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Abstract

Pancreatic adenocarcinoma remains a chemotherapy resistant and refractory
malignancy with high mortality, unaffected by recent progress in anticancer
treatment. Expression of estrogen receptors was detected almost 50 years ago,
in both benign and malignant pancreatic cells. However, early preclinical
studies in pancreatic cancer led to contradictory findings, and most clinical
studies failed to demonstrate an effect with tamoxifen treatment. The
identification of a second form of estrogen receptor seems to provide some
explanation for these discrepancies. Predominantly expressed in malignant
cells, and structurally different to what was considered the only estrogen
receptor, Estrogen Receptor 8 was recognized as a negative prognostic factor
as well as a possible therapeutic target in pancreatic ductal adenocarcinoma.
Therefore, findings of research prior to the identification of Estrogen Receptor
B should be reconsidered and further studies should be designed to re-assess
the expression and effect of this specific Estrogen Receptor type in pancreatic

cancer.
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Main text
Introduction

Over the past 30 years, cancer treatment has achieved astonishing milestones.
A steady decrease in cancer mortality has been documented in all surveillance
programs, and mortality of malignancies such as lung cancer in men and breast
cancer in women has decreased from peak by almost 50%." In this auspicious
context, pancreatic cancer is the unfortunate exception. According to
predictions, in 2020, 47000 deaths are expected in the United states?® and
almost 46000 in Europe.! These numbers correspond to an increase of about
0.1% per year over the past decade, leading to a 5-year survival of 9%, the
lowest among estimations of common cancers.? Interestingly enough, this is
despite the relatively smaller increase in incidence of pancreatic cancer, as
opposed to other malignancies, which reveals a gap in the effectiveness of
respective treatments. In other words, despite ground-breaking discoveries in
cancer molecular biology and treatment, effective treatment for pancreatic
cancer, and especially inoperable stages, is still lacking. Researchers have
tried to identify why pancreatic cancer remains one of the most chemotherapy
resistant and refractory types of malignancies. Dysregulation of pivotal
pathways® and immune evasion* seem to contribute to this aggressive
behavior, that leads to failure of most modern anticancer approaches. In
situations like this, when mainstream methods do not yield the desired results,
thinking outside the box might help. With regards to pancreatic cancer, that
might involve looking into pathways and treatments that were previously

abandoned but under the light of recent evidence, might merit reconsideration.



Almost 50 years ago, Sandberg et al noticed that estrogen receptors existed in
pancreas, which till then was not considered a target of the relevant pathways.®
The sophisticated economy of multicellular organisms guaranteed that this
could not be random, therefore authors wondered what role estrogens might
play in pancreatic cells’ physiology. Gradually, research revealed that
estrogens are involved in the endocrine function of beta-cells® but also in the
tumorigenesis of several types of pancreatic neoplasms.” This observation,
along with the epidemiological observations regarding deviating incidences in
females, pregnancy and oral contraceptive administration®, as well as the
histological observation of presence of ovarian-type stroma in pancreatic
lesions®, quickly created optimism that a novel therapeutic approach in
pancreatic cancer might emerge.’®'2 However, initial enthusiasm was
succeeded by skepticism as early studies did not demonstrate a significant
impact with tamoxifen treatment in unresectable pancreatic ductal
adenocarcinoma.'®'*  Consequently, research interest declined until
Mosselman et al identified another isoform of the estrogen receptor (ER),
leading to the differentiation of ER-alpha and ER-beta.’™ It soon became
apparent that various cell types differentially express the two aforementioned
isoforms, immunohistochemical methods mainly assess the presence of ER-
alpha and established antagonists might not be equally effective in tissues that
predominantly express ER-beta.'® This finding reignited interest in the
correlation between ER and pancreatic cancer, with recent studies confirming
the higher expression of ER-beta and its prognostic as well as potentially

therapeutic role.'”-18



This study aimed to review the historical evolution of research, to identify the
evidence around the critical turning point, and to highlight current and future

perspectives regarding ER and pancreatic cancer.

Materials and Methods

A systematic literature search was carried out, including three independent
databases (Pubmed, Library of Congress and LISTA). Two blocks of search
terms were created, the first one including the terms “oestrogen” and “estrogen”
and the second one including the terms “pancreas” and pancreatic”. Specific
blocks for cancer and receptors were not used, as the anticipated large
variability in relevant terms would make search too complex and thus not
reproducible. Therefore, four total combinations were sought in tile and in
abstracts, without any restriction regarding year of publication. Search was
limited to articles written in English language. Duplicates were removed, and
abstracts and full texts were accessed to assess for relevance, focusing on
pancreatic adenocarcinoma. Finally, references of maintained articles were
reviewed to identify any further articles, missed during the aforementioned

process.

Results

Initial search yielded 859 articles and eventually 42 articles were identified as
relevant to the topic and are discussed below. Figure 1 depicts the flow of the

search process.



Early years

In 1973, Sandberg et al described the presence of a cytosol protein that binds
estriol and estradiol-17, in three different species, including humans.® Five
years later, the same research group published two more studies. The first one
aimed to assess if this binding protein was also expressed in cells of other non-
target organs and found that it was only present in pancreas, suggesting some
type of specialized action.'® The second study focused on the expression of the
estrogen-binding protein in the exocrine cells of the pancreas and prostate.?°
High expression of the protein as well as high affinity for estrogens was
confirmed and authors reiterated the need for further research to elucidate the
role of estrogens in pancreatic cell biology. The first studies correlating
pancreatic malignancies and ER were published at the same time. Molteni et al
confirmed ER binding activity in rat pancreatic cancer model?' suggesting that
estrogens might be involved not only in normal pancreatic tissue metabolism
but also in pancreatic malignancies development. Moreover, Greenway et al,
reported high affinity binding, both in the cytosol as well as in the nucleus of
pancreatic cancer cells, deriving from 6 patients with pancreatic
adenocarcinoma.’ In the same study, authors examined pancreatic tissue from
5 fetuses and ER activity was high too. Therefore, authors supported that
estrogens might be associated with cell proliferation, in fetal life and
malignancy, and were the first to suggest that ER might serve as a target for
anticancer treatment. Pousette et al went on to further describe ER
macromolecule, confirmed the binding properties of the purified protein and
following the example of estramustine in prostate cancer, suggested that

estrogen-based cytotoxic agents could benefit pancreas cancer patients as



well.?2 The same team were the first to design a clinical study to assess the
efficacy of tamoxifen, and reported their preliminary results in 1983'°, a decade
after the first relevant study. In 14 patients that were treated with the estrogen
antagonist for unresectable pancreatic adenocarcinoma, median survival was
8.5 months. Although this was not a comparative study, at that time, reported

median survival of patients at the same stage was 2.5 months.

For the following five years, until 1989, research mainly revolved around further
characterization of molecular properties and, binding and nuclear presence of
ER'23-26 while studies in the ‘90s focused more on the potential therapeutic
role of ER. Based on the epidemiological observation that males developed
pancreatic cancer more frequently than females, and pre-menopause females
had a higher risk post oophorectomy, some researchers suggested that
estrogens might have a protective role against pancreatic cancer and
consequently estrogens could be admitted with a preventive or curative
intent.?”-28 Another research group tested various hormonal manipulations such
as castration, ovariectomy, and administration of estradiol, tamoxifen and
testosterone in Fischer rats, and found that estrogens attenuated nodules of
precancerous pancreatic acinar cells.?®>3° Further research in Lewis rats
demonstrated a protective role of estrogens against precancerous and
cancerous lesions of the pancreas, while tamoxifen did not demonstrate a
benefit.>' Contrary to this concept, Benz et al documented an inhibitory activity

of tamoxifen, danazol and especially of progestins in MiaPaCa cell lines.3?

In four studies that examined pancreatic cancer tissue, only one specimen out
of 80 was found positive for ER expression.33-3¢ In terms of clinical studies

regarding treatment with tamoxifen, two groups reported improved median



survival in patients with unresectable pancreatic ductal adenocarcinoma. The
first study demonstrated a median survival of 7 months in 10 patients®” and the
second one 7 months in 24 patients3®, with a median survival of historic control
groups of 2-3 months. Another cohort study did not detect any response in 14
patients.® Bakkevold et al randomized 176 patients with unresectable
pancreatic ductal adenocarcinoma, into one group of 92 patients that received
tamoxifen and 84 that received placebo and detected no statistically significant
difference in median survival (115 vs 122 days).'® They did however detect a
subgroup of patients, consisting of females with N1TMO disease, with a median
survival of 191 days in the tamoxifen group versus 45 days in the placebo group
(P = 0.011) but argued this was incidental rather than treatment related. This
was the first suggestion in literature that a subgroup of patients might exist, with
specific biological characteristics that might benefit from ER targeted treatment.
Taylor et al, randomized 44 patients of the same disease and stage as the
aforementioned study, and presented a median survival of 75 days in the 22
patients that received tamoxifen versus 131 days in remaining patients of the

placebo group (P = 0.2)."

In order to shed some light in this discrepancy, Kuramoto et al examined 7
different pancreatic cancer cell lines. They found that tissue plasminogen
activator correlated with the functional state of ER.#° Moreover, testing various
ER modulators, they found that medroxy-progesterone acetate had a significant
antitumor effect in 3 cell lines. Finally, Singh et al determined the quantity of ER
messenger RNA in pancreatic cancer tissue, and they found that even in those
positive for ER, the actual quantity is very low.*' Therefore, authors argued that

this might be the reason why immunohistochemistry studies might fail to detect



the presence of ER, and thus relevant treatment might only be effective in the
subgroup of patients with significant amounts of ER. These two studies
suggested that both ER expression assessment as well as therapeutic targeting

need to be more precise and focused on specific subgroups of patients.
ER-a versus ER-3

The field was meant to change in 1996 when Mosselman et al described
another estrogen receptor, with extensive similarities to the already known and
investigated receptor, now named ER-[3 as opposed to the novel ER-f3, but also
some differences that could expect different biological function.'® The authors
suggested that Northern blot technique was not accurate in terms of ER-3
detection, which could be the reason why previous studies failed to detect it.
Moreover, small structural differences might mean that ER- has a lower affinity
for previously examined ligands and targets different gene targets. Overall, they
concluded that cloning of ER-B mandated re-evaluating findings of previous
studies. Two studies from the same research group demonstrated that higher
ER-B expression, in both its unphosphorylated and phosphorylated forms, is
associated with adverse prognosis following resection of pancreatic ductal
adenocarcinoma. The first study was conducted on specimens obtained from
84 patients and ER-B positive patients had a median survival of 13.5 months
compared to 23.5 months for those ER-f3 negative (P = 0.029), which was also
confirmed in multifactorial analysis (hazard ratio, 1.938, P = 0.047)."” The
second study examined the phosphorylated form of the receptor in 175 patients,
with similar findings associating higher expression with lower median survival
(29 versus 15.1 months, P = 0.016), again confirmed in multifactorial analysis

(hazard ratio, 1.9, P = 0.013).#2 Kondoh et al finally demonstrated that 15-



deoxy-A12,14-prostaglandin-J2 inhibits MAP kinase signaling, thus reduces
ER-B phosphorylation and consequently downregulates the expression of

human telomerase reverse transcriptase, with a final apoptotic effect.*®

The importance of structural differences between ER-a and ER-B was
seconded by Barkhem et al who examined the interaction of known ligands and
the two receptors.’® Tamoxifen for instance had a partial agonist/antagonist
effect on ER-a but a pure antagonist effect on ER-B. They thus suggested that
ER modulation effect should be studied through receptor-specific ligands. The
hypothesis that the two receptors are not equally expressed in all types of cells
was confirmed by Iwao et al that compared the differential mMRNA expression
of ER-a and ER-B in pancreatic and breast cancer.** They found that ER-a
mMRNA was higher in ER-positive breast cancer, ER-B mRNA was higher in ER-
negative breast cancer, ER-a/ER-B mRNA ratio was significantly lower in
pancreatic cancer. Konduri et al assessed this ratio in 8 pancreatic
adenocarcinoma cell lines and found that ER-3 expression was higher than that
of ER-ain 7 out of 8 cell lines.*® This ratio correlated with estradiol and genistein
effect and the addition of the latter two ligands was attenuating the cytotoxic
effect of gemcitabine. Authors thus concluded that only selective ER-
antagonists could possibly demonstrate an antitumor effect. Towards this
direction, Martin-Santamaria et al, synthesized 4 new compounds that can be
used as scaffolds to create ER ligands with tailored affinity and
agonist/antagonist action.*® Two of these actually demonstrated antitumor
effect in in vitro studies of Panc-1 and L36PL cell lines. The authors also

explained that their findings could lead to the development of agonists



exclusively for ER-B, with subsequent use in further research and targeted

anticancer therapy.

Conclusions

The detection of estrogen receptors in pancreatic cancer cells raised hopes that
a novel therapeutic target could emerge. Despite early encouraging results,
subsequent studies did not demonstrate a consistent expression pattern and
clinical trials with tamoxifen did not demonstrate a statistically significant
benefit. Further studies revealed a second type of receptor, namely ER-f3, with
different properties compared to the ER-a, which was till then though to be the
only one. Its prognostic as well as potential therapeutic role have been
supported by in vitro and clinical studies recently. There are certainly aspects
regarding expression assessment, function and therapeutic implementations
that have not been elucidated yet. It is thus suggested that further studies
should be designed to examine the role of ER-3 specifically in order not to miss

a possible opportunity to gain ground against a stubborn, lethal disease.
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Figure legends

Figure 1. Flow-chart of literature search process



