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Are Animal Models of Colon Cancer
Relevant to Human Disease

DENNIS J. AHNEN, MD

Since its original description by Druckrey (1), the
rodent model of colon cancer induced with 1,2-
dimethylhydrazine has become widely used in the
study of colonic carcinogenesis. At present, colonic
tumors induced by DMH, or its metabolites, azoxy-
methane (AOM) or methylazoxymethanol (MAM),
are the most popular experimental models of colon
cancer. It is, therefore, appropriate to question
whether the DMH animal models are relevant to
human colon cancer. In order to answer this question
we must actually ask two more specific questions.
First, do the tumors induced by DMH or its metabo-
lites have similar characteristics to those known for
human colon cancers? While similarities in known
characteristics of both DMH-induced and human co-
lon cancers do not necessarily mean that other char-
acteristics of the DMH models will hold for human
colon cancer, major discrepancies in the features of
DMH-induced cancer and human colon cancer would
certainly make one more skeptical about the rele-
vance of the DMH model to human disease. The
second question we need to answer is whether the
study of the animal model of colon cancer is more
productive and more useful than the study of human
colon cancer itself. After all, an animal model is only
useful if it can provide more information than the
human disease itself.

IS THE DMH MODEL OF COLON CANCER
SIMILAR TO HUMAN DISEASE?

There are many well-documented similarities be-
tween the disease induced by DMH and human
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colon cancer. The pathologic features of DMH-
induced colonic tumors span the entire spectrum of
tumors seen in the human colon from tubular
adenomas through polypoid and sessile carcinomas
to mucinous adenocarcinomas (2-4). Studies of the
kinetics of the colonic epithelial population have
resulted in analogous alterations in the proliferative
compartment in the animal model and in human
colon cancer (4, 5). There are also similarities in
colonic mucin synthesis in DMH-induced tumors
and human colonic neoplasia (6).

There are several other features which cannot be
compared between human colon cancer and the DMH
models because of lack of data. Whereas a great deal
is known about the metabolism of DMH and its
metabolic conversion to the proximate carcinogen,
the proximate carcinogen in human colon cancer is
unknown. The finding that DMH-induced cancers are
less frequent in germ-free animals and animals treated
with antibiotics suggests an important role for the
colonic flora in DMH-induced carcinogenesis; similar
data is not available for human colon cancer. Simi-
larly, selenium, ascorbic acid, disulfiram, cis-retinoic
acid, and butylated hydroxyanisole have all been
shown to inhibit the induction of cancer in the DMH
models, but there is inadequate information to deter-
mine whether similar effects are found in human colon
cancer. Certainly none of these features can serve as
a basis for determining if the DMH model effects a
disease similar to human colon cancer.

There are three areas of apparent discrepancy
between the DMH-induced model and human colon
cancer that we should examine in more detail: (1)
the effect of dietary fat and fiber on colon cancer
risk, (2) the presence of an adenoma as the
precancerous lesion, and (3) the metastatic poten-
tial of colon cancer.

The association of human colon cancer with a
high-fat, low-fiber diet, has been widely stated
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(7-9). Dr. Rogers has detailed the conflicting data
regarding the effect of fat and fiber on the induction
of colon cancer in the DMH models. Is there a
serious discrepancy between the animal model and
human colon cancer with regard to the influence of
diet? I don’t believe so because I don’t believe that
the human data is strong enough to prove an inde-
pendent association between a high-fat diet or a
low-fiber diet and colon cancer risk. There is clearly
an association betweén per capita consumption of
fat and national incidénce rates of colon cancer (10).
Case control studies, however, have not consis-
tently shown such a relationship. While studies
from Canada and Puerto Rico showed a positive
correlation between fat intake and colon cancer,
similar studies from the United States and Israel
show no such correlation (11, 12). Indirect mea-
sures of fat intake, such as fecal bile salts, and
neéutral and acid steroids, also show a correlation
with colon cancer mortality rate between nations,
but again such a correlation has not been consis-
tently shown in case control studies within nations
(11, 12).

A similar story holds for the relationship between
fiber intake and colon cancer risk. Epidemiologic
data generally shows a positive correlation between
a low-fiber diet and colon cancer risk (12). Case
control studies from Israel and American blacks
also show a negative correlation between fiber
intake and colon cancer, but similar studies in
Canada and Puerto Rico show no such correlation
(12). Thus, the support for a high-fat or a low-fiber
diet as the cause of colon cancer in man consists
largely of correlative epidemiologic data. Although
such data can provide important clues to the etiol-
ogy of colon cancer, it by no means offers proof.
Such clues must be directly tested prior to accept-
ance as truth. Thus, there does not seem to be a
significant discrepancy at present between the
DMH model and human colon cancer with regard to
dietary influences.

It is generally, although not universally, accepted
that most human colon cancers arise in benign
adenomatous polyps. Several authors (5, 13, 14)
explicitly state that such an adenoma-carcinoma
séquence does rot occur in the rat model of colon
cancer induced with DMH. Such a discrepancy
would cast serious doubt as to the usefulness of the
DMH model in studying the premalignant mucosa
in colon cancer. Again, I do not believe that a
significant disparity between the animal model and
human colon cancer exists with regard to the
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adenoma-carcinoma sequence. In this case, the
data for the sequence in human colon cancer seems
adequate, but the data suggesting that such a se-
quence does not occur in the DMH model is clearly
inadequate. The arguments for an adenomatous
polyp to cancer transition in the human are numer-
ous and have been recently reviewed by Morson
(15). The key elements in this argument are: (1) foci
of intramucosal cancer are commonly seen in pol-
yps but are extremely rare in normal mucosa; (2)
there is clearly an incidence of invasive cancer in
adenomatous polyps that increases with the size of
the polyp; (3) although large colon cancers rarely
contain evidence of residual adenomatous tissue,
such tissue is commonly found in small colon can-
cers; (4) some apparently benign adenomatous pol-
yps have developed into cancer; and (5) one study
by Gilbertson and Helms (16) suggested that re-
moval of polyps significantly decreased the subse-
quent colon cancer risk.

Thus, there is strong, if indirect, evidence to
suggest that the adenoma—carcinoma sequence oc-
curs in humans. Both Maskens (5) and Ward (13)
strongly contend that DMH-induced rat colon adeno-
carcinomas arise de novo from flat mucosa and not
from benign polyps. In both of these studies, high
doses of DMH (20 or 26.6 mg/kg for 20 weeks) were
used. Although polypoid adenomas were not ob-
served by Maskens (5), focal areas of atypia that
resemble flat adenomas were seen. In Ward’s studies
adénomas were observed; however, it was suggested
that early neoplastic lesions (?flat adenomas) evolved
into either polypoid neoplasms or adenocarcinomas
rather than sequentially. The early mucosal lesions
described appear indistinguishable from flat adenom-
atous change in the mucosa. On the other hand,
Sunter et al (3) and Wiebecke et al (4) presented
evidence that adenomas clearly develop in response
to DMH in the rat. Their data were consistent with
progression from benign adenomas to polypoid ade-
nocarcinomas. Furthermore, studies by Haase et al
(17) and Chang (18) are consistent with an adeno-
ma-carcinoma sequence in the mouse model of
DMH-induced cancers. Thus, the studies in the
animal model appear to be inadequate to exclude
the adenoma—carcinoma sequence, and there may
not be a serious discrepancy between the animal
models and human colon cancer in this regard. We
have noted however, that early invasive experimen-
tal carcinoma can arise from polypoid lesions which
histologically appear to be dysplastic and not
polypoid carcinomas (unpublished observation).
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ANIMAL MODELS OF COLON CANCER

Fig 1. Distal colonoscopy in the rat is performed after pentobarbital anesthesia using a pediatric

bronchoscope.

There does appear to be a significant difference
between the animal models and human colon cancer
with regard to metastatic potential of the colonic
adenocarcinomas. In human colonic cancer, ap-
proximately 1/2 of patients have evidence of lym-
phatic metastases and 1/3 have evidence of hema-
togenous metastases at the time of presentation.
With respect to lymphatic metastases, the usual
pattern is an orderly progression of tumor through
the lymphatic network from the pericolonic lymph
nodes and progressively up the perivascular lym-
phatics (19-21). The usual route of hematogenous
metastases is initially to the liver and subsequently
to the lung. Initial hematogenous spread to the lung
is unusual but can occur, particularly with rectal
primaries (22). The incidence of hematogenous
metastases increases with the stage of the primary
tumor as well as with the histologic grade of the
tumor (23). Most studies of the DMH models of
colon cancer suggest a very low incidence of metas-
tases. The tumors which are capable of metastasis
are almost exclusively the mucinous adenocarcino-
mas of the proximal colon. The adenocarcinomas of
the distal colon have not been shown to be capable
of metastases (3, 5, 14, 15, 17, 18). In addition, the
metastases that do occur are generally found in
regional lymphatics or on the peritoneal surface.
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Whereas liver metastases are commonly found in
the human disease, they are rarely, if ever, found in
the DMH models. Thus, it appears that there is a
major difference between the metastatic potential of
DMH-induced cancers and human colon cancer. At
the minimum, this difference implies that the DMH
model, as it is currently used, does not appear to be
relevant to the study of colon cancer metastasis.

IS IT MORE USEFUL TO STUDY THE ANIMAL
MODEL THAN HUMAN DISEASE?

The second major question that relates to the
relevance of the animal models of colon cancer is
whether study of the animal models can be more
productive than study of the human disease itself. It
appears that in may areas the animal model is
clearly more useful. Studies designed to assess the
effect of dietary manipulation or chemoprevention
can be done more efficiently and rapidly in the
animal models than in human colen cancer. Studies
of carcinogen metabolism are possible in short-term
cultures of human mucosa, but serial observations
or more long-term studies require an appropriate
animal model. Similarly, studies of colon cancer
promoters cannot be performed in the human. The
animal model, however, is of more limited value in
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the study of preneoplastic mucosa. The limitation of
the models in this area stems from the necessity of
sacrificing animals in order to make any observation
about the characteristics of the preneoplastic
mucosa. The need for sacrifice precludes the possibil-
ity of directly demonstrating that the preneoplastic
mucosa would have subsequently developed into a
colon cancer. The mere finding of a particular char-
acteristic in the DMH mucosa prior to the develop-
ment of identifiable cancers is insufficient to conclude
that the alteration is a marker of mucosa at risk.

Because of these limitations, we set out to test
the feasibility of making serial observations in the
DMH model of colon cancer in the rat. We have
determined that serial colonoscopy and biopsy (ev-
ery two weeks) of the distal rat colon (Figure 1) can
be performed in the rat. We have used a pediatric
bronchoscope with its standard biopsy forceps. Not
only can DMH-treated mucosa and tumors be ob-
served endoscopically, multiple biopsies of the nor-
mal-appearing mucosa, as well as the tumors, can
be performed safely. We believe that the ability to
make serial observations will greatly enhance the
utility of the rat model of colon cancer. Serial
observations are important for the study of
precancerous mucosa but are not limited to this
area. Certainly, the analysis of any interventional
therapy would be facilitated by serial observations
of the effect of the intervention.

In summary, the rodent models of colon cancer
induced by dimethylhydrazine and its metabolites
appear to be a good but not ideal model of the
human disease. Although the animal model and the
human disease share many characteristics, the met-
astatic potential of adenocarcinomas induced by
DMH appears to be significantly less than that of
human colon cancers. This discrepancy makes the
DMH model less than ideal and certainly inade-
quate for the study of colon cancer metastases. In
most areas of cancer research, the animal model is
more efficiently studied than the human disease and
the ability to make serial observations should fur-
ther expand the utility of the animal model.
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