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The length of the colorectum was significantly
shorter (p<0001-001) than in control groups
B and D, resulting from inflammatory change
(Table). Mice consistently showed blood in
faeces, demonstrating that mucosal ulceration
occurred with each administration cycle (seven
days) of 30/O DSS (after the first administration
of3% DSS, positive occult blood tests; nine of
nine mice in group A and eight of eight mice in
group C, respectively). After drinking distilled
water for the following 14 days, occult blood
tests generally revealed negative reactions
(after the first cycle, positive occult blood tests;
one ofnine mice in group A and 0 of eight mice
in group C). Mice in groups A and C, killed 14
days after the third administration of 3% DSS,
demonstrated multiple foci of gland loss with
inflammatory cell infiltration but not many
active mucosal erosions. Lesions were most
severe on the left side of the large intestine
followed by the transverse colon (Table). In
addition to frequent appearance of regenera-
tive mucosae in groups A and C, which

A

Figure 4: (A) A slighdy elevated lesion diagnosed as high grade dysplasia demonstrating
severe cellular and structural atypia (haematoxylin and eosin, original magnification X 67).
(B) In vivo BrdU labelling oftumour tissue (step histological section to (A)). BrdU labelled
cells were distributed throughout the entire tumour tissue. In non-tumorous mucosa, BrdU
labelled cells are limited to within the regenerating zone (enzyme immunohistochemistry with
monoclonal anti-BrdU antibody, original magnification X 67).

Figure 5: A flat elevated lesion of high grade dysplasia.
The dysplasia lesion (D) contains a granulation tissue (G)
with inflammatory cell infiltration at the bottom. Note
erosion (U) and regenerative mucosa (R) close to dysplasia
lesion. A large lymph follicle is localised around the
muscularis mucosa (haematoxylin and eosin, original
magnification X 100).

received repeated administrations of 3% DSS,
foci of regenerative atypia (Fig 6) in one longi-
tudinal section of each colon were histo-
logically counted as follows.
Group A: 0.6 (06) (right colon), 1.8 (1.5)

(transverse colon), 2.0 (0.9) (left colon),
respectively. Group C: 0-2 (04) (right colon),
2.2 (2A4) (transverse colon), 2.4 (1'8) (left
colon), respectively. Groups B and D: no foci
of regenerative atypia in any part.

This correlated comparatively well with the
locations of colorectal tumours that developed
on the left side of the large intestine more than
in the transverse colon (p<005). No tumours
were found on the right side of the large intes-
tine, where the severity of ulcerative colitis was
mildest.

TS and TK activities in colorectal tumours
TS activity was significantly increased
(p<0. 01) in tissues bearing colorectal tumours
(group A) than in the non-tumorous colorectal
walls of control groups B and C (Fig 7). TK
activity was also significantly higher (p<005)
in group A (2-23 (1.16) fmol/mg protein/min)
than in control group C (1.27 (0.26) fnol/mg
protein/min).

Discussion
In this experiment, a single pretreatment with
azoxymethane was sufficient to induce

Figure 6: Regenerative atypia with inflammatory
granulation. It is frequently observed in groups A and C,
which received repeated administrations of3% DSS
(haematoxylin and eosin, original magnification X 100).
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Figure 7: Thymidylate synthetase activity of induced
tumour tissue and colonic mucosae of control groups B and
C (see Fig 1). The enzyme activity was significandy higher
(p<001) in the colorectal tumours ofgroupA than in the
colonic mucosae ofgroups B and C. Values represent mean
(SD).

multiple mucosal tumours in the colorectal
wall within 77 days when combined with the
stimulus of chronic ulcerative colitis. In line
with the supposition that foods are contami-
nated with an extremely small quantity of
carcinogenic substances in our life,18 19 a single
pretreatment of azoxymethane was adopted in
this experiment. Azoxymethane is known as a
procarcinogen, which becomes an alkylating
agent with carcinogenic activity after receiving
metabolic activation in the host.20 21 DSS has
been found to be negative in the Ames test for
mutagens.22 Neither the azoxymethane pre-
treatment nor repeated administrations of
3% DSS induced any tumorous lesions in the
colorectum. Therefore, clear synergism
between the two agents was established.
With this experimental regimen, repeated

administrations of 3% DSS induced chronic
ulcerative colitis dominantly on the left side of
the large intestine followed by the transverse
colon, this correlating well with the locations of
tumours. Further, the frequent appearance of
foci of regenerative atypia, also correlates well
with both colitis and tumour development.
Regenerative mucosae were seen in a focal dis-
tribution, close to the induced dysplasia
lesions. A similar link has been described for
neoplastic lesions seen in patients suffering
from chronic ulcerative colitis.4 23 Summarising
nine authors' reports, Mottet21 reported that
approximately 71% of colon cancers in patients
with ulcerative colitis developed on the left side
of the large intestine and transverse colon.
Further, in Japanese patients with ulcerative
colitis, 19 (82.6%) of 23 colon cancers devel-
oped in these anatomical locations.4
The occurrence of colitis or tumours in the

large intestine of rodents after longterm contin-
uous administration of a sulphated polysac-
charide has also been reported. Colitis can
be induced by administration of degraded
carrageenan, which is analogous to DSS.
Carrageenan induced colitis in CF1 mice is
more pronounced in the proximal colon form-
ing severe dilatation and ulceration in the

caecum and ascending colon.24 A 10% diet of
degraded carrageenan in rats induces develop-
ment of colorectal tumours, including
squamous cell carcinomas, adenocarcinomas,
anaplastic carcinomas, and adenomas.25 26
Also, adenomas and adenocarcinomas as well
as papillomas were seen in rats -fed a 5% DSS
supplemented diet for comparatively longterm
periods of 102-215 days.27 Our group also
reported that dysplasia or adenocarcinomas
occur sporadically in hamsters after longterm
(180 days) continuous administration of DSS.
It was also reported that murine experimental
colitis caused by weekly rectal instillations of 10
mM formyl-norleucyl-leucyl-phenylalanine in
6% dimethyl-sulphoxide increases the develop-
ment of colonic cancer induced by multiple
injections of 1,2-dimethylhydrazine.28 In com-
parison with these previous reports, however,
the present experimental mouse model is rather
short-term, and has the additional advantage of
many similarities to the clinical case of tumori-
genesis in ulcerative colitis.
With regard to the characteristics of the

observed mucosal tumours, severe structural
and cellular atypia pointed to a diagnosis of
high grade dysplasia. According to established
criteria,5 dysplasia includes intramucosal
adenocarcinomas and neoplastic lesions show-
ing borderline malignancy. Most of the present
tumours corresponded to stage A of Astler and
Coller's classification.29 Submucosal invasion
by tumour cells was also evident in six of 147
lesions that developed during the compara-
tively short period of the experiment, although
no distant metastases were found. The data
thus provide evidence of a dysplasia-invasive
adenocarcinoma sequence in the present
experimental system. Our histological diag-
nosis was supported by the finding of diffuse
labelling of tumour cells with BrdU through-
out the colorectal mucosa. Further, both TS
and TK showed significantly higher activities
in mucosal tumours than in non-tumorous
tissues. These enzymes, TS and TK, are
responsible for de novo and the salvage syn-
thesis of deoxy-thymidine monophosphate,
respectively, and thus play an important part in
supporting DNA synthesis under conditions of
increased cell proliferation.30-32 Accordingly, a
high proliferative activity of these neoplasms
was confinned.

In conclusion, this study featuring a single
dose of carcinogen followed by induction of
chronic ulcerative colitis achieved a high yield
of tumours. This is the first such murine
model, and it provides firm evidence that
repeated mucosal necrosis and regeneration in
ulcerative colitis facilitates the development of
colorectal tumours.
The authors wish to thank Miss K Motoji, Mrs M Sakano, Mrs
Y Numata, and Mrs K Hana for their technical assistance.
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