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ABSTRACT

The involvement of immune response in the resistance of chemically
induced stomach cancer was studied in a resistant rat strain (Buffalo) and
a sensitive rat strain (ACI). Groups of 10 male Buffalo and ACI rats, 6
weeks of age, were given drinking water with or without /V-methyl-/V'-

nitro-Â¿V-nitrosoguanidÂ¡ne(MNNG; 100 mg/1) for 14 days. Total RNA was

isolated from the stomach pyloric mucosa from five rats, and cDNA was
prepared with reverse transcriptase. Tissue sections of the stomach py
loric mucosa from five rats were stained with antibodies recognizing
molecules expressed by various immune cells. Reverse transcription-PCR
(RT-PCR), competitive RT-PCR, and Northern blot demonstrated that

the expression of MHC class II group genes [MHC class II, MHC class
II-associated invariant chain (Ih. CD4 and IgM (B cell marker)], MHC
class I group genes (MHC class I and CDS), B7-1 (costimulator on

dendritic cells), and CD28 (receptor to B7 on T cells) in the pyloric mucosa
was elevated by MNNG in both rat strains but was elevated to a 4-7-fold

greater extent in Buffalo rats than in ACI rats. These genes were scarcely
expressed in control rats. Histochemical antibody staining after MNNG
exposure showed a greater number of cells stained with monoclonal
antibody to li, OX-62 (dendritic cell marker), and ED-1 (dendritic cell and

macrophage common marker) in the interstitial tissue of the pyloric
mucosa of Buffalo rats compared with ACI rats. Cell proliferation, as
measured by 5-bromo-2-deoxyuridine (BrdUrd)-labeling indices, revealed
the presence of BrdUrd-labeled cells only among epithelial cells in the

proliferative zone; cells in the interstitial tissue were not labeled with
unii ni. The results suggest the involvement of dendritic cell response in
the resistance to the MNNG induction of stomach carcinogenesis in rats.

INTRODUCTION

In chemically induced carcinogenesis or in resistance to such car
cinogenesis, there is little evidence of involvement of immune response.
Recently, we found that administration of MNNG' at 100 mg/1 (the same

concentration used in long-term stomach carcinogenesis assay work) in

the drinking water for 8 days induced the appearance of MHC class
II-associated invariant chain (li) in the target organ of stomach pyloric
mucosa of male Lewis rats. The up-regulation of li was revealed by
fluorescent differential display analysis, RT-PCR, Northern blot, and
histochemical staining. Ii-mAb-stained cells appeared in the interstitial

tissue of pyloric mucosa. However, the cell type was not identified.
Appearance of MHC class II (la) and MHC class I antigen was also
demonstrated by RT-PCR and Northern blot. Similar exposure to NaCl,

a glandular stomach tumor promoter, did not induce the appearance of li,
la, or MHC class I in the pyloric mucosa (1).
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Different susceptibility to MNNG-induced stomach cancer is

known in Buffalo and ACI rats (2, 3). It was reported that the
resistance in Buffalo rats was genetically determined and autosomally
dominant (4). The aim of the present study was to examine differential
immune response in these two strains of rats to learn the involvement
of immune response in resistance to chemical carcinogenesis. We
examined differential MHC immune response in male Buffalo and
ACI rats given MNNG (100 mg/1) in the drinking water for 14 days.
This time was selected because the life span of pyloric gland cells is
about 14 days (5), and cells in the pyloric mucosa are replaced within
14 days after the beginning of MNNG exposure via drinking water.
Previously, we also found that pepsinogen expression in the pyloric
mucosa began to decrease 14 days after MNNG exposure (6). Here we
have examined expression of MHC class II group genes [//, la, CD4,
and IgM (B cell marker)] and MHC class I group genes (MHC class
I and CDS) by RT-PCR, competitive RT-PCR, and Northern blot.

Histochemical staining with monoclonal antibodies of li, la, IgM,
CD4, ED-1, OX-62, MHC class I, and CDS was performed to deter

mine the cell types appearing in the interstitial tissue. We have
additionally examined expression of B7-1, B7-2, and CD28 by com
petitive RT-PCR. B7-1 (CD80) and B7-2 (CD86) are costimulators on
antigen-presenting cells (dendritic cells in the present study; Ref. 7),
and CD28 is their counter receptor on T-cells (8). Consequently, we

found that dendritic cells are involved in the response of resistant rats
to MNNG. Recently, dendritic cells have been shown to be a group of
active antigen-presenting cells that seem to hold the key to the
induction of T-cell response (9-11).

MATERIALS AND METHODS

Animals. Ten male ACI (ACI/NJcl: Nihon Clea. Tokyo. Japan) and Buf
falo (BUF/NacJcl; Nihon Clea, Tokyo. Japan) rats. 6 weeks of age, were given
MNNG (100 mg/1. the same concentration as used for long-term stomach

carcinogenesis studies; Nacalai Tesque, Inc., Kyoto, Japan) in drinking water
for 14 days. Ten control rats were given distilled water instead of MNNG. Rats
had free access to pellet rodent chow (CE-2: Nihon Clea). Rats were killed by

cervical dislocation under ether anesthesia. Stomachs from five rats in each
group were surgically removed. The pyloric mucosa was scraped with a blade,
pooled, frozen in liquid nitrogen, and stored at â€”80Â°Cuntil use. The other five

rats were injected with BrdUrd (100 mg/kg body weight) i.p. l h before killing.
Stomachs were washed with cold PBS and fixed in 100% ethanol or frozen in
liquid nitrogen for histochemical examination.

RNA Isolation. Total RNAs were isolated by a modified method using
acid guanidinium thiocyanate/phenol chloroform using TRI/.ol (Life Technol
ogies, Inc., Gaithersburg, MD) and ISOGEN (Nippon Gene. Toyama. Japan)
reagents and stored at â€”80Â°Cuntil use.

RT-PCR and Competitive RT-PCR. PCR and competitive PCR with the
specific primers and the first-strand cDNA were performed at high stringency

(12). The amplified cDNAs were examined on a 5% polyacrylamide gel
stained with SYBR Green I (Molecular Probes, Eugene, OR). The oligonu-
cleotide primers were as follows: li, 5'-CTCTGTCCTGGTGGCTCT-
GCTCTT-3' (5' primer) and 5'-AGTCTGGGTGGGCTGCTTCTCCTC-3'
(3'primer) (457 bp); MHC class II, S'-GTCTGGTAGGCATCGTCGTC-S' (5'
primer) and .V-TGGAGAAATGTCAAGCCGTAAGTG-3' (3' primer) (400
bp); MHC class I, 5'-TACCCAGAAAAGGAGAAGGAGAG-3' (5' primer)
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AAACCTTCCC-3' (5' primer) and 5'-TAGGAAGGACATCAACCAC-
AGTC-3' (3' primer) (299 bp); B7-1, 5'-CCGGGGTACCGGAAGTGTGG-3'
(5' primer) and 5'-CGTCGCGTTGAAGTCTAGTTGG-3' (3' primer) (395
bp); B7-2, 5'-GCTCGTAGTATTTTGGCAGGACC-3' (5' primer) and 5'-
CGGGTATCCTTGCTTAGATGAGC-3' (3' primer) (337 bp); CD28, 5'-
GGTGAAGCAGTCCCCGCTGC-3' (5' primer) and 5'-CCAGCAACCAC-
GACCAGTGGC-3' (3' primer) (408 bp); and mouse 18S rRNA, 5'-
GAATTCCCAGTAAGTGCGGGTC-3' (5' primer) and 5'-AATGATC
CTTCCGCAGGTTCACC-3' (3' primer) (230 bp). The competitor for CD4
was prepared by RT-PCR with 5' primer for CD4 and with 45 mer-3' primer
S'-CAGAGACCTTAGGGTTGCTATCCTCTTGTTCTCCAGCTCGCA-
GAC-3' (289 bp). The competitor for CDS was prepared by RT-PCR with 5'
primer for CDS and with 46 mer-3' primer 5'-TAGGAAGGACATCAACCA-
CAGTCAAGTAGAAGCCACTGTCCTCTGG-3' (248 bp). The competitor
for B7-1 was prepared by RT-PCR with 42 mer-5' primer 5'-CCGGGGTAC-
CGGAAGTGTGGCCTGATCCTTTCAGACAGGGGC-3' and 3' primer for

B7-1 (333 bp). The competitor for B7-2 was prepared by RT-PCR with 44
mer-5' primer S'-GCTCGTAGTATTTTGGCAGGACCCGTGAATG-
CCAAGTACCTGGG-3' and 3' primer for B7-2 (285 bp). The competitor for
CD28 was prepared by RT-PCR with 41 mer -5' primer 5'-GGTGAAG-
CAGTCCCCGCTGCGCAAAGGAGTTCCGGGCATCC-3' and 3' primer for

CD28 (342 bp).
Northern Blot. Total RNAs (30 /Lig)were resolved on a 1% agarose-2.2 M

formaldehyde gel, blotted onto a Hybond-N membrane filter (Amersham,
Buckinghamshire, United Kingdom), and then hybridized with a "P-labeled

probe. Washed filters were exposed on an imaging plate and analyzed by BAS
2000 (Fuji Film, Tokyo, Japan).

Histochemistry. Immunohistochemical staining was performed on five
rats in each group using monoclonal antibodies as described previously (5).
Five sections from each rat were stained and analyzed. Areas containing severe
erosion were avoided for photographs. li-mAb RG11 directed against the
COOH-terminal segment of the rat invariant y chain was prepared as described
(13). Antibody against rat MHC class I (MRC-OX-18; Ref. 14) was a gift from
Dr. G. Butcher (The Barbraham Institute, Cambridge, UK). Antibodies G53-
238 (IgM), 1C7 (ED-1, dendritic cell and macrophage common marker; Ref.
15), OX-62 (dendritic cell marker; Refs. 16 and 17), OX-38 (CD4; Ref. 18),
and OX-8 (CD8a; Ref. 19) were obtained from Pharmingen (San Diego, CA).
OX-62 and OX-38 were used in frozen sections fixed by acetone, and the other
antibodies were used in ethanol-fixed paraffin sections. Labeling index with

BrdUrd was examined as described previously (5).
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Fig. I. RT-PCR (ai, Northern blot (b), and competitive RT-PCR (c) of MHC class II
group genes (li, MHC II, CD4, and IgM) and MHC class I group genes (MHC 1 and CDS)
in stomach pyloric mucosa of MNNG-sensitive ACI rats and resistant Buffalo rats 14 days
after control or MNNG exposure in the drinking water. Samples from the left were control
ACI (ACI O. control Buffalo (BUF Q, MNNG-exposed ACI (ACI MNNG). and MNNG-
exposed Buffalo (BUF MNNC). Total RNAs for Northern blot were 30 /ig/lane. RT-PCR

was performed with 25 cycles for li, la. IgM, and 18S rRNA and 30 cycles for MHC I.
Competitive RT-PCR was performed with 28 cycles for CD4 (the lower band: competitor)
and 33 cycles for CDS (the lower band: competitor). The expression was 4-7-fold higher
in BUF MNNC than in ACI MNNG. 18S rRNA shows the relative amount of RT-cDNA

and total RNA.

and 5'-GCCACAGCAGCAACGCAGAG-3' (3' primer) (398 bp); IgM, 5'-
CTTTGCTGACATCTTCCTCACCA-3' (5' primer) and 5'-GCTGGCG-
GCAGCAGGTACAC-3' (3' primer) (321 bp); CD4 (W3/25), 5'-AAGAC-
CGTGGTGCTGGGGAAG-3' (5' primer) and 5'-CAGAGACCTTAGGGTT-
GCTATCC-3' (3' primer) (376 bp); CDS, 5'-GTCCTGTGAGGCTA-

0505
<OÃ›<QÃ›
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Fig. 2. Competitive RT-PCR of B7-1, B7-2, and CD28 in stomach pyloric mucosa of

MNNG-sensitive ACI rats and resistant Buffalo rats 14 days after control or MNNG
exposure in the drinking water. Samples were the same as in Fig. 1. The lower bands:
competitors. The expression of B7-1 and CD28 was higher in BUF MNNG than in ACI
MNNG.
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Fig. 3. Immunohistochemical staining of li and ED-1 in the stomach pyloric mucosa of MNNG-sensitive AGI rats and resistant Buffalo rats. Samples are control ACI (a), control
Buffalo (bÃ¬,MNNG-exposed ACI (e), and MNNG-exposed Buffalo (rf) stained with li-mAb. Other samples are control AGI (e), control Buffalo (/). MNNG-exposed AGI (g). and
MNNG-exposed Buffalo (h) stained with ED-l-mAb. Dark cells are mAb-stained cells in interstitial tissue. X200.

RESULTS

Increase in Expression of MHC Class II and MHC Class I
Group Genes. RT-PCR, competitive RT-PCR, and Northern blot of
MHC class II group genes [MHC class II (/a), MHC class II-associ-

ated invariant chain (/i), CD4, and IgM] and MHC class I group genes
[MHC class I and CDS] are shown in Fig. 1. This shows that
expression of these genes was generally low to nondiscernible in
pyloric mucosa of control animals.

MNNG induced more than 10-fold the expression of MHC class I

and II group genes in the pyloric mucosa of ACI and Buffalo rats (Fig.

1). However, the increase in la, li, and MHC class I mRNA in the
pyloric mucosa of the resistant Buffalo rats was 7-, 4- and 4-fold

greater than that of the sensitive ACI rats, respectively (Fig. 1).
With RT-PCR and Northern blot, expression observed for the MHC

class II group genes was greater than that for the MHC class I group
genes. RT-PCR is less quantitative than Northern blot.

Increase in Expression of B7-1, B7-2, and CD28. The expression
of B7-1 and CD28 was low in pyloric mucosa of control animals.

MNNG induced the expression of these genes in the pyloric mucosa
of both rat strains. The increase in Buffalo rats was greater than that
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Fig. 4. Immunohistochemical staining with OX-62 in the stomach pyloric mucosa of ACI and Buffalo rats. Samples are control ACI (a), control Buffalo (i>). MNNG-exposed ACI
(c), and MNNG-exposed Buffalo (d) stained with OX-62-mAb. Dark cells are mAb-stained cells in interstitial tissue. X200.

in ACI rats (Fig. 2), as seen for MHC class I and II genes described
above. The expression of B7-2 was detectable in pyloric mucosa of
control animals. In Buffalo rats, MNNG induced some increased B7-2
expression, although the increase was less compared with that of B7-1
and CD28 expression: the MNNG-induced increased expression in

ACI rats was less than for Buffalo rats.
Appearance of Immune Cells in Interstitial Tissue. To examine

whether any changes occurred at the histochemical level, stomach
pyloric mucosa samples were prepared for exposure to a range of
immune response antibodies after the MNNG exposure. Fig. 3, a and
b, show immunohistochemical staining of the control pyloric mucosa
of ACI and Buffalo rat, respectively, with an li-mAb. There are only
a few stained cells. After MNNG exposure, many Ii-mAb-stained

cells were seen in the interstitial tissue of pyloric mucosa of ACI and
Buffalo rats (Fig. 3, c and d). More stained cells were observed in
resistant Buffalo rats than in sensitive ACI rats.

When control pyloric mucosa of ACI and Buffalo rats was stained
histochemically with 1C7 (ED-l-mAb, dendritic cell and macrophage

common marker), there were only a few stained cells (Fig. 3, e and/).
However, after exposure of the rats to MNNG, 1C7 staining of pyloric
mucosa revealed many stained cells (Fig. 3, g and h), with Buffalo rat
pyloric mucosa showing a preponderance of such cells.

Pyloric mucosa samples were also stained histochemically with
OX-62, a dendritic cell marker. In control samples, only a few cells

were stained (Fig. 4, a and b), whereas MNNG caused the appearance
of OX-62 stained cells, with staining again more prominent in Buffalo

rat pyloric mucosa (Fig. 4, c and d).

These results concur with molecular biological findings (Fig. 1) in
the present study. Cells stained with OX-18 (MHC class I), OX-38
(CD4), and OX-8 (CD8a) were also observed (not shown), suggesting

that the stained cells are mainly dendritic cells. In an additional
experiment, staining of interstitial tissue with G53-238 (IgM-mAb;
not shown) indicated the appearance of (pre-)B cells.

Increase in Cell Proliferation and Erosion. Cell proliferation, as
measured by BrdUrd-labeling indices, was studied in the stomach

pyloric mucosa and shown to increase as a result of the MNNG
exposure. Fig. 5 shows this enhanced cell proliferation and reveals the
presence of BrdUrd-labeled cells only among epithelial cells in the

proliferative zone; cells in the interstitial tissue were not labeled with
BrdUrd. This suggests that dendritic cells did not proliferate in the
interstitial tissue of the pyloric mucosa but originated elsewhere.
Furthermore, we demonstrated that this labeling index in sensitive
ACI rats was greater than that in resistant Buffalo rats (Table 1).
Diffuse superficial erosion was also observed in both strains and to a
greater extent in ACI rats.

DISCUSSION

The present study was designed to examine immune response to
MNNG in rats sensitive and resistant to the induction of stomach
cancer by MNNG. The present results clearly show dendritic cell
response (an MHC immune response) that is greater in resistant
Buffalo rats than in sensitive ACI rats in the initiation stage of
MNNG-induced stomach carcinogenesis. Interestingly, it was re-
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Fig. 5. BrdUrd staining in the stomach pyloric mucosa of ACI and Buffalo rats. Samples are control ACI (a), control Buffalo (b). MNNG-exposed ACI (r), and MNNG-exposed
Buffalo (d). Dark cells are BrdUrd-stained cells. X200.

ported that MHC-linked deletions in the rat are associated with defects

in growth and development and increased susceptibility to liver chem
ical carcinogenesis caused by diethylnitrosamine (20).

In previous work, we found that Ii-mAb-stained cells appeared in

interstitial tissue of the stomach pyloric mucosa after 8 days of
MNNG exposure in Lewis rats (1). In this present study, the cells
appearing in the mucosa were identified as mainly dendritic cells.
Dendritic cells were reported to express la (9), li (10), MHC class I
(21), ED-1 (22), OX-62 (16, 17), CD4 (23), and CDS (24). The

present results confirm and extend these previous studies. Dendritic
cells are a group of active antigen-presenting cells that seem to hold
the key to the induction of T-cell responses (11). It is reported that
T-cell activation by dendritic cells requires the delivery of two signals.
The first signal, recognition, is mediated by interaction of the T-cell

receptor with a specific antigenic peptide presented on the dendritic
cell in the context of the MHC. The second signal, costimulation, is
delivered by the dendritic cell through members of the B7 family. If
costimulation is not administered, T cells enter a state of anergy that
may result in tolerance and tumor growth (25). The present studies

Table 1 Labeling indices as measured with BrdUrd in the stomach pyloric mucosa
after 14 days MNNG exposure

Labeling indices"

ACI rats Buffalo rats

Control
MNNG exposed

1.9 Â±0.2
7.2 Â±1.0*

1.9 Â±0.2
5.2 Â±0.8

" Number of labeled cells/pyloric gland.
''Significantly different from Buffalo rats exposed to MNNG (P < 0.05). After

MNNG or control exposure, BrdUrd/( 100 mg/kg body weight) was injected i.p. l h before
killing. Stomachs were removed and fixed for histological examination. Thin sections
were stained histochemically with BrdUrd-mAb. Fifty glands were counted for each rat.

showed the appearance of the B7 family of costimulators after MNNG
exposure, and in addition, the counter receptor CD28 on T cells was
observed. In this field of research, new findings on function and
regulation are regularly reported, and a simple hypothesis cannot yet
be proposed. However, the present results at least suggest that in
response to MNNG exposure, the MHC immune system is operational
in the interstitial tissue of the target organ of rat pyloric mucosa.
Involvement of immune response in protection from virus-induced

tumor is known (26, 27). Although dendritic response was not re
ported in chemical carcinogenesis before, such response in protection
against virus-induced tumor was reported recently (28, 29). We may

propose the idea that increasing dendritic cells can reduce the effec
tiveness of MNNG in causing cancer; perhaps this suggests a general
strategy for preventing cancer. Finding a way to increase the level of
dendritic cells may result in improved immune surveillance and
destruction of any initiated cells. We demonstrated that BrdUrd-
labeled cells were observed only among epithelial cells in the prolif-

erative zone; cells in the interstitial tissue were not labeled with
BrdUrd. This suggests that dendritic cells did not proliferate in the
interstitial tissue of the pyloric mucosa but originated elsewhere.

In the present study, we found that IgM also increased in response
to MNNG. IgM is usually the first class of antibody to appear in
response to a chemical insult. Because IgM is secreted from (pre-)B

cells (30), our results suggest that these cells appeared in interstitial
tissue in the pyloric mucosa after 14 days of MNNG exposure.

Ohgaki et al. (4) studied genetic control of susceptibility of rats to
gastric carcinoma caused by MNNG in Buffalo and ACI rats. They
reported that the resistance in Buffalo rats was genetically determined
and autosomally dominant (4). They also reported that O6-methyl

guanine adduci formation in the pyloric mucosa by MNNG was
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similar (31), suggesting interaction of MNNG with DNA in both rat
strains. It may be speculated therefore that different susceptibilities
may arise from a difference in host defense subsequent to DNA
changes, although the causative gene has not been identified yet.
The present work confirmed the previous observation by Ohgaki et
al. (32) of higher labeling index in pyloric mucosa of ACI rats than
in Buffalo rats after 14 days of MNNG exposure, although the
difference was less marked. MNNG did induce some increase in
labeling index in Buffalo rat pyloric mucosa. Resistance of these
rats to MNNG induction of stomach carcinogenesis may therefore
lie in a process subsequent to cell proliferation and may involve
immune suppression of clonal expansion of initiated cells. Diffuse
superficial erosion was observed in both strains and was a little
more apparent in sensitive ACI rats. A similar finding has been
reported previously (33).

Previous studies with MNNG have shown that a single dose of 50
mg/kg body weight (gavage) in rats induced tissue damage and
resulted in a cell proliferation peak at 24 h in the stomach pyloric
mucosa (34) without an li increase for at least 48 h (1). However,
MNNG exposure via the drinking water (100 mg/1)did not induce any
li increase after 3 days ( 1) but, as with the present finding, did induce
a large increase in li after 14 days of exposure. The present work now
reveals that the Ii-mAb-stained cells are principally dendritic cells. It
is known that inflammation stimuli induce dendritic cells (19). How
ever, in the present study, tissue damage and probably inflammation
were induced more strongly in sensitive ACI rats. The differential
appearance of dendritic cells does not seem to depend simply on
inflammation in the pyloric mucosa caused by MNNG, although it
may depend on differential immune response in these two rat strains.

The present study clearly suggests the involvement of immune
reactions in the resistance to MNNG induction of stomach carcino
genesis in rats.
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