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Abstract
AIM: To develop an efficient animal colitis-associated
carcinogenesis model and to detect the expression of
β-catenin and p53 in this new model.
METHODS: Dysplasia and cancer were investigated in mice
pretreated with a single intraperitoneal injection of 20 mg/kg
body mass of 1,2-dimethylhydrazine prior to three repetitive
oral administrations of 30 g/L dextran sulfate sodium to
give conditions similar to the clinically observed active and
remission phases. Immunohistochemical staining of βcatenin and p53 was performed on paraffin-imbedded
specimens of animals with cancer and/or dysplasia, those
without dysplasia and the normal control animals.
RESULTS: At wk 11, four early-invasive adenocarcinomas
and 36 dysplasia were found in 10 (90.9%) of the 11 mice
that underwent 1,2-dimethylhydrazine-pretreatment with
3 cycles of 30 g/L dextran sulfate sodium-exposure. Dysplasia
and/or cancer occurred as flat lesions or as dysplasia-associated
lesion or mass (DALM) as observed in humans. Colorectal
carcinogenesis occurred primarily on the distal portion of
the large intestine. No dysplasia and/or cancer lesion was
observed in the control groups with 1,2-dimethylhydrazine
pretreatment or 3 cycles of 30 g/L dextran sulfate sodium
exposure alone. Immunohistochemical investigation
revealed that β-catenin was translocated from cell
membrane to cytoplasm and/or nucleus in 100% of cases
with dysplasia and neoplasm, while normal membrane
staining was observed in cases without dysplasia and the
normal control animals. Nuclear expression of p53 was not
detected in specimens.
CONCLUSION: A single dose of procarcinogen followed
by induction of chronic ulcerative colitis results in a high
incidence of colorectal dysplasia and cancer. Abnormal
expression of β-catenin occurs frequently in dysplasia and
cancer. This novel mouse model may provide an excellent
vehicle for studying colitis-related colon carcinogenesis.
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INTRODUCTION
The incidence of colorectal cancer (CRC) has been increasing
in patients with ulcerative colitis (UC) and the risk of CRC
increases with increased extent and duration[1-4]. The mechanisms
underlying the frequent development of CRC in patients with
UC are still unknown.
Through the study of animal models which do not allow
experiments in humans, we could better understand the cause
and mechanisms of various diseases. There are many animal
ulcerative colitis models, but only a few of them are applicable
to the study of dysplasia-cancer sequence. Among them, the
most widely used is a mouse model with dextran sulfate sodium
(DSS). DSS could be used to induce UC in mice. Acute colitis was
observed by administration of 50-100 g/L DSS to mice for 4-9 d[5-8].
A chronic colitis could be induced by feeding 30-50 g/L DSS
in drinking water for 7 d followed by 7-14 d of water[6,8-10]. In
recent years, some researchers have described the occurrence
of dysplasia and/or cancers in mice when they are subjected to
repeated administration of DSS in a long term[11-13]. Before the
occurrence of cancer, the features of colitis in this model were
very similar to those in patients in terms of both clinical and
histopathological characteristics, i.e. diarrhea, occult blood,
melena, mucosal inflammatory cell infiltration, crypt abscess
formation, and mucosal erosion. But this kind of models needs
a long period to be established and the incidence of induced
tumors is relatively low.
1,2-dimethylhydrazine (DMH) is a toxic environmental
pollutant which was reported as a specific colon procarcinogen.
Animal studies showed that experimental colonic tumors
induced by DMH were of epithelial origin with a similar
histology, morphology and anatomy to human colonic
neoplasms [14]. This procarcinogen could thus provide an
adequate model for studying colorectal cancer. However,
mutiple treatments with DMH (20-40 mg/kg body mass) and a
long-term experimental period are needed to induce large bowel
neoplasms[15-17].
We present here a newly developed colitis-associated CRC
mouse model in which dysplasia and cancer developed within
10 wk when mice were given a single, low dose of DMH followed
by three repeated administrations of 30 g/L DSS in drinking
water. We used DSS to induce recurrence-remission cycle of
chronic colitis which was similar to humans and added a low
dose of DMH, in order to shorten CRC development period
since chronic exposure to a small amount of environmental
carcinogens is also a main cause of human CRC. In addition,
we found dysplasiae and cancers in this model showed positive
reactivity for β-catenin, but not for p53.
MATERIALS AND METHODS
Animals
Forty-five specific pathogen-free BALB/c male mice weighing
25-30 g (Slaccas Experimental Animal Co. Ltd. Shanghai, China),
7 wk of age, were used. They were housed in plastic cages (5 or
6 mice/cage) with wood shavings under standard laboratory
conditions (24±0.5 temperature, 50±10% humidity, and 12 h
of light from 06.00 to 18.00). All mice were permitted free access
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to a commercial diet and DSS-supplemented or normal drinking
tap water in bottles at the Animal Laboratory Center of our
hospital.

Study design
The design for inducing colitis-associated dysplasia and/or
cancer is shown in Figure 1. At the age of 8 wk, the animals were
divided into one experimental group (group A) and 3 control
groups (groups B-D), 10-12 mice each group. The animals in
group A were subjected to three cycles of alternating administration
of distilled water containing 30 g/L synthetic dextran sulfate
sodium (DSS; mol mass 5000; Wako Pure Chemical Industries,
Led. Japan) for 7 d followed by distilled water for the subsequent
14 d after intraperitoneal pretreatment with 20 mg/kg 1,2dimethylhydrazine (DMH; Sigma-Aldrich Corp. St. Louis. MO.
USA). For comparison, control groups B to D received each of
the treatment alone or maintained as untreated control. Three
mice from group A, B, and D were sacrificed during the
experiment. Fourty-two mice were anesthesized with ether and
sacrificed at the age of 18 wk.
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Figure 1 Experimental protocol for inducing colitis-related
colon cancer in mice. DMH, 20 mg/kg body mass, intraperitoneal injection; Saline 0.5 mL/mice intraperitoneal injecton;
30 g/L DSS in drinking water.

Observation of colitis
Changes in body weight were recorded every week throughout
the experiment. Occult blood was examined on d 3 or 4 of DSS
feeding, when DSS feeding was stopped, and once a week
thereafter. Presence of gross blood and stool consistency were
observed daily. The individuals who examined the mice were
blinded as to the experimental group to which the animals
belonged.
Histopathological evaluation
After death, the entire colorectum from the colocecal junction
to the anal verge was examined. Their length was measured ,
and then the specimen was opened longitudinally and washed
with saline. After colorectum was macroscopically inspected, it
was immediately fixed in a 40 g/L formaldehyde buffer solution
(pH 7.2).
Part of the colon was divided into three equal portions
(proximal, middle and distal). Five-six pieces/portion and 14-17
pieces/colorectum were stained with hematoxylin and eosin
(H&E) for histological processing.
The severity of UC of each colon was histologically graded
on a scale from 0-4 and expressed using the pathological index
corresponding to the following modified standard scoring
system[18]: 0, normal; 1, focal inflammatory cell infiltration
including polymorphonuclear leucocytes; 2, gland loss with
inflammatory cell infiltration or crypt abscess formation; 3,
mucosal uleration, or five or more foci of gland loss with
inflammatory cell infiltration; 4, two or more areas of mucosal
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ulceration.
Dysplasia (low and high grades) was scored according to
the criteria described by Riddell et al.[19]. Cancer was divided
into early invasive and advanced cancer. Early invasive cancer
was defined as cancer cells invading into muscularis mucosa
and/or into submucosa. Advanced cancer was defined as cancer
cells invading into muscularis propria or beyond.
A single experienced pathologist reviewed all cases blindly.

The evaluation of β -catenin and p53
To detect the expression of β-catenin and p53, we utilized the
two step immunostaining technique. Four µm think tissue
sections were dewaxed and rehydrated through changes of
xylene and graded alcohol, then to water. Endogenous
peroxidase activity was blocked by incubating the sections
with 30 g/L hydrogen peroxidase for 15 min. Heat-mediated
antigen retrieval was performed by heating the sections
(immersed in 0.01 mol/L citrate buffer, pH 6.0) in a microwave
oven (750 W) for 15 min. The slides were then washed with
phosphate-buffered saline (PBS) before incubated with primary
antibody overnight at 4 . The antibody to β-catenin (Santa
Cruz Biotechnology, Inc. USA) was a mouse monoclonal IgG1
antibody corresponding to amino acids 680-781 and was used
at a dilution of 1:800. p53 antibody (Santa Cruz Biotechnology,
Inc. USA) was a rabit polyclonal antibody that reacts with both
wild-type and mutant p53 and was used at a dilution of 1:200.
After washed with PBS, the slides were incubated for 30 min
with the EnVision+peroxidase reagent (Zhongshan Biological
Technology Co., LTD, Beijing, China). After further washed in
PBS, the slides were developed with 3,3’-diaminobenzidine
(DAB; Sigma-Aldrich Corp. St. Louis. MO. USA) for 5 min, and
the reaction was terminated in water. The slides were then
counterstained with hematoxylin, dehydrated in alcohol, and
evaluated under a light microscope. Positive controls for βcatenin expression were normal human colonic epithelia. Human
colonic adenocarcinoma were used as positive controls for p53
antibody. Omission of the primary antibody of β-catenin and
p53 was used as a negative control.
Lesions were classified as positive for β-catenin if cytoplasmic/
nuclear staining was detected (1+: 50% cells positive, 2+:
50% cell positive). Staining for p53 was considered positive
if nuclear expression was detected in more than 10% of cells.
Two experienced pathologists who were blinded to the specimen
independently examined slides, and a high level of concordance
(90%) was achieved. In case of disagreement, the slides were
reviewed and a consensus view was achieved.
Statistical analysis
Statistical analysis was carried out by SPSS 11.5 for windows
statistic software. Variance tests and One-way ANOVA test
were used to compare the means of weight, length of large
bowel in different groups, the number of neoplasms, and
pathological index in different sites. P<0.05 was considered
statistically significant.
RESULTS
Body growth, fecal examination and colorectal length
At the end of the first DSS treatment period, 75.0% (18/24) mice
in groups A and B had diarrhea and occult blood or gross
blood in the feces, and these signs disappeared after the mice
drank distilled water for 14 d. However, during the second and
third administrations of DSS, only 45.5% (10/22) and 36.4% (8/22)
mice had diarrhea or occult blood, respectively.
Body growth rate was slightly lower in the mice that received
3 cycles of DSS treatment. The mean body weight of group A
and B at the end of study was significantly smaller that that of
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group D (P<0.05, Table 1).
Although the colorectal length was not affected by DMHtreatment alone, it was shortened by DSS treatment. The mean
length of colorectum of mice in groups A and B was significantly
shorter than that of mice in group D (P<0.01, Table 1).
Table 1 Body mass and colorectal length (mean±SD)
Groups
Body mass (g)

A

B

C

D

24.09±2.02a 25.9±2.020a 31.00±2.10 30.01±1.02

Colon length (cm) 8.80±0.98 b 9.37±0.90 b

12.21±0.94 12.66±0.73

Significantly different from group D (aP<0.05, bP<0.01).
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dysplasia lesions were DALMs. Four out of 26 tumours on the
distal portion of the large intestine were confirmed to be early
invasive adenocarcinomas (Figure 3C), and 3 of them arose
within a DALM. No signs of tumor development were detected
in control groups B to D.
Among the animals with dysplasia and/or cancer, the
incidence of dysplasia and/or cancer was 15.0% (6/40), 20.0%
(8/40) and 65.0% (26/40) in the proximal, middle and distal colon
segments, respectively, 4 of 10 (40.0%) animals with dysplasia
and/or cancer had lesions limited to only one colon segment, 3
animals (30.0%) had lesions in two different segments, and 3
animals (30.0%) had lesions in all three segments. Of the 3
animals with cancers, one had two synchronous cancers.

Pathology score/cancer relationship
The mice that received repeated administrations of 30 g/L DSS
showed mild colitis regardless of DMH pretreatment. Mice in
group A and B demonstrated mutiple foci of gland loss with
inflammatory cell infiltration, but not many crypt abscess
formations and mucosal ulcerations. Pathological scores in these
two groups were statically significantly higher than those in
group D (Table 2). However, there was no significant relationship
between pathology scores among three portions of group A
and B. This did not correlate well with the locations of CRC that
developed mainly on the distal segment of colorectum.
A
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D

Figure 2 Induced colorectal tumors. Gross polypoid lesions
are evident on the distal and middle portions of the large
intestine (arrows).

A

B

C

Figure 3 Histopathology showing dysplastic and cancer lesions developed in the colon of mice from group A. A: Wholemount view of DALM with low-grade dysplasia, B: A slightly or
non-elevated lesion diagnosed as high-grade dysplasia, C: wholemount view of an early invasive cancer arising out of DALM.
Hematoxylin and eosin stain. Original magnification, ×10.

Incidence and distribution of dysplasia and cancer
Group A mice that received DMH pretreatment and repeated
administrations of 30 g/L DSS developed mutiple tumous in the
colorectal region. Ten of 11 (90.9%) animals were detected to
have at least one dysplasia and/or cancer lesion. Gross lesions
were noted in 5 animals (all in group A). These lesions were
dome shaped and ranged 2 to 4 mm in size, which appeared in
the distal portion of the large intestine mainly, then in the middle
portion, and none in the proximal part. (Table 2, Figure 2).
Most tumor tissues were tubular lesions with atypical severe
cellular and structural high-grade dysplasia. A small number of
lesions revealed relatively moderate dysplasia. Ten dysplasiae
were categorized as low-grade dysplasia (Figure 3A), and 26
dysplasiae as high-grade dysplasia (Figure 3B), 22 out of 36 (61.1%)

Figure 4 Immunohistochemistry of β-catenin and p53 in dysplastic lesions found in the colon of mice from group A. A:
Control colon. β-catenin was expressed exclusively on the
cell membrane. No cytoplasmic or nuclear staining was
observed, B: Dysplasia cells expressed strong cytoplasmic and
partly nuclear staining of β-catenin while other adjacent dysplastic cells showed membrane pattern of β-catenin, C: Lesions of early invasive cancer showing strong nuclear and
cytoplasmic staining of β-catenin, D: No nuclear expression
of p53 in lesions with high-grade dysplasia was observed.
Original magnification, ×40.

β -catenin and p53 expression
Four cancers, 25 dysplasiae (10 of low-grade, 15 of high-grade),
10 negative dysplasiae and 10 control animals were studied for
β-catenin and p53 expression, respectively.
In normal colon epithelial cells, β-catenin was mainly
localized at the membranes of cell-cell borders (Figure 4A).
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Table 2 Incidence of dysplasia/cancer and pathology score of UC (mean±SD)
Group
number
A
B
C
D
a

Mice

11
11
10
10

Number of dysplasiae/cancers
Proximal

Middle

0.55±0.82
0.0±0.0
0.0±0.0
0.0±0.0

0.73±0.79
0.0±0.0
0.0±0.0
0.0±0.0

Pathology score of UC

Distal

Proximal

Middle

Distal

2.36±1.12 a
0.0±0.0
0.0±0.0
0.0±0.0

1.82±0.40
2.00±0.63
0.0±0.0
0.0±0.0

1.72±0.46
1.82±0.40
0.0±0.0
0.0±0.0

1.82±0.40c
2.09±0.54c
0.0±0.0
0.0±0.0

P<0.05, significantly different from proximal and middle portion of group A; cP<0.05 significantly different from group D.

Strong (2+) β-catenin expression was seen in nuclei and
cytoplasms of cancer cells of 4 specimens (Figure 4C). Although
the intensity was relatively weaker than that in carcinoma cells,
dysplastic cells showed positivity for β-catenin in their nuclei,
cytoplasms, and cell membranes (Figure 4B). The intensity was
greater in high-grade dysplasiae (73.3% were 2+) than in lowgrade dysplasiae (30.0% were 2+). In addition, positive reaction
against β-catenin antibody was found in vascular endothelia
and infiltrated inflammatory cells. However, nuclear p53 staining
was not seen in tumor cells and dysplastic cells (Figure 4D).

DISCUSSION
The results of our experiment indicate that neither DMH
pretreatment nor repeated administration of 3% DSS induced
any tumorous lesions in the colorectum. However, their
combination induced 4 invasive adenocarcinomas and 36 lesions
with dysplasia in 11 mice within the relatively short term of 10 wk.
Therefore, a clear synergism between the two agents was
established. The histopathology of dysplasia and cancer in
this model was very similar to that seen in humans. First, the
animals developed dysplasia in both flat mucosa and DALM
identical to that seen in humans. Second, early invasive cancer
was revealed in 4 out of 40 lesions, and the data provided
evidence of a dysplasia-adenocarcinoma sequence in this
experimental system. Finally, the distribution of dysplasia/
cancer was also similar. Colon cancers in patients with UC
developed mainly on the left side of the large intestine and
transverse colon. In our experiment, DMH and DSS induced
colitis-related tumors dominant in the distal part of colon
followed by in the middle part. In human UC, dysplasia was
found in two or more segments in 42-75% of the cases and the
incidence of mutiple synchronous cancers was reported to vary
from 22-50%[20-22]. In the current study, the result also showed
that dysplasia was present in two or more segment in 60% of
the animals and the incidence of synchronous cancers was 33.3%.
However, we finished the experiment in 10 wk and only induced
four early invasive cancers.
β-catenin played a role in both cell adhesion and intracellular
signaling[23,24]. Cytoplasmic/nuclear translocation of β-catenin
was reported in human colitis-associated neoplasms[25-27] and
DSS-induced CRC mice models[28,29]. In our study, we also found
aberrant β-catenin expression immunohistochemical in dysplasia
and cancer in mice treated with DMH and DSS. Furthermore,
We noticed that cancinoma, high- and low-grade dysplasiae
had different intensities and distributions of β-catenin.
However, we don’t know whether the translocation of β-catenin
was due to loss of APC function or a direct mutation of β-catenin
itself. This change might be associated with the progression
from dysplasia to cancer. Our model are disimilar regarding the
role of p53. Nuclear expression of p53 was a relatively early event
in UC-related CRC compared with sporadic colon neoplasia[30-32].
However, in the current study, p53 immunohistochemical
expression was not detected in colonic dysplasia and cancer.
This findings might be due to the absence or low frequency of
p53 mutations in colitis-related cancer mouse model. It is also

possible that p53 mutations occurred at a later stage of cancer.
In conclusion, this study provides a novel colitis-associated
mouse colon neoplasm model which features a single dose of
procarcinogen followed by induction of chronic UC in a
relatively short term. Futher studies on molecular mechanism
or chemopreventive agents of this model may help us better
understand CRC in patients with UC.
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