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Attenuation by all-trans-retinoic acid of sodium
chloride-enhanced gastric carcinogenesis induced by
N-methyl-N-nitro-N-nitrosoguanidine in Wistar rats

M Tatsuta, H lishi, M Baba, R Hirasawa, H Yano, N Sakai and A Nakaizumi

Department of Gastrointestinal Oncology, Osaka Medical Center for Cancer and Cardiovascular Diseases, Osaka 537-8511, Japan

Summary The effect of prolonged administration of all-trans-retinoic acid (RA) on sodium chloride-enhanced gastric carcinogenesis induced
by N-methyl-N -nitro-N-nitrosoguanidine, and the labelling and apoptotic indices and immunoreactivity of transforming growth factor (TGF) a
in the gastric cancers was investigated in Wistar rats. After 25 weeks of carcinogen treatment, the rats were given chow pellets containing
10% sodium chloride and subcutaneous injections of RA at doses of 0.75 or 1.5 mg kg body weight every other day. In week 52, oral
supplementation with sodium chloride significantly increased the incidence of gastric cancers compared with the untreated controls. Long-
term administration of RA at both doses significantly reduced the incidence of gastric cancers, which was enhanced by oral administration of
sodium chloride. RA at both doses significantly decreased the labelling index and TGF-a immunoreactivity of gastric cancers, which were
enhanced by administration of sodium chloride, and significantly increased the apoptotic index of cancers, which was lowered by
administration of sodium chloride. These findings suggest that RA attenuates gastric carcinogenesis, enhanced by sodium chloride, by
increasing apoptosis, decreasing DNA synthesis, and reducing TGF-a expression in gastric cancers.
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Sodium chloride is closely linked to the development of experisuspended, wire-bottomed cages at controlled temperature

mental gastric cancers in the initiation and promotion stage®1-22C) and humidity (30-50%), with a 12 h—12 h light—dark

(Shirai et al, 1984; Takahashi et al, 1984; Tatsuta et al, 1995). /cle.

recently found that dietary high protein significantly attenuates

sodium chloride-enhanced gastric carcinogenesis in Wistar raEarcinogen and treatment

(Tatsuta et al, 1997). Retinoids are a family of natural or synthetic

compounds structurally related to vitamin A (Toma et al, 1997)The rats were given drinking water containing MNNG |@5mt-,

that have been shown to induce apoptosis in various cell line&ldrich Chemical, Milwaukee, WI, USA) and regular chow

(Delia et al, 1993; Ponzoni et al, 1995). These facts suggest thpellets (Nihon Nosan, Yokohama, Japan) for 25 weeks. The

all-trans-retinoic acid (RA) might attenuate sodium chloride- MNNG was dissolved in deionized water at a concentration of 1

enhanced gastric carcinogenesis. mg mk! and kept in a cool, dark place. The stock solution was
The carcinogemv-methyl4V'-nitro-N-nitrosoguanidine (MNNG)  diluted to 25ug mtt with tap water just before use. Each rat was

caused a significant increase in the intensity of transforming growtgiven the MNNG solution from a bottle covered with aluminium

factor (TGF)a expression in the gastric mucosa (Livingstone et alfoil to prevent MNNG photolysis, and the solution was replen-

1994). Recently, we found that prolonged administration of TGHshed every other day.

(34-43)a, an antagonist of TGE; significantly reduced the inci- In week 26, the animals were divided randomly into six groups

dence of gastric cancers induced by MNNG (Tatsuta et al, 1998pf 20 rats each. Until the end of the study in week 52, each group

Therefore, to investigate this possibility, we examined the effects akas given chow pellets (Nihon Nosan; 60 kcal -#awith or

RA on gastric carcinogenesis induced by MNNG and on the @ GF- without 10% sodium chloride and subcutaneous (s.c.) injections

expression of gastric cancers in Wistar rats. with or without 0.75 or 1.5 mg kgbody weight of RA. Group 1,
the control group, was given regular chow pellets and s.c. injec-
MATERIALS AND METHODS tions of the vehicle (plain olive ail) only; group 2 was given chow

pellets containing 10% sodium chloride and s.c. injections of olive
oil; group 3 was given chow pellets containing 10% sodium chlo-
One hundred and twenty young (6-week-old) inbred male Wistafide and s.c. injections of 0.75 mg-kgody weight of RA; group
rats purchased from Japan SLC (Shizuoka, Japan) were houseddivas given chow pellets containing 10% sodium chloride and s.c.
injections of 1.5 mg kd body weight of RA; group 5 was given

Animals

Received 6 April 1998 regular chow pellets and s.c. injections of 0.75 mg kpdy
Revised 13 July 1998 weight of RA; and group 6 was given regular chow pellets and s.c.
Accepted 16 July 1998 injections of 1.5mg kg body weight of RA. RA (Sigma
Correspondence to: M Tatsuta, Department of Gastrointestinal Oncology, Chemical Co, St. Louis, MO, USA) was prepared as a suspension
Osaka Medical Center for Cancer and Cardiovascular Diseases, 3-3, in olive oil. Injections were given s.c. in a volume of 1 mtkg
Nakamichi 1-chome, Higashinari-ku, Osaka 537-8511, Japan body weight between 14:00 and 15:00 each day.

732



Retinoic acid compared with sodium chloride in gastric cancers 733

Histological sampling dehydration, the sections were incubated with p@ont!
. . . . tei K (Boehri Mannheim, Mannheim, t
Animals that survived for more than 50 weeks were included in thE < "o (Boe rihger Viannnheim, Mannheim Germ?‘f‘y) a
- ) room temperature for 15 min. Endogenous peroxidase activity was
effective numbers because the first tumour of the glandular . A .
stomach was found in a rat in aroun 2 that died in week 50. Al uenched in 2% hydrogen peroxide in phosphate-buffered saline
surviving rats were killed at the gend ICc))f the experiment in WeeI.< 5 pH 7.2). Terminal transferase was used to catalyse the addition of
9rn i P Tdilgoxigenin-labelled nucleotides to thé&Hydroxy ends of the
and examined at autopsy: ten rats from each group were used o T . )
. - ragmented DNA. Antidigoxigenin—peroxidase solution was then
cancer study and apoptosis study, and the remaining ten rats from = . A L .
S applied to the slides. Diaminobenzidine—hydrogen peroxide was
each group for cancer study and bromodeoxyuridine (BrdU)- ; )
used to develop the colour reaction. The specimens were counter-

labelling study. The stomach and other major organs were carg: ined lightly with haematoxylin.

E:lt”r)\l/afuxrzmmii?lé dT?g i s;?nm;C:or\livania?pgggdfiign\?vithhea griiﬁ::er The relative number of apoptotic cells in the total tumour cell
' P ' P population was determined by counting the number of apoptotic

acid—formaldehyde solution for histological examination. TheCells erx10 high power field. The index was expressed as a
stomach was cut into longitudinal strips 3 mm in width. The spec- P gh p ' P

. . ) . . . ercentage of the tumour cells examined.
imens were embedded in paraffin, angrb-thick serial sections percentag € €

were stained with haematoxylin and eosin for cancer study and

with an Apotag kit for apoptosis. The sections were examinedmmunohistochemical observation of TGF-  «

without knowledge of the group to which they belonged. Immunohistochemistry was performed with the mouse mono-

clonal antibody AB-2 (Oncogene Science, Cambridge, UK),
Definition and classification of gastric cancers which is specific for human and rat TG@Fand exhibits no cross-

. . . . . . . reactivity to epidermal growth factor (Livingstone et al, 1994).
Histologically, adenocarcinomas were defined as lesions in whlcé Y P g ( g )

neoplastic cells had penetrated the muscularis mucosae to inva getions were predigested with trypsin for 15 min to expose the
the Eubmucosa or delz er layers. As previously reported (Tatsuta e tigenic sites before incubation with AB-2 at a dilution of 5:100
eP YEIS. AS prev y rep . overnight at 4C. After washing with Tris-buffered saline, rabbit
al, 1988), adenocarcinomas were classified as very well differenti- . - ;
ated. well differentiated. or poorlv differentiated anti-mouse serum (Dako, UK) and streptavidin peroxidase
' » Or poorly ) complex (Dako) were added at dilutions of 1:333 and 1:400,
respectively, for 30 min each before application of diaminobenzi-
Determination of labelling index dine and counterstaining with haematoxylin. After dehydration in
N o alcohol, the sections were cleared with xylene, and mounted in
The !abelllng index and a_Iso the mcndenc_e_and number of thﬁ“}hthalate xylene. A positive control section was incubated in
gastric cancers were examined in the remaining ten rats from eag . o .
. o . . éach batch to ensure consistency of staining. Two types of negative
group in week 52. The labelling index was determined with an . . . .
) . : N . : controls were used: in the first, the primary antibody was replaced
immunohistochemical analysis kit for assaying BrdU incorpora- ; L o
) C by Tris-buffered saline; in the second, specific controls were
tion (Becton-Dickinson Immunocytometry Systems, Mountain erformed by preincubation of the sections with an excess of the
View, CA, USA) (Gratzner et al, 1982; Morstyn et al, 1983).p yp

. . o TGF-a peptide PF 008 (Oncogene Science).
Briefly, non-fasted rats received a s.c. injection of 1 m} kgdy . S o .
weight of olive oil (groups 1 and 2), 0.75 mg-kgody weight of TGF-0 immunoreactivity was classified as follows: (2+), strong

. TGF ion; (+), kT ion; -), no TGF-
RA (groups 3 and 5), or 1.5 mg¥%dpody weight of RA (groups 4 GFa expression (+), weak TGE&-expression; and (), no TG
: R expression.
and 6). One hour later, the rats were given an i.p. injection of
20 mg kg body weight of BrdU and killed with ether 1 h later.
The stomach was fixed in 70% ethanol imydrochloric acid for ~ Statistical analysis
30 mln_at room te_mperature a_nd then in Q.sodlum bprate to The data were analysed with the chi-squared test, Fisher's exact
neutralize the acid. The sections were immersed in methanagl . . - . )
= . . . robability test, or one-way analysis of variance with Dunn’s
containing 3% hydrogen peroxide for 30 min and treated with 10%3 . . .
. . . . ultiple comparison (Miller et al, 1966). The data are shown as
horse serum. Next, the sections were stained with antl-Brdl'J‘n

monoclonal antibody (diluted 1:100) for 2 h at room temperature::neanSir s-.e. Differences were considered significant when the
. o . . . alculatedP-value was less than 0.05.

and then with biotin-conjugated horse anti-mouse antibody

(diluted 1:200) for 30 min. The reaction product was localized

with 3,3-diaminobenzidine tetrahydrochloride. The BrdU-labelled RESULTS

cells were identified by the presence of dark pigment over th

nuclei.

The labelling index of the gastric cancers was determined b
counting the number of BrdU-labelled and unlabelled cells amond\l of the animals were included in the effective numbers because
500 cancer cells. The labelling index was expressed as the percentagee died before experimental week 50. In week 52, there was no
of BrdU-labelled cells among total number of cancer cells. significant difference between the six groups in the body weight of
the rats (Table 1).

The incidence, but not the number, of gastric cancers was signi-
ficantly higher in group 2 (sodium chloride alone; 85%) than in
The 3 end-labelling of apoptotic cell DNA was performed with an control group 1 (35%) (Table 1). Administration of both sodium
ApoTag in situ apoptosis detection kit (Oncor, Gaithersburg, MDgchloride and 0.75 (group 3) or 1.5 mgkbody weight (group 4)
USA) (Tormanen et al, 1995) as follows: after dewaxing andof RA significantly reduced the incidence of gastric cancers

?ncidence, number, histological type, and depth of
iynvolvement of gastric cancers

Determination of apoptotic index
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Table 1 Incidence and number of gastric cancers and body weight in MNNG-treated rats

Body weight (g)
Group Treatment @ Effective No. of rats with No. of gastric cancers
no. Week 26 Week 52 no. gastric cancer (%) per tumour-bearing rat
1 Control 315+5 351+7 20 7 (35) 1.0+0.0
2 Sodium chloride 332+4 340+7 20 17 (85)° 15+0.2
3 Sodium chloride + RA 0.75 mg kg 317+5 353+6 20 8 (40)° 1.1+0.1
4 Sodium chloride + RA 1.5 mg kg 3235 351+6 20 7 (35)° 1.0+0.0
5 RA 0.75 mg kg 321+4 377+6 20 10 (50) 1.0+0.0
6 RA 1.5 mg kg 313+5 360 + 11 20 7 (35) 1.4+0.2

aTreatment: group 1, the rats were given regular chow pellets and s.c. injections of 1 ml kg-* of olive oil only every other day after 25 weeks of MNNG treatment;
group 2, the rats were given chow pellets containing 10% sodium chloride and s.c. injections of 1 mg kg of olive oil only every other day after 25 weeks of
MNNG treatment; groups 3 and 4, the rats were given chow pellets containing 10% sodium chloride and s.c. injections of RA (all-trans-retinoic acid) at doses of
0.75 and 1.5 mg kg* body weight, respectively, every other day; groups 5 and 6, the rats were given regular chow pellets and s.c. injections of RA at doses of
0.75 or 1.5 mg kg* body weight, respectively, every other day after 25 weeks of MNNG treatment. "Significantly different from the value for group 1 at P < 0.01.
cSignificantly different from the value for group 2 at P < 0.01.

Table2 Histological type and depth of involvement of gastric cancers in MNNG-treated rats

Histological type (%) Depth of involvement (%)
No. of
Group Treatment 2 gastric Very well Well Submucosal Muscle layer
no. cancers differentiated differentiated layer or deeper
1 Control 7 6 (86) 1(14) 6 (86) 1(14)
2 Sodium chloride 25 20 (80) 5 (20) 15 (60) 10 (40)
3 Sodium chloride + RA 0.75 mg kg 9 8(89) 1(11) 8(89) 1(11)
4 Sodium chloride + RA 1.5 mg kg 7 7 (100) 0 (0) 7 (100) 0 (0)
5 RA 0.75 mg kg 10 10 (100) 0 (0) 10 (100) 0 (0)
6 RA 1.5 mg kg 10 9 (90) 1(10) 10 (100) 0 (0)

aFor an explanation of treatments, see Table 1.

Table 3 Labelling index, apoptotic index and TGF-a of gastric cancers in MNNG-treated rats

Immunoreactivity of TGF- a (%)
[Apoptotic index, %]

Labelling Apoptotic
Group  Treatment 2 index index No. of cancer
no. (%) (%) examined =) (+) or (2+)
1 Control 24.0+1.0 8.6+0.5 7 7 (100) 0 (0)
2 Sodium chloride 442 +£1.8° 4.2 +£0.40 9 0 (0) 9 (100)
3 Sodium chloride + RA 0.75 mg kg 35.6 £ 1.4¢ 7.4+0.3f 7 4 (57) (8.0+0.0) 3(43)° (6.7 £0.3)¢
4 Sodium chloride + RA 1.5 mg kg-* 32.2+ 1.6 8.7 £0.5' 7 5(71) (9.4+0.2) 2 (29)¢ (7.0 £0.0)9
5 RA 0.75 mg kg 224+1.1 9.6+0.5 7 7 (100) 0 (0)
6 RA 1.5 mg kg 23.0+2.0 10.6 £0.7 6 6 (100) 0 (0)

aFor an explanation of treatments, see Table 1. *Significantly different from the value for group 1 at P < 0.001. ‘Significantly different from the value for group 2:
¢P < 0.05,9P<0.02,¢P < 0.01, /P < 0.001. sSignificantly different from the value for cancers without TGF-o immunoreactivity at P < 0.01.

compared with the results for group 2. Administration of RA aloneLabelling index, apoptotic index and TGF- «
at either 0.75 (group 5) or3lmg kg™ body weight (group 6) had A diet containing 10% sodium chloride (group 2) significantly
no significant &ect on the incidence or number of gastric cancersncreased the labelling index and T@Fmmunoreactiviy, but
when compared with control group 1. _ _decreased the apoptotic index of gastric cancers compared with
All tumours induced in the glandular stomach were histologi-control group 1 Table 3). Administration of both sodium chloride
cally classified as adenocarcinomaalgle 2). There was no signi- gnd 0.75 (group 2) or 3mg kg body weight (group 3) of RA
ficant dfference between the six groups in the histological type ofjgnificantly decreased the labelling index and T&Famuno-
the adenocarcinomas. No poorlyffeientiated cancers were reactivity of the gastric cancers, which were increased by adminis-
found. Nor was there any significantference between the six tration of sodium chloride, and increased the apoptotic index,
groups in the depth of involvement of the gastric cancers. All ofyhich was reduced by administration of sodium chloride.
the cancers were found in the antral mucosa and no metastas€@$ministration of RA alone at either 0.75 (group 5) &g kgt
were found in any of the rats. body weight (group 6) had no significarffezt on the labelling
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index, apoptotic index, or TG&immunoreactivity of the gastric proliferation rates are selected by sodium chloride treatment, and
cancers. In groups 3 and 4, gastric cancers with positive immundhese are, in turn, selectively inhibited by RA treatment.
reactivity of TGFer had a significantly lower apoptotic index than  The results of the present study showed that administration of
that of cancers without TG&immunoreactivity. RA attenuated gastric carcinogenesis, which was enhanced by the
administration of sodium chloride. The findings suggest that both
increased apoptosis and decreased expression oo TiG&y be
DISCUSSION pop . expres 1By
closely related to attenuation of gastric carcinogenesis by RA.
The results of the present study show that RA at lower and higher
doses attenuates gastric carcinogenesis enhanced by sodium CrmsKNOWLEDGEMENT
ride. These findings indicate that RA at 0.75 mg kgdy weight
already provided complete protection against sodium chlorideThis work was supported in part by a Grant-in-Aid for the Second-
enhanced gastric carcinogenesis. Therefore, it is still unclear @rm Comprehensive 10-year Strategy for Cancer Control from
which concentration RA starts to protect. The mechanism of actiothe Ministry of Health and Welfare of Japan.
of retinoids on tumours appears to be related to their effect on the
proliferation and differentiation of the tumour cells themselves
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