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This paper introduces one of our projects performed at Hokkaido University. During the course of pharmacokinet-
ic studies of SM-12502, which was under development as an anti-platelet-activating factor agent, we found three individ-
uals who showed a slow metabolic phenotype in its pharmacokinetics. Analyzing the genes for CYP2A6 from the three,
we discovered that they had the whole CYP2A46 gene deletion (CYP2A6*4C). Genetically engineered Salmonella
YG7108 cells expressing human P450 were established to compare the mutagen-producing capacity of the P450 enzymes
for various N-nitrosamines. We found that CYP2A6 was involved in the metabolic activation of N-nitrosamines with
relatively bulky alkyl chains such as a tobacco-specific nitrosamine, 4- (methylnitrosamino) -1- (3-pyridyl) -1-butanone
(NNK), which has been known to cause lung tumors in rodents. Thus, to examine the hypothesis that individuals pos-
sessing the CYP2A6*4C have a reduced risk of cancer due to the lack of the metabolic activation of certain carcinogens
in tobacco smoke, a case-control study was performed. The results clearly indicated a significant association between the
CYP2A6 genotype and lung cancer risk in smokers. In contrast, there was no significant relationship between them in
nonsmokers. In addition, our results showed that the reduced risk of cancer was caused by the reduced activity of
CYP2A6. Thus it was expected that the inhibition of the enzyme would result in a reduced cancer risk caused by smok-
ing. The results of experiments using mice which were treated with NNK, a carcinogenic nitrosamine contained in
tobacco smoke, together with 8-methoxypsolaren, a strong inhibitor of CYP2A6, indicated that the inhibition of
CYP2A6 completely abolished the occurrence of adenoma.
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Fig. 1. Process of Carcinogenesis and the Possible Cause of Individual Difference of Cancer Susceptibility
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Fig. 2. Traditional and Ideal Mutation Assays

RUOREDTINFINEDONINZ POV T I T
CYP2E1 IT&» Ttk n, TNLD K&E25
TED, il 213 4- (methylnitrosamino) -1- (3-pyridyl)
-1-butanone (NNK) 2 o= OV 7 2 2
CYP2A6 IZ &> THREILIESLINDZ L&A
HLUELAE W ISICRERDTED T IVFIVAE
ZROZ OV Y 2 > oOEMEICIE CYPIAL HB
BEI52ENmn0EL .

4. CYP2A6 OEGFRIERZHEORR

Wi, FAHETHIER DOHT PAF 3 SM-12502
ORBMBNE FWAHDOND, ([FREEN S Z D
ROE R ZLFEPFIEE L TEBLRNEDBFEL
MNHOELKE. SM-12502 DAL2EM#E G Fig. 3 1R
LTHOET, ZOMEWIETHFNDS (14
D) WFDNBIEINET. TD S- BALSISAEN
RIZTATMHONIHBOELE. —RIT
S-BALINEZ 7 ZJECEREE/ FF TS —F
(FMO) &> TfilitanNbEEZEZENTNET
7, FMO OELEMZHBHENTHBOET. Z
DEEFZRETHE NTIIMANTL I FoRRENS
AR LR AFILTY 22O N- LR Z 572 <
20, RMUAFIVY I ONREGHICHEENT, 7
CERZT DX D IRRINR DAL (FUIE B R,
Fish odor syndrome) (2725 3N TWET., ZZ
T, SM-12502 D#DEWE M, FMO Z {15
MOETRIEBL TNWED, XIIEEROIEEMENE

CHsngQ
N '

SM-12502

%-S_ @

S-oxide

Fig. 3. SM-12502 and Its Major Metabolite Produced in Hu-
mans
1. SM-12502 is a receptor antagonist under development as an anti-
platelet activating agents (PAF). 2. The S-oxide of SM-12502 was detected
as a sole metabolite in plasma and urine after the administration to humans.
3. We already found that in the three out of 28 subjects, the disposition of
SM-12502 was markedly low in vivo.
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Table 1. Relationship between the Activity of CYP2A6 and Lung Cancer Risk : Risk accord-

ing to the Type of Cancer

Group  Sq (%) OR 95%CI Sm (%)  OR 95% CI
EM 80(27) 1.00 45(34) 1.00
IEM 152(51) 0.62 0.41—0.93** 65(49) 0.46 0.28—0.77**
IM 62(21) 0.52 0.32—0.84** 23(17) 0.39 0.21—0.72**
PM 2( 1) 0.07 0.01—0.33** 1(1) 0.10 0.01—0.78**
Group Ad (%) OR 95% CI Control (%)
EM 143 (26) 1.00 110(18)
IEM 256 (46) 0.59 0.42—0.81** 293 (48)
M 138(25) 0.54 0.37—0.78** 180 (30)
PM 20( 4) 0.39 0.20—0.77** 28( 5)

Sq : squamous cell carcinoma, Sm : small cell carcinoma, Ad : adenocarcinoma. ** p<{0.05.
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Fig. 4. Representative CYP2A6 Mutations Causing the Decrease of the Activity

Subjects were classified according to the estimated activity of CYP2AG6 as extensive metabolizer (EM), intermediate extensive metabolizer (IEM), intermediate
metabolizer (IM) and poor metabolizer (PM). EM: CYP2A6*1/*1, IEM: CYP2AG6*1/%4, *1/*7, *1/*9, ¥*1/*10, and *1/*11, IM: *4/*7, *4/*9, *4/*10, *4/*11,
*7/%7,%7/%9, *7/%10, *9/*%9, ¥9/*10, *9/*11, and *10/*10, PM: *4/*4. x2=24, p<0.0001. **p<0.05
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(Fig. 5). &WH Z &1, CYP2A6 EizT-RiERE
Dt N TIIEEARE N DI W=Dt AU 27 M
BT RWwWnhETEINET., £2T, FRUBE
EABOE MDA X7 2L THELZ.
[ UM A% TH CYP2A6 DL T2 RZF>T
W5E FTIEHHSNTHAAY X7 BMEN> 72D
T, BEAEZ T TIZRNWZ E0Rh0 L7~

7. & =

RDR->THBE, RImehroHEwEFEEZHIEEL
TWERTIZHD D 8. BEBICHEEFENEL S
DRNDHBHFTHY, HOHITHEIL DMK TH
HZEEPATINERMNBOELE., b2
Z, ROYEMEEOMITED /=D Tl nn
EHEWET.

B2 B2 ED TEE LD, BEOMMNAY
AT DEIBITR> TERL THZNWERNET
7= B O—H DOWFFE TH b N FE R RN E F 5%
WL TEHEDICHHM TS LD ICEDNET
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Fig. 5. Effects of the Genotype of the CYP2A6 Gene on the Daily Cigarette Consumption
Mean£S.E., **p<{0.01 towards *1/*1, by one-way ANOVA.

ZIT, BEIOXD ITHRkIREYET = 0E 50
D%, SEROMADOEMDIZDITHERTRE
TharEEOLNET.

BUEIIE S ETHRL, B#EICIX<HDEHA.
Uinl, BUMEFIZE > CUIRUIREH ST, e
WWRLSBWEHID NS, HHESOEETHWNK
B, FF2EEHICE > TWEDTY. EREWY
WZOEDITEMZ, ULhrdbEMRIZ, S5ITE
EHNICHIEMHICHRGT2DIIREBRZETL L.
ODNHIUIHEITRE 2 R AREPE IR I N TN
9. BEEHFELLDICING DL BEARY
BIZBREINTHBODET. Lo T, BEFDEA
ICIIEBEE DRI N TWARAEYEICIA, &
SIZHNAURTPR—ERMASNERICZ>TWS
EEZONET. ZO—EEOENPAIKRTOZEZ
BB DSBS I O DHANER A.

ZOF IAEEKRNT CYP2A6 &7 )LT b Rk
FRIBEICI o> TRFSINTOFZUITRDET.
CYP2A6 37 UE, —aF>mbaIF2AD
RENMEZ 572 <K2BIFTTT. L, aF=ZoMN
FMAWOBRZREDIRTFDO 1 DERET S &,
CYP2A6 i3 NNK 72 & DM E O A 72 1E L
EAFZVICEXDENPADHEICRDS Z &Ik
D, ZOHREBHEENITREIZNDANERAL. B
1, TOZERXDVWTIHRZED THD, HLHEE
OFEHRERNGFSNDDH D £ T

ONOIUIHERITHRA B AUREYEIZREIN

THY, TOOILEDOEDHTFIZK> THAITHES =
DM NIZINEEETERNONEFETT. HEIXA
D AT Z X LD U THRENEEDN > TWT
b, TOHHEZE MU TIIDTEZ DD T
N2l EEEAET. EBE, FFHRTEIEF5RE)
IR EDOMAEME ZH 5L TITONZHDTH
D, E MIESIZHTIEZOH2DIERETLZ. Ly
L, EkoXSiz, BEDHEIITEHE OEIE TR
BINDIVAEMELINC TEE] WS HETFM
HoTHD, ZNHEYEFIIHANIEL <fHHBEL
TWBENG, EREMICHAUEDMEZZG LD E
FULDRRADNBEHRTELNS TIRWNERD
NEYT. AFROFHIIHAEHL ELALDIZ, 100
BRETHEZT S THNRAITRBRERBRNE FBNELD
WZHENTH D, ZHH CYP2A6 Dl 4R T—
HMTHHHATE DI ITENI N> EBNE
T, ZOLIBMEE ZoNTIT, SHEITHERIC
BRENTZDAEYEICHTHY X T7IZDONTH 1
DT OHLENIZIND ZENEENFTTA, BHED
BEEI3ERD, oo LMMNRHTHS &
FHINET. THT 1D 1 DONAEYE DER
BNDIRL, INDIAEYE ORENERT bIs< %
WH5TY,

5T, EBHYMTIIERTE/ v T7TIRLT
ZDBIETOBEEZFND Z EN[EETT. AMT
FENNTEERA. LL, EEIZHbbbhid
ANTHICEETEDORTOTIHARL, TRERD /v
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779 MAR 2RWHTZ IR LELE. 2
DEDBFIFELZENDL OIIHETI N, FHERITH
RIZHODANSDIIHEHETIIH D £ A. HLE
BFREOE M RWHT I ENTE L I3E] &,
KB RBEENFTEE T 5252 TN R
& —DIEFNFEBICB s NENWD [5EE] I E
7L, RRAREHEOHFENRN /25 LTI NHE
REEBNET,

BB AR TERFOFENSHEST, A
IsNR E—REITHRNTETREERETLE, TE
RETRBECHEDD I LEHEL, BIRKETIE—
MOANRIZHDD I EMTEXRLL, 61T, LR
TIIE & FENEHRERTHHRZLTINTK
SRR EAEAHL T<NE L. ZORFHIE
ORI RE L TENTBO £, EEITIT L
LOESADIHERED L) IKTHEEEA.
R, SRS E OERRIC.OMN 5 REGH Lz S
ESC
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