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Progress on OECD Chemicals Programme (11) — SIAM 19 in Berlin, 2004

Mika Takahashi, Mariko Matsumoto, Kazumi Kawahara *', Seiichirou Kanno *2, Yoshio Sugaya *,
Akihiko Hirose, Eiichi Kamata, and Makoto Ema®

The 19th Screening Information Data Set (SIDS) Initial Assessment Meeting (SIAM 19) was held in Berlin,
Germany, hosted by the Germen Federal Agency for the Environment. The initial assessment documents of
four substances (CAS numbers: 92-70-6, 126-33-0,131-17-9, 7580-85-0) and one category (High Molecular
Weight Phthalate Esters) at SIAM 19 were submitied by the Japanese Government with or without the
International Council of Chemical Associations (ICCA) and all of them were agreed at the meeting. In this

report, the documents of these substances are introduced.
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1. U BIC

#2iEH SIS (Organisation for Economic Co-
operation and Development : OECD) M#E&EIZBITS
EEaEEltFWE (High Production Volume Chemical :
HPV) (22w T, 199242453 - - OECD B4EEE1L
EME SR TO S 5 4 (HPV programme) 12X &4
HOFMMIITbLNTVB Y, HABAHIZAME & ) FE
Z2REBLTBY, £18MTITCONYHITIMESH
( Screening Information Data Set (SIDS) Initial
Assessment Meeting: SIAM) {238\ T HAREAFATHY L
MR UBIEVFEESNIALEY B OFMEXEOL o
RRPZEICIRELZE - BRERIIOVTEBICEA
LT&7%, 72, SIAM 19%, SIAM 20'9 % U'SIAM
21D RHENE, SIAM 145 SIAM 18 $ TOXHOFE
EOBMED oW THHBALTE.

E b LW &% 4 (International Council of
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3700-1141 ext.570; FAX: 03-3700-1408; E-mail: ema@nihs.go.jp

* b H AR B S E R & M SF M R BT 55 AT Chemicals
Assessment Center, Chemicals Evaluation and Research Institute
*2 (1) i R4 S TR FEPT I R IR F MR 7547 Department of Work
Environment Evaluation, National Institute of Industrial Health
38 E SLRBIAR AT (LW R TS ) A 2 BF%E+ ~ ¥ — Research
Center for Environmental Risk, National Institute for Environmental
Studies

Chemical Associations : ICCA) 2 & 2l XEDEE
YERRIZfE W, 5235:0:2_\/"( b 2001 F 26 HABHAFIZM
AERCFTEBIMBEFELFMEIEOFEREMERL
TWwab,

FHECE, W, BEIER, BREBRUREY
KHETAERLLERENA TS, RETIXEI9E
SIAM (SIAM 19) CAEILE-> bW ERLRUTHEA
ELYHDOMPT ML EDRELBANT 5.

2. SIAM 9 TEEBEEh{tE2YHLLBFBUYEHED
AFHEAR

2004 fE10 Az » (K4 ) THE S L7z SIAM
VIIBNT, 25YWERUSH T T — (BELHEROE
PLAWEX T LD, T - L. FhfFhy,
5 6, TRUIMEZEL), FTS61LFEWE D OIHF
XEFFEHEIN, RUIRTYE OISR R UE
ENEgEEN/. SIAIMICBITAEEIZIFW X /-I2LP L
LTRENTWE. FWIL (4% EMOFENEIEE
PUETH S (The chemical is a candidate for further
work.) |, LPid [HROFERRRICEV TBIEED
M Ei3 %y (The chemical is currently of low priority for
further work) | = & %/R¥.

(1) 3-Hydroxy-2-naphthoic acid (92-70-6) (AR
KA ERHE)
1) BRERR ’
AW EICEERLEROFREE LT, E5612, &
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Table.1. Chemical substances discussed at SIAM 19 and their outcomes

CAS No. Name of Substance Sponsor Country Outcome
67-48-1 | Choline chloride UK/ICCA LP
’ o ENV:LP
67-56-1 | Methanol US/ICCA HH: FW
64-17-5 | Ethanol CZ+SK/ICCA LP
78-83-1 | Isobutanol US/ACCA LP
. . . . ENV:LP
92-70-6 | 3-Hydroxy-2-naphthoic acid JP+DE HH: FW
95-53-4 | o-Toluidine DE/ICCA LP
101-54-2 | 4-Aminodiphenylamine DE/ICCA W
102-09-0 | Dipheny! carbonate DE/ICCA LpP
. ENV:LP -
108-95-2 | Phenol DE.eu HH: FW
111-48-8 | Thiodiglycol DE/ICCA LP
119-64-2 { 1,2,3 4-Tetraliydronaphthalene DE/ICCA FW
. . ENV:LP
126-33-0 | Tetrahydrothiophene-1,1-dioxide JP/ICCA HH: FW
. y ENV:LP
131-17-9 | Diallyl phthalate JP/ICCA HH: FW
502-44-3 | epsilon-Caprolactone BE/ICCA LP
513-35-9 | 2-Methyl-2-butene US/ICCA LP
2530-83-8 | Trimethoxy [3-(oxiranylmethoxy)propyl] silane US/ICCA LP
6104-30-9 | N,N"-(Isobutylidene)diurea ) DE/ICCA LP
6422-86-2 | Di(2-ethylhexyl)terephthalate US/ICCA LP
ENV:LP
‘ 7580-85-0 | 2-tert-Butox yethanol JP HH: FW
7719-12-2 | Phosphorus trichloride DEACCA LP
s . ENV: FW
7758-94-3 | Iron dichloride KQ HH: LP
. ca - ENV:LP
7775-14-6 | Sodium dithionite DE/ICCA HH: FW
7783-20-2 | Ammonium sulfate DE/ICCA. LP
10025-87-3 | Phosphoryl trichloride DE/ICCA LP
85535-85-9 | €14-17 chloroalkanes UK:eu Fw
Name of Category (CAS No.) Sponsor Country Outcome
Amorphous silica silicates ) - .
(1334-00-9, 1344-95-2, 7631-86-9, 112926-00-8, 112045-52.5) | VEACCA LP
Butenes . '
(106-98-9, 107-01-7, 115-11-7, 590-18-1, 624-64-6, 25167-67-3) | N/ICCATFRACCA | LP
High Molecular Weight Phthalate Esters
(119-06-2, 3648-20-2, '53306-54-0, 68515-41-3, 68515-43-5, JP/ICCA+FR/ICCA Lp
68515-47-9, 85507-79-5)
Higher olefins .
(112-88-9, 629-73-2, 25264-93-1, 25339-53-1, 25339-56-4, US/ICCA LP
25377-83-7, 25378-22-7, 27215-95-8, 85535-87-1)
Monoethylene glycol ethers . :
(111-76-2, 112-07-2, 112:25-4, 2807-30-9) US/ICCA+AUS Lp
HAREEGOFEEL LTHFHIA TS, BER 201) THot-.

BOFERBIRELEZ OIS,
2) RERE

FYERIREPTEEIHELTBY, BEDEILE
ROEES LRV Eds, FABICHHETLEEL
L5, KMEIRESIESHE L% (OECD TG 301C)
P5, KEEWIZBITHEYRBETEY (EBaERE
BCF : 0.5-4, OECD TG 302B). /K&&Wicwt+ 24
HEETIE, AHOLEIIEEE (LCs) 1268 mg/L
(96 85/, OECD TG 203), IV v an¥HBEBEE
(ECso) 13329 mg/L (48F§f, ##kFHE . OECD TG
202), BEOS0%4ERMERE (ECs) 11653 mg/L
(72851, H£RE#EEE  OECD TG 201) Tho7-. B
BT, IVVrooEZEBRE (NOEC) X104
mg/L (21 HE, #HMHE . OECD TG 211), EHOD
NOEC 2 6.8 mg/L (728:f, HE#HEHE . OECD TG

3) EEE :

Zy PORRBEORSEEARRIBIT S FERER
(LDso) 12823 ~1,040 mg/kg THH, FBHEKE L TH
BKT, WRTLE, IR, THAZEOOLA TS, B
~OFB L B BARKFESRTEMICALR. T
Ty PORBIZARBBEREA LR, EEOEE
PETHMAA LN, BRI 2,000 mg/kg TH -
7-.

T FOREEICK LTEVRIEE, BRICH L TidEny
FIBERRED SN, ENVEY MIBW TR BEESED
ECoRo¥ (WAl

5w MiZ0, 12, 60% U300 mg/kg/day % S&HIRE %
5L 728 HRRERO% S5 H%RE (OECD TG 407)
Tit, MTIE60 mg/kg/day Ll ECTEIBOEEI, 300
mg/kg/day CHEEOMA AL I, BETIZ300
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mg/kg/day Tl ') YEEEEOET, Mg - Ry
VEEDO ERNBO SR BEHRE (NOAEL) &
60 mg/kg/day, #T12mg/kg/day & &hiz. K
BEHETHEH 5, 10HBT v %100 mg/mii2IBHE L
REBRAES KB CIRIEROFLLSZO SN,

7 v FOHICRER 10 BB R U RREAM L 0598
B, BICXEMEBERUXESHLEDTHRERE
208 FC, 0, 125, 50 R U200 mg/kg/day % &l 0
x5 L-—tREMBERAE (OECD TG 415) Tid,
200 mg/kg/day THE U OREHE TR, AT B IIEIH,
HEHMERE Zooh, 72, fiIBRTELEAEHRD
50 mg/kg/day LA E D, 200 mg/kg/day Dt TH L
7o, MEOEFEREN~NOEBIRBOON LD 7. BT
13200 mg/kg/day THEKME, ZTEELE, BEERUH
BhEDLNIS. CORBOKERE,S, £HEELHOER
#E (NOEL) 3200 mg/kg/day, BEFHHEDNOELIZ
50 mg/kg/day, — % & ¥ © NOELZ # T 12.5
mg/kg/day, M T50 mg/kg/day & 27z,

MEEZHVLIEREREREFRIEETH 7. Fx
A== - NARAY —BEEMI T V5 5EEEEHAER
T, SImixFEFET CHREARFEOFEIERAIEDS
N InvivoTOF v A =—X - NLAR Y —BEHERD
LEaRRERETIIBETH o128, ARoHEFHMAE
DBEEI V2L, 7o, EHHEICBITALEYERER
FAHEPTHATH o2 L b, ZORBIIFMIZIEAT
R ¥ (AN
4) #mLEhE

EMEORBHEIIFW LBE S A, BENLBEE
HERER (OECD TG 474 F 7213475) HEdg s s, BiE
- IR Bl vin i (AR

(2) Tetrahydrothiophene-1,1-dioxide (126-33-0)
(ICCA H A 4%)

1) BEKR

BT FICHMRPEBE T ABEROFFRRILKE
OMBEEE LTHERAINS., B L ERASISD
THBEBEIIEI DIV, BEIGMETIIERE
AP BEMBEHTOMBREOTREMEIH S, PAHEERT
FHINZOTHREBREOWVERMEIIE DY, F7LED
DEICBBEOTEREN D 5.
2) BREXE

x%gﬁiﬂbiﬁitﬂ’éﬂt &, BIZETKEIE Y
5. REFA-ELBCHRHEIALGS, T4, K
& o-KE - RBICERICHRE S E, TREKEIC
ST, BYREIBESIESHEL v (OECD
TG 301C) 7%, KAEEWYICB T - EYEHEIIEY
(BCF : <13). KEEYIIHTA2EFZEHTIZ, AHF
D LCsotd > 100 mg/L (96K:fE, OECD TG 203), I ¥

Y AP ECs 3852 mg/L (48 E¢fE, ik ZE . OECD
TG 202), ZHEDECs12>1,000 mg/L (72E:R, &£ &K
EEHE . OECD TG 201) THo7-. BHEEHETE, 3
Y2 NOECIZE25 mg/L (21 HME, HMHEE
OECD TG 211), ##H?» NOEC 3556 mg/L (728,
HREED  OECDTG201) THot-.

3) BRREE

EYEIZT v MIBWTRBEPRMT 5T6EMEI S
B, X, A4X, VAFLTRAYEIEHFIIERLH
oA EN, R3S ~5BETHE,rOBRESINS,
Y X2 BT BB EY S 3-hydroxysulfolane Td 5.

7 v bOBEREOKSHERKE (OECD TG 401) T
@D LDso |3 T3 2,006 mg/kg, M TiX2,130 mg/kg, 7
v b O YRR 1 531 5B T D LDso 2 2,000 mg/kg Bh
£, v b OBEEEKAFEERKETDLCs 312,000 mg/
m U EEHEIN TV S,

ENEY FEVHFOEM, THFORIIN L THIE
MEEO NG hor, ELEY MIBOLTREBRIER
IIA oz drol. '

5w MZ0, 60, 200 % U700 mg/kg/day % sHEEO
5 L2 HMRERORSHEHERETIX, 700
mg/kg/day iZBWT, HT—BHEDOBREEGHETHHK
Swicashn, F/o, MEOEKERMOIMG K UEH
BEORY, MEELEMRECIRETI) Y 2XT75—
CEERVBE VYV EOHEN, EEORD, T
GPTiGHthn, YV a—REORLFED LN, &
512, HETIZ200 mg/kg/day LA L CTEREOTMNRMBE
ERICBIAHTFERCHFERENMOEMDT AL R,
700 mg/kg/day TEREESH L /-, #ETIZ700
mg/kg/day THBEEDOBRIARDOLN. ThH0
#wEH 5, NOAEL it T 60 mg/kg/day, M T200
mg/kg/day & S 7,

MRS v MCKERT BB, S RXEHMESH, HT
I2ET49 H M, MTRSBREMEIBZ T, 0, 60, 200
K U700 mg/kg/day * & ORS L - B HEREY
#E: (OECD TG 421) T3, 700 mg/kg/day Dt ic
BT, 18§o%E L, KERICEKEORMMH, &
HBEORLFRAD LN, EBEBEFEEICOVTI,
700 mg/kg/day (- BV TRBEEHOBREIALN, T 7,
FERFEERICEFART L -BHMIS4FEO LN,
EHiz, ERSBE (ERE/BFREKX100), 7%
BeAfrR (EIRE/REIRKX100), MWE4HOERK,
AR, WEORUV4HOBENKEDEME, JEERR
DEENH STz, 200 mg/kg/day T RSTHFEOE
ENALNT, ThEDFKERPS, BEEEDONOAEL
i% 200 mg/kg/day, 458 4 # 1% O NOAELZ 60
mg/kg/day & S 7.

MEXAVLERERERFABRIF ¥y A =—X - 1
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LAY —BEHREYAVCAIREERERRTIIBE TS
o7z,
4) EwmeEE

AMEORBEERIFWELEHE SN, EENEFEREO
BRETECEIK D O OB BEBRZFM 17 - L AR
ahi, REZEBILIPLEgEINA.

(3) Diallyl phthalate (131-17-9) (ICCA H&42%)
1) BHERR

FEYVEISESHROARERHDL, Tl diallyl
phthalate 7L R = —DE ) v — DR v — 8l
FICBTHEERE L THERIRATVAS, REREOE
ERREIBARUBRLEZONSL, 7, APWELE
CEEDPS, BARUVERERICL HHEEREDO TR
UNH 5.

2) RELE

FWESKBEICHRE SNIEE, EICKBIZEET S,
KEFT I HBICHE SNBSS, ZICHBIISHT 5.
EYWEIIESICESET S (OECD TG 301C). K&4£
Pz Bt A ik EYyy (BCF @ 61.3). KEL£Y
T AEUFEMTIE, AEDLCI30.23 mg/L (968
i, OECD TG 203), I ¥ 3DECsid5.5 mg/L (48
B, BESKFRE . OECD TG 202), BEEDECs135.5
mg/L (7285/, HRK#EEH, DIN 3841219 Part9) T
ot BEFETIE, IV IONOECIX1.16 mg/L
(21 B/, #JEMEE | OECD TG 211), EEHNONOECIZ
2.4 mg/L (728:M, £R&EEE . OECD TG 201) Th
27,

3) BEE

AR ORS %24 BMUAIE, 7y FTI325-30%
AHERMMABY (COy) & LT, T/, 50-70% RS
CHEE SR, © Y XTI 6-12 % AEREER B (COy)
LT, 7, 80-90% A RpICHE Sz, Ty M E
Y REHELSSE, P LR RESR (£
WHE 247, 304l imA, AR, TR, 53,
BE, M TRE S o7, T, BIERICEHEY
? R T monoallyl phthalate (MAP), allyl alcohol (AA),
3 -hydroxypropylmercapturic acid (HPMA), AL
W (AADRHEY) sRE SN,

EPBEIRTIALYD Ty MADOFEREAN®L, R
BOBZIZAATLALN. AARFIRBANOFERD
TEEEYMH L. vvARE_RBRBOBRIER Y E LT,
7y L YE{DHPMARERT 2D T, XYEOFF
HEMHOMEEIZAA T 721X acrolein (AA DGR BEY)
DINEFFREVEEL TR EEZ LN, Bl
BOKSERRERTOLDgIX, 7 v M DHETIZ891 mg/
kg, BETi2656 mg/kg, <7 ADHETIE1,070 mg/kg,
HETI31,690 mg/kg, 1 X OREEETIEE L% 800 mg/kg

Thol:. THFORBERIRSHEMERBETOLDs i
3,300 mg/kg, T v b OHEEIEK AZERERTOL I,
HT1310,310 mg/m?, #Ti15200 mg/m’, MHESE L
7235413 8,300 mg/m* Td - 7.

Y XFORERCIRIC L CRIEEIEED S h o
2. RVALBVTEER R AL R Do/,

v MIiZ0, 25, 50, 100, 200 & UF400 mg/kg/day %
#A5H 1I3AMSEHEORS L -RERSEERRTIE,
400 mg/kg/day THD 8/10BIHSFE = F /- 13 HHIEIKEE T
by, FEOHEIMIMGE D A SN/, 200 mg/kg/day LA E
THEHEIZTH, EAROEEOEALKE, AE, §IEN
A 517z, 400 mg/kg/day T L /- #4285 THRRIC
WIRMEE (BX, B, #e) 546h, £09 53
Bl E LIS REBRERBERERIBO LN, BT
o ARG RE 3400 mg/kg/day TEF LTV &
400 mg/kg/day Ot & U200 mg/kg/day DT HED 5
hi:, BEEREHEICEREL, /2, BEVHETEET
ol BHEOFRIZE VT, 200 mg/kg/day TFIRAE
BORFMRaZE, B, Mk, BEMBERUHMRA
AT, 400 mg/kg/day TI NS DREDEHELIHITS
FREFZO LN/, FIRBAEOFHEREZEE D50
mg/kg/day & MEHE 7 100 mg/kg/day T & BE S h7-77,
FOREFEELEEZIIE A L. NOAELIZH TS50
mg/kg/day & Sh7:. #DNOAELK U'LOAELZ, 25
mg/kg/day TORBABFHREFTbR TV LRWVWD
THRESN o7z,

MHEET v MIREM2ZAM» OREYHEEEA, BT
EBL£508H, BTIITHRERET4HE T, 0, 16.7,
50 % UF 150 mg/kg/day % WHl#E OS5 L - @54 E
M3 ER (OECD TG 421) TiE, 150 mg/kg/day iz
THEICIZEZEZONIMORTFIIIFAZDL R,
¥/, BEEORFRICMREEFMROEE, BRR U
BEROBRHE, BEREEROPIIREREOBRHE/L OB M
POON: BEBERICHTAEEBRIZD N o 7.
CNODRERD S, —ikBERUEEBEMEDONOAELI
50 mg/kg/day & Eh iz,

HMELRV L HBROBEFEALERBRTIESI mixF
ETFTRUEEETICBVWTERET-EHVELETH -
72, InvitroD< o R YSEME BV D ERERR
BTRSI mxFETRUFFETICBVTEETH-
7. Fx A== - NLRAY-BEREETBVLEEL
RERR, HHEEETEXBRARRK U/MMIRARTIZSI
MxFETICBVTHEETH o7, In vivo TDO= I AN
BRBRTIIBETH o728, 7 A Bl ikakiy
REBTREETHo. TNLDOERDD, in vitro T
BBEZEERND B, invivo TIZHA TRV E SR,

HEHE~< Y X120, 50 % U100 mg/kg/day % B5H T
103 B saFI& OH%S LA RBWARRKER TR, 300
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mg/kg/day THIZ Y Y SERFEROBENED SR
A, HEFMICRAEE TR RV, BbLWERES
n7:. Mg v 20, 150 X U300 mg/kg/day %385
ACI103EEMAEORG L RFARRE T, 100
mg/kg/day CHIZEBMBANBREEROBEI DD
LA, BEFFEMICEFETIE WY, b LW
BLEN CNSOHEREDS, BHEAEIIOVTIIE
AT YA W R A (WA
1) EmLEs

EPEOREEZBIIFW LEE SN, BEBEEDH
EAfERIN, BEZEILPLEE S

(4) 2-tert-Butoxyethanol (7580-85-0) (H A&EHF)
1) BERIN

AALEPY R EICEEAGH L LTEDR TN, B
¥RBREBEOFTERRIIV|ARUBRELEZEZ NS, 72,
EHMErECEMD S, MARUVBEEREBIZLAHEES
BEOWEETD 5.
2) RELE

AR, ZZETHKBROTBICE LI SHT 5.
EYWBEEIES I EFEL v (OECD TG 301C) 7%, XK
EEWIZBIT A EYEHEEIZEY (BCF : 3.16). K&
EWIIT A MBS TIE, AEDLChI3I> 100 mg/L
(96 B:M, OECD TG 203), 3 ¥ ¥ I MDECs i3> 891
mg/L (48B%R, #ikFEE . OECD TG 202), EHOD
ECs i3> 866 mg/L (72850, 4R #EEH:, OECD TG
201) THho7. BHEHEETIE, 33D NOECIT
94.2 mg/L (21 H, #JEMEE : OECD TG 211), #HE
D NOEC 12291 mg/L (728:f, #£E#EMEHE | OECD
TG 201) THo/:.
3) BERE

7 v FOEBRORS5HEEREE (OECD TG 401) T®D
LDso i3 M T 2,000 mg/kg Bl b, #HE~y A CEEFEOR
B L7HEBTOHLDsi31,328 mg/kg L G SN TV A

T v MIRER BB R URKESH % &, BTIE
37THM, MTRISHEME4HET, 0, 4, 20T 100

mg/kg/day Z EHIEORS LIRS S - £E%E

EEEHEEFHE (OECD TG 422) Tif, 100 mg/kg/day
BV THEHEICE BRSO O, MEORIMEKE, ~
/UK VBERORMOERNEZBEOKME, KRIOLKEF
&, ARMmERM B FE R CBIRRORBEOBEL AN,
20 mg/kg/day I BT AMTLROKDEEREDEEL
B < MEFRMREE I FAROELSRZD bz, £,
100 mg/kg/day iz BWTHN~AT 2 Y v MERU A
BREOBME, BEOBRBEEDOSE, MEOKMEEEME
B RMERAE MM OEM, FRICBTL 27 v
- —HAOANEY ) VikE, BRICBT A RME LEM
RBONET T v OkE, BOBRBICBITANEY T

vib#E, ORI B BAENAZO O N, T,
HED 100 mg/kg/day, ## D20 mg/kg/day Lt CRBRIZ
B AFRMERABENEMAED SN, EBEBEEICET
LEBRZDON o/, INHLOERNSL, RIER
5# 15D NOAEL (3 # T 20 mg/kg/day, i T4 mg/kg/day,
HFE R AT D NOAEL 13 100 mg/kg/day & & /-,

HMEZAVIEREREERBRIF YA =X - 1
LAY —BEMRTAVIEAEREABTIIRETSH
o7,
4) s

EMEDRELEIFWELEILE SN, BEREERV
HEEBRZEOREF RSN, REZBIILPLH
Hans. '

(5) # 5 =) — : High Molecular Weight Phthalate
Esters (7 chemicals: 119-06-2, 3648-20-2, 53306-54-
0, 68515-41-3, 68515-43-5, 68515-47-9, 85507-79-5)
(EEMER . ICCAHBARUICCAT7 T » A4 3)

CERATF T —E, REBRTDLETCT VX VRERKY
o, THREOSETFE 7 VEELZ ATV (HMWPE),
2% 1, 1,2-benzenedicarboxylic acid, di-2-propylheptyl
ester (Di-phC10 PE; 53306-54-0), 1,2-benzenedicarboxylic
acid, di-C7-9-branched and linear alkyl esters(Di-C7-
9 PE; 68515-41-3), 1,2-benzenedicarboxylic acid, di-
C11-branched and linear alkyl esters(Di-C11 PE; 85507 -
79-5), 1,2-benzenedicarboxylic acid, di-C9-11-
branched and linear alkyl esters(Di-C9-11 PE; 68515~
43-5), 1,2-benzenedicarboxylic acid, di-C11-alkyl -
ester (Di-C11 PE; 3648-20-2), 1,2-benzenedicarboxylic
acid, di- C11-14-branched alkyl esters, C13 rich (Di-
C13 PE; 68515-47-9), 1,2-benzenedicarboxylic acid,
di- C13-alkyl ester(Di-C13 PE; 119-06-2) » L% 5.
AAFT)—WEIE, 2EOFEE - IEHTLFALT
)V 2 — VT 148 @ benzenedicarboxylic acid % T X 7 V1t
TAHIEIZEDEEEINS,

75 VEET ATV (PEs) ORI NS HFEHIIANE
REBRTHY, FOEBIIBEIKEL, KEH4~
6DBHAFREOWMSEELHEEL TS, —F, RER
TULEDBEHEOPESIIBWTABELCREFMER
OO, 61T, RERSU EDOEHEZHFDOPEs
I BE R EIIA 6 Lz V. Di-isononyl phthalate ester
(DINP; 68515-48-0 % 1F28553-12-0) & di-isodecyl
phthalate ester{DIDP; 68515-49-1 & U 26761-40-0) i,
AHTFTY —DERICEET ADT, 77— OFHIET
EeT#H 5%, B2 OECD HPV programme Tl & LT
WAHDT, RAFITY -l EFIThi .

1) BFRI
AhFT)—PEIIR)T—EETHRMP L LTER
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Bh, BECVEIRICESREE 52 5. £, B
WHoREmAE LTHERINS., BREBEOIERR
BEERVBEALZZONS, I, ZYELXECHS
o, BRARUREZRBICLHHBEBRZOTERMEY? D
5.

2) WRELE

AT T —EIIHIBUHLIEIZ, H2%HNEHIC
5% 5. di-phC10 PE, di-C11 PE(3648-20-2), di-
C13 PEs(68515-47-9 & (F119-06-2) DS E(313
~75% (28HM) Thot:. FFREOLBEKE Wi-
C13 PEs DA HEIIEVH, REBYME6HICERL
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Abstract

Induction of liver lesions in male F344 rats by the genotoxic and carcinogenic N-nitrosodimethylamine (NDMA) was studied
at a wide range of dose levels, i.e. from 0.001 to 10 ppm, in drinking water for 16 weeks. Dose related and statistically
significant increase of glutathione S-transferase placental form-positive foci, endpoint markers for hepatocarcinogenesis in rats,
at 1 and 10 ppm dose groups was obtained, but no increment in foci could be detected with the lower doses (0.001, 0.01, and
0.1 ppm). This finding of a no-observed effect level supports our hypothesis that a threshold, at least in practical terms, exists in
carcinogenesis proposed on the basis of extensive wide range dose-dependence studies of other genotoxic carcinogens.
© 2004 Elsevier Ireland Ltd. All rights reserved.

Keywords: N-nitrosodimethylamine; Risk assessment; Carcinogenicity dose threshold

* Corresponding author. Tel.: +81 6 6645 3735; fax: +81 6 6646 3093.
E-mail address: fukuchan@med.osaka-cu.ac.jp (S. Fukushima).
! Present address: Department of Molecular Toxicology, Nagoya City University Graduate School of Medical Science, 1 Kawasumi,
Mizuho-cho, Mizuho-ku, Nagoya 467-8601, Japan.

0304-3835/$ - see front matter © 2004 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.canlet.2004.08.035

—169—



12 S. Fukushima et al. / Cancer Letters 222 (2005) 11-15

1. Introduction

Chemical carcinogens are generally classified into
two categories, genotoxic and non-genotoxic. Con-
cerning cancer risk assessment, it is considered that
genotoxic carcinogens exert carcinogenic potential
regardless of the animal species, so that chemicals
which are carcinogenic to rodents are carcinogenic to
humans as well. Because genotoxic carcinogens are
mutagenic and seem to act through interaction with
DNA to produce irreversible genetic changes in
target organ cells, it has been generally concluded
that they have no dose threshold in their carcinogenic
potential [1,2]. Therefore, there is widespread
acceptance of a linear curve extending to zero at
very low doses for chemicals found to be carcino-
genic with in vivo carcinogenicity tests. However,
while there are data supporting the non-threshold
theory [3-5], and we recently provided evidence of
thresholds for the hepatocarcinogenicity of 2-amino-
3,8-dimethylimidazo[4,5-f]quinoxaline (MelQx)
and N-nitrosodiethylamine (NDEA) in rats [6,7].

Williams et al. [8,9] also earlier reported the .

existence of similar thresholds for NDEA and
2-acetylaminofluorene hepatocarcinogenicity.

N-nitrosodimethylamine (NDMA), an N-nitroso
compound, is well established as a hepatocarcinogen
in rodents. Humans are exposed to NDMA from
occupational and environmental sources and through
in vivo formation of ingested precursor amines and
nitrosating agents [10]. In particular its endogenous
formation from ingested precursors has been indicated
to be a major source of exposure. Previously Peto
et al. [5] reported non-threshold of NDMN hepato-
carcinogenicity based on statistical analysis of results
from a long-term carcinogenicity test at low doses in
4080 rats.

Recently in vivo medium-term bioassays for
carcinogens have become accepted as alternatives to
long-term carcinogenicity tests. Particularly, the liver
medium-term bioassay has been developed as useful
for detecting hepatocarcinogenicity of chemicals [11].
Recently we found a 21-day-old rat, a medium-term
model to be very useful for assessment of low dose
carcinogenicity of hepatocarcinogens such as MelQx
and NDEA because of high sensitivity [6]. In this
medium-term bioassay, the animal treatment duration
was 16 weeks and glutathione S-transferase placental

form (GST-P)-positive foci, established preneoplastic
lesions in the livers of rats [11,12], were taken as end-
point markers of carcinogenicity.

In the present study, we examined low dose
carcinogenicity of NDMA in the rat liver from
viewpoint of ‘weight of evidence’ for clarification of
human risk assessment of genotoxic carcinogens. For
this purpose we employed the same experimental
protocol with which MelQx and NDEA were earlier
examined for low dose carcinogenicity [6].

2. Materials and methods
2.1. Animals and chemicals

A total of 540 male 20-day-old F344 rats were
obtained from Charles River Japan, Inc. (Atsugi,
Kanagawa, Japan) and housed in rooms maintained on
a 12 h light/dark cycle, at constant temperature and
humidity, and observed daily. Numbers of the rats
employed in the present study were decided on the
basis results of previous, low dose carcinogenicity
studies [6,7]. NDMA (purity >99%) was purchased
from Sakai Research Laboratory (Fukui, Japan).

2.2. Experimental procedures

The experiment was started when the animals were
aged 21 days. They received NDMA at doses of 0
(group 1, a control, 90 rats), 0.001 (group 2, 89 rats),
0.01 (group 3, 89 rats), 0.1 (group 4, 90 rats), | (group
5, 91 rats), or 10 ppm (group 6, 91 rats), in drinking
water for 16 weeks. The lowest level, 0.001 ppm, was
established with reference to daily exposure of
humans to this carcinogen [10]. The animals had
free access to Oriental MF diet (Oriental Yeast Co.,
Tokyo, Japan) throughout the experiment and were
killed at the end of week 16 under ether anesthesia for
examination of lesion development.

Ten percent phosphate-buffered formalin-fixed
liver tissues (a total of 9 slices per animal, 3 each
from the left lateral, medial, and right lateral lobes)
were embedded in paraffin wax for immunohisto-
chemical examination of GST-P-positive foci in the
liver, as described previously [6]. Hepatocellular foci
comprising of two and more cells were counted
under a light microscope. They were categorized as
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Table 1

Final average body. absolute and relative liver weights, and average total NDMA intakes

Groups NDMA doses No. of rats Final body Liver Total NDMA
(ppm) weights (g) Absolute (g) Relative (%) intake (mg/rat)

1 0 90 3274157 9.6%0.9 3.04+02 0

2 0.001 89 325+17 96107 29402 0.00151

3 0.01 89 325+16 9.5+0.7 29402 0.0145

4 0.1 90 32718 951038 29+0.1 0.1505

5 1 91 326+19 99+1.0 3.0+0.2 1.5117

6 10 91 315+£19 9.1+09 29402 15.0680

* Values are mean +SD.

having a total of 11 and more cells. Total areas of
livers were measured using a color image processor
(IPAP, Sumica Technos, Osaka, Japan) and the
numbers of foci per cm? of liver tissue were
calculated.

2.3. Statistical analysis

Statistical analysis of the data was performed using
the StatView-J 5.0 program (Abacus Concepts, Inc.,
Berkeley, CA). Differences from control values were
evaluated for significance with the Dunnett two-tailed
post hoc test.

3. Results

3.1. General findings

All the rats survived in good condition until the
scheduled sacrifice. No macroscopic lesions were
apparent in any organ including the liver. No adverse
effects on average body weight gain were observed in

Table 2

rats treated with NDMA at any of the doses (Table 1).
Absolute liver weights were not increased in the
groups given NDMA and relative liver weights did
not differ among the groups. Average total NDMA
intake in each group was dose-dependent.

3.2. Induction of GST-P-positive foci in the liver

In livers of rats treated with NDMA, total numbers
of GST-P-positive foci per unit area in the groups
receiving 0.001 to 0.1 ppm of the carcinogen did not
differ from the control value (non-treatment group,
Table 2 and Fig. 1), in contrast to the significant
increase observed in rats treated with the 1 and
10 ppm doses. In fact, total values in groups treated
with NDMA at a dose of 0.01 ppm showed a slight
decrease as compared to the control value. Moreover,
numbers of GST-P-positive foci comprising =11
cells in the groups given 0.001-0.1 ppm NDMA were
not different from the control values, while these
values in rats treated with 1ppm NDMA, and
particularly 10 ppm NDMA, were significantly
increased.

The development of GST-P-positive foci in the livers of rats treated with NDMA at various doses

Groups NDMA doses (ppm) No. of rats Size distribution of GST-P-positive foci (no.fcm?)
Total > 11 cells

1 0 90 0.375+0.545" 0.012+0.066

2 0.001 89 0.366+0.586 0.018+0.077

3 0.01 89 0.276+0.582 0.011£0.056

4 0.1 90 0.377+0.519 0.025+0.074

5 1 91 1.905 +2.399* 0.117+0.200*

6 10 91 24875+ 13.267* 11.0631+6.986*

*P <0.01 (vs. group 1).
* Values are mean - SD.
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Fig. 1. Induction of GST-P-positive foci in the liver of rats treated

with NDMA. *P <0.01 (vs. group 1). Numbers of rats are shown in
Table 1. Bars, SD.

4. Discussion

Previously Peto et al. [S] examined the carcino-
genicity of NDMA or NDEA at low doses (the so-
called EDO1 study) and found no indication of any
threshold for liver tumor induction of rats. They
speculated that NDMA or NDEA at 0.1 ppm in
drinking water cause about 2.5% of animals to develop
liver tumors and therefore a dose of 0.01 ppm would
yield a 0.25% incidence. However, the issue of true and
practical thresholds for carcinogenicity has attracted
increasing interest [13] and recently Waddell [14]
reanalyzed data of the rat carcinogenicity study using
NDEA at low doses. His speculation pointed to the
existence of a threshold for NDEA carcinogenicity in
the liver and esophagus. Recently Williams et al. [9]
also suggested the existence of threshold for NDEA
hepatocarcinogenicity in rats. In the present study, a
dose related and statistically significant increase of
GST-P-positive foci in the liver, established endpoint
markers for hepatocarcinogenesis in rats [11,12], was
obtained with the 1 and 10 ppm doses of NDMN, but
the lower doses (0.001, 0.01, and 0.1 ppm) did not
cause significant increment in the foci, in line with
thresholds found for MeIQx and NDEA previously [6].

Recently we documented that MeIQx and NDEA
do not induce GST-P-positive foci in rat liver at very
low doses [6]. Moreover, formation of 8-hydroxy-2'-
deoxyguanosine (8-OHdG), the most abundant
species of adduct associated with oxidative stress,
also demonstrated a no-observed effect level. We also
reported that the curve for induction of aberrant crypt
foci, preneoplastic markers in the colon of rats by
2-amino-1-methyl-6-phenolimidazo[4,5-b]pyridine
(PhIP) is not linear down to zero [15]. Similarly,
no-response levels were evident for both PhIP-DNA
adducts and 8-OHdAG formation. The present study
also clearly indicates that the curve for induction of
GST-P-positive foci in the liver is not linear down to
zero. Taking all the evidence together, we conclude

that genotoxic carcinogens have a threshold, at least in

practical terms, for their carcinogenicity.

The question of whether there is a threshold for
chemical carcinogenesis, particularly with genotoxic
agents is clearly controversial in risk assessment and
the non-threshold theory continues to hold sway in the
regulatory area for carcinogenic toxicology. How-
ever, the findings for a threshold in the genotoxicity of
MelQx [16,17] and the evidence of practical
thresholds for genotoxic carcinogenicity from recent
in vivo studies including the present result [6-9,15]
indicates that this area requires more attention and
careful consideration.

In conclusion, the present finding of no-observed
effect level on induction of GST-P-positive foci
supports our hypothesis that a threshold, at least in
practical terms, exists with regard carcinogenesis due
to genotoxic agents, from our extensive wide range
dose-dependence studies of a variety of carcinogens.
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Transgenic animals carrying human c-Ha-ras proto-oncogene, v-
Ha-ras transgenic mice, pim-1 transgenic mice and several knockout
mice deficient of tumor suppressor genes, such as p53, have been
shown to exhibit increased carcinogen susceptibility. As a result,
studies into practical application and medium-term screening of
environmental carcinogens are under way. Given the advantages of
rat models characterized by larger organ size, abundant information
regarding preneoplasias and virus-free constitution, we have
concentrated on the generation of transgenic rats bearing copies of
the human ¢-Ha-ras proto-oncogene and shown the Hras128 strain
to be extremely sensitive to the induction of mammary carcinomas,
and to a lesser extent, lesions in the urinary bladder, esophagus
and skin. In most, if not all, the mammary cancers mutations of
the transgene but not the endogenous H-ras gene are present,
appearing to occur early in the process of tumorigenesis, which
involves proliferation of cells in TEB and intraductal hyperplasia
before carcinomas arise. Preliminary findings suggest that this is
independent of endogenous ovarian hormones, although inhibited
by soy isoflavones and promoted by atrazine and nonylphenols.
Although further studies of the mechanisms are clearly necessary, the
model appears to have great potential for screening purposes, not
only for modifiers active in the breast, but also other organs where
tumors characterized by ras gene mutations develop. (Cancer Sci
2005; 96: 309-316) '

Transgenic mice carrying the human c-Ha-ras proto-
oncogene,*™> v-Ha-ras transgenic mice,*" pim-1 transgenic
mice'®” and several knockout strains of mice deficient in tumor
suppressor genes such as p53 have been shown to exhibit
increased carcinogen susceptibility. Therefore, there is a great
deal of interest in their practical application for medium-term
screening of environmental carcinogens, for example with rasH2
and Tg.AC mice.

For studies of chemical carcinogenesis, however, rats rather
than mice are generally more frequently used for various reasons.
For example, in addition to the benefits accruing with size,
abundant information is available regarding biological character-
istics of preneoplastic lesions that can be used as endpoint lesions
appropriate as surrogate markers for cancer development.®-!V
Furthermore, tumors of the mammary glands and other organs
can be induced without the complication of a possible viral
etiology, which is not the case with mice. However, only limited
types of transgenic rats have so far been developed for studying
carcinogenesis. In the majority of established models, the

© Japanese Cancer Association doi: 10.1111/j.1349-7006.2005.00056.x

transgene is under the control of an SV40 T antigen gene such
as the probasin/SV40 T antigen gene for the prostate,''*'* the
albumin-SV40 T antigen gene for the liver,®'*'> and the phos-
phoenolpyruvate carboxykinase (PEPCK)-SV40 T antigen gene
for pancreas islet cells.""® This is clearly not optimal. In oncogene
transgenic rats, the c-erbB-2 and TGFo-MMTV''" and Neu
proto-oncogene''® have been applied for the study of mammary
carcinogenesis. An example of a transgene related to thymus
carcinogenesis is the pX gene encoding a major product of
human T lymphocyte virus type I (HTLV-I). Others include the
glutathione S-transferase (GST-P) gene!' for the liver, and the
Tsc2 gene*™2! for the kidney but these are not directly relevant
to enhancement of carcinogenesis, unlike the case with tumor
oncogenes (Table 1).

We have concentrated attention on the generation of transgenic
rats with the same human c-Ha-ras proto-oncogene used for
establishment of transgenic mice.”® As this transgene is under
the control of its own promoter region, it is expressed in the
whole body, allowing the study of carcinogenesis in different
organs. Two rat lines have been found to exhibit very high
susceptibility to chemically induced mammary carcinogenesis,
with development of multiple carcinomas within an extremely
short period.™*” Less remarkably, one has also been found to
demonstrate increased sensitivity to skin, bladder and esophagus
carcinogens.® Here we report our experience regarding
susceptibility of our transgenic rats to chemically induced car-
cinogenests, analysis of the mechanisms, and possible application
as an animal model for short-term evaluation of carcinogenicity
of chemical compounds.

Generation of H-ras transgenic rats

The DNA construct used for transgenic rats has been described
in a previous study.®” For the purpose of genarating the
transgenic rata, a 6.8 kb BamHI fragment of the human c-Ha-ras
proto-oncogene with its own promoter region eluted from agarose
gel was purified and then injected into the pronuclei of rat

To whom correspondence should be addressed. E-mail: htsuda@med.nagoya-cu.ac.jp
Abbreviations: TEB, terminal end buds; Hras128, human c-Ha-ras proto-oncogene
transgenic rat; MNU, N-methyl-N-nitrosourea; DMBA, 7,12-dimethylbenz(alanthracene;
PhIP, 2-amino-1-methi-6-phenylimidazol4,5-blpyridine; PCR-SSCP, polymerase chain
reaction-single strand conformation polymorphism; PCR-RFLP, polymerase chain
reaction-restriction fragment length polymorphism; PCNA, proliferating cell
nuclear antigen; NLRR-3, neuronal leucine-rich repeat protein-3; BBN, N-butyl-N-
(4-hydroxybutyl)nitrosamine; TPA, 12-O-tetradecanoylphorbol 13-acetate.
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Table 1. Transgenic rats generated for carcinogenesis studies

Carcinogenesis Transgene Promoter Strain Tumor site Reference
Enhancement/ svao Albumin s Livert Hully et al. (1994)?
induction’ Probasin SD Prostate Asamoto et al. (2001)*?
PEPCK SD Pancreas islet Haas et al. (1999)2
Human Human Hras SD Mammary gland? Asamoto et al. (2000)2
¢-Ha-ras? Bladder® Ota et al. (2000)**
Esophagus* Asamoto et al. (2002)*
Skin® Park et al. (2004)%
Neu MMTV SD Mammary gland* Watson et al. (2002)'
c-erbB2 MMTV SD Mammary gland* Davies et al. (1999)"
TGFa MMTV SD Mammary gland* Davies et al. (1999)"
px(HTLV-1) p53Ick F344 Thymus Kikuchi K (2002)??
HLA-B27 HLA-B27 F344 Colon Hammer RE (1995)%
Inhibition’ Tsc2 Tsc2 Eker Kidney Kobayashi et al. (1997)®
Rat H-, K-ras? Rat H-ras sD Mammary gland® Thompson et al. (2002)®
GST-P GST-P Wistar Liver® Nakae et al. (1998)"

tAs compared to wild-type rats; *chemically induced tumor; Sdomionant negative: Yprotooncogene. SD, Sprague-Dawley; PEPCK,
phosphoenolpyruvate carbokinase; MMTV, mouse mammary tumor virus; GST-P, glutathione S-transferase.
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Fig. 1. Rapid development of mammary carcinomas with three different carcinogens, MNU, DMBA and PhiP. Hras128 and its wild-type counterparts
were given a single dose of MNU (50 mg/kg, i.v.) or DMBA (40 mg/kg, i.g.) on day 50 after birth, then killed on week 8 or 12, respectively. PhiP
(100 mg/kg) was given i.g. eight times over a 4 week-period followed by death on week 12. Multiple mammary carcinomas developed in almost

all the transgenic rats, whereas the incidence and multiplicities were far lower in the wild-type rats.

embryos from Sprague-Dawley female rats. Two male progeny
were shown to carry the transgene, one having three copies
(Hras128) and the other one copy (Hras104).?% Subsequent
matings have been carried out between transgenic males and
non-transgenic Sprague-Dawley female rats to maintain the
heterozygote transgenic Hras128 strain. Expression of the
transgene has been repeatedly detected in all organs by northern
blot analysis. The strain is now being maintained and bred by
Clea Japan (Tokyo, Japan).

Mammary carcinogenesis

To examine the susceptibility of the transgenic rat to mammary
carcinogens, females at 50 days of age were treated with a
single dose of N-methyi-N-nitrosourea (MNU) (50 mg/kg, i.v.),
7,12-dimethylbenz[a]anthracene (DMBA) (40 mg/kg, i.g.) or
multiple doses (100 mg/kg, i.g., eight times in 4 week-
period) of the food contaminant carcinogen, 2-amino-1-methl-
6-phenylimidazo[4,5-b]pyridine (PhIP).***** Almost all the

310

transgenic rats rapidly developed multiple mammary carcinomas
within 8-12 weeks (see Fig. 1). The histological appearance of
the tumors was solid, tubular, papillary and, less frequently,
undifferentiated and sarcomatous, as previously reported to be
typical in rats.®*?" As it has been established that the mode of
DNA modification differs among the three compounds, O°-
methylguanine formation resulting with MNU,*3> depurinating
adduct formation with DMBA®® and guanine deletion in the
5’-GGGA-3’ sequence with PhIP*? our results indicate that
Hrasi28 rats are highly susceptible to chemically induced
mammary carcinogenesis, irrespective of the carcinogen applied.

Mutation of the transduced c-Ha-ras proto-oncogene and
demonstration of activated ras in induced mammary
tumors

PCR-SSCP and PCR-RFLP analysis and direct sequencing of
the transgene indicated the large majority of carcinomas induced
with MNU, DMBA and PhIP to contain cells with mutations,

© Japanese Cancer Association doi: 10.1111/j.1349-7006.2005.00056.x
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Fig. 2. Data for mutations that occurred in the transgene but not the
endogenous Hras gene in all treatment groups. T, transgene; €, endogenous
Hras gene; 'numbers indicate the number of tumors examined.

many featuring GG — GA at codon 123" (Fig. 2). Furthermore,
activated form ras protein could be detected in carcinomas
induced by PhIP.®? In contrast, no mutations whatsoever were
found in the endogenous c-Ha-ras gene in the mammary tumors
arising in the Hras128 strain.®® Therefore, the results indicate
that preferential mutation and activation of the transduced
human c-Ha-ras proto-oncogene play dominant roles over
the endogenous c-Ha-ras gene. It is of interest in this context
that treatment with d-limonene, an inhibitor of ras protein
isoprenylation, clearly inhibited tumor induction.*®

Our results are in contrast to the observation that transgenic
rats with copies of rat H- and K-ras gene showed less carcinoma
development than their non-transgenic littermates following
MNU exposure, with less transgene mutation than in the endog-
enous ras gene. The findings indicate that particular mutations
of the transgene are important for its functions as a modifier
gene in mammary carcinogenesis.

Elevated cell proliferation and mutation of the transgene
in TEB cells as early events

The observed transgene mutations as early events in carcinogenesis,
periodic observation of mutations and whether proliferative focal
lesions were performed in TEB were studied.”®” As TEB cells
are precursors for mammary exocrine glands, they are the most
likely targets of chemical carcinogens applied before sexual
maturation, at 50 days old.®” We focused on analysis of numbers,
proliferative status and presence of any mutations in the transgene.
Number count and proliferative potential of TEB. Counts of TEB
in the abdominal mammary glands of 49-91-day-old female
Hras128 were compared with those in wild rats. The numbers
were significantly greater in Hras128 rats until 81 days after
birth. Confocal microscopy further revealed that the level of
active protein kinase is clearly elevated in TEB cells. Thus, an
increase in number with elevated proliferation activity would
appear to play an important role in observed rapid tumor
development.“? As TEB is a precursor tissue for mammary
glands, duct and acini, the induced tumors comprised epithelial,
stromal and transitional cells. Indeed, a variety of histological
patterns, from epithelial to stromal and epithelial-mesenchymal
type, was found,® in line with observations in wild rats.!?
Alteration of sensitivity to DMBA carcinogenesis during sexual
maturation. With a time sequence observation of sensitivity to
DMBA administration, made by shifting the application time
from 7 to 25 weeks of age, the tumor yield was clearly decreased
in line with the evolutionary decrease in the number of TEB.“?

Tsuda et al.
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Fig. 3. Results of periodical observation of preneoplastic and

carcinoma lesion development in abdominal-inguinal mammary glands
after injection of N-methyl-N-nitrosourea {(MNU) in Hras128.

Early transgene mutations in TEB cells induced by MNU.
Transgene mutations in codon 12 could be demonstrated in the
laser captured normal-looking TEB from female Hras128 rats as
early as 5 days after application of MNU, providing compelling

. evidence that the TEB is indeed a target of the carcinogen and

that transgene mutation is an early event in carcinogenesis."*?

Rapid development of tumors in abdominal-inguinal mammary
glands. Sequential histological observation of the abdominal-
inguinal mammary glands, taken as a representative of all six
pairs of mammary glands, at different time points after a single
injection of MNU showed rapid development of intraductal
epithelial proliferation on day 5, atypical hyperplasia on day 15
and adenocarcinoma on day 20, as shown in Fig. 3. The data are
clearly of great significance for application as a rapid carcinogen
assay model for detection of environmental carcinogens. The
postulated sequence of events is depicted in Fig. 4.

Spontaneous tumor development. To determine carcinoma develop-
ment without exposure to carcinogens, we conducted a study
to observe spontaneous lesions in virgin Hras128 rats. The
tumor yield was 52.8% at week 40, slightly increased as
compared to the value for parent Sprague-Dawley females. As
preneoplastic lesions, incidences of intraductal epithelial and
acinar cell hyperplasia, with increased PCNA labeling, were
two-fold greater than in wild rats at week 10. Similar data were
obtained for subsequent atypical hyperplasias. The mRNA and
protein levels of cyclins D1 and D2 started to increase from
week 17. The results confirmed proliferative features of TEB at
early stages followed by duct epithelial and alveolar cell hyper-
plasia with elevated expression of the c-Ha-ras protooncogene
are background lesions for carcinoma development.®**¥ Thus,
the transduced human c-Ha-ras proto-oncogene in the TEB is a
target of carcinogens and mutations may occur before obvious
proliferative changes become evident. Studies of spontaneous
carcinogenesis indicated that carcinomas directly arise from the
duct and acinar cells, corresponding to human ‘ductular’ and
‘lobular’ carcinomas, respectively.

Cloning of a new gene involved in the ras-MAPK pathway

In a search for genes involved in ras gene activation and MAPK
transduction, the rat neuronal leucine-rich repeat protein-3
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Schematic presentation of carcinogenesis. Terminal endbuds, targets of carcinogens, have proliferative potential as a result of expression

of the mutated transgene. Hyperplastic change occurs rapidly after application of carcinogens. The TEB shown at the lower left indicates normal

mammary duct development in wild-type rats.

(NLRR-3) gene was cloned in a sarcoma spontaneously
developing in the mammary region of an Hras128 rat. Stable
expression of constitutively active forms of Ras (H-RasV12 or
v-H-Ras) and treatment of epidermal growth factor (EGF) led to
increase in NLRR-3 mRNA expression in normal fibroblasts.
The carboxyl-terminal 30-aa region of NLRR-3 is responsible
for the amplification of MAPK phosphorylation through asso-
ciation with endocytotic vesicles and NLRR-3 may amplify
MAPK activity resulting in growth stimulation/Ras activation in
malignant tumors.“449

Modification of mammary carcinogenesis in
the Hras128 rat

Effects of ovarian hormones. Effects of ovarian hormones on
induction of mammary carcinogenesis were examined by
performing ovariectomy before treatment with MNU. Although
ovariectomy completely inhibited development of mammary
carcinomas in wild counterparts, it did not affect either the
incidence or the multiplicity of mammary carcinomas in the
Hras128 rats,®® indicating the high susceptibility to MNU
carcinogenesis to be independent of ovarian hormones, including
estrogens.

312

Environmental compounds: Possible application as a medium-term
detection model for carcinogenesis modifying agents. After admin-
istration of MNU, suppressive effects of soy isoflavones could
be clearly shown within 20 days in the Hras128 rat. Numbers
of lesions, atypical hyperplasias and adenocarcinomas, in the
isoflavone fed group in the post-initiation stage were clearly
decreased as compared to the basal diet group (40 vs 100%
incidence). The results indicate that this model may be useful for
short-term screening for chemopreventive agents for mammary
carcinogenesis.”¥ To assess this possibility, effects of environ-
mental compounds with estrogenic action, 4-n-octylphenols,
atrazine and nonylphenols, were investigated. Female transgenic
rats were given a single oral dose of DMBA and thereafter
received diets containing one of these compounds. Although
4-n-octynophenols proved inactive,*® atrazine at a dose of
50 p.p.m. and nonylphenol at 10 p.p.m. increased the incidence
and multiplicity of adenocarcinomas (P <0.05, by trend
analysis).” These results suggest that endocrine disruptors may
enhance mammary carcinogenesis, although the doses applied
were extremely high as compared with feasible environmental
human exposure levels, and that our transgenic rat can be used
for medium-term assessment of the modification potential of
environmental compounds.

© Japanese Cancer Association doi: 10.1111/j.1349-7006.2005.00056.x
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Summary of tumor induction and transgene mutation
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Fig. 5. Summary of data for the organ specificity for susceptibility to tumor induction, transgene mutations and endogenous ras gene mutations.

Other organ carcinogenesis

Skin. We have been able to establish a novel rat skin
carcinogenesis model using males of our transgenic strain. Male
and female transgenic rats were topically treated with DMBA
on the back skin at 50 days after birth, and thereafter were
. similarly exposed to 2-o-tetradecanoylphorbol 13-acetate (TPA),
three times a week for 31 weeks. Squamous cell papillomas and
carcinomas, were preferentially induced at the painting sites with
DMBA followed by TPA, 100%; DMBA, 75%:; TPA, 16.7%.
Unexpectedly, a high incidence of skin tumors was also noted
on the remote scrotal skin. Furthermore, in females, mammary
carcinomas, distant from the painting sites, were primarily
induced with a few skin lesions. The results indicate that in
addition to mammary cells, epidermal cells are also susceptible
to initiation by DMBA.®® .

Urinary bladder. To examine susceptibility to N-butyl-N-(4-
hydroxybutyl)nitrosamine (BBN)-induction of urinary bladder
carcinogenesis, male transgenic and wild-type littermates were
treated with 0.05% BBN in their drinking water for 10 weeks
and killed at week 20. The number of bladder tumors, transitional
cell papillomas and carcinomas, were greater in the transgenic
rats than in their wild-type counterparts. Two cases of transitional
cell carcinomas exhibiting invasion of the bladder muscle layer,
were also observed to be limited to Hras128 rats. These results
indicate that the Hras128 rat is highly susceptible to BBN
carcinogenesis and may be used as a rat model for analysis of
bladder tumor development.©®*

Esophagus. The transgenic rats were also found to be highly
susceptible to N-nitrosomethylbenzylamine induction of esopha-
geal carcinogenesis. Multiple esophageal lesions, squamous
cell papillomas and carcinomas, rapidly developed within 10-
weeks after application of the carcinogen, at 7-fold the number
of tumors found in wild-type rats. Codon 12 GGC to GAC
mutations of the transgene were detected at high incidence (76%),
along with less frequent mutations of endogenous rat c-Ha-ras
gene (8%).%

Tsuda et al.

- Discussion

Although the human c-Ha-ras proto-oncogene is transduced
with its own promoter region, and therefore the gene mRNA is
expressed, in all organs, the Hrasl28 transgenic rat does not
exhibit enhanced carcinogenesis independent of the tissue but
rather shows organotropic effects (see Fig. 5 for a summary of
the findings so far). For example, intestine and prostate tumor
induction in male rats was not different from that in wild type
littermates after treatment with PhIP.®? Similarly, no differences
were observed in the incidences of liver, lung and thyroid
tumors with dihydroxy-di-n-propyl nitrosamine. It is interesting
that all of the organs that exhibit enhanced susceptibility to
carcinogens are known as organs in which endogenous c-Ha-ras
gene mutations have been found in chemically induced tumors
in wild rats. For example, this is the case in the mammary
gland,“**? esophagus,'*>*¥ bladder®>*® and skin.®” This is one
conceivable reason for the organ-specific predisposition of
organotropic oncogenicity with the c-Ha-ras gene (Table 2).

In the mammary gland, the transgene itself appears to increase
the number of TEB and enhance proliferation, as evidenced by
an increase in activated MAPK and expression of CyclinD2 and
D3. Such proliferation-prone conditions are associated with
mutations of the transgene in normal-looking endbuds.“” From
our results and the known pathways involving ras (Fig. 6), we
speculate that mutated H-ras causes chronic upregulation of
signaling through Raf and, therefore, transcription of genes
responsible for cell growth. This may correspond to human
cases with diseased conditions featuring chronically elevated cell
turnover, which may facilitate induction of mutations in cancer
related genes, including the ras gene,**-" by environmental agents.
Actually, enhanced cell proliferation of human mammary tissue
cells was shown to be relevant to carcinogenesis.®**? Qur results
may support the hypothesis proposed by Kumar et al. that normal
physiological proliferative processes can lead to development
of carcinomas if the targeted cells harbor latent ras oncogenes
under conditions with some stimulus for cell proliferation.®
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Table 2. Correlation of susceptibility of Hras128 rats to carcinogens and H- or K-ras
mutations in tumors in the rat, mouse and human

Enhanced tumor induction

H- or K-ras mutation in tumor of

Tumor site in Hras128 rats* Rat Mouse Human
Mammary gland Yes Hras Hras -
Skin Yes Hras Hras -
Colon No Kras Kras Kras
Bladder Yes - - Hras
Pancreas No - - Kras
Lung No Kras Kras Kras
Esophagus Yes Hras - -

'As compared to wild-type rats; -, not reported or no mutations found.
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In addition to mammary carcinogenesis, the Hras128 trans-
genic rat was found to be susceptible to esophageal and urinary
bladder and provides the first rat model featuring rapid generation
of skin tumors. The latter has particular advantages in terms of
wide application (painting) area and therefore can be used for
the testing of compounds for carcinogenicity. For dominant
activity in inducing tumors in some limited organs, studies on
the possible involvement of some competitive inhibition mechan-
isms in activation of the ras gene are obviously required.

In conclusion, irrespective of the mechanisms involved in its
high susceptibility to chemical carcinogenesis in particular
organs, the transgenic rat offers a good model of human
mammary carcinogenesis and promising short-term in vivo assay
model for environmental carcinogens and modifying agents.
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