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Summary:

The concept that E2 exerts an effect on the gastrointestinal tract is not new and its
actions on intestinal mucosa have been investigated for at least three decades. An
attempt to consolidate results of these investigations generates more questions than
answers, thus suggesting that many unexplored avenues remain and that the full
capabilities of this steroid hormone are far from understood. Evidence of its role in
esophageal, gastric and gallbladder cancers is confusing and often equivocal. The
most compelling evidence regards the protective role conferred by estrogen (or
perhaps ERP) against the development and proliferation of colon cancer. Not only has
the effect been described but many mechanisms of action have been explored. It is
likely that, along with surgery, chemotherapy and radiotherapy, hormonal
manipulation will play an integral role in colon cancer management in the very near
future.

Introduction:

Only a few decades ago, it was believed that the primary (and perhaps sole) function
of 178 estradiol (E2) was in the development of female secondary sexual
characteristics and subsequent regulation of reproductive function. However this has
been recognised as an over-simplification and there are few organs in which some
effect of E2 has not been described. From a neurological perspective, E2 may confer
protection against Alzheimer’s disease' through its direct action on mitochondrial
function. A protective role is described against the development of retinal
degenerative disease’, improvement of memory’, induction of cerebro-vascular
accidents’ ° and modulation of the sleep-wake cycle®. The role of E2 in both
development and prognostic prediction in breast ' and ovarian cancers ° is well
described and many therapeutic interventions (in the form of receptor modulation) are
in widespread use to this effect. Potent estrogenic effects on pulmonary vasculature
have been suggested as an explanation for the poorly understood but nonetheless
clinically apparent impact of gender in trauma, ischaemia/reperfusion, shock and
sepsis.” Epidemiologically, men are more likely to develop colon cancer than women
and hormone replacement therapy appears to confer an additive protective role.'® A
similar male predominance is apparent in esophageal and gastric cancers but evidence
as to the role of E2 is less convincing.

Methods:



A literature search was conducted using the PubMed database and the search terms
“estrogen”, “estrogen AND cancer” “estrogen AND esophagus” “estrogen AND
stomach” “estrogen AND gallbladder” and “estrogen AND gastrointestinal tract”.
Only studies published in English between 1967 and 2008 were included.
Bibliographies of extracted studies were further cross references. In all, 157 full text
articles were selected for review.

Estrogen- Mechanism of Action:

Genomic:

Members of steroid receptor superfamily (including ERa and ERB) exert their actions
through at least two diverse mechanisms- traditional transcriptional regulation of
target genes in the nucleus (genomic) or alternative mechanisms initiated at the cell
membrane and mediated by secondary messenger proteins (non-genomic) ''. As with
other steroid hormones, estrogens diffuse across cell membranes thus facilitating
potential regulation of intracellular (cytoplasm) signalling cascades. Genomic actions
involve the binding of estrogen to one of the receptor is forms, translocation to the
nucleus, induction of conformational change enabling coupling with estrogen
response elements and causing regulation of gene expression.'” These transcriptional
effects of E2 have a latency of onset of two to eight hours and may be sustained."

Non-Genomic:

More recently, effects of steroid hormones have been described which are too rapid to
be accounted for by altered transcription or translation. These are termed non-nuclear,
non-genomic or non-transcriptional effects. A single molecular mechanism has not
been elucidated but actions can be considered non-genomic when: (i) they are too
rapid to be compatible with RNA and protein synthesis (occur within minutes of
exposure to the hormone (ii) they can be reproduced in the presence of inhibitors of
RNA or protein synthesis (ii1) they can be reproduced by using steroid hormones
coupled to cell membrane impermeable molecules (iv) they occur in cells with highly
compacted chromatin in which RNA and protein synthesis are absent (spermatozoa)
or (iv) they are elicited via steroid hormones binding to receptors containing
mutations which make them incapable of activating transcriptional processes. '*
Various secondary messengers at cytoplasmic level have been described as mediators
of non-genomic actions of estrogen including protein kinase C ", intracellular
calcium '°, cytosolic cyclic AMP'” and GMP ' nitric oxide '’ and mitogen activated
protein kinase™. The understanding of the molecular basis of this non-genomic signal
transduction is important and may, in the future provide therapeutic windows for
various pathological processes.

Estrogen and Esophageal Cancer:




Esophageal cancer occurs more frequently in men than women?' and men progress to
invasive carcinoma from Barrett’s esophagus at twice the rate of their female
counterparts”>. While ER had been demonstrated in esophageal mucosa in 1983%, a
second isoform of the receptor was described in 19967 and this warranted further
characterisation and classification its presence in esophageal tissue. The presence of
ER-B was confirmed by immunohistochemistry in both esophageal adenocarcinoma
and Barrett’s esophagus cells with and without dysplasia®® ** and it was later
demonstrated that, when compared to Barret’s metaplasia negative for dysplasia,
esophageal adenocarcinoma significantly over expressed ERB.

Animal studies are equivocal, however, regarding the role of E2 in esophageal
carcinogenesis. While a protective role of ethinyl estradiol was suggested in the
presence of 0.1% N-ethyl-N-hydroxyethylnitrosamine27 the same paper demonstrated
a decrease in esophageal hyperplasia in rats pre-treated with 0.03% N-
nitrosopiperidine. ~The first convincing description of estrogenic inhibition of
esophageal cancer proliferation was in a cell line cultured from metastatic esophageal
tissue. °* An absolute response of this cell line (named KSE-1) was higher than that of
human mammary carcinoma cells but lower than that of non-malignant human
mammary epithelial cells. Inhibition of KSE-1 cell growth was dose dependant at
maximum concentrations as low as 10 > mg/ml oestradiol. A few years later an
estradiol sensitivity assay for use in oesophageal and breast cancer cell lines was
developed.”’ Again growth inhibition of KSE-1 cells was demonstrated and an affinity
of 4.2fmol/mg for estrogen receptors was described.

A Swedish epidemiological study examined males undergoing hormonal manipulation
for treatment of prostate cancer (increased estrogen and decreased testosterone level)
and its potential reduction of risk of developing esophageal carcinoma.’® A total of
100,215 patients were followed up for an average of 4 years. Relative risk was
calculated. No correlation, however, was evident between hormonal manipulation and
the relative risk of developing adenocarcinoma of the esophagus. Thus, despite a male
prevalence in the incidence of esophageal carcinoma, no convincing evidence has
been presented in animal or population studies and it appears less than likely that E2
per se is protective against esophageal cancer.

Estrogen and Gastric Cancer:

Epidemiological studies of the incidence and prevalence of gastric cancer also show a
worldwide male: female predominance in the order of at least 2:1 311t is believed that
some (not yet fully elucidated) role is played by female sex hormones in the process
of gastric carcinogenesis.”” It has been suggested that, not unlike breast cancer, later
age at menarche®, older menopause, and nulliparity®* are associated with increased
risk of development of gastric carcinoma in women. Japanese findings, however, were
not consistent with this and they concluded that although early estrogen exposure may
have some protective effect, female reproductive factors have no substantial influence
on gastric cancer development.” Female, castrated-male and estrogen-treated male
rats do, however have a lower incidence of chemically induced gastric cancer with
lower histological differentiation than non-treated male rats*® and estrogen receptors
have been isolated in many but not all gastric adenocarcinomas. >’ ** Comparison of
presence of estradiol in intracellular spaces of cancerous and non-cancerous gastric
epithelium using the avidin- biotin peroxidase complex and immunohistochemistry



revealed that estradiol was present only in the cytoplasm of cancer cells, and most
commonly in those with scirrhous growth pattern.”

Positive nuclear estrogen receptor immunoreactivity (ER-IR) or detection of D5
antibody (an estrogen receptor related protein) confers a worse prognosis™ *' , more
widespread lymph node involvement®, increased metastatic potential (specifically
ER-B isoform)* and has been previously correlated with a significantly lower 10 year
cumulative survival. ** The true impact of the presence or absence of ER on survival
has, however been challenged® and, with use of modified techniques (dextran coated
charcoal assay46 or flow cytometry47), no correlation between ER positivity and grade,
no difference in expression between cancerous and normal mucosa and no impact on
survival was demonstrated. Geographical inconsistencies have also been reported.*®
The true prognostic value of the presence or absence of ER in malignant gastric
mucosa remains to be elucidated and it may be that presence of ER is a feature of
normal mucosa rather than a function of malignancy. Perhaps available methods are
not yet sufficiently refined to differentiate ER with absolute certainty but, despite this
the evidence for the prognostic role of cathepsin D (an estrogen-regulated lysosomal
protease)*’ is convincing.

The fact that ER binding sites have almost identical biochemical characteristics to
those of breast and endometrial cancers is, however, highly suggestive of an
equivalent hormonal dependency of gastric cancer.” Following the description of ER-
B isoform by Kuiper ** and presentation of unequivocal evidence of the presence of
ER almost ubiquitously throughout the gastrointestinal mucosa, interest was re-ignited
in its potential role in gastric adenocarcinoma and indeed, the presence of ER-B (in
normal and abnormal gastric mucosa) was confirmed and a functional role in
carcinogenesis suggested. °' Perhaps it was the presence of various previously
undescribed ER isoforms that created technical difficulty in their detection and so led
to inconsistencies in results.

An effort to translate this new found knowledge of the role of receptors to therapeutic
use was unsuccessful as, not only did estrogen stimulate growth in gastric cancer cell
lines but so did its partial-agonist 4-hydroxytamoxifen.”®> Further evidence was
provided in a randomised control trial that ER positivity conferred a worse prognosis
but disappointingly the administration of tamoxifen at therapeutic concentrations did
not prolong survival.”® Conversely, more recent evidence suggests that patients treated
with tamoxifen may have an overall increased risk of development of gastric
carcinoma and a shorter latency period between the diagnosis of breast and gastric
cancer.”® A Chinese group™ hypothesised that, since the amplification of c-erbB-2
oncogene™® and its overexpression had been implicated in the advancement of gastric
carcinoma, and estrogen was known to inhibit its expression in breast cancer cell
lines, perhaps estrogen itself could be administered as a reasonable therapeutic option
for the treatment of gastric cancer. Soon afterwards a Swedish nationwide cohort
study examined the incidence of gastric cancer in men with prostate cancer treated
between 1950 and 1980 (when estrogen was the treatment of choice).”’ Those
exposed to therapeutic exogenous estrogens demonstrated a reduced incidence of
gastric cancer when compared to an age and sex matched population.

Much controversy and diversity exists among findings pertaining to the role of
estrogen in the development of gastric cancer. However, a few certainties prevail
throughout the decades: (i) Some protective role appears to be afforded to women
against the development of gastric carcinoma when compared to age matched male
counterparts, (ii) ER () has been isolated in gastric carcinoma mucosa, (iii) Both
estrogen and progesterone cause proliferation in gastric cancer cell lines. What



remains to be investigated is the true gradient in ER expression between malignant
and normal gastric mucosa and whether or not it carries a true clinical significance.

Estrogen and gallbladder cancer:

Because of the low incidence of gallbladder cancer worldwide, studies tend to be
small and many are inconclusive. A link between a woman’s age of first parity and
risk of developing gallbladder cancer has been suggested (reported that 1% parity
under 25 increases risk but over 30 confers protective effects)’®. However, this
appears to be an isolated finding in a single retrospective study and has not been
validated since. Estrogen receptor positivity in gallbladder cancer, when assessed with
a specific immunohistochemistry assay, was only weakly positive and felt to be of
questionable clinical significance.” Poorly differentiated tumours may, however, be
more likely to be receptor negative®, and evidence is increasing as to the correlation
of negative expression of ER B with increased metastatic potential® ® but, again, the
therapeutic implications are uncertain. A small Italian study demonstrated a link
between the use of postmenopausal hormone replacement therapy and an increased
risk of gallbladder cancer (n=31; Odds Ratio 3.2).** However, this has not been
shown elsewhere.

Estrogen and colon cancer

Colorectal cancer, like gastric and esophageal, shows considerable predilection for the
male sex. Furthermore, gender differences exist between type of cancer and location
within the colon with women displaying a higher relative incidence of right sided
tumours compared to men.** The lower incidence of colon cancer in pre-menopausal
women® has been attributed to the protective effect of estrogen and this is supported
by the widely recognised prolonged protection afforded by hormone replacement
therapy in the post-menopausal age-group.66 Kuiper’s description of a novel ER
isoform *" (ER P) in 1996 incited a resurgence of interest in the previously
unexplained preventative role of female sex hormones against development of colon
cancer. This new isoform has been shown by in situ hybridisation techniques®’ to be
more widely expressed in colonic epithelium than ER o and is thus felt to be
responsible for anti-proliferative estrogenic effects on the colonic mucosa. Higher ER
B expression has been shown to confer survival advantage in patients® and increase
viability in cell lines® and lower expression appears to mirror tumour de-
differentiation” in human and animal models’".

Many theories exist as to the mechanism of this protective action of ER 3 on colonic
mucosa and it is probably most likely that the effect is exerted through interaction of a
variety of concomitant events- both genomic and non-genomic. One hypothesis is that
ER B exerts a genomic action independent of E2 and this was substantiated by a study
in which human-colon-tumour-118 cells demonstrated only 20% of normal
proliferation related to the expression of cyclin E and cyclin-dependant kinase
inhibitor 1A in the absence of estrogen. "> It was surmised that these effects may have
been mediated by epidermal growth factor or insulin like growth factor 1. Much
debate exists as to how ER B induces apoptosis in colon cancer cells and potential
mechanisms that have been described include increased DNA fragmentation B
increased7 5p53 signalling ™ and induction of a caspase dependant pro-apoptotic
cascade.



Rapid non-genomic actions are the subject of much research worldwide and because
uncertainty exists as to what exact cellular messaging cascades are involved in these
non-genomic events, a wide variety of mediators have been examined. Whether or not
classical estrogen receptors are involved in this rapid signalling is uncertain but a
membrane bound receptor (which is dependant on palmitoylation for localisation) has
been described’® and is likely involved. It is not known whether ER B migration to
the cell membrane accounts for these actions or whether an entirely different receptor
isoform exerts the effects. /’ Furthermore, some evidence exists as to non-genomic
actions that occur independently of any known receptor, as proven by a rapid calcium
flux in ER negative SKBR-3 cells when exposed to E27%. It is felt that protein kinase
C is a most likely involved in mediation of this rapid action. Further putative
mechanisms of actions include p38 mitogen activated protein kinase leading to
caspase-3 dependant apoptosis’’, increased expression of vitamin D receptor mediated
by mitogen activated protein kinase 1 or 3% or ER P activation of p38 mitogen
activated protein kinase cascade®'. Unlike esophagus, stomach or gallbladder,
evidence of protective effects of estrogen against colorectal cancer is compelling.
Current controversies in the literature focus primarily on the mechanism(s) of these
actions. When these are fully elucidated, it is likely that hormonal manipulation will
provide as vital a role in the management of colon cancer as it currently does in breast
and prostate disease.

Discussion:

The concept that E2 exerts an effect on the gastrointestinal tract is not new and its
actions on intestinal mucosa have been investigated for at least three decades. An
attempt to consolidate results of these investigations generates more questions than
answers, thus suggesting that many unexplored avenues remain and that the full
capabilities of this steroid hormone are far from understood. While it appears intuitive
that E2 is protective against esophageal cancer (higher incidence and worse prognosis
in men), this hypothesis is supported by neither laboratory nor epidemiological
studies. Undoubtedly, estrogens are somehow implicated in the development of
gastric cancer (supported by both cell work and population studies) but therapeutic
potential of either E2 or its antagonists remains undescribed despite much
investigation. In the gallbladder, further controversy exists in that, although malignant
mucosa has stained positive for ER, no significant correlation with cancer free
survival or metastatic potential has been proven. (Table 1) The most convincing and
compelling evidence regards the protective role conferred by estrogen (or perhaps
ERp) against the development and proliferation of colon cancer. Not only has the
effect been described but many mechanisms of action have been explored. It is likely
that, along with surgery, chemotherapy and radiotherapy, hormonal manipulation will
play an integral role in colon cancer management in the very near future.
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Table

Cells Animals Epidemiology | Reference
Oesophagus Growth Equivocal Male>Female 21,27, 28.
Inhibition  of No correlation
KSE-1 Cells with hormonal
manipulation
Stomach Stimulation of | Lower Male>Female 31, 36,52
gastric cell | incidence in
growth (as did | female and
agonist castrated rats.
tamoxifen)
Gallbladder Correlation - Increased risk | 61, 62, 63
between with
expression of postmenopausal
ERB and poor HRT use
tumour
differentiation.
Colon Decreased Decreased Premenopausal | 65, 66, 71, 72
proliferation expression of | female<
(80%) in | ERB in higher | Postmenopausal
human-colon- | disease stage | female < Male
tumour-118 in mice
cells in the
presence of
estrogen

Table 1. Summary of Estrogenic effects on gastrointestinal malignancy.




