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TABLE 1I — INCIDENCE AND MULTIPLICITY OF SMALL INTESTINAL POLYPS AT WEEK 5

Encidence {(multiplicity) of small intestina] polyps at

Genolype Sex Proximal region Middle region Distal region Total
2% D58 Tap waler 2% DSS Tap water 2% D58 “Tap water 2% DSS Tap waier
ApdMimt Male  17,100%  9/9,100%  7/7,100%  99,100%  7/7,100% 969, 100% 7/7,100%. 99, 100%
(04+24) (©.1%21) (1L6x2.6%) (160+37) (429%104°) (24.7%58) (64.3£13.3%) (49.829.8)
Female 777,100% 10710, 100% 7/7,100% 10710, 100%  7/7,100%  10/10,100%  7/7,100%  10/10, 100%
(72%24) (8.5%23) (8.7+23% (14.1%3.0) (353+48% (200£5.1) (51.2+5.4%) (42.6£9.3)
Ape™t Male 0f12,09%  0/17,0% 0/12, 0% 0/17,0% 0/i2, 0% 0117, 0% 0/12, 0% 0117, 0%
(0) @ (0) (V)] )] 0) )] 0
Female 0£10,0%  0/11,0%  0/10,0%  0fil, 0% 0/10, 0% 011, 0% 010, 0% 011, 0%
(0] (0) 0 © {0) o (0) @

"T'he number of polyps per mouse (Mean=SD)~Significantly different from Apc™™* males received tap water by one-way ANOVA with
Bonferroni correction (P < 0.05).—"Significantly different from Apc™* males received tap water by one-way ANOVA with Bonferroni correc-
tion (P_< 0.01).~*Significantly different from Apc™™ females received tap water by one-way ANOVA with Bonferroni correction (P <
0.01).~"Significantly different from Apc™™* females received tap water by one-way ANOVA with Bonferront correction (# < 0.05).

TABLE IIT — SCORES OF INFLAMMATION AND NITROTYROSINE IMMUNCHISTOCHEMISTRY OF COLONIC
MUCOSA AT WEEK 3

Score of nitrotyrosine-

Seore of inflammuion inmmunohisiochemistry (number

Genotype Scx {rumbcr of mice cxamined) of mice cxamined)
2% DSS Tap water 2% D55 Tap water
Apctrt Male 2.86+0.69' 0.22+0.44 2.71£0.95 0.11%033
an . &) o0 (9
Female 2,440,690 0.20+0.42 2.14+0.69 0.10+0.32
e M __, (10) a . (10
Ape Male 2.33%0.65 0.24+0.44 2.25+1.06 0.12 + 0.33
(12) an (12) (7N
Female 2.100.74° 0.18:041 2.14+0.69° 0.09+0.30
{10) (n (10) (10
Minl+

'Mean =+ SD—Significantly different from Apc’ males received Jlap

) b water by one-way ANOVA
with Bonferroni correction (P < 0.01).=Significantly different from Apc

* females received 1ap water
+

by one-way ANOVA with Bonferroni correction (P < 0.01)~"Significantly different from Apc

males

received tap water by one-way ANOVA with Bonferroni correction (P < 0.01 }.—"Significantly different

from Ape*'™

Immunoreactivity of nitrotyrosine was noted in the cryptal ceils
with or without disruption, infiltrated mononuclear inflammatory
cells, and endotheBial cells of the small vessels in the colonic
mucosa and submucosa in Ape™™* and Apc*™ mice that
received 2% DSS. Among them, the stainability was strong in the
infiltrated mononuclear inflammatory cells. Adenoma cells
(Fig. 3/), adenocarcinoma cells (Fig. 3k) and dysplastic cryptal
cells (Fig. 3/) also showed moderately positive immunoreactivity
of nitrotyrosine in their cytoplasm. The intensity in the colonic
lesions in Apc™™*mice given 2% DSS was strong when com-
pared to that observed in Ape®!* mice given tap water alone. As
summarized in Table 11, scores of nitrotyrosine-immunoreactivity
in the colonic mucosa of Apc™™ *and Apc™/* mice of both sexes
given 2% DSS were significantly greater than those given tap
water alone (p < 0.001). The score in the time-course observation
indicated that the value decreased after the cessation of 2% DSS
(Fig. 2¢), as was the value of inflammation (Fig. 2d).

P53 immunoreactivity was observed in the nuclei of neoplastic
celfs (adenoma and adenocarcinoma cells) with a variety of stain-
ability, which developed in the coton of Apc*™™ mice treated with
DSS (Fig. 3m,n) but not in those given tap water alone. Also, the
nuclei of dysplastic crypts were positive for p53 antibody (Fig. 30).
Surrounding the mucosal utcer, some nuclei of regenerative hyper-
plastic crypts in the colon were weakly positive for p53 antibody in
the colon of Apc™™* mice treated with DSS (date not shown). No
stainability of p53 was observed in the small intestinal polyps (data

not shown) in Apc™™™ mice treated with or without DSS.

Ape allelic loss in colonic necplasms

One hundred percent (14 of 14) of adenocarcinomas and 0% ;0
of 3) of histologically normal colonic mucosa from male Apc™™

mice that received 2% DSS showed LOH of Apc. In male Apc*™*

females received tap water by one-way ANOVA with Bonferroni correction (P < 0.001).

mice that received tap water alone, 100% (2 of 2) of adenocarcino-
mas showed LOH of Ape and 0% (0 of 3) of histologically normal
colonic mucosa was negative for LOH.

Mutation of fi-catenin and K-Ras genes

B-Catenin and K-ras mutations were not detected in any of the
colonic adenocarcinomas examined.

Discussion

In our study, we investigated the influences of the inflammation
induced by |-week exposure of 2% DSS in the drinking water on
intestinal carcinogenesis in Apc™ inf+ mice and found that the treat-
ment resulted in 2 much higher incidence and multiplicity of large
intestinal neoplasms in Apc™™'* mice up to 5 weeks. Also, the
treatment significantly increased the number of small intestinal
polyps {tubular adenomas) at the distal regions. Thus, we devel-
oped an Apc””'“' mouse model with muitiple colonic neoplasms,
which develop within 4 weeks after 1-week exposure DSS, in
addition to the increase in the number of small intestinal polyps.
Regardless of the types of gene and gender, all mice treated with
2% DSS had intestinal mucosal inflammation with various
degrees. However DSS treatment did not induce preneg lastic and
neoplastic lesions in the large bowel wild-type (Apc‘” ) mice of
either sex. This report describjn§ rapid development of a number
of colonic neoplasms in Apc™™™ mice within a short-term period
(5 weeks) support an earlier work by Cooper et al.,'* who found
that treatment with 2 cycles of 4% DSS resuits in 40% incidence
of colon cancer with a muitiplicity of 0.67+0.27 in female Min
mice at 42 days. Our findings suggest that the development of
colonic dysplastic crypts andfor neoplasms in the short-term (up to
5 weeks) needs both the gene {Apc) mutation and subsequent
inflammatory stimuli, but not either alone under the current exper-
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Figure 3 ~ Immunohistochemistry of the colonic fesions developed in male Apc*™* mice treated with 2% DSS. (a)~{(c), B-catenin immuno-
histochemistry; (d)~(f), COX-2 immunohistochemistry; (g)~(9), iINOS immunohistochemistry; (j}-(/), nitrotyrosine immunohistochemistry and
{m)~(0), p53 immunchistochemistry. Adenomas (a, d, & i and m), adenocarcinomas (b, ¢, h, £ and #), and dysplastie crypts (¢, f, i, | and o) show
positive reaction with a variety of intensity against B-catenin, COX-2, iNOS, nitrotyrosine and p53 antibodies. Inserts of a, d, g, j and m are neg-
ative controls (NC) immunostained without antibodies show negative reactions. Inserts of b, e, h, & and n are imrmunchistochemistry of adeno-
carcinomas developed in Apc™™™ mice given tap water. Original magnification: (a), (5), (@), (e}, (g}, (A}, (D, (k). (D), (m) and (n), X100; (c), (f),
(7} and (o), X200; inserts, X200.
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imental condition. Our results also support the findings of our pre-
- vious works,>*"'? suggesting the importance of inflammatory stim-

uli as a promotion event after the initiation events (genetic altera-

tions) in colon carcinogenesis, There were no differences between

males and females in the effects of DSS on large and small intesti-

nal carcinogenesis of Apc™”*, and the histopathology of colonic
lesions including neoplasms was similar in both sexes.

As for the development of small intestinal polyps, treatment with
DSS significantly increased their number and size, especially at the
distal portion of the small intestine. Macrophages engulfing DSS par-
ticles were chserved in the large intestine and surrounding lymph
nodes of mice 1 day after DSS exposure, and then found in the jeju-
num and ileum 7 days after DSS treatment.™’ In our study, mild
mucoszl inflammation was observed in the distal portion of the small
intestine of mice given 2% DSS. Thus, DSS could also influence the
formation of small intestinal polyp in Apc™™* mice. The Min mouse
has been regarded as a human FAP model in spite of the fact that the
polyps (adenomas) develop in the small intestine. Although the bio-
logical pathways in human colon and Min intestine are assumed to
be similar, our mode} described here could be applied for investiga-
tion of the genesis, pathophysiology and chemoprevention of human
FAP and/or inflammation-related colon tumorigenests.

in our study, sequential observation on the pathological altera-
tion in the large intestines of female Apc™™* mice after 1-week
exposure to 2% DSS5 revealed that the frequencies of dysplastic
crypts and colonic neoplasms (adenoma and adenocarcinoma)
gradually jncreased over time (Fig. Za],b), indicating that dysplas-
tic crypts*® or adenomatous lesions*' are precursor lesions for
colon carcinoma and DSS treatment could promote their growth,
The findings support an earlier report by Cooper ef al.,'* but their
incidence of colonic cancer was low: 22% in Min mice exposed to
1-cycle of DSS (administration 4% DSS for 4 days and H,0 for
17 days) and 40% in Min mice exposed to 2-cycle of DSS. The
discrepancy existing in these 2 studies may be due to the differen-
ces in the reatment period and the dose and molecular weight of
DSS. In the present study, the incidence of colonic adenocarci-
noma was 80% at week 4 and 100% at week 5 (Fig. 2a). When
compared to our previous study on the effects of DSS on ¢hemi-
cally induced colon carcinogenesis,” where we observed 40% and
100% incidences of colonic epithefial malignancy at week 4 and
week 6, respectively, in male ICR mice, it is likely that deletion of
the Apc gene plays an important role in colitis-associated carcino-
genesis, as suggested by Cooper et al.'$

In our study, we investipated the immunohistochemical expres-
sion of B-catenin, COX-2, iNOS and p53, in the colonic lesions
developed in ApcMin/+ mice that received 2% DSS. The results
on immunohistochemistry against these antibodies except for p53
expression in the lesions were similar to those observed in our pre-
vious studies, where the lesions were induced by AOM®, HCAs'?
or DMH'! followed by DSS in ICR mice, suggesting the similarity
of histopathology and immunohistochemistry, and biological
nature of the lesions observed in ICR mice given a colonic carci-
nogen and DSS and Apc™™* mice treated with DSS. Increased
immunohistochemical expression of COX-2 and iNOS in the
colonic tumors of either Apc™™* mice that received 2% DSS was
confirmed by reverse tramscription-polymerase chain reaction
(datz not shown). The findings of nitrotyrosine immunohistochem-
istry in the current study are also in accordance with those in
our previous study” and suggest that oxidative/nitrosative stress
strongly promotes the development of colonic neoplasms in
Apc™™* ‘mice. iNOS has been shown to be the only isoform
involved in stimulating tumor growth, probably through an
increase in vascular endothelial growth factor production.’? More-
over, NO regulates COX-2 expmssion.53 Qur results on the immu-

nohistochemistry of iNOS and COX-2 indicate that the inflamma-
tory response, the interaction between NO synthase and COX
pathways may stand at the center of the pathophysio]:g_ical basis
of inflammation-related colon carcinogenesis in Apc™™™*_mice
treated with DSS, as are the cases of inflammatory diseases,*

chemically induced colon carcinogenesis.

In the current study, we also screened for mutations of P-cate-
nin and K-ras in colon tamors deveg?sged in male Apc™™™ mice.
In contrast with previous reports,'>**** we did not detect the
mutations of these genes in any of the colonic adenocarcinomas
examined, However, our results are not surprisiﬂg. Suzui et al.*s
reported that adenocarcinomas developed in Apc™™* mice treated
with AOM did not have B-catenin gene mutations. In our study,
cytoplasmic andfor nuclear accumulation of B-catenin protein was
detected in the colonic neoplasms, but B-catenin gene mutations
were not present, In the FAP patients, mutations of APC are com-
mon, but mutations of B-catenin were rare.> - In addition, B-cat-
enin germline mutations_were not found in FAP patients with
germline APC mutations.”” Thus, concerning the B-catenin muta-
tion, the colon tumors developed in the current animal model may
imitate the colon carcinogenesis as in the FAP patients, that is, by
a second hit in the APC gene such as loss of Apc™ allele or
somatic mutations in the Apc gene, Immunohistochemical staining
with an antibody for the C-terminal of Apc showed the loss of
wild-type Apc in colonic tumors in Apc™™™ mice (data not
shown). As for the mutation of K-ras, no mutations were found in
the colonic adenocarcinomas examined in the current study. Our
results on K-ras mutations are in accordance with IBD-related
colon carcinogenesis®® and suggest that activation of the K-ras
gene is not essential for the development and growth of colonic
neoplasms in our model.

p53 gene mutation occurs in the late stage of human colon
carcinogenesis.>>=° In our study, p53 immunchistochemistry
revealed positive reaction in the nuclei of neoplastic cells in
Ape®™* mice treated with DSS, although we did not examine its
mutation in our study. The accumulation of p53 shown in our
study is interesting and may be important for colon cancer devel-
opment in Apc-deficient mice, since an increased p33 mutation
load in the inflamed colon tissue from UC patients being a high-
risk for colon cancer™ and a potential mechanism link between
NO and p53 in UC and sporadic colon cancer”' were reported. In
addition, COX-2, iNOS and p53 are suggested to be fundamental
“play-makers™ of the angiogenesis processes.” ’

Mini+

Taken together, our results suggest that a novel Apc mouse
model with DSS may provide new insight into the genesis and
chemoprevention of colon cancer development in FAP patients. In
oor model, a single allele Apc gene followed by appropriate pro-
motional stimuli is sufficient for the development and growth of
colonic neoplasms in Apc™™* mice, and COX-2, iNOS, p53, oxi-
dative/nitrosative stress and interactions of these may play impor-
tant roles in colon carcinogenesis in ApcM™* mice given DSS.
Our model can be applied for investigating the pathogenesis in
carcinogenesis of IBD, since the Wnt/B-catenin signaling pathway
may be involved in carcinogenesis of UC.**** Our ongoing micro-
array analysis will provide new information of the mechanism(s)
for the effects of DSS on large and small intestinal tumorigenesis
in Apc™™* mice.
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Abstract

Effect of degraded A-carrageenan, which indnces colitis in rodents, on the development of B-catenin-accumulated crypts
(BCAC) being putative precancer lesions of calon cancer was investigated in male DBA/2J mice initiated with azoxymethane
(AOM). In a preliminary experiment, male DBA/2J mice among seven different strains (A/J, BALB/c, C3H/HeN, C57BL/6J,
CBA/N, DBA/1J, and DBA/2)) of male mice were most sensitive to degraded A-carrageenan. Therefore, male DBA/2Y mice
were intraperitonially injected AOM (10 mg/kg body weight), and then 2% degraded A-carrageenan in drinking water for one or
two weeks, starting one week after dosing of AOM. Thereafter animals were no further treated up to week 26, At week 26, the
frequency of BCAC in the colonic mucosa was 12,504+ 2.46 in the AOM alone group, 11.30+3.50 in the AOM/degraded
\-carrageenan (for one week) group, and 11.60+2.27 in the AOM/degraded A-carrageenan (for two weeks) group. The findings
suggest that degraded A-carrageenan treatment for one or two weeks did not affect the occurrence of BCAC. Our results may
indicate no enhancing or promoting effects of degraded X-carrageenan on colon carcirogenesis in mice initiated with AOM.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction consisting mainly of varying amounts of the
ammoniuim, calcium, magnesinm, potassium or

Carrageenan (CARR) is a sulfated polysaccharide sodium salts of sulfate esters of galactose and 3,6-
extracted from a variety of red seaweeds and anhydrogalactose copolymers [1]. The principle
copolymers are designated k-, A~ and - and differ

* Corresponding author. Tel.: +81 76 286 2211x3611; fax: +81 both in .st.mcture and in their ability to form gcl.s upon
76 286 6926, T T the addition of potassium ions to dilute solutions of
E-mail address: takutt@kanazawa-med.ac.jp (T. Tanaka). carageenan [2]. Native CARR is used in foods,
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cosmetics, pharmaceuticals and other products in
which their ability -to stabilize mixtures, emulsify
ingredients and thicken or gel solutions are utilized.
Degraded CARR (dCARR) has been produced from
extracts of Eucheuma spinosum, the principal com-
ponent of which is 1-CARR, by treatment with dilute
hydrochloride. It has an average molecular weight of
20,000-40,000. dCARR has long been used as an
antipeptic agent in Europe [3]. Oral administration of
dCARR induces mucosal ulceration of the large
intestine of mice [4], guinea pigs [5], rabbits [6],
rats [7], and rhesus monkeys [8]. Furthermore, Fabian
et al. [9] reported colorectal squamous cell metaplasia
and colon adenomatous polyps in rats by prolonged
oral administration of dCARR.

Relationship between inflammation and cancer
development is noted for a long time [10]. Examples
are hepatocellular carcinoma/chronic hepatitis with
hepatitis C and B viruses infection 11,12}, gastric
cancer/H. pylori infection [13], human papilloma
virus infection/uterine cervical cancer [14], and colon
cancerfinflammatory bowel disease including ulcera-
tive colitis and Crohn’s disease [15]. Recently we
have developed a new mouse model for colitis-related
colon carcinogenesis [16], and have found a powerful
tumor-promoting effect of dextran sodium sulfate
(DSS, molecular weight: 40,000) on colon caracino-
genesis. In our studies, mice were given a genotoxic
colonic carcinogen azoxymethane (AOM) [16], 1,2-
dimethylhydrazine (DMH) [17] or 2-amino-1-methyl-
6-phenylimidazof4,5,-bjpyridine [18], and followed
by one-week treatment of a colitis-induced agent DSS
(molecular weight 40,000) and the treatments resulted
in a high incidence of colonic tumors. This model can
be used to determine the tumor-initiation [17,18],

tumor-promotion [19,20], and tumor-inhibition activi- *

ties of xenobiotics [211, when the experimental
protocol is slightly modified.

In an experimental animal model of colitis or
ulcerative colitis, CARR as well as DSS is widely
used [22]. Colonic inflammation produced by oral
administration of 1.5% solution of degraded
A-carrageenan (d-ACARR) is similar to that found in
human inflammatory bowel disease [23]. Although
carcinogenicity [24,25] and tumor-promoting ability
[26] of dCARR in the colon were previously reported,
such effects become a mark of an altercation [27,28].
However, in the colonic mucosa with colitis induced

by dACARR, IgG- and IgM-containing cells were
increased in number, as observed in human ulcerative
colitis [29). Development of a focal but high-grade
dysplasia with mild inflammation in the colon was
reported when 1% d-ACARR in drinking water was
given to rabbits {30]. Suzuki et al. reported that
d-ACARR could inhibit gap junctional intercellular
communication in rat liver epithelial cells. Their
findings may suggest tumor-promoting effects of
d-ACARR, since most tumor-promoting compounds
are known to inhibit gap junctional intercellular
communication [31].

Tn the current study, we conducted an experiment
to determine whether degraded d-ACARR with about
30,000 molecular weight exerts tumor-promoting
effects on colon tumorigenesis in mice initiated with
AOM [16]. In this experiment we utilized f-catenin-
accumulated crypts (BCAC) as an endpoint biomarker
for colon tumorigenesis, since BCAC are reliable
biomarkers for detecting the modifying effects of
xenobiotics on colon carcinogenesis in mice and rats
[32-35].

2. Materials and methods
2.1. Animals, chemicals, and diet

Seven strains (A/J, BALB/c, C3H/HeN,
CS7BL/6], CBA/N, DBA/1], and DBA/2J mice) of
mice used in this study were obtained from Japan
SLC, Inc., Shizuoka, Japan. AOM was purchased
from Sigma Chemical Co., St Louis, MO, USA and
d-ACARR (30,000 molecular weight, Cat 1no.030-
14251) from Wako Pure Chemical Industries, Ltd.,
Tokyo, Japan. All mice used for the experiment
were maintained in the well-controlled room with a
high-efficiency particulate air (HEPA) filter, a 12h
lighting (7:00-19:00), 25+2°C room temperature,
and 55+ 15% humidity. Mice (5 mice/cage) were
housed in polycarbonate cages measuring W225X
D338 X H140 mm (Japan CLEA, Inc., Tokyo, Japan)
with the floor covered with a sheet of roll paper
(Japan SLC). MF (Oriental Yeast Co., Ltd., Tokyo,
Japan) was used as a basal diet throughout the siudy.
Groundwater that was chlorine-treated and subjected
to ultraviolet disinfection was used as drinking
water in a bottle, except when d-ACARR was
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administered. In handling the mice for the exper-
iment, we fully complied with the ‘Guidelines
Concerning Experimental Animals’ issued by the
Japanese Association for Laboratory Animal Science
and exercised due consideration so as nof to cause
any ethical problem.

2.2. Experimental procedure

Before the study, a preliminary experiment was
conducted: seven different strains of mice were
treated with 2% d-ACARR to determine their
sensitivity to the chemicals, since there are no reports
on species difference of d-ACARR-induced colitis in
mice. We selected 2% as a dose of d-ACARR in this
study, since the dose is the highest to dissolve in tap
wate, Ten mice of each strain of mice were given 2%
d-ACARR in drinking water for one week whether
this treatment could induce colitis in these strains of
mice, and then they were sacrificed one week after
d-ACARR exposure for examining the presence of
colitis. Histopathology of their colon revealed that
inflammation was found in the distal colon of DBA/1J
and DBA/2J] mice: the degree {grade 2, loss of the
basal two-thirds of the crypts with moderate inflam-
mation in the mucosa) of colitis in DBA/2Y mice was
greater than that (grade 1, shortening and loss of the
basal one-third of the actunal crypts with mild

inflammation and edema in the mucosa) in DBA/I]
mice, based on the criteria (grades 0—4) described by
Cooper et al. [36]. However, colitis was not observed
in the colon of other strains.

Based on these results, we used DBA/2] mice to
determine modifying effect of d-MCARR on the
occurrence of BCAC in the colon (Fig. 1). Thirty-five
DBA/2J mice (Japan SLC Inc.) mice were divided into
four groups after one-week acclimatization. Group 1
(10 mice) was given a single intraperitoneal injection of
10 mg/kg body weight AOM. Groups 2 (ten mice) and
3 (ten mice) were treated with AOM, and followed by
one-week and two-week exposure of 2% d-AMCARR in
drinking water, respectively. They received no further
treatment thereafter and sacrificed at week 26. Group 4
(five mice) served as untreated control.

2.3. Histopathology and immunohistochemistry

All animals were sacrificed at the end of the study
(week 26) and their large bowels were flushed with
saline, and excised. The length of large bowels (from
the ileocecal junction to the anal verge) was
measured. They were cut open longitudinally along
the main axis, and then washed saline. The large
bowels were macroscopically inspected, cut, fixed in
10% buffered formalin for at least 24 h, and routinely
processed for making paraffin-embedded sections for

26wks

—

* : AOM, T0mglkgip.

e - Tgp water and basal diet

u : 2% degraded A-carrageenan in drinking water

Fig. 1, Experimental protocol.
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histopathology. Histopathological examination was
performed on hematoxylin and eosin (H&E)-stained
sections. For histopathological examination, immu-
nohistochemistry of BCAC, and envmeration of
BCAC, large bowel was divided into the four
segments: 0-2cm (distal), 2-4 cm (distal-middle),
4-6cm (proximal-middle), and 6-9 ¢m (proximal)
each from the anal verge—whereby they were
embedded in such a way that they could be thinly
sliced off along the horizontal surface of the large
intestinal mucosa. Then, six serial sections from each
segment were subjected to H&E. (one section) and
B-catenin immunohistochemical staining (five
secions) {35].

Immunohistochemistry for B-catenin was per-
formed on 4-pm-thick paraffin-embedded sections
from all segments of the colons, using the labeled
streptavidin-biotin method (LSAB KIT; DAKO,

Glostrup, Denmark) or TRITC-conjugated secondary -

anfibody' "(DAKQ) with microwave accentuation.
The paraffin-embedded sections were heated for
30 min at 65°C, deparaffinized in xylene, and
rehydrated through graded alcohols at room tem-
perature. A 0.05M Tris-HCI buffer (pH 7.6) was
used to prepare solutions and for washes between
various steps. Sections were treated for 40 min at
room temperature with 2% bovine serum albumin
and incubated ovemnight at 4°C with a primary
antibody against B-catenin protein (diluted 1:1000,
Transduction Laboratories, Lexington, KY, USA).
Horseradish peroxidase activity was visualized by
treatment with H;Q, and diaminobenzidine for

5 min. Negative control sections were immunos-
tained without the primary antibody. Immunoreac-
tivities were regarded as positive if the apparent
stainings were detected in cytoplasm and/or nuclei
for determining BCAC.

3. Results

No clinical signs of toxicity due to the treatments
were noted in mice. Also, there were no changes of

. weight gains of mice in any group during the study

(data not shown). At sacrifice shortening of the large
bowels, which is a typical finding caused by colitis-
induced compounds, of mice treated with d-MCARR
was not observed (Table 1). Although macroscopic and
microscopic examinations did not reveal the develop-
ment of colonic neoplasms, a large number of BCAC
that were detected on H&E-stained (Fig. 2a) and
B-catenin immunohistochemical stained (Fig. 2b)-
sections were present in the large intenstinal mucosa
of mice in the groups given AOM. The frequencies of
BCAC in all groups are summarized in Table 1. The
mean numbers of BCAC per colon did not significantly
differ among the groups. The distribution of BCAC in
the colon is also listed in Table 1. The highest
frequency of BCAC developed in the distal part of
the colon in all groups given AOM, and the order was
found in the distal> distal-middle> proximal-mid-
dle>proximal. The differences in the number of
BCAC and the distribution of BCAC were not
statistically significant among the groups.

Table 1 :
Effects of degraded A-carageenan (d-ACARR) on the length of large bowel and occurrence of B-catenin-accumulated crypts (BCACY) in male
DBA/2] mice
Treatment No.of mice  Lengthof larpe  No. of BCAC = /segment)

examined bowel (cm) Total Proximal Proximal-  Distal- Distal

middle middle

AOM alene 10 14,00+ 1.25° 12.50+£246 0401052 2.80+1.32 3.30+1.34 6.00+£1.41
AOM—+2% d-+ 10 14.07+1.29 11304350 0501071 240117 3.20+1.40 520175
CARR tone week)
AOM-»2% d-+ 10 14.0510.52 11604227 030048 2.70+0.98 3204114 5.40+1.65
CARR Ftwo week)
None 5 13.40+082 0 Y [ 0] 0]

* Meand-SD.
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Fig. 2. Histopathology (a) and immunchistochemistry (b) of BCAC developed in the colon of 2 male DBAS2J mouse treated with AOM. () H& E
stain and (b} B-catenin immunchistochemistry, Original magnification, (2) and (b), X 160,

4, Discussion

BCAC develop when [-catenin protein accumu-
lates in large volume in the cytoplasm and/or the nuclei
as a result of suppressed phosphorylation of B-catenin
protein due to an abnormality in the Wnt signaling
pathway [32,33,35]. In addition to-aberrant crypt foci
(ACF) [37-40], BCAC are considered as reliable
precancerous lesions for colonic adenocarcinoma [35,
41,42]. The lesions are mow used as one of the
biomarkers for determining the modifying effects of
xenobiotics on colon carcinogenesis in rodents [34],
since in spite of ACF the lesions pose the biological
nature closed to that of colonic neoplasms [35,41,.42].

CARR is widely used in commercial food
preparation to improve the texture of processed
foods. CARR is classified into three groups, k-, L-
and A-CARR, by its chemical structure. While
k-CARR and -CARR produce gels according to
their 3,6-anhydro ring in the sugar, A-CARR does not
form gels in water, but interacts strongly with
proteins. A-CARR is added in various milk products
(up to 2% of concentration by weight chocolate
tnilk), and in meat products (up to 0.5% in ham) as
an emulsifier, stabilizer, or thickener in the food
industry. A wide variety of biological effects of
CARR, including those on carcinogenesis were
reported in rodents, but most were those of intact
(undegraded) CARR. Although a review to doubt
safety of CARR was published recently [27], but the
safety is emphasized in another review article [28].
CARR ingested in the gel form is stable fo the
conditions of passage through the digestive tract.
Because of its large molecular weight, CARR

remains within the Tumen of the digestive tract and
is not absorbed [43]. Therefore, low molecular
weight of CARR, such as dCARR, should be used
for estimating its biological effects including those
On carcinogenesis.

As for the effects of A\CARR on tumorigenesis,
ACARR was suspected to have a role in dietary
mechanism of mammary carcinogenesis by the findings
that A-CARR affects celi death of human myoepithelial
cells in an in vitro study [44]. Also, A--CARR inhibited
gap-junctional intracellular communication in rat liver
epithelial cells in an in vitro assay system [45]). These
reports may suggest the involvement of A-CARR
in carcinogenesis, especially the latter suspected
its tumor-promoting effects. However, our results
deseribed here may suggest lack of tumor-promotion
effects of d-ACARR oncolon carcinogenesis. In the
current study, the duration of d-ACARR exposure was
limited for evaluating the tumor-promoting ability of
xenabiotics. However, in our mouse colon carcinogen-
esis model {16), the short-pericd of administration of
test compounds after the initiation is enongh to enhance
colon tumor development, if they are colitis-inducing
agents, d-ACARR in drinking water at 2 dose level of
1% could induce colitis as well as cryptal dysplasia in
rabbits [30]. Our preliminary experiment also con-
firmed that one-week exposure of 2% d-ACARR in
drinking water is able to induce colitis in DBA/1J and
DBA/2Y mice. Therefore, the administration period of
d-ACARR in the current study could be accepted for
assessing its modifying effects on colon tumorigenesis
under the present experimental condition.

QOur findings described are in line with those
reported by Hagiwara et al. [46], who found no
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tumor-promoting activity of A-CARR (Viscarin S) in
rat colon carcinogenesis at doses up to 5% in diet for
32 weeks after the initiation with DMH, although their
experimental condition differed from our own. While
they used the incidence and multiplicity of colonic
tumors as the end-point for their experiment, we
employed BCAC, that is a reliable precursor lesion for
colonic epithelial malignancies [41,42], as the end-
point biomarker.

In conclusion, the present study demonstrated
that one-week or two-week administration of 2%
d-ACARR in drinking water after the initiation with
AOM did not affect the development of BCAC in
male DBA/2Y mice, suggesting lack of modifying
effect of d-ACARR on colon carcinogenesis.
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Abstract

Although Apc™™™* mice are widely used for an animal model of human familial adenomatous polyposis (FAP), a majority of
intestinal polyps locate in the small intestine. We recently reporied that numerous B-catenin-accumulated crypts (BCAC),
which are reliable precursor lesions for colonic adenocarcinoma, develop in the large bowel of aged Apc™™™ mice. In this
study, we determined the presence and location of BCAC in the lange intestine of juvenile Ap**™* mice (3 and 5 weeks of age).

Surprisingly, BCAC were noted in the colon of even Apc™** mice of both ages, and mainly Iocated in the distal and middle
segments of the colon. Also, a few microadenomas were detected in Apc™™ T mice of 5-week old. Our results may indicate
need of farther investigation of the colorectal mucosa of Apc™™*+ mice for examining colorectal carcinogenesis using ApcPrint+

mice.
© 2005 Elsevier Ircland Ltd- All rights reserved.

Keywords: B-Catenin-accumulated crypts; CSTBLIET -Apc™™* ; Juvenile mice

1. Introduction

Aberrant crypt foci (ACF) and BCAC are widely

used as markers for evaluating colorectal carcinogenic
risk in rodents [1,2] and humans [3]. ACF proposed by
Bird [1,2], are morphologically distinguished from
their surrounding crypts on colonic mucosa stained

* Copresponding author. Tel.: 481 76 286 2211x3611; fax: -+81
76 286 6926.
E-mail address: takutt@kanazawa-med.ac.jp (T. Tanaka).

with methylene blue [11. While they are considered as
putative precursor lesions for colonic adenocarcinoma
and frequently used for preclinical cancer chemopre-
vention studies [4,5], we have recently proposed that
B-catenin-accumulated crypts (BCAC) rather than
ACF are reliable precancerous lesions for colonic
adenocasrcinoma [6-81.

Mutant mouse lineage being predisposed to
ApcM™* is regarded as ome of the models for
colorectal tumorigenesis [9]. Originally, this lineage
was established from an ethylnitrosourea-treated

0304-3835/% - see front matter © 2005 Elsevier Ireland Lid. All rights reserved.
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C57BL/6] male mouse, and its phenotype is a fully
penetrate auiosomal dominant trait. The dominant
mutation is known to be located in Apc, the mouse
homologue of the human APC gene, resulting in
truncation of the gene product at amino acid 850 [10].
Although homozygous Apc™™™™ mice die as
embryos [11], Apc™™* mice develop multiple
intestinal tumors in the small intestine. However,
unlike in human familial adenomatous polyposis
(FAP), colonic neoplasms are rarely detected in the
large intestine. We previously documented that
numerons BCAC, which could be useful for detecting
the meodifying effects of xenobiotics in colon
carcinogenesis in mice and rats [6,12], develop in
the colorectal mucosa of adult Apc™™* mice aged
over 20 weeks [13]. The presence of spontaneous
ACEF [14] or dysplastic ACF {ACFyy,) [15] are also
known in Apc™™* mice, but their frequency is low.

Since certain hit(s) on the BCAC may lead to
tumnor development in Apc™™ T mice [16], we, in the
present study, tumed attention to the presence of
BCAC in the large bowel of juvenile Ape™™ ™ mice
and determined where BCAC develop.

2. Materials and methods
2.1, Animals

The mice were bred at our laboratory, from inbred
mice originally purchased from The Jackson Labora-
tory (Bar Harbor, ME). The Apc™™™ pedigree was
maintained by mating Apc™*'" females with ApcMini+
males, and procedures to secure inbreeding were
followed. The Apc™™* mice were identified by
allele-specific PCR on DNA isolated from tail, All
mice used for the experiment were maintained in the
well-controlled room with a high-efficiency particu-
late air (HEPA) filter, a 12 h lighting (7:00-19:00),
25+2 °C room temperature, and 55+ 15% humidity.
Mice (5 mice/cage) were housed in polycarbonate
cages measuring W225XD338XHI40 mm (Japan
CLEA, Inc., Tokyo, Japan) with the floor covered
with a sheet of roll paper (Japan SLC), Water and diet
were given ad fibitum. The mice were given a basal
diet, MF (Oriental Yeast Co., Ltd, Tokyo, Japan),
during gestation and until 5 weeks of age. We fully
complied with the ‘Guidelines Concerning

Experimenta] Animals’ issued by the Japanese
Association for Laboratory Animal Science and
exercised due consideration so as not to cause any
ethical problem.

2.2. Experimental procedure

A total of 54 mice were used in this study:
Apc™™ mice of 3 weeks of age (7 females and 8
males) or 5 weeks of age (7 females and 6 males)) and
Apc™™ mice of 3 weeks of age (8 females and 6
males) or 5 weeks of age (5 ferales and 7 males). The
ApcM™* mice were autopsied at 3-week and 5-week

of age respectively for measurement of the large

.intestines as well as detection of ACF and BCAC in

the large intestinal mucosa. At sacrifice the large
bowels were removed, flushed with saline, fixed flat in
10% buffered formalin for 24 h at room temperature,
and then processed for histopathological evaluation
by routine procedures [17]. To identify aberrant
classical ACF [1], mucosal surface of the colons
were stained with methylene blue. In brief, fixed
colons were placed in 0.5% solution of methylene
blue in distilled water for 30 s. They were then placed
mucosal side up on a microscope slide and ACF were
counted under a light microscope at a magnification
of X40.

2.3. Tissue preparation

To identify intramucosal lesions ACF and BCAC,
colon was divided into three (distal, middle, and
proximal) segments and embedded in paraffin, A total
of 162 segments were examired by using an en face
preparation and 3-5-pm thick serial sections were
made [6,7]. For each case, two serial sections were

-used to analyze the intramucosal lesions.

2.4. Histopathology and immunokhistochemistry )

Two serial sections were subjected to hematox-
ylin and eosin (H and E) staining for histopathology
and B-catenin immunochistochemistry for enumer-
ation of BCAC [12]. Immunohistochemistry for
B-catenin was performed on 4-um-thick paraffin-
embedded sections from all segments of the colons,
using the labeled streptavidin-biotin method (LSAB
KIT; DAKO, Glostrup, Denmark) with microwave
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accentuation, The paraffin-embedded sections were
heated for 30 min at 65 °C, deparaffinized in xylene,
and rehydrated through graded alcohols at room
temperature. A 0.05 M Tris-HCI buffer (pH 7.6) was
used to prepare solutions and for washes between
various steps. Sections were treated for 40 min at
room temperature with 2% bovine serum albumin
and incubated overnight at 4°C with a primary
antibody against B-catenin protein (diluted 1:1000,
Transduction Laboratories, Lexington, KY, USA).
Horseradish peroxidase activity was visualized by
treatment with H;O, and diaminobenzidine for
3 min. Negative control sections were immunos-
tained without the primary antibody. Immunoreac-
tivities were regarded as positive if the apparent
stainings were detected in cytoplasm and/or nuclei
for determining BCAC.

2.5. Statistical analysis

Data on the frequency of BCAC were analyzed by
two-way ANQVA, Bonferroni post hoc tests, and a
P<0.05 was considered significant.

3. Resulis

The classical ACF proposed by Bird [1] were not
observed in any mice examined, but BCAC (Fig. 1),
mostly less than 50 pm in diameter, were identified in
the colon of Ape™™ ™ mice of both sexes. There were
no BCAC in Apc*/* mice of both sexes. As shown in
Table 1, the mean numbers of BCAC in 5 weeks oid
Apc™™'* of both sexes were significantly greater than
those in 3 weeks old Apc*™* mice of both sexes
(P<0.001). As for the distribution of BCAC, the
lesions mainly located in the distal and middle
segments with a few in the proximal part: 3 weeks
of age: distal vs. proximal parts, P<0.01 for females
and males, middle vs. proximal paris. P<0.01 for
fernales and P<0.001 for males; and 5 weeks of age:
distal vs. proximal parts, P<0.001 for females and
P<0.001 for males, middle vs. proximal parts, P<
0.01 for females and P~<<0.001 for males). The mean
numbers of BCAC at the distal and middie parts in §
weeks old Apc™™™ of both sexes were also
significantly greater than those in 3 weeks
old Ape™™* mice of both sexes (the distal part:

Fig. 1. ABCAC (g, b) found in the middle segment of the colon of a Apc*™ ™ female mouse aged 5 weeks and a microadenoma (c, d) observed

in the middle segment of the colon of a Apc™™*

male mouse aged 5 weeks, A BCAC is consisted of one crypt (a) and positive for f-catenin

immunohistochemistry (b). A microadenoma compresses surronnding crypts (c) and shows positive reactivity for f-catenin the cytoplasm (d}.
(a, ) H and E stain and (b, d) 8-catenin immunohistochemistry. Original magnification, (a—d) X 100.
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Table 1

Numbers of BCAC in CSTBLIGI-APCH™+ and APCH'™ mice at 3 and 5 weeks of age

Weeks of Genofype  Sex  No.of mice

No. of BCAC per segment

age exammined Tonal Distal Middle Proximal
(P<0.01}
2 Apct™  Female 7 3.43£L.13° 1.71£0.76 1.57x0.79 0.14=0.38
r r ™ (p<no1) =
Apc*  Female g (PODOI) [ (PO0OL) o (P<OOL)
(P<001)
Apc"""" Male 8 4.50+1,85 1.88x0.99 2.50£1.31 0.13£0.35
L— (p<t.001)
Apct* Male 6 0 0 0
(P<0.000)
5 Apc®™  Female 7 9.86x2.34 4.71£0,76 4.?1:&8 0.43%0.53
(Pt 001)
Apc™  Female 5 (£P<0001) p (P<0 001) p (P<005) 0
L L (P<0.001) —
Apct™ Male G 9.67+2.66 '4,83%1.17 4. 50&:2 i7 0. 33"'9 52
(P<0 001)
Apc* Male 7 0

*Mean SD.

Statistical analysis was done by two-way ANOVA, Bonferroni post hoe tests.

P <0.001 for males and females; and the middle part:
P<001 for females and P<0.05 for males). As
illustrated in Fig. 1, most BCAC consisted of one or
two crypts at both ages. A single microadenoma
developed in a male and a female Apc™'™ mice of 5
weeks old.

4. Discussion

Apc™™* mice are heterozygous for a nonsense
mutation in the Apc gene [13,15]. They develop
spontaneously Apc™™* mice similarly to the FAP
syndrome in humans [13,15]. However, the distribut-
ing pattern of intestinal tumors in Apc™™™* mice is
different from that in human FAP. Most adenomatous
polyps in the FAP patients arise in the colon and, if
left untreated, lead to colonic cancers [18]. In contrast,
the highest frequency of tumors (adenomas) in
Apc™™* mice is seen in the small intestine, whereas
small number of tumors develop in the colon [19]. Our
results described here showed that there are BCAC
that are hardly identified in the whole mount
preparations in the colonic mucosa of the ApcMini+

mice.

Dysplastic ACF (ACFyy,) were reported to be
present in he colon of ApcM™ T mice at 7 weeks of age
and were positive for B-catenin [15] Theu' number
was small, but increased when Apc®®™* mice were
treated with a colonic carcinogen azoxymethane
(AOM) [15]. We considered that BCAC described
here are similar lesions as dysplastic ACF (ACFyqy),
because of similar size (less than 50 pm), their
increase in nuember with aging and carcinogen
treatment [15] like in the case of BCAC [13].
However, the frequency of spontancous dysplastic
ACF (ACFq0) in the Apc™™*+ mice at 7 weeks of age
[15] was much lower than that found our mice at 3 and
.5 weeks of ages. In contrast to classical ACE, ACFy,
are not elevated lesions above the surrounding
mucosa, their detection depends on methylene blue
staining and transillumination [20]. Also, the tissue
preparation (cross section vs. whole mount) may
contribute to the difference in the numbers of
spontaneous dysplastic ACF (ACFu;.) [20] and
BCAC in the current study. However, our findings
that there were no classic ACF in the colon of juvenile
Apc™™* mice are in agreement with the reported
absence or vaery rare development of ACFin the colon
of Apc?™'® knockout mice and Min mice [20-23].
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Surprisingly we observed a microadenomas in the
ApcM™+ mice of either sex even at 5 weeks of age. In
our previous work with aged Apc‘“""’ * mice (20-23
weeks of age), the frequency of microadenomas were
17.85+9.86/cm® with a diameter of 176.04:%
410.84 pm in the colon [13]. Thus, our previous
[13] and present findings may suggest that BCAC
with a few microadenomas are already present in the
colon of juvenile Apc®™* mice and increase in their
number and growth with aging. This may be likely in
the case of human FAP. However, we [13] and others
[15] did not cbserve colonic adenocarcinomas in
untreated Apc’”""' * mice, although muitiple exposure
of AOM produced a number of this malignancy [24].
As reported microadenomatous crypts have lost of the
remaining allele of Apc in old Apc™™*  mice,
suggesting that loss of Apc function in such crypts.
However, our recent work [16] has demonstrated that
exposure of a colitis-inducing agent dextran sodium
sulfate results in numerous colonic adenocarcinomas
in Apc™™™ mice of either sex. Additional promotion
(inflammation [23]) stimuli are enough to produce
colonic epithelial malignancy in the colon of
ApcM’* “mice. The findings may indicate the
tmportance of inflammatory stimuli in the progression
of BCAC through microadenomas to colonic malig-
nancy in Apc™™* mice, although detailed mechan-
isms that what kinds of factors involve in a powerful
promotion effect of this agent should be clarified.

In conclusion, our findings may offer a valuable clue
to detection of precancerous colonic lesions and provide
anew insight that experimentation usingApcM""" * mice
can be applied for investigation of colon carcinogenesis
as well as small intestinal tumorigenesis.
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We have recently developed a mouse model for colitis-
related colom carcinogenesis by a combined treatment
with azoxymethane (AOM) and dextran sodinm sulfate
{DSS) in male ICR mice. However, strain differences in
the sensitivity to AQM/DSS-induced colon carcinogenesis
in mice have yet to be elucidated, The aim of this study was
to determine the presence of any genetically determined
differences in sensitivity to our model of colon carcinogen-
esis in four inbred strains of mice. Male Balb/c, C3H/HeN,
C57BL/6N and DBA/2N mice were given a single intraperi-
toneal injection of AOM (10 mg/kg body wt), followed by
1% DSS {w/v) in drinking water for 4 days, and thereafter
they received no further treatment for up to 16 weeks, At
the end of the study (Week 18), all mice were killed and a
histopathological analysis of their colon was performed.
The incidence of colonic adenocarcinoma was 100% with
a multiplicity (no. of tumors/mouse) of 7.7 -+ 4.3 in the
Balb/c mice and 50% with a multiplicity of 1.0 == 1.2 in
the C57BL/6N mice. On the other hand, only a few colonic
adenomas, but no adenocarcinomas, developed in the C3H/
HeN mice (29% incidence with a multiplicity of 0.7 - 'L5)
and the DBA/2N mice (20% incidence with a multiplicity of
0.2 & 0.4). The inflammation and immunohistochemical
nitrotyrosine-positivity scores of the mice treated with
AOM and DSS in the decreasing order were as fol-
Tows: C3H/HeN > Balb/e > DBA/2N > CS7BL/6N and
Balb/c > CS7BL/6N > C3H/HeN > DBA/2N, respect-
ively, Our results thus indicated the presence of strain
differences in the susceptibility to AOM/DSS-induced
colonic tumorigenesis. These differences may have been
directly influenced by the response to nitrosation stress
due to the inflammation caused by DSS.

Introduction

Colorectal cancer (CRC) is one of the most common malignant
neoplasms in both sexes (1). In Western countries, this malig-
nancy is one of the most leading causes of cancer deaths (1). In
patients with inflammatory bowel disease (IBD), including

Abbreviations: AOM, azoxymethane; CRC, colorectal cancer; CYP,
Cytochrome P450; DSS, dextran sodium sulfate; IBD, inflatnmatory bowel
disease; TKK, IkB kinase; LPS, lipopolysaccharide; UC, ulcerative colitis.
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ulcerative colitis (UC) and Crohn’s disease, the risk of CRC
development is higher than in the general population (2-5). In
sporadic and IBD-related CRC, the expression of inducible
nitric oxide synthase and cyclooxygenase-2, both of which
are associated with inflammation, has been reported to be
elevated (6,7). As a result, inflammation is snggested to play
an important role in IBD-related CRC (2).

In our recent series of studies on inflammation-related
colon carcinogenesis, we developed a novel model of colitis-
related colon carcinogenesis using ICR mice. In this animal
model, ICR mice received a single dose of a different colonic
carcinogen, consisting of either azoxymethane (AOM) (8),
2-amino-}-methyl-6-phenylimidazo[4,5-b]pyridine (9} or 1,
2-dimethylhydrazine (10), followed by a I-week exposure to
2% dextran sodium sulfate (DSS) in their drinking water,
which thus resulted in a high incidence of colonic epithelial
malignancy within 20 weeks (8-10). We have previously pro-
posed that the colonic inflammation and nitrosative stress
caused by DSS exposure contributes to the development of
cryptal dysplasia and neoplasms in the colon (8-10).

AOM is a colonic genotoxic carcinogen that is extensively
used for the investigation of large bowel carcinogenesis in
rodents (11-13). A synthetic sulfate polysaccharide, DSS, is
a non-genotoxic colonic carcinogen that is widely used to
produce colitis in rodents, which shares most features with
human UC (E4-18). It is well known that different strains of
mice have different sensitivities to xenobiotic including AOM
and DSS (19-28). For example, the Balb/CJ strain is known to
be susceptible to AOM (26), whereas, the C3H (29), C57BL/6)
(26) and DBA/2 (25) strains are less sensitive to AOM.
Regarding the sensitivity to DSS in several mouse strains,
Balb/c, C3H/Hel, and C57BL/6J mice are relatively suscepti-
ble to DSS, while DBA/2J mice have been reported to be vir-
tually resistant (27,28). It may therefore be possible that the
differences in the genetic background of the mice differently
affect the colon carcinogenesis induced by AOM and DSS.

The current study was conducted to determine the different
sensitivities to AOM/DSS-induced colon carcinogenesis in
four different inbred mouse strains, namely Balb/c, C3H/
HeN, C57BL/6N and DBA/2N, by evaluating the incidence
and multiplicity of colonic tumors. In addition, an immunohis-
tochemical analysis of nitrotyrosine, a marker of both
formation of peroxynitrite (30) and perhaps the inflamma-
tion-associated carcinogenesis (31), was done to evaluate
whether nitrosative stress is involved in the strain difference
sensitivity to AOM/DSS-induced colon tumorigenesis,

Materials and methods

Animals, chemicals and diets

For the study 5-week-old male mice of Balb/c, C3H/HeN, C57BL/6N and
DBA/2N strains were obtained from Charles River Japan, (Tokye, Japan).
AOM was purchased from the Sigma-Aldrich (St Louis, MO). PSS with a
molecular weight of 36 000-50 000 was purchased from ICN Biochemicals,

162



- ~, N
N p—— R g
Jiuts ST e

Susceptibility to AOM/DSS-induced colon carcinogenesis

Fig. L. Various grades of colitis. (A) Normal colon mucosa (Grade 0); (B) shortening the basal one-third of the crypts with slight inflammation and edema in
the lamina proprin (Grade 1); (C) loss of the basal two-thirds of the crypts with moderate inflammation in the lamina propria (Grade 2); (D) loss of all the
crypts with severe inflammation in the lamina propria, but with the surface epithelivm still remaining (Grade 3); and (E} a loss of all the crypts and surface
cpitheliom with severe inflammation in the mucosa, muscularis propria and submucosa. An exudate containing cell debris, inflammatory cells, fibrin and
mucus covers the damaged mucosa (Grade 4). Hematoxylin and cosin stain. Original magnification, (A~E}), 20x.

(Cat, No. 160110, Aurora, OH}. CRF-1 (Oriental Yeast, Tokyo, Japan) was
used as the basal diet throughout the study.

Experimemal procedure

After they were brought, the mice were acclimated for I week with tap water
and a pelleted besal diet, CRF-1, ad libitum. The experimental groups in each
strain of mice included the AOM and DSS group, the AOM alone group, the
DSS slone group and the untreated control group, The experimental protocol in
the current study was slightly modified from our originel protocol (8). We
chose 1% as the dose level of DSS since this dose has been shown to exert
sufficient umor-promoting effects (32). In addition, the duration (4 days) of
DSS exposure in drinking water was shortened based on our preliminary
investigation, in which 4 days of exposure to DSS was found to enhance
AOM-initiated colon carcinogenesis in ICR mice of either sex. All mice
were maintained at the Kanazawa Medical University Anima! Facility accord-
ing to the Institutional Animat Care Guidelines, and were meintained under
controlled conditions of humidity (50 & 10%), light (12/12 h light/dark cycle)
and temperature (23 £ 2°C),

Histopathological analysis

At the end of the experiment (Week 18), all the mice were killed by an ether
overdose. At autopsy, their large bowel was flushed with saline and excised.
After measuring the length of the large bowel (from the ileocecal junction to
the anal verge}, it was cut open longitudinally atong the main axis and washed
with saline. The Jarge bowel was then carefully inspected for the presence of
pathological lesions and fixed in 10% buffered formalin for at least 24 h.
Paraffin-embedded sections of the large bowel were then made by routine
procedures, Any histopathological alterations in the colon were examined on
hematoxylin and cosin-stained sections. Colitis was recorded and scored
according to the following morphological criteria described by Cooper ef al.
(33): Grade O (Figure 1A), normal colonic mucosa; Grade 1 (Figure 1B),
shortening and loss of the basal one-third of the actual crypts with mild
inflammation and edema in the mucosa: Grade 2 (Figure C), loss of the
basal two-thirds of the crypts with moderate inflammation in the mucosa;
Grade 3 (Figure 1D, loss of all crypts with severe inflammation in the mucosa,
but with the surface epithelinm still remaining; and Grade 4 (Figure 1B}, loss
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