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Abstract

Cholangiocarcinoma (CCA) is a malignant tumour of the biliary system that
originates from the neoplastic transformation of cholangiocytes. CCA is charac-
terized by late diagnosis and poor outcome, with surgery considered as the last
option for management. Autophagy is a physiological lysosomal degradation
process, essential for cellular homeostasis and ubiquitous in all eukaryotic cells.
Several studies have reported a potential involvement of autophagy in cancer, but
it remains unclear whether activation of this process represents a survival
mechanism of cancer cells. In the present review, we examine the autophagic
process and summarize the current knowledge about the involvement of
autophagy in the progression of cancer. The link between autophagy and
chemoresistance and the use of autophagic markers in diagnosis are also
considered in detail. Preliminary evidence shows that the combination of
autophagy modulators (activators or inhibitors) with conventional chemothera-
peutic agents offers a possible treatment option against signalling pathways that
are hyperactivated or altered in CCA. In vitro evidence suggests that combination
of chemotherapy agents, such as cisplatin, under activation or inhibition of
autophagic processes, in two different CCA cell lines, may improve chemosen-
sitivity and reduce cell survival, respectively. A deeper understanding of these
pathways, in both cancer and non-cancer cells, could unveil possible therapeutic
targets to treat CCA patients.

Key Words: Cholangiocarcinoma; Cholangiocytes; Autophagy; Apoptosis; Chemoresis-
tance; Autophagolysosome
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Core Tip: This article reviews the occurrence and development of autophagy in cholan-
giocarcinoma and the corresponding therapeutic treatments. We analyse the role of
autophagy in cancer, the link between autophagy and chemoresistance, and the use of
autophagic markers in diagnostics. Overall, autophagy is a promising target in cancer
therapy. Ongoing studies have the potential to unveil cancer-specific pathways
amenable to therapeutic intervention.
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INTRODUCTION

Cholangiocarcinoma (CCA) is a malignant tumour that originates from the neoplastic
transformation of cholangiocytes, the epithelial cells lining the biliary tree. CCA may
arise at any point of the biliary tree, and according to the anatomical localization is
commonly classified as intrahepatic (iCCA), perihilar CCA and distal CCA[1]. CCA
represents the second most frequent type of primary liver neoplasms and, as for many
other malignancies, incidence of CCA progressively increases with age. Several risk
factors for CCA development have been identified. Among them, biliary infection with
liver flukes (Ophistorchis viverrini and Clonorchis sinensis) is a dominant predisposing
factor in Eastern countries, and it helps to explain the high prevalence of CCA in this
region[2]. Compared to the general population, patients affected by primary sclerosing
cholangitis have a 120-fold higher risk of developing CCA, which could arise early
during the disease course[3]. Since CCA itself is often asymptomatic, it is generally
diagnosed at an advanced stage. Radical surgical treatment remains the only curative
treatment for CCA, but it is rarely possible due to disease extension. Thus, prognosis
of patients remains dismal, with 5-year survival rates of only 15% to 30% for patients
with a localized disease[4,5].

PHYSIOLOGICAL ROLES OF AUTOPHAGY

Autophagy is a physiological lysosomal degradation process, essential for cellular
homeostasis and energy balance; as such, it is ubiquitous in all eukaryotic cells, being
highly conserved from yeast to human. Yoshinori Ohsumi, winner of the 2016 Nobel
Prize in Medicine, has contributed to extraordinary growth in this field through his
studies in the yeast Saccharomyces cerevisiae. Takeshige et al[6] were indeed able to
identify the "autophagic bodies”, and subsequently described the first autophagy-
defective mutant, which then made it possible to identify several genes involved in
autophagy in yeast[7]. After a few decades, it is now clear that in mammalian cells
there are three primary types of autophagy, based on the mode of delivery of cargo
into lysosomes: Microautophagy, macroautophagy and chaperone-mediated
autophagy[8]. Macroautophagy (hereafter referred to as autophagy) is the most
frequent and well-studied mechanism and occurs at basal rate under normal cellular
homeostasis.

Autophagy is also activated following other stimuli, such as nutrient starvation,
stress stimuli, hormonal stimulation, and pharmacological agents[9,10]. Autophagy
starts with two major components that regulate induction/nucleation. During
induction, pre-autophagosomal structures begin to create the membrane source, also
known as the phagophore, which expands to engulf intra-cellular components. This
step is regulated by the mammalian homologue of autophagy-related gene product 1
(Atgl), named Unc-51-like autophagy activating kinase (ULK1/2), which interacts
with Atgl13, Atgl01 and the focal adhesion kinase-family interacting protein of 200
kDa. Nucleation of the phagophore occurs through the class III phosphatidylinositol 3-
kinase (PI3K) Vps34, which recruits Beclin-1, p150/Vps15, and Ambral. Beclin-1 is in
turn inhibited by its binding to the anti-apoptotic protein BCL2. The elongation
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mechanism of the membrane is regulated by the Atg5-Atgl2 conjugation system and
the Atg8/light chain 3 (LC3) conjugation systems that allow the formation of a double-
membrane autophagosome. The mature autophagosome then merges with the
lysosome, thereby promoting the degradation of the autophagosomal contents by acid
proteases (formation of the autophagolysosome) (Figure 1).

In contrast, in microautophagy, cytosolic components are directly taken up by the
lysosome itself, through invagination of the lysosomal membrane. Both macro- and
microautophagy can engulf large structures with selective and non-selective
mechanisms. Chaperone-mediated autophagy refers to the chaperone-dependent
selection of soluble cytosolic proteins with a direct shuffling of these proteins across
the lysosomal membrane, without additional vesicles. A detailed review of the
autophagy apparatus has been provided elsewhere[11-13].

METHODS FOR MONITORING AUTOPHAGY

Historically, evaluation of the autophagic process in experimental conditions has been
challenging, due to the complex dynamic nature of the process itself. In fact,
autophagy is a multi-step pathway that can be modulated at several levels, both
positively and negatively. Therefore, the evaluation of the autophagic process by
means of “static measurements” constitutes one of the first limits to such measures. A
widely used marker is the microtubule-associated protein LC3, the mammalian
homolog of yeast Atg8, which is a ubiquitin-like protein that is conjugated to
phosphatidylethanolamine in the autophagosome formation. Accessible methods to
monitor autophagy include fluorescence microscopy through conjugation of LC3 with
green fluorescent protein or biochemical methods. Among the latter, the quantification
of the conversion of LC3-I (cytosolic form) to LC3-II (membrane-bound conjugated
form) by immunoblotting or the LC3 turnover assay (degradation of LC3-II inside the
lysosome estimated by comparison of two samples with and without lysosomal
inhibitor treatment) represent two feasible and readily available methods to estimate
autophagy activation[14]. In addition to LC3, autophagy can be evaluated by other
markers, such as SQSTM1/p62 (sequestosome 1), an autophagy receptor that links
ubiquitinated proteins to LC3 and accumulates in cells when autophagy is inhibited.

Among the methods to induce autophagy, starvation is the most potent
physiological inducer, which exerts effects both in vivo and in vitro. The main pathway
involved in nutrient signalling is the mammalian target of rapamycin (mTOR), which
regulates cell growth and metabolism through phosphorylation of its downstream
effectors. The mTOR protein kinase is composed of two complexes named mTORC1
and mTORC2, with the former being involved in nutrient homeostasis[15,16]. In the
presence of nutrients, mTORC1 directly phosphorylates and inhibits the autophagy-
initiating kinase ULK1. Therefore, inhibitors of the mTORC1 complex can induce
autophagy[14] (Figure 2). The first generation of mTOR inhibitors was derived from
rapamycin, the most famous mTOR inhibitor, initially widely used as an immunosup-
pressant drug in organ transplantation. These drugs include everolimus (RADO001),
deforolimus (AP23573), and temsirolimus (CCI-779), followed by second-generation
mTOR inhibitors, that include MLNO0128 (sapanisertib), CC-233 or NVP-BEZ235
(dactolisib), and AZD-8055[17].

INVOLVEMENT OF AUTOPHAGY IN CANCER

The potential role of autophagy in cancer has been analysed in several studies. To
date, it remains unclear however whether activation of the autophagic process favours
or prevents the progression of tumour alterations.

Nutritional deficiency/contribution

Nutritional deficiency is a condition that characterizes several tumour microenvir-
onments, including urinary bladder cancer. Human bladder cancer cells lines (T24 and
5637) treated with Hank's balanced salt solution (commonly referred to as HBSS) show
nutritional deficiency (starvation) that induces autophagy and promotes the invasion
of bladder cancer cells. This mechanism is mediated by epithelial-mesenchymal
transition (EMT), a process by which epithelial cells transform into mesenchymal cells
through the transforming growth factor-beta 1 (TGF-p1)/Smad3 signalling pathway
[18]. In a similar manner, starvation in HBSS induced autophagy in HepG2, a human
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Figure 1 The autophagolysosome formation. Schematic representation of the pathways involved in the processes of induction/nucleation, elongation and
final formation of the autophagolysosome. LC3: Light chain 3.
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rapamycin.

hepatocellular carcinoma (HCC) cell line, by EMT and in a TGF-f1/Smad3-dependent
manner[19].

Preliminary experimental data show an opposite influence of autophagy on
pancreatic cancer. Among different risk factors that induce pancreatic cancer, diabetes
provides a high glucose microenvironment that enables tumour growth by supplying
high energy levels. Pancreatic cancer cell lines cultured in medium to imitate both
normal and high blood glucose microenvironments showed a much higher prolif-
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eration rate, suppressed apoptosis, inhibition of autophagy and enhanced sterol
regulatory element-binding protein 1 (SREBP1) expression, when treated with high
glucose. SREBP1, a transcription factor of lipid metabolism, is important in the
malignant progression of many types of tumours and is inversely related with
autophagy. Indeed, high glucose levels promote tumour growth in vivo by upregu-
lating SREBP1 expression and by suppressing autophagy. In this case, stimulation of
autophagy could prevent tumour growth in a high-glucose microenvironment[20].

Autophagy inhibition/activation

The PI3K/AKT/mTOR signalling pathway is hyperactivated or altered in many
cancer types, including HCC, and regulates a broad range of cellular processes,
including survival, proliferation, growth, metabolism, angiogenesis, and metastasis.
mTORCI inhibitors have been useful in understanding the role of autophagy in many
cancers. In a study by Chang et al[21], NVP-BEZ235 was found to inhibit growth of
two HCC cell lines: Hep3B and PLC/PRF/5. After treatment with NVP-BEZ235,
induction of autophagy occurs in cell lines, accompanied by enhanced expression of
LC3-II and decreased expression of p62. Moreover, inhibition of autophagy enhances
the apoptotic pathway, suggesting that the combination of NVP-BEZ235 and
autophagy inhibitors may be a strategy for the treatment of HCC, improving
antitumor activity by enhancing apoptosis. NVP-BEZ235 has been also demonstrated
to inhibit the PI3K/ AKT/mTOR pathway and to induce autophagy in U266, KM3 and
RPMI8226 cells, human multiple myeloma cells and multiple myeloma tumour-
burdened nude mice[22]. AZD8055 inhibits cell proliferation and colony formation of
the HCC cell lines Hep3B and Huh?7 without induction of classical apoptosis evaluated
by poly (ADP-ribose) polymerase (PARP) cleavage or caspase activation. In contrast,
AZD8055 treatment was associated with induction of autophagy, which seems to be
indispensable for the inhibitory effects of AZD8055[23].

As for autophagy activators, there is a recent growing interest for autophagy
inhibitors, not only for research purposes but also as new therapeutic strategy.
Commonly used pharmaceutical approaches to inhibit autophagy involve the use of
PI3K inhibitors, such as wortmannin, LY294002 and 3-methyladenine, since class III
PI3K activity is required for the autophagosome formation. Other pharmacological
inhibitors block later stages of autophagy formation, such as ammonium chloride,
bafilomycin A,, Lys05 and lysosomal protease inhibitors, such as E64D and pepstatin
A, that preclude final degradation of autophagic cargo inside lysosomes[14]. Several
clinical trials are evaluating the use of different autophagy inhibitors in the treatment
of cancers; autophagy is indeed considered a survival mechanism of cancer cells,
protecting them from apoptosis. The use of autophagy inhibitors could therefore
improve the response to other agents[24]. For instance, PARP inhibitors have shown
promising anticancer activity against ovarian cancers, and olaparib, rucaparib, and
niraparib are the three PARP inhibitors approved by the Food and Drug Adminis-
tration. Olaparib has been shown to induce autophagy in ovarian cancer cells, and
autophagy provides an adaptive mechanism of PARP inhibitor resistance that can be
overcome, as confirmed by inhibition of autophagy, with chloroquine, hydroxy-
chloroquine, and LYSO05. This could provide a new strategy for treatment with PARP
inhibitors in combination with autophagy inhibitors[25].

AUTOPHAGY IN CCA

CCA remains a condition with limited therapeutic options. Surgery is the treatment of
choice, but it is seldom performed since the disease is frequently diagnosed at
advanced stages. Patients with unresectable or metastatic CCA are therefore
candidates for chemotherapy. The therapeutic benefit of gemcitabine and cisplatin is
considered the standard for patients with inoperable CCA and plays an established
role in palliative care[26]. However, CCA responds very poorly to the current
chemotherapy regimens[27,28]; the ineffectiveness of such is due to mechanisms of
chemoresistance, characterized by a multidrug resistance phenotype that allows cancer
cells to escape from the action of drugs[29]. The low sensitivity of CCA cells to anti-
neoplastic drugs has been demonstrated extensively in vitro. Treatment with cisplatin
for 12 h or 24 h resulted in a different response between HepG2 cells (human HCC
cells line) and QBC939 (CCA cell line), since the latter were not affected by the action
of the drug[30]. This difference could be due to stronger antioxidant ability in QBC939
cells, a mechanism correlated with autophagy. Autophagy inhibitors such as
chloroquine and 3-methyladenine, combined with cisplatin or not, significantly inhibit
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QBC939 cell viability. This effect was possibly correlated with an increased sensitivity
of lysosome inhibition, thus suggesting a potential anticancer role[30]. Furthermore,
chloroquine reduced the viability of QBC939 cells, due to the accumulation of large
quantities of protein in the cytoplasm leading to endoplasmic reticulum stress and
cellular apoptosis[31].

ABC294640 is a novel sphingosine kinase 2 (Sphk2) inhibitor, a lipid kinase with
oncogenic role in cancer. Pharmacological inhibition of Sphk2 by ABC294640 inhibits
CCA cell growth and induced caspase-dependent apoptosis. Furthermore, ABC294640
also induces autophagy and treatment with autophagy inhibitors potentiated
ABC294640-induced cytotoxicity and apoptosis. Combination of ABC294640 with
sorafenib was shown to synergistically inhibit cell proliferation of CCA cells,
suggesting that ABC294640 with sorafenib and/or autophagy inhibitors could be a
strategy for treatment of CCA[32]. A possible correlation between autophagy and
antioxidant capacity has been highlighted recently, in another study. Incubations with
ABT737, an inhibitor of the Bcl-2 family, combined with cisplatin, induced autophagy
in RBE cells, another human CCA line, as demonstrated by an increase in LC3II/LC3I
ratio at 12 h and 20 h. Overexpression of Bcl-2 family proteins is involved in the
resistance to cisplatin[33].

DHA is an anti-malarial drug that induces cell death in CCA cell lines, both by
caspase-dependent and caspase-independent cell death. Transcriptomic analysis in
KKU-213 cells showed that both apoptotic genes and autophagy genes were induced,
with downregulation of the anti-apoptotic BCL-2 gene and AKT-mTOR signalling
pathway that inhibits autophagy. DHA also induced the expression of DAPK1, an
oncosuppressor gene that is associated with autophagy, as confirmed by increased
conversion of LC3-I into LC3-II[34]. Inhibition of autophagic flux may be a possible
therapeutic approach, as demonstrated by treatment with salinomycin, the efficacy of
which for suppressing tumour cell viability was analysed in vitro and in vivo in CCA
[35]. Sorafenib is a multikinase inhibitor drug, which is approved for first-line
management of advanced HCC but has no effect on CCA. Recent research indicates
that autophagy is induced under sorafenib stress and promotes the ability of sorafenib
to kill HCC cells. Although the role of autophagy in sorafenib-treated HCC patients
remains unclear, additional studies with the use of autophagy inhibitors may provide
important clues on a possible role as adjuvant antineoplastic therapy[36]. Sorafenib
treatment showed a differential effect on human HCC cell lines and human iCCA cell
lines. This effect could be due to an escape from inhibition of the RAF/MEK/ERK
pathway, with activation of the AKT/mTOR signalling cascade, through an increased
phosphorylation of AKT Ser473.

As mentioned before, mTORC1 promotes cell growth by suppressing protein
catabolism, most notably autophagy, while mTORC2 is not sensitive to nutrients and
is mainly involved in the regulation of cell migration and cytoskeletal remodelling
[15]. Following treatment with sorafenib, a dose-dependent activation of mTORC2,
that is upstream of the AKT Ser473 pathway, was observed by western blot analysis in
a human iCCA cell line, without involvement of mTORC1. Western blot analysis of
LC3-1II/total LC3 expression, following treatment with sorafenib, showed no
involvement of autophagy. Altogether, sorafenib enhances mTORC2 and AKT Ser473
phosphorylation, with a reduction of FOXO1 expression, which leads to inhibition of
apoptosis and facilitated cell survival in CCA cells[37]. The FoxO family members are
transcription factors involved in metabolic homeostasis, neurogenesis and neuropro-
tection, skeletal muscle homeostasis and cardiac remodelling, with a debated
involvement in autophagy[38]. Post-translational modifications can promote or
prevent the activity of FoxO proteins by mediating their nuclear translocation or
exclusion with the promoter regions to induce the expression of autophagy. FoxOs
could also interact with autophagy proteins independently. In fact, following stress
conditions (e.g., starvation or oxidative stress), the dissociation of deacetylases Sirt1 or
Sirt2 from their substrate FoxO1 allows FoxO1 acetylation that is required for binding
to Atg7 and stimulation of autophagy[38]. QBC939 cells subjected to serum starvation
responded with acetylation of FOXO1 (AcFOXO1) and subsequent interaction with
Atg7, leading to autophagy activation. Moreover, knockdown of FOXO1 or treatment
with resveratrol, a Sirtl agonist, inhibited the autophagic flux, resulting in oxidative
stress, mitochondrial dysfunction, and apoptosis. These effects were mitigated by the
action of rapamyecin, an inhibitor of mTOR[39].

Correlation between autophagy/apoptosis and CCA cells has also been evaluated in
a condition of amino acids deprivation, which mimics the lack of nutrition and oxygen
typical of the tumour microenvironment. This state supports the induction of
autophagy and the expression of its associated proteins, such as LC3-II and Beclin-1.
Beclin-1 is a crucial regulator of autophagy and has been found deregulated in several
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Table 1 This table summarizes the effects of autophagy modulators on cholangiocarcinoma development

Autophagy modulators Effects on CCA Ref.

Inhibitors

Cisplatin combined with CQ/3-MA | Cell survival Qu et al[30], 2017

CcQ | Cell survival Jia et al[31], 2018
1 ER stress

1 Apoptosis

ABC294640 with sorafenib and autophagy inhibitors | Cell survival Ding et al[32], 2016
Salinomycin | Cell survival Klose et al[35], 2018
Resveratrol 1 Oxidative stress He et al[39], 2018

1 Apoptosis
Activators
ABT737 combined with cisplatin | Chemoresistance Fan et al[33], 2015
DHA 1 Apoptosis Thongchot et al[34], 2018
NVP-BEZ235 No effect on apoptosis Yothaisong et al[45], 2013

| Cell survival

Resveratrol LIL-6 Thongchot et al[46], 2018

CCA: Cholangiocarcinoma; IL: Interleukin; ER: Endoplasmic reticulum.

tumours. Inhibition of autophagy was shown to induce apoptosis of iCCA cells during
nutrient starvation, suggesting a possible role of autophagy in this condition[40].
Nutrient starvation has been demonstrated to induce autophagy in CCA cell lines,
with an increased invasive activity due to EMT transition, associated by TGF-p1
expression. Also, overexpression of the autophagy marker Ambral significantly
correlated with lymph node metastasis and poor survival rate of patients[41].

CCA cell lines grown in nutrient-deprived conditions develop an increased
autophagy with overexpression of p53. Inhibition of p53 enhanced the chemosen-
sitivity of cisplatin in nutrient-deprived CCA cells, with deactivation of autophagy,
suggesting that the latter is responsible for chemoresistance in CCA cells during
nutrient-deprivation[42]. The mRNA expression of Beclin-1 was significantly increased
in 50 iCCA samples compared to normal bile duct epithelium. Immunohistochemistry
analyses of 108 tumour specimens from patients with iCCA showed that low
expression of Beclin-1 was correlated with lymph node metastasis[43]. Consistent with
the previous work, immunohistochemistry staining of Beclin 1 showed a low
expression in about 70% of CCA patients, consisting of 72 iCCA and 54 extrahepatic
CCA cases[44]. The PI3K/AKT signalling pathway, which can be inhibited by NVP-
BEZ235, was found to be associated with CCA progression. Moreover, in CCA cells,
NVP-BEZ235 treatment was demonstrated to induce autophagy, evaluated by LC3-II
protein increase, in a dose- and time-dependent manner, without a remarkable effect
on apoptosis[45]. Progression of CCA is associated with cytokines [interleukin (IL)-6
and IL-8] released by cancer-associated fibroblasts that induce EMT and metastat-
ization of CCA cells. Resveratrol counteracts the activity of IL-6, by restoration of
autophagy (Table 1)[46].

MicroRNAs (miRNAs) are noncoding small RNA molecules, single-stranded with a
length of 18-25 nucleotides, that regulate fundamental cellular processes, including cell
proliferation, metabolism and apoptosis, and are often unstable in cancer. MiRNAs
play a crucial role in the development and progression of CCA. Aberrant expression of
miRNAs is involved in modulating the response to chemotherapy; moreover, some
miRNAs can act as oncomiRs or tumour suppressor miRNAs, based on their targeted
genes[47]. MiR-124, in particular, was found to be downregulated in the tumour tissue
of patients and in CCA cell lines, and to exert a tumour suppressive function by
inducing autophagy-related cell death via direct targeting of the EZH2-STAT3
signalling axis. Confirming this, overexpression of miR-124 upregulated the
expression of Beclin-1 and the conversion from LC3-I to LC3-II with autophagy
induction, together with downregulation of the anti-apoptotic factor BCL-2, which

WJCC | https://www.wjgnet.com 6240 August 6,2021 | Volume9 | Issue22 |

Jaishideng®



Jaishideng®

Ninfole E et al. Autophagy in cholangiocarcinoma

interacts with Beclin-1 in CCA cells[48]. In addition, miR-373 is reduced in CCA tissues
as well as cell lines and suppresses autophagy by modulating ULK1 directly, leading
to apoptosis[49].

CONCLUSION

Autophagy is an orchestrated multistep catabolic process, which allows cells to
recover homeostasis under stressful conditions by controlling energy and nutrient
balance. In CCA, several pieces of evidence strongly suggest a correlation with
autophagy. The use of autophagy modulators (inductors or inhibitors) combined with
pharmacological agents seems a very promising strategy to treat different cancers,
thereby enhancing apoptosis by endoplasmic reticulum stress or due to mitochondrial
dynamics. The clinical relevance of these findings and the breadth of any potential use
of autophagy modulators in patients should be further developed. Nutritional
deficiency is a condition of some tumours, characterized by microenvironments that
lack nutrients and are poorly vascularised, and the role of autophagy in this condition
needs to be clarified.
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