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Review paper

The effects of sex steroids on colon carcinogenesis
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Numerous reports on colon carcinogenesis reveal gen-
der differences in the incidence and location of tumors.
A large number of the presented studies suggest that
sex-steroids have a considerable effect on tumorigenesis
of the large bowel. To clarify the, so far, not fully under-
stood mechanisms and somewhat conflicting information
about the possible hormone action, it is important to
discuss two points: first, the reliability of the currently
used experimental animal models; and second, what is
known concerning the role of sex steroids in colon car-
cinogenesis.
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Introduction

Human colorectal cancer has long been thought of
as being mainly caused by environmental factors.’
Experimental and clinical findings suggest that hu-
man breast cancer and colonic cancer might share
common etiologic factors.” Recently, reproductive
factors have been postulated to play an important
role in the etiology of colonic cancer, similar to
breast cancer.* These associations raised the ques-
tion of the role of gender steroid hormones in
colonic carcinogenesis. The presence of specific
receptor proteins found in at least one-third of
colonic tumors lent further support to this theory.>®

Studies of the different human diseases require
reliable animal models. The ideal animal model
should be able to mimic human tumors in biological
behavior, morphology, pathophysiology and bio-
chemical changes. Before 1965 there was no satis-
factory animal model for colorectal cancer and
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therefore there was little experimental research on
this subject. The development of animal models for
studying the etiology of colon cancer started in 1962
when cycasin, a natural component of the cycad nut,
was found to have a carcinogenic effect in rodents
(Figure 1).7 Gradually, more efficient and more
potent colonic carcinogens were developed, mainly
synthetic derivatives of cycasin (Figure 1).* To-
gether with two further substances from different
chemical origins, methyl-nitroso-urea (MNU) and
methyl-nitro-nitroso-guanidine (MNNG), the three
cycasin derivatives are currently the most frequent-
ly used in studies of experimental colon carcinogen-
esis.*'” The induced tumors resemble human colo-
rectal cancer macroscopically. Microscopically the
benign tumors show the same range of differentia-
tion as in man—tubular, villous, tubulo-villous.
The malignant neoplasms can be classified by the
same criteria as those applied to colonic cancer in
man (infiltration and penetration of the muscular
mucosa)."’

Clinical trials revealed sex-related differences in
the incidence of colorectal cancer. Women tend to
have a higher incidence for cancer in the right
colon, in contrast to men, who mainly develop
cancer in the left colon and rectum."" Age-
dependent sex differences were also found.* Men un-
der 35 years of age show a higher rate of colorectal
cancer, whereas in the range 35-55 years the situa-
tion turns vice versa (females > males). Above 55
years of age colorectal cancer is predominantly
found in men.

Epidemiological studies show higher incidence
rates of (large) bowel cancer in premenopausal
women than in men of the same age. Moreover,
lower incidences of these tumors have been re-
ported in women of higher parity, and nulliparity
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Figure 1. Cycasin and the metabolic pathway of its synthetic derivatives.

in particular seems to represent a risk factor for
developing colonic cancer.!" These findings have
been explained as due to a variety of non-epithelial
sex characteristics such as differences in bile meta-
bolism, colonic bacteria and fecal transmit times.

Chemical carcinogenesis in rodents revealed sex
differences in tumor incidences.'*"? In experimental
colon carcinogenesis, incidence rates of chemically
induced colonic carcinomas are diminished by go-
nadectomy and are increased by hormone substitu-
tion.'»' Furthermore, in experimental animals, an-
drogens as well as estrogens have shown influences
on carcinogenesis and many studies have now re-
vealed (sex) steroid hormone receptors in colo-
rectal tumor cells. Thus, an effect, not yet fully
understood, of these hormones on the epithelium
in the process of malignant transformation must be
considered.

Colon carcinogens

Reliable tumor induction in experimental colon
carcinogenesis is provided by derivatives of cycasin,
such as DMH and AOM (Figure 1), and alkyl-
nitrosamines, such as MNU and MNNG. These
substances represent two types of chemicals for
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tumor induction—one requiring metabolic activa-
tion (DMH and AOM) and one directly active
(MNU and MNNG).

Mode of action

Chemical carcinogens produce tumors by modify-
ing the genome of the cell, resulting in eventual
alterations of the cell phenotype, such as loss of
differentiation, invasiveness, or abnormal prolifera-
tive behavior.' The carcinogenic action of hydrazine
derivatives appears to involve methylation of colo-
nic epithelial cell DNA that ultimately results in
changes of epithelial proliferation.!

Animals

Animals mainly used in studies of experimental
colon carcinogenesis are rodents: rats (e.g. Fischer
344, Sprague-Dawley); mice (e.g. Balb/c); ham-
sters; and, to a much lesser extent, marmosets.'®
Rodents provide specific advantages in comparison
to other animal species because:

® Rarely is there a spontaneous development of
colorectal tumots in rodents;'¢



@ Susceptibility to the catcinogens used (DMH,
AOM, etc.) in rodents is high;'®"

® Even when failing to reproduce the human
adenoma-—carcinoma  sequence, chemically-
induced tumors of the large bowel in rodents
are similar in histology and gross macroscopic
properties to their human counterparts;'®'®

® Housing and feeding of rodents is not a major
problem, even when large numbers of animals

are used.

Steroid hormones

It has been reported that sex hormones appear to
affect colon carcinogenesis.'*'> Experimental stu-
dies with animals initiated to clarify the obvious
preponderance of right-sided colon cancer in wo-
men and left-sided colon and rectum carcinomas in
men led to the detection of specific steroid hot-
mone teceptors in the human intestine and in
human colon tumors.>'***® Since the detection of
these hormone receptors in both human colorectal
tissue and tissue from human colorectal adeno-
carcinomas, androgens and estrogens have been
suggested to exert an important role in colonic
carcinogenesis.”* Subsequently, experimental colon
carcinogenesis studies in animals were undertaken
which revealed the existence of specific androgen
receptor proteins in chemically-induced colonic car-
cinomas.”>* Consequently, proliferative responses
of the normal and abnormal intestinal crypt epitheli-
um to altered steroid levels in combination with
surgical manipulations to gender steroid-producing
glands and/or administration of antagonists to those
steroids were examined in several studies.”’”* They
revealed epithelial changes mostly in jejunal crypts
with only few, or no, changes in the large bowel
tract.

In experimental colon carcinoma studies, hormo-
nal manipulations have been reported to influence
tumor yield. Castration was thought to cause 2
reduction in tumor incidence;'* however, the results
presented are still controversial. Some authors were
able to demonstrate the protective effects of andro-
gen treatment against experimental colon carcino-
genesis,'>'* while other studies showed a promoting
role of androgens on colorectal tumors.'”* Some
findings suggest different influences of androgens
on the site distribution in colonic tumorigenesis. It
was found that hormone substitution in castrated
rats significantly influences the site distribution of
colonic neoplasms. Other hormonal manipulations
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did not have any significant effect in this respect.”

The receptor proteins were also the subject of
experimental studies. The increase in carcinogen-
induced receptors in animals could be demonstra-
ted.®*" In addition, hormonal manipulations like
gonadectomy tesulted in the detection of increased
amounts of androgen receptors in normal colonic
tissue.”” Gonadectomized animals which received
additional carcinogen treatment showed a much
higher rise in receptor density than in normal colon
tissue. The highest amounts of androgen receptor
proteins were found in chemically-induced colonic
tumors;>>?*?® however, conflicting results were also
presented.” In this respect it is interesting to note
that in studies by Metha e/ /> and Odagiri e# a/.*’
the receptor level in tumors was said to be higher
than in adjacent parts of the colonic mucosa, where-
as Krelenbaum et a/.*® found similar levels in both
tissues. lzbicki e# «/.'” reported that the receptor
level was higher in the adjacent mucosal tissue than
in the tumor. However, both Odagiri and Izbicki
found that carcinogen-treatment was associated
with an increase in mucosal androgen receptors in
comparison to non-treated controls.

Estrogen-receptor positive tumors, like carcino-
mas of the breast and uterus, are known to be highly
sensitive to treatment with anti-estrogens.”’' Patients
suffering from breast cancer have been shown to
bear an increased risk of developing colorectal
cancer.” Since estrogen receptors were also found
in gastrointestinal tissues and tumors™* the exis-
tence of genetic links between these two types of
cancer is assumed, supporting considerations of a
possible common etiologic origin.>> Consequently
anti-estrogens were also thought to have a possible
therapeutic effect on colorectal cancer. The anti-
estrogen famoxifen, established in the therapy of
breast cancer, was used in clinical trials with meta-
static colorectal cancer. A new anti-estrogen, dro-
loxifen, is presently undergoing a clinical trial in
our department. Early results will shortly be pre-
sented.

Experimental animal studies to investigate effects
of droloxifen on transplanted human colorectal
tumors on nude mice have just been initiated in our
laboratories. Additional investigations are still un-
der way, for it is not yet clearly understood what
role steroid hormones may finally play and what
mechanisms they might induce in colonic carcino-
genesis.

Sex-steroid receptors have also been identified in
cells of the liver, pancreas and stomach of humans
and animals.’*** Consequently colon tissue is not
the only target for investigations of sex-steroid
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effects. Mainly, the liver and pancreas are the bases
for studies in numerous research projects, as can be
seen by a review of the literature over recent years.
Prostate and related neoplasms have been studied
to a much lesser extent.”™* However, conflicting
results about the role of sex steroids in colon-
carcinogenesis are well presented for these organs.

Concerning liver tumorigenesis, the maintenance
of high liver estrogen levels is thought to exert a
protective effect against the development of hepato-
cellular carcinoma.*' In contrast to these results,
Wilkinson ef a/.** postulate a more synergistic effect
of estrogens in hepato-carcinogenesis and a de-
pendence of those tumors on androgens. A Japan-
ese study group reported results showing decreas-
ing estrogen receptor levels in hepatic carcinoma,
thus assuming an ineffectiveness of anti-estrogen
therapy for this type of cancer.”

Substantial evidence is said to exist concerning
hormonal influences on pancreatic carcinogenesis.*
However, research on the effects of sex steroids on
pancreatic tumorigenesis seems to be at a pre-
liminary stage and the results so far do not sound
very encouraging. Several experimental studies**’
support the existence of steroid hormone receptors
in hamster and rat pancreas. Some of these studies
revealed gender-related differences in sex-steroid
effects on pancreatic cancer.****" With the excep-
tion of Pousette and co-workers*® who think of
elevated estrogen binding proteins (EBP) as a poss-
ible marker of cellular damage in the pancreas, no
publication dealing with possible therapy or thera-
peutic strategies for pancreatic cancer is to be
found in the reviewed literature.

Very few studies concerning prostate cancer have
been published in recent years. They mostly deal
with the androgenic situation in man suffering from
this disease. Some of the results published indicate
that men with prostatic cancer have elevated testo-
sterone levels without any alteration in estrogen,*
whereas another study group assumes following
their data that the combination of hormonal stimu-
lation and chemotherapy has a potent antitumorous
effect on advanced prostate cancer refractory to
orchiectomy.”

Other mechanisms

Further mechanisms of inhibition of chemically
induced carcinogenesis are possible:

1. Antioxidants might prevent metabolic oxidation
of carcinogens, thus preventing them from reaching
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their ultimate active form. In experimental animal
studies, supplementation of selenium (an antioxi-
dant) reduced chemically-induced colon tumor in-
cidence from 87% in DMH-only treated animals to
40% in DMH-plus selenium treated rats.* Blocking
of oxidation-steps in the metabolic pathway of the
carcinogen is assumed; however, the exact mechan-
ism has not yet been elucidated.

Vitamin E, also an antioxidant, appears to act in
a similar manner to selenium.”

Vitamin C is presumed to act by directly interfer-
ing with the carcinogen, thus blocking the forma-
tion of the ultimately active carcinogenic com-
pound.”’ In a clinical trial, vitamin C was reported
to reduce the number of polyps in familial polyposis
patients with multiple polyps who had undergone
ileorectal anastomosis.”"

Disulfiram (‘ Antabuse’) inhibits DMH- and, to
a lesser extent, AOM-induced experimental carcino-
genesis by blocking certain steps of oxidation.*
Exact knowledge of the mechanism is still lacking.
Whether this agent could have a possible thera-
peutic basis in the treatment of human colorectal
cancer still needs further investigation.

2. Compounds that influence microsomal enzy-
matic activity (yielding the same result as that
shown in point 1).

3. Agents that prevent alterations in membrane
structure and function, thus protecting the colonic
mucosal wall from being infiltrated by possible
carcinogenic substances.

4. Compounds that prevent active metabolites of
carcinogens from binding at critical target sites (e.g.
nucleic acids).

5. An increased level of prostaglandins observed in
patients with colorectal carcinomas gave the ration-
ale for investigations of their role in carcinogen-
esis.”’> The use of piroxicam and indomethacin re-
spectively was based on the concept that these drugs
may exert an inhibitory effect on endogenous pros-
taglandin synthesis, thus suppressing its possible
promoting role in tumorigenesis.>*>

It could be demonstrated that increasing dietary
doses of piroxicam lowered the colon tumor in-
cidence in a dose-dependent manner.>® The exact
mechanism by which piroxicam inhibits chemically-
induced colon carcinogenesis, however, has not yet
been clarified.

Indomethacin inhibits intestinal tumor induction
by several carcinogens, but tumors occur immedi-
ately when the drug is removed.**>’



Commentary

To increase our knowledge about the origin of
human diseases, experimental animal models are to
a certain extent irreplaceable. The models described
above simulate human colorectal carcinogenesis and
serve to understand the mechanisms of malignant
degeneration. Chemically-induced tumors of the
large bowel in rodents mimic human colorectal
neoplasia in almost every respect and thus provide
an acceptable base for (further) investigations.

Experiments in animal models have both sup-
ported and contradicted the epidemiological data.
A solution for the contradictions requires better
controlled studies in available models. It demands
development of new models that will provide reli-
able, consistent data on which recommendations for
prevention and therapy of the disease can be based.

Despite conflicting results concerning the role of
sex steroids in colon carcinogenesis (Tables 1 and
2) the following facts remain to be considered—the
presence of steroid receptors may be a base for
therapy and could be a prognostic factor for endo-
crine therapy.

Table 1. Sex steroids in colon carcinogenesis

Sex steroids and where found Reference

I. Normal intestinal epithelium

Androgen receptors

Castrated male rats 25

No testosterone-binding proteins in intact 58
human colonic mucosa

Distal large intestine of carcinogen 30
(DMH) treated female and male rats

Male rats 19

Colonic mucosa of patients with rectal 22
and cecal tumors and with diverticulosis
coli (both sexes)

No increase of mucosal androgen 19
receptors following carcinogen
treatment

Estrogen receptors

Non-tumorous mucosa of patients with 5
bowel cancer
No receptors in colonic mucosa of 26
carcinogen (DMH) treated rats
Normal human colonic mucosa 59
Patients with ulcerative colitis
Non-tumorous mucosa of patients with
large bowel cancer
(no significant sex differences reported)

Progesterone receptors

Non-tumorous colonic mucosa of 30
carcinogen (DMH) treated male and
female rats

Sex: steroids on colon carcinogenesis

Human colonic mucosa 59
Il. Intestinal tumors and adjacent mucosa

Androgen receptors

DMH-treated male BD IX rats; negative in 25
female rats

Both human colon tumors and adjacent 58
colon mucosa

Male rats 26

Male > female rats 30

AOM-induced colonic rat tumors 19

Tumor tissue > adjacent mucosa 25, 30

Tumor tissue = adjacent mucosa 26

Tumor tissue < adjacent mucosa 19

Estrogen receptors

Male rats 26
DMH-induced BD IX rat tumors 30
Human colorectal adenocarcinoma 33

xenotransplanted onto Balb/c nude mice

Progesterone receptors

Human colorectal adenocarcinoma 33
xenotransplanted onto Balb/c nude mice

DMH-induced BD [X-rat tumors 30

Decrease of colon cancer incidence in 13

DMH-treated BD IX-rats following
castration (not in BD ll-rats)
Increase of susceptibility to
carcinogenesis in DMH treated and
castrated BD IX rats after androgen
application (not in BD ll-rats)
Decrease of colon cancer incidence in 14
AOM-treated Fischer-344 rats after
surgical castration
Increase of tumor incidence in 19
AOM-treated Sprague—Dawley rats
following surgical castration
Increase of colonic tumorigenesis in 29
AOM-treated Sprague-Dawley rats
following chemical castration (using
cyproterone-acetate)
Decrease of colonic tumorigenesis in
AOM-treated Sprague-Dawley rats
following testosterone application after
surgical castration

Table 2. Response of intestinal tumors to treatment with
sex steroids

Sex steroid Reference

Androgens

Decrease of mitotic rate in DMH-induced 60
colonic rat tumors by castration and
application of anti-androgen
(flutamide); increase of tumor-cell
proliferation following testosterone
application
Increase of colon-tumor incidence in 14
castrated and AOM-treated Fischer
344 rats
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Table 2 (cont)

Estrogens

Decrease of mitotic rate in DMH-induced 61
rat colon tumors following
ovariectomy, reversible by estradiol
application (not reversible by
progesterone treatment: see below)
Growth-decrease of human colorectal 33
adenocarcinoma xenotransplanted
onto Balb/c nude mice

Progesterone

No effect on mitotic rate in 61
DMH-induced colonic rat tumors after
ovariectomy

Growth-decrease of human colorectal 33
adenocarcinoma xenotransplanted onto
Balb/c nude mice
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