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Summary

The role of human cytochrome P450 (CYP)in the metabolic activation of tobacco-related N-nitrosamines
was examined by Salmonella mutation test using genetically engineered Salmonella typhimurium (S.
typhimurium)YG7108 cells expressing CYP2A6 together with human NADPH-cytochrome P450 reductase.
Seven tobacco-related N-nitrosamins, vis. N-nitrosoanabasine, N-nitrosoanatabine, N-nitrosodiethylamine, 4-
(methylnitrosamino) -1- (3-pyridyl) -1-butanone, N-nitrosonornicotine, N-nitrosopiperidine and N-
nitrosopyrrolidine were used. Interestingly, CYP2A6 was responsible for the mutagenic activation of
essentially all tobacco-related N-nitrosamines examined in the present study.

Genetic polymorphism of the CYP2A6 gene appears to be the major factor in the interindividual variability
of cancer susceptibility. We found the deletion of the whole CYP2A6 gene (CYP246*4C) as a type of genetic
polymorphism in Japanese, and developed a gene diagnosis method to detect the varliant. Thus, we
evaluated the relationship between CYP2A6*4C and the susceptibility to lung cancer. The frequency of
CYP2A6*4C was significantly lower in lung cancer patients than in healthy volunteers, suggesting that the
subjects carrying the CYP2A46*4C alleles are resistant to carcinogenesis caused by N-nitrosamines because
of reduced metabolic activation capacity.

Keywords : cytochrome P450, lung cancer, N-nitrosamine, tobacco smoke

" - CH5T 5 EEAERRBHETDH L. CYPILRE D
' = STHAEIREL, FRENDH LREEN L RTR

BUSHICAA T DA RE - BARWEIXERNOEY  MERLESOBEE - AABWE R KB E LT
RBEFIL > TREGISER SRS, ERLALE 2. LdsT, #RFh0 CYPAFROME R RE
RGO REYILRIZET OB ERT L. F BOSREL BFACKECBETLEELOATVD,
M7 T— 24 P450 (CYP) id, {b#WEORBIIEEL £ O CYPHFMIZILERIENS MAELES 5 2 L A4
BRTVA. {LEMEDFHEALICES ¥ 2 CYP 4 T

OHARFERFSS BIFLINGAEMDREPAY A #BLSED LER

ARTARRBEERFEREOMARE Y VRV I AT VARV =2 Y LAR Y ¥ — | BENEE L BEERENE] TRESAL
This paper was presented to the symposium I “Responders and nonresponders ; Genetic polymorphism and environmental mutagen
research” at the 29th JEMS annual meeting, 2000.

33

NI | -El ectronic Library Service



The Environmental Mitagen Society of Japan (JEMS)

Ptac - tac

CYP2A6 cDNA contaning
modified N-terminus

CYP2A6/0OR
co-expression

Terminator <4 plasmid

.3kb
OR cDNA

Ptac

Fig. 1 Structure of co-expression plasmid for human CYP and OR

b5, EELIZINETIZ, CYPIZB LEENLS
BoOMErBEHLTE. IAO5DOHMEDHT, HAA
2BV T CYP2A6 BIn T & B KRBT 5 BE»HFET
B EERWE L. CYP2A6IC X ) F & LTHIIC
WAL S NALEWE L, ThoOBEIIBNTIEE-
2 EHEENT, BVPAVAZPKTF TS SR
5.

LIRS, CYP2A6 BInT % RET 2 EETFEEUDOILYF
WEDOERFIENEALE, ZORPAT A2 BT HER
IZOWTHRRS,

1. N-ZhOV7 ZVEOERFEMEEIC
BlFBHE b CYP2A6 DEE

ILFWEOERFEEEZRARL-OORFRE LT,
Ames VA SN TE . Ames BICB W T,
AL E & B IIEL T 5 - OICEEHEOT X 0 il
BMLZS9EFEMLTIT). LA LCYPOREREERIZIE
FEIIIET 5720, IHROBEEHOBERLZ HVWTEDS
NfERkze FCYPIZHMET 2 L IIWETHSH. €
CTEZONFHBE L2 PCYPEZKIBHE ICHBRT A4
i (Iwata et al., 1998) % Ames SREBRICHWA Y VER T
BERICEA L, & b CYP2A6 & NADPH-CYP &EItE: R
(OR) #[IRFICHEIRT 5 HIVE R T RERH YG7108 Bk %
7 L72 (Kushida et al.,, 2000). ¥V % 5 B YG7108
BIZTVEMEENTDNAL Y TVENVEEFRET S
BEEETHSadaB L Wogt BET2RETAH7290,
N-=+uv7IvEEELTVEFIVERICHT 5 &%
HOEWEKTH S (Yamada et al., 1995).

CYP2A6 & ORDZENZFND cDNA % B % D tac 70 &
— 7 OTFHICEREL, CYP2A6 B8 X 'ORDRIKEFEH T
FAI F&MEEL (Fig. 1. WELLEBITSIAIF
VL7 ruRl—Y s VEZIIVYVELTSH
YG7108 #RICE A L72. NV ERTH YG7108RRIZ BT
5CYP2A6 BLX U ORDHEBEIL, B#H1LH7/A-D 156
nmol B X 18179 nmol Tdh o 72. CYP2A6 DI E I,
v bOFFER390 gliCBBE LTV HEICHY L. B
L7 CYPB LU ORZEHW-HHERIZBVWT, CYPD
BARKDOEBEEMNIZCYP L ORDEEINIZIITIIZBWTA
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Fig. 2 Metabolic activation of NNK by CYP2A6 expressed in the
established S. syphimurium YG7108 cells
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Ld L OMEHDH S (Taniguchi et al,, 1979). WV E
2 SHWIZBIT 5 ORDFEHEIL, CYP2A6 AEG 1%
ATDITHThHLLEERONI:, ZTTHVERT
B YG7108 ¥R ICFHL L 7= CYP2A6 S BE 2 A3 % B
Gd%E, CYP2AGOMEAEIN L IRETHL 7<) Y EH W
THRE L. FAT 4 v 28T 2= 2B M L72E 25,
Km 1% 0.72 uM, Vmax{#iZ 10.5 nmol/min/nmol CYP
Tholz. ThE5OMEIF, & MFI 70V —A0MofE
FIZHRBLL72CYP2A6 Z HHWTHE LN R EMA—3K
L7z

BISL U7z BdRE VT, RS ERIcEThs I &8
MOENTWAN-= b r YT I VHEOERFEEEMICE
17 % CYP2A6 D #El & M L7z, BRI L 72y
WVERTHYGT1I08 % Flv TERENREZ 1T, N-
bV 7 I VEIPCYP2A6IC X Y HEH LS W TRRE
Baovo—Bx LATA2PEIPEBRE Lz, X2 Eh
KCEHEENAN-ZPBY T IVEELT, N-
nitrosoanabasine (NABS), N-nitrosoanatabine (NATB),
N-nitrosodiethylamine (NDEA), (4-methylnitro-
samino)-1-(3-pyridyl)-1-butanone (NNK), N-
nitrosonornicotine (NNN), N-nitrosopiperidine (NPIP)

-3 X OF N-nitrosopyrrolidine (NPYR) % w7z, —flk

L CNNKZ#EWE L LTHW GO E% Fig. 2
2R3, NNKIZ CYP2A6IZ X 0 iGPEAL & Wi EEARAERY
WWHBER o= - LA LA, CYP2A6IT L5
NNK O {& AL B % &4 B PR B 0.451 uM,
CYP2A6 D75 B JH A4 #E13 7.61 induced revertants/nmol
NNK/pmol CYP CT& - 7z (Table 1). NNK OZF 5k
PLuMUTORKEE,SHRESWAFERELT, 8F
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Table 1 MC values for activation of tobacco-related N-nitrosamines by CYP2A6 and mutagen-

producing capacities of CYP2A6

NABS NATB NDEA NNK NNN  NPIP  NPYR
MC* 125 47 0769 0451 213 273 387
Mutagen-produci
uAsenbroducing 00751 0164 114 761 282 0537 415
Capacitiy

* 1 The results were judged as positive when the number of colonies increased linearly with the
concentration of a promutagen and reached a level twice as high as that obtained with a vehicle
alone as a control. MC value of a promutagen was defined as the concentration of the chemical

giving positive result (uM) .
b

* Asslope of the increase of revertant colonies against the increase of the amount of promutagen

(nmol) at around MC was calculated. The slope was then divided by pmol CYP present in a

reaction mixture.

ELTTVFMALANH LT WIEZ %773 YG7108
v l, $FRRBRTRERFEWE XY VE
ATHOBKATE b CYP2A6 12 & D iFHALSI LB D
T, BRL7ALZEICR 2 E R WA %% X < DNA
HEDHERBEINEE LEREZFR LI EPEZ LN
5. CYP2A6IEI NNK DA DRE L 2T _TH72I1E
HICHFETAN-Z RV 7 I YO LicE 5 L7
(Table 1).

NS DKERILCYP2A6 2SR IZ BT A FHAADY
AR T B Z L BRET 5.

2. CYP2A6 BIGFRIEEAH A Y XU DEAfR

EEOLIZINETIZ, CYPIZBIT ABIZN 2L MO
REBEERALTE 2, INHOMEROF T, AEA
W2BWT CYP246 15 T % BRICKRIET A EAEIIEET
Ltz R L7 (Fig. 3) (Nunoya et al, 1998). ¥
72, R L 7ZCYP2A6BIZEFDLEREBELER
(CYP2A6*4C) DRIZTZWiEZHEL, HAADI~
4% RBFETH B L EW S5 A2 L7 (Miyamoto et
al,, 1999). LD X H1Z, CYP2A637- i 2 fidiz4 F
NEEZLON-= YO VT I UVEOEREEENICHES
$5. CYP2A6*4C % R ETHT A HMEIZBVTIE,
CYP2A6 12 X D AR BICTEM L S B 221 2 flivh oo N-=
FavT I VEMNEERC IR WD, BB X B i
ADNATHPERTTHLEZ SNz, FZ TRBEREL A
T B A DBEIZBT CYP2A6*4C DIEE DR A
EHBL AR B2 RET L. BARL2ET 55
TEDRASABE 392588 L UREEZ 4234 12OV THAE
L (=2, avho— kL ERER8%). 47
< &% 0.5 pack/day DB %, 14EDL F#ET7-0 %82
BELER L. TORE, REEEZAETLHSAES
TiE, CYP2A6*4COMENMBE LB L THEII %
W2k ERWELE (Fig. 4). —7F, BEED ZWHiss
ABEIIBWTIX, CYP2A6*4C DHEE DR N2
LPHEEIROON o7 (Fig. 5). T, HirtA
RIS L T CYP2A6*4C DHEEE R 7=, i

CYP2A6*1B; Gene conversion
to CYP2A7 in 3'-UTR

ExonNo.1 2 3 4 5 678 9¢
5!_5/ 3!
E 3-UTR
CYP2A6*4C (deletion)

Fig. 3 Major CYP2A6 variants found in Japanese

VABE 3R ZOWRIE, FFEEESA (sqce) 104 4,
AR AS A (smee) 4948 X UIER TP LS A & IFA
MRASA 2398 TH D, BERENI LIZsqece B LY
smeclZBWTIE, CYP246*4CIE, 1L RD iz n
o7z, EomRix, 2o EbicEIFnAsN-= b
VT IV EOLFEY R % CYP2A6 5k MMAWNIZ BV T
EHALT 52 L E2RET S, S 512 CYPRA6IZ X - TiE
AL S 72— MDA, $51Z sqee B & O smee DIERK
WG AR R R T 5.

= B

t h CYP2A6 L ORZ FRFICHBTAVVELTH
YG7108 ¥k % IV 725812 & 0, CYP2A6 A57-1F Z flirp
WEENAN-Z bV 7 I VEEZRHHIFELAT 2
CERWILIIL. HERADI~4%I% CYP246 D4
RiEFH (CYP246*4C) TH 5. EHDLIX, REHELH
THMBABREIIBWTIX, CYP2A6*4C DR
ANEREBELTERIALWI EZRWSE L. PLLom
RERETHE, CYPA6H 21X ZMEHIZE TS N-=
FaVT Iy EDEYE % ¢ MEPIZ BV TIEHEAL
L, MASA%FERTHIREMEIEZ S,

DLEARBFETIX, CYP2A6%Bl& LCTEEF - BAKE
WHDTEEACIC G T 2 EBEEDOE D RIAY X 7 D—
HeERp@BHEZERRL. BRE - PAEWE OFENE
B B5-9 5 3 AR BEEE R O M & IR IC L E
BT ENTENR, BUEAOIFETFHEIEBRTE 5 kE
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Fig 4 Distribution of CYP2A6 genotype in male smokers

40

35

30

25

20
15
10

5

NN

Frequency (%)

n
40
33

Control
Case

O 1 1 1]
X, *, *
CYP2A6 % 9. %,
genotype gy % %

QOdds ratio
** p<0.05 1.00 073 0.75

7.
i

Cu
o
ND

R
o
0.67

ke
0.83

Fig. 5 Distribution of CYP2A6 genotypes in male non-smokers

TEAEZ 5N D. F5I2 CYP2A6 OFEFRIEN: 2 1D
RWICHET 2EWEICLY, N-= oV 7T I UH
WEBRPAEZHHTELLEZLNS.
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