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ment, and a reliable detection method for the existence
of ay,-globulin is therefore necessary.

Using both immunochemical staining for paraf-
fin-embedded sections and the immuno-electron
microscopy technique, we demonstrated that our pre-
pared antibody reacted specifically to a,-globulin in
renal hyaline droplets in the male rats administered d-
limonene, a well-known 0,,-globulin nephropathy
inducer. The dose-dependent positive immuno-reac-
tion of the antibody in both the tissue sections and the
homogenates from d-limonene-treated rat kidneys
indicated that the antibody could be applicable for
semi-quantitative analysis. In addition, computational
image analysis revealed that classical visual micro-
scopic grading was also uscful for semi-quantitative
analysis of oty -globulin accumulation.

Although immunohistochemical o;,-globulin
analysis of the glycolmethacrylate-embedded sections

had already been reported by Burnctt et al. (1989), our
method was advantageous from the standpoint of
applicability to the paraffin-embedded sections. The
paraffin-embedded specimens were usually prepared
and stored for the general toxicity studies. In fact, all
the sections used in experiment 2 in this study origi-
nated from study specimens which were prepared in
the Japancse Existing Chemicals Survey Program con-
ducted previously and stored for a long time. It indi-
cated that our method is applicable to specimens
derived directly from ordinary toxicology studies ret-
rospectively. Hashimoto and Takaya (1992) previously
investigated the application of o,-globulin immun-
ostaining to paraffin sections by modifying the proto-
col of Burnctt ez al. (1989). The protocol includes pro-
nase E treatment owing to enhancement of the antigen
reactivity and removal of the non-specific reaction.
Our method also includes the pronase E treatment, but

Photo 4. Immunohistochemical features of the anti-(xZU-globuliﬂ‘amibody, representing the four grades; minimal (a), slight (b), mod-
crate (¢) and severe (d). Original magnification, X5.
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Semi-quantitative immunohistochemical analysis of male rat-specific oy,~globulin accumulation.
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Fig. 2. Correlation between semi-quantitative and quantitative analyses for

immuno-stained sections.

Results are expressed as mean + SD (n=3).

the treatment is performed only in order to enhance the
antigen activity and not to remove the non-specific
reaction. This may suggest that our prepared antibody
has a high specificity for oy, -globulin. Caldwell ef al.
(1999) had conducted a similar quantitative immuno-
histochemical o,,-globulin analysis, but it seems that
the actual analyzed area was limited to narrower fields
than in our study.

Urinary immunochemical analysis for detection
of oiy,-globulin accumulation in male rat kidneys has
been developed by Saito et al. (1996). Although the
convenient urinary analysis is sufficient for detecting
CIGA, the detectability is weaker than with kidney sol-
uble protein analysis. The aim of the present analysis is
not only to detect CIGA, but also to exclude the iy
globulin-induced nephrotoxic effects from risk assess-
ment of chemicals. For 10 chemicals suspected of
being CIGA, the occurrence of hyaline droplets in the
kidneys with treatment was the lowest endpoint. In the
process of evaluating chemical toxicity, if the most
sensitive nephrotoxicity is concluded to be aneglected
cffect for human health, the NOAEL could be set based
on other kinds of toxicological effects.
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Progress on OECD Chemicals Programme (7) — SIAM 15 in Boston, 2002

Mika Takahashi, Mutsuko lirata-Kpizumi, Mariko Matsumoto, Akihiko 1lirose,
Fiichi Kamata, Ryuichi Hasegawa and Makoto Fra’

The 15™ Screening Information Data Set (SIDS) Initial Assessment Meeting (SIAM 15) was held in Boston,
USA. The initial assessment documents of twelve substances at SIAM 15 (CAS nurbers: 79-39-0, 88-60-8,
92-70-6, 102-76-1, 110-83-8, 135-19-3, 7647-01-0, 8007-18-Y, 10043-52-4, 11070-44-3, 25321-09-Y, 68186-
90-3) were submitted by the Japanese Government with or without the Tnfernational Council of Chemnical
Associations (ICCA) and all of them on the human health effect parts were agreed at the meeting. In this
report, the hurman health effect parts in their 12 substance documents are introduced.
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b FORBEREHSICOVT SIAMIS TEEINLE
WS & BARBYEOMEFMENE

2002 £ 10 HICRA b CKED THME NIz SIAMIS
KBWT, BEE L LT o E, WiHSsEE LT 2,
HFAV—L L2907 GWERU4WE), 739
LY B OFIHEMHCEMRE Eh, RUCRTYED
MFEHMERS R R CEENEB I N, SIAMIKBY %56
B FW (The chemical is a candidate for further work.)
F 72l LP (The chemical is currently of Jow priority for
further work,) & LTHRENTVS. FWIE [SHBLIE
INORBWFAMERNNETH B, LP TBAROMERIR
BNV TIIBIEREDORE IR V] CLERY. B
BURFAEY U T (b2 E O MEEREEO b O
RIS D W T DEER OMEE DL T ICRT .

Methacrylamide (79-39-0) (FZRAEAL © ICCA AEXRE)
AL IHCDAT O EFEY O — BEIDEE E
LTEICHHEENS.
BT W e RERICIWWT, 7Y FADERIR
P I 24 BERA LIS 86 %A%, U () RUZ
w b () ~ND 15~ 30 7RI B ERE Tl 24 R IC
FNFN23-52 % R T 3.7-57%H, RBICHEX 13,
Zw FOMERIRSFEAR (OECD TG 401) ¢
DLDspld 1,653-1,938 mg/kg THolr. BUFERE LT
R, WL, kA E BT, WEOBRENRDONT
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Table.l Chemical substances discussed at SIAM15 and their outcomes

CAS No. [ Name of substance Sponsor Outcome
country
74-87-3 | Chloromethane US/ICCA | LP
79-34-5 | 1,1,2.2-Tetrachloroethane FR/ACCA | LP
79-39-0 | Methactrylamide JPAICCA | LP
88-60-8 | 6-tert-Butyl-m~cresol JP/ICCA Lp
89-78-1 | Category: Menthols DE/ICCA | ENV: —
1490-04-6 HH: LP
2216-51-5
15356-60-2
92-70-6 | 2-Hydroxy-2-naphthoic acid DE & JP ENV: —
HH: FW
94.36-0 | Benzoyl peroxide KO FwW
98-92-0 | Nicotinamide CH/ICCA | LP
100-00-5 | 1-Chloro-4-nitrobenzenc DE/ICCA |LP
100-37-8 [ 2-Dicthylaminocthanol DE/ICCA | LP
102-76-1 | Triacetin JPICCA LP
106-63-8 | Tsobutyl acrylate US/NICCA [ LP
107-06-2 | 1,2-Dichloroethane DEJACCA | LP
110-83-8 | Cyclohexene JP ENV: FW
HH: LP
115-86-6 | Triphenyl phosphate DE/ICCA | ENV: FW
HH: LP
120-83-2 | 2.4-Dichlorophenol FR/ACCA {LP
121-91-5 | Isophthalic acid USACCA | LP
135-19-3 | 2-Naphtho} DE&JP | ENV.FW
HH: LP
141-32-2 | Butyl acrylate US/ICCA | LP
143-22-6 | Category: High Boiling Ethylene Glycol Ethers | US/ICCA | LP
1559-34-8
23783-42-8
144-55-8 | Sodium hydrogencarbonate BE/ICCA [LP
497-19-8 | Sodium carbonate BE/ICCA |LP
528-44-9 | 1,2, 4-Benzenetricarboxylic acid USACCA | LP
552-30-7 | 1,2,4-Benzenetricarboxylic anhydride US/ICCA | LP
1330-20-7 | Xylene HU —
2432-99.7 [ 11-Aminoundecanoic acid FRJACCA |LP
7647-01-0 | Hydrochloric acid JP/ICCA Lp
7791-25-5 | Sulfuryi chloride DE/ICCA |LP
8007-18-9 | C.I. Pigment Yellow 53 JPACCA | LP
10043-52-4 | Calcium chloride JPACCA | LP
11070-44-3 | Tetrahydromethyl-1,3-isobenzofuranedione JPACCA Lp
25321-09-9 | Diisopropylbenzene Ip ENV: FW
HH:LP
68186-90-3 | C.I. Pigment Brown 24 JP/ACCA | LP
90387-57-8 | Formaldehyde, reaction products with sulfonated | DE/ICCA | FW
1,1'-oxybis[methylbenzene], sodium salts

Note. Abbreviations show BE: Belgium, CH: Switzerland, DE: Germany, FR: France, JP: Japan,
HU: Hungary, KO: Korea and US: the United States of America in the sponsor country column,
and ENV: environment parts, HH: human health parts and —: not finalized in the outcome

column.

WA,

Y FOEFICHE 2REIEEED 5 d - 12,
AR U TP REEORBIENED 5TV 5.

28 R /RS HEEHE (OECD TG 407) Ti,
Z v b O 0, 30, 100K T 300 mg/kg/day % 58]
BIIEE- Uiz, 100 mg/kg/day DL Lo, 30 mg/kg/day
Mo tcerREHORTHHED LN, 300
mg/kg/day DO REEINELSRED L, RIKFIRT
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PEAEMZE L (RSB IET, BITARAMD OINT I 1k A9
2l (g E, NREHOMERIA ) Hadbhr.
Tl 100 mg/kg/day CHAEEMENRD Ui, &
51, 300 mg/kg/day D TIENT I I Uw b, ~"ed
oy, PIERMERERE (MCH), REsR, L7
F, al-Faduy, aq2-FdVy, PIHVR
AT 7 R—BEEOED, TVTIURENITUEY
FoEA R 5N, 100 mg/kg/day DE Cld~NET 1
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CYRUMCHORDAED LN, RRBRTO
NOAEL 3 30 mg/kg/day (#£), 30 mg/kg/day SKi (M)
LEZLNE.

WDy s &R0, 200, 400, 800 % U1,200
ppm (7w k10, 46, 9.1, 19.5RK U 31.6 mg/kg/day,
WA L0, 243, 49.6, 120U 220.6 mg/kg/day) %
12 r ARG Ul KIERGHEBRT, v FTi3195
mg/kg/day L L OB To— 2y FORBIET, Bt
OWIR, EEHREIRMEOIR L M85, BHIgH OZEE
MAHBHN, 31.6 mg/kg/day BETHEIE FRBTHER
EDOMBEER, NERILATo—Le) VIEEOEN
WB bz, w7 AT 120 mg/kg/day A LOBE T
—& vy FORFEET, BIETRTRE K & OMER
fEIR, WHEEIEE, BER, AEENEDRIDNBS
N, 49.6 mg/kg/day L LD THRELFRSE, BEEHEE
BEARMEDUS G L RN B O e, R TDONOAEL
Zw FT9.1 mg/kg/day, AT 24.3 mg/kg/day &¥]
WiE e

RIS B s (OECD TG 421) T,
Fw FOEREIC0, 125, 50 B U200 mg/kg/ day %3]
BO%E UTe. 200 mg/kg/day BECABROWA, )i
B, WERY, ROBEKE, EREHEIDHRENT.
AERTOATER D NOAEL I 50 mg/kg/day & YI|H7
N,

CHREEBERB T, TR0, 24, BORT
240 ppm (F0:0, 45, 154K T 49 mg/kg/day, Fi:0,
6.8, 23.8 % U 71.3 mg/kg/day) MR b #UK
BEENTAN, FOLF1OEFERBICREII AL NED >
fo. FBMBRTONOAELEZ ZNEFNERERERELAD,
49 mg/kg/day (F0) FUF71.3 mg/kg/day (F1) &¥I(MF
Ehfe. TNOORRDLEMABEDNOAEL X 49
mg/kg/day & Hli X7z,

Y ADIHRE-17 Aic 0, 60, 120 KT 180 mg/kg/day
ZEMBIMROKRS UCREBERBEZT > . 180
mg/kg/day B TEIRIEIRFET DN, 120 mg/kg/day
P EDBECRIAEDE TR LN, A RICHERY
BRGICRR UNRBE RSB N ofe. FHEBRT
OFEAE D NOAEL 13 60 mg/kg/day & HIHi & h iz,

CBOWTHIFIBADIEMOMER TETFLE. L
BHD, COEENL6.88 U 23.8 mg/kg/day BETIXFI W
BERTHIIEFEEE LS Bole. ThHORRM?D
H4EF MO NOAEL I 6.8 mg/kg/day Al & ¥l & hz.

Mg Fi T IR AR Z B T SO mix FER T
FFEEFDWTNTELRETH >, BUBUEERRTY
BHtHoT.
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6-tert-Butyl-m-cresol (88-60-8) (EZEVERE : ICCAB XK
%)

FEFWEEARTEEICEY = I LICHENT %
B LR IR O PR C B 5.

Zv FOBEERIRGEERE (OECD TG 401) T
D LDso b 320-800 mg/kg (i), 130-320 mg/kg (M)
Thoiz. BIEERE UTEHREBEHOKT, BEMIHS
W TUBAI RS, THIAR & & DOHEOHERFBD Hh e,
7 A% AWIEEER T, BOLD, L 580 mg/kg (HE),
740 mg/kg (M) THofz. BHERKE LT, BRES)
OARTF, BB, TR LB, R R
bNlz. Flz, 0 XD LDsold 1,200 mg/kg TdH -
7e.

TYFDEE RIS RD S,

KiER5HBYE - EEBEEREIERR (OECD TG
422) T, T - OMERECSIEIRG 2 18 M B OB,
&I, HECEAIAMRIR TR 2, T IR
BU A MiEREE 3 HEE, 0, 2.5, 125 KU 60 mg/kg/day
ZERHIRERE Uiz, 60 mg/kg/day BHC W TIREIE
AN - RER QWA (), NEERLL MRS
(i) Parbhie. RERLGHEDNOAELI12.5
mg/kg/day LI & Nz, E£7, 60 mg/kg/day HHicIs
W BB O GEEINIECEAR, BRUODTIR
RADDERD BN, ERBED P RAEEEMN OIS 5
Nl b, ERERAERNMED NOAELK 12,5 mg/kg/day
LR E e, BRI SICIRE U T OB REE
HEPirhote.

M 7z A 1 IR SRR E R T3 59 mix FER T
FEETTCRETH> T2, FrAo—X  NARZ
#EMLE AW e REBARERR TR, ERLHEKTSI
mix SFELE NOER AR TRRMETH - 7228, SY mixfF
HETOERELHCIRREARREOFREANREDL N
o ehh, RAEEERRIIGEL M ENT. L
LBEAS, in vivoTD I AD/NERERIEIR 5 TTBE M B
BHEICBOTRETCH >l ehd, BRI in
vivo TILBLEMER AR Ua LR S hke.

2-Hydroxy-2-naphthoeic acid (92-70-6) (BARKFFRT F
A Y BUIVERL)

AL RSP RR A EDOPATH %,

Z v FOBERFRORSHEERBR (OECD TG 401 T
DLD5 1% 823-1,040 mg/kg TH -7, BHIERE LT
EFEHOMKT, "WEITE FR, TRIFED LN
BTy FORFIC 24 REA U BT 2,000
mg/kg THTDH bN e,

Y FO IS CIRFWFRIEDRD BN, €V
v MORETERESE TSR SNz wYFo
BRI U Ci VR RS o, i, RRER(E
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MBI, Ty MoHBEOWTRMEES RIS SNED 5. B FT

28 BN e itk il (OECD TG 407) T,
Zy OREREIC0, 12, 60 82U 300 mg/kg/day % SRk
L5 Uz, 60 B UF300 mg/kg/day Bt )it o) filiE i
SEMNB LIz, HETIE 300 mg/kg/day Bl BV T ILE
PR O L-UVIMET L, MERTGRFCYILEY
BLFL, BTRISKFEROEMMS RS ML,
NOAEL 4 60 mg/kg/day (i) U 12 mg/kg/day (Hf)
ThHotz. Fie, Ty bADOREBARESHERRT
300 mg/m*#% 10 HIRB & ¥ & T AHIBICEBENE
HHENTE.

— R TERENAER (OECD TG 415) T, S b
DHEICTERRIOEL HRHAIEET (M), Micx
ElRi2 AM»SE20 AL T, 0, 12.5, 50 R U200
mg/kg/day 2 @R OIS L. 200 mg/kg/day ¢
REERT, REEE AREENLBON. ERERELE
H M D NOAEL L 50 mg/kg/day, WD —FHO
NOAEL & 12.5 mg/kg/day (50 mg/kg/day CORIF D
RZs), Mo —f&FE MO NOAEL M 50 mg/kg/day (200
mg/kg/day TOEKEEMEORD LB OKRE) £
#rEhit.

HIEZ WG RERERHR T S9 mix FILR U
FTFETTRETH 7. FrA =X+ NLAZ—
Bz HWICROAREEIR T, S9 mix FE FOM
RERALEECIEMECH o fo b, BEFILIER 7 S9 mix JE#
TE T ORRMLE CIIREABEOBRIEANED LM
b, REFRERBRIBEEHEENTE. In
vivole B 2B VHHIE DV TR S BB L N
FW) r&hik.

Triacetin (102-76-1) (RZEER © ICCA BERBE)

AICEYEIZ 2307 4 )b Z—0OuYBHI, REs-ELm
— R, i FEROGBR, BE7 110, HERD
B CHl, BMAEILLE e UTEBAENS. $,
BafEi @Ea—7 .7 M) & UTFDAOK
BEBTHS.

In vitro CREEE BTy bOBREL LAV Fa
R=— P92 LEBICTY L o—)L LIk OfRE N
To. RICEIRNES LTgE, BN TSRS N,
A& UTFfB O KR DS TRt & M.

RORCRAK K28%BHRIV. v bOBER
A5 R R (OECD TG 401) T, hbialilhto
2,000 mg/kg THLRLTI B 50T, LDsod 2,000 mg/kg
Dl E&Hehdz. 9 Feeity POBE LD
2,000 mg/kg A ETHo T, Ty OB ARSI
R (OECD TG 403) D LCsoid 1,721 mg/m* LI ETH
oy [

VYFORME e HICH L THRIBIRERD O 1T, b

65

&R ATRIEE SR &R R B S NA D - Ty, &3
THTOY LILF S RE I BT 2 RES 14D
4.

KigwEat - AuRLEEEHSHER (OECD TG
422) T, Tv FOBHCWAEEET 2 N S 44 B, I
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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,
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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 dala supporting the non-threshold
theory [3-51, and we recently provided evidence of
thresholds for the hepatocarcinogenicity of 2-amino-
3,8-dimethylimidazo[4,5-flquinoxaline (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 AN-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 MeIQx
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), 1 (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 327415 9.6+0.9 3.04+0.2 0

2 0.001 89 325417 9.64-0.7 29402 0.00151

3 0.01 89 325+16 95407 291402 0.0145

4 0.1 90 327418 9.5+0.8 29401 0.1505

5 1 91 326419 99+ 1.0 3.04£0.2 1.5117

6 10 91 315+19 9.14+0.9 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
(JPAP, 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. Resulis

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 (nom-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 1 ppm 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./em?)
Total >11 cells
1 0 90 0.3751+0.545" 0.012-:0.066
2 0.001 89 0.366+0.586 0.01840.077
3 0.0! 89 0.27640.582 0.01140.056
4 0.1 90 0.377+0.519 0.025-+0.074
5 1 91 1.90542.399* 0.117£0.200*
6 10 91 24.875+13.267* 11.063 4 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. [5] 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 forMeIQx 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
reporied 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-bipyridine
(PhIP) is not linear down to zero [15]. Similarly,
no-response levels were evident for both PhIP-DNA
adducts and 8-OHdG 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 c-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.®!b
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 dot: 10.1111/].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,"2 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-MMTVY? and Neu
proto-oncogene!'® have been applied for the study of mammary
carcinogenesis. An example of a fransgene 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.?*2® Here we report our experience regarding
susceptibility of our transgenic rats to chemically induced car-
cinogenesis, 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-methl-6-phenylimidazo[4,5-b]pyridine; 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-butyhN-
(4-hydroxybutynitrosamine; 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/ Sva0 Albumin SD Liver$ Hully et al. (1994)°
induction® Probasin SD Prostate Asamoto et al, (2001)12
PEPCK SD Pancreas islet Haas et al. (1999)%
Human Human Hras sD Mammary gland® Asamoto et al. (2000)*
c-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)"
TGFo MMTV SD Mammary gland* Davies et al. (1899)"
px{HTLV-1) p53lck F344 Thymus Kikuchi K (2002)%7
HLA-B27 HLA-B27 F344 Colon Hammer RE (1995)28
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 Livert Nakae et al, (1998)"

tAs compared to wild-type rats; *chemically induced tumor; *domionant negative: *protooncogene. 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 fcmale rats. Two male progeny  transgenic rats rapidly developed multiple mammary carcinomas
were shown to carry the transgene, one having threc copies  within 8-12 weeks (see Fig. 1). The histological appearance of
(Hras128) and the other one copy (Hras104).%) Subscquent the tumors was solid, tubular, papillary and, less frequently,
matings have been carried out between transgenic males and  undifferentiated and sarcomatous, as previously reported to be
non-transgenic Sprague-Dawley female rats to maintain the typical in rats.®*3¥ As it has been established that the mode of
heterozygote transgenic Hras128 strain. Expression of the DNA modification differs among the threc compounds, O°
transgene has been repeatedly detected in all organs by northern  methylguanine formation resulting with MNU,®3% depurinating
blot analysis. The strain is now being maintained and bred by  adduct formation with DMBA® and guanine deletion in the

Clea Japan (Tokyo, Japan). 5-GGGA-3’ sequence with PhIP,*? our results indicate that
Hras128 rats are highly susceptible to chemically induced
Mammary carcinogenesis mammary catcinogenesis, irrespective of the carcinogen applied.

To examine the SUSCCptibﬂity of the transgenic rat o mammary Mutation of the transduced c-Ha-ras proto-oncogene and

carcinogens, females at 50 days of age were treated with 2 demonstration of activated ras in induced mammary
single dose of N-methyl-N-nitrosourea (MNU) (50 mg/kg, i.v.),  tumors

7,12-dimethylbenz[a]anthracene (DMBA) (40 mg/kg, ig) or

multiple doses (100 mg/kg, i.g., eight times in 4 week- PCR~SSCP and PCR-RFLP analysis and direct sequencing of
period) of the food contaminant carcinogen, 2-amino-1-methl-  the transgene indicated the large majority of carcinomas induced
6-phenylimidazo[4,5-b]pyridine (PhIP).®33%32 Almost all the with MNU, DMBA and PhIP to contain cells with mutations,

310 © Japanese Cancer Association doi: 10.1111/.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; E, endogenous
Hras gene; 'numbers indicate the number of tumors examined.

many featuring GG — GA at codon 12%*? (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-oncogenc play dominant roles over
the endogenous ¢-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,®®

Qur 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 yole in observed rapid tumor
development.“® As TEB is a precursor tissue for mammary
glands, duct and acini, the induced tamors 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,*14?
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.®”
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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
carly 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 Hrasl128 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.“*4® 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, comresponding 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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Fig. 4. 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 deveiopment 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,*4)

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
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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/).1349-7006.2005.00056.x



