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INTRODUCTION

Cholangiocarcinoma is a malignant tumor, which
originates from cholangiocytes, the epithelial cells lining
the biliary tree (Mallu and Gores, 2006). Cholangio-
carcinoma 1s one of the cancers with the worst prognosis
with the 5-years median survival rate only 7-8% and the
median survival time only seven months (Malhi and
Gores, 2006; Lazaridis and Gores, 2005, 2006). Recent
epidemiological studies show an mereasing incidence
and prevalence over the last 3 decades (Malhi and Gores,
2006; Lazaridis and Gores, 2005, 2006). Tt has been
calculated that the incidence correlates te 2,000-3,000
cases per year in the United States, doubling in
South East Asia and Eastern Europe, probably in
relation with the different distribution of risk factors
(Malhi and Gores, 2006; Lazaridis and Gores, 2005,
2006). Nevertheless, intra-hepatic and extra-hepatic
cholan-giocarcinoma show different epidemioclogical
characte-ristic (Malhi and Gores, 2006, Lazaridis and
Gores, 2005, 2006). In fact, the intra-hepatic form is
mereasing 1n ncidence and mortality, whereas the
extrahepatic form is stable (Lazaridis and Gores, 2005).
Unfortunately, the late diagnosis causes this cancer to be
surgically unresectable in more than 50% of the cases
(Lazaridis and Gores, 2006). Furthermore, common
chemotherapies are virtually ineffective and therefore the
mortality rate for cholan-giocarcinoma has
virtually unaffected by medical attempts in the last years
(Malhi and Gores, 2006; Lazaridis and Gores, 2005, 2006).

In the last years, progress in cell and cancer biology
lead to important advances in the therapeutic approaches
to different neoplasms (Fava et al., 2006, Cordera and
Jordan, 2006). This 1s especially true for hormone-
dependent cancers including neurcendocrine tumours as
well as prostate and breast cancer (Cordera and Jordan,
2006). In this latter case, the demonstration of estrogen-
dependence and effectiveness of Estrogen Receptors (ER)
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selective modulators radically changed the clinical
course of the disease (Cordera and Jordan, 2006). Cancer
biology of cholangiocarcinoma is still scarcely known
and biological treatment applied only in single cases
(Fava ef al., 2006). Recent studies suggest that estrogens
play a role m the cancer biology of cholangiocarcinoma
(Alvaro et al., 2006, Mancino et al., 2006). The aim of this
study is to revise recent studies dealing with the role and
mechanisms by which estrogens modulate growth and
proliferation of cholangiocarcinoma cells.

ESTROGENS, ER AND THE LIVER

Estrogens induce the proliferation of normal and
neoplastic cells expressing Estrogen Receptors (ER) by
both genomic and non-genomic pathways where
multiple signalling transduction pathways are mvolved
(Eagon et al., 1985, 1996; Blum and Cannor, 1998). ER
are tran-scription factors that exist in an inactive
apoprotein state either in the cytoplasm or in the nucleus
{(Eagon et al., 1985, 1996, Blum and Cannon, 1998). Once
bound by estrogens, ER undergoes conformational
changes allowing the receptor to bind DNA elements in
target gene promoters and activate transcription
(Eagon et al., 1985, 1996, Blum and Cannon, 1998;
Fisher et al., 1984). Two mam ER subtypes are known,
ER-¢ and -p (Kuiper et al., 1998, Mosselman et al., 1996,
Barkhem et al., 1998; Paige et al., 1998; Wakeling et al.,
1991). Depending on the expression of ER subtypes,
estrogens may activate different signalling pathways,
which are via homodimers in cells expressing only one ER
subtype or via hetero-dimers in cells expressing both ER
subtypes (Kuiper ef al., 1998; Mosselman et af., 1996;
Barkhem et al., 1998; Paige et al., 1999, Wakeling ef af.,
1991). ER-¢ and -p also showed different sensitivity to
antiestrogens (Barkhem et al, 1998, Wakeling et al.,
1991). ER are expressed in hepatocytes, where estrogens
may play a role 1 the process of growth and regeneration
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(Francavilla et al., 1989, Migliaccio et al., 2002). After
partial hepatectomy, for example, ER expression in
hepatocytes increases together with their translocation to
the nucleus, where they induce DNA synthesis and allow
restoration of normal liver mass (Francavillla et al., 1989).
Estrogens are also mvolved in liver growth in the neonate
and long-term administration in the adult induces
enlargement of liver mass (Francavillla et al, 1989).
Recently, we showed that estrogens play a key role in
modulating cholangiocytes proliferation by activating
both a direct (genomic) and indirect (non genomic)
pathway and mvolving mtracellular cascade (Ras/Raf/Erk)
that are typical of Growth Factors, Including IGF1
(Insulin-like Growth Factor 1) (Alvaro et al., 2000,
2002 a, b, 2004, 2005, Gigliozzi et al., 2004).

ESTROGENS AND CHOLANGIOCARCINOMA

In different type of cancers, estrogens also act by
mnducing the synthesis and release of growth factors and
cytokines other than synergizing the effects of growth
factors and, in doing so, favour the growth, proliferation
and spreading of tumour mass (Wimalasena et al., 1993).
In addition, a recent emerging concept 1s that estrogens
may affect neo-angiogenesis, which is a fundamental
step m cancer growth, mvolving multiple mechanisms
and complex loops of growth factors and cytokines
(Ferrara and Kerbel, 2005).

We have recently investigated the expression of ER
i humean intrahepatic chelangiocarcinoma and human
cholangiocarcinoma cell lines and evaluated the role of
estrogens 1n the modulation of neoplastic cell growth
(Alvaro et al., 2006). Eighteen biopsies of patients with
intrahepatic cholangiocarcinoma, presenting as a single
mass lesion within the liver, were investigated. While
cholangiocytes of normal liver were negative, 18 out of 18
patients with intrahepatic cholangiocarcinoma showed
an intense positive staining for both ER-¢ and -p. Most
importantly, immunochistochemical positivity involved
more than 80% of the cholangiocarcinoma cells with a
staining involving both the cytoplasm and nucleus,
the latter bemg indicative of activated receptors
(Alvaro et al., 2006). The patients investigated were post-
menopausal females or males, all with normal bilirubin
serum levels and this should exclude that serum estrogen
levels have mfluenced the immunolistochemical expre-
ssion of ER. Very importantly, in spite of differences in
sex, age and degree of tumour differentiation, the ER
immunohistochemistry  showed very homogeneous
features suggesting that the intense positive staining for
ER represents typical characteristics of cholangioc-
arcinoma. When compared with benign cholangiocyte
proliferation associated with human cholangiopathies

75

(Alvaro et al., 2004), the immunohistochemical expression
of ER-B was similar between cholangiocarcinoma and
cholangiocyte  proliferation associated with primary
biliary cuthosis, primitive sclerosing cholangitis and
alcoholic cirrhosis while, in contrast, the expression of ER-
o was 4 fold higher, suggesting a role in cancer
progression. Recent studies, in fact, suggest that a high
ER-a/-B ratio characterizes malignant versus benign
proliferation of ER expressing cells (Bardin ez al., 2004,
Diel, 2002; Lau et af., 2000, Girault ef af., 2004; Sampson
et al., 1997). ER-¢ expression was always linked with a
positive modulatory effect of estrogens on proliferation
and growth (Bardin et al., 2004; Diel, 2002; Lau et al.,
2000; Grrault ef al., 2004; Sampson et al., 1997). The ER-B
is highly heterogeneous, being constituted by different
splice variants (Lau et af., 2000). However, recent studies
indicate an antiproliferative effect of this receptor subtype
(Lau et al, 2000). Recently, a decreased expression of
ER-B (mRNA and proteins) or an increased ratio
ER-a/ER-[3 has been described in tumour versus normal
tissues, including ovary, prostate, colon and breast
cancers (Bardin ef ai., 2004, Diel, 2002; Lau et af., 2000,
Girault et af., 2004; Sampson et al., 1997). Inthese tissues,
neoplastic transformation and progression have been
associated with an up-regulation of ER-¢ and down-
regulation of ER-B, indicating an opposite role of the two
receptor subtypes in modulating estrogen-dependent
neoplastic cell growth (Bardin et al., 2004; Diel, 2002;
Lau et al., 2000, Girault et al., 2004, Sampson et al., 1997).
However, further studies aimed at nvestigating the

isoforms of ER-0 preferentially expressed during
neoplastic  cholangiocyte  proliferation  should be
performed.

To evaluate, the role of estrogens on malignant
cholangiocyte proliferation, we investigated different
cholangiocarcinoma cell lines and found that only the cell
line derived from human intrahepatic cholangiocar-
cinoma, HuH-28, expressed the protein (western-blot) of
ER-¢ and -p as did the human cholangiocarcinoma
biopsies (Alvaro et af., 2006). In previous studies, ER
were detected by immunoprecipitation in cholangio-
carcinoma cell lines (OZ and SK-ChA-1) but immunchisto-
chemical analysis was negative in both cell lines (O7 and
SK-ChA-1) and biopsies of human chelangiocarcinoma
(Sampson et al., 1997, Nash et al., 2003). However, at
variance with the present study, antibodies not specific
for ER subtype were used (Sampson ef af., 1997;
Nash et al., 2003). HuH-28 cells also express IGF1 and
IGF1-R with a level of protein expression (western-blot)
similar to cell lines derived from colon or hepatocellular
carcinoma where IGF1 is thought to play a key role in
modulating neoplastic growth (Diel ef al., 1999; Surmacz,
2003). Therefore, we used HuH-28 cells to evaluate the
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role of estrogens and IGF1 in modulating neoplastic
cell growth. By studying a human intrahepatic
cholangiocarcinoma cell line (HuH-28), that similarly to
intrahepatic cholangiocarcinoma, over expresses ER-q,
IGF1 and IGF1-R, we showed that IGF-1 and estrogens
stimulate proliferation with additive effects (Alvaro ef al.,
2006). Both ER antagonists (Ici 182,780) and IGF1-R
blocking antibody (¢IR3) inhibit the proliferative effects
of estrogens and IGF-1 on HuH-28 cells (Alvaro ef af.,
2006). Moreover, IGF-1 and estrogens exert additive
effects on HuH-28 cell proliferation where IGF1-R seems
to play a primary role (Alvaro ef al., 2006). We have
shown, in fact, that IGF1-R blocking antibody (zIR3)
partially inhibited the effects of 17[(-estradiol and
transfection of HuH-28 cells with IGF1-R antizsense
oligonucleofides caused a marked impairment of HuH-28
cells proliferation (90% decrease of PCNA expression)
(Alvaro ef al., 2006). In estrogen sensitive tissues, a
cross-talk between IGF1 and estrogens play a major role
in the modulation of cell proliferation, where estrogens act
at several points of the IGF signal transduction pathway
(Kehlert ef /., 2000; Adesanya ef al., 1999; Stephen et al.,
2001; Zhou &f al., 2001; Kassem &f af., 1998; Cardona-
Gomez ef al., 2001). Estrogens may not only regulate
the expression of IGF1-R and IGF1-binding proteins
but also that of crucial down-stream proteins
including IRS1, the IGF1-R tyrosine kinage main
substrate (Kahlert ef /., 2000; Adesanya of al., 1999;
Stephen ef al.,2001; Zhou of «l., 2001; Kassem ef al.,
1998; Cardona-Gomez 2f 2l., 2001). Finally, the signaling
activated by estrogns and IGF1 may converge at different
common fransduction pathways, including ERK and
phosphatidylinositol-3 kinase/Akt pathway (Kahlert of al.,
2000; Adesanya et al., 1999; Stephen ef al., 2001;
Zhou ef «f., 2001; Kassem ef af., 1998; Cardona-Gomez
et al.,2001). In proliferating HuH-28 cells, we found that
both IGF1 and 17[-estradiol increase the protein
expression of phosphorylated (p)-ERK1/2 and p-AKT and
a further increase occur when the two substances are
added together, suggesting convergence of the two
agents into these signaling pathways (Alvaro ef ¢l., 2006).
In addition, ER-¢ and IGF1-R, once activated co-
precipitate and, their activation is potentiated by their
coupling (Kahlert ¢f a!l., 2000). Nevertheless estrogens
can modulate other important mechanisms involved in
cholangiocarcinoma growth such as COX-2 (Mali and
Gores, 2006; Lazaridis and Gores, 2005, 2006; Bruegg-
emeier and Diaz, 2006; Hermenegildo ¢f a!f., 2006). These
new evidence highlights the role of estrogens and IGF1 in
regulating the growth of human cholangiocar-cinoma
(Fig. 1) and suggests that therapeutic strategy based on
the modulation of ER and/or IGF1 system could be helpful
for the management of this cancer.
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Fig. 1: Estrogens, IGF1 and VEGF Interplay in the
modulation of cholangiocarcinoma proliferation.
Estrogens induce the  proliferation  of
cholangiocarcinoma cells by multiple mechanisms
including: a) direct effect; b) the confluence with
IGF1 and VEGF in common infracellular
pathways (Ras/Raf/SRc/Shc/ERK1-2 pathway)
and; c) the induction of synthesis and release of
IGF1 and VEGF which in tum, through an
autocrine mechanism, further enhance
proliferation

ESTROGENS, CHOLANGIOCARCINOMA AND
CANCER NEO-ANGIOGENESIS

Neo-angiogenesis is a fundamental step in cancer
growth that involves multiple mechanisms and complex
loops of growth factors and cytokines (Ferrara and
Kerbel, 2005). Recently, a number of different
observations indicate that estrogens play a major role in
the induction of neo-angiogenesiz in estrogen-sensitive
cancers (Hyder, 2002; Ruohola £ 2!., 1999; Nakamura 2
a1.,1999). The Vagzcular Endothelial Growth Factor (VEGF),
which iz a main player in the mechanizms underlying neo-
angiogenesis, has been conszidered to be responszible for
the angiogenic action of estrogens in both normal and
neoplastic tissues (Hyder, 2002; Ruohola ef al., 1999;
Nakamura ef @l., 1999). A number of different obser-
vations indicate that estrogens play a major role in the
induction of neo-angiogenesis in estrogen-sensifive
cancers (Hyder, 2002). VEGF, which is a main player in the
mechanisms underlying neo-angiogenesis, has been
considered to be responsible for the angiogenic action
of estrogens in both normal and neoplastic tissues
(Hvder, 2002; Ruohola ef al.,1999; Nakamura ef af., 1999).
We recenfly investigated whether estrogens promote
the proliferation of HUH-28 cells by inducing the VEGF
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system. HuH-28 cell line derived from human intrahepatic
cholangiocarcinoma express VEGF-A, VEGF-C and their
receptors (VEGFR-1, -2, -3). Estrogens markedly enhanced
the expression of VEGF and VEGF-R m HuH-28 cells in
association with stimulation of cell proliferation (Mancino
et al., 2006). We first showed that HuH-28 cells express
the 3 different VEGF receptors (-1, -2, -3) other than
protemns for VEGF-A and VEGF-C (Mancimo ef af., 2006).
This is in keeping with what is demonstrated in surgical
samples of human intrahepatic (Park et al., 2006) and
extrahepatic cholangiocarcinoma (Ogasawara ef af., 2001)
which showed immunolistochemical positivity for
VEGF. As far as intrahepatic cholangiocarcinoma is
concerned, more than 70% of surgical samples showed
immunchistochemical positivity for VEGF-C, wlch
represented an independent and important prognostic
factor, suspected to play an important role in the lymph
node metastasis (Park et al., 2006). As far as cell lines are
concerned, VEGF but not VEGF receptors were found in
three different cell lines derived from extrahepatic biliary
tract (Nakamura et al, 1999, Park et al., 2006, Ogasawara
et al., 2001). Tn our study (Mancino et al., 2006) 17p-
estradiol induced a significant increase in the protein
expression of all the three VEGEF receptors with a
prominent effect on VEGFR-2 (> 5-fold increase), which is
a preferred receptor for both VEGF-A and VEGF-C. The
effect of 17p-estradiol was mediated by either ER and by
IGF1-R since it was inhibited by two specific receptor
antagonists (Tci 182,780 and alR3, respectively). Since
the specificity of &IR3 for IGF1 and of Tcil 82,780 for ER is
absolute our findings indicate a sort of mterplay between
ER and IGF1-R in mediating the effect of 17B-estradiol on
the induction of VEGFs and related receptors. This is
consistent with the proliferative effect of 17p-estradiol on
HuH-28 cell proliferation which also require mtact ER and
IGF1-R. The VEGF induced by 17B-estradiol in HuH-28
cells is secreted in the supernatant allowing the
supposition that, through paracrine mechanisms, this
growth factor may participate in the proliferative effects
of 17p-estradiol. On the other hand, VEGF per se plays a
major role in modulating the proliferation of normal
cholangiocytes as recently demonstrated in experimental
studies (Gaudio et al., 2006).

The stimulatory effect of 17p-estradiol on the protein
expression of VEGF and related receptors was blocked
by antagonists of ER or IGF1-R, indicating an effect
mediated by a coupling of ER and IGF1-R. Furthermore,
17P-estradiol increased the secretion of VEGF in the
supernatant of HuH-28 cells. The proliferative effect
of 17p-estradiol on HuH-28 cells was decreased by
75% by VEGF-Trap, a receptor-based VEGF inlubitor
(Macino et af, 2006) mdicating that most of the
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prolife-rative effect of estrogens is mediated by VEGF
induction (Fig. 1). In substance, these findings indicate
that VEGF plays a major role in mediating the proliferative
effects of estrogens on human mtrahepatic
cholangiocarcinoma and that strategies based on the
antagomsm of ER and/or VEGF could help in delaying the
progression of this cancer.

CONCLUSION

In conclusion, recent studies support a relevant role
of estrogens as modulators of neoplastic cholangiocyte
proliferation (Alvaro et al., 2006, Mancino et al., 2006). In
our hypothesis, estrogens act in concert with growth
factors (IGF1, VEGF) in sustaining the cholangiocyte
proliferative machinery and m depressing apoptosis. This
may have a number of clinical implications since
pharmacological strategies ammed to mhibit estrogens
binding to their receptors, to decrease their synthesis (by
using aromatase intubitors) and, finally, to down-regulate
ER protein levels (by using pure anti-estrogens such
fulvestant), should be considered.
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