI-M4 iz 2 f8 5% £
AT € ER NAT2 " fhere $ 2 f 2 A harg - 27
1 SE2HBAF KRB F B F(V)d™8 1 M2 2 M3 B
B¢ ik Fv R ats M (Vatsis et al,, 1995) > M4 allele B 4 & 5
Bt ZhoN FE R o JR M AZIE 9590 NAT2 p¥ % 4 34] » 7 1% ot
2 B KT E A 5 (fast) &M (slow) N-acetylation %4 (Blum
etal., 1991 ; Ferguson et al., 1994 ; Hein et al., 1995 ; Leff et al., 1999) -
PR HERY L ® XA slow acetylator genotype #7 ik it )
BB E NV EFREOBREREL R NT0% v &
o B4 Bl R B BRI w0 950% = 0o LA
B blde? B~ B AR 597 20-30% =% o B oA AR
g o7 7 % I > NAT2 slow acetylator genotype i & £2 %5 % 5 B > i&
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¥oge A_d 3 ig s % Bk R (0 R R 47 bicyclic aromatic amines
(benzidine,2-aminonaphthalene, and 4-aminobiphenyl) > ¥ & & 5

NAT2 i& {7 N-acetylation (detoxification) » F]y* f ¥ ¢ fig it 2 F]3] e
A o H 3% bicyclic aromatic amines 7f# 3 it 4 L E 0 FM G RF e
B2 Y14 o @ fast acetylator genotype Y 3 & ¥ % %5 i eigd 4
3 B > 357 av A_d 3% heterocyclic amines ek & £ < R OE 2 3

B

3

# #% 2 heterocyclic amines ¥ # /% ? &5 d NAT2 & {7 f2 5 i*
* oo f A d CYPLA2 % i (N-hydroxylation) » £ 5 d NAT2
i& {7 O-acetylation » @ p* 5 7% f“ S dr o) 3 > Flpt B Pk o fp it g

iﬂ’ © 7 ORE R < B S (BEvans et al, 1992 ; Kadlubar et al.,

1994 ; Hirvonen et al., 1999 ; Hein et al., 2000) - 8@ &7 F &

“q

YoV AR~ SRR TR R T S R A R s
REE O FAFIS A bR R R RAEYA &S 2
BB LR L FEATNT 5§ PR s 2

TR NAT2 A F e Rp P2 Akt BE 3 kA% F g

2 Ay @At Tablel ~2 ¢ o
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N5
ki
o+
P
k3

s F 91 EROF S8R RRELE S BTV ORRE X
BB AT RS S DR - R R e R LAY A
Flfesk 8L F1 3+ 3 #0970 if 0 B AEA Flenik X 20> TR BT
ARRER AT o R R T AP LY 7 F SRR
FRoaritere b RRY BT LRI GRS M
A & Sl R Rt 2 CYPIA2 2 NAT2 2 A %] 5 )
Pommies S RE s I LA FRFE EEFIFTEET
—RKed bo B ENMAT L TN AT RN AL R
BIRG S NHUPER ORI AN AT E S B Rr SoRE 2
PR ARLI R RS R PR R

B N 1 B TR vEAT 2 CYPIA2 22 NAT2 & 7142 5 88 Rfe + 5

5‘5‘35
|
(w
|
2
o

AR A AT R AR B F]T O RTFR S G RE R
TR AR o KA LA R B 00% 1 B R e FE K 0 FIt e
FORFEL A AT TS S S PR A o 3R 5 R
EFIBRHT AN LRBE BRI RTLGH AT

FRAELBAL AL ST 5 BRI £ oA



L b2 BT %RET LT BARRGEREEL A 20

=

AL AR ABSATA LR G TN EBAAE R EY 2 B

%12 CYP1A2 v NAT2 4 714 »

>al
£
TE
5
u0s
¥
A
9
Jm
4
=
<k
ird
i

PRIV a3 g 2 e Mot BaRphg el o Fl AT RF
CYPIA2 % NAT2 z %] % 25482 % fo = 5 s 4 chdp B > 12
FERIED P RRSE AMORERIRG S e ARKET 2 S

LR FE L i § o
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SR TS R

- e E

AR Y AR P b $ R 7 (case-control study) o #7iE B2t tm B
R b A MR Y L FE S B F AN LR L
FARFEAQ P PR mE Y EL OV Reid o7 XA F R
ER AR REFRARE A E SRR Y F L ¥ eER R
L FF A F R FIRASE PR A 2R p i e R LY -
C ARG R R )2 ¢ L F R A B F IR T

ih%.' Z_ L/li’fﬁ%ﬁ ’ f& F‘ﬁ‘f 5'1%':\ Table 6 -

- HREEE

et

1. & /% DNA % B~
GenoMaker Kit Fp » %2 2 = @ > NaOAc (sodium citrate) P

P 4% B Merck 2 # » Phenol, chloroform, ethanol P|Fp 5 ek 4 o

7 oo
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2. & ﬁ%‘« DNA

+%

B

SDS (sodium dodecyl sulfate), EDTA (ethylenedinitrilo-tetra-acetic-
disodium salt), NaCl (sodium chloride), NaOH (sodium hydroxide),

NaOAc (sodium citrate)? % Tris-base % i* § % 5-35p p 18, B Merck
2 & - Phenol, chloroform, ethanol F|pEp 5 & at4& = & o Proteinase

K fp 18 ® Boehringer-Mannheim 2t & o

3. & 7] % A51 (genetic polymorphism) % E 7|4 +7(RFLP)

DNA polymerase ( DyNAzyme TM 1I ) :£ p # & Bio-Labs = &
2OLE®ROD o A F 5 AN {5472 2 T4 he Kpnl ~ Tagl ~
Alul ~ Mspl (NAT2) ~ Ddel (CYP1A2) p-f % B Bio-Lab 2 @ ;

BamHI P|:Zp P &~ TaKaRa = & o

I %R 2k &2 % DNA 55
E2mlenxw @ 4e x 6ml 71X (= IR lysis buffer (whole blood :
1X lysis buffer=1:3)» ;& &35 (& > B>k 30 £ 45fs > #Bion IR

K f# > 12 3,000rpm s 15 448 0 e (83 R o 2 IX PBS
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EAFRZ S o T e F Ry T a0 m IR U S 2 Re w3
A g koB 1 ml e GenoMaker #-v d JUHKI AT B AR E 30
AdBo Y TR G0 A fRe2 (54 & 280 & 500 ul> 12 @ ELehphenol/
chloroform ; f—i F=9 F o L4c > 500ul < phenol/chloroform
(24:1) v AR & F-o B> 12 12,000 rpm oo 15 4 45 0 B+ ‘}j)a"
% & 4 » 50 ul 3M NaOAc (pH 5.2)% 1 ml £2100% K iFp#f *+-80°C rk
H#HiT* 30 4480 %‘%."l #-DNA vk 41 o 12 12,000 rpm 3w 20 4 45
&l A FiR o 4o~ 500 pl e 75%FpHE R 2 A T 2 BaE 0 12,000
rpm 3o 20 A 4818 EH L Gk 0 T E R g ARGV A 0 T
2.9 ¢ fUHkd T 5 DNAe ¥tk &) % 2 DNA © & F-kip fa s ¥
b &k 3 & Bl = DNA % 260 nm 4 280 nm 7% € @ > B Ayqe/Ango
R R B J 182 FF o B & [ * 1.6 A&7 30 2 £8% »
J&f ™ proteinase K jaJd2 {8 €45 F it 5B 28 5 vt 5 < 3 1.8 B
%% RNA 7 £i8% > RI&H£ ™ RNase JdZis €47 F i 559 3%
DNA )k B 11 s 383 5 0 DNA (ug /ml) =A,40 x50 <HPE

B oDNA B = fs > 3= kR 5 Lug/ul B30-200C k4 %3 o

A AT S A2 4T o
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2. A ABE S RHEL Y ED Y 2% DNA F5
#-50-100 mg 525 B8 0 B de > S BIR B XA U ERLS 0 e

500 pl £ lysis buffer (10mM Tris-HCI, pH 8.0, 0.1M NaCl, 25mM
EDTA % 0.5% SDS) #-je %= 2-Kfi# > £ 4 » 5 pl proteinase K
(10mg/ml)>+ 56°C i€ #* 12-18 -] p# > 2_ {$ 14 1% 2L phenol/chloroform
IS “%TT 3 #=¢ F o 7 L4 » 500 pl 5 phenol/ chloroform / isoamyl
alcohol (25:24:1)%e &~ R & & F=v 4> 12 12,000 rpm 3o 15 4 45
B~ Fi% £ 4v » 500ul chloroform / isoamyl alcohol (24:1) &2 7 4
2 phenol » v &R & {12 12,000 rpm &< 15 & &8 > B b R Se »
50 ul  3M NaOAc (pH 5.2)% 1 ml e 100%7k i >+ -80°C vk 44 1 #

30 4 48 0 FE 124 DNA Tk ) o 8 {5 Bk 20 & DNA 5B o

3.NAT2 £ 75 2542 A 45

NAT2 4 %] % 25442~ 45 41 * PCR-RFLP (polymerase chain
reaction - restriction fragment length polymorphism)= ;* (%% Bell et
al. 1993) » P~ 500ng DNA % 547 i2 7 PCR * Jis » PCR & J& i i 4o
T 500 ng DNA ~ 0.5 mM dNTP -~ 5 pl PCR 10x%reaction buffer ~ 2.5U
Taq polymerase, 12 % 0.5 mM primer > # {& 11 ;& F-k #-88 # 48 3| 50
ul - PCR » &4 3 i B i — B4s% 94°C denature 10 4 45 > (&

denaturing: 94°C 1 4 4% - annealing: 52°C2 4 4% - elongation:72°C 1 4
30 4y 0 g VLI%“F{‘??E 35K & ts M T2CF B 10 24 5 - B 1093
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bp % £ (R Fig.6a)e #7118 2. PCR A 4 P~ 10 ul> 10xreaction buffer
2ul 2 4IAE 4 0.5ul > 433 -k 2 20ul » * 30°C (BamHI) -
37°C(Kpnl ~ Alul/Mspl) & 65C(Taql) ¥ * & 10 -] % > 12 2 or 3%
agarose "B A8 & A E T % £ 47 o primer B 7 & UF|EEF 2@ * 4o
21
NAT?2 primer: N4(As) 5’-TCTAGCATGAATCACTCTGC
N5(S) 5’>-GGAACAAATTGGACTTGG

PCR product: 1093 bp

Restriction enzyme: Kpnl (M1 allele- T341C) ~ Taql (M2
allele-G590A) ~ BamHI (M3 allele-G857A) ~
Alul/Mspl (M4 allele-G191A)

BE Lo 17 (Fig.6b~c~d~e)

NAT2*4 (Wild type)

NAT2*5 (M1) - T/T: 660+433 bp , C/C : 1093 bp

NAT2*6 (M2)- G/G: 380+317+226+170 bp , A/A: 396+380+317 bp

NAT2*7(M3) - G/G: 811+282 bp, A/A: 1093 bp

NAT2*14(M4) - G/G: 759+189+91+53 bp, A/A: 759+280+53 bp

T(NAT2*5 ~ 6 ~ 7 ~ 14- low activity alleles

Yo BAEE 5 — B v b P A AR A F) (wild type allele) B3T3

fast aectylator ; & BRI L 3 & BRREA B AT BT 5 slow

acetylator °
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4. CYPIA2 £ 7] % 2512 & 47

CYPIA2 A 7] % 25142 4~ 45 €41 * PCR-RFLP ( polymerase chain
reaction-restriction fragment length polymorphism) = j* (%%
Nakajima , M. et al. 1999)> B~ 200ng DNA 3 #-4 :£ {7 PCR ¥ J&>PCR
F R iE 2 40T 1200 ng DNA ~ 0.5 mM dNTP ~ 5 ul PCR 10xreaction
buffer ~ 2.5U Taq polymerase, % 0.5 mM primer > & {5 12 7k #
BA#AT T 50ule- PCR & T B B i — B454 94°C denature 10 &
48 > {¢ denaturing: 94°C,40 #) > annealing: 56°C,30 #) >
elongation:72°C 40 ) » 2 TR £ 4F 35 = » B {612 T2°CF Jis 10 4~ 48>
@3]~ 596 bp % (2 Fig.7a) o #+7# 2 PCR & 43 10 ul -
10xreaction buffer 2 ul 2 *TF|fE % 0.5ul > # = F-k £ 20ul - ** 37°C
F R 10 ) pF > 12 2 % agarose PR A8 T AR (T % A 47 0 primer B 7
2L FEE 2@ F 4o S Ao

CYP1A2 primer: S 5’-GCTACACATGATCGAGCTATAC
As 5’-CAGGTCTCTTCACTGTAAAGTTA

PCR product: 596 bp

Restriction enzyme: Ddel

2% 23 4o #ror o (Fig. 7b)
homozygous wild type (G/G): 596 bp

heterozygous wild type (G/A): 596 bp, 464 bp, 132 bp product

homozygous mutant type (A/A): 464 bp, 132 bp product
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5.

Bt g

ATy 2053t § 07 SPSS 11.0 ezt k8 444 NAT2 2 CYP1A2

A F] 5 A58 7 s b B AT 7 (case-control study) ¢ 12 5 %78 B4R
71 jF > 3% (multiple logistic regression analysis) 4 17 NAT2 %

CYPIA2 JAF] 5 A5 ¥ 2 X Bl L& 2R R e FF 47

fefrw] 2 30 A 3 IR 2 e B e BB ip ¥t 5 'R 1L
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.8 % &3t

— . R

1. CYP1A2 2 NAT2 A 734457 » R B iR 241
B NAET A

MR A T Gl PR e 4531 CYPIA2 &2 NAT2 A F] 7 2514 83 5
17}5?&?'}?‘_°ﬁ““‘“}ﬁ€9p 167 @ 2 )E’F’Iﬁ:lﬁj*’m}ﬁaw 3 178 1 %
A L N N P TR XA T TR
fr%%'\ 7 IR ",/TT-E $2 b5 MW B A8 F TS IR A B
RS LS R RME - EHT S R R A R R
EENRIES ']“3“#\:!77"{\/'*’ RN N ek % (OR= 2.96, 959%CI,
0.58-15.08) > @ ¥ (4B & 3 % (Table 6) ©

2. M3AEE CYPIA2 2 NAT2 A T80 % o g 122 A K A 45

Table 7 #- 1 #fz% CYPIA2 2 NAT2 A F|A| &% psd 4 2 2
“ﬁ'riié‘-fﬂa\%a/»\ﬁ - B % F M CYPIAZ 2 G T 4 A # i A7) 2t
bl 2 MImF S T1.19% $HPE 20 R &% 72.896 0 A ZEEF 4 A%
A TSR GRS 2 RS A 28996 0 HEEIRE 5 27.2% 0 H
Frgdg¥eanif on NAT2 2 MI~M2-M3 2 M4 2054 1|4
A B 3o b e e iuiﬁuﬂv\ 1% 1.19 ~13.89% ~13.59% % 09 >
*/‘}ﬂ'ﬁ@‘__r_\ 249 ~16.5% ~ 999 % 0/0712§’F'Z’$r“]“1']9l‘ T A
= fast ~ intermediate ~ slow = f& % 3| » #¥ IR+ 5 fast » intermediate
et 2 IRA K R GIES B S slow £ R3] 3762243 & >
EIRF ﬁvzs;a“l

3. % &k & CYPIA2 2 A% 55144

Nakajima & 4 (1999) 45 11 > CYP1A2 %t (G-2964A) =% A ]
REEHFHPE CYPIA2 p¥ % B M eig % ac 4 o Nakajima f]* i /|
Jﬁi?‘% =R R RE EfL » RIPiG Z B —‘F*f CYP1A2 % caffeine 3-demethylation
e S MR » I CYPLA2 -2964 =% 2 G allele e i B
)3 A allele '%,*”5;; 02064 =% 5 G "FS‘ A dr A iR T0% o AT

T RIEZ &R CYPIA2 2 A %3] » #-E 5 - B & -2964 7 G allele
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(2 AH=LF) § T GG 2FRFpiFEs CYPIA2
high(® % * % 4 ) @ G/A+A/A 5 CYPIA2 low(ix% it ;; 4) od
Table 8 % % 74> CYP1A2 2 F17) h1ghvs low > 7 & w175 ¥ R
BHZE2HREY AL B2 T2 #dvfM A FEEFY b
POL TR 3 ERRPE Y2 LR o F Y ﬁguv\ FE S
Fe2 db AT HUE A E TR E e ot P B EEJ‘,/TT P
FboMin- B F A Hiok D iR R TA 52 2 CYPIA2 gk 74| A d
vZ®a G AR (Table8) °Seow ¥ 4 (2001) fAT4est{]*
BOPIEEE S A L2 3 2 kPl B CYPIA2 th4 3.3 2 allele-specific
PCR ip] NAT2 A 74| » 2% F R Airiesz 7 B4 25 NAT2
slow 2 CYP1A2 high —‘}5 e R B;]‘U{%»mf "t i £ 3 NAT2 fast %
CYP1A2 low #4169 & (95%CI, 1.3-37.6) $“#7 3 & * 25 =7 g &,
HE O R o L E WA CYPIA2 A F]31 2 % k2 4p i 12
PO Rl BEEARM o R JFE A (2002) A E &R CYPLA2 A&
F]3] e 2 (PCR-RFLP)R|# > & 5 CYP1A2 G/GH+G/A ik 13 &,
ﬂ#ﬂﬁuﬁ%fﬁf‘ WA AJAF 5 6.5 B (95%CL 1.6-29)  #F 7 & %4

FEE A (2002) s RN A T E R B A ez OR &
«z*c 7] 5.62 (95%CI, 0.60-53.10) » # ¥ ¥ akxz*c %t b eZ B (datanot
shown) e Jf % A e 7 4 & 4 I””?”ﬁ'\fé’ra A EEF G165 B4
R R A 277 mAMEHRE B EILG AP L ESRE T
CYP1A2 ﬁk'% SR 2 E!_\r]‘“'J“z » B P B PE,%, B#HX]'U%L " © 3T
WMo AR R e B Ak CYP1A2 2% %1 @:g 2. 74
(G/G+G/A).EE?% WA F A T EDI G RADIHY
Moo d b i B BT 487 (MBS 1 B OIR Ry ﬁi o ifam CYP1A2
G/G+G/A FF13) 8 o B~ LR S 2 7 i) M

<

4. Rk & NAT2 2 A7) 5 540 4

{25 Bell % 4 (1993) % 45 1 » NAT2 Em Sh G- By
B c R lE oy '@;éﬂ (5]4c W/W or W/ M) H ¢ ﬁyn_IL (N-acetylation)
i 4 B4 A B RS (mutant, M) #8 & F(M/M) 3% Fpt AFE g

#-E 5 W/W or WM zﬁr]’*'l—“z A @_% fastacetylator # F]3];am M/M
AT/ 25 slow acetylator .

d Table 9 % &1 » 17 ”?t}%'%"ﬁ 2 4tp Y 23 NAT2 fast
acetylator fe B % ' 5 slow acetylator 79310 & o @ A |4%
#¥7 o mE 5 fastacetylator fe & % e ' & slow acetylator £
4,05 % (95%CI, 1.87-8.78); m % % %3¢ » I $: % 3L fast acetylator
FTRB LR RHE BREMRAIL M WE R 270 B (95%CL
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1.10-6.61)c F#4x Ao 2 3 3 E firied Bk 25 FRI
el 3 fast acetylator f > fe &' ehE'g 5 slow acetylator £
329 & (959%CI, 1.67-6.48) > m ez EraE » 5 451 & (95
9%CI, 1.25-16.22) -

FE-HETFRAL IV IR AT HER A BT RE L
M e 2 REFLFIT  BEF lﬁﬂ,f 73 4 M fast acetylator
'i’ ' fe BB s ' A slow acetylator 9348 B 0 @ His = ey
p B3R & ood b2 2% Aot > NAT2 fast acetylator & ]3] 41 & &7
SAEL P e R B M A R AEE D T e
BRI AP o

ﬁipz%f aﬁﬁﬁﬁU5#ﬁ%éiﬁﬁvaﬁzﬁi
PREFLEF oD GE M EF AR BN AT TR T ARET L
F R R %M e Thiebaud * % (1995) #M A fj 2 p g “14 2 m,é:
R S LR 1% g it & 4 > b4 PhIP ~ MelQx %
mek;%P“*%mvmﬁﬁvwg4mﬂﬁmﬁwbhu

o

JTowe

MelQx & 2> B 4 FF=F ~ 484 4 B RI<sfoE & 0.25ng MelQx / g
of meat > T 325& & J % Jia’r 4 268.1 ng 3 MelQx (Yang et al.,
1998) « % % % (1994) eF 5 470 > o R AT A S Nk o 9
A g e A g IQ MelQ 2 MelQx > H § £ 545 ap ¢ A
Vajg’ﬁ 37~122 4lng-'%7 FEI X PP 82 WEY 75 ARI=

Fit & 472 ¢t > Manabe etal. (1991) 4p 1 A # ¢ ™ 2 5§ B opiesgic &
#ﬂ PhIP (16.4 ng / cigarette) > & 2} (B4 A4 E 47

I S
,Lbiﬁyﬁj}:’ s A H B BT A N RJR R s a5 E
IR BRBICELEF 2P ET R RT S AT FRE S od AFEY
BEFIR FE AR BRI RES 2 CYPIA2 2 NAT2 2. %] %
G M 2 A g B Pt AR R BRORE R RS WA d 3
ARBEEEF AT LG @ DRI L o Bl
PR &g d 9RY o a2 CYPIA2 &2 NAT2 &
EAERCE A El R q—‘d-ﬂ-ni’fl%‘g-”# g~ DNA § 3 & f
FlAe it viln o 1) FJRP|C AR KBS EDED F &S B RIRY L
A g F W SIASTRD < R fp FL € 5l4c e p i i (Table
S)e AN ARG E e ABE B EL F e T G
3] CYP1A2 %2 NAT2 =4 3 (Mercurio et al.,, 1995 ; Mace et al.,
1998 ; Windmill et al., 2000) > &% izt BEF ¥4 0% E 7 4o+
ook i %«rlﬁﬁf-ﬁmfx\? CEP Tt RE L &£ d > FIP4Ep R TR
SR AP ERED S R AW TR A E N R G T A
¢ 2. CYP 1A2 ~ NAT2 #apsdit » igm g gL g ¢ ~ Wiz &
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IV o AMF S T Ap ) F BN R AT AL TR
AR i § 123 (Edity etal., 1996)> H i F|¥ s fo* ¥R 5 7

TR M RBEEZ AT SR FE RS F]Z 3 Mo d Table 9
i av-% |+ fast acetylator —‘F'? ' e B s e M slow acetylator %
405 % > M EGMEFFITHH270 B o d Table 9 FIRF H jb
A7 A Fh A& [ PEF IR fastacetylator 7ty 348 B gt @ R

Fhm g e EJ'J"F% 7 IR % (OR=2.93, 959%CI, 0.68-12.57) - ]} J&
Bl MR RSEREF 2 RN AT M Feb s TR £ 0
AP I RBZEARRFELCESFZEE A TR e AR T o 3F S
mEREA Sl - 2L IANERBE SR RT AT

B o AT 7 % I NAT?2 fast acetylator & F]A| &2 & (% g 4 5 M > 0
jﬁﬁﬁiﬁﬁﬁgi%ﬁiﬁﬁﬁﬁﬁﬁﬁﬁlﬁﬁ*ﬁﬁﬁi
WM MEE T g ¥ - 35 > d Table 9 % 74 &% % fast
acetylator 5 > fe & *% e 8 *& 145 slow acetylator # 23.29 & > X
Mot B MR g A MR fast acetylator 05 e MR L (3.48
B)oigp e EMPRF > P A2 RATBRSF BEDREE -

M ¢ 19 R 3o 2% fast acetylator iﬂ” fe B R e f te 2 RE IS o

d Table 9 # % R > $h7 § 4% ¥ L 3 fast acetylator JFT B3
dvE 42t BEAM (OR=3.16,95%CI, 0.85-11.79) @ tdd 3% iz
- BERARTFIAHS S A A A R T F NS B R R —‘F"f v
‘,5."3137}, NAT?2 fast acetylator £ #]7] —‘F'f » Tt 3 FE 2 Y fast acetylator
—‘F’T e BOF R e & e 1AL slow acetylator 14,51 o F]pt H IR R
AR AFAEYEFRETAE S DR RIREF &5 S M
BBy RO BT R T B -

H

5. %% & CYPIA2 fr NAT2 #7542 23 B F

d 3B Rt £ L5 d CYPLA2 hydroxylation» 2% {8 £ &5
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Table 1. Genetic polymorphism studies of CYP1A2 and NAT2 relevant to lung cancer

Ethnic Case Control Result Reference
Group Fast Slow Fast Slow
n(%) n(%) n(%) n(%)
NAT2:
Caucasian 39.8% 60.2% 40% 609% NAT?2, fast genotype/slow genotype Zhou et al.,
Sample size: 1115 1250 (OR=0.96, 959% CI, 0.79-1.16) Cancer Epidemiology,
(USA) Biomarker & Prevention
2002
Caucasian 151(38.9) 237(61.1) 149(43.1) 196(56.9) NAT2 alone, slow/fast (OR=1.15,95% CI 0.75-1.77) Wikman et al.,
(Germany) NAT1 fast/NAT2 slow ( OR=2.22,959% CI 1.03-4.81 ) Pharmacogenetic,2001
elevated adenocarcinoma risk
Caucasian 151(38.9) 237(61.1) 149(43.1)  196(56.8) NAT?2, fast genotype/slow genotype Wikman et al.,
(Germany) (OR=1.15,95% (I, 0.75-1.77) Pharmacogenetics
2000
Caucasian 112(39.9) 169(60.1) 138(36.8) 237(63.2)  NAT2, slow/fast (<63 years, smoker- PY = 30) Hou et al.,

(Norwegian man)

(OR=2.8,95%CI, 1.3-5.7) Carcinogenesis , 2000



Table 1.Continued.

Ethnic Case Control Result Reference
Group Fast Slow Fast Slow
n(%) n(%) n(%) n(%)

Chinese women  93(60.8) 60(39.2) 105(74.5) 36(25.5) NAT2, slow genotype/fast genotype Seow et al.,

(Singapore)

Caucasian 70(37.8) 113(62.2)
(Sweden)
Caucasian 64(42.7)  86(57.3)
(France)
Caucasian 68(43.9) 87(56.1)
(Germany)

(OR=2.0,95% CI, 1.1-3.7)

62(37.8) 96(62.2) NAT?2, slow genotype/fast genotype
(OR=1.0,95% CI,0.6-1.5)

81(47.1)  91(53)

116(41.7) 162(58.3) Phenotyping study: (caffeine test)
NAT2, fast/slow (OR=1.05, 95% CI , 0.81-1.36)

Genotyping study:

NAT2*4/*4 (OR=3.04, 95% CI, 1.37-6.75)

NAT?2, FF genotype/SS genotype
(OR=1.5,959% CI, 0.6-4.2)
FS genotype/SS genotype
(OR=0.8,959% CI, 0.5-1.4)

Carinogenesis, 1999

Nyberg et al.,
Cancer Epidemiology,
Biomarker & Prevention
1998

Bouchardy et al.,
Pharmacogenetics,1998

Cascorbi et al.,
Cancer research, 1996




Table 1.Continued.

Ethnic group Case Control Result Reference
Fast Slow Fast Slow
n(%) n(%) n(%) n(%)
CYPIA2:
Chinese women  26(48) 28(52) 6(49) 88(51) 1. CYPI1A2 high/low (OR=0.8,95% CI, 0.4-1.5) Seow et al.,
(Singapore) 2. CYP1A2 high/NAT2 slow Vs CYP1A2 low/NAT?2 fast Carcinogenesis,2001

(OR=6.9, 95% CI 1.3-37.6)




Table 2. Genetic polymorphism studies of CYP1A2 and NAT2 relevant to colorectal cancer

Ethnic group Case
Fast Slow
n(%) n(%)

Control
Fast Slow
n(%) n(%)

Result

Reference

NAT2:
Caucasian 186(38)  304(62)
(Sweden)

NAT2
Caucasian 64(44.8)  79(55.2)

(USA) CYP1A2 (phenotyping)
26(18.6) 114(81.4)

NAT2:

Asian 98(95.2)  5(4.8)
(Japan)

243(41)  349(59)

98(47.1)  110(52.9)

27(12.9)  183(87.1)

11594.3)  7(5.7)

1. No association between NAT2

genotype and red meat consumption .
2. NAT?2 fast/slow acetylator
(OR 0.89,959% CI10.67-1.17)

NAT?2 fast/slow
(OR=0.91,959%6 CI 0.57-1.45)

CYPI1A2 fast/slow
(OR=1.46,959% CI10.75-1.23)

1. NAT?2 slow/fast genotype

(OR=0.8,95% CI0.23-2.65)
2. Heavy smoker: NAT1*10
(OR=4.24,959% C10.87-20.6)

Barrett et al.,

Carcinogenesis, 2003

Ishibe et al.,
Pharmacogenetics,2002

Katoh et al.,
Int. J. Cancer, 2000



Table 2.Continued.

Ethnic group Case Control Result Reference
Fast Slow Fast Slow
n(%) n(%) n(%) n(%)
Japanese NAT2 1.All study population:
(60%) 419(77.2) 124(22.8)  497(76) 157(24) CYP1A2 fast/NAT? fast/well-done meats Marchand et al.,
Caucasian  CYP1A2(Phenotyping) (OR=3.3,95% CI 1.3-8.1) Cancer Epidemiology,Biomarker
(26%) 245(70.2) 104(29.8)  311(66.6) 156(33.4) 2. Ever smoker: & Prevention
Hawaiian CYP1A?2 fast/NAT2 fast/well-done meats 2001
(14%) (OR=8.8,959% CI 1.7-44.9)
(Hawaii)
NAT2: High meat mutagen intake/ fast Kampman et al.,
Caucasian 694(42.7)  930(57.3) 807(41) 1156(59) Vs Cancer Epidemiology,Biomarker
(USA) Low meat mutagen intake/ fast & Prevention
(OR=1.3,959% CI1.0-1.7) 1999
NAT2: In male: NAT2*4/4 Gil et al.,
Caucasian 66(57.9) 48(42.1) 81(40.3)  120(59.7) (OR=7.48, P<0.001)
(Portugal)

In female: NAT2*4/4

Carcinogenesis, 1998
(OR=1.51, P=0.521)



Table 2.Continued.

Ethnic group Case
Fast Slow
n(%) n(%)

NAT2:
Caucasian 73(42)  101(58)
(England)

NAT2:
Caucasian 100(36)  175(64)
(England)

Result Reference
Over all, fast acetylator: case/ control Welfare et al.,
(OR=0.95,95% CI10.61-1.49) Carcinogenesis, 1997

Fried meat > twice a week, fast acetylator:
Case/control ( OR=6.0, 95% CI 1.34-55)

No association between NAT2 genotype Hubbard et al.,
and the presence of colorectal cancer. (p>0.05) Gut, 1997
* NAT?2 locus is not commonly deleted in

colorectal cancer (69%).




Table 3. Expressions of different human cytochrome P450 genes

in various parts of the respiratory and gastrointestinal tracts.

Organ CYPs detected *

Nasal mucosa 2A6,2A13,2B6,2C,2J2,3A

Trachea 2A6,2A13,2B6,2S1

Lung 1A1,1A2,1B1,2A6,2A13,2B6,
2C8,2C18,2D6,2E1,2F1

Esophagus 1A1,1A2,2A,2E1,2J2,3A5

Stomach 1A1,1A2,2C,2J2,2S51,3A4

Small intestine 1A1,1B1,2C9,2C19,2D6,2E1,
2J2,2S1,3A4,3A5

Colon 1A1,1A2,1B1,2J2,3A4,3A5

? Either mRNA or protein

(Xinxin et al., 2002)
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Table 4. Human NAT?2 alleles

Human MNAT2 alleles?

MNAT2 allele MNucleotide change(s) Amino acid change(s)

MNATI*H MNone MNone

MNAT2*54 341, Cce81T Nle''* — Thr

MNATZ*58 T340, O8I, AS0X G et s Thr, Lys®®% —» Arg
MNATZ2*5C T34, ARG e — Thr, Lys®®® —» Arp
MNATZ*5) 341 Ile!'* — Thr

MNATZ*5E 4o, G A et s Thr, Arg'™®? — Gin
NATZF*5F TH1C, C¥IT, C739T, ARG e — Thr, Lys?®® —» Arp
MNAT2*0.4 CEEIT, G0 A Arg!® &+ Gin

MNAT2*68 G0 Arg!™ o+ Gin

NAT*6C CEEIT, G, ASSG Arg!®? —» Gln, Lys®®% s Arg
MNAT2*6l> TG, C®IT, G790 Arg!®™? o+ Gin

MNATI*7A G557 A GIv?*8 s Glu

MNATZ2*7R CEEIT (G A Gly*¥ — Glu

MNATZ2*T160 GYo A Gluls? — Lys

NAT2* 17 CHELT MNone

MNAT2*J124 ARG Lys® &+ Arp

MNAT2*T2R CEEIT, ARG Lys™® = Arp

MNATZ*120C CHLT, ARG Lys""% = Arp

NAT2* 13 CE82T None

MNATZ* 144 Glola Arg®t = Gin

NATI* 48 GHPla, T Arg® — Gin

NAT2* 14 Gl1®la, T3, CHEIT, AS3G Arg®t —» Gin, lle* — Thr, Lys®% s Arg
MNATZ*= 14D GlPla C223T, G79%A Arg® - Gln, Arg!'™ — Gin
MNATZ*I4E G'¥la, ARG Arg®t & Gln, Lys?®® & Arp
NATZ* 1 4F GI19l A, T34, ASSG Argt? - Gin, [le''? — Thr. Lys™® = Arg
MNAT2*= 146 GI19la C282T, ABSG Arg® — GIn, Lys™® — Arp
NAT2*17 AYC GIn'** — Pro

MNATZ* I8 ABBC Lys®®2 s Thr

MNATZ2*10 C1eoT Arg® & Trp

2 From http://waw. louisville.edu/medschool/pharmacology /N AT html.
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Table 5. Carcinogenicities of HCAs in rats and mice

Chemical Species Dose (%) in diet Target organs

Trp-P-1 Fats 0.015 Liver
Mice 0.02 Liver

Trp-P-2 Rats .01 Liver, urinary bladder
Mice 0.02 Liver

Glu-P-1 Rats 0.05 Liver, small and large intestines, Zvmbal gland, clitoral gland
Mice 0.05 Liver, blood vessels

Glu-P-2 Rats 0.05 Liver, small and large intestines, Zvmbal gland, clitoral gland
Mice 0.05 Liver, blood vessels

AaC Mice 0.08 Liver, blood vessels

MeAxC Rats .02, 0.01 Liver
Mice 0.08 Liver, blood vessels

I Rats 0.03 Liver, small and large intestines, Zvmbal gland, clitoral gland skin
Mice 0.03 Liver, forestomach, lung

Mel() Rats 0.03 Large intestine, Zymbal gland, skin, oral cavity, mammary gland
Mice .04, 0.01 Liver, forestomach

MelQx Rats 0.04 Liver, Zymbal gland, clitoral gland, skin
Mice 006 Liver, lung, hematopoietic system

PhIP Fats .04 Large intestine, mammary gland, prostate
Mice .04 Lymphoid tissue

(Sugimura et al., 2002)
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Table 6. Characteristics of subjects in the case-control study of lung
cancer

Cases Controls OR value

Parameter (n=178) (n=167) (95% CI1)
Age (yr £SD) 63.4+11.2 59.2+11.8 1.03(1.01-1.05)
Gender

Female 84 79 1.00(0.65-1.52)

Male 94 88 1.00
Smoking

Yes 63 56 1.09(0.70-1.69)

No 115 111 1.00
Smoking habit in female

Yes 6 2 2.96(0.58-15.08)

No 78 77 1.00
Smoking habit in male

Yes 57 54 0.97(0.53-1.76)

No 37 34 1.00
Tumor type

AD 119

SQ 59
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Table 7. Differences in CYPIA2 and NAT2 genotype distribution between
lung cancer patients and controls.

Non-adjusted Adjusted
Cases Controls OR 9595 CI OR* 95%CI
(n=178) (n=167)

CYPI1A2 RFLP

Ddel

G/G 86(48.3) 85(50.9) 0.76 0.30-1.89 0.81 0.32-2.03
G/A 80(44.9) 73(43.7) 0.82 0.33-2.06 0.89 0.35-2.25
A/A 12(6.8) 9(5.4) 1.00 1.00

NAT2 RFLP

Kpnl

W/W 174(97.8) 159(95.2)  2.19 0.65-7.41 2.19 0.64-7.46
W/MI1 4(2.2) 8(4.8) 1.00 1.00

Taql

W/W 132(74.2) 119(71.3)  2.59 0.65-10.23 2.25 0.56-9.11
W/M2 43(24.2) 41(24.6) 2.45 0.59-10.1 194 0.46-8.23
M2/M2 3(1.6) 7(4.1) 1.00 1.00

BamHI

W/W 133(74.8) 139(83.2) 1.60 0.37-6.80 1.91 0.43-8.43
W/M3 42(23.6) 23(13.8) 3.04 0.67-13.9 3.51 0.74-16.60
M3/M3 3(1.6) 5(3) 1.00 1.00
Alul/Mspl

W/W 178(100) 167(0) - - - -
W/M4 0(0) 0(0) - - - -

Multiple logistic regression analysis was used for statistical analysis.
* Adjustment for age.
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Table 8.OR for different gender, smoking status and CYP1A42 poly-

morphism. in lung cancer subjects.

CYPIA2 Cases Controls OR*
polymorphism n(%) n(9%) (95% CI)
All subjects 178 167
G/G 86(48.3) 85(50.9)  0.90(0.58-1.38)
G/A+A/A 92(51.7) 82(49.1) 1.00
Female 84 79
G/G 43(51.2) 39(49.4)  1.06(0.56-2.00)
G/A+A/A 41(48.8) 40(50.6) 1.00
Male 94 88
G/G 43(45.7) 46(52.3)  0.77(0.43-1.38)
G/A+A/A 51(54.3) 42(47.7) 1.00
Nonsmoker 115 111
G/G 63(54.8) 61(55)  0.94(0.54-1.64)
G/A+A/A 52(45.2) 50(45) 1.00
Smoker 63 56
G/G 23(36.5) 24(42.9)  0.81(0.38-1.7)
G/A+A/A 40(63.5) 32(57.1) 1.00
Nonsmoking male 37 34
G/G 21(56.8) 22(64.7) 0.65(0.22-1.94)
G/A+A/A 16(43.2) 12(35.3) 1.00
Smoking male 57 54
G/G 22(38.6) 24(44.4)  0.82(0.38-1.79)
G/A+A/A 35(61.4) 30(55.6) 1.00
Nonsmoking

Female 78 77
G/G 42(53.8) 39(50.6)  1.12(0.58-2.13)
G/A+A/A 36(46.2) 38(49.4) 1.00
Smoking female 6 2
G/G 1(16.7) 0(0) 201.38(0-1.4E+87)
G/A+A/A 5(83.3) 2(100) 1.00

Multiple regression analysis was used for statistical analysis.
“OR has been adjusted for age.
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Table 9. OR for different gender, smoking status and NAT2 polymorphism.
in lung cancer subjects..

NAT?2 polymorphism Cases Controls OR*®
n(%) n(%) (95% CI)

All subjects 178 167
Fast 157(88.2) 116(69.5)  3.10(1.75-5.47)
Slow 21(11.8) 51(30.5) 1.00
Female 84 79
Fast 71(84.5) 46(58.2)  4.05(1.87-8.78)
Slow 13(15.5) 33(41.8) 1.00
Male 94 88
Fast 86(91.5) 70(79.5)  2.70(1.10-6.61)
Slow 8( 8.5) 18(20.5) 1.00
Nonsmoker 115 111
Fast 98(85.2) 71(64)  3.29(1.67-6.48)
Slow 17(14.8) 40(36) 1.00
Smoker 63 56
Fast 59(93.7) 45(80.3)  4.51(1.25-16.22)
Slow 4(6.3) 11(19.7) 1.00
Nonsmoking male 37 34
Fast 33(89.2) 25(73.5)  2.93(0.68-12.57)
Slow 4(10.8) 9(26.5) 1.00
Smoking male 57 54
Fast 53(93) 45(83.3)  3.16(0.85-11.79)
Slow 4(7) 9(16.7) 1.00
Nonsmoking

Female 78 77
Fsat 65(83.3) 46(59.7)  3.48(1.60-7.58)
Slow 13(16.7) 31(40.3) 1.00
Smoking female 6 2
Fast 6(100) 0(0) -
Slow 0(0) 2(100) -

Multiple logistic regression analysis was used for statistical analysis.
“OR has been adjusted for age.
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Table 10. Adjusted OR and 959 CI for various risk factors for lung

canccer.

Cases Controls  Adjusted 95% CI
(n=178) (n=167) OR
Age (yr £SD) 63.4£11.2 59.2+11.8 1.03 1.01-1.06
Gender
Female 84 79 1.35 0.77-2.37
Male 94 88 1.00
Smoking
Yes 63 56 0.88 0.49-1.59
No 115 111 1.00
CYPIA2
G/G 86 85 0.89 0.57-1.39
G/A+A/A 92 82 1.00
NAT?2
Fast 157 116 3.35 1.87-6.00
Slow 21 51 1.00

Multiple logistic regression analysis was used for statistical analysis.
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Table 11.0OR for various combination of CYPIA42 and NAT2 polymorphism in lung cancer subjects.

Cases Controls OR (95% CI)*
NAT2/CYPIA2 polymorphism n(%) n(%)
All subjects 178 167
CYPIA2G/G+NAT? fast 75(42.1) 59(35.3) 2.94(1.30-6.67)
CYPIA2G/A+A/A+NAT? fast 82(46.1) 57(34.1) 3.34(1.48-7.55)
CYP1A2G/G+NAT?2 slow 11(6.1) 26(15.6) 1.03(0.37-2.88)
CYPIA2G/A+A/A+NAT? slow 10(5.7) 25(15.0) 1.00
Female 84 79
CYP1A2G/G+NAT? fast 35(41.7) 22(27.8) 5.12(1.57-16.66)
CYPIA2G/A+A/A+NAT? fast 36(42.9) 24(30.4) 4.87(1.51-15.68)
CYPIA2G/G+NAT? slow 8(9.5) 17(21.5) 1.45(0.37-5.6)
CYPIA2G/A+A/A+NAT? slow 5(5.9) 16(20.3) 1.00
Male 94 88
CYPIA2G/G+NAT? fast 40(42.6) 37(42.0) 1.89(0.58-6.18)
CYPIA2G/A+A/A+NAT? fast 46(48.9) 33(37.6) 2.43(0.74-7.96)
CYP1A42G/G+NAT?2 slow 3(3.2) 9(10.2) 0.59(0.11-3.25)
CYPIA2G/A+A/A+NAT? slow 5(5.3) 9(10.2) 1.00
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Table 11.Continued.

Cases Controls OR(95% CI)*
NAT2/CYP1A2 polymorphism n(%) n(%)
Nonsmoker 115 111
CYPIA2G/G+NAT? fast 53(46.1) 37(33.3) 3.11(1.11-8.69)
CYPIA2G/A+A/A+NAT? fast 45(39.1) 34(30.6) 3.01(1.07-8.51)
CYPIA2G/G+NAT? slow 10(8.7) 24(21.6) 0.89(0.27-2.96)
CYP1A2G/A+A/A+NAT?2 slow 7(6.1) 16(14.5) 1.00
Smoker 63 56
CYP1A2G/G+NAT?2 fast 22(34.9) 22(39.3) 4.25(0.92-19.64)
CYPIA2G/A+A/A+NAT? fast 37(58.7) 23(41.1) 6.82(1.51-30.71)
CYP1A2G/G+NAT? slow 1(1.6) 2(3.6) 2.71(0.15-48.25)
CYPIA2G/A+A/A+NAT? slow 3(4.8) 9(16.0) 1.00

Multiple regression analysis was used for statistical analysis.

*OR has been adjusted for age.
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Table 12: Characteristics of subjects in the case-control study of
colorectal cancer.

Case Control OR value
Parameter (n=102) (n=167) (959% CI)
Age (yr £SD) 64.7£12.7 59.2+11.8 1.04(1.02-1.06)
Gender
Female 49 79 1.03(0.63-1.69)

Male 53 88 1.00
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Table 13. Differences in CYP1A2 and NAT?2 genotype distribution
between colorectal cancer patients and controls

Non-adjusted Adjusted

Case Control OR 959%CI OR?* 959%CI

(n=102) (n=167)
CYPIA2 RFLP
Ddel
G/G 54 85 0.64 0.24-1.70 0.76 0.28-2.08
G/A 39 73 0.53 0.20-1.46 0.62 0.22-1.71
A/A 9 9 1.00 1.00
NAT2 RFLP
Kpnl
W/W 97 159 0.81 0.27-2.40 0.86 0.28-2.60
W/M1 5 8 1.00 1.00
Taql
W/W 69 119 0.58 0.20-1.72 2.25 0.56-9.11
W/M2 26 41 0.63 0.20-2.02 1.94 0.46-8.23
M2/M2 7 7 1.00 1.00
BamHI
W/W 89 139 31540  0-9.24E+10  1421.99  0-6.83E+16
W/M3 13 23 27842 0-822E+10  1188.90  0-5.75E+16
M3/M3 0 5 1.00 1.00
Alul/Mspl
W/W 101 167 - - - -
W/M4 1 0 - - - -

Multiple regression analysis was used for statistical analysis.

“OR has been adjusted for age. .
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Table 14.0R for different gender and CYP1A42 polymorphism in

colorectal cancer subjects.

CYPIA2 Cases Controls OR*
polymorphism n(%) n(9%) (95% CI)
All subjects 102 167
G/G 54(52.9) 85(50.9) 1.15(0.70-1.91)
G/A+A/A 48(47.1) 82(49.1) 1.00
Female 49 79
G/G 25(51.0) 39(49.4) 1.02(0.47-2.22)
G/A+A/A 24(49.0) 40(50.6) 1.00
Male 53 88
G/G 29(54.7) 46(52.3) 1.15(0.57-2.30)
G/A +A/A 24(45.3) 42(47.7) 1.00

Multiple logistic regression analysis was used for statistical analysis.

“OR has been adjusted for age..
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Table 15.0R for different gender and NAT2 polymorphism in colorectal

cancer subjects.

NAT?2 polymorphism Cases Controls OR*®
n(%) n(%) (95% CI)
All subjects 102 167
Fast 84(82.3) 116(69.5)  1.95(1.05-3.63)
Slow 18(17.7) 51(30.5) 1.00
Female 49 79
Fast 44(89.8) 46(58.2)  7.12(2.34-21.64)
Slow 5(10.2) 33(41.8) 1.00
Male 53 88
Fast 40(75.5) 70(79.5)  0.79(0.35-1.77)
Slow 13( 24.5) 18(20.5) 1.00

Multiple logistic regression analysis was used for statistical analysis.
* OR has been adjusted for age.
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Table 16. Adjusted OR and 959 CI for various risk factors among
colorectal cancer cases and controls

Case Control Adjusted 95% CI
(n=102) (n=167)  OR®
Age (yr £SD) 64.7£12.7  59.2+11.8 1.04 1.02-1.06
Gender
Female 49 79 1.36 0.80-2.31
Male 53 88 1.00
CYPIA2
G/G 54 85 1.20 0.72-2.00
G/A+A/A 48 82 1.00
NAT2
Fast 84 116 2.03 1.08-3.79
Slow 18 51 1.00

Multiple logistic regression analysis was used for statistical analysis
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Table 17.The OR for various combination of CYP/A42 and NAT2 polymorphism in colorectal cancer subjects.

Cases Controls OR(95% CI)*
CYPIA2/NAT?2 polymorphism n(%) n(%)
All subjects 102 167
CYPIA2G/G+NAT? fast 42(41.2) 59(35.3) 1.99(1.01-3.94)
CYPIA2G/A+A/A+NAT? fast 42(41.2) 57(34.1) 1.91(0.96-3.80)
CYP1A2+NAT? slow 18(17.6) 51(30.6) 1.00
Female 49 79
CYP1A2G/G+NAT? fast 20(40.8) 22(27.8) 6.82(2.03-22.87)
CYPIA2G/A+A/A+NAT? fast 24(49.0) 24(30.4) 7.39(2.25-24.32)
CYPIA2+NAT?2 slow 5(10.2) 33(41.8) 1.00
Male 53 88
CYPIA2G/G+NAT? fast 22(41.5) 37(42.0) 0.83(0.34-2.03)
CYPIA2G/A+A/A+NAT? fast 18(34.0) 33(37.6) 0.73(0.29-1.84)
CYPIA2+NAT?2 slow 13(24.5) 18(30.0) 1.00

Multiple regression analysis was used for statistical analysis.
“The difference in age has been adjusted.
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Fig 5. PCR-RFLP analysis for NAT2 genotype.
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Fig 6. PCR-RFLP analysis for CYP1A2 genotype
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DEEE

Lung and colorectal cancers have been the leading causes of cancer death
in Taiwan, especially in women. Previously studies indicated that
smoking is a contributive factor for various cancers, especially for lung
cancer since about 909% lung cancer incidence in western countries
occurrence was associated with cigarette smoking. However, the unique
epidemiological characteristics of female lung cancer patients in Taiwan,
extremely low smoking population but high cancer mortality, have
indicated that in addition to cigarette smoking, there may be other
environmental factors being involved in lung tumorigenesis in Taiwan.
Previous studies indicated that cooked meats and generated cooking oil
fumes both contained various heterocyclic amines which had been
confirmed to be able to induce lung cancer and colorectal cancer in
animal model, therefore, exposure to heterocyclic amines may be
associated with lung and colorectal tumorigenesis in Taiwan. CYP1A2
and NAT2 are two major enzymes involved in the metabolism of
heterocyclic amines, therefore, 178 lung cancer patients, 102 colorectal
cancer patients and 167 non-cancer controls were recruited into this study
and subjected to genotype analysis by PCR-RFLP to investigate the
relationships between the genetic polymorphism of these two metabolic
enzymes and these two heterocyclic amines-related cancers. Compared
with slow acetylator genotype, the OR of individuals with NAT2 fast
acetylator genotype for lung cancer and colorectal cancer was 3.10 and
1.95, respectively, and was even increased to 4.05 and 7.12 in female
populations. Due to lacking smoking-related information of colorectal
cancer patients, lung cancer patients were divided into 4 groups, based on
gender and smoking status, for further analysis. The results showed that
the OR of non-smoking female with NAT2 fast acetylator genotype for
lung cancer was as high as 3.48. This result indicated nonsmoking female

with NAT2 fast acetylator had a higher lung cancer risk than male in
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Taiwan. A possible explanation for such higher risk may be that
Taiwanese women spent a long cooking time in kitchen and therefore,
may be exposed to a higher amount of cooking oil fumes than male. From
a further analysis for the interaction of CYP1A2 and NAT2 genotype, it
was found that the coexistence of CYPI1A2 high or low and NAT2 fast
genotype resulted in an even higher risk for lung cancer than just
considering NAT2 genotype only, however, such relationship was not
found for colorectal cancer. Such difference could be due to different
exposure routes and exposure levels. In conclusion, the occurrence of
lung cancer and colorectal cancer may be associated with heterocyclic
amines exposure, however, the females appear to be more susceptible
than male to exposure heterocyclic amines. In addition to the longer time
spent on cooking in the kitchen, other environmental factors that may
contribute to the higher susceptibility of Taiwanese females to

heterocyclic amines exposure need to be further studied.
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