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Abstract

Gastric tumorigenic sensitivity toN-methyl-N-nitrosourea (MNU) was examined in heterozygoup53 knockout
(p53(+/-)) CBA mice and their wild-type littermates 53(+/+)). In Experiment 1, 37 malg@53(+/-) or 38 malep53(+/
+) CBA mice were given MNU in their drinking water at concentration of 50ppm (Group 1 or 4), 10ppm (group 2 or
5) or Oppm (group3 or 6) for 26 weeks. In Experiment 2)53(+/-) andp53(+/+) CBA mice of both sexes received
water containing 50ppm MNU for 26 weeks. In Experiment 1, the incidences of hyperplasias in the glandular
stomach observed inp53 (+/-) CBA mice treated with 50ppm and 10ppm MNU were significantly increased, as
compared with the control group. No tumors were induced in the stomach of any treated groups. Some proliferative
or non-neoplastic lesions were observed in somB3 (+/-) CBA mice, but there was no significant difference in their
incidences between treated and control groups. In Experiment 2, the incidences of hyperplasias in the glandular
stomach observed irp53 (+/-) CBA mice of both sexes treated with 50ppm MNU were not significantly increased, as
compared with the treatedp53(+/+) CBA group. One papilloma of the forestomach was observed only in a male
p53(+/-) CBA mouse treated with 50ppm MNU. The present study suggests tha83 (+/-) CBA mice have low
susceptibility to MNU-induced gastic carcinogenesis.
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Introduction engendered animals such as transgenic (Tg) and knockout
mice or newborn animals (D’Arcy et al., 1998). With regard
In the past, for the safety assessment of carcinogertic the models of genetically-engendered animals, one
potential of pharmaceuticals in the USA, European Uniolternative under validation study is the heterozygous p53
and Japan, data on long-term carcinogenicity studies usikgockout mouse [p53 (+/-) mouse] model, in which one p53
two rodent species, usually rats and mice, were requiredllele has been inactivated, and extensive short-term
However, the International Conference on Harmonizatioevaluation studies less than 6 months carried out on a global
of Technical Requirements of Pharmaceuticals for HumascalgTennant et al., 1995, 1996). So far, there have been
Use (ICH) in the 4th meeting held in 1997 concluded thaseveral reports that p53 (+/-) mice have high sensitivity to
the carcinogenic potential of pharmaceuticals could bgenotoxic carcinoger{®unnick et al., 1997; Ozaki et al.,
evaluated from the data of one long-term conventional998; Tennant et al., 1995). Such findings provide a useful
carcinogenicity using one rodent species plus the findingsasis for short-term carcinogenicity testings, but further
of one other short- or medium-term carcinogenicity tesanalyses of other types of carcinogens are pivotal for drawing
system such as an initiation-promotion model, geneticallydefinite conclusions. Two different strains of p53 (+/-) mice,
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heterozygous TSG p3R&nockout mice [p53 (+/-) TSG mice] Table 1. Incidences and Multiplicities of Gastric
and p53 (+/-) CBA, have been used in Japan. p53 (+/Broliferative Lesions in Experiments 1 and 2
TSG mice, in which exon 2 of the lateral p53 allele was

inactivated, are maintained by Taconic Farms (GermantowBxperiment 1 Incidence (%)
NY, USA), and were the offspring of the knockout mice
derived from the mouse strain 129 back-crossed with tHeeSions P33 (+/-) pS3 (+/+)

C57BL/6 lineage. Therefore, they were on a C57BI/6 genetiHc -
background. p53 (+/-) CBA mice, in which exon 5 of the yperplasia in the glandular stomach

' 7 = : 50ppm MNU 6/13 (46.1)* 2/14 (14.3)
Iatgral _p53 allele was inactivat€bukada et al., 1993), are 10ppm MNU 5/14 (35.7)*  3/15 (20.0)
maintained by Oriental Yeast Co. Ltd. (Tokyo, Japan). They Oppm MNU 017 (0) 0/8 (0)
were F1 offspring of heterozygous p53 deficient C57 BL/6J
male mice back-crossed with CBA female mice. ThereforeRapilloma in stomach

they were on a CBA genetic background. It has been reported 50ppm MNU 0/13 (0) 0/14 (0)
that the administration of a strong stomach carcinogen, N- 10ppm MNU 0/14 (0) 0/15 (0)
methyl-N-nitrosourea (MNU), to BALB/c or C3H mice Oppm MNU 0/7 (0) 0/8 (0)

results in good yields of adenocarcinomas in the glanduI?' i ) Incid 9%
stomach (Tatematsu et al., 1992, 1993; Yamachika et al .,Xpe”mem ncidence (%)
1998). In_ addition, Oh_gaki et al. (ZOQO) recently re;.)orteqi_esioIns P53 (+/-) P53 (+/+)
that gastric adenocarcinomas were induced bothin p53
(+/-) and p53 wild-type (+/+) mice of C57BI/6 backgroundHyperplasia in the glandular stomach

at week 50 after the gastric intubation @fgdg body weight Male 50ppm MNU 2/7 (38.6) 2/10 (20.0)
MNU 3 times/week for 5 weeks, and the development of Female 50ppm MNU 3/8 (37.5) 2/10 (20.0)
the adenocarcinomas invading into the submucosa occurred

only in p53 (+/-) mice but not in p53 (+/+) mice. The resultdapilloma in stomach

of their study suggest that p53 (+/-) C57BL/6 mice are more Male ~ 50ppm MNU — 1/7 (14.3)  0/10(0)
susceptible to intragastric application of MNU than in p53 Female  50ppm MNU 078 (0) 0710 (0)
(+/+) m'ce.' Howe\.’er' Itis ”9t known Whethe.r the*:Significantly different from the Oppm group at p<0.05
carcinogenic sensitivity to MNU in p53 (+/-) CBA mice is
the same as that in p53 (+/-) TSG mice. In the present study,
p53 (+/-) CBA mice were given water containing MNU to
examine their carcinogenic sensitivity.

Materials and Methods

Animals and Chemicals

p53 (+) CBA mice and littermates (p53 (+/+) mice),
kindly provided by Oriental Yeast Co. Ltd. (Tokyo, Japan),
at 5-6 weeks of age, were housed at a maximum of 5 to a
polycarbonated cage with white chips as bedding in an air-
conditioned animal room (room temperature, 285
relative humidity, 55+5%; lighting cycle, 12 light /12 dark
cycle). Mice without abnormal findings after a 1-week
acclimatization period were selected for study. They were
allowed free access to a diet (Oriental CRF-1) throughout.
MNU, from Sigma Chemical Co., (St Louis, MO), was
dissolved in distilled water and freshly prepared three times
per week.

Protocols

In Experiment 1, 37 male p53 (+/-) and 38 male p53 (+/
+) mice were divided into 3 groups. Fifteen, 15 and 7 p53
(+/-) and 15, 15 or 8 p53 (+/+) animals, respectively, were
given MNU in their drinking water at a concentration of
50ppm (Groups 1,4),10ppm (Groups 2,5) or Oppm (GroupBig. 1. Microscopic photographs of glandular stomach from
3,6) for 26 weeks. In Experiment 2, 7 male and 10 femalp53 (+/-) CBA mice of the control group (A) and 50ppm
p53 (+/-) CBA mice and 10 male and 10 female p53 (+/+MNU group (B). Diffuse hygrplasia of the fundic gland is
CBA mice were given MNU in their drinking water at a evident in the 50 ppm MNU group. H-E stain x40
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Table 2. Incidences of Proliferative or Non-Proliferative Lesions in p53 (+/-) and p53 (+/+) CBA mice of both sexes

given 50ppm MNU and killed at week 26 (Experiment 1)

MNU (ppm)
0 10 50
p53 (+/-)

No. of mice examined 7 14 13

Lung  Hyperplasia 1(14) 1(7) 2 (15)
Adenoma 0 0 2 (15)

Liver  Hepatocellular Foci 1(14) 4 (31) 2 (15)
Hepatocellular Adenoma 0 1(7) 1(8)
Cytoplasmic vacuolization of

hepatocytes, centrilobular 4 (57) 8 (57) 7 (54)

Kidney Vacuolization, tubular epithelia 7 (100) 14 (100) 13 (100)
Basophilic change, tubular epithelia 2 (29) 7 (50) 6 (46)

p53 (+/+) mice

No. of mice examined 8 15 15

Lung  Hyperplasia 0 0 0
Adenoma 0 0 0)

Liver  Hepatocellular Foci 0 1(7) 1(7)
Hepatocellular adenoma 0 1(7) 1(7)
Cytoplasmic vacuolization of

hepatocytes, centrilobular 2 (25) 3 (20) 3 (20)

Kidney Vacuolization, tubular epithelia 6 (75) 10 (67) 12 (80)

Basophilic change, tubular epithelia 3(38) 5(33) 4 (27)

Table 3. Incidences of Proliferative or Non-Proliferative Lesions in p53 (+/-) and p53 (+/+) CBA mice of both sexes

given 50ppm MNU and killed at week 26 (Experiment 2)

Lesions p53 (+/-) p53 (+/+)
Males given 50ppm MNU
No. of mice examined 7 8
Lung Hyperplasia 114 2 (25)
Adenoma 2 (29) 3(38)
Liver  Hepatocellular Foci 4 (57) 3 (30)
Hepatocellular adenoma 0 0
Cytoplasmic vacuolization of centrilobularhepatocytes 4 (57) 5 (63)
Kidney Vacuolization, tubular epithelia 14 (100) 13 (100)
Basophilic change, tubular epithelia 7 (50) 6 (46)
Female given 50ppm MNU
No. of mice examined 10 10
Lung Hyperplasia 1(10) 0
Adenoma 1(10) 1(10)
Liver  Hepatocellular Foci 0 0
Hepatocellular adenoma 0 0
Cytoplasmic vacuolization of centrilobular hepatocytes 6 (60) 5 (50)
Kidney Vacuolization, tubular epithelia 10 (67) 12 (80)
Basophilic change, tubular epithelia 5(33) 4 (27)

concentration of 50 ppm for 26 weeks, to examine whethdResults

there is any sex difference in the MNU carcinogenicity. At

the end of the 26 week experimental periods, animals in In Experiment 1, the incidences of hyperplasias in the
Experiments 1 and 2 were subjected to a full autopsy arglandular stomach observed in p53 (+/-) CBA mice treated
extensive organs and tissues were dissected out, fixed With 50ppm and 10ppm MNU were significantly increased,

10% neutral buffered formalin, processed routinelyas compared with the control group (Table.1). No significant
embedded in paraffin, sectioned at ge, and stained with  difference in the incidences of these hyperplasias was
hematoxylin and eosin (H-E) for microscopic examinationobserved in treated p53 (+/+) CBA mice as compared with
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the control. These hyperplasias were observed in the funchNU for 1.0 weeks ?t?]d kllleddalt Wetek 25,rladenqm§15 agq
gland (Fig.1). No tumors were induced in the stomach ggaenocarcinomas ot the granduiar stomach were induced In

any treated groups. Foci, hepatocellular adenomas, qu thctgt;sB(Ia_/Ié;nogkout mice ar_l]gi th(atllnpldencezof them in pZB
hyperplasias, lung adenomas, and vacuolization and/Qr ) mice were significantly Increased as compare

basophilic change of renal proximal tubular epithelia wer 0 p53 C57BI/6 (+/-) mice (Tatematsu et al., personal

occasionally observed in some p53 (+/-) CBA mice treateabgervﬁtlon)ﬁ hand. in th dv. h lasi f
with MNU, but there was no significant difference in there n the other hand, in the present study, hyperplasias o

incidences between treated and control groups (Table 2).thedglggdl-1|rl;':1: sécl)?)n;\ach were md'\ljl?\leg fb Otgén p53k(+/t;) ,[CBA
In Experiment.2, the incidences of hyperplasias in th&n< P (+/+) mice given for £ Weeks, bult no
glandular stomach observed in p53 (+/-) CBA mice of bot:}gmors of the glandular stomach were induced in them except
sexes treated with 50ppm were not significantly increased, ronly one forestomach papilloma in a male p53 (+/-) CBA
as compared with treated p53(+/+) CBA group. On ice receiving 50ppm MNU. The results of the present
papilloma of the forestomach was observed only in a mal%tudy strongly suggest that pS3 (+/-) CBA mice have low

p53(+/-) CBA mouse treated with 50ppm (Table 1). l:ocisusceptibility to MNU-induced gastric carcinogenesis, as

hepatocellular adenomas, lung hyperplasias, lung adenomggmpared to p53 (+/-) C57BL/6 mice.
and vacuolization and/or basophilic change of renal proximal

Other p53 (+/-) C57BL/6 mice, called p53 (+/-) TSG mice,
tubular epithelia were observed in some p53 (+/-) CBA mic&re maintained by Taconic Farms (USA). This mouse strain
of both sexes treated with 50ppm MNU, but there was n

highly sensitive to genotoxic carcinogens, such as N-butyl-
significant difference in their incidences between treated p5 -(4_-hydroxybutyl)nltrosamlne (Ozak|_ et aI.,_ 1998)palr .
(+/-) and p53 (+/+) CBA mice (Table 3). cre§|d|ne (Tennant et aI.,. 1995_), and skin carcinogenesis with
4-vinyl-1-cyclohexene diepoxide (Tennant et al., 1995). In
addition, in further evaluation studies performed in the U.S.
National Toxicology Program, in which an additional 11
I%:hemicals have been tested, it was found that there was high
ncordance between the predicted and observed outcomes
the p53 bioassay in response to a variety of chemicals
d pharmaceuticals, such as melphalan, 2,4-
laminotoluene, diethylstilbestrol, and 2,3,7,8-
tetrachlorodibenzo-p-dioxifEasin et al., 1998). In our
revious study in which female p53 (+/-) and p53 (+/+) CBA

Discussion

MNU is a multipotent carcinogen and induces tumors i
various tissues of experimental animals depending on tﬁ:e?
route of administration (IARC, 1978). It has been reporte&’
that glandular stomach adenocarcinomas developed in
dose-dependent manner from weeks 31 to 54 in C3H mi
given MNU in their drinking water at a concentration of

120, 60, 30 or 0 ppm for 30 weeks (Tatematsu et al., 1993).. . ) . L
ice were given an intraperitoneal injection of 120 mg/kg

Another experimental study, in which male BALB/c mice . :
were given MNU in their drinking water at a concentration??dY Weight of N-ethyl-N-nitrosourea (ENU) and were
aintained without any other treatment for a further 26

of 240 ppm on alternate weeks for 10 weeks, 120 ppm ) .
eeks, uterine tumors (endometrial polyps as well as

alternate weeks for 20 weeks, 60 ppm for 20 weeks or 30pp romal sarcomas) and lung adenomas were induced in both
for 40 k d killed at 50 ks, d trat A .
or WEEKS and were xiied a Weeks, demonsirate 3 (+/-) and p53 (+/+) migMitsumori et al., 2000). The

that glandular stomach carcinomas were more common i f uterine t 949% dl d
mice treated with a high concentration of MNU for a shorl(gilo/er.lcessso _:; erine qmgfr_s ( i .0) an l:jng a enoma:js
period than with a low concentration of MNU for a long 6) in p53 (+/) mice signi icantly Increased as compare
: : to those (37 and 42 %, respectively) in p53 (+/+) CBA mice.
period (Yamachika et al., 1998). :
aI?ased on these results, it has been suggested that female

In addition, Ohgaki et al. recently reported that glandul . .
stomach adenocarcinomas were induced in 2 of 853 (+/-) CBA mice are also very susceptible to ENU-

homozygous p53 C57BL/6 mice (p53 (-/-) C57BL/6 micemduced carcinogenesis, as compared to p53 (+/+) CBA mice.

that were subjected to gastric intubation ofigdg body prevltlar, the rets’:JhIts %f the prefem StUdﬁ do nott
weight MNU 3 times/week for 5 weeks and were kilied unequivocally support the above conclusion, and sugges

: : that there is a strain difference in carcinogen sensitivity
extremishefore week 50 (IARC, 1978). In their study, suc ) .
adenocarcinomas were induced both in p53 (+/-) and p twede? P53 (-:/-)_CBA "?‘”d pS3 (T/') CS7IBL./6 mlcﬁ Wlthss
wild-type (+/+) mice of C57BL/6 background, that were€9ard 1o genotoxic carcinogens. - in conciusion, when p

subjected to the same treatment and were reared with +l/') mice are planned to be used for the evaluation of

any further exposure up to 50 weeks, and the developme?‘ﬁrc.inogeniC potential of newly-d_eveloped chemicals,_this
of the adenocarcinomas invading into the submucos frain difference for p53 (+/-) mice should be taken into
occurred only in p53 (+/-) C57BL/6 mice, not in p53 (+/+) account.

C57BL/6 mice. The results of their study suggest that p5

(-/-) and p53 (+/-) C57BL/6 mice are more susceptible téCknOWIGdgmentS

the intragastric application of MNU than p53 (+/+) mice.

In their other study of p53 (-/-) and p53 (+/-) C57BL/6 mice, This work was supported in part by a Grant-in-aid from
in which these animals were given water containing 30 ppri€ Ministry of health and Welfare.
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