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Abstract

The scientific framework concerning estrogen effects on
different tissues has expanded enormously during the
last decades, when estrogen receptor (ER) subtypes
were identified. Estrogens are not only essential for
the female reproductive system, but they also control
fundamental functions in other tissues including the
cardiovascular system, bone, brain and liver. Recently,
estrogens have been shown to target the biliary tree,
where they modulate the proliferative and secretory ac-
tivities of cholangiocytes, the epithelial cells lining bile
ducts. By acting on both estrogen receptors (ER-a) and
(ER-B) subtypes, and by activating either genomic or
non-genomic pathways, estrogens play a key role in the
complex loop of growth factors and cytokines, which
modulates the proliferative response of cholangiocytes
to damage. Specifically, estrogens activate intracellu-

lar signalling cascades [ERK1/2 (extracellular regulated
kinases 1/2, PI3- kinase/AKT (phosphatidylinositol-3’
kinase/AKT)] typical of growth factors such as insulin
like growth factor (IGF1), nerve growth factor (NGF)
and vascular endothelial growth factor (VEGF), thus po-
tentiating their action. In addition, estrogens stimulate
the secretion of different growth factors in proliferating
cholangiocytes. This review specifically deals with the
recent advances related to the role and mechanisms by
which estrogens modulate cholangiocyte functions in
normal and pathological conditions.
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INTRODUCTION

The intrahepatic biliary tree is a complex three-dimension-
al network of interconnected ducts, which starts at the
level of canals of Hering, continues into intrahepatic ducts
of increasing diameter, and ends at the level of main extra-
hepatic bile ducts' . Recent studies demonstrated that the
intrahepatic biliary tree plays a critical role in many liver
functions including bile formation, regeneration, injury re-
pair, fibrosis, angiogenesis and regulation of blood flow'*’.
Most of these events are regulated by a complex network
of neuropeptides, hormones, cytokines and growth fac-
tors, which target cholangiocyTteslé’ﬂ, the epithelial cells lin-
ing the biliary tree. Cholangiocytes are the primary target
of damage in a group of chronic cholestatic liver diseases,
named cholangiopathies, with high social and economic
impact due to their high prevalence and morbidityls]. Al-
together these pathologies represent a main indication for
liver transplantation and, in fact, in 2003, 10% of OLT in
the USA had as an indication PBC (primary biliary cirrho-
sis) and PSC (primary sclerosing cholangitis).

Although very heterogeneous in the etiology and
pathogenesis (autoimmune, infectious, vascular, drug-
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induced and cryptogenic)””, the cholangiopathies share
common pathological features such as the injury of intra-
hepatic bile ducts, the proliferation of residual ducts and
the intralobular cholestasis”. In addition, most of these
pathologies evolve towards ductopenia that represents the
terminal stage of the disease”. For this reason, cholangio-
pathies have been also classified as vanishing bile duct syn-
dromes™. In the early stage of the diseases, the disappeat-
ance of intrahepatic ducts is balanced by the proliferation
of the residual bile ducts"”, which tends to compensate for
the anatomical and functional loss of damaged ducts. In
fact, proliferating bile ducts display enhanced sectetory ac-
tivities aimed to compensate for the impaired sectetion of
injured ducts'"". Thus, the course of these diseases is char-
actetized by a balance between damage (loss) of bile ducts
and compensatory proliferation of the residual ducts"’. In
the terminal decompensated stages, the inefficacy of pro-
liferation to balance for the loss of intrahepatic bile ducts
leads to ductopenia, and thus to the clinical manifestations
|, Therefore, the design of a thera-
peutic strategy aimed at supporting an efficacious cholan-

of overt cholestasis!'>

giocyte proliferation could delay the progression toward
ductopenia and this represents a challenge for the future.
For these reasons, during the last few years, mechanisms
and agents involved in the modulation of cholangiocyte
proliferation have been extensively evaluated, especially at
the experimental level””. To this latter regard, the experi-
mental model of the common bile duct ligated (BDL) rat
was very helpful since the typical and selective cholangi-
ocyte proliferation that follows BDL induces a tremendous
expansion of cholangiocyte mass (30% of parenchymal
hepatic cells with respect to 2% in normal) thus facilitat-
ing the study of cholangiocyte pathophysiology. Thanks to
recent studies, we now know that cholangiocyte prolifera-
tion is regulated by several growth factors, hormones, neu-
ropeptides and bile salts””. One of the objectives of these
studies was related to estrogens'” ' since, for many years,
we have become aware that the clinical appearance and
progression of different cholangiopathies are influenced
by gender and changes of estrogen status in the body"".
Nevertheless, only in the last few years we have learned
that estrogens and their receptors influence the patho-
physiology of cholangiocytes and that this mainly occurs
during experimental and human conditions characterized
by cholangiocyte injury and proliferation”"". Estrogens
have been considered for many years to play a role in the
development and progression of pathologies involving the
biliary tree """, This hypothesis was based on a number of
clinical observations including: (1) PBC, the most prevalent
acquired cholangiopathy, specifically affects females!™"
with a clinical presentation typically occurring during the
peri- and post-menopausal period’ >; (2) endocrine dys-
functions are frequent in PBC'"""”*!including an increased
incidence of menstrual disturbance and hysterectomy'”*!
and, the high incidence of post- menopausal 0steoporosis
that is a sign of estrogenic deﬁciency 'and that is correct-
ed by estrogen replacement therapy™; (3) chronic hepatic
rejection leading to ductopenia more frequently from male
donor into female recipient™; (4) in Turner syndrome, in
which liver morphology resembles that of a newborn liver,
bile duct pathology is frequent and is improved by estro-
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gen replacement treatment”’; (4) the progression of poly-
cystic liver disease is 51gniﬁeantly influenced by female sex,
pregnancies and estrogen replacement treatment. In addi-
tion, marked alterations of estrogen hepatic metabolism
occur in cholestasis™, which is one of the hallmarks of
cholangiopathies, leading to enhanced estradiol serum lev-
els®, which could influence disease progression. In spite
of all these clinical considerations, the role and mechanism
by which estrogens modulate cholangiocyte functions have
been explored only in the last few years at both experimen-
tal and clinical levels>"",

EXPERIMENTAL STUDIES

In 1896, the British physician George Beatson, firstly
showed that oophorectomy induces the regression of
mammary tumors in a subset of premenopausal patients.
Since then, a variety of clinical and epidemiological obset-
vations have further substantiated the involvement of es-
trogens as inducers of growth and differentiation of target
cells expressing estrogen receptors (ERs)™. Estrogens ex-
ert their “trophic” action on many different target organs,
among which is the liver™,
and repait, contributing to neonatal liver growth and re-
generation after injury in adults™. In injured liver, ERs ex-
pression increases with respect to normal liver where ERs
are expressed at a very low level™. Furthermore, chronic
administration of estrogens for pharmacological purposes,
induces an enlargement of liver mass”*? and, after partial
hepatectomy, ERs expression in hepatocytes increases and
localizes predominantly into the nucleus with subsequent
transcription of genes involved in proliferation thus fa-
voring the restoration of a normal liver mass"™. Recent
findings indicate that estrogens also target the biliary tree
playing an important role in modulating cholangiocyte
proliferation'”. Even if ER-g and subtypes are also
expressed by normal rat cholangiocytes'¥, their expres-
sion (especially ER-B) markedly increases in proliferating
cholangiocytes of BDL rats, whereas hepatocytes, which
do not proliferate after BDL display a ten-fold decrease
of ERs protein expression"”. During cholesta51s (after
BDL) estrogen serum levels are increased™ *! and this
could play a role in sustaining cholangiocyte proliferation

where they modulate growth

by a complex loop of agent among which estrogens may
act either directly or potentiating the effects of different
growth factors. In addition ER antagonists (tamoxifen, Ici
182,780) block the BDI-induced increase in intrahepatic
bile duct mass by impairing cholangiocyte proliferation
and enhancing apoptosis'>%. Similarly, in hepatocellular
carcinoma®” and breast cancer cells, tamoxifen counteracts
estrogen mitogenic effect either by antagonizing estrogens
or by inducing apoptosis-related genes™. In cholangiocar-
cinoma cell lines™ ™, tamoxifen induces apoptosis mainly
by the activation of Fas receptor/Fas ligand pathway. In-
terestingly, the involvement of Fas antigen has been also
demonstrated in PBC and PSC’" where the imbalance
between proliferation and apoptosis could play an im-
portant role in disease pathogenesis and progression. All
these findings suggest that, in BDL rats, estrogen antago-
nists could block cholangiocyte proliferation and activate
apoptosis by a Fas dependent mechanism, even if other



Alvaro D et al. Estrogens and the biliary tree

Figure 1 Additive effect of estrogens (EE) and insulin like growth factor-1 (IGF1)
in the modulation of cholangiocyte proliferation. EE and IGF1 play additive ef-
fects on cholangiocyte proliferation by acting at both receptor and post-receptor
levels IGF1 and EE induce, in cholangiocytes, additive increase of phosphorylated
ERK1/2.

mechanisms of activation, especially for tamoxifen, cannot
be excluded”. The concept that estrogens are positive
modulators of cholangiocyte proliferation is further sup-
ported by the fact that, i vitrd"” 17B-estradiol significantly
increases both proliferating cell nuclear antigen (PCNA)
protein expression and 3H-thymidine incorporation into
DNA and that two distinct ER antagonists (tamoxifen,
Ici 182,780) block 17f-estradiol effects'”. In addition,
ovariectomy prevents cholangiocyte proliferation in BDL
rats'” and causes a 3-fold decrease of bile duct mass with
respect to controls, in association with a 2.5-fold lower
expression of Er-g and a 35-fold lower expression of
ER-B". When 17B-estradiol was administered in BDL +
ovatiectomy rats, bile duct proliferation was restored and
ER expression in cholangiocytes returned similar to con-
trols"”. The proliferative effects of estrogens in target cells
expressing ER can involve both a ditect genomic pathway
and an indirect nongenomic pathway where extracellular-
regulated kinases (ERK1/2 = p42/p44 MAP kinases) are
involved”™. This has been also demonstrated in cholangi-
ocyte proliferation occurring after BDL where estrogen
administration increases the expression of phosphorylated
ERK1/2". In contrast, tamoxifen decreases phosphor-
ylated ERK1/2 in association with impaired cholangiocyte
proliferation®. The Src/Shc/ERK1/2 cascade is typically
activated by several growth factors™™, thus suggesting that
estrogens could potentiate the effects of growth factors
by sharing similar intracellular signaling pathways. Consist-
ently, in cholangiocytes, estrogens exert additive effect with
NGF and IGF1""*! on modulating proliferation. As far as
IGF1 is concerned, the cooperation with estrogens (Figure
1) occurs at both receptor and post-receptor level, since
estrogens and IGF-1 increase phosphorylation of IGF1-R,
ERK and AKT, whereas the interplay between NGF and
estrogens occurs mainly at the level of PI3-kinase™. An-
other growth factor able to sustain cholangiocyte prolif-
eration is VEGE Very recently, we showed that estrogens
induce VEGF synthesis and release in isolated cholangi-
ocytes and this was markedly amplified in proliferating
cholangiocytes™. This finding is very attractive since un-
der estrogen stimulation, proliferating cholangiocytes can
modulate, »za VEGF release, their vascular supply whose
adaptive response is critical for sustaining the enhanced
functional and nutritional demands of the proliferating
biliary tree. Moreover, VEGF released in the peribiliary
plexus by proliferating cholangiocytes following cholestasis
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Figure 2 Immunohistochemistzy of ER-a and ER- in cholangiocytes in different
human pathologies, °P < 0.01 , °P < 0.01 vs other columns.

could also favour the survival and repair of hepatocytes[431.

HUMAN STUDIES

Cholangiocytes of normal liver do not express ERs at the
immunohistochemical analysis"® but they stain positive
for ER-a and -f in several pathological conditions includ-
ing PBC", polycystic liver disease™ and cholangiocarci-
noma'"’ (Figure 2). All these conditions are characterized
by reactive or neoplastic cholangiocyte proliferation, sug-
gesting that estrogens and their receptors may play a role
in modulating the proliferative activities of cholangiocytes
and therefore the course of these diseases.

ESTROGENS AND PBC

PBC is a chronic cholestatic liver disease, which represents
the most frequent acquired cholangiopathyw. Actually,
PBC is considered an autoimmune disease with a sexual

dimorphismw. The disease, in fact, predominantly affects

females (10:1 female/male ratio) with a typical clinical pres-
entation occurring during the peri- and post-menopausal
periodm’zo‘%}. The thought that estrogens can influence the
clinical course of PBC, as for most autoimmune disorders,
came from several studies showing that estrogens are able
to modulate the humoral and cellular immune response!*”
through the inhibition of Th1 pro-inflammatory cytokines
(IL-12, TNF-alpha and TFN-gamma)"*’. By switching the
immunological response toward the Th2 profile, estrogens
stimulate the production of Th2 anti-inflammatory cy-
tokines (such as IL-10, IL-4 and TGF-beta) thus potentiat-
ing the anti-inflammatory responsem]. In addition, estro-
gens can prevent oxidative stress in hepatocytesm’s')], which
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Primary biliary cirrhosis

Figure 3 Immunohistochemistry for ER-c. and ER-p. Biopsies of human primary
biliary cirrhosis showing an intense positivity for both ER-o and ER-B in the prolif-
erating bile ducts. Orig. magn., x 20.

are injured by cholestasis™. In spite of all these considera-

tions, recent findings suggest that estrogens may influence

the course of PBC by directly modulating the pathophysi-

ology of cholangiocytesm’m], which are the primary target
of damage in this disecase.

In PBC, such as in other chronic cholestatic condi-
tions, estrogen serum levels are increased as a consequence
of impaired hepatic metabolism and biliary excretion of
estrogens and their metabolites™. Until recently, the high
serum concentration of estrogens occurring in PBC pa-
tients was considered to have a negative effect on disease
progression. For a long time, in fact, estrogens have been
used in rodents as an experimental model of intrahepatic
cholestasis™. Therefore, estrogen administration has been
avoided in PBC patients. Recently, however, estrogen re-
placement therapy, as osteoporosis treatment, has been
shown to be safe in PBC patients[51]. Thereafter, other
studies™ with the same end-points (i.e. osteoporosis treat-
ment) indicate an improvement of liver serum enzymes
(including cholestasis enzymes) during estrogen adminis-
tration in PBC patients. These clinical studies allowed us
to rule out the concept that administration of estrogens in
PBC patients exerts deleterious effects on the liver but, on
the contrary, suggest that they can improve liver function
other than ameliorating bone mineral density.

Another old concept is the existence of a condition
of estrogenic dysfunction in PBC"?!. This concept was
based on the high frequency of menstrual abnormali-
' on the increased risk of breast
P9 attributed to the in-
creased estrogen serum levels, and increased prevalence of
post-menopausal osteoporosism] which is corrected by es-
trogen replacement. However, these observations are still
P239231 The incidence of ext-

rahepatic malignancies[54], for example, in a cohort of Ital-

ties and hysterectorny[2
[22,23]

cancer and other malignancies

the object of controversies

ian PBC patients, was shown to be lower with respect to
the general population and to what was shown for Ameri-
can and Northern European PBC patients. In the same
study, the incidence of breast cancer in PBC was compa-
rable to that expected in the general population[54]. Also
for metabolic bone disease associated with the progtression
of PBC, definitive data are still lacking, Recent studies”™
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indicate that PBC is a risk condition per se for post-meno-
pausal bone disease (osteoporosis and osteopenia), which
occurs with the same incidence compated to other chronic
liver diseases. Therefore, advanced liver disease, rather that
PBC per se, represents a condition favouring the develop-
ment of osteoporosis” .

Nevertheless, recent studies indicate that estrogens
play a role in the pathophysiology of PBC since both ex-
perimental and clinical studies indicate that they modulate
cholangiocyte survival and death!”"". Cholangiocytes lin-
ing interlobular bile ducts of PBC patients, but not normal
subjects, express both Er-o0 and -B subtypes, at the im-
munohistochemical analysis"® (Figure 3). The ER expres-
sion varies according to different stages of disease and
correlates with markers of proliferation (PCNA) and death
(Tunel)'. ER-o expression increases from 1% of cholan-
giocytes in PBC stage I to 12 % in stage 111 while, ER-f is
stably high (50%-65%) in all histological stages of PBC",
Interestingly, in stages I-11I of PBC, ER-a expression cor-
relates with and co-localizes with PCNA indicating that the
expression of this receptor subtype is a typical feature of
proliferating cholangiocytes"”. Furthermore, in stage IV of
PBC, when the maximal degree of ductopenia is reached,
cholangiocytes are negative for ER-a and express the low-
est PCNA/TUNEL ratio"”. This raises the speculation of
a relative proliferative deficiency of cholangiocytes in the
terminal ductopenic stages of PBC, which is associated
with the disappearance of ER-o. In addition, ER-o ex-
pression in cholangiocytes of PBC patients was markedly
lower when compared with primary sclerosing cholangitis
and alcoholic cirrhosis"” (Figure 2), whose prevalence is
higher in male sex"”, suggesting that the female predomi-
nance of PBC and the typical post-menopausal presenta-
tion could be related to a defect in proliferative response
of cholangiocytes to estrogens. These findings could have
important therapeutic implication, since the modulation of
ERs could delay the progression of PBC toward ductope-
nia. During the last decade, estrogens have been involved
in the pathogenesis of different diseases including athero-
sclerosis, Alzheimer disease, multiple sclerosis, Parkinson
disease and obesity” . Estrogens, in fact, play biological
activities in several organs” including the cardiovascular
system, nervous system, digestive system (colon, liver) and
“male” organs such as prostate. In target tissues, estrogens
may exert opposite actions and heterogeneous effects,
promoting the resistance to apoptotic damage, modulat-
ing reparative processes and controlling inflammation' !,
The expression pattern of ER subtypes is fundamental
to evocate the different effects of estrogens®. ER-q, for
example, is critical in estrogen induced protection against
brain injury during stroke/”. On the contrary, overexpres-
sion of ER-a has been linked with cancer development
and progression in different organs”’. The functions of
ER-B are less known although recent findings suggest a
protective effect against uncontrolled or neoplastic cell
proliferation®. In our setting, the modulation of cholangi-
ocyte proliferation exerted by estrogens and their receptors
could open new therapeutic scenario suggesting appro-
priate trials aimed to evaluate the effects of ER selective
modulators (SERMs) on PBC clinical expression. To this
latter regard, preliminary clinical observations by us and
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others™ " indicate that tamoxifen (mixed agonist/antago-

nist for ER-a and only antagonist for ER-f) improves
biochemical parameters of cholestasis in PBC patients. We
described three cases of PBC'® that underwent tamoxifen
treatment for breast cancer. In two patients, tamoxifen
administration for approximately 18 mo, caused a marked
decrease of alkaline phosphatase (70%-85%) and gamma-
GT (60%-75%) serum levels and, in the third case, where
tamoxifen was combined with UDCA, a strong reduction
of liver enzymes was observed®. Moreover, during the ob-
servational period, none of these three patients developed
complications of liver cirthosis™. The positive effects of
tamoxifen on the serum levels of cholestasis enzymes in
PBC have been also described by Bassendine ¢f a/ in two
PBC patients who developed breast cancer and received
tamoxifen, after surgical treatment . However, other than
acting as ER modulator in cholangiocytes, tamoxifen could
improve cholestasis in PBC by additional mechanisms.
Recently, in fact, tamoxifen has been shown to activate
the human pregnane X receptor (PXR), a nuclear receptor
linked with cytochrome p 450 function and considered to
be relevant in the UDCA mechanism of action”". There-
fore, tamoxifen could theoretically activate these promis-
cuous nuclear receptors thus improving UDCA effects'”,
Nevertheless, tamoxifen could have important side effects
such as the increased risk of endometrial cancer when ad-
vised for disease lasting decades like PBC™. Second and
third generation SERMs do not have these side effects and
thus considered safer'™. Our preliminary data (unpublished
observations) indicates that raloxifene (a second genera-
tion SERM avoids the proliferative effects on reproductive
tissues and which do not form adducts with DNA) causes
biochemical improvement of cholestasis enzymes in PBC
patients as shown for tamoxifen. Furthermore, it improves
bone mineral density in PBC". Thus a therapeutic strat-
egy aimed to positively modulate estrogen proliferation
during the early stages of PBC represents a challenge for
the future, since cholangiocyte proliferation acts as a repair
and compensatory mechanism and its stimulation is always
associated with enhanced secretory activities' . Moreover,
very recent studies elucidated that ER-or mediates many
other “beneficial” effects of estrogen including immuno-
protection in autoimmune discase™. ER-q activation, in
fact, inhibits inflammatory gene expression by preventing
NF-kappa B nuclear translocation”. Interestingly, through
the ER-q, estrogens can positively modulate the GH/
IGF-1 axis. This further supports a possible therapeutic
role of ER-q positive modulators in cholangiopathies
since we demonstrated that IGF- 1 and estrogens play ad-
ditive effect on cholangiocyte proliferation (Figure 1)
and that the GH/IGF-1 axis plays a pivotal role in liver
injury repair (unpublished observations). Consistently,
IGF-1 replacement therapy shows clinical benefit in PBC
and alcoholic cirrhotic patients'”.

ESTROGENS AND ADPKD

Autosomal dominant polycystic kidney disease (ADPKD)
is one of the most prevalent human genetic diseases with
an incidence of 1:800 individuals™. Hepatic cysts are
the most common extra-renal clinical manifestation of

ADPKD and a significant source of morbidity"”. That
estrogens may have a role in the development and progres-
sion of hepatic cysts in ADPKD patients is suggested by
a number of different clinical observations™. In ADPKD
patients, the probability of developing hepatic cysts is
higher in women with respect to men and among patients
submitted to liver transplant for polycystic disease, more
than 92% are women®™". Furthermore, the number and
size of hepatic cysts increase during post-menopausal
hormonal replacement therapy®™ and nulliparae display
less probability to develop hepatic cysts than pluriparae™,
where number and size of hepatic cysts correlate with the
number of pregnancies™. As recently showed by us*"
interestingly, hepatic cysts are lined by cholangiocytes™
that are different from normal biliary cells since they
lack of both microvilli and primary cilia™. Tt is currently
hypothesized that the lack of primary cilia, genetically
determined, generates a cell phenotype characterized by
hyperproliferating and hypersecretory properties. By act-
ing on this cell phenotype, estrogens could sustain the
enhanced proliferative and sectetory activities, as experi-
mentally shown in BDL rats'”, by acting cither directly
or potentiating the effects of growth factors. Recently, in
fact, a number of different cytokines and growth factors
(.e. IL-8, IL6 and VEGF), markedly enriched in serum
ot hepatic cystic fluid, have been shown to promote the
growth of hepatic cyst epithelium™. Immunohistochemi-
cal studies performed by our group (Alvaro, 2006, unpub-
lished observations) showed that the epithelial surface of
hepatic cysts of ADPKD patients display a marked and
diffuse staining for ERs (mainly-8), IGF1 and IGF1-R. In
addition, we demonstrated that™ immortalized cell line
(LCDE), detived from hepatic cyst epithelium of patients
with ADPKD, also express ER-o0 and ER-§ subtypes as
well as IGF1 and IGF-R and that estrogens and IGF1
markedly stimulate the proliferation of this cell line by act-
ing on their specific receptors™. Specific antagonists of
ER (Ici 182,780) and an IGF1-R blocking antibody (a-IR3),
in fact, inhibit the proliferating effect exerted by estrogens
and IGF1 respectively™! These recent findings may explain
why estrogens induce the formation and worsen the pro-
gression of hepatic cysts in ADPKD patients. On the basis
of our findings, the hepatic cyst epithelium of ADPKD
patients could be considered a sort of estrogen responsive
tissue, where the interaction between female sex hormones
and growth factors, like IGF1 and VEGE, play a key role
in modulating the pathophysiology. This could open new
perspectives in pharmacological treatment of polycystic
liver disease based on estrogen antagonism or on the use
of selective SERMs.

ESTROGENS AND CHOLANGIOCARCINO-
MA

Cholangiocarcinoma is a tumor with increasing incidence
and prevalence, that still represents a diagnostic and thera-
peutic challenge. It is one of the cancers with the worst
prognosis, with a median 5-years survival rate of 7%-8%
from the diagnosis and a median survival time of only sev-
en months. The diagnosis is generally established late and
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Cholangiocarcinoma

Figure 4 Immunohistochemistry for ER-o and ER-p. Biopsies of human cholangi-
ocarcinoma showing an intense positivity for both ER-o. and ER-B. Orig. magn., x
20.

surgery, when feasible, is the only effective treatment””

Cholangiocarcinoma, in fact, shows a strong resistance to
common chemotherapies and a treatrnent that slows the
progression of the disease doesn’t exist™. As for other
cancers, an imbalance between proliferation and apoptosis
leads to uncontrolled cell growth and expansionml We have
recently shown, in human tissues and human cell lines,
that estrogens play a key role in development and progres-
sion of cholang1ocarc1norna . Liver samples obtained
from patients with intrahepatic cholangiocarcinoma were
intensely positive for ER-o0 and ER-f3 subtypes (> 80%
cholangiocarcinoma cells positive), while cholangiocytes
of the normal liver were negativel45l (Figure 4). Interest-
ingly, ER display both a cytoplasmic and nuclear staining,
the latter being indicative of activated receptors |, When
compared to benign cholangiocyte proliferation associated
with non-neoplastic biliary disease (i.e. PBC, PSC), cholan-
giocarcinoma cells showed a higher expression of ER-a
and increased ER-a/ER-f ratio” (Figure 2). This ob-
servation is in keeping with many different reports show-
ing an increased ER-a/ER-B ratio in cancerous versus
normal tissues including ovary, prostate, colon and breast
cancers'®. In these tissues, primary events in neoplastic
transformation and progression have been correlated with
up-regulation ER-q and down-regulation of ER- thus
associating the function of ER-a subtype with a positive
modulation of cell proliferationlésl. The opposite was sug-
gested for ER—ﬁlﬁgl. Human intrahepatic cholangiocarcino-
ma also overexpress IGF1 and IGF1-R™ another growth
factor whose main source is liver and which is functionally
linked with estrogens and their receptorsm’ssl. IGF1 has
been recently implicated in cancer development and pro-
gression since its serum concentrations correlate with an
increased risk of breast, prostate, colorectal, pancreas and
lung cancer™”" and, its receptor (IGF1R) is overexpressed
in many tumor cell lines and in some human tumors. By
studying a human intrahepatic cholangiocarcinoma cell
line (HuH-28), similar to intrahepatic cholangiocarcinoma
that over expresses ER-a,, IGF1 and IGF1-R, we showed
that IGF-1 and estrogens exert an additive proliferative
effect™ blocked by both ER antagonists (Ici 182,780)
and IGF1-R blocking antibodies (o-TR3)™, Interestingly,
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IGF1-R seems to play a primary role also in the estrogen
stimulation of neoplastic cell growth”sl since IGF1-R
blocking antibody (a-IR3) partially inhibited the effects
of 17B-estradiol and transfection of HuH-28 cell with
IGF1-R antisense oligonucleotides caused a marked im-
pairment of HuH-28 cells proliferation (90% decrease of
PCNA expression)™, In estrogen sensitive tissues, a cross-
talk between IGF1 and estrogen play a major role in the
modulation of cell proliferation, where estrogens act at
several points of the IGF signal transduction prlth\xzay[87

Estrogens not only may regulate the expression of IGF1-R
and IGF1-binding proteins but also that of crucial down-
stream proteins including IRS1, and the IGF1-R tyrosine
kinase main substrate™ Finally, the signaling activated by
estrogens and IGF-1 (Figure 1) may converge at different
common transduction pathways, including ERK and phos-
phatidylinositol-3 kinase/Akt pathwayloz’%l, and this was
observed in proliferating HuH-28 cells too. In addition,
ER-a and IGF1-R, once activated coprecipitate and, their
activation is potentiated by their couplinglls]. Neverthe-
less, estrogens can modulate other important mechanisms
involved in cholangiocarcinoma growth such as Ccox-2",
These new evidences highlight the role of estrogens and
IGF1 in regulating the growth of human cholangiocarci-
noma and suggests that a therapeutic strategy based on the
modulation of ERs and/or IGF1 system could be helpful
for the management of this cancer.

CONCLUSIONS AND FUTURE PERSPEC-
TIVES

In conclusion, recent studies support a relevant role of es-
trogens as modulators of benign (reactive) and neoplastic
cholangiocyte proliferation” ™™, In our hypothesis, es-
trogens act in concert with growth factors in sustaining the
cholangiocyte proliferative machinery and in depressing
apoptosisl“’m. This may have a number of clinical implica-
tions for diseases involving the biliary epithelium, where
cholangiocyte proliferation is a typical hallmark influencing
disease progression“o]. As far as PBC is concerned, we be-
lieve that an impaired cholangiocyte response to estrogens
characterizes the terminal ductopenic stages of the disease,
where cholangiocyte proliferation is unable to balance for
the enhanced apoptosis. On this basis, a SERM able to
selectively stimulate the ER-ot and conpemporarily depress
the ER-f should be tested in controlled clinical trials.
Furthermore, it is of interest that new generation SERMs,
such as Idoxifene, play positive effects in controlling both
the oxidative stress and fibrosis, which are foundamental
processes in the progression of chronic cholestatic liver
diseases™”". As far as cholangiocarcinoma and ADPKD
are concerned, pharmacological strategies aimed to inhibit
estrogens binding to their receptors, to decrease their syn-
thesis (by using aromatase inhibitors) and, finally, to down-
regulate ERs protein levels (by using pure anti-estrogens
such fulvestant), should be considered. Very recently an
ER-X putative membrane associated estrogen receptor
has been described in the brain and in the uterus”™. Thus,
further studies aimed to check the presence of this recep-
tor subtype in cholangiocytes and to evaluate its role in the
pathophysiology of the biliary tree are needed.
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