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Abstract

Ulcerative colitis (UC) is a condition at increased risk
for colorectal carcinoma (CRC) development. Nowa-
days, screening and follow-up programs are routinely
performed worldwide to promote the early detection of
CRCs in subjects with well known risk factors (extent,
duration and severity of the disorder). The diffusion of
these procedures is presumably the main reason for
the marked reduction of cancer incidence and mortal-
ity in the course of UC. In addition, chemoprevention
has been widely investigated and developed in many
medical fields, and aspirin has shown a preventive ef-
fect against CRC, while mesalazine has been strongly
invoked as a potential chemopreventive agent in UC.
However, available studies show some limitations due
to the obvious ethical implications of drug withdrawal
in UC in order to design a control group. The estrogen
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receptors (ER) alpha/beta balance seems to have a
relevant influence on colorectal carcinogenesis and ER
beta appears to parallel apoptosis, and hence an anti-
carcinogenic effect. Phytoestrogens are compounds
acting as ER beta agonists and have shown a promising
chemopreventive effect on sporadic as well as geneti-
cally inherited CRC. There is evidence suggesting a
role for ERs in UC-related carcinogenesis. In this per-
spective, since these substances can be considered as
dietary supplements and are completely free from side
effects, phytoestrogens could be an interesting option
for CRC prevention, even when the disease is a con-
sequence of long-term chronic inflammation, as in the
course of UC. Further studies of their effects are war-
ranted in both the basic research and clinical fields.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The present work outlines the main data re-
garding a possible involvement of estrogen receptors
in colorectal carcinogenesis, paying particular attention
to cancer arising in the course of ulcerative colitis. A
protective role for beta receptors has been suggested
by many studies. The challenge for the future could be
to devise chemopreventive strategies against colorectal
carcinoma employing estrogen receptor beta agonists,
such as phytoestrogens.
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ULCERATIVE COLITIS: FROM
INFLAMMATION TO CANCER

Ulcerative colitis (UC) is associated with an increased risk
of colorectal cancer (CRC), which has been related to the
long-standing chronic inflammation'". However, the mag-
nitude of the risk is difficult to estimate, as many factors
may bias study results” (.e., patient selection, number of
patients, completeness of case recruitment and ascertain-
ment and duration of follow-up)™”.

Castanio-Milla ez a/" reported an overall incidence
rate of CRC in UC of 1.67/1000 per year of disease
(PYD) and incidence rates per decade were estimated at
1.01/1000, 3.75/1000 and 5.85/1000 PYD for the first,
second and third decades, respectively. In a meta-analysis
of prospective population-based studies, Jess ¢ a/” found
that an average of 1.6% of patients with UC were diag-
nosed with CRC during the first 14 years of follow-up,
and the estimated standardized incidence ratio (SIR) was
2.39 (2.1-2.7). Recent time-trend studies also demonstrate
a decreasing risk of CRC in UC patients[(’]. In a recent
meta—analysism the incidence rate was found to have
decteased from 4.29/1000 PYD in studies published in
the 1950s to 1.09/1000 PYD in the studies published be-
tween 2000 and 2011.

As known, reported risk factors for CRC include ex-
tensive disease™”, young age at diagnosism, a family his-
tory of CRC", co-existing primary sclerosing cholangitis
(PSC)" and persistent inflammation of the colon!™*",

The pathophysiology of colitis-associated cancer
suggests the action of numerous positive and negative
regulators' . Positive regulators are pro-carcinogenic cy-
tokines such as tumor necrosis factor alpha (INF alpha),
that is over-expressed in a murine model of carcinoma
arising on colitis' ", interleukin (I)-6"" and 11.-21"" and
chemokines such as CCL2, whose expression is enhanced
by TNF alpha, causing the recruitment of macrophages
and monocytes“gj. Negative regulators include IL—lOm’ZUJ,
transforming growth factor beta (T'GF beta)?! and
MyD88, a Toll-like receptor adaptor, that has been found

to significantly reduce tumor number and size in the Ap-
min/+ [22,23]

mouse model of intestinal tumorigenesis

The progression from UC to CRC is a multistep
process in which the accumulation of genetic mutations
leads to the sequential evolution to low-grade dysplasia
(LGD), high-grade dysplasia (HGD) and finally to can-
cer™. The p53 tumor suppressor gene appears to be a
key factor in the initial steps of UC-associated colorectal
carcinogenesis, being the most frequent single founding
mutation in UC associated CRC*”, p53 is overexpressed
in 33%-67% of patients with dysplasia and in 83%-95%
of patients with UC-associated CRCP", Other genes
that undergo mutation in the following stages of carci-
nogenesis are kRAS, DCC, cyclin D, COX, iNOS, APC
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Figure 1 progressive steps of ulcerative colitis-related carcinogenesis,
genetic pathways and estrogen receptors alpha and beta patterns.

and beta-catenin (Figure 1), in a sequence that is sub-
stantially different from the classical adenoma-carcinoma
pathway[zs’zgl.

The essential morphological features of dysplasia,
are (1) nuclear alterations such as increased nuclear to
cytoplasmic ratios and hyperchromasia; (2) depletion of
goblet cells; and (3) abnormal architectural patterns cor-
responding to dysregulated cellular proliferation, such as
glandular crowding, a villous architecture and diminished
surface maturation. HGD differs from LGD in that there
are additional alterations, Ze., impaired cellular polarity
including loss of nuclear parallelism, stratification of
nuclei patterns such as a cribriform architecture. In most
cases, the nuclei in HGD show severe cytological aber-
rations such as irregular nuclear membranes, abnormally
prominent nucleoli or atypical mitotic figures™. The
progression of such alterations is accompanied by both
a progressive increase of epithelial proliferation and a re-
duction of apoptosis. This phenomenon starts as altera-
tions of glandular architecture (ie., shortening, loss of
parallelism, ramification and branching) which anticipate
the dysplasia onset”".

The potential risk of malignant degeneration of UC
to CRC has made it necessary to institute surveillance
protocols to achieve eatly recognition and treatment of
dysplastic lesions. The current evidence-based consensus
for endoscopy in inflammatory bowel disease!™ suggests
that surveillance should start when the risk starts to in-
crease, Ze¢., after 8-10 yeats from the onset of disease”.
This first colonoscopy also aims to reassess the extent
of disease, since this parameter has an impact on the
risk of CRC. After this first colonoscopy, patients with
high risk features (stricture or dysplasia detected within
the past 5 years, PSC, extensive colitis with severe ac-
tive inflammation, or a family history of CRC in a first
degree relative aged less than 50 years) should undergo
surveillance colonoscopy annually. Conversely, patients
with intermediate risk factors should have surveillance
colonoscopy scheduled every 2 to 3 years and those
without risk factors every 5 years. Biopsy sampling is fun-
damental: the American Gastroenterological Association
recommends extensive sampling, of a minimum of 33
specimens’, while, according to the British Society of
Gastroenterologym],two to four random biopsies every
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Figure 2 Estrogen receptors beta and interactions with genes involved in
the regulation of cell cycle. Estrogen receptors (ER) beta has an antagonist
inhibitory function, mediated by the down-regulation of proto-oncogenes c-myc
and cyclins (as indicated by minus sign next to the arrow on the left side) and
up-regulation of oncosoppressants p21 and p27 (as indicated by plus sign next
to the arrow on the right side). In the lowest part of the figure is indicated the
cell cycle phases and the site of its interaction with ER beta induced mediators
(G2 phase).

10 centimetres should be taken.

Compliance to surveillance protocols, as well as a
correct clinical overview of UC and the adequate phar-
macological management of the disease, have led to a
decreasing CRC incidence and mortality in uc?. In
1971, de Dombal™" reported a 5% cumulative risk of
CRC in a population from Leeds with extensive UC after
10 years and 41.8% after 25 years. Thirty years later, the
cumulative risks reported by Lakatos ¢z @/ had dropped
dramatically: 0.6% after 10 years, 5.4% after 20 years and
7.5% after 30 years of disease duration. These data testify
to the exceptional impact of surveillance in the natural
history of UC™. but we must consider that it is not the
only prevention strategy: other routes, such as chemopre-
vention, may have a remarkable effect.

ESTROGEN RECEPTORS

Modern medicine and oncology have been profoundly
affected by the discovery of the estrogen receptors (ERs),
a potential marker that plays a pivotal role in the patho-
genesis, prognosis and therapy of various cancers, such
as breast, prostate and colon. Estrogens can regulate the
growth, differentiation, and function of various target tis-
sues both within and outside the reproductive system!***!,
The most relevant event after the initial discovery of
these receptorsl42J was the identification of two subtypes,
ER alpha and ER beta, that are expressed at different
levels in each organ of the human body"’. Variations in
the phenotype of knock-out mice lacking ER alpha or
ER beta suggested that these receptors have different
biological activities™™. Moreover, i vitro and in vivo studies
in ER beta knock-out mice demonstrated that ER beta
is a modulator of ER activity, as it is able to reverse the
effects of ER alpha and to inhibit estradiol-dependent
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54 These experiments demonstrated that

ER alpha is a positive regulator of cellular growth, while
ER beta has an antagonist inhibitory function, mediated
by the down-regulation of proto-oncogenes (c-myc and

proliferation

cyclins) and up-regulation of oncosuppressants (p21 and
p27), resulting in cell cycle arrest™” (Figure 2). Experi-
ments showing that in various cancers ER alpha is over-
expressed and ER beta is down-regulated confirmed in
vitro studies and demonstrated that cell proliferation is the
result of a balance of ER alpha and ER beta**,

ESTROGEN RECEPTORS AND

COLORECTAL CANCER
The hypothesis of a possible link between CRC and ERs

was advanced after the publication of epidemiological

studies showing that females have a lower rate of colonic
adenomas and cancers than males before menopause
and that the differences progressively lessen after meno-
pausem. Similarly, both observational and interventional
data have shown that hormone replacement therapy de-
creases colonic adenoma and cancer risks””: in the last
40 years, a reduction of deaths from large bowel carcino-
ma has been observed in the United States. This reduction
was significantly higher in women (30%) as compared to
men (7%). In the same study, a link was obsetved between
oral contraceptive use and a reduction of colorectal can-
cer, whereas there was a higher than expected frequency
of colorectal tumors among non users’.

After the demonstration by our group that ERs are
expressed in the colonic mucosa™, Konstantinopoulos
et al”” demonstrated that ER beta is highly expressed in
normal colonic mucosa in humans, while it is significantly
reduced in CRC; this reduction is more pronounced in
the case of pootly differentiated tumors. Since the ma-
jority of CRCs are derived from adenomatous polyps (a
precancerous condition) our group recently evaluated the
expression of ER alpha and ER beta in the colonic tis-
sue of 25 patients with adenomatous polyps of the colon
and in 25 normal subjects”™”. ERs expression was then
correlated to proliferation and apoptosis. Our data con-
firmed that ER beta is the prevalent estrogen receptor in
normal mucosa and shows a significantly reduced expres-
sion in adenomatous polyps (Figure 3). In a successive
study, we confirmed that ER beta plays a primary role in
the regulation of colonic mucosa proliferation in patients
affected by Familial Adenomatous Polyposis (FAP)®",
an inherited disease characterized by an eatly inclination
to develop hundreds of polyps and consequently CRC.
Furthermore, ERs can even influence the prognosis of
CRC, as it has been demonstrated that patients affected
by CRCs with a minimal ERs expression had poor prog-
nosis and short survival™.

All these data confirm that sex steroid hormones are
involved in CRC development and suggest that ER beta
could play an important role in the early phase of the
carcinogenic process and hence could be a target in the
primary prevention of CRC™.
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Figure 3 Alpha and beta estrogen receptors balance in normal and neo-
plastic colon.

ESTROGEN RECEPTORS EXPRESSION
IN THE PROGRESSIVE STAGES OF
ULCERATIVE COLITIS-RELATED
CARCINOGENESIS

ER beta has been suggested to exert anti-inflammatory
and anti-tumorigenic effects in the colon, providing a
translational potential to prevent and/or treat inflamma-
tory bowel disease (IBD) and its progression to colitis-
associated CRC*™". Most studies in this field used a
consolidated animal model which accurately mimics the
carcinogenic model related to chronic bowel inflamma-
tion in mice (z¢., Azoxymethane/Dextran Sodium Sulfate
- AOM/DSS)"**,

Saleiro e al*" demonstrated that ER beta-deficient
mice developed more severe clinical colitis compared
to wild type mice, as evidenced by a significantly higher
disease activity index after DSS treatment, as well as the
inflammation score and grade of dysplasia. ER beta-
deficient colons presented a greater number and size of
polyps, and were characterized by a significant increase
in IL-6, IL-17, TNF alpha and interferon-gamma mRNA
levels as compared to wild type mice organs. Furthet-
more, higher protein expression levels of nuclear factor-
kappa B, inducible nitric oxide synthase (iINOS), beta
catenin, proliferating cell nuclear antigen, mucin-1, and
significantly lower caveolin-1 and mucin-2 protein levels,
were shown in ER beta knock-out mice compared to wild
type. These data suggest a possible anti-inflammatory
and anti-neoplastic mechanism of action of ER beta in
UC-arisen CRC. These results suggest that ER beta may
be protective in the AOM/DSS-induced CRC model in
mice, supporting a preventive and/ot therapeutic poten-
tial for the use of ER beta-selective agonists in IBD.

Fujii ez al®” performed a study to clarify whether
methylation analysis of the ER gene in non-neoplastic
epithelium can contribute to the prediction of an in-
creased neoplasia risk in UC patients. The study was
based on the assumption that the ER gene shows an age-
related methylation in the colorectal epithelium and this
phenomenon is frequently found in sporadic colorectal
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neoplasia, suggesting that it may predispose to colorectal
neoplasia. The results suggested that the analysis of ER
gene hypermethylation may be a potentially useful marker
for identifying individuals at increased risk of neoplasia
among those with long-standing and extensive UC. The
same group confirmed that the quantitative analysis of
ER gene methylation in non-neoplastic epithelium is a
marker for identifying individuals at increased risk of
neoplasia in long-standing and extensive uck,

A preliminary report by our groupm assessed the pat-
tern of ER-alpha/beta expression in relation to epithelial
apoptosis and cell proliferation in long-lasting UC. We did
not observe significant variations in ERs and their ratio
in UC compared to UC-low degree dysplasia. However,
there was a statistically significant progressive increase in
apoptosis in UC and in UC-dysplasia that, despite Ki-67
expression, revealed a more marked significant increase at
the same stages. This result, despite the small sample and
the inclusion of only low-grade dysplasia, suggested that
a possible ER-beta overseer of apoptosis/proliferation
is operative until the investigated stage of carcinogenesis
(Figure 1). In fact, in LGD we observed a high increase
in cell proliferation with invariable levels of ER beta, ac-
companied by mild increased apoptosis, that was presum-
ably unable to completely counter Ki-67 over-expression.
Further, we investigated ER beta, ER alpha expression
and their ratio in normal mucosa, in UC and in UC-low
and high grade dysplasia and CRC. ERs did not show sig-
nificant changes until LGD, while in HGD and UC-car-
cinoma there was a dramatic loss of ER beta expression
and the ER beta/ER alpha ratio. Apoptosis and the TU-
NEL/Ki-67 ratio demonstrated a statistically significant
progressive decrease from LGD to UC-carcinoma'™.

IS THERE A ROLE FOR
CHEMOPREVENTION?

The main risk factors for colorectal cancer are not suit-
able targets for therapeutic intervention, but primary
chemoprevention is an intriguing therapeutic option.
The question whether mesalazine could exert a chemo-
preventive effect has been raised and various studies have
investigated this aspect.

The mechanisms by which aspirin or non-steroidal
anti-inflammatory drugs (NSAIDs) act in the chemopre-
vention of CRC in non-IBD patients have not been en-
tirely elucidated. However, data on the chemopreventive
effect of aspirin and NSAIDs and CRC are supported by
a seties of independent lines of evidence. Indeed, several
epidemiological studies have shown an inverse correlation
between aspirin intake and the risk of CRC™7. Further-
more, studies on secondary chemoprevention reported
that aspirin intake was associated with a decreased risk
of adenoma recurrence!™". Aspirin and NSAIDs seem
to act by inducing apoptosis in the colonic epithelium
through the inhibition of cyclooxygenase (COX) activity
and arachidonic acid accumulation'™
suggests that COX inhibition can also change the activity

. Recent evidence
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of mitogen-activated protein kinases and NFxB™",

The analogies between acetyl-salicylic acid and me-
salazine (5-amino-salcylic acid), and the results obtained
by using acetyl-salicylic acid as a chemopreventive agent
in patients with sporadic colorectal cancer have prompt-
ed the study of potential chemopreventive effects of
mesalazine in inflammatory bowel disease. The results
of both epidemiological and experimental studies have
shown that long-term 5-amino-salicylic acid treatments
appear to have a chemopreventive effect. We can cite
two studies, by Eaden and Lashner, in which the relative
risk of CRC was estimated to be 0.18 and 0.88, respec-
tively”"™. In a group of patients affected by UC and
PSC, the risk was 0.88"". The evidence for this effect is
provided by retrospective and case-control studies, how-
ever, whose results do not reach the highest grades for
evidence-based recommendations. Indeed, not all clinical
studies reported favorable results regarding CRC in IBD
patients. Negative results were mainly reported in stud-
ies that elicited positive results with other drugs such as
folate or ursodiol™. The peculiarities of the cohorts en-
rolled in these studies (disease refractory to conventional
therapy, consideration for treatment with experimental
therapy, consultation for surgery) may account for the
negative outcome.

Positive results are supported by a series of experi-
mental studies demonstrating the multiplicity of actions
of 5-amino-salicylic acid, although data regarding the
chemopreventive effect of 5-amino-salicylic acid may not
be rigorous enough to meet the criteria for the highest
evidence-based medicine recommendations. A final con-
sideration is that suitable evidence may not be rationally
gained in this case, because discontinuation of 5-amino-
salicylic acid treatment would be unethical in patients
with UC™,

FUTURE PERSPECTIVES OF
CHEMOPREVENTION BY BETA
RECEPTOR AGONISTS

The data summarized in the previous sections suggest the
hypothesis that the loss of ER beta expression could be
a marker of colonic mucosa at increased risk for colonic
neoplasia and that the induction of ER beta with ER
beta-selective phytoestrogens could exert a chemopreven-
tive effect against CRC.

Observational data also suggest that phytoestrogen
intake may be associated with a decreased incidence
of advanced lesions in both men and women™*¥. The
mechanism of the putative protective effect of estrogens

and phytoestrogens on colonic neoplasia is not fully
understood, but it seems to be markedly different from
the one underlying the detrimental effect of estrogens in
breast cancer. In the breast, it is well established that the
detrimental effect is due to estrogen binding to the pro-
proliferative ER alpha, since a similar effect is not found

. . . 85
in women with ER-negative breast cancers™.
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Barone ¢ o™ have shown that the ER beta/ER alpha
ratio was lower in the normal small intestinal mucosa of
APC™ " mice than in syngenic APC wild type and this
phenomenon was associated with a decreased apoptotic
activity. The ER beta/ER alpha ratio and apoptosis were
normalized by supplementation with a combination of si-
lymarin and insoluble fibers. The combination also mark-
edly decreased the number and size of intestinal tumors
in APC™" mice™. Silymarin displays a full ER beta
agonist activity™™* and lignans also exert phytoestrogenic
activity™. Another study by our group[go] was a random-
ized, double blind placebo-controlled trial in patients un-
dergoing surveillance colonoscopy for previous sporadic
colonic adenomas. Sixty eligible patients were random-
ized to receive a placebo or active dietary intervention
with phytoestrogen supplements twice a day, for sixty
days before surveillance colonoscopy. The phytoestrogen
administration group showed a significant increase in
ER beta protein and a general trend to an increase in ER
beta, ER beta/ER alpha, TUNEL/Ki-67 ratio. Moteover,
a significant increase of ER-beta protein, mRNA and
labeling index (i.e., the percentage of ER-beta positive
cells at immunohistochemistry) and a decrease of ER-
alpha protein, as well as an increase in ER beta/ER beta
protein were observed in phytoestrogen versus placebo
group in patients without recurrent polyps. Therefore,
the role of ER beta on the control of apoptosis, as well
as its amenability to dietary intervention, were supported
by this study.

Finally, 90-d supplementation with phytoestrogens
was efficacious in reducing polyp number and size in re-
current duodenal adenomas of patients with FAP with an

ileal pouch-anal anastomosis”".

CONCLUSION

UC is a condition that increases affected patients’ risk
for CRC development. Nowadays, specific screening and

follow-up programs, based on epidemiological and clini-
cal parameters, are routinely performed to promote the
carly detection of CRC onset. This practice has induced
a matked reduction of the cancer incidence and mortality
in subjects with UC.

Chemoprevention is an interesting topic which has
been widely investigated and developed in many medical
fields". Aspirin has shown a preventive effect on CRC
onset, and mesalazine has been strongly invoked as a po-
tential chemopreventive agent against carcinoma arising
inuc™,

The ER alpha/beta balance seems to have a relevant
influence on colorectal carcinogenesis and ER beta ap-
pears to parallel apoptosis, thus exerting an anti-carci-
nogenic effect”™. In preliminary studies phytoestrogens,
which are able to act as ER beta agonists, have shown
promising chemopreventive effects on sporadic as well
as genetically inherited CRC. In view of the strong evi-
dence of a role for ERs in UC-related carcinogenesis,
and taking into account the fact that phytoestrogens can
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be considered as dietary supplements and are completely
free from side effects, they offer interesting prospects for
CRC prevention even when the disease is the long term
consequence of chronic inflammation.

In conclusion, ERs have a role in the development of
all different types of CRC™ (sporadic, genetic and post-
inflammatory). Their targeted use is, therefore, a fascinat-
ing field for both basic and clinical investigations in order
to elucidate the underlying pathophysiological, prognostic
and therapeutic aspects.
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