R0 ANBNRS, THHHETHE. & b~DOBEE
PEY 22 #RFEMIZER L BT, EELOBERR
"L, DWHEHCERTEAINFLR-TVA,
(3) AHBHERERICT 2EANOBKE A T A
WEIZ DWW TOFERE :
et DI BEAR T SrERBR O J M TS L, BE

WA FF7A - %BELTOWHAEOHEZBEIC L,

AAICEIT DY A K74 RBORET S H{F 5 B
LT,
(4) PUEMEME B SO IR 22 e SR 1456 o [ BERY
BT S0
AR /v — 71k, PUEENEE SR O IEER R L ik

B B O EEMEEC>WT, BARELTHRHEYSR
LREEEROEEAHK - L, ICH S9 EWGIZIIT 5%
WmICBML, FohTRATAFENBEC VLTS
iTv, —EDORREBL, SOFA FFA4 /03, BE
FORERETHY, REELREG B~ & HFRA Y
TV, FETH B,

F. REAIRER
Bzt L,

G. MIERE
B E DM A B,



FEESHBFFEDE BRI E (PSRN - BRIEREL F2F b)) —¥ 1 2 ZRAMRTRD
VIR 195E BE ST ST

— B RERT 22 HWTZRIIED AVERSRIC D W T ONEINGE -

Sy TEE - — /% EEL (

mhmrEE - FE

HRBELRE

B B
mﬁ(mﬂ%%%%¢%ﬁ%% ¥ 8 —E)
K PRAT () ESREh T R 7e
iPL I 7 ¢ E (S R % T Bl

B ASA AT 1 ANEE EE)
MERED  ERR)

TR BT (ESrERSESEETER #E £E)
At BEE (AL RLEEoER HREE £5)

i B (EvEELELEEFET ZR&EE 98
#a (D ZEEMEE ) BT A R eMIreRT BrE)

A

(e

[0 =
rasH2, p53™,

AT T

el
/A H M8 (I MUHE (BF) BRSEAFTE 2 o 2 —
JZ (m—H 1 () T etEmF

LN )
R )

Tg ACE UXpa~ 7 A DR AMEIZ BT 25 SO A % JEhE L 72, rasH2~ 7
i, B R A AMRFE ORRIT AT & 30T BRSBTS T A Te AC
= 7 AOEFE & L TORFEMSEA R X7,

X 5T, PPARa 7 I =2 MZHE L TH3E

BABSEMNEETHZ LRER N, p537 v AZML T, AEFA-ORESABEN

5T HBRETFOERO—
WaREh, TeACT 7 AIZBELTY
TN AAERREIR I3 B 23 AN E
BIC BV THED D G,

Xpaw 7 AT THE,

SRR S v, BHAAMITMIZI T DR OMIRIC A 2

T, HERPABRICERE S 2RIETORER
BimF OAEH OB GAVRIR S hu, BUMTEAD AP AR

WA RE SR Z 51T D EE - A

AAETTE LUV RS £ O 5§ TIENER KB O EE L L ThulkyZe BB AMINT 25 = & SAi5

ENi., FEEFRENDL,

B A R X L7,
X—U—F:imsH2= 7 A, p53" =74,
A HRE#

BEIRGh DA A SRR 12, 8= o @b oo i
BEEHHENTEY b FMle-Harasilin FEA 7 0 A
Y=y v A (rasH2= w7 A) 70, HAMMGR
{5 FpSID AT L (exons) # /K X4E7-C57BLpS3
&R
v-Ha-ras B o+ % f5 8 ¢ -globin™ 7 £ — & — 2 SV40
T EALTgAC M=

ST RwIR (pS3te g A) BT,

R ey ooy R

E FXPABEIZRE 6N D HHEZRERBBAY A2 LD

TgAC~ 7 %, Xpav 7 %

(Tg AC~ 7 A) 7T N BB E (S s
FRREIEXpa/ v 7T 7 bw T A (XPATv 7 A,
L FXpav 7 R) EFABHREIRTWS, LrL,
AL DBIETFHE ST AR AMFEICSOWTIEA
HARLE{HmIN TV S, AFIRIITIE. SEEL
BIEFHRE- T AICBT HREMNABEZHERR
WA AR = A LT 5 RIS o B A
T SR ARG L, Fof S

zh.EMD]

TEINNT

= lﬁ_



EgLT-,

B. MiRAX

rasH2= 7 A« BEFREICH| 2 4E& | rasH2~ 7 A (2[4
THMFRREZRE L. A~ 7 ADRHARHECATH
HIZHOWTE LD, S6I2, BT ADEN AT
PEICBS L T, O LR TUahi U 7o SR It i B
EPNTE DT

P33V VA L pS3Tw 7 AD RN AEE T TS
AA=ALAEO CRHEAREL, EELOBNA
MaEiiic Bt Hps3 v v A AR EL TSN
TE &8,

Te.ACw 7 A FEFEEIZ ki X, Te.ACv 7 A LM
T OHMERIRARE L. EEK OISR RIC ST

BARET NE ORI THEMZ BT A £ & i,

Xpaw 7 A : BEREEICS & #i % . Xpaw 7 AR U
XPA " /pS3" =7 A (LA FXPApS3 = 2) LT3
BRI A G L DL, Chbovw v RAET L
DR AE T D IR S U E
WL,

C. BIRER
(1) rasH2= 7 A

(LFHEBAMEIT LD BEIESIT b c-Harasit {=
FEAZVRACBWTRBICERSND N, w92
c-Ha-rasit{Z-F A~ A Tl S22

rasH2= 7 AFARAD - AN THhHLEBALIE, b b~
7 A De-Ha-rasi# 100 1 HIEE R OELV I DMBA
(ZAF D MR e A R A IS L TS
G A a3 7=, <= 7 ADc-Harasit{iz+ (HE®
FoEr—F—4HEl) FEALEC 7 A (mrasv 7 A)
Z{Epl L 72, Western blotting T, HIWfIZ450 A H-RAS
BASFORHL, rasH2~ 7 A N Umras~ 7 2AD R T
b B non-Tg~ 7 AL D LML Tz, X642,

DMBAK U'TPAIZ L W E R END MRV AIZEB VT,

rasH2~ 77 A2 Tkl Dnon-Tg~ 7 A L Lh# L TH6E
T2 bl W M0 D 5 B b 07 R0 e I RS e e DL+ o A
RUMAEEH Hivtz, BT, mrasw 2 2 TIINEHF LK
HUsmEH RS S+, EWEER bmas~ w7 2 &

non-Tg~ 7 A TEILed o 7=, rasH2~ 7 ADIIE T

. 3 FelicBiTAA-T~D 1 HETR (TEA L b
c-Ha-rasil o T2 O AR S . PIfEMEc-Ha-rasi#Hz T-
ICidE O b ol Fo. BARRE Fmras< 7 R
BT AEE TR, <7 Ac-Harasills -0 =2 K61
BT DA-T~O L EEERAEOH bz, LLEOR
RIn <wT7ALE FDc-Ha-rasit{inFioB T HEED
LAY, DMBAIZ X5 fAk R A IZ M S L T
WA Z LR HE IR,

kit OBEHEIL FiZ £ DrasH2~ 7 A O B B %55 A4
S DK :

rasH2~ 7 2 DR CrALEARAEE Shvt <,
BpA M A L s D LDMBAR TUITPARE Sz E 0
TENZL oEM#ERAHET S, BASIE, rasH2
= 7 AIZEBIT DB R AR SR E R A IR o @) B
LB LDDEPERIT D28, rasH2v 7 2 R UW
BHOHVIWY KITS 2a—# > b7 A L DOZERUT LY
rasH2 KITY™Y = 7 2 (JRiii e xRl iErasH2 = ™7 =) %
fEH L. (BP0 L 0t SN D RS A DB
PEIZ DWW TRRE L7, rasH2 KITWY'= 7 & Cl,
DMBA K UTPA D ¥ G-if o A VT Stttz HiC
BOTHERREESE I N7, rasH2KIT = o
AN B ILIE R A T RIRE OrasH2 KITY™ =
2L L46EE . £, &5 128 %080 5
RHEIL. rasH2 KIT =7 2 L ¥ drasH2 KITY ™= 7 2
FLIANE o % LA R OV L B
LT, non-Tgw 7 % LrasH2 KITY W'~ 7 2 oIz =13
¥ BT, Western blotting® s ¥ T1X, Mg
(23311 HH-RAS ¥ o 737 O F HlldrasH2 KITY™  rasH2
KIT v 2 ZZ KRS Th o, BEOREMG,
c-kit O FETEM T A Ha-rasiZ £ W AR Sh 2% A
OEFICHGT5 2 EBARESNTZ, £72. ckitd
HiliL. Hras@ iSRS B Akl 2 Bz L TV 24 A
DIFHEET AT B TAHHATEN & 703 aliEME 2 fL 6
TEY, EmEMEo L ONEEN L/ 952 &
AVRIE ST,

rasH2~ 7 A O EF 7 Fe L2638 ] 58 7% At 3l 5h ~ ) i
T3]
8 51, rasH2 = 7 AMEHER TSV B ORI O -
JEEOA (non-Tg) = 7 AMEREE 7SULOFEE 30000 4
Gk, =4 /—AEE ARTEY B, T B

DHBNE DT,




TPABEIZ A7, FRAECFEIC L D26l B R AMER
Bl Lz, EEGHITETENY LB L L,
TPAVX Bt xRS E & L TV, ILSUHESIEBE AR
BOTg AC~ 7 A 2B ARIMAE (2.5pgkg#® 3 [5]/1#)
ETHRLE 2T, TORR. BEREEDOEM
FLTHWSRAZF /—b, BEVE) VRUTE
kDO EEERETIL, rasH2~ 7 A & non-Tgv 7 A &
bicE STz AEEREERD b eh o T,
TPARETIE, rasH2= 7 AIZE W TR L 7TlE &S
AL AR AT S 4, 5 %2610 £ TOREIF R
IXHETS0.0% (7/1461), METS33% (8/154)) Th
ot FOWN, REMEEN R E TR WIS DL
(AL BRHARNE L T S s b I 3EET21.4% (3/14
), MET46.7% (7/154) THY, TOMITIRFEL
FibAETH-7-, —Hnon-Tg~= w7 A GHALIILRE
AR T SR AR R BT, LEOF
B b, rasH2~ 7 2 D261 5 AMERERIZ BT 4%
Rt G~ E K O REME AR S,

Fenofibrate @rasH2 < 7 2125511 5 H D AES O
g

i (HEEE LK%) L. peroxisome proliferator-
activated receptor alpha (PPAR«) 7 =2 M35
rasH2~ 7 ADRBBABEHEE BT 5720, EH#ER
AMERBETIHFED AN RENTVWAPPARa 7 I =
Z b Td DHfenofibrate (FFB) W CTHEEfT AT o7, 7
s O HEtErasH2 ~ 7 A lCxt L CIF ZBERER DA ET
ok BV 2/ 3 86 4 B B) BR 24 R R I
diethylnitrosamine (DEN) # H[EIfEFERES L, 26
\2F o 1 BE#% BFFBA 0. 1200724 L.2400ppm®
mET T EERIERS Lz, £O%E, FFBREFT
VR HERT - T ERORME & HICFHRRERD S5
. fee A O2400ppmiz -8 TIXE R EED
BiLTs. RAEAEL T RIMRAT TIL. FFB®2400ppmE &
BRC RV THIRB AL (PCNA) BB TN AT
NABE-—D— L LTOANEERFRENS
Cytokeratin 8/18F5PE% Rl 0 F B fInasEs o
Az, ZhoDERN G, rasH2< 7 A EZPPARa 7 =
= 2 b T AHfenofibrate |2 #f L TAFR A A M 5
T ERTEgENT,
(2) pS3* =D R

2006410 H LIBRIZ AR SN w L TiL. pS3 ./ w27 7
7 b= 2% AW bFE O RN ARSI A
TANBFRITR Y- Olehote, —H. p33/ w2 7T
7 b A& o E RS AR O AR A
HEEbhodgiEnioni,

P53/ v 2T bw g AT HMARY o EDRE
1= ZHeat Shock Protein Transcription factor (hsfl) 73
BT 5[4] :

Minb %, pS3™= 2 A L hsfl ps3" " H TN w2 T
F=m A, HAWIEPSI =T A Lhsfl ps3F T
w7 T hwoAREEBL, U TOfFRERL T2
bt pS3thsfIBIZTFEDF TN w TP T I =T A
TIP3/ v I T b= A TEHETL Y D%
EERIMET L, AR RIESOR AN EMLT. W
<7 AD ) R BT DM IR B A
BhEd otz KIC, ZOhsfIRERY L EORE
BRI C B A 2 5 A = A AW TRNBITbR
fzo hsflpS3“"F TN v T 7 b=wD R, p53' =
DA ATEFRHBOEENRE G-, 6T,
p33 T A Lhsf1 TpSITHF TN y IT I bR TR
OE RN A U ARAER L fo o A ICERE L TR
LizF AZ= 0 AL 56516 hsflB{zFOXIEA
TV S ERACHEB T WA Z AR L,

THARE O IL-2 48 PR L k4 2 IS B AE R U THERE @
IL-2, 11, 13, 16&TF17, TNF-a RUBDEFEERIT,
P53t R & B L Thsfl " p53" F TN v 7 T b
TPARRBWTETLTWE, £ETHR b—¥2~0
HHiPE L, dexamethazone™ D pS3ITHEAFE LRV T A b
— L ADBRE WSl pSIE TN v T U RS VAT
BFL., WERLRREChHo2A, HEHOLIIC
PREFEMED TR b— AT, ps37v 7 R L
hsfl"pS3"H TN v F T W b AILETRD LI
Tpinoi,

IRHOMET, hsfl BIEFORERLDPSI
AZBITEHY) ERTOA =2 LO—EB-oT
WEZLERTLOTHY pS3/ v/ TV =TI AR
FA AL H D B 25 AAEFE MBI FE 12 350 T R AR 1
DRERL ALY T LOELNZ b ia OREIRIC
BAIOEREF L LN,

P33/ v T U hw U ADKMMBERABANSLD




N7-LOHD 2 % — & Cadherin 1 e ' 5 O iEHEAR
O[5

MBSk, pS3" = Y AICHER LB ADT LK
iz OV TROlociZ#FE L, 30% LA L& TLOH
NWHLhLpEEL LT, 5, 8, 11, 12, 4%
ISRt A R L7z, FRC, W8, 1LERDI2FR
BAIZ W T, o~ 7 AREE & Ho 5 L U R
FERILVAEEMN ThH 72, BMELT60%E, EOR,
D AANTIVT, 8 Yo (RO DEMIt85-DEMit113 Dk
IZLOHAE S By, ZOfEkiEe FHLA3A TLOH
BBHNA16q22.1 MR T -1, 26[OIBA &
HUTREE, 8 F (A DLOHIT Cadherinl 2 18 5
{ZF (Cdhl. Cdh5) OmRNAJEER L~/ » (%
& B L Tu7= (Cdhl & CdhSOmMRNAJL T « %,
FhZEN58%., 3% TR ehi), T72bbECdhl Kk
U5 Eps3RBIC LD LA AOFRAMRICHEE LT
4 THEME AV R X T,
INBOMRIE. P53/ v 2T 7 R U AILKIT DR
IRFEBANCEEST A A D =X LO—M%E T HOTH
D.p53/ 927 7 b~ AEHOTALFEWMEORNS A
PR FE IS B W TR AV A L 8 S ORI 1%
ot E B,

(3) Te.AC= 7 A

Tg.AC~ 7 A % MU 7= BB 980 3 D SO it
FEAAMEIR A B = XARHICEET A b D L E D, FEE
AR Thlehsoiody, TgACY 7 AICEIT D RN
AL THFFIZHE L T D& R H - 7=,
Russell 51X, Tg AC~ w7 A % FU 7= B BRI A
ARERIZ IV T, RS K E2F 1 OB R R LA H I %705
At 52 L RURED S FHFIZ OV THE L
[6,7, 8). #EKXTEF7 7 2 U —ik, fllRa/E 0L
DNAGHIZHME L TE Y.,

ple™4 cyelin D
-retinoblastoma (Rb) tumor suppressor pathway - L
TE2FE S E - OiEM L. #AAICEBIT S EERA
A~y b ChD, E2FIZBRESRTL FF ATz =y
7= A (K5 E2FI= 7 A) ik, REOEWBMLE 7R
b= AT 585, T TDMBAKUTPAIZ L %
P2 B % A0 BB (2 s O B RIS % A A gkl
B LB oTWS, ZORBRRICETHRBAM
flfERL, thooE2FZ 7 2 U —T#H HE2F3. E2F4, DPI

SMycilt G OB RS IEI L {RET S Z L
5, EFFLic2=— 0 BRBRTHHLEZLND, K5
EQFI~ U AO KN BRRBLAET VICBWTHED
ARG A = X LB WD, TgAC~ 7
A & Tg AC/KS E2F1 bigenic 7 Z{ZTPA (1.0 pg/head)
2 (Al 1SR ER R IC B G Uis, EORER,
TgAC~ 7 A TIE1 5 [ % (2 B R FLIRNE o 76 ALl
EE M- B TH 72Dk LT, Tg.ACKS
E2F1 bigenic~ 7 A TiL 2 LI FT&H Y . E2FLIBE%E
BIZEDEMREPAONKIII T oe—1a #BRTE
ZHIENHBMER ST, ETKS E2ZFIw 7 X LB
H Rz 7 Z [TDMBA (10 nmol) K UiAH #fE (2
pg'head, i 2 (5], 25WR) A4 D AW — BBy R
M LR, ARy A THE—EAYY 81H
DILFEM DI LN G SiLT=nt, KS E2Fl= 7 Ao
FEREF1IBERBThHo L &6, E2FIOKNIE
BRI RNA S 0 E— 7 —OREEICERNL L
DTN ERRENE, — K, SKHI~T L AF%H
BAaRioBAR <~ v 2 LKS E2F1= w7 AIZUVB#201
(100 mY/em?®, 3 3 [a], 153 H—50 mJ/em’, i 3 @],
SR M LIoRER, BAS~ v AIZHSKS E2FI
~ 7 A TR R ] T W I o R A S B
=2 EhB, KS E2F1= 17 A LSESMRIR (X 2 BE
T ANTIREEE NS Z L AR S -, DMBA & R4
Mz %9 2 R PE OBV B L Tid, DMBADSc-Ha-ras
s 7 Dcodon 611255 (T Hmissense B R A g T2 -
OIZA LT AR pSIB G FORMOER A5 Z 8
ZT &b, E2FIDNERISE A IRl S e S
PEFERTAERDBVNILALOTHEZ EBER
Lz, £, FAfleo R (ps3th),
A p53° 7 A L p537/KS E2F1 bigenicv 7 A& -
DMBA M UNTPAD B BeRERA A £ 7 LT, B/
Wl vy 2 T fE R 7= 0 o R LA IE R L3 2o
2%k LC, K5 E2F1= 7 A TIXR HEH o0 34 1L
Y70 1EARETH 272, . pS3 V7 RICEIT
LREEBITHER <~ 2% El=l 0 ¥£7-p537/KS E2F1
bigenic~ 7 A TF AR~ T A0 RBER L IZTRIFETH
o, ZOIZ EE | E2FIC X B 0TS A il 1 dps3
PDELETHDZ ENTENE, &5IC, E2FIONER
RAEMBIZARFN XD L 3 2 fEl &l o T D 2 HE

K5 E2F1< 7



BT 5T, M _BBEEBAETAVERVT, ARF
BEFELOFAER~ T A (Arf") LKSE2FI7 7 A,
ARF-null= 7 A (Arf") & Arf"/K5 E2F1 bigenic~ 7 A
BT HEEEREEER~T, TORE, FER~
7 A LKS5 E2F1~ 7 Z i3 @R O G T ., ARF-null= 7 2

(Arf") KB 2HEMAFEORERIFEN LI LS
hotz, F7, KEIZEIT Heaspase BB,
BRI L L8 LKS E2F1 < 7 A TEW TIHAMRRIR T O
AEEIBEER @R 0B, ARFIZH RS
ADHFENIIEECTHAN, THREF—ALIXEET
e EZ (8],

T, FARBHICLIEERPABRIZBITS
Epidermal growth factor receptor (EGFR) {&tE{b D %5
ICBT 28 %26 - 72[10]. Epidermal growth factor
receptor (EGFR) (%, Fu i % F+r—tERZE KOG
THLHELORLUMENLEDBZ 7 2V —ICB LT
WH, AR~ RHESEICB T HEGFRO FF#EH
REMAEPEARBIC L ERSA AT ST D
O A RIET 5 7=, El-Abaserib i3, B RN
AMCBREERDH Y, BEMICA =z— a3 TWH
LZLAMENAZTgACT P AT A AVTREID
B EIT> TV BH[9], TgACY 7 AIZH LT, %4
AR 2 BERATIZEGFRILFEA ThHh 5 AGI478 (71
TArFoirxt—EEHET D tyrophostindd -
) #5732 L. EARMYIZ X SEGFROEN
LA PHE S, B FLEANE O A R U AaviE
et FERE (B~ B 0 (o D] S a7z, SESMREB ST
X V5l & SN HEGFROTEMALIT. B W £ 1L
OB AEKESE, THRb—=A2METD L
THMDBFEREESELT S, S HIZEGFRIT, Gl
cyclin® FE B A& #8 K L | Cyclin dependent kinase (CDK)
inhibitor JE IR & M| 3~ 5, A BB IC L HERERY
ARLADOHAIZL DEGFRIZFEMLL, 3615
BE~YH - FHREETHZEICLVEGFROF o
oxT—EHA0) SEENEZ Y. #HAD S
FHENMGENSIEEZENh3, EGFRO Y 7+ vin
EABIZIE, Ras/Raf/MAPK (Mitogen-activated protein
kinase) #£#%. PI3K (Phosphatidyl inositol-3-kinase)/AKT
BE, IKSTATEKE O 3 >OEBIH L
Ras/RaffMAPKAR RS 1T FIC A C RS- L, RO

WMARKT D, —F TPIBK/AKTRR MR E R
THRP= AL, #RL LTHEEDERKI S
HEMBERA~LERTI LD LEEZ HNSH(10],
Leder&iE, Tg ACET A/ 615 6 - IEE & CHEE
#lifa| ~Genome-wide SNP  (single nucleotide polymorphism)
screenfi# fr (7 7 LAHITH7- 5 —HELRIBENT) %
WAL, BAAMEMBRIZEV Trasiltn+ & £E T
<AL OFBE T ORE D DX AINH RS O RIE
DO LEEIZOWTHSE L[], TgAC¥ V7 R
(FVBROMEEHR) LIIRR2IBEREEATILE
#oo~ 7 A (Balb/cl, Spretus/Ei, C57BL/6], C3H/Hel
F) LEBELTHLNEFINY AICHARLE L-EE
736 21O ARAEE (B REAES - 10, AR BRALERERIE .
7., TAEREES c 2, FVAESS: 1. U o%EiHR¥E: 1)
ML, L L rasOfEE F CIREER L=~
AKBARED Y 7 AT 24T o 7=, TOKER. EX M
Bt E—Hk(Zheterozygous Tdh 0 | 9 2O #ERIMKIZIZLOH
(loss of heterozygosity) (X& BLiginofodi, K0 o
12D AR IZ B W TR 4 FiR Ak EICLOHA RS
Hi7o, LOHOHIEIT &Mk TRe > Tz, 2
TOLOHIZHEEE O — BRI EZ 2T, 7
DOMKLEE TIZFVB alleleni 4o, 5 O HIKER Tk
ZHAH F R OalleleS Kb Tvizii, #6136
> OFVB/Balb/e) th O #fakED 2 B0 5 21280 T
s BV, E o, RS (RO HLREERRE) AR
ZOWTHY ) LT 21T TR R, FHCE 4 B
@k EICLOHA 8% B T=, FISHEET OFE R, Bl s
NALOHOHF IR RBIC L A b TR, MlsR
B DMAMRA BV ETERICL 2 LD TS
DI LAURE SR, SROESARERT - EHTo
LOHZ B BN 2 Z v, v-Haras 8 Ailis+ &
4 Fe AR T D REH 7 Lo — O AR E D
B 5 < g X, F O 7> 5 Inkda & Inkdb At F
DOEMELTELLN PCRIBITAER LI L Z A,
LOH &> & % 4= T 0 R4 # A #% T Inkdaill{= 72 3547
Zhomozygous2 KAH NGRS G, £7-E QMK T
WTHE U 7= Inkdbit =1 FE L fH IRy 22 RIBAEES H vz,
2O DN, 25 (78%) Tnk4a®'® Lk Ink4a *°
DOWITHTFELENTEY . FORO20EKETH
ZivtmiE OB ISEREIC LB TR D Z

e Y



EFRLTWD, &5, Inkda™’ & Inkda P28 3010 RE
HEE L Tkt fe o722 & 206, InkdbP?i
InkdaPIcfRETERVWVLOEEX R, £,
Tg.AC/p53™" bigenic= 7 A2 H M4 L 1= BRI 5 5
Bt L 7= 7 o o B 5 FN K HE 00 genomic DNAIZ T,
Ink4 ¥4 7P OWRAE & B Tps3 allele# PCRA AV T
WTo, TORE, TeACE Rz | Tg AC/pS3 #ifE
PR R MR 00— Clnk4a® PP D K 2R L7205, £ 0
L7 O A IEHRENE, BREEPINE. WOARAE, i
M, SPLHGRARR 185 i ke o0 BB FBE AR PR T 1242 Tlnkd {5 i
TDEETHo7, Els/6mMAnEE Tidps3 45
allele# KA L Tz, TgAC~ 7 A OISR D K
Yl L Inkda PO KR B B O GEARTE R A s L2 s, K
A SO 7T 2O T AC/p53" M Kbk
W120HTholz, &5IZInkaB s+ 2 {RE L.
REEL L Tl D NS R 1 B 42 3 0Dp53 allele & RAR L
TEY, — Hinkda? PP 0 K48 L 7-ME— DT AC/p53 4
Hadk A3 BF A B DpS3 allele & 45 L T4 Z S 8H G
Lot BLEDRERDGH, 245 O TIEps3n K
H 23 Ink4aP P D AIEEALIC L A BB AW E 2
& DVREE X ALTE[11].

(4) XPA~ A

SR, Xpap53Tw 7 A & VN i - A A
OIS LE LT, TATFE R AW AT
D BERGE O EE - R AE AR L 7o s el &
NI[12], Xpav 7 ADBBASEZHICE ST o85S
E LT, UVESHZ Z 0 BAET AR T ER~DXPA
BG T REO AR RSRE I3, o
B OMELUSMIXpav 2 A & RV 73803 AutE I C B
Lz idaohieiot, £, RMEERE
TIINEREF KL T D Z b, SEABIZE BN
ROBADIFIIHINT 22 Lo Tnad, o
NERIf - & ML ¥ (SNPs) I O 5803 AL O YR
T AEFHREORENA VS @S
[14-18].

XpapS3' = 7 A& M dits - BASAMEITm[12]
Cassee &1k, Xpa/ps3'™= 7 A (2451 5 MHE O ek 4
PR 2 200, HUE A& 4H 1 Tacetaldehyde, foraldehyde
K Cacrolein®iBE& A A (LT, TATE KA 2A) #[H
AN (4554t 720, LIl ARk 4 32 1L AR

D]

Y35/, 120/H, 5 HAR). HDHWVIE1/2DRET
Frgeroic (BEEf/A, 5 A/M) BMARBESH, 13
WO REH TR RB T ER2EMFRTRT
A L tR o B 2 17V, R PRARER R B At & 2k L
oo FOFEE. 1HMRMERLIE, B ORI
Hohi, VERITIIR RO ERAEAEGRS B
7o FRinRlERY - AP PREE TIE, Xpaps3 ™= AICBIT
DHEESFRAITIRM L 7223, R RERAY L ISR B R R
HERE L OMICEIEA LR o T,

XPAZIBIZ E DUV BB T E R~ D B3]
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GUIDANCE ON GENOTOXICITY TESTING AND
DATA INTERPRETATION FOR
PHARMACEUTICALS INTENDED FOR HUMAN
USE (Daft ver 5.2)

1. INTRODUCTION
1.1 Objectives of the Guideline

This guidance replaces and combines the ICH S2A and
S2B guidelines. The purpose of the revision is to optimize
the standard genetic toxicology battery for prediction of
potential human risks, and to provide guidance on
interpretation of results, with the ultimate goal of
improving risk characterization for carcinogenic effects that
have their basis in changes in the genetic material. The
revised guidance describes internationally agreed upon
standards for follow-up testing and interpretation of
positive results in vitro and in vivo in the standard genetic
toxicology battery, including assessment of non-relevant
findings.
1.2 Background

Unless otherwise noted in this guidance, the
recommendations from the latest OECD guidelines and the
reports from the International Workshops on Genotoxicity
Testing (IWGT) have been considered where relevant.
The following notes for guidance should be applied in
conjunction with other ICH guidances.
1.3 Scope of the Guideline

The primary focus of this guidance is testing of “small
molecule™ drug substances, and not biologics as defined in
the ICH S6 guidance.
1.4  General Principles

Genotoxicity tests can be defined as in virro and in vivo
tests designed to detect compounds that induce genetic
damage by various mechanisms. These tests enable
hazard identification with respect to damage to DNA and its
fixation. Fixation of damage to DNA in the form of gene

mutations, larger scale chromosomal damage or

recombination is generally considered to be essential for

heritable effects and in the multi-step process

of

malignancy, a complex process in which genetic changes
may play only a part. Numerical chromosome changes
have also been associated with tumorigenesis and can
indicate a potential for aneuploidy in germ cells.
Compounds that are positive in tests that detect such kinds
of damage have the potential to be human carcinogens
and/or mutagens.  Because the relationship between
exposure to particular chemicals and carcinogenesis is
established for humans, whilst a similar relationship has
been difficult to prove for heritable diseases, genotoxicity
tests have been used mainly for the prediction of
carcinogenicity. Nevertheless, because germ line
mutations are clearly associated with human disease, the
suspicion that a compound might induce heritable effects is
considered to be just as serious as the suspicion that a
compound might induce cancer. In addition, the outcome
of genotoxicity tests can be valuable for the interpretation

of carcinogenicity studies.

2. THE _STANDARD TEST BATTERY _FOR
GENOTOXICITY
2.1 Rationale

Registration of  pharmaceuticals requires a
comprehensive assessment of their genotoxic potential.
Extensive reviews have shown that many compounds that
are mutagenic in the bacterial reverse mutation (Ames) test
are rodent carcinogens. Addition of in vitro mammalian
tests increases sensitivity and broadens the spectrum of
genetic events detected, but also decreases the specificity of
prediction; i.e., increases the incidence of positive results
that do not correlate with rodent carcinogenicity.
Nevertheless, a battery approach is still reasonable because
no single test is capable of detecting all genotoxic
mechanisms relevant in tumorigenesis.
The general features of a standard test battery are as
follows:
I.  Assessment of mutagenicity in a bacterial reverse
mutation test. This test has been shown to detect
relevant genetic changes and the majority of

genotoxic rodent and human carcinogens.



ii.  Genotoxicity should also be evaluated in
mammalian cells in vitro and/or in vivo,

Several in vitro mammalian cell systems are widely used
and can be considered sufficiently validated: The in vitro
metaphase chromosome aberration assay, the in vitro
micronucleus assay (note 1) and the mouse lymphoma
L5178Y tk assay. These three assays are currently

considered  equally  appropriate and  therefore
interchangeable when used together with other genotoxicity
tests in a standard battery for testing of pharmaceuticals, if
the test protocols recommended in this guideline are used.
In vivo test(s) for genetic damage should usually be a
part of the test battery to provide additional relevant factors
(absorption, distribution metabolism, excretion) that can
influence the genotoxic activity of a compound and permit
the detection of some additional genotoxic agents (note 2).
An in vive test for chromosomal damage in rodent cells
largely fulfills this need, either an analysis of micronuclei
in erythrocytes in blood or bone marrow, or of
chromosomal aberrations at metaphase in bone marrow
cells (note 3).  Lymphocytes cultured from treated animals

can also be used for cytogenetic analysis, although
experience with such analyses is less widespread.

In vitro and in vivo tests that measure chromosomal
aberrations in metaphase cells can detect a wide spectrum
of changes in chromosomal integrity.  Breakage of
chromatids or chromosomes can result in micronucleus
formation if an acentric fragment is produced; therefore
that detect either chromosomal aberrations

assays or

micronuclei are appropriate for detecting clastogens.
Micronuclei can also result from lagging of one or more
whole chromosome(s) at anaphase and thus micronucleus
tests have the potential to detect some aneuploidy inducers.
The mouse lymphoma cell mutation assay detects
mutations in the 7k gene that result from both gene
mutations and changes in chromosome integrity.  There is
some evidence that the mouse lymphoma assay can also
detect chromosome loss.

There are several additional in vivo assays that can be

used in the battery or as follow-up tests to develop weight
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of evidence in assessing results of in vitro or in vive assays
(see below). Negative results in appropriate in vivo assays,
with adequate justification for the endpoints measured, and
demonstration of exposure (see section 4.8) is sufficient to
demonstrate absence of genotoxic activity.
2.2 Description of the two options for the standard
battery
The following two options for the standard battery are
considered equally suitable:
Option 1
i.  Atest for gene mutation in bacteria.
ii. A cytogenetic test for chromosomal damage (the in
vitro metaphase chromosome aberration test or in
vitro  micronucleus or an in vitro

test), mouse

lymphoma tk mutation assay.

. An in vive test for genotoxicity, generally a test for
chromosomal damage using rodent hematopoietic
cells, either for micronuclei or for chromosomal
aberrations in metaphase cells.

Option 2

1. Atest for gene mutation in bacteria.

ii.  An in vive assessment of genotoxicity with two
tissues, usually an assay for micronuclei using
rodent hematopoietic cells and a second in vivo
assay.

Under both standard battery options, the in vivo
genotoxicity assays can often be integrated into existing
(repeat dose) toxicity studies when the doses are sufficient
(see section 4.7). Under Option 2, if exposure/toxicity is
not appropriate, an acute in vive study (incorporating two
genotoxicity assays in one study where possible) should be
performed to  optimize dose selection based on
exposure/toxicity (see sections 4.7.2 and 4.7.3), or Option 1,
including an in vitro mammalian cell assay, should be
followed.

For compounds that give negative results, the completion
of either test battery, performed and evaluated in
accordance with current recommendations, will usually
provide sufficient assurance of the absence of genotoxic
and additional tests  will be needed,

activity no



Compounds that give positive results in the standard test
battery may, depending on their therapeutic use, need to be
tested more extensively (see Section 5).

The standard battery does not include a required
independent test designed specifically to test for aneuploidy.
However, information on numerical changes can be derived
from the mammalian cell assays in virro and from the
micronucleus assays. Elements of the standard protocols
that provide such information are elevations in the mitotic
index, polyploidy induction and micronucleus evaluation.
There is also experimental evidence that spindle poisons
can be detected in the mouse lymphoma tk assay. The
preferred in vivo cytogenetic test under Option 2 is the
micronucleus assay, not a chromosome aberration assay, to
include more direct capability for detection of chromosome
loss (potential for aneuploidy).

There are several in vivo assays (note 4) that may be used
as the second part of the in vivo assessment under option 2
(see section 4.3).  The liver is typically the preferred tissue
because of exposure and metabolizing capacity, but choice
of in vivo tissue and assay should be based on factors such
as any knowledge of the potential mechanism, of the
metabolism in vivo, and of the exposed tissues thought to
be relevant. The in vive genotoxicity assays may be
integrated into existing (repeat dose) toxicity studies when
the dose levels are justifiable (see section 4.7) and the
protocols are compatible.

The suggested standard set of tests does not imply that
other genotoxicity tests are generally considered inadequate
or inappropriate. Additional tests can be used for further
investigation of genotoxicity test results obtained in the
standard battery (see sections 4.3 and 5). Alternative
species, including non-rodents, can also be used if indicated,
and if sufficiently validated.

Under extreme conditions in which one or more tests in
the standard battery cannot be employed for technical
reasons, alternative validated tests can serve as substitutes
provided sufficient scientific justification is given to

support the argument that a given standard battery test is

not appropriate.
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2.3 Modifications to the test battery

The following sections give situations where
modification of the standard test battery may be advisable.
2.3.1 Compounds from well characterized classes

For compounds from well characterized classes where
genotoxicity is expected, e.g., some quinolone antibiotics
and some nucleoside analogues, the battery may be
modified to characterize these appropriately in the
tests/protocols known to respond to them (See also note 8).
2.3.2 Testing compounds that are toxic to bacteria

In cases where compounds are highly toxic to bacteria
(e.g., some antibiotics), the bacterial reverse mutation
(Ames) test should still be carried out, because
mutagenicity can occur at lower, less toxic concentrations.
In such cases, one of the in vitro mammalian cell assays
should be done; i.e., Option 1 is followed.
2.3.3 Compounds bearing structural alerts for
genotoxic activity

Structurally alerting compounds (Note 5) are usually
detectable in the standard test battery since the majority of
“structural alerts” are defined in relation to bacterial
mutagenicity. A few chemical classes are known to be
more easily detected in mammalian cell chromosome
damage assays than bacterial mutation assays. Thus
negative results in either test battery with a compound that
has a structural alert is usually sufficient assurance of a lack
of genotoxicity. However, for compounds bearing certain
specific structural alerts modification to standard protocols
can be appropriate (Note 5). The choice of additional
test(s) or protocol modification(s) depends on the chemical
nature, the known reactivity and any metabolism data on
the structurally alerting compound in question.
2.3.4 Limitations to the use of in vive tests

There are compounds for which many in vivo tests
(typically in bone marrow, blood or liver) do not provide
additional useful information. These include compounds
for which data on toxicokinetics or pharmacokinetics
indicate that they are not systemically absorbed and
therefore are not available to the target tissues. Examples

of such compounds are some radioimaging agents,



