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ABSTRACT. Transgenic mouse models have been introduced and accepted by regulatory bodies
as an alternative to carcinogenicity assay models to predict and evaluate chemical carcinogens. The
recent research outcomes in transgenic mouse models have made progressive advances in the
understanding of chemical carcinogenesis and the evaluation of potential human carcinogens. How-
ever, these models still remain to be insufficient assay systems although the insufficiencies have been
recognised and are being resolved. Based on up to date information from literature, this review arti-
cle intends to understand currently accepted transgenic mouse models, issues arising from study
design, interpretation of the study, results of validation project and their cancer prediction rate, and fur-
ther perspectives of cancer assay models from the regulatory view point.
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Table 1. Characteristic features of various transgenic mouse models
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Models Tg.rasH2 Tg.AC P53 XPA
Nomura and Katsuki, 1990 Leder et al., 1990 Donehower, 1992 de Vries et al., 1995
Insertion Deletion
Description mutant -Ha-ras
normal human Ha-ras utant mouse v : p53*" XPA*
x-globin control
Alveolar/bronchiolar Squamous papilloma Thymic malignant Malignant lymphoma,
adenoma in the lung in the skin lymphoma but not dominantly
Common Herpangiosarcoma
Phenotype tumours in the spleen
Squamous papilloma
in the skin
References Takaoka et al., 2003 French et al., 2000 Floyd et al., 2002 de Vries et al., 1995

Mgt &, Abge] S KAAE vhe2e] ddo
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Institute(ILSI) Health and Environmental Science
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79 o|tiMacDonald et a/, 2004). thEH<Q] FAHA
8 vhe-A Bug 7hers] AR vt Z2THTable 1).
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Al Agro] A7|H FHFHAT 4skE L M xF2 e
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al, 1995). 28lE2 AFAEL A A" {4
AES Al FAME oL E AMsH HUo-
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Tg.AC A% npes RE FZEH §Hx F
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transgenee] 1283 59H FE(codoniellA HELIHo)
& Yo AREFE Ak AoE & duiA
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A 9 DNA 859 d52 fxxtols AXF 22 A}
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¢ & doe A% usme o Bd 2 A
2 Qi) o] B o] EXxA 0 weto] Y
| etk AFHE gtk Van Oostrum et a/{1999)
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o] YutHol} o] TgAC % TgrasH2 ZdoA &
He Ag717el p53 BAME BdoME =T
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A UJehes AL B3 ST NTPOA & o B2 A
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st 7] oh2A HEsjor & ZoltiMacDonald et
al., 2004).
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= 2% 15mkgol| it 2 oES 7R FUATHFloyd
et al, 2002). 2\ FDAY webd H7E43)(FDA
Carcinogenicity Assessment Committeelell A= 157}
9] BB FAEHR] Fode Hrlshldle 7=t
3 A& tHMorton et a/, 2002). EA4le A% 2d
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G2 FofZol A ¢F 20%9] B LS UeRoltt B
o3k Fgolgtal AT 4= ot o] whrog A
S o, vl eE Yehbe $Y] ¢ 3.75%
F 0.05>p2] AZF7lA AAZ 15% F7HE S
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= Jt{MacDonald et &/, 2004).
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& AL a738l3 tHDeGeorge, 2001; Floyd et al,
2002). 53] 53 RdoM+= pcresidine® A iz
oz g3 Ao ARHEL TgAC 2doly} Tg.rasH2
BdoMz FUREE AMSHE Aol A8 d)4d
=22 vz sgtiMacDonald et al, 2004). ol
ek dAzAL x¥EF o Uehe FYo] g siEof
ojof dtth= ZojtiMacDonald et al, 2004). ol
PAZE A E of" FF0E HEETH] wEbA
EAZTG $ANIErE OF o+ UoBE o]d g v
T FAlol stedor i} FHAS w2 P2 o}F] u)
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= HlolEl Wlo]xe] Eryt Fasir}.

S M5

BEAE vl RdoME RS AP e} Fho)
IR AFER MX2H s 52 E9 e £
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x2S T Ax AIAA] o F83 JEE £
(Floyd et a/, 2002). 67€47+e] FHHE v} B2
NS AAE o MTDY ZAL o] Bl &3l of
A mhe-2oA 308 B AlFste ARSI & 30¢
AgA AFZ77F 10% ©3] §3F5Fe] HuA
GFoltt 2yt FAAZ vl-A2 AAIEE o] AlFe
A Dol ARE FE3| AESI &FrEL A4 5t
of gt} efiteld 2d WA FANA MTDE 71FEe=E
g SFEA o] R Aud §38%] AoE XHE AAHH
PAAG vpe2 BdoXE F4o] Uehd 7ksAo] A
7] wjE-o]tHde Vries et a/, 2004).

U
FAHY W91 T 08T YN AE YHoE =
NG Fe BPNBIN SYSe BBIE F, AF

=, 543
al, 2002). ¥)a EAFEst
20} oMY vhp2ke) Aot e AE B A% 2

M



6 W.-C. Son et al.

Yelges Aoz d#A vkSanders er al, 2001). ¥
PAAE BE A B3 22 AAE A
s}, a3y $AISHA Al A 32AE nhes 7Y
oME AMgEIZE BR] doug AlA7E Bl et
£ Peto test 5& #H8&3h= thile] Cochran-Armitage
testt} Fischers Exact test 59 SAIAE Wie AME-
SteHFloyd et af, 2002).

SHAME 0192 DE Lt AlF 21

Yt 4y

FAAE vl BdolE T2 2d AXF IUEAE
ol x4 vlwse WHow Hrkg French et
a/(2000y2 FAAS vhe-s RIS ARGEl] AIFE o)
M7 2278 AAEKEHFloyd et al, 2002). £,
AR, ABAZGAM7Y FA71E FAA A e LTS
o] 27A& 7 Algololof slal, EA, FEUXZLR
ARES BES] HES FH vHEE Eojof shH, mt
Aoz, 4 BF MTDY MFDY] £302 Foso]
of Wrhx stk NFAAE WY o PYNgo
Aoshe AeE, Agel AHE SANEERT S99
Z719} Aol FR9 8% AN F7b B s
of gt olu), Wl AFFe] WAEo] 1% ol WEF
o Aol WEAl Fe) BANES) AL o4
wojo} sm, WAMES} vlE whe FPe] Sl
A4 fol8e B Pat GAT AT Ax
oMM frelat Az 471 ok 2P @ el F
ol Y AL ABIHoE duiE FYoly A
e zHsith 8 APAIE Por Bws,
Fogo] MAFYolE SBA P FYolE WAEY
el et W st FAREA Feld e et
Z7ve W og Rejof 9T}, old WL shed) HE
A ARE B8 F UE HolHEE 2709 §3 - 4
AR, a2z AP St 5ol Uttt olE g
XA A A, AT TH HEA] HEE
o] By o7} BAIEAQ fode vERe AR F
7¥8lA] Zoto 3hH, FAG e TS AE2TEY
oug 7IXe AR F7IHA &olok 3lar, WARIET}
A" FEY FAF MATS DA AR} yolof
tHFrench et af/, 2000; Floyd et a/, 2002).

rir wle

A

Bd oo

o

ERPEIRTE

NTP & ILSI HE A7 2N
ojm 3pshEddl dis] 4 H Eddel AT JRE

Aoz Holx 7dold 71 Aol At A7 =
A Eo] FREOE O AAE FE G e 2
7173 Agelle] Al tisk ARE Arlde A &
Aoz gglo] FE3lt}. o] i slell NTPIAM =
AN F 02X 9] TFeAdS gelatr] flsted dE
23 2 BE S o] g8 B WM AlES AAIEKA
tHEastin et a/, 1998; Bucher, 1998; Pritchard et al,
2003). ILSI HESIIM = RIZF3|A} foele 35 &4
AlY FEHZ FFASeEE o] 83le] of 22709 A
B4l wist w4382 AAlskitHTable 2). HESIS]
Alternatives Carcinogenicity Testing(ACT) technical
committeer= A7HA] B2 &F3td=d, AR, A
kel tigk FrbHe] AF W el dEE HshE]
719% sta, 24, @9 il AwE doly o)X
o] £ 9 FFHE 3, 2L TRALOR ol BFE
E3F A sto|=Ekle] Aol 7]oddithe Zloltt. o]
zzAEdE Aventis, Bayer 5 tEA< AAAA 24
N BAF Fejsia, vs FDA, 4&9] CIEA 5 3371
&, vl wAzE F=EUE, dE2e Alole g, a2y
viggt=e] EA5E 7131 TNO 5 11 713 5 &
509 A@do]l FA3IATt. olE9] NTP 47 ZAds
Toxicologic Pathology volume 29(supplement), 2001
o A3 Al=le] g, ILSI HESI®) ASd 3= 2003
d o\ NTP f34ke] Hel2 @i =o] The use of
genetically-modified mouse assays for identifying
human carcinogens: a basic understanding and path
forward® A&E2=Z 20043 Toxicological Sciencesel
AR FAcHMacDonald et a/, 2004). 20033 £5%
ILSI HESI Z2AE] M vF 3 2 dE2oA
o3 B3t rasH2 RS FE TP HAAHoe=
A & Aelgtar & 5 SUtkTable 5). ©]oA HESI
9] Cancer Hazard Identification Strategies £=$|-9%]7}
2004 64 MR L AAWHE dee AE 9
22 A LA

NTPe] whe-2 ol el S F 7] ¥ge=
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Institute of Environmental Sciences)2] 27+ AX € tj
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©
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PAAE vz B Jehbe 998 € 984
7, oA A 2 B9 oldodx FHAL vF
St B ojAg AWl EAFEHEHC Fu BE
ke A Fol EAFLE A71=HAUTHBucher, 1998;
http://ntp.niehs.nih.gov/).
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oA MY HE NE TPk AL AMdolY GA] B
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=

Table 3. Summary results of the transgenic carcinogenicity bioassays

Noncarcinogens Carcinogens
Positive Negative Positive Negative
Tg.rasH2 6 17 21 7 75% (38/51)
Tg.AC 10 29 17 6 74% (44/62)
p53" 1 27 21 10 81% (48/59)
XPA*" and/or XPA™/p53"* 1 8 7 2 83% (15/18)
NTP life time bioassay 18 17 23 0 ©69% (40/58)

*, beased one of the two or both models; Adapted from Jacobson-Kram et al., 2004; Pritchard et al., 2003; de Vries et al., 2004.

Table 4. Positive response of the transgenic carcinogenicity bioassays classified by IARC classification

Models
Tg.rasH2 Tg.AC XPA*" and/or XPA”/p53""
1 57% (4/7) 89% (8/9) 83% (10/12) 100% (4/4) 81% (26/32)
2A 100% (9/9) 50% (2/4) 62% (5/8) 50% (1/2) 74% (17/23)
2B 67% (2/3) 64% (7/11) 55% (6/11) 67% (2/3) 63% (24/38)
3 29% (4/14) 21% (3/14) 0% (0/13) 0% (0/6) 15% (7/47)

*, beased one of the two or both models; Adapted from de Vries et al., 2004.
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Table 5. Regulatory perspectives for transgenic mouse models in carcinogenicity bicassay

Models FDA, USA CPMP, EU Japan, MHLW Korea, KFDA
Tg.rasH2 Accepted, genotoxic and non-genotoxic in-progress
- Accepted, clear or Accepted, genotoxic or Accepted, clear or o
po3 equivocal genotoxic non-genotoxic equivocal genotoxic In-progress
Tg.AC Accepted, dermal application only Not accepted in-progress
XPA*", XPA*"/p53*" Not accepted in-progress

Adapted from MacDonald et al., 2004; Watanabe, 2004.



Recent Progress in Transgenic Mouse Models as an Alternative Carcinogenicity Bioassay 1

2 AT ARE AZSHe 2ol YHHoZE AP
Aovt AIA BAME AW A% 5L olfE Y
4 AF vhes mao] e Aol T 3
AP 9 Bl AAVIHoRNY A4 o A4
2 POk gl FAleltt.

)

Ol FDA o $EXE 0jeA mglo| By

#HA 247 W= FDAC| AEHE w2 LA AlEe]
¢F 25%7F A EHolA T (MacDonald et af, 2004).
ul= FDA®] CDER(Center for Drug Evaluation and
Researchiell 4] 2003¢ 5¥714] 32 vig-= RYS
o] &gk LA Alge] AYAMIE F 8170 AEHAUTH
I F 5072 ph3, 2672 Tg.AC, 474& TgrasH2, 1
23 1732 XPA/pB3 oIt A& 2471 AFZ T
A AMEE ek 2dle o371 174, Tg.ACPE 64, 2
3 TgrasH27} 270l 3k 0|9 ek AHE 4
HEY 5719 Tg.AC 5 34, el shte] pb3 2do
A AR dEEE YA B 24EEE BN
tHJacobson-Kram, 2004; MacDonald et a/, 2004).
AZd AGAEAM AFHo| ARRHE FE ZdE0]
pa3eIRE, ol FASA LUEH st ps3 2
do] &wrt Hrhe AS origct ¥ TgrasH2 &
g8 ILSI HESIS) 235 BEe A=A 2 vl§4
3 dg=Ae st ¥l Z ukggh 2

AT},

[

-
M
o

=

A7 |2 it

ILSI HESI 912felMe A7E Zh 2do tisle] 2=
o} FAI71Ee Yol YA M= TE2XE A st T
E&RtHMacDonald et al, 2004; Table 4). pb3" =
dof gt JAES AFEH F389 Committee for Pro-
prietary Medicinal products(CPMP)e F&3l=dl *
FAEE SGEZAT 5] FAdvke Aolth. i 1)
= FDAS} 4 NIHSOIM = H3sAY BEEHs f4%=
4 e gEldME SAE] 43S FHat Uk
Tg.rasH2 Zdo)| tjsirxis CPMP vl FDA, 283 o
£ National Institute of Health Sciences(NIHS) 25
FAEE 2EEE ¥ HRASAE 99EE G5 dis)
AMe 34 A9 9FE Holi Ut} TgAC 2 tis)
Me 18 CPMPoX = 93 ] B42 o4=H e 3
€ B2 g 238 BFoE e AT
£ Holx Urt. AT §H CPMPe} w= FDAS
3l o] BEl2 HRAL oFEo| s3] ALl A
SEEHM R doMe ANEEE 9% HFHE
Hol AL AL3 A% UdArHMacDonald er al,

O, offl zo u
oo ¢

= =

A

2004). ¥ NIHSoM = o] Bdo FFYo] Hgsts|of
UA Fe Aol didtd $HE FAG Hol Ut
(MacDonald et a/, 2004). XPA™", XPA" @ p53*"
of tisliA= ARAlAl dE EAFEL st B &
< AE7E desithe AES g9s ¥ §, u)F
FDASH & NIHSAM = 257 o] mdo] gk Aol gl
S5 Eo] FAAY YL B Aujoltt. pp3*t 2o
M= vl=3t fgo] Ak AsiAE Holr] wE
A 237t aFET) o]H YA Rpo|RZ Holr] o]
B3 B e fAEA qRE FdaA 23
e BEE ANGSP] Roe 2 7FsAdol SilEe &
Ze sl HHE A= Aol AMg-FHojoF & Zo|t.

ETE 02 2ol chE MerdA 2] ol

1997 w|=t9] Federal RegisterdlXE o]& Aleke]
Y W7 ARE ASE A9 dAdve A el
H7b ALol=E EF3IL o} Age] Ak Rke] A|EH
AEFI e AACItHICH, 1997). 2A% wlFz d&
e vHlud L5V} o= Wl fdAe o
£ B JAS Hol Ul olFA A A3 ALA
olF o]&stztl HFHolx] X3t B /A o]frt Aot
AR, A FS]AtNA FAAG v 2H-E o] &g w)
£ o]oS & A FEta Ut FFAS vlex w
d& ARSSIEA 9 5 e AR 5EY FE F
d F AL, AP = =FE, APAA 59 ves
Azkslar, w3 A@7|17HE dEAIF F Atke A B9
o], AE3|ALY] YA 2 o] oz A= HAE
Hol REair}. ookES sigstadl AR vjgo]
2858, Aed A S cute] HAE Ax 2 Al
o] A Fgo] W2, AlgAY $40] ofd, b
B2 WA ojHE & AHoZ A o
Yot ot g 29 dRMAIEE WiEA] s)ok
sz G E TR AR Ao Fa3% Al
o] Ao 7|7ke] @5o] 97T T st 78F v}
T4 A1EE el AR (26F)10E dAATI= A AA 7t
Aot 22 F JFE Foh 71X @7) WE
olty. EA, WA AlFoE AREE|dlE ofF WA
H o dolEl7} UF REEit}. oty FAAHE ule-2v)
WA Feko] ATk s FAx T S wAET
& Rlzst vlwske A, ¥uE 9k 1 dlolH
7t S8 =] JA Frhs Ho| AA| o] S o]&dl=
AkBAlzE Bt dl= Holtt. mpAEteZ % Shte]
o= obd FRAAE vl BdS ARGE] WA A
< FYste] F7FE w2 Ak A7t BEste] B3l



12 W.-C. Son et al.

Ty AR vhes mdo] Ao AN 2
o2 FAHE s AR S 27 2
P37 Hed Ed Attt ¥

o] @717k Well FEolAe) g 2
g AFAIER olF NE FEEZ
G A E9E 21 4T &
° FASHNBAA
2% olg@ APoE

lo] FhsaiT & AR KAE
o) A7t Ughs RS v}
HhdeR W AP BAE
AR Q) ure] Helo] & 4= gt}
AA7F Aol 28 MAF WA A
o frels el 8 & .

4ol 19 o
™

E 1A e A
=t
T
[»
l-l:l
) ﬂJ:b rOl'

% o
P‘L
£
>

1T

N
rir
oY

ol

i}

oft =
> il
JN
2

9,
=
U
il
O

P

o to Lo oMU X ook
2
fr
ofl

RNy 4
Ml"&

i oY

o o
O_l.. OE,
Ol

F(F (i)

N

Ny,

r 1

o

i3

JH‘I olN

o O
lo
nJhLL

4

;

i)
2
X

0,
5
]

i
M
©,
o 0

ol
o m,

¢ O, e 1)'05_0,0?:,29,)!&
g
=2
X
=
X

o o B 1y

(M o 4 oo
¥
r\r

o et

S m
Y
w

n =
P
A
> |
8 o g
o &

20

o ojm

o>
%o&

s%— ol B Agen

-

B
fijo

SO
i
N
o
T
3
¢}
3
2,

A

_Vli
E
f
°1>3 oﬂi
i
A
o

kd

ny
o
m o mg S gk

i o -

T -
3
o,
ok
e
)
~J
M
%
X
rlo S

N
L
(L
z
3
2,
>
Q&
2
=
1)
T,
©,
o,
4
S
lo,

3
ARG v mYoA 24
slakEzo] A AlgoA] HAAYE HolA] ¢k
ZR17t sk Aotk AA7ZKA] /Wdd R ol& 4
sHAl AMs] A Raks Aoz gEA A 23
ol FHAIE Rde B thE I ARl A
ofof sl=X% EErJacobson-Kram, 2004; Pritchard,
2003). A= vh-2 FAAE wd2 A3 W) Zs)
e & B9 HAayoz wkg e Hrlske
e AP ER o B ﬁ——H} Q3&y, oz w9
27t opd A=F o] &3 FHAHAE 2dS e Aoy
718 A= 2d ‘%}%“é)\]ﬁ‘u% OS Bebsle Aol o
¢te] E 4= AtHJacobson-Kram, 2004; Pritchard,
2003). o]A #HoM EH mpeL FAAS Bl ofw}
T b ok AAHE sk #golA F3F YA
o] I=AE EETH & v &3 Y= e 9%
BRIl whel AUA] e U HAAaHd Aotk
(Jacobson-Kram, 2004). &% ZA]-F-AA golu} oz
A Fol UL WHEo| slshEdd A fFxH

1o
i
4
il
e
32
o

fr on Mg
iy

g _Ik?ﬁ e o ofh
i)

e

I NE Y e

FelH s AR Q77| FAAG vh
2 rd g 9ol WrlE k3 9o u;] T dX A7)
MNE 2P RIFES AT lek EF A7)
PNE 7ZASIRE S 4718} Sol=21e A
ek BxoZ ok AAEeE FAAMY vpes B2
o) G 9FE DU A2 A Fhe) A7)
2 233 2504 Yo FAAY 1heg o] fale] A
FRYe A2 NATrL Bg=e] ok a2y #
WIE ATETH AR S o AFD Byel.
A% 5d vpg2e] o) BAUY s|EAT, o
va BAAYS) dBO o183} ATARE 5
AGA, 283 o)g AARRE FALNE BT} 3
B i R
ot AlES A2 pAZIECA ol oj¥A 8
A3 sl TholERRle R wREshs Zlott

=45

i

N
O

Nl

rr IUE.:, o
UO
il SL' i

N
g

o o

Y d

r
X
l

oy,
=)
)

ol

).
2 240 sherEEsl wekg A
AT BT kst ezt TAIel g
EEo WFo] ¥, WAl 4e B wsky 714
o} wh2 % ol Tjslel, YA FA 2FOIN, 2
P B B BN ol ARl
gk WhHolgls AEAQ] AEET EH A7k 9l
v Holol & FAojtiMacDonald et a/, 2004). =&
A mdlo] @hyo] AHHT JAT ¢ B AFZE 9]
E%]%HE U@_,Q 7HHLQ 7401—7 2L:] gi:_,] ul-o]-/\g/\]
A F2AHS rhes 2 S o] 83 AlFS FH3] HE
7¥ek= Aol 7%l mEiMe dedd 4 9l

o>4 e}
rii'

rlo ot i

P

:ioerE,Loﬁ
l%lrl

(e}

e

<]

o
F

of

oft
2
2
o

ZAtel 2
B ATE 3% 54977147 (M1-0312:00-
0002)e] Aglel] elsfe] olFoixl Roz ofo] ZAR=Y
Y.

HIE

o

Albert, R., French, J., Maronpot, R., Spalding, J. and Ten-
nant, R. (1996): Mechanism of skin tumorigenesis by con-
tact sensitizers: The effect of the corticosteroid fluocinolone



Recent Progress in Transgenic Mouse Models as an Alternative Carcinogenicity Bioassay 13

acetonide on inflammation and tumor induction by 2,4-
dinitro-1-fluorobenzene in the skin of the Tg.AC (v-Ha-ras)
mouse. Environmental Health Perspectives, 104, 1062-
1068.

Berg, R.J.W., De Vries, A., Van Steeg, H. and De Gruijl, F.R.
(1997): Relative susceptibilities of XPA knockout mice,
and their heterozygous, and wild-type littermates to UVB-
induced skin cancer. Cancer Res., 57, 581-584.

Bucher, J.R. (1998): Update on National Toxicology Program
(NTP) assays with genetically altered or "Transgenic"
mice. Environmental Health Perspectives., 106, 619-622.
http://ntp.niehs.nih.gov/

DeGeorge, J. (2001): Regulatory perspective on application
of the transgenic alternatives in pharmaceutical develop-
ment. Presented at the annual meeting of the society of
toxicologic pathologists, Orlendo, FL.

de Vries, A., Van Oostrum, C.T.M., Hofhuis, FM.A., Dortant,
P.M., Berg, RJ.W., De Gruijl, F.R., Wester, PW., Van
Kreijl, C.F., Capel, PJ.A., Van Steeg, H. and Verbeek,
S.J. (1995): Increased susceptability to ultraviolet-B and
carcinogenesis of mice lacking the DNA excision repair
gene Xpa. Nature, 337, 169-173.

de Vries, A., Van Qostrum, C.T.M., Hofhuis, FM.A., Dortant,
P.M., Beems, R.B., Berg, R.J.W., Van Kreijl, C.F.,, Capel,
PJ.A. and Van Steeg, H. (1997): Spontaneous liver
tumours and benzo[a]pyrene-induced lymphomas in Xpa
deficient mice. Molec. Carcinogen., 19, 46-53.

de Vries, A, van Steeg, A. and Opperhuizen. (2004): RIVM
report 340700001/2004, Transgenic mice as alternatives
in carcinogenicity testing: current status, Netherlands.

Donehower, L.A., Harvey, M., Slagle, B.L., McArthur, M.J.,
Montgomery, C.AJ., Butel, J.S. and Bradley, A. (1992):
Mice deficient for p53 are developmentally normal but
susceptible to spontaneous tumors. Nature, 356, 215-221.

Eastin, W.C., Haseman, J.K., Mahler, J.F. and Bucher J.R.
(1998): The National Toxicology program evaluation of
genetically aitered mice as predictive models for identify-
ing carcinogens. Toxicol. Pathol., 26, 461-473.

Floyd, E., Mann, P, Long, G. and Ochoa, R. (2002): The
Trp53 hemizygous mouse in pharmaceutical development:
points to consider for pathologists. Toxicol. Pathol., 30,
147-156.

French, J., Haseman, J., Donehower, L., Hajian, G., LeG-
rand, E., Long, G., Ochoa, R., Sagartz, J., Mixon, L.,
Soper, K. and Storer, R. (2000): The P53 heterozygous
knockout mouse mode! for short-term carcinogenicity test-
ing. ILSI/HESI workshop on evaluation of alternative
methods for carcinogenicity testing, Leesburg, VA.

Hansen, L.A. and Tennant, R.W. (1994): Follicular origin of
epidermal papillomas in v-Ha-ras transgenic TG.AC mouse
skin. Proc. Natl. Acad Sci USA, 91, 7822-7826.

Hansen, L.A., Trempus, C.S., Mahler, J.F. and Tennant, R.W.
(1996): Association of tumor development with increased
cellular proliferation and transgene overexpression but not
c-Ha-ras mutations, in v-Ha-ras transgenic Tg.AC mice.
Carcinogenesis, 17, 1825-1833.

Hansen, L.A., Spalding, J.W., French, J.E. and Tennant, R.W.
(1994): A transgenic mouse model (TG.AC) for skin car-
cinogenesis: Inducible transgene expression as a second

critical event. In McClain, R.M., Slaga, T.J., LeBoeuf, R.
and Pitot, H. (eds.), Growth Factors and Tumor Promo-
tion: Implications for Risk Assessment, Vol. 391. Wiley-
Liss, Barton Creek, Texas, pp. 223-235.

Harvey, M., McArthur, M.J., Montgomery, C.A.J., Butel, J.8.,,
Bradley, A. and Donehower, L.A. (1993a): Spontaneous
and carcinogen-induced tumorigenesis in p53-deficient mice.
Nat. Genet., 5, 225-229.

Harvey, M., McArthur, M.J., Montgomery, C.A.J., Bradley, A.
and Donehower, L.A. (1993b): Genetic background alters
the spectrum of tumors that develop in p53-deficient mice.
FASEB J., 7, 938-943.

http://hesi.ilsi.org, ILSI HESI ACT:Alternatives to Carcinogenic-
ity Testing.

http://ntp.niehs.nih.gov/, Bucher, J R. Update on National Tox-
icology Program (NTP) assays with genetically altered or
“Transgenic" mice.

hitp://www.item.fraunhofer.de/reni, ACT: Alternatives to Carci-
nogenicity Testing.

ICH (1997): Guidance on safety testing for carcinogenicity of
pharmaceuticals. Fed. Reg., 63, 8983-8986.

ICH (1998): Expert working group on safety, Guidance for
industry S1B testing for carcinogenicity of pharmaceuti-
cals.

Jacobson-Kram, D., Sistare F.D. and Jacobs, A.C. (2004):
Use of transgenic mice in carcinogenicity hazard assess-
ment. Toxicol. Pathol., 32(Suppl. 1), 49-52.

Leder, A., Kuo, A., Cardiff, R.D., Sinn, E. and Leder, P.
(1990): w-Ha-ras transgene abrogates the initiation step in
mouse skin tumorigenesis: Effects of phorbol esters and
retinoic acid. Proc. Natl. Acad. Sci. USA, 87, 9178-9182.

Linda, B.A., Woutersen, R.A., Bruijnties, J.P., Benthem, J.V,,
van den Berg, J.A.H., Monbaliu, J., Thoolen, B.J.J.M.,
Beems, R.B. and van Kreijl, C.F. (2004): Evaluation of the
Xpa-deficient transgenic mouse model for short-term car-
cinogenicity testing: 9-month studies with haloperidol,
reserpine, phenacetin, and d-mannitol. Toxicol. Pathol.,
32, 192-201.

MacDonald, J., French, J.E., Gerson, R.J., Goodman, G.J.,
Inoue, T., Jacobs, A., Kasper, P, Keller, D., Lavin, A., Long,
G., McCullough, B., Sistare, F.D., Storer, R. and van der
laan, J.W. (2004): The utility of genetically modified mouse
assays for identifying human carcinogens: a basic under-
standing and path forward. Toxicol. Sci., 77, 188-194.

Maronpot, M.M., Fox, T., Malarkey, D.E. and Goldworthy, T.
(1995): Mutations in the ras proto-oncogene:Clues to eti-
ology and molecular pathogenesis of mouse liver tumors.
Toxicology, 101, 125-156.

Mastorides, S. and Maronpot, R.R. (2002): Carcinogenesis.
In: Handbook of toxicologic pathology. 2™ ed. Ed Haschek,
W.M., Rousseaux, C.G., Wallig, M.A., pp. 83-122.

Morton, D., Alden, C.L., Roth, A.J. and Usui, T,, (2002): The
Tg rasH2 mouse in cancer hazard identification. Toxicol.
Pathol., 30, 139-146.

Nylander-French, L. and French, J. (1998): Tripropylene gly-
col diacrylate, but not ethyl acrylate, induces skin tumors
in a twenty week short term tumorigenesis study in Tg.AC
(v-Ha-ras) mice. Toxico. Pathol., 26, 476-483.

Ochoa R. (2002): Pathology issues in the design of toxicol-



14 W.-C. Son et al.

ogy studies. In: Handbook of toxicologic pathology. 2™ ed.
Ed Haschek, W.M., Rousseaux, C.G., Wallig, M.A., pp.
307-326.

Pritchard, J.B., French, J.E., Davis, B.J. and Haseman, J.K.
(2003): The role of transgenic mouse models in carcino-
gen identification. Environ. Health. Prospect., 111, 1-11.

Recio, L., Boley, S., Everitt, J., James, R.A., Janszen, D.,
Healy, L., Roberts, K., Walker, D., Pluta, L. and French,
J.E. (2000): Cancer bioassay and genotoxicity of inhaled
benzene in p53* and C57B16 mice. Toxicologist, 54,
222.

Robinson, D.E. and MacDonald, J.S. (2001): Background and
frame work for ILSI's collaborative evaluation program on
alternative models for carcinogenicity assessment. Toxi-
col. Pathol., 29(Suppl), 13-19.

Sanders, J.M., Burka, L.T., Chanas, B. and Matthews, H.B.
(2001): Comparative xenobiotic metabolism between Tg.AC
and p53" genetically altered mice and their respective
wild types. Toxicol. Sci., 61, 54-61.

Storer, R.D., French, J.E., Haseman, J., Hajian, G., LeG-
rand, E.K,, Long, G.G., Mixon, L.A., Ochoa, R., Sagariz,
J.E. and Soperm KA. (2001): P53*" hemizygous knock-
out mouse: overview of the available data. Toxicol. Pathol.,
29(Suppl), 30-50.

Spaiding, J.W., Momma, J., Elwel, M.R. and Tennant, R.W.
(1993): Chemical induced skin carcinogenesis in a trans-
genic mouse line (TG.AC) carrying a wHa-ras gene. Car-
cinogenesis, 14, 1335-1341.

Suemizu, H., Ohnishi, Y., Maruyama, C., Tomisawa, M.,
Muguruma, K., Hioki, K., Usui, T., Kimura, M., Tamaoki,
N. and Nomura, T. {2002): Molecular biological studies in
the rasH2 transgenic mouse. In: Workshop on the evalua-
tion of alternative methods for carcinogenicity testing.
International Life Sciences Institute, Washington, DC.

Takaoka, M., Sehata, S., Maejima, T., Imai, T., Torii, M., Satoh,
H., Toyosawa, K., Tanakamaru, Z.-Y., Adachi, T., Hisada,
S., Ueda, M., Ogasawara, H., Matsumoto, M., Kobayashi,
K., Mutai, M. and Usui, T. (2003): Interlaboratory compari-
son of short-term carcinogenicity studies using CB6F,-
rasH2 transgenic mice. Toxicol. Pathol., 31, 191-199.

Tennant, R.W.,, French, J.E. and Spalding, J.W. (1995): Identi-
fication of chemical carcinogens and assessing potential
risk in short term bioassays using transgenic mouse mod-
els. Environ. Health. Perspect, 103, 942-950.

Tennant, R.W., Spalding, JW. and French, J.E. (1996): Eval-
uation of transgenic mouse bioassays for identifying car-
cinogens and non-carcinogens. Mut. Res., 395, 119-127.

Van Qostrum, C.T.M., Boeve, M., Van den Berg, J., de Vries,
A., Dolle, M.ET, Beems, R.B., Van Kreijl, C.F,, Vijg, J.
and Van Steeg, H. (1999): The effect of heterozygous
loss of p53 on benzo[a]pyrene-induced mutations and
tumours in DNA repair-deficient Xpa mice. Environ. Mol.
Mutagen., 34,124-30.

Watanabe, K. (2004): Research and development of the Tg
rasH2 mice model. Presented at the seminar at Hunting-
don Life Sciences, Huntingdon, UK.



