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Summary

Cholangiocarcinoma (CCA) is an aggressive tumor with a poor prognosis due to its late clinical
presentation and the lack of effective non-surgical therapies. Unfortunately, most of the
patients are not eligible for curative surgery owing to the presence of metastases at the time
of diagnosis. Therefore, it is important to understand the steps leading to cell dissemination in
patients with CCA.

To metastasize from the primary site, cancer cells must acquire migratory and invasive
properties by a cell plasticity-promoting phenomenon known as epithelial-mesenchymal
transition (EMT). EMT is a reversible dynamic process by which epithelial cells gradually adopt
structural and functional characteristics of mesenchymal cells, and has lately become a centre
of attention in the field of metastatic dissemination.

In the present review, we aim to provide an extensive overview of the current clinical data
and the prognostic value of different EMT markers that have been analysed in CCA. We sum-
marize all the regulatory networks implicated in EMT from the membrane receptors to the
main EMT-inducing transcription factors (SNAIL, TWIST and ZEB). Furthermore, since a tumor
is a complex structure not exclusively formed by tumor cells, we also address the prominent
role of the main cell types of the desmoplastic stroma that characterizes CCA in the regulation
of EMT. Finally, we discuss the therapeutic considerations and difficulties faced to develop an
effective anti-EMT treatment due to the redundancies and bypasses among the pathways reg-
ulating EMT.
� 2016 European Association for the Study of the Liver. Published by Elsevier B.V. All rights
reserved.

Introduction

Cholangiocarcinoma (CCA) accounts for 3% of all
gastrointestinal cancers and it is the second most
common primary hepatic tumor after hepatocellu-
lar carcinoma [1,2]. CCA is composed of tumor cells
exhibiting a phenotype of biliary epithelial cells, as
well as non-tumor cells, essentially myofibroblasts
[3], and characterized by an aggressive behavior
with early lymphatic and metastatic spread. CCA
is subdivided into two main subclasses that differ
in their anatomical presentation, natural history
and treatment [4]. Intrahepatic CCA (iCCA) arises
from small bile ducts and bile ductules whereas
extrahepatic CCA (eCCA) originates from the hilum
(perihilar CCA [pCCA]) to the distal portion of large
bile ducts (dCCA) [4]. The term CCA will be used
when studies do not distinguish between iCCA
and pCCA/dCCA. While eCCA incidence remains

stable, an increase in the incidence of iCCA has been
observed, without any clear explanation [5].

Patients with CCA display a poor prognosis due
to its late diagnosis and lack of effective non-
surgical curative therapies. Surgical resection is the
only curative treatment, but it is only available for
a small percentage of patients with early-stage dis-
ease, and only 20–30% of these patients survive after
5 years due to the high rate of recurrence after sur-
gery [6,7]. Most of the patients are ineligible for
curative surgery because of the presence of metas-
tases at the time of diagnosis [8]. The only option
for these patients is to undergo a palliative treat-
ment with a combination of gemcitabine and plat-
inum salt, the reference chemotherapy validated
for advanced unresectable CCA [8,9]. Understanding
the steps that lead to cell dissemination in patients
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with CCA is currently an important issue to be
resolved in order to identify new therapeutic tar-
gets to prevent cancer progression and recurrence.
During the past few years, epithelial-mesenchymal
transition (EMT) has gained a lot of attention
regarding metastatic dissemination. However,
other mechanisms, such as exosomes released by
different tumor cell types or the role played by cir-
culating tumor cells, cannot be ruled out.

EMT is a reversible dynamic process during
which epithelial cells gradually adopt structural
and functional characteristics of mesenchymal cells
[10–13]. EMT is fundamental in several physiologi-
cal processes, such as embryogenesis and wound
healing. During the past decade EMT has been pro-
ven to be deeply involved in different pathological
processes, including fibrosis development and can-
cer progression. More specifically, EMT is an early
event of metastasis that is required for tumor cell
migration and invasion from the primary tumor
(Fig. 1). Major EMT steps comprise modifications
of gene expression allowing concurrently epithelial
phenotype repression and mesenchymal pheno-
type activation [14,15]. The first changes take place
at the adherens junctions with a deregulation of
two main components, E-cadherin and b-catenin.
Tight junction disruption also occurs and leads to
a loss of apical-basal polarity. One mechanism by
which E-cadherin is downregulated occurs via
EMT-inducing transcription factors (EMT-TFs),
which comprises of three families: SNAIL, ZEB and
TWIST. EMT-TFs primarily regulate E-cadherin
expression by repressing its promoter, but they also
regulate in a positive manner the expression of
genes associated with mesenchymal phenotypes
including N-cadherin, vimentin, fibronectin, a-
smooth muscle actin (a-SMA) and matrix metallo-
proteinases (MMPs) [15,16]. Then, a reorganization
of the epithelial actin cytoskeleton takes place with
the formation of several migratory structures and
the expression of MMPs to degrade the extracellu-
lar matrix (ECM). Thus, the acquisition of a
mesenchymal-like phenotype endows the tumor
cells with invasive properties, enabling them to
spread towards other territories.

This review aims to give a complete overview
on the knowledge gained so far on EMT in CCA
and its regulation. In addition, contribution of the
microenvironment cells in the induction of tumor
cell plasticity and therapeutic consideration of
EMT will be discussed.

Clinical evidence of EMT in cholangiocarcinoma
(Table 1)

Disruption of intercellular junctions

E-cadherin is a calcium-dependent cell-cell adhe-
sion glycoprotein that constitutes with b-catenin,
the backbone of adherens junctions, and plays a

key role in the maintenance of epithelium integrity
[17]. E-cadherin deregulation affects this integrity
constituting one of the major hallmarks of EMT.
While E-cadherin is localized at the plasma mem-
brane in healthy biliary epithelium, its downregula-
tion and/or ectopic localization, i.e. cytoplasmic
internalization, have been reported in malignant
cholangiocytes [18–37]. Genetic mutations and epi-
genetic silencing through promoter hypermethyla-
tion of the E-cadherin gene (CDH1) are among the
mechanisms that account for the downregulation
of E-cadherin [30,33,38]. A reduction of E-cadherin
immunostaining was observed in 16.5–82.1% of
iCCA [21,24–26,29,31,32,34–36] and eCCA
[18,37,39,40]. Although, downregulation of
E-cadherin in iCCA has been correlated with poor
tumor differentiation, tumor size, advanced pTNM
stage, intrahepatic metastasis and lymph node
metastasis [25,26,29,31,32,36], its prognostic value
is still controversial. Ryu et al., did not find any
impact of E-cadherin expression on overall survival
(OS) or disease free survival (DFS) [24], whereas
other groups demonstrated that E-cadherin loss
was significantly associated with these parameters
and was an independent prognostic factor
[25,32,36]. In eCCA, patients with weak E-cadherin
expression displayed lower survival rate than
patients with high E-cadherin expression [18] and
it was also an independent prognostic factor [40].

During EMT, E-cadherin is disordered at the
expense of the expression of another cadherin
named N-cadherin, which is normally expressed by
mesenchymal cells. This switch operates in both
types of CCA in which an upregulation of
N-cadherin expression has been observed
[18,25,34,40,41]. Increasing N-cadherin expression
has been associated with lower OS in both CCA sub-
classes [25,40] and is an independent unfavorable
prognostic factor in eCCA [40].

b-catenin is retained at the membrane by
E-cadherin while in cell cytoplasm b-catenin is rec-
ognized by the destruction complex wherein it is
phosphorylated by GSK-3b (glycogen synthase
kinase-3 b). Thus, GSK-3b prevents b-catenin cyto-
plasm accumulation and consequently its transloca-
tion to the nucleus. When b-catenin reaches the
nucleus, it associates with DNA-binding transcrip-
tion factors to regulate gene expression, including
EMT genes [42]. Mutations in b-catenin that
prevent phosphorylation by GSK-3b, increasing
b-catenin accumulation in the cytoplasm, are fre-
quent in other cancers, but they are absent or in a
very low frequency in CCA [43–45]. However, incre-
ments in b-catenin expression both in cytoplasm
and nucleus have been observed in 14.1–82% of iCCA
and 12.6% of eCCA, indicating a release of b-catenin
from the E-cadherin/b-catenin membranous com-
plex by other mechanisms. These changes were
associated with high-grade tumor, tumor size,
lymph node metastasis and OS, but not with DFS
[20,21,24,31,32,44–47].

Key point

EMT is an early event of
metastasis that endows
tumor cells with invasive
properties enabling them to
spread towards other
territories.
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