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Abstract: Autophagy is a multistep catabolic process through which misfolded, aggregated or 

mutated proteins and damaged organelles are internalized in membrane vesicles called 

autophagosomes and ultimately fused to lysosomes for degradation of sequestered components. 

The multi-step nature of the process offers multiple regulation points prone to be deregulated and 

cause different human disease, but also offers multiple targetable points for designing therapeutic 

strategies. Cancer cells have evolved to use autophagy as an adaptive mechanism to survive under 

extremely stressful conditions within tumor microenvironment, but also to increase invasiveness 

and resistance to anti-cancer drugs such as chemotherapy. This review collects all clinical evidences 

of autophagy deregulation during cholangiocarcinogenesis together with all pre-clinical reports 

evaluating compounds that modulate autophagy to induce cholangiocarcinoma (CCA) cell death. 

Altogether, experimental data suggests an impairment of autophagy during initial steps of CCA 

development and increased expression of autophagy markers on established tumors and in 

invasive phenotypes. Pre-clinical efficacy of autophagy modulators promoting CCA cell death, 

reducing invasiveness capacity and resensitizing CCA cells to chemotherapy open novel 

therapeutic avenues to design more specific and efficient strategies to treat this aggressive cancer 
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1. Introduction

Cholangiocarcinoma (CCA) is a very aggressive epithelial cell malignancy arising from varying 

locations within the biliary tree, a complex network of ducts that deliver bile to the gallbladder and 

to the intestine[1]. CCA originates from cholangiocytes located at any portion of the biliary tree and 

represents the most common biliary duct malignancy and the second most frequent cancer of the 

liver after Hepatocellular Carcinoma (HCC), accounting for 10-20% of all primary liver cancers[2–4]. 

The classification of CCA has been a matter of debate during the past decades and depending 

on different aspects of these tumors, several classifications have been proposed. Based on the 

anatomy of the biliary tract and the different origin of the tumor, CCA is classified into three 

different types: intrahepatic cholangiocarcinoma (iCCA), which originates from the biliary tree 

within the liver proximal to the second-order bile ducts, and extrahepatic cholangiocarcinoma 

(eCCA), which originates outside the liver parenchyma. eCCA is further subdivided into perihilar 

cholangiocarcinoma (pCCA), arising between the second-order bile ducts and the insertion of the 

cystic duct into the common bile duct, and distal cholangiocarcinoma (dCCA), arising between the 

insertion of the cystic duct and the ampulla of Vater [2,5,6]. Although this anatomical classification is 

the most widely used, other factors such as tumor growth pattern (mass-forming, periductal 

infiltrating or intraductal) and the cell of origin (cholangiocytes, peribiliary glands, hepatic 

progenitor cells or hepatocytes) offer alternative classification that may be more useful in specific 

clinical settings [7–10].  

CCA is a very deadly cancer which at an early stage remain asymptomatic and is normally 

diagnosed at advanced stages and in elderly, where therapeutic options are reduced and with 
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limited efficacy, showing high chemoresistance and death rates[2,11,12]. The only curative treatment 

is radical surgical resection and liver transplantation, which are limited to cure locally restricted 

disease [13,14]. However, most of newly diagnosed patients present with advanced or even 

metastatic stages of disease and chemotherapy is the only treatment option. Among all 

chemotherapeutic regimes available, only the combination of gemcitabine and cisplatin exerts some 

growth-inhibiting effects at advanced stages of the disease[15,16].  

Autophagy is a multistep self-degradative cellular process in which misfolded, aggregated or 

mutated proteins and damaged organelles such as mitochondria, endoplasmic reticulum (ER) or 

peroxisomes, are sequestered in double membrane vesicles, which fuse with lysosomes for further 

degradation [17,18]. This tightly regulated process is important for maintaining nutrient and energy 

homeostasis and eliminate intracellular pathogens. Giving the housekeeping function of autophagy 

it is generally a survival mechanism, but due to the multi-step condition of the process and the 

multiple control points, autophagy can be deregulated at multiple sites, leading to multiple human 

diseases, including cancer [19]. Autophagy has been shown to act as a tumor promoter as well as 

tumor suppressor in cancer depending on the cell context and autophagy modulation has arisen as a 

promising therapeutic strategy to treat cancer [20–25]. Even though the molecular mechanisms of 

autophagy regulation of tumor biology are not fully understood, multiple reports are showing 

promising therapeutic potential in combination with other drugs, such as chemotherapy  [26].  

In CCA, several reports released during the last decade have shown how autophagy 

deregulation is associated with malignant cells compared with normal cholangiocytes in clinical 

samples and correlated with metastatic disease and poor prognosis [27–33], and different autophagy 

modulators has shown anticancer efficacy in CCA preclinical models.  

This review collects all publications involving autophagy modulation in CCA, putting all 

puzzle pieces together to try to shed light on the current knowledge of this therapeutic strategy for 

treating this devastating disease. 

2. AUTOPHAGY IN CANCER 

Autophagy molecular process 

Macroautophagy (referred hereafter as autophagy), is a highly conserved catabolic process in 

which intracellular components, including proteins, aggregated proteins, organelles, 

macromolecular complexes, and foreign bodies are degradated. This biological process needs the 

formation of a double-membrane vesicle that engulfs cytoplasmic material, the so called 

autophagosome, that finally fuses to lysosomes for degradation [17,18]. The regulation and the roles 

of autophagy have been linked to almost all biological cell processes in both, health and disease [19]. 

There are other less studied forms of autophagy, including microautophagy, where cytoplasm 

components are engulfed through a tubular membrane invagination that  fuses to lysosomes, and 

chaperon-mediated autophagy, where selected soluble cytosolic proteins are targeted to lysosomes. 

Autophagy can also be classified as non-selective autophagy, where cytoplasm is degraded in a bulk 

manner, and a less well described selective autophagy, where autophagy selectively targets 

organelles and proteins for self-degradation, leading to generation of terms such as mitophagy 

(mitochondria degradation), pexophagy (peroxisomes degradation), lipophagy (lipids degradation) 

or xenophagy (microbe degradation) , among others [34], [35]. The formation and turnover of 

autophagosomes involve a conserved family of autophagy-related (ATG genes), which are activated 

and recruited to membranes to initiate autophagy [36].  

Autophagy process can be divided into distinct stages: initiation, nucleation of the 

autophagosome, expansion and elongation of the autophagosome membrane, fusion with 

lysosomes and degradation of intravesicular cargo [34]. In the initiation step, Unc-51-like kinase1 

(ULK1) complex is activated, a complex that includes ULK1, ULK2, ATG13, Family interacting 

protein 200KD (FIP200) and ATG101. This ULK1 complex then phosphorylates and activates 

PI3K-Beclin1 complex, a class III PI3K complex formed by VPS15 (Serine/threonine-protein kinase), 

VPS34 (a class III phosphatidylinositol 3-kinase (PI3K), ATG14 and Beclin1, or alternatively Beclin1 
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with UV radiation resistance-associated gene protein (UVRAG or p63) and activating molecule in 

BECN1-regulated autophagy protein 1 (Ambra1), depending on the subcellular localization of the 

complex [37]. Beclin1 (Bcl-2 homology (BH)-3domain only protein) is initially complexed with and 

inhibited by anti-apoptotic protein Bcl-2, and upon different stimuli, this complex is disrupted and 

Beclin1 released to initiate autophagy. ULK1 phosphorylates Beclin1, which acts as an overall 

scaffold for the PI3K complex facilitating localization of autophagic proteins into the phagophore 

[37]. 

This initial activation is coordinated by different inputs from the mechanistic target of 

rapamycin complex 1 (mTORC1) and AMP-activated protein kinase (AMPK). Under physiological 

non-stressed conditions, mTORC1 phosphorylates ULK1/2, keeping ULK complex inactive. When 

nutrient, energy, growth factors or other stress conditions affect the cells, mTORC1 is suppressed 

and therefore ULK1 complex is dephosphorylated and activated.  Activated ULK complex 

translocates to phagophore and induces vesicle nucleation by activating PI3K-Beclin1 complex [37]. 

These events lead to autophagosome formation following the extension and closure of the mature 

autophagosome. Two ubiquitin-like conjugation systems are main regulators for maturation, 

enlongation and closure of the autophagosome membrane. On one side, ATG7 and ATG10 conjugate 

ATG5 to ATG12. ATG5-ATG12 forms a complex with ATG16L1. The ATG5-ATG12-ATG16L1 large 

multimeric (E3-like) complex gets anchored on the emerging autophagosomal membranes and 

recruits members of the microtubule-associated protein 1 light chain 3 (LC3) and GABARAP 

families to the autophagosome. On the other side, ATG7 and ATG3 conjugate the soluble form of  

LC3 (LC3-1) to phosphatidylethanolamine (PE), forming the lipidated form of LC3-I (LC3-II) on the 

surface of the emerging autophagosome guided by the ATG5-ATG12-ATG16L1 complex, that 

locates LC3-II on membrane to identify it as autophagic membrane and recruit more autophagic 

cargo through specific receptors [38]. LC3-II) is often used in research as a marker for autophagy 

progression, since it localizes to both the inner and outer membranes of phagophores and 

autophagosomes and migrates faster than LC3-I on gel electrophoresis, allowing to evaluate the 

ratio of lapidated LC3 to reflect the number of autophagosomes formed. The adaptor protein 

sequestosome 1 (p62) targets specific substrates to autophagosomes and is are degraded along with 

other cargo proteins, therefore it is normally used as a measure of autophagic flux [39]. 

A this point of the process, autophagosome is formed and is ready to internalize autophagic 

cargo and transport them on microtubules to the perinuclear region where lysosomes are present. 

Upon maturation, autophagosomes go into the last step in this catabolic process, the fusion of 

autophagosomes with lysosomes to form the autophagosome, process that is regulated by three sets 

of protein families: the Rab GTPasas (Rab7 in autophagy), HOPS (homotypic fusion and protein 

sorting-tethering complex) and the soluble N-ethylmaleimide-sensitive factor attachment protein 

receptor (SNARE) proteins [40]. HOPS is a conserved protein complex consisting of vacuolar protein 

sorting 11 (Vps11), Vps16, Vps18, Vps33, Vps39, and Vps41 and mediates autophagosome-lysosome 

fusion through interaction with SNARE syntaxin 17 [41]. In this final step, UVRAG, which plays an 

important role facilitating Vps34 activation during initial steps of autophagy, shows a relevant role 

regulating autophagosome maturation via Beclin1 independent manner. UVRAG recruits class C 

vacuolar protein soring (C-Vps) complex to autophagosomes, where UVRAG-C-Vps interaction 

stimulates Rab7-GTPase activity that results in autophagosome fusion to lysosomes [42]. Lastly, in 

the degradation phase, autophagic cargo is degraded under the low pH of autophagolysosome that 

activates specific lysosomal hydrolases, recycling degraded material to be used to fuel growth of the 

cell. 

Autophagy was initially defined as a pro-survival cellular mechanism due to its role in 

maintaining homeostasis under stressful conditions. Deregulation of autophagy has been related with 

multiple human diseases, including cancer [19], where it has been shown to act as a tumor promoter or 

tumor suppressor depending on the cell context [21], and therapeutic modulation of autophagy has 

shown promising therapeutic potential [20–25].  
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Schematic overview of the autophagy molecular pathway and target steps of its modulation. Upon 

nutrient or energy deprivation AMPK is activated, leading to mTORC1 inhibition and autophagy 

induction. Stress conditions activate the UPR response mediated by PERK and IRE-1, which leads to 

the activation of autophagy. ULK complex consists in ULK1, ULK2, FIP200 and ATG13. The 

PI3K-Beclin1 complex consists in VPS34, VPS15, Beclin1 and ATG14, or VPS34, Beclin1, UVRAG and 

Ambra1. These complexes mediate the generation of lipidated LC3 (LC3-II) and its incorporation into 

phagophore membrane. The elongation of the phagophore ultimately closes and forms the 

autophagosome, which internalizes autophagosome cargo and fuses with lysosomes for cargo 

degradation and nutrient recycling. Current approaches to modulate autophagy in CCA target 

different steps. Autophagy inhibitors focus on inhibiting the last step, interfering with lysosome fusion 

or function, but other compounds target mTORC1 or other initiation steps. Autophagy activators act 

through targeting initial steps of autophagy, mTOR inhibition or ER stress induced autophagy 

 

Autophagy as a tumor suppressor 

 

Deficiencies in autophagy lead to the accumulation of impaired macromolecules and organelles 

that disrupt cell homeostasis and cause DNA damage and chromatin instability, key factors in the 

accumulation of oncogenic mutations. During the initial stages of malignant transformation, 

autophagy exerts a cytoprotective role mainly acting as tumor suppressor, lessening the effects of 

metabolic stress and genome instability that cause tumor initiation  [43,44]. Mostly, inhibition of 

autophagy in cancer cells lies in the over-activation of the PI3K-Akt-mTORC1 pathway, which induces 

survival and proliferation [45]. Accordingly, several tumor suppressor genes such as PTEN [46], LKB1, 

AMPK [47] or TSC [48] are promoters of autophagy. Some of the most important evidences 

demonstrating the role of autophagy as a  tumor suppressor come from studies performed with 

Beclin1 [49]. Mice with genetic deletion of Beclin1 show higher incidence of lymphoma, lung cancer 

and liver cancer [28]. In addition, mono-allelic deletions of Beclin1 gene have been described in 40-75% 

of human cancers of the breast, ovary and prostate [50]. Consonant with these results, silencing of 

ATG5 results in the accumulation of p62 protein aggregates, defective mitochondria and poorly folded 

proteins, events that induce ROS (reactive oxygen species) production. Increase in ROS favors the 

appearance of potentially oncogenic mutations, and autophagy prevents malignant transformation by 

clearing accumulated p62 and limiting chromosome instability [43,51,52]. 

 

Autophagy as a tumor promoter 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 February 2020                   doi:10.20944/preprints202002.0015.v1

Peer-reviewed version available at Cells 2020, 9, 614; doi:10.3390/cells9030614

https://doi.org/10.20944/preprints202002.0015.v1
https://doi.org/10.3390/cells9030614


 5 of 27 

 

Activation of autophagy in established growing tumor cells is a common event among different 

types of cancers due to the extreme environmental conditions typical of the progressive tumor 

environment, such as lack of oxygen [53], limited nutrients [54] and increasing energy demand by 

sustained high metabolic rate [55]. Under these circumstances, autophagy appears as an adaptive 

cellular response that allows tumor cells to survive under severe conditions. RAS-mutated cells are 

highly dependent on autophagy and are defined as “addicted to autophagy”. Oncogenic mutations in 

RAS are found in about 30% of human cancers and are tumors with high proliferative and metastatic 

potential [56,57]. Several studies have described that these cells depend on autophagy activation to 

maintain oxidative metabolism and glycolysis underpinning growth, survival, invasion and metastasis 

[58,59]. Autophagy is also presented as a protective strategy for tumor cells to evade the effect of 

various therapies and promote chemoresistance and tumor survival [60–63]. Drugs such as tamoxifen 

[64], temozolamide [65], resveratrol [66] or arsenic trioxide induce protective autophagy in cancer cells 

of the breast, prostate, colon and malignant glioma [67].  Radiotherapy has also shown induction of  

protective autophagy [68]. In many cases, the activation of autophagy has been linked to the 

development of resistance to these treatments. In this line, it has been described that the combination 

of autophagy inhibitors with chemotherapy, radiotherapy, tyrosine kinase receptor inhibitors or 

hormone therapy sensitizes cells to these treatments [67,68].   

 

CHOLANGIOCARCINOMA GENETIC AND EPIGENETIC ALTERATIONS AND 

AUTOPHAGY  

 

CCA is a very heterogeneous group of malignancies highly influenced by different risk factors 

and genetic and epigenetic alterations [69]. Surgery, chemotherapy and locoregional therapy are the 

only approved therapies for CCA, although less than one-third of the patients have been classified as 

having a resectable tumor at the time of diagnosis. Tumor resection is usually followed by adjuvant 

chemotherapy using gemcitabine, cisplatin or 5-FU (5-fluorouracil), which nevertheless does not 

prevent the high rates of relapse and resistance. For patients presenting with unresectable or 

metastatic CCA, systemic chemotherapy remains the mainstay palliative treatment modality, and 

only gemcitabine plus cisplatin combination has offered limited advantages [15,16], usually 

followed by a fluoropyrimidine-based regimen when gemcitabine-based treatment fails [69]. The 

identification of genetic and epigenetic alterations and the increased knowledge about molecular 

pathophysiological mechanisms governing cholangiocarcinogenesis, tumor recurrence, resistance 

and metastasis, has allowed the development of more specific therapies, although clinical results 

evaluating specific molecular agents demonstrate no or only very modest survival benefits of the 

agents tested [4,5,70]. 

Whole genome analyses identified two distinct genomic classes of iCCA: an inflammatory class 

with predominant activation of inflammatory pathways, and a second proliferative class with 

predominant activation of oncogenes that correlate with worse patient outcome [71]. Next 

generation sequencing analysis revealed that the majority of CCAs showed a driver gene mutation, 

although tumors from different sites (iCCA versus pCCA and dCCA) have different genetic profiles. 

For example, RAS appears frequently mutated in CCA, with a higher prevalence in dCCA [72]. 

Exom sequencing analysis identified a unique subtype of CCA without RAS mutation and/or FGFR2 

fusion genes [73]. Epigenomic studies have revealed that epigenetic modification such as DNA 

hypermethylation, histone modifications and microRNAs deeply affect CCA development [74]. All 

these data support the complexity of this type of cancer and the low efficacy of current diagnostic 

methods and therapies and deeper research into mechanism leading to CCA development will help 

to support the development of novel treatments that could improve therapeutic outcome based on 

proper patient classification.  

Chronic inflammation, partial bile flow obstruction (i.e. cholestasis), and bile duct injury are 

recognized to be major features for malignant transformation [75]. Upon chronic inflammation, both 

cholangiocytes and immune cells secrete pro-inflammatory cytokines such as IL-6, endotoxins or 

TNF-α. Sustained IL-6 production acts as key player in hepatobiliary inflammation and cancer 
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development, promoting mitogenic responses and cell survival [76]. Additionally, IL-6 can increase 

nitric oxide synthase (iNOS)-mediated nitric oxide production resulting in DNA damage [77] and 

cyclic oxygenase (COX)-2-mediated prostaglandin secretion that results in cell growth, 

anti-apoptosis and angiogenesis [78]. Autophagy plays a relevant role in inflammation, although 

understanding of this interconnection is still incomplete [79]. Many of the signaling pathways that 

control inflammation during tumorigenesis are also known regulators of autophagy. For example, in 

lung cancer cells exposed to arsenic, oncogenic transformation correlates with sustained 

upregulation of IL6 and reduced autophagy [80] and IL-6-dependent transformation requires 

inhibition of a Beclin1-Bcl2 complex, which is dependent on STAT3 signaling. Moreover, 

enhancement of autophagy via Beclin1 overexpression is sufficient to block IL-6 mediated 

transformation [80]. This correlation between IL-6 mediated carcinogenesis and autophagy may 

represent an interesting and promising approach to treat iCCA with an inflammatory component. 

Additionally, there are a large number of studies that relate different pro-inflammatory pathways 

with ER stress and autophagy [79,81,82].  

To date, different genes have been related to cholangiocarcinogenesis. Activating KRAS 

mutations are frequently detected in all subtypes of CCA and can be found in up to 40% of CCA, 

with major prevalence in dCCA [72], while BRAF mutations contribute with RAS to CCA 

development [83,84]. Moreover, KRAS mutation collaborates with p53 deletion to cause iCCA [83] 

and it has been shown that p53 status determines the role of autophagy in pancreatic tumor 

development [85]. Interestingly, KRAS and BRAF-driven pancreatic and lung cancers have been 

shown to be addicted to autophagy, showing elevated levels of autophagy-related proteins. 

Autophagy inhibition with chloroquine (CQ) in these cancers enhances chemotherapy efficacy 

[56,86–89]. Nonetheless, in mice containing oncogenic KRAS and lacking p53, inhibition of 

autophagy no longer blocks tumor progression, instead accelerates tumor onset and enriches 

anabolic pathways that can fuel tumor growth [83]. Moreover, iCCA cell lines with mutated p53, 

which alterations have also been widely described in CCA [90] and KRAS have elevated autophagy 

compared with normal iCCA cells, and CQ inhibited growth of these cells [91], addressing the need 

to clearly define whether autophagy is a feature of all iCCA or if only applies just for KRAS mutated 

variants. No specific RAS inhibitors have been developed so far and targeted therapies aiming to 

modulate KRAS downstream pathways such as MEK1/2 inhibitor selumetinib are in development 

for CCA, pointing to the potential combination with autophagy inhibitors to improve their 

therapeutic potential [4,92]. Alterations in c-MET, which overactivation leads to activation of MAPK, 

PI3K/Akt and STAT pathways, correlates with high grade, invasiveness and poor prognosis in CCA 

[93,94], and its inhibition promoted autophagy in lung cancer cells [95], further linking c-MET 

mediated autophagy inhibition in carcinogenesis. Gain of function mutation in ERBB2 and EGFR 

genes correlates with malignancy in human cholangiocytes, cancer progression and poor survival 

[96,97], and treatment with tyrosine kinase inhibitors induced protective autophagy in different 

cancer types [98], suggesting that the combination with autophagy inhibitors could increase the 

efficacy of these compounds. Similarly, FGFR2 fusion genes that result in altered cell morphology 

and increased cell proliferation have been described in CCA [99]. It has been shown that FGFR 

alterations suppress autophagy and genetic or pharmacological FGFR inhibition induces protective 

autophagy in lung and breast cancer, therefore inhibition of autophagy increases anticancer efficacy 

of FGFR inhibitors [100,101]. There are currently FGFR inhibitors in clinical development for CCA, 

opening the possibility to evaluate the combination of these inhibitors with autophagy modulators 

to increase efficacy. Loss of SMAD4 is also frequently observed in CCA in the distal common bile 

duct [102] and it has also been shown to render pancreatic cancer radioresistance through promotion 

of autophagy [103], therefore combination with autophagy inhibitors also could potentially apply to 

these mutated tumors. Adenomatous Polyposis Coli (APC) is an additional tumor suppressor 

commonly mutated in CCA and may be responsible for the early stages of carcinogenesis [104], 

stages where dysfunctional autophagy has also been detected in clinical samples [105] and in 

xenografts during tumor formation [106].   
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Additionally, it has been proposed that epigenetic changes such as histone modifications, DNA 

methylation and non-coding RNAs, which play a very relevant role in the pathophysiology of CCA 

[107], are also regulators of autophagy [108]. Overexpression of histone deacetylase 6 (HDAC6) was 

reported in CCA, promoting the shortening of the primary cilium and inducing hyperproliferation. 

HDAC6 inhibition restores ciliary expression and decreases tumor growth in CCA  [109,110], a 

mechanism that has been shown to be mediated by autophagy inhibition in colorectal cancer, 

multiple myeloma and neuroblastoma [111]. Other HDACs, such as HDAC1, has been found 

overexpressed in CCA and correlates with malignant behavior and poor iCCA prognosis [112]. 

Histone methylations also control autophagic flux and it has been proposed that histone methylation 

keeps the brakes on autophagy [113]. DNA methylation mediated silencing of tumor suppressor 

genes is oftenly seen in CCA.  Frequent mutations in both DNA methylation IDH1 and IDH2 have 

been reported in 10% of iCCA, which are associated with hypermethylation of CpG shore, resulting 

in an altered state in the cellular process of differentiation [114,115]. Several reports highlight the 

link between autophagy inhibition and histone methylation [108], [113], proposing autophagy 

inhibition as a target for treating IDH mutant gliomas [116]. A number of microRNAs (e.g., miR-141, 

miR-200b, miR-21, miR-29b among others) have been described to be either up or downregulated in 

CCA cell lines, and their predicted targets were found to be associated with cell growth, apoptosis 

and response to chemotherapy in CCA cell lines [117,118]. MicroRNAs are also involved in 

regulating autophagy in cancer, and different autophagy related proteins have been described as 

miRNAs targets, such as ULK2, Beclin1, LC3, ATG4 or ATG9 [119,120]. Moreover, miR-124 has been 

described to induce cytotoxic autophagy in CCA through EZH2-STAT3 pathway in vitro and in vivo 

[29].  

 

AUTOPHAGY MODULATION IN CHOLANGIOCARCINOMA 

 

Although the knowledge about the role of autophagy in cholangiocarcinogenesis and specific 

pathologic and potential therapeutic roles of its modulation are still poorly understood, several 

reports have identified autophagy related markers with prognostic significance, underlining the 

relevance of this process in CCA and offering novel therapeutic strategies. Similar to pancreatic 

cancer, CCA follows a carcinogenic development in which a precursor lesion, a biliary intraepithelial 

neoplasia (BilIN), is developed. The study of the expression levels of LC3, Beclin1 and p62, along 

with p53 and KRAS status on clinical BilIN samples and compared with normal bile duct and 

peribiliary gland, revealed that autophagy deregulation may occur at an early stage of development 

of CCA [105]. Expression of LC3 and p62 was high in BilIN 1-2 stages compared with normal 

cholangiocytes, and all three LC3, Beclin1 and p62 were higher in invasive carcinoma compared 

with non-tumoral tissue. No significant correlation between KRAS and expression of autophagy 

markers in BilIN 1-2 stages was observed. Accumulation of autophagic proteins is indicative of 

deregulated autophagy, and autophagy impairment accumulates these proteins in the cytoplasm, 

which could correlate with the tumor suppressor role of autophagy during initial stages of cancer 

development. In preclinical studies, autophagy was detected in human CCA cell lines under 

starvation conditions and during tumor formation in xenograft models. Furthermore, genetic or 

pharmacological inhibition of autophagy hampered proliferation and increased apoptosis during 

nutrient starvation, sensitizing iCCA cells to chemotherapeutic agent induced cell death [106]. In 

addition, iCCA clinical samples showed higher autophagic vacuoles and higher expression levels of 

Atg5 and Beclin1 compared with normal bile epithelium [106], which could correlate with tumor 

promoter role of autophagy in established growing tumors. 

Epithelial to Mesenchymal Transition (EMT) is considered to be a major driver of cancer 

exacerbation, promoting tumor progression, metastasis and drug resistance [121,122]. The link 

between EMT and autophagy has been amply demonstrated, since main pathways regulating 

autophagy have a dramatic impact on EMT, such as PI3K/AKT/mTOR, Beclin1, p53 and JAK/STAT 

signaling pathways. Also, signaling pathways implicated in EMT are crucial in autophagy including 

integrins, WNTs, NF-kB, and TGF-β signaling pathways [123]. In CCA, EMT leads to 
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immunosuppression through SNAIL expression [124], and is critical for invasiveness and metastasis 

induced by TGF-β1/SNAIL activation [125]. Autophagy inhibition with CQ reduced invasive 

capacity under starvation and in TGF-B1 induced CCA cell invasion [126], further exposing EMT 

and autophagy relation in CCA.   

Beclin1 plays a relevant role in linking autophagy, apoptosis and differentiation and its 

inactivation and consequent deficiency in autophagy was correlated with malignant transformation 

[49,127,128]. Moreover, several studies have shown the significance of Beclin1 in iCCA [27,28] and 

eCCA [28], revealing its prognostic value for CCA. Beclin1 was found markedly expressed in iCCA 

samples compared with normal bile duct epithelium [27], and low Beclin1 expression was 

significantly associated with lymph node metastasis, worse overall survival and less disease-free 

survival[27,28]. Moreover, in a lymph node negative CCA subgroup, Beclin1 was higher than in the 

lymph node positive subset, suggesting that Beclin1 inactivation and therefore impaired autophagy, 

might promote malignant phenotypes. Interestingly, a stratified survival analysis in patients with 

Beclin1 low expression, iCCA patients showed a worse overall survival and progression-free 

survival than eCCA [28], which may indicate a higher implication of autophagy in iCCA subgroup 

of patients. Nevertheless, low Beclin1 levels show correlation with poor prognosis in both subtypes 

[28]. In this line, Ambra1,  a positive regulator of Beclin1 dependent program of autophagy, 

positively correlated with SNAIL expression, in accordance with the impairment of TGF-β1/SNAIL 

induced EMT by autophagy inhibition [126]. But, in contrast to Beclin1, Ambra1 high expression was 

associated with lymph node metastasis and poor survival [126]. Other potential therapeutic target 

associated with autophagic flux in CCA is FOXO1. FOXO1 expression and transcriptional activity 

are involved in promoting cellular autophagy, and the interaction of acetylated FOXO1 with ATG7 

regulates basal and starvation-induced autophagy in CCA cells  [30]. Cytoplasmic accumulation of 

FOXO1 is associated with increased proliferation in cholangiocytes [129] and pharmacological 

inhibition of acetylated FOXO1, which results in autophagy inhibition, leads to apoptosis induction 

and reduced viability of CCA cells [30].  Epigenetic alterations are frequent in CCA, such as 

miR-124, which was found significantly downregulated in the tumor tissue of patients and in CCA 

cell lines and its administration in vitro induced cytotoxic autophagy in CCA cells [29], supporting a 

pro-tumoral role of epigenomic-mediated inhibition of autophagy. 

In another recent study, Chen and colleagues demonstrated for the first time that LC3B is an 

independent biomarker for overall survival and progression-free survival in iCCA patients, and that 

high LC3B staining significantly associates with poor tumor differentiation, TNM stage, early 

relapse and bad long term survival. Based on nomograms, they stratified iCCA patients and 

generate therapeutic strategy after hepatectomy, demonstrating that nomograms based on 

autophagy markers can be considered as effective models to predict postoperative survival of iCCA 

patients [31]. In a very interesting study published in 2019, Atg7 was found to be a causative genetic 

risk factor for CCA development in a family with high incidence of pCCA, identifying a germline 

mutation associated with CCA development [33]. This genetic variant resulted in the accumulation 

of p62, indicative of impaired autophagy in the tumors of carriers compared with non-carrier tumors, 

confirming autophagy pathway perturbation as a novel cancer driver mechanism in human 

tumorigenesis and in correlating with detection of elevated autophagy related genes in BilIN [105].   

Assembling the pieces of this great puzzle will be necessary to precisely define the role of 

autophagy in CCA development, its value as prognostic and predictive biomarkers and how its 

modulation can offer therapeutic benefits for patients that are limited to chemotherapy regime and 

exhibit limited efficacy.  

 

Clinical development of autophagy modulators in Cholangiocarcinoma 

 

Multiple clinical trials are currently ongoing testing the efficacy of different anticancer drugs on 

CCA patients administered alone or in combination. A search for phase II and II trials was operated 

on clinicaltrial.gov (data of entry 2020-01-15) combining terms such as cholangiocarcinoma, 

autophagy, mTOR, AKT, PI3K, chloroquine and hydroxychloroquine, obtaining a limited set of 
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studies. Two different trials are exploring the inhibition of autophagy in CCA using CQ 

(NCT02496741-completed; [130] and hydroxychloroquine (HCQ) (NCT03377179-recruiting). The 

study involving CQ explores safety, recommended phase 2 dose and efficacy of metformin and CQ 

combinatory treatment in IDH1/2 mutated solid tumors, alteration found in around 20% of iCCA 

patients. This could seem contradictory given the fact that metformin, an approved anti-diabetic 

drug, is considered to act by inducing AMPK-mediated autophagy, although its mechanism of 

action is still far from being completely understood. The study using HCQ, combines this autophagy 

inhibitor with ABC294640 (Opaganib), a first-in-class sphingosine kinase-2 (SK2) selective inhibitor. 

ABC294640 was proven to induce protective autophagy in cancer [131], and this study relies on the 

HCQ-mediated potentiation of ABC294640 anti-cancer activity by inhibiting ABC294640-mediated 

protective autophagy in CCA.  

When looking at mTOR inhibitors as autophagy inducers in CCA, preclinical evaluation of 

everolimus (RAD001) showed a reduction in cell proliferation with increased apoptosis and 

decreased invasion [132], although no reference to autophagy is clearly shown in spite of the 

association of PI3K/AKT/mTOR signaling pathway with CCA metastasis [133]. PI3K/AKT/mTOR 

inhibitors in clinical development for CCA include mTOR, PI3K and AKT inhibitors administered 

alone or in combination with chemotherapy. Among mTOR inhibitors, Everolimus is administered 

as monotherapy (NCT01525719-unknown and NCT00973713-unknown), in combination with 

gemcitabine and oxaliplatin (NCT02836847-recruiting) and with FOLFIRINOX 

(NCT03768375-recruiting) and sorafenib is administered alone (NCT00238212-completed), in 

combination with gemcitabine and cisplatin (NCT00919061-completed), with gemcitabine and 

oxaliplatin (NCT00955721-terminated and NCT02836847-recruiting), with erlotinib (EGFR 

inhibitor)( NCT01093222-completed) and with FOLFIRINOX (NCT03768375-recruiting). Two 

studies using MK-2206 AKT inhibitor were found administered as monotherapy 

(NCT01859182-terminated and NCT01425879-completed) and one with BKM120 PI3K inhibitor as 

monotherapy (NCT01501604-terminated).  

Current clinical evaluation of autophagy modulators is still missing, probably due to the lack of 

knowledge about the mechanism that could lead to a synergistic effect. Only CQ and HCQ are been 

clinically evaluated and results from these trials, specially HCQ combination with ABC294640, will 

be of a great interest to obtain initial conclusions of the therapeutic potential of inhibiting autophagy 

to increase the efficacy of protective autophagy inducing anti-cancer drugs. Nevertheless, further 

research is needed to try to accurate patient selection in order to increase efficacy.  

 

Autophagy modulators in Cholangiocarcinoma 

 

Autophagy inhibitors  

 

Due to the dual role of autophagy in cancer cells, its modulation either by activation or by 

inhibition has emerged as a promising therapeutic strategy for cancer treatment. Within the 

strategies to inhibit autophagy in cancer, several compounds target different steps of the autophagic 

process such as ULK inhibitors, pan PI3K inhibitors, VPS34 (PI3KC3) complex inhibitors, ATG 

inhibitors, autophagosome formation inhibition and lysosome Inhibitors [23–25]. In CCA, several 

publications show the anticancer efficacy of autophagy inhibitors using different approaches. Three 

studies reported CQ efficacy on CCA cells, an antimalaria drug that inhibits last step of autophagy 

blocking autophagosome fusion with lysosomes [134–136]. GNS561 is a lysosomotropic small 

molecule that also blocks fusion of autophagosomes to lysosomes by altering the acidic pH of 

lysosomes [137]. Several natural compounds are under evaluation in CCA pre-clinical models. 

Salinomycin (naturally occurring polyether antibiotic [138]), capsaicin (major pungent component of 

chili pepper [139]), oblongifolin C (natural small molecule extracted from Garcinia yunnanensis Hu 

[140]) and resveratrol (natural phenol, phytoalexin, produced by plants against infections [30]) have 

shown anticancer efficacy on CCA models by different mechanism, inhibiting autophagosome 

fusion to lysosomes, promoting mTOR activation and blocking ATG7 activation respectively. Two 
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class III PI3K inhibitors that block initiation of autophagy (3-MA and wortmannin [106]) and Mdivi1 

(selective Drp-1 inhibitor [141]) that interferes with mitochondrial activity, have also shown efficacy 

on CCA.  

Hou and colleagues published in 2011 that CCA clinical samples showed higher autophagic 

vacuole content and increased expression of Beclin1 and Atg5 compared with normal cholangiocytes. 

Interestingly, they found induction of autophagy in human CCA cell lines under starvation and 

during tumor formation in xenograft models, suggesting a potential role of autophagy in CCA 

tumorigenesis and the therapeutic potential of its inhibition. In correlation with this, genetic beclin1 

depletion or pharmacological inhibition of autophagy by inhibiting PI3K-Beclin1 complex with 

3-MA (3 methyl adenine) and wortmannin hampered proliferation and increased apoptosis during 

nutrient starvation, sensitizing iCCA cells to chemotherapeutic agent-induced cell death in vitro and 

in vivo accompanied by a decrease in ATG5 and Beclin1 mRNA levels [106].   

Among natural compounds that inhibit autophagy in CCA, capsaicin is the only one that 

induce autophagy inhibition through mTOR activation. Capsaicin interferes with NF-kB and AP-1 

signaling, resulting in negative regulation of cell survival, adhesion, inflammation, differentiation 

and growth, and although it showed induction of autophagy in melanoma [142], it inhibits 

autophagy in CCA by activating PI3K/AKT/mTOR pathway, increasing sensitivity of CCA cells to 

5-FU [139]. Zang and colleagues reported in 2016 the use of oblongifolin C as an autophagy inhibitor 

that blocks the autophagosome fusion to lysosomes and promotes mitochondrial dysfunction (MyD), 

leading to apoptosis induction [140]. Moreover, pharmacologically enhancement of autophagy 

impaired oblongifolin C effects and treatment with 3-MA potentiated its anticancer effects, 

reinforcing the implication of the inhibition, although much research is needed to fully understand 

its precise mechanism of action. Salinomycin is another natural compound which mechanism of 

action is still unclear, but has been reported to have anticancer activity in CCA by inhibiting 

autophagy. This antibiotic interferes with Wnt signaling, inhibiting autophagic flux, which leads to 

the accumulation of dysfunctional mitochondria and increased generation of ROS, suggesting it can 

affect the fusion of autophagosomes with lysosomes in a similar way to CQ [138]. Moreover, 

salinomycin inhibited in vivo tumor growth in CCA cell with KRAS mutated and depletion of p53, 

in correlation with the potential use of this strategy to treat KRAS addicted tumors. Resveratrol, 

which has been shown to induce autophagy-mediated cell death in leukemia and gastric cancer cells 

[143,144], showed autophagy inhibition in CCA by promoting deacetylation of FOXO1, impairing 

FOXO1 binding to Atg7 and blocking autophagy initiation in CCA cells, finally leading to apoptosis 

[30]. Moreover, cytoplasmic accumulation of FOXO1 is associated with increased proliferation in 

cholangiocytes [129], further validating the role of FOXO1 in the initiation step of autophagy. Two 

additional reports published in 2018 used GNS561 and MdIvI-1 as therapeutic autophagy inhibitors 

in CCA. GNS561 promotes lysosomal dysregulation through lysosome permeabilization and 

releases of hydrolytic enzymes to the cytosol, leading to autophagosome fusion to lysosome 

impairment and induction of apoptosis in vivo against human iCCA xenografts  [137]. Mdivi-1 is 

thought to act inhibiting enlongation of autophagosomes impeding mitochondrial dynamics, 

leading to autophagy inhibition that potentiates cisplatin-induced apoptosis in CCA [141].  

CQ is most widely autophagy inhibitor used in cancer, and currently the only autophagy 

modulator (except from PI3K/AKT/mTOR inhibitors) under clinical evaluation for CCA.  In CCA 

models, CQ attenuates invasive activity of CCA cells under starvation conditions, reducing 

TGF-b1-induced CCA cell invasion [134] and sensitizing resistant CCA cell to cisplatin [135]. CQ acts 

inducing sustained ER stress by blocking the binding of autophagosomes to lysosomes altering 

acidic environment of lysosomes, resulting in accumulation of a large number of degraded proteins 

in the cytoplasm, inducing ER stress. This sustained ER stress activates CHOP, which finally induces 

the activation of multiple death signaling pathways in CCA, including caspase 3 and 8, cleaved 

PARP and Bcl-2 family proteins Bax and Bak [136].   

Activation of autophagy as a resistance mechanism in response to chemotherapy has been 

widely described for many different types of cancers, including CCA [60–63]. A wide variety of 

anticancer compounds induce autophagy in CCA, making it necessary to discern whether it is a 
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protective autophagy promoted by cancer cells as an adaptive mechanism, therefore inhibition of 

autophagy leads to a potentiation of their cytotoxic effects, or if on the contrary, mediates drug 

mechanism of cancer cell death induction. Several compounds that show anticancer efficacy on CCA 

cells such as norcantharidin [145], compound C [146], vorinostat [147] or cisplatin [106], [141] induce 

the activation of protective autophagy in CCA cells, and pharmacological inhibition of autophagic 

process enhances these drugs anti-cancer capacity, accelerating apoptosis and sensitizing cell to 

chemotherapy. The combination of these drugs with autophagy inhibitors offers an attractive 

therapeutic strategy. Following this rationale, currently recruiting clinical trial combining HCQ with 

SK2 selective inhibitor ABC294640 in CCA patients attacks cancer cells inhibiting 

ABC294640-induced protective autophagy, with the aim to increase efficacy in these patients. This is 

a very promising strategy to apply to other combination that has already shown pre-clinical efficacy.         

 

Autophagy activators  

 

There are several strategies currently under evaluation to induce autophagy mediated cell 

death in cancer, including mTOR inhibitors, BH3 (Bcl-2 homology 3) mimetics which promote the 

liberation of Beclin-1 from Bcl2 and Bcl-XL inhibition [148], cannabinoids which induce an 

exacerbated ER stress on cancer cells ultimately leading to CHOP-mediated apoptotic cell death 

[149],  HDAC inhibitors which act through the epigenetic modulation of autophagy [22,150], and 

natural compounds extracted from plants, herbs or insects [22,150].  

Three natural compounds have been recently described to induce CCA cell death implicating 

the activation of autophagy as mediator of their cytotoxic effects, such as piperlongumine (small 

molecule extracted from Piper longum plant [151]), pterostilbene (active constituent of blueberries 

[152]), pristimerin (triperpenoid isolated from Maytenus heterophylla [153]) and dihydroartemisinin 

(active compound found in Artemisia annua [154]. Although it has been proven that autophagy 

induction is necessary for their mechanism of action, the specific molecular mechanisms governing 

their autophagy modulation abilities are not fully understood yet. Piperlongumine induced 

apoptosis [155] and autophagy [151] in CCA cells through the production of ROS, induction of ER 

stress and activation of JNK-ERK signaling pathway [151]. Similar to piperlongumine, 

dihydroartemisinin is an antimalaria drug that induces ROS mediated ER stress through DAPK 

activation, promoting the disruption of Beclin1-Bcl-2 complex and inducing autophagy-mediated 

CCA cell death, therefore activating initiation of autophagy. Importantly, its cytotoxic effects were 

cancer cell-specific, since only slight toxicity was observed on immortalized cholangiocytes. Beclin1 

activation is crucial for dihydroartemisinin action since its genetic depletion or its pharmacologically 

mediated degradation inhibited autophagy activation and partially protect CCA cells from 

dihydroartemisinin treatment [154]. Another drug that promotes Beclin1 activation is pristimerin, 

which inhibited CCA cell growth in vitro and in vivo decreasing apoptosis-related proteins Bcl-2, 

Bcl-XL and procaspase-3, similarly to the effect of BH3 mimetics, suggesting pristimerin promotes 

Beclin1 activation and initiation of autophagy. Interestingly, this compound showed higher efficacy 

on eCCA cell line QBC939 versus iCCA cell line REB, making attractive to further investigate what 

mediates such selectivity [153]. Pterostilbene, a natural demethylated analog of resveratrol, induced 

inhibition of proliferation and clonogenicity of CCA cells in vitro and in vivo mediated by 

cytoplasmic vacuolation in an apoptosis independent manner. Pterostilbene induced increase 

expression of p53, ATG5, Beclin1 and LC3, while decreased levels of p62, indicative of an active 

autophagy and suggesting it could act at the initiation steps, promoting Beclin1 activation or 

autophagosome nucleation 142].  

During last years, four additional reports have been published using autophagy inducers in 

pre-clinical models of CCA. Decitabine (cytosine analog, DNA demethylating agent  [156]), and 

miR-124 (associated to STAT3 signaling) [29] induce an epigenomic induction of autophagy, while 

phenformin (diabetes therapeutic biguanide compound [157]) and ABTL0812 (hydroxylated variant 

of linoleic acid) [158] induce autophagy-mediated CCA cell death by activating LKB1-AMPK 

pathway and by inducing ER stress activation and AKT/mTOR pathway inhibition respectively. 
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Decitabine can potentially modulate response of cancer cells to chemotherapy and radiotherapy [159] 

and induces apoptosis and autophagy-dependent caspase-independent CCA cell death in vitro, 

reducing tumor growth in vivo [156]. While pristimerin showed more efficacy on iCCA versus 

eCCA cells, decitabine showed was different efficacy among two different eCCA cell lines, 

suggesting the induction of autophagy with this compound may be related to cell-specific 

characteristics rather than to the morphologic origin of CCA [156]. Another epigenetic factor, 

miR-124, induces tumor suppressive effect in CCA by inducing autophagic flux, leading to 

autophagy-related cell death in a mechanism involving EZH2-STAT3 signaling axis. Silencing of 

Beclin1 or ATG5 abrogated the effects and overexpression of miR-124 in xenograft models resulted 

in autophagy-mediated suppression of tumorigenicity through STAT3 activation, Bcl-2 

downregulation and Beclin1 expression, which indicates it acts at the initiation of autophagy. 

Moreover, miR-124 was downregulated in human CCA samples compared with non-tumor tissue 

[29]. Another approach to induce autophagy in CCA cells has been through the activation of 

LKB1-AMPK pathway leading to mTOR inhibition by phenformin.  Hu and colleagues showed that 

phenformin inhibits complex 1 of mitochondria, increasing intracellular AMP and inducing the 

activation of LKB1-AMPK axis, leading to mTOR inhibition. As a consequence, apoptosis and 

autophagy are increased, along with increase in  ATG7, ATG5 and Beclin1 levels, therefore acting 

on mTOR-mediated ULK1 complex activation during initiation of autophagy. The last published 

report precisely determined the mechanism of action of ABTL0812, which induces cytotoxic 

autophagy on CCA cells by inducing robust and sustained ER stress [158], [160] along with 

TRIB3-mediated Akt/mTOR axis inhibition [161]. Similar to dihydroartemisinin, at ABTL0812 

concentrations that result lethal for CCA cells in vitro, immortalized cholangiocytes remain alive 

suggesting the safety of this type of anti-cancer treatments.  

Promotion of autophagy in response to cell stress conditions such as lack of growth factors or 

hypoxia activates autophagy via mTORC1 inhibition [162]. Additionally, other types of cell stresses 

promote autophagy through the UPR response and mediated by PERK, IRE1α or CAMKK2 protein 

[163]. PERK activation directly activates ATG12-ATG5-ATG16L complex which  induces 

PERK-ATF4-CHOP pathway activation and TRIB3 (Tribbles homolog 3) expression, a pseudokinase 

that acts as an endogenous negative regulator of AKT/mTOR axis [158,164,165]. IRE1α promotes 

Beclin1 liberation from Bcl2 and PI3K-Beclin1 complex activation  [163]. This is the case for some 

drugs such as tetrahydrocannabinol (THC), which exert its antitumoral action by inducing ER 

stress-mediated apoptotic cell death [149,166,167] and has shown anti-cancer efficacy in CCA [168]. 

ABTL0812 is the autophagy inductor currently being evaluated in CCA models with most complete 

description of its mechanism of action, and it already showed preliminary clinical efficacy on a CCA 

patient derived from a phase I trial in patients with solid tumors [160,169]. In xenograft models, 

ABTL0812 potentiated gemcitabine plus cisplatin anticancer efficacy by upregulating TRIB3 and 

CHOP levels, two markers that have been validated for the first time as surrogate pharmacodynamic 

biomarkers in endometrial and lung cancer patients [158,160,170,171]. This novel strategy to induce 

ER stress mediated cytotoxic autophagy relies on the fact that cancer cells have evolved to use the 

UPR to survive the ER stress induced by the hostile conditions of tumor microenvironment (hypoxia, 

low glucose, intracellular acidification, etc.), exhibiting higher ER stress basal levels [172]). The 

induction of ER stress in cancer cells is a common mechanism of natural compounds activators of 

autophagy, and can result in an overpass of the cytoprotective effect of the UPR, leading to 

activation of the pro-apoptotic arm (CHOP) and to cell death. On the contrary, non-tumoral cells 

show negligible levels of ER stress and therefore possess a broader margin to resist stress-induced 

cytotoxicity [173], correlating with lower cytotoxicity on immortalized cholangiocytes observed for 

ABTL0812 and dihydroartemisinin.  

 

AUTOPGHAY INHIBITORS 

Compound  
Mechanism of 

action  

Pre-clinica

l models  
Effects on CCA 

Level of 

inhibition 
Reference  
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Wortmannin 

(cell permeable 

fungal 

metabolite) 

and 3-MA 

(synthetic 3 

methyl 

adenine)  

Specific class 

III PI3K 

(VPS34) 

inhibitors. 

VPS34 is 

needed to 

recruit 

Atg12-Atg5 

conjugates to 

preautophagos

omal structure 

In vitro: 

QBC939, 

RBE and 

HCCC9810    

In vivo: 

QBC939 

xenografts 

Apoptosis 

induction in vitro 

and inhibition of 

tumor growth, 

decreasing 

mRNA levels of  

Atg5 and Beclin1 

in tumors 

Initiation: 

inhibits 

Vps34 (class 

III PI3K) 

complex 

Hou et al 

2011 [106] 

Chloroquine 

(antimalaria 

agent)  

Alters acidic 

environment 

of lysosomes, 

induces 

sustained ER 

stress and 

CHOP-mediat

ed apoptosis  

In vitro: 

CCKS1 

and 

HuCCT1 

cells 

Attenuate 

invasive activity 

of CCA cells 

under starvation 

conditions, 

reducing 

TGF-b1-induced 

EMT-mediated 

CCA cell 

invasion 

Fusion: 

Inhibits 

autophagoso

me fusion 

with 

lysosomes  

Nitta et al 

2014 [126] 

Capsaicin 

(major 

pungent 

component of 

chili peppers) 

Interferes 

NF-kB and 

AP-1 signaling 

In vitro: 

QBC939, 

SK-ChA-1 

and 

MZ-ChA-1 

In vivo: 

QBC939 

xenograft 

Inhibition of 

5-FU induced 

autophagy in 

vitro and in vivo 

via activation of 

PI3K/Akt/mTOR 

pathway, 

increasing 

sensitivity to 

5-FU 

Initiation: 

activates 

mTOR 

Hong et al 

2015 [139] 

Oblongifolin C 

(natural small 

molecule 

extracted from 

herbs) 

Induces 

mitochondrial 

apoptotic 

pathway 

In vitro: 

QBC939 

Induces 

apoptosis and 

mitochondrial 

dysfunction  

Fusion: 

Inhibits 

autophagoso

me fusion 

with 

lysosomes  

Zang et al 

2016 [140] 

Chloroquine 

(antimalaria 

agent)  

Alters acidic 

environment 

of lysosomes, 

induces 

sustained ER 

stress and 

In vitro: 

QBC939 

cells 

Reduce 

antioxidant 

capacity of cells 

and increase 

ROS, specially 

mitochondrial 

Fusion: 

Inhibits 

autophagoso

me fusion 

with 

lysosomes  

Qu et al 2017 

[135] 
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CHOP-mediat

ed apoptosis  

ROS and 

sensitizes cells to 

cisplatin  

Salinomycin 

(polyether 

antibiotic) 

Interference  

WNT signaling 

and acts as 

potassium 

ionophore  

In vitro: 

TFK-1 and 

EGI-1 cells 

In vivo: s.c. 

and 

intrahepati

c murine 

models 

KRAs and 

p53 

mutated  

Inhibits 

proliferation and 

transmembrane 

migration 

mediated by 

dysfunctional 

mitochondria in 

vitro and  

inhibits tumor 

growth in vivo 

* Fusion: 

Inhibits 

autophagoso

me fusion 

with 

lysosomes  

Klose et al 

2018 [138] 

Chloroquine 

(antimalaria 

agent)  

Alters acidic 

environment 

of lysosomes, 

induces 

sustained ER 

stress and 

CHOP-mediat

ed apoptosis  

In vitro: 

QBC939 

cells 

Induces 

apoptosis 

through 

activation of 

multiple death 

pathways, and 

increases 

sensitivity to 

cisplatin  

Fusion: 

Inhibits 

autophagoso

me fusion 

with 

lysosomes  

Jia et al 2018 

[136] 

Resveratrol 

(natural 

phenol, 

phytoalexin, 

produced by 

plants against 

infections)  

Sirt1 agonist. 

Promotes 

deacetylation 

of FOXO1, 

blocking 

FOXO1 

binding to 

Atg7  

In vitro: 

QBC939 

cells 

Induces 

apoptosis by 

increasing 

oxidative stress 

and 

mitochondrial 

dysfunction.  

Initiation: 

inhibits 

Foxo1-Atg7 

activation  

He et al 2018 

[30] 

Mdivi1 

selective Drp-1 

inhibitor 

Impedes 

mitochondrial 

dynamics  

In vitro: 

KKU-156 

and 

KKU-214 

potentiates 

cisplatin-induced 

apoptosis 

inducing 

mitochondrial 

dysfunction and 

ROS  

* Elongation 

inhibits  

mitophagy  

Tusskorn et 

al 2019 [141] 
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GNS561 

(lysosomotropi

c small 

molecule) 

Lysosomal 

dysregulation 

through 

lysosome 

permeabilizes 

and releases of 

hydrolytic 

enzymes to the 

cytosol 

In vitro: 

HuCCT1 

and RBE 

iCCAs. In 

vivo: 

chicken 

chorioallan

toic 

membrane 

xenograft 

model 

In vitro: reduced 

cell proliferation 

and induced 

apoptosis  In 

vivo:  reduced 

tumor growth  

Fusion: 

Inhibits 

lysosomal 

proteases 

Brun et al 

2019 [137] 

AUTOPGHAY ACTIVATORS 

Compound  
Mechanism of 

action  

Pre-clinica

l models  
Effects on CCA 

Level of 

activation  
Reference  

Decitabine 

(cytosine 

analog) DNA 

demethylating 

agent 

DNA methyl 

transferase 

inhibitor 

In vitro: 

TFK-1 and 

QBC939 In 

vivo: 

TFK-1 

xenograft 

Induces 

apoptosis and 

autophagy-depe

ndent 

caspase-indepen

dent cell death in 

vitro and reduces 

tumor growth in 

vivo 

* Initiation: 

epigenetic 

control of 

autophagy 

Wang et al 

2014 [156] 

Phenformin 

(biguanide 

compound 

paralog of 

metformin )   

In vitro: 

RBE and 

Huh28 In 

vivo: RBE 

xenograft 

Induces 

apoptosis and 

autophagy in 

vitro (Atg7, Atg5 

and Beclin1 

upregulation) 

and reduces 

tumor growth in 

vivo 

Initiation: 

AMPK-medi

ated mTOR 

inhibition 

Hu et al 2017 

[157] 

Dihydroartemi

sinin (active 

compound 

from 

Artemisia 

annua) 

ROS mediated 

ER stress 

through DAPK 

activation 

promoting the 

disruption 

Beclin11-Bcl2  

In vitro: 

KKU-452, 

KKU-023 

and 

KKU-100, 

KKU-223 

and 

MMNK-1 

Induces 

apoptosis-depen

dent and 

autophagy-medi

ated 

apoptosis-indepe

ndent cell death 

Initiation: 

disruption of 

Beclin1-Bcl2 

Thongchot et 

al 2018 [154] 
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MiR-124 

(associated to 

STAT3 

regulation) 

Targets EZH2 

and STAT3 

signaling  

pathway 

inducing ER 

stress 

 In vitro: 

HuCCT1, 

KMBC and 

MZChA1 

In vivo 

MZChA1 

transfected 

to stably 

express 

low levels 

of miR-124 

or shEZH2 

Induces 

autophagy-relate

d cell death via 

EZH2-STAT3 

signaling axis in 

vitro and tumor 

suppressive 

function in vivo 

Initiation: 

disruption of 

Beclin1-Bcl2 

Ma et al 2018 

[29] 

Piperlongumin

e (small 

molecule 

extracted from 

plants) 

Inhibits the 

antioxidant 

enzyume 

glutathione 

S-transferase P, 

leading to 

elevated ROS 

via multiple 

pathways 

(p38/JNK, 

MAPK-C/EBO 

and NN-KB) 

In vitro: 

HuCCT-1 

Induces 

apoptosis and 

autophagy 

through 

ROS-activated 

Erk signaling 

* Initiation: 

disruption of 

Beclin1-Bcl2 

Chen et al 

2019 [123] 

Pterostilbene 

(active 

constituent of 

blueberries; 

natural 

demethylated 

analogue of 

resveratrol  

Involves 

overlap among 

intrinsic and 

extrinsic 

apoptotic 

pathway, cell 

cycle arrest, 

DNa damage, 

mitochondrial 

depolarization 

and autophagy 

In vitro: 

RBE and 

HCCC-981

0. In vivo: 

HCCC-981

0 

Induces 

dose-dependent 

and 

time-dependent 

cytotoxic effects 

and inhibits 

colony formation 

upregulating 

Beclin1, ATG5 

and ATG7 and  

inhibits tumor 

growth in vivo 

* Initiation: 

disruption of 

Beclin1-Bcl2 

Wang et al 

2019 [152] 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 February 2020                   doi:10.20944/preprints202002.0015.v1

Peer-reviewed version available at Cells 2020, 9, 614; doi:10.3390/cells9030614

https://doi.org/10.20944/preprints202002.0015.v1
https://doi.org/10.3390/cells9030614


 17 of 27 

 

Pristimerin 

(triterpenoid 

isolated from 

herbs) 

it has multiple 

targets (Li et al 

2018 

In vitro: 

QBC and 

RBE In 

vivo: 

QBC939 

xenografts 

Induces 

apoptosis and 

autophagy in 

dose-dependent 

manner, 

decreasing 

apoptosis-related 

proteins Bcl-2, 

Bcl-xl and 

porcaspase-3 in 

vitro and inhibits 

tumor growth in 

vivo 

* Initiation: 

disruption of 

Beclin1-Bcl2 

Sun et al 2019 

[153] 

ABTL0812 

(hydroxylated 

variant of 

linoleic acid) 

Induce robust 

and sustained 

ER stress, ROS 

and activation 

of p-AMPK 

and 

TRIB3-mediate

d Akt/mTOR 

axis inhibition, 

leading to 

cytotoxic 

autophagy 

In vitro: 

EGI-1 and 

TFK-1  

Induce ER 

stress-mediated 

cytotoxic 

autophagy  

(elevated ATF4, 

CHOP and 

TRIB3) 

Initiation: 

mTOR 

inhibition 

and ER 

stress 

mediated 

autophagy 

initiation  

Muñoz-Guar

diola et al 

2020 [158] 

 

Autophagy modulators in pre-clinical studies in CCA. * Uncomplete mechanism of action  

 

DISCUSSION AND FUTURE PERSPECTIVES  

 

Autophagy is a tightly orchestrated multi-step catabolic process in which misfolded, 

aggregated or mutant proteins and damaged organelles are sequestered in double membrane 

vesicles called autophagosomes, that ultimately leads to the degradation of the sequestered 

components upon fusion with lysosomes.  Autophagy is generally a pro-survival mechanism, 

which allows cells to recover homeostasis in stressed cells by controlling energy and nutrient 

balance [17,18]. The presence of multiple checkpoints within the autophagic process increases the 

possibilities to disturb autophagy, leading to different human diseases including cancer, although it 

also offers multiple target points for therapeutic approaches [19]. Autophagy may act as tumor 

suppressor at the early stages of cancer development, clearing the accumulation of impaired 

macromolecules and organelles that cause DNA damage and chromatin instability, key factors in the 

accumulation of oncogenic mutations [43,44]. On the contrary, deficiencies in autophagy lead to the 

accumulation of p62 aggregates, defective mitochondria, poorly folded proteins and increased 

intracellular ROS, promoting malignant transformation [43,51,52]. 

In CCA, numerous evidences strongly suggest a deregulated autophagy at the initial steps of 

cholangiocarcinogenesis, appearing higher levels of LC3 and p62 in precursor BilIN lesions 

compared with normal biliary ducts [32]. In this line, IL-6 mediated chronic inflammation in biliary 

cells leads to cholangiocarcinogenic transformation [45-47]. The role of autophagy and inflammation 
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is widely described in the context of cancer development. It has been demonstrated that continuous 

IL-6 secretion mediated by STAT3 inhibits autophagy, contributing to arsenic carcinogenesis in lung 

cells during carcinogenesis [80] and reinforcing the idea of impaired autophagy during CCA 

establishment. Moreover, Atg7 was found to be a causative genetic risk factor for CCA development 

in a family with high incidence of pCCA and higher levels of p62 were found in tumors of the 

carriers compared with non-carriers [33].   

Autophagy can also act promoting tumor growth on stablished tumors serving as an adaptive 

and pro-survival mechanism against the extreme tumor microenvironment conditions such as lack 

of oxygen, limited nutrients and high metabolic rate [53-55]. According to this data, RAS-mutated 

cells are addicted to autophagy by maintaining oxidative metabolism and glycolysis, underpinning 

growth, survival, invasion and metastasis [58,59]. RAS appears frequently mutated in CCA, with 

higher prevalence in dCCA [72], suggesting these cells could also have high dependence on 

autophagy for survival, and similar to other KRAS-driven cancers autophagy inhibition could offer 

an attractive therapeutic option. Autophagy has been directly related with higher invasive capacity 

in CCA mediated by TGF-β/SNAIL-induced EMT [125] and inhibition of autophagy impaired 

invasiveness in vitro mediated by TGF-β/SNAIL-induced EMT, theorizing that lower levels of 

autophagy seem to have a positive impact on reducing the metastatic potential of CCA cells [126]. 

Moreover, autophagy has also been associated as a protective mechanism to induce resistance to 

various therapies and promote chemoresistance and tumor survival [60–63]. A wide variety of 

anticancer compounds induce protective autophagy in CCA [145-147] including chemotherapy 

[106,141] and the inhibition of this protective mechanism with specific inhibitors accelerated 

apoptosis and sensitized cells to chemotherapy. Furthermore, Beclin1 was found markedly 

expressed in iCCA samples compared with normal bile duct epithelium [27], correlating with 

increased autophagy on established tumors, which may be used by CCA cells as tumor promoter 

mechanism. Beclin1 has been defined as tumor suppressor and is a critical factor in autophagy 

initiation, directly interacting with pro-survival and pro-death factors, thus being involved in cell 

fate decision making [44,49,174]. Its correlation with poor prognosis in CCA [27,28] makes beclin1 an 

interesting prognostic factor in CCA, potentially stratifying subpopulations of patients with worse 

expectations and those who could benefit from autophagy inhibition treatment in combination with 

standard chemotherapy to increase efficacy and overall survival.  

Autophagy modulation has emerged as a promising therapeutic strategy to treat different types 

of cancers [22–24,62]. Autophagy inhibition using CQ in CCA could offer therapeutic advantages in 

combinatory treatments with anti-cancer drugs that induce protective autophagy such as 

norcantharidin [145], compound C [146], vorinostat [147] or cisplatin [106,141], which have shown 

efficacy on pre-clinical models of CCA. Multiple combinations could be used to attack CCA cells 

using combined strategies. For example, chemotherapy as the standard treatment can be combined 

with CQ or HCQ to avoid development of resistance in KRAS mutated CCA or with targeted 

therapies such as IDH1, FGFR or ERBB inhibitors for IDH, FGFR or ERBB mutant CCAs. These 

combinations could offer an interesting strategy to increase therapeutic outcomes, although 

pre-clinical research should be carried out to define whether these combinations are suitable and to 

select specific CCA subpopulations of patients. Among all compounds that show efficacy against 

CCA by inhibiting autophagy, class III PI3K inhibitors could open new therapeutic avenues since 

their specificity for this type of PI3K and the inhibition of initial steps of autophagy seems an 

effective way to block this process. Further combination with chemotherapy and other drugs in 

different types of CCA would be of a great interest to implement these compounds in clinics. Other 

inhibitors such as natural compounds salinomycin, oblongifolin C, MdIvi1 or resveratrol will need 

further research to uncover its precise mechanism of action. 

Induction of autophagy appears as other interesting approach to treat CCA. Different natural 

compounds such as piperlongumine, pterostilbene, pristimerin and dihydroartemisinin induce 

autophagy dependent CCA cell death, although their molecular mechanism of action is still unclear. 

The widely described epigenomic alterations in CCA and their correlation with poor prognosis and 

the epigenetic induction of autophagy in CCA by decitabine and miR-124 underscore the regulatory 
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role of epigenomics in controlling of autophagy [108], although further research is needed to fully 

understand these relationships to be used in clinics. The induction of ER stress mediated cytotoxic 

autophagy by increasing intracellular dihydroceramides (Dh-Cer) content has been proposed as a 

safe and efficient way to induce autophagy mediated apoptosis in cancer cells. Resveratrol  [144], 

which in CCA acts inhibiting autophagy, and THC [175] induce an increase in Dh-Cer in cancer cells 

by inhibiting dihydroceramide desaturase (Des-1), which is responsible for ER stress mediated 

autophagy promotion. Similarly, ABTL0812 induces impairment of Des-1 activity, resulting in the 

accumulation of Dh-Cer and activation of UPR response, which in combination with 

TRIB3-mediated AKT/mTOR axis inhibition, triggers cytotoxic autophagy in CCA cells [158,160]. 

Interestingly, Des1 expression was found to be upregulated in CCA cell lines compared with their 

non-tumor counterparts NHC3 cells [158], which could be one of the reasons for the selectivity 

observed for cancer cells to ABTL0812. Same selectivity is observed for dihydroartemisinin, thus 

evaluate Des1 activity and Dh-Cer content in dihydroartemisinin treated CCA cells, as well as 

exploring Des1 expression among clinical samples, could greatly help design novel therapeutic 

strategies and stratify patients for clinical assessment.  

Analogous to autophagy inhibitors, multiple combinatory treatments including autophagy 

promoter drugs arises as a potentially successful strategy. ABTL0812 has already shown 

potentiation of chemotherapy in lung [171] and endometrial cancer [170]. In mesothelioma [176] and 

multiple myeloma [177], ER stress mediated induction of cytotoxic autophagy induces the release of 

immunogenic signals that make tumors more immunogenic and targetable for immune system. The 

induction of immunogenic cell death mediated by autophagy has been described for different drugs, 

including chemotherapy, being the basis for its combination with immunotherapies such as immune 

checkpoint inhibitors [178]. Pembrolizumab (anti-PD1) was tested in advanced biliary tract cancer 

with modest efficacy response rates [179], therefore combining ER stress mediated inductors of 

autophagy with chemotherapy to increase tumor immunogenicity and with anti-PD1 treatment 

could significantly increase the therapeutic ratio. 

In summary, autophagy modulation arises as a promising strategy for combinatory treatments 

that aim to attack tumors summing different strategies. Coming all the puzzle pieces together to 

understand the specific molecular mechanisms to design novel treatment strategies will be a hard 

assignment and should be a priority for researchers. To determine when inhibition or activation of 

autophagy could offer better results and identify specific cellular conditions on cancer cells that help 

identify sub-populations of patients that would respond better to each specific treatment, will offer 

alternative therapeutic strategies for patients suffering from this devastating disease.  

References 

1. [1] M. Strazzabosco and L. Fabris, “Functional anatomy of normal bile ducts,” Anat. Rec., vol. 291, no. 6, 

pp. 653–660, 2008. 

2. [2] N. Razumilava and G. J. Gores, “Cholangiocarcinoma,” Lancet, vol. 383, no. 9935, pp. 2168–2179, 

2014. 

3. [3] Y. Nakanuma, Y. Sato, K. Harada, M. Sasaki, J. Xu, and H. Ikeda, “Pathological classification of 

intrahepatic cholangiocarcinoma based on a new concept.,” World J. Hepatol., vol. 2, no. 12, pp. 419–27, 

Dec. 2010. 

4. [4] J. M. Banales et al., “Expert consensus document: Cholangiocarcinoma: current knowledge and 

future perspectives consensus statement from the European Network for the Study of 

Cholangiocarcinoma (ENS-CCA),” Nat. Rev. Gastroenterol. Hepatol., vol. 13, no. 5, pp. 261–280, Apr. 2016. 

5. [5] M. Benavides et al., “Biliary tract cancers: SEOM clinical guidelines.,” Clin. Transl. Oncol., vol. 17, no. 

12, pp. 982–7, Dec. 2015. 

6. [6] J. W. Valle, I. Borbath, S. A. Khan, F. Huguet, T. Gruenberger, and D. Arnold, “Biliary cancer: ESMO 

Clinical Practice Guidelines for diagnosis, treatment and follow-up On behalf of the ESMO Guidelines 

Committee *.” 

7. [7] M. C. Bragazzi et al., “New insights into cholangiocarcinoma: Multiple stems and related cell 

lineages of origin,” Annals of Gastroenterology, vol. 31, no. 1. Hellenic Society of Gastroenterology, pp. 

42–55, 2018. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 February 2020                   doi:10.20944/preprints202002.0015.v1

Peer-reviewed version available at Cells 2020, 9, 614; doi:10.3390/cells9030614

https://doi.org/10.20944/preprints202002.0015.v1
https://doi.org/10.3390/cells9030614


 20 of 27 

 

8. [8] T. Patel, “New insights into the molecular pathogenesis of intrahepatic cholangiocarcinoma,” Journal 

of Gastroenterology, vol. 49, no. 2. pp. 165–172, Feb-2014. 

9. [9] V. Cardinale et al., “Cholangiocarcinoma: increasing burden of classifications.,” Hepatobiliary Surg. 

Nutr., vol. 2, no. 5, pp. 272–80, Oct. 2013. 

10. [10] V. Cardinale, G. Carpino, L. Reid, E. Gaudio, and D. Alvaro, “Multiple cells of origin in 

cholangiocarcinoma underlie biological, epidemiological and clinical heterogeneity.,” World J. 

Gastrointest. Oncol., vol. 4, no. 5, pp. 94–102, May 2012. 

11. [11] J. Bridgewater et al., “Guidelines for the diagnosis and management of intrahepatic 

cholangiocarcinoma,” J. Hepatol., vol. 60, no. 6, pp. 1268–1289, Jun. 2014. 

12. [12] S. Rizvi and G. J. Gores, “Current diagnostic and management options in perihilar 

cholangiocarcinoma.,” Digestion, vol. 89, no. 3, pp. 216–24, 2014. 

13. [13] B. Blechacz, “Cholangiocarcinoma: Current knowledge and new developments,” Gut and Liver, vol. 

11, no. 1. Joe Bok Chung, pp. 13–26, 01-Jan-2017. 

14. [14] C. D. Anderson, C. W. Pinson, J. Berlin, and R. S. Chari, “Diagnosis and treatment of 

cholangiocarcinoma.,” Oncologist, vol. 9, no. 1, pp. 43–57, 2004. 

15. [15] J. Valle et al., “Cisplatin plus Gemcitabine versus Gemcitabine for Biliary Tract Cancer,” N. Engl. J. 

Med., vol. 362, no. 14, pp. 1273–1281, Apr. 2010. 

16. [16] J. W. Valle et al., “Cisplatin and gemcitabine for advanced biliary tract cancer: A meta-analysis of two 

randomised trials,” Ann. Oncol., vol. 25, no. 2, pp. 391–398, 2014. 

17. [17] D. Glick, S. Barth, and K. F. Macleod, “Autophagy: Cellular and molecular mechanisms,” Journal of 

Pathology, vol. 221, no. 1. pp. 3–12, May-2010. 

18. [18] L. Yu, Y. Chen, and S. A. Tooze, “Autophagy pathway: Cellular and molecular mechanisms,” 

Autophagy, vol. 14, no. 2. Taylor and Francis Inc., pp. 207–215, 01-Feb-2018. 

19. [19] L. Galluzzi, J. M. Bravo-San Pedro, B. Levine, D. R. Green, and G. Kroemer, “Pharmacological 

modulation of autophagy: Therapeutic potential and persisting obstacles,” Nature Reviews Drug 

Discovery, vol. 16, no. 7. Nature Publishing Group, pp. 487–511, 01-Jul-2017. 

20. [20] C. W. Yun and S. H. Lee, “The Roles of Autophagy in Cancer,” International journal of molecular 

sciences, vol. 19, no. 11. NLM (Medline), 05-Nov-2018. 

21. [21] Y. Á valos, J. Canales, R. Bravo-Sagua, A. Criollo, S. Lavandero, and A. F. G. Quest, “Tumor 

Suppression and Promotion by Autophagy,” Biomed Res. Int., vol. 2014, 2014. 

22. [22] F. Pietrocola et al., “Autophagy induction for the treatment of cancer,” Autophagy, vol. 12, no. 10. 

Taylor and Francis Inc., pp. 1962–1964, 02-Oct-2016. 

23. [23] C. I. Chude and R. K. Amaravadi, “Targeting autophagy in cancer: Update on clinical trials and novel 

inhibitors,” International Journal of Molecular Sciences, vol. 18, no. 6. MDPI AG, 16-Jun-2017. 

24. [24] M. Marinković, M. Šprung, M. Buljubašić, and I. Novak, “Autophagy modulation in cancer: Current 

knowledge on action and therapy,” Oxidative Medicine and Cellular Longevity, vol. 2018. Hindawi 

Limited, 2018. 

25. [25] B. Levine, “Cell biology: autophagy and cancer.,” Nature, vol. 446, no. 7137, pp. 745–7, 2007. 

26. [26] E. K. Cudjoe, S. Lauren Kyte, T. Saleh, J. W. Landry, and D. A. Gewirtz, “Autophagy Inhibition and 

Chemosensitization in Cancer Therapy,” in Targeting Cell Survival Pathways to Enhance Response to 

Chemotherapy, Elsevier, 2019, pp. 259–273. 

27. [27] L. W. Dong et al., “Prognostic significance of Beclin 1 in intrahepatic cholangiocellular carcinoma,” 

Autophagy, vol. 7, no. 10, pp. 1222–1229, 2011. 

28. [28] T.-T. Wang et al., “Beclin 1 Deficiency Correlated with Lymph Node Metastasis, Predicts a Distinct 

Outcome in Intrahepatic and Extrahepatic Cholangiocarcinoma,” PLoS One, vol. 8, no. 11, p. e80317, Nov. 

2013. 

29. [29] J. Ma et al., “MiR-124 induces autophagy-related cell death in cholangiocarcinoma cells through 

direct targeting of the EZH2–STAT3 signaling axis,” Exp. Cell Res., vol. 366, no. 2, pp. 103–113, 2018. 

30. [30] W. He et al., “FOXO1, a Potential Therapeutic Target, Regulates Autophagic Flux, Oxidative Stress, 

Mitochondrial Dysfunction, and Apoptosis in Human Cholangiocarcinoma QBC939 Cells,” Cell. Physiol. 

Biochem., vol. 45, no. 4, pp. 1506–1514, Mar. 2018. 

31. [31] L. Chen et al., “An Integrated Nomogram Combining Clinical Factors and Microtubule-Associated 

Protein 1 Light Chain 3B Expression to Predict Postoperative Prognosis in Patients with Intrahepatic 

Cholangiocarcinomas,” Cancer Res. Treat., Oct. 2019. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 February 2020                   doi:10.20944/preprints202002.0015.v1

Peer-reviewed version available at Cells 2020, 9, 614; doi:10.3390/cells9030614

https://doi.org/10.20944/preprints202002.0015.v1
https://doi.org/10.3390/cells9030614


 21 of 27 

 

32. [32] M. Sasaki, T. Nitta, Y. Sato, and Y. Nakanuma, “Autophagy may occur at an early stage of 

cholangiocarcinogenesis via biliary intraepithelial neoplasia,” Hum. Pathol., vol. 46, no. 2, pp. 202–209, 

Feb. 2015. 

33. [33] S. U. Greer et al., “Genetic risk of cholangiocarcinoma is linked to the autophagy gene ATG7,” 

bioRxiv, p. 836767, 2019. 

34. [34] J. Kaur and J. Debnath, “Autophagy at the crossroads of catabolism and anabolism,” Nature Reviews 

Molecular Cell Biology, vol. 16, no. 8. Nature Publishing Group, pp. 461–472, 23-Jul-2015. 

35. [35] Y. Feng, D. He, Z. Yao, and D. J. Klionsky, “The machinery of macroautophagy,” Cell Research, vol. 

24, no. 1. pp. 24–41, Jan-2014. 

36. [36] N. Mizushima, T. Yoshimori, and Y. Ohsumi, “The Role of Atg Proteins in Autophagosome 

Formation,” Annu. Rev. Cell Dev. Biol., vol. 27, no. 1, pp. 107–132, Nov. 2011. 

37. [37] E. Itakura, C. Kishi, K. Inoue, and N. Mizushima, “Beclin 1 forms two distinct phosphatidylinositol 

3-kinase complexes with mammalian Atg14 and UVRAG,” Mol. Biol. Cell, vol. 19, no. 12, pp. 5360–5372, 

Dec. 2008. 

38. [38] Y. Ichimura et al., “A ubiquitin-like system mediates protein lipidation,” Nature, vol. 408, no. 6811, 

pp. 488–492, Nov. 2000. 

39. [39] D. J. Klionsky et al., “Guidelines for the use and interpretation of assays for monitoring autophagy 

(3rd edition),” Autophagy, vol. 12, no. 1, pp. 1–222, 2016. 

40. [40] S. Nakamura and T. Yoshimori, “New insights into autophagosome-lysosome fusion,” Journal of 

Cell Science, vol. 130, no. 7. Company of Biologists Ltd, pp. 1209–1216, 01-Apr-2017. 

41. [41] P. Jiang et al., “The HOPS complex mediates autophagosome-lysosome fusion through interaction 

with syntaxin 17,” Mol. Biol. Cell, vol. 25, no. 8, pp. 1327–1337, 2014. 

42. [42] C. Liang et al., “Beclin1-binding UVRAG targets the class C Vps complex to coordinate 

autophagosome maturation and endocytic trafficking,” Nat. Cell Biol., vol. 10, no. 7, pp. 776–787, Jul. 2008. 

43. [43] V. Karantza-Wadsworth et al., “Autophagy mitigates metabolic stress and genome damage in 

mammary tumorigenesis,” Genes Dev., vol. 21, no. 13, pp. 1621–1635, Jul. 2007. 

44. [44] S. Jin and E. White, “Tumor suppression by autophagy through the management of metabolic 

stress,” Autophagy, vol. 4, no. 5. Taylor and Francis Inc., pp. 563–566, 01-Jul-2008. 

45. [45] B. D. Manning and A. Toker, “AKT/PKB Signaling: Navigating the Network,” Cell, vol. 169, no. 3. 

Cell Press, pp. 381–405, 20-Apr-2017. 

46. [46] S. Arico et al., “The Tumor Suppressor PTEN Positively Regulates Macroautophagy by Inhibiting the 

Phosphatidylinositol 3-Kinase/Protein Kinase B Pathway,” J. Biol. Chem., vol. 276, no. 38, pp. 35243–35246, 

Sep. 2001. 

47. [47] J. Liang et al., “The energy sensing LKB1–AMPK pathway regulates p27kip1 phosphorylation 

mediating the decision to enter autophagy or apoptosis,” Nat. Cell Biol., vol. 9, no. 2, pp. 218–224, Feb. 

2007. 

48. [48] A. Parkhitko et al., “Tumorigenesis in tuberous sclerosis complex is autophagy and 

p62/sequestosome 1 (SQSTM1)-dependent,” Proc. Natl. Acad. Sci. U. S. A., vol. 108, no. 30, pp. 

12455–12460, Jul. 2011. 

49. [49] X. H. Liang et al., “Induction of autophagy and inhibition of tumorigenesis by beclin 1,” Nature, vol. 

402, no. 6762, pp. 672–676, Dec. 1999. 

50. [50] A. M. K. Choi, S. W. Ryter, and B. Levine, “Mechanisms of disease: Autophagy in human health and 

disease,” New England Journal of Medicine, vol. 368, no. 7. Massachussetts Medical Society, pp. 651–662, 

14-Feb-2013. 

51. [51] R. Mathew et al., “Autophagy suppresses tumor progression by limiting chromosomal instability,” 

Genes Dev., vol. 21, no. 11, pp. 1367–1381, Jun. 2007. 

52. [52] R. Mathew et al., “Autophagy Suppresses Tumorigenesis through Elimination of p62,” Cell, vol. 137, 

no. 6, pp. 1062–1075, Jun. 2009. 

53. [53] K. Rouschop and B. Wouters, “Regulation of Autophagy Through Multiple Independent Hypoxic 

Signaling Pathways,” Curr. Mol. Med., vol. 9, no. 4, pp. 417–424, May 2009. 

54. [54] J. Onodera and Y. Ohsumi, “Autophagy is required for maintenance of amino acid levels and protein 

synthesis under nitrogen starvation,” J. Biol. Chem., vol. 280, no. 36, pp. 31582–31586, Sep. 2005. 

55. [55] J. D. Rabinowitz and E. White, “Autophagy and metabolism,” Science, vol. 330, no. 6009. pp. 

1344–1348, 03-Dec-2010. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 February 2020                   doi:10.20944/preprints202002.0015.v1

Peer-reviewed version available at Cells 2020, 9, 614; doi:10.3390/cells9030614

https://doi.org/10.20944/preprints202002.0015.v1
https://doi.org/10.3390/cells9030614


 22 of 27 

 

56. [56] J. Y. Guo and E. White, “Autophagy is required for mitochondrial function, lipid metabolism, growth, 

and fate of KRASG12D-driven lung tumors,” Autophagy, vol. 9, no. 10, pp. 1636–1638, 2013. 

57. [57] S. Yang et al., “Pancreatic cancers require autophagy for tumor growth,” Genes Dev., vol. 25, no. 7, 

pp. 717–729, Apr. 2011. 

58. [58] R. Lock et al., “Autophagy facilitates glycolysis during Ras-mediated oncogenic transformation,” 

Mol. Biol. Cell, vol. 22, no. 2, pp. 165–178, Jan. 2011. 

59. [59] R. Lock, C. M. Kenific, A. M. Leidal, E. Salas, and J. Debnath, “Autophagy-dependent production of 

secreted factors facilitates oncogenic RAS-Driven invasion,” Cancer Discov., vol. 4, no. 4, pp. 466–479, 

2014. 

60. [60] M. Pérez-Hernández, A. Arias, D. Martínez-García, R. Pérez-Tomás, R. Quesada, and V. Soto-Cerrato, 

“Targeting Autophagy for Cancer Treatment and Tumor Chemosensitization,” Cancers (Basel)., vol. 11, no. 

10, p. 1599, Oct. 2019. 

61. [61] N. Chen and V. Karantza-Wadsworth, “Role and regulation of autophagy in cancer,” Biochimica et 

Biophysica Acta - Molecular Cell Research, vol. 1793, no. 9. pp. 1516–1523, Sep-2009. 

62. [62] J. M. M. Levy, C. G. Towers, and A. Thorburn, “Targeting autophagy in cancer,” Nat. Rev. Cancer, 

vol. 17, no. 9, pp. 528–542, Sep. 2017. 

63. [63] X. Li et al., “Autophagy: A novel mechanism of chemoresistance in cancers,” Biomedicine and 

Pharmacotherapy, vol. 119. Elsevier Masson SAS, 01-Nov-2019. 

64. [64] M. Chang, “Tamoxifen resistance in breast cancer,” Biomolecules and Therapeutics, vol. 20, no. 3. pp. 

256–267, May-2012. 

65. [65] T. Kanzawa, I. M. Germano, T. Komata, H. Ito, Y. Kondo, and S. Kondo, “Role of autophagy in 

temozolomide-induced cytotoxicity for malignant glioma cells,” Cell Death Differ., vol. 11, no. 4, pp. 

448–457, Apr. 2004. 

66. [66] A. W. Opipari, L. Tan, A. E. Boitano, D. R. Sorenson, A. Aurora, and J. R. Liu, “Resveratrol-induced 

Autophagocytosis in Ovarian Cancer Cells,” Cancer Res., vol. 64, no. 2, pp. 696–703, Jan. 2004. 

67. [67] T. Kanzawa, L. Zhang, L. Xiao, I. M. Germano, Y. Kondo, and S. Kondo, “Arsenic trioxide induces 

autophagic cell death in malignant glioma cells by upregulation of mitochondrial cell death protein 

BNIP3,” Oncogene, vol. 24, no. 6, pp. 980–991, Feb. 2005. 

68. [68] H. Ito, S. Daido, T. Kanzawa, S. Kondo, and Y. Kondo, “Radiation-induced autophagy is associated 

with LC3 and its inhibition sensitizes malignant glioma cells.,” Int. J. Oncol., vol. 26, no. 5, pp. 1401–1410, 

2005. 

69. [69] J. M. Banales et al., “Expert consensus document: Cholangiocarcinoma: current knowledge and 

future perspectives consensus statement from the European Network for the Study of 

Cholangiocarcinoma (ENS-CCA),” Nat. Rev. Gastroenterol. Hepatol., vol. 13, no. 5, pp. 261–280, 2016. 

70. [70] J. W. Valle et al., “Biliary cancer: ESMO clinical practice guidelines for diagnosis, treatment and 

follow-up,” Ann. Oncol., vol. 27, no. May, pp. v28–v37, 2016. 

71. [71] D. Sia et al., “Integrative molecular analysis of intrahepatic cholangiocarcinoma reveals 2 classes that 

have different outcomes.,” Gastroenterology, vol. 144, no. 4, pp. 829–40, Apr. 2013. 

72. [72] M. Simbolo et al., “Multigene mutational profiling of cholangiocarcinomas identifies actionable 

molecular subgroups,” Oncotarget, vol. 5, no. 9, pp. 2839–2852, 2014. 

73. [73] Y. Arai et al., “Fibroblast growth factor receptor 2 tyrosine kinase fusions define a unique molecular 

subtype of cholangiocarcinoma,” Hepatology, vol. 59, no. 4, pp. 1427–1434, 2014. 

74. [74] L. Maroni, I. Pierantonelli, J. M. Banales, A. Benedetti, and M. Marzioni, “The significance of genetics 

for cholangiocarcinoma development.,” Ann. Transl. Med., vol. 1, no. 3, p. 28, Oct. 2013. 

75. [75] V. Cardinale et al., “Intra-hepatic and extra-hepatic cholangiocarcinoma: New insight into 

epidemiology and risk factors.,” World J. Gastrointest. Oncol., vol. 2, no. 11, pp. 407–16, Nov. 2010. 

76. [76] C. Johnson, Y. Han, N. Hughart, J. McCarra, G. Alpini, and F. Meng, “Interleukin-6 and its receptor, 

key players in hepatobiliary inflammation and cancer.,” Transl. Gastrointest. Cancer, vol. 1, no. 1, pp. 

58–70, Apr. 2012. 

77. [77] M. Jaiswal, N. F. LaRusso, L. J. Burgart, and G. J. Gores, “Inflammatory cytokines induce DNA 

damage and inhibit DNA repair in cholangiocarcinoma cells by a nitric oxide-dependent mechanism,” 

Cancer Res., vol. 60, no. 1, pp. 184–190, 2000. 

78. [78] U. Nzeako, “COX-2 inhibits Fas-mediated apoptosis in cholangiocarcinoma cells,” Hepatology, vol. 

35, no. 3, pp. 552–559, Mar. 2002. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 February 2020                   doi:10.20944/preprints202002.0015.v1

Peer-reviewed version available at Cells 2020, 9, 614; doi:10.3390/cells9030614

https://doi.org/10.20944/preprints202002.0015.v1
https://doi.org/10.3390/cells9030614


 23 of 27 

 

79. [79] Y. Lin, M. Jiang, W. Chen, T. Zhao, and Y. Wei, “Cancer and ER stress: Mutual crosstalk between 

autophagy, oxidative stress and inflammatory response,” Biomed. Pharmacother., vol. 118, no. June, 2019. 

80. [80] Y. Qi et al., “Autophagy inhibition by sustained overproduction of IL6 contributes to arsenic 

carcinogenesis,” Cancer Res., vol. 74, no. 14, pp. 3740–3752, Jul. 2014. 

81. [81] T. Monkkonen and J. Debnath, “Inflammatory signaling cascades and autophagy in cancer,” 

Autophagy, vol. 14, no. 2. Taylor and Francis Inc., pp. 190–198, 01-Feb-2018. 

82. [82] D. Ngabire and G. Do Kim, “Autophagy and Inflammatory Response in the Tumor 

Microenvironment,” International journal of molecular sciences, vol. 18, no. 9. 20-Sep-2017. 

83. [83] M. R. O’Dell et al., “Kras G12Dand p53 mutation cause primary intrahepatic cholangiocarcinoma,” 

Cancer Res., vol. 72, no. 6, pp. 1557–1567, Mar. 2012. 

84. [84] S. Robertson et al., “The frequency of KRAS and BRAF mutations in intrahepatic 

cholangiocarcinomas and their correlation with clinical outcome.,” Hum. Pathol., vol. 44, no. 12, pp. 

2768–73, Dec. 2013. 

85. [85] M. T. Rosenfeldt et al., “P53 status determines the role of autophagy in pancreatic tumour 

development,” Nature, vol. 504, no. 7479, pp. 296–300, 2013. 

86. [86] C. H. Eng et al., “Macroautophagy is dispensable for growth of KRAS mutant tumors and 

chloroquine efficacy,” Proc. Natl. Acad. Sci. U. S. A., vol. 113, no. 1, pp. 182–187, Jan. 2016. 

87. [87] J. Y. Guo et al., “Autophagy suppresses progression of K-ras-induced lung tumors to oncocytomas 

and maintains lipid homeostasis,” Genes Dev., vol. 27, no. 13, pp. 1447–1461, Jul. 2013. 

88. [88] P. J. Belmont et al., “Resistance to dual blockade of the kinases PI3K and mTOR in KRAS-mutant 

colorectal cancer models results in combined sensitivity to inhibition of the receptor tyrosine kinase 

EGFR,” Sci. Signal., vol. 7, no. 351, pp. ra107–ra107, Nov. 2014. 

89. [89] A. M. Strohecker and E. White, “Autophagy promotes BrafV600E-driven lung tumorigenesis by 

preserving mitochondrial metabolism,” Autophagy, vol. 10, no. 2. Taylor and Francis Inc., pp. 384–385, 

2014. 

90. [90] S. A. Khan, H. C. Thomas, M. B. Toledano, I. J. Cox, and S. D. Taylor-Robinson, “p53 mutations in 

human cholangiocarcinoma: A review,” Liver Int., vol. 25, no. 4, pp. 704–716, 2005. 

91. [91] J. L. Huang and A. F. Hezel, “Autophagy in intra-hepatic cholangiocarcinoma,” Autophagy, vol. 8, 

no. 7. Taylor and Francis Inc., pp. 1148–1149, 2012. 

92. [92] J. C. Mertens, S. Rizvi, and G. J. Gores, “Targeting cholangiocarcinoma,” Biochim. Biophys. Acta - 

Mol. Basis Dis., vol. 1864, no. 4, pp. 1454–1460, 2018. 

93. [93] M. P. Socoteanu, F. Mott, G. Alpini, and A. E. Frankel, “c-Met targeted therapy of 

cholangiocarcinoma,” World J. Gastroenterol., vol. 14, no. 19, pp. 2990–2994, 2008. 

94. [94] M. Miyamoto et al., “Prognostic significance of overexpression of c-Met oncoprotein in 

cholangiocarcinoma,” Br. J. Cancer, vol. 105, no. 1, pp. 131–138, 2011. 

95. [95] Y. Liu, J.-H. Liu, K. Chai, S.-I. Tashiro, S. Onodera, and T. Ikejima, “Inhibition of c-Met promoted 

apoptosis, autophagy and loss of the mitochondrial transmembrane potential in oridonin-induced A549 

lung cancer cells,” J. Pharm. Pharmacol., vol. 65, no. 11, pp. 1622–1642, Nov. 2013. 

96. [96] F. Leone et al., “Somatic mutations of epidermal growth factor receptor in bile duct and gallbladder 

carcinoma,” Clin. Cancer Res., vol. 12, no. 6, pp. 1680–1685, 2006. 

97. [97] G. H. Lai et al., “erbB-2/neu transformed rat cholangiocytes recapitulate key cellular and molecular 

features of human bile duct cancer,” Gastroenterology, vol. 129, no. 6, pp. 2047–2057, 2005. 

98. [98] E. Schmukler and R. Pinkas-Kramarski, “Inhibition of ErbB Receptors and Autophagy in Cancer 

Therapy,” in Autophagy: Cancer, Other Pathologies, Inflammation, Immunity, Infection, and Aging, vol. 5, 

Elsevier Inc., 2015, pp. 65–80. 

99. [99] Y. M. Wu et al., “Identification of targetable FGFR gene fusions in diverse cancers,” Cancer Discov., 

vol. 3, no. 6, pp. 636–647, 2013. 

100. [100] H. Yuan, Z.-M. Li, J. Shao, W.-X. Ji, W. Xia, and S. Lu, “FGF2/FGFR1 regulates autophagy in 

FGFR1-amplified non-small cell lung cancer cells,” J. Exp. Clin. Cancer Res., vol. 36, no. 1, p. 72, Dec. 2017. 

101. [101] Y. Chen et al., “FGFR antagonist induces protective autophagy in FGFR1-amplified breast cancer 

cell,” Biochem. Biophys. Res. Commun., vol. 474, no. 1, pp. 1–7, May 2016. 

102. [102] Y. K. Kang, W. H. Kim, and J. J. Jang, “Expression of G1-S modulators (p53, p16, p27, cyclin D1, Rb) 

and Smad4/Dpc4 in intrahepatic cholangiocarcinoma,” Hum. Pathol., vol. 33, no. 9, pp. 877–883, 2002. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 February 2020                   doi:10.20944/preprints202002.0015.v1

Peer-reviewed version available at Cells 2020, 9, 614; doi:10.3390/cells9030614

https://doi.org/10.20944/preprints202002.0015.v1
https://doi.org/10.3390/cells9030614


 24 of 27 

 

103. [103] F. Wang et al., “SMAD4 gene mutation renders pancreatic cancer resistance to radiotherapy through 

promotion of autophagy,” Clin. Cancer Res., vol. 24, no. 13, pp. 3176–3185, Jul. 2018. 

104. [104] W. M. Cong et al., “Multiple genetic alterations involved in the tumorigenesis of human 

cholangiocarcinoma: A molecular genetic and clinicopathological study,” J. Cancer Res. Clin. Oncol., vol. 

127, no. 3, pp. 187–192, 2001. 

105. [105] M. Sasaki, T. Nitta, Y. Sato, and Y. Nakanuma, “Autophagy may occur at an early stage of 

cholangiocarcinogenesis via biliary intraepithelial neoplasia,” Hum. Pathol., vol. 46, no. 2, pp. 202–209, 

2015. 

106. [106] Y.-J. Hou et al., “Inhibition of active autophagy induces apoptosis and increases chemosensitivity in 

cholangiocarcinoma,” Lab. Investig., vol. 91, pp. 1146–1157, 2011. 

107. [107] Isomoto, “Epigenetic alterations associated with cholangiocarcinoma (Review),” Oncol. Rep., Jul. 

2009. 

108. [108] S. H. Baek and K. Il Kim, “Epigenetic Control of Autophagy: Nuclear Events Gain More Attention,” 

Mol. Cell, vol. 65, no. 5, pp. 781–785, 2017. 

109. [109] S. A. Gradilone, B. N. Radtke, P. S. Bogert, B. Q. Huang, G. B. Gajdos, and N. F. LaRusso, “HDAC6 

inhibition restores ciliary expression and decreases tumor growth.,” Cancer Res., vol. 73, no. 7, pp. 2259–70, 

Apr. 2013. 

110. [110] S. A. Gradilone, S. Habringer, T. V Masyuk, B. N. Howard, A. I. Masyuk, and N. F. Larusso, “HDAC6 

is overexpressed in cystic cholangiocytes and its inhibition reduces cystogenesis.,” Am. J. Pathol., vol. 184, 

no. 3, pp. 600–8, Mar. 2014. 

111. [111] M. Kaliszczak et al., “The HDAC6 inhibitor C1A modulates autophagy substrates in diverse cancer 

cells and induces cell death,” Br. J. Cancer, vol. 119, no. 10, pp. 1278–1287, Nov. 2018. 

112. [112] Y. Morine et al., “Role of histone deacetylase expression in intrahepatic cholangiocarcinoma,” 

Surgery, vol. 151, no. 3, pp. 412–419, 2012. 

113. [113] P. L. Collins and E. M. Oltz, “Histone Methylation Keeps the Brakes on Autophagy,” Mol. Cell. Biol., 

vol. 33, no. 20, pp. 3974–3975, Oct. 2013. 

114. [114] D. R. Borger et al., “Frequent Mutation of Isocitrate Dehydrogenase (IDH)1 and IDH2 in 

Cholangiocarcinoma Identified Through Broad-Based Tumor Genotyping,” Oncologist, vol. 17, no. 1, pp. 

72–79, 2012. 

115. [115] P. Wang et al., “Mutations in isocitrate dehydrogenase 1 and 2 occur frequently in intrahepatic 

cholangiocarcinomas and share hypermethylation targets with glioblastomas,” Oncogene, vol. 32, no. 25, 

pp. 3091–3100, Jun. 2013. 

116. [116] S. A. Abdul Rahim et al., “Regulation of hypoxia-induced autophagy in glioblastoma involves 

ATG9A,” Br. J. Cancer, vol. 117, no. 6, pp. 813–825, Sep. 2017. 

117. [117] J. A. Howell and S. A. Khan, “The role of miRNAs in cholangiocarcinoma,” Hepatic Oncol., vol. 3, no. 

2, pp. 167–180, Apr. 2016. 

118. [118] F. Meng et al., “Involvement of Human Micro-RNA in Growth and Response to Chemotherapy in 

Human Cholangiocarcinoma Cell Lines,” Gastroenterology, vol. 130, no. 7, pp. 2113–2129, 2006. 

119. [119] D. Gozuacik, Y. Akkoc, D. Gulfem Ozturk, and M. Kocak, “Autophagy-Regulating microRNAs and 

Cancer,” Front. Oncol., vol. 7, no. APR, Apr. 2017. 

120. [120] L. B. Frankel and A. H. Lund, “MicroRNA regulation of autophagy,” Carcinogenesis, vol. 33, no. 11. 

pp. 2018–2025, Nov-2012. 

121. [121] M. Saitoh, “Involvement of partial EMT in cancer progression,” J. Biochem., vol. 164, no. 4, pp. 

257–264, Oct. 2018. 

122. [122] A. M. Krebs et al., “The EMT-activator Zeb1 is a key factor for cell plasticity and promotes metastasis 

in pancreatic cancer,” Nat. Cell Biol., vol. 19, no. 5, pp. 518–529, May 2017. 

123. [123] H. T. Chen et al., “Crosstalk between autophagy and epithelial-mesenchymal transition and its 

application in cancer therapy,” Molecular Cancer, vol. 18, no. 1. BioMed Central Ltd., 24-May-2019. 

124. [124] Y. Qian et al., “aPKC-ι/P-Sp1/Snail signaling induces epithelial-mesenchymal transition and 

immunosuppression in cholangiocarcinoma,” Hepatology, vol. 66, no. 4, pp. 1165–1182, Oct. 2017. 

125. [125] R. Kimura-Tsuchiya et al., “The inhibitory effect of heat treatment against epithelial-mesenchymal 

transition (EMT) in human pancreatic adenocarcinoma cell lines.,” J. Clin. Biochem. Nutr., vol. 55, no. 1, 

pp. 56–61, Jul. 2014. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 February 2020                   doi:10.20944/preprints202002.0015.v1

Peer-reviewed version available at Cells 2020, 9, 614; doi:10.3390/cells9030614

https://doi.org/10.20944/preprints202002.0015.v1
https://doi.org/10.3390/cells9030614


 25 of 27 

 

126. [126] T. Nitta et al., “Autophagy may promote carcinoma cell invasion and correlate with poor prognosis 

in cholangiocarcinoma.,” Int. J. Clin. Exp. Pathol., vol. 7, no. 8, pp. 4913–21, 2014. 

127. [127] X.-X. Kong, H.-Y. Zhang, Z.-Q. Chen, X.-F. Fan, and Y.-S. Gong, “[Inhibition of Beclin 1 enhances 

apoptosis by H2O2 in glioma U251 cells].,” Sheng Li Xue Bao, vol. 63, no. 3, pp. 238–44, Jun. 2011. 

128. [128] X. Qu et al., “Promotion of tumorigenesis by heterozygous disruption of the beclin 1 autophagy 

gene,” J. Clin. Invest., vol. 112, no. 12, pp. 1809–1820, 2003. 

129. [129] G. Framon et al., “The novel growth factor, progranulin, stimulates mouse cholangiocyte 

proliferation via sirtuin-1-mediated inactivation of FOXO1,” Am. J. Physiol. - Gastrointest. Liver Physiol., 

vol. 303, no. 11, Dec. 2012. 

130. [130] R. J. Molenaar et al., “Study protocol of a phase IB/II clinical trial of metformin and chloroquine in 

patients with IDH1-mutated or IDH2-mutated solid tumours,” BMJ Open, vol. 7, no. 6, Jun. 2017. 

131. [131] V. Beljanski, C. Knaak, and C. D. Smith, “A novel sphingosine kinase inhibitor induces autophagy in 

tumor cells,” J. Pharmacol. Exp. Ther., vol. 333, no. 2, pp. 454–464, May 2010. 

132. [132] P. Moolthiya, R. Tohtong, S. Keeratichamroen, and K. Leelawat, “Role of mTOR inhibitor in 

cholangiocarcinoma cell progression,” Oncol. Lett., vol. 7, no. 3, pp. 854–860, Mar. 2014. 

133. [133] S. Yothaisong et al., “Increased activation of PI3K/AKT signaling pathway is associated with 

cholangiocarcinoma metastasis and PI3K/mTOR inhibition presents a possible therapeutic strategy,” 

Tumor Biol., vol. 34, no. 6, pp. 3637–3648, Dec. 2013. 

134. [134] T. Nitta et al., “Prognostic significance of epithelial-mesenchymal transition-related markers in 

extrahepatic cholangiocarcinoma: comprehensive immunohistochemical study using a tissue 

microarray.,” Br. J. Cancer, vol. 111, no. 7, pp. 1363–72, Sep. 2014. 

135. [135] X. Qu et al., “Autophagy inhibitor chloroquine increases sensitivity to cisplatin in QBC939 

cholangiocarcinoma cells by mitochondrial ROS,” PLoS One, vol. 12, no. 3, Mar. 2017. 

136. [136] B. Jia et al., “Autophagy inhibitor chloroquine induces apoptosis of cholangiocarcinoma cells via 

endoplasmic reticulum stress,” Oncol. Lett., vol. 16, no. 3, pp. 3509–3516, Sep. 2018. 

137. [137] S. Brun et al., “GNS561, a new lysosomotropic small molecule, for the treatment of intrahepatic 

cholangiocarcinoma,” Invest. New Drugs, 2019. 

138. [138] J. Klose et al., “Salinomycin inhibits cholangiocarcinoma growth by inhibition of autophagic flux,” 

Oncotarget, vol. 9, no. 3, pp. 3619–3630, 2018. 

139. [139] Z.-F. Hong et al., “Capsaicin Enhances the Drug Sensitivity of Cholangiocarcinoma through the 

Inhibition of Chemotherapeutic-Induced Autophagy,” PLoS One, vol. 10, no. 5, p. e0121538, May 2015. 

140. [140] A. Zhang, W. He, H. Shi, X. Huang, and G. Ji, “Natural compound oblongifolin C inhibits autophagic 

flux, and induces apoptosis and mitochondrial dysfunction in human cholangiocarcinoma QBC939 cells,” 

Mol. Med. Rep., vol. 14, no. 4, pp. 3179–3183, Oct. 2016. 

141. [141] O. Tusskorn, T. Khunluck, A. Prawan, L. Senggunprai, and V. Kukongviriyapan, “Mitochondrial 

division inhibitor-1 potentiates cisplatin-induced apoptosis via the mitochondrial death pathway in 

cholangiocarcinoma cells,” Biomed. Pharmacother., vol. 111, pp. 109–118, Mar. 2019. 

142. [142] H. Chu, M. Li, and X. Wang, “Capsaicin induces apoptosis and autophagy in human melanoma 

cells,” Oncol. Lett., vol. 17, no. 6, pp. 4827–4834, Jun. 2019. 

143. [143] A. Puissant et al., “Resveratrol promotes autophagic cell death in chronic myelogenous leukemia 

cells via JNK-mediated p62/SQSTM1 expression and AMPK activation,” Cancer Res., vol. 70, no. 3, pp. 

1042–1052, Feb. 2010. 

144. [144] P. Signorelli, J. M. Munoz-Olaya, V. Gagliostro, J. Casas, R. Ghidoni, and G. Fabriàs, 

“Dihydroceramide intracellular increase in response to resveratrol treatment mediates autophagy in 

gastric cancer cells,” Cancer Lett., vol. 282, no. 2, pp. 238–243, Sep. 2009. 

145. [145] Y. Wang et al., “Autophagy Suppression Accelerates Apoptosis Induced by Norcantharidin in 

Cholangiocarcinoma,” Pathol. Oncol. Res., 2019. 

146. [146] X. Zhao et al., “Compound C induces protective autophagy in human cholangiocarcinoma cells via 

Akt/mTOR-independent pathway,” J. Cell. Biochem., vol. 119, no. 7, pp. 5538–5550, 2018. 

147. [147] T. W. Kwak, D. H. Kim, Y. Il Jeong, and D. H. Kang, “Antitumor activity of vorinostat-incorporated 

nanoparticles against human cholangiocarcinoma cells,” J. Nanobiotechnology, vol. 13, no. 1, Sep. 2015. 

148. [148] M. Opydo-Chanek, O. Gonzalo, and I. Marzo, “Multifaceted anticancer activity of BH3 mimetics: 

Current evidence and future prospects,” Biochemical Pharmacology, vol. 136. Elsevier Inc., pp. 12–23, 

15-Jul-2017. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 February 2020                   doi:10.20944/preprints202002.0015.v1

Peer-reviewed version available at Cells 2020, 9, 614; doi:10.3390/cells9030614

https://doi.org/10.20944/preprints202002.0015.v1
https://doi.org/10.3390/cells9030614


 26 of 27 

 

149. [149] A. Carracedo et al., “Cannabinoids induce apoptosis of pancreatic tumor cells via endoplasmic 

reticulum stress-related genes,” Cancer Res., vol. 66, no. 13, pp. 6748–6755, Jul. 2006. 

150. [150] M. Russo and G. L. Russo, “Autophagy inducers in cancer,” Biochem. Pharmacol., vol. 153, no. 

February, pp. 51–61, 2018. 

151. [151] S. Chen, H. Huang, H. Lin, and C. Fang, “Piperlongumine induces autophagy in biliary cancer cells 

via reactive oxygen species-activated Erk signaling pathway,” Int. J. Mol. Med., Aug. 2019. 

152. [152] D. Wang, H. Guo, H. Yang, D. Wang, P. Gao, and W. Wei, “Pterostilbene, an active constituent of 

blueberries, suppresses proliferation potential of human cholangiocarcinoma via enhancing the 

autophagic flux,” Front. Pharmacol., vol. 10, 2019. 

153. [153] J. Sun et al., “Induction of cell‐cycle arrest and apoptosis in human cholangiocarcinoma cells by 

pristimerin,” J. Cell. Biochem., vol. 120, no. 7, pp. 12002–12009, Jul. 2019. 

154. [154] S. Thongchot et al., “Dihydroartemisinin induces apoptosis and autophagy-dependent cell death in 

cholangiocarcinoma through a DAPK1-BECLIN1 pathway,” Mol. Carcinog., vol. 57, no. 12, pp. 1735–1750, 

2018. 

155. [155] S. Thongsom, W. Suginta, K. J. Lee, H. Choe, and C. Talabnin, “Piperlongumine induces G2/M phase 

arrest and apoptosis in cholangiocarcinoma cells through the ROS-JNK-ERK signaling pathway,” 

Apoptosis, vol. 22, no. 11, pp. 1473–1484, Nov. 2017. 

156. [156] B. Wang, H. Li, R. Yang, S. Zhou, and S. Zou, “Decitabine inhibits the cell growth of 

cholangiocarcinoma in cultured cell lines and mouse xenografts,” Oncol. Lett., vol. 8, no. 5, pp. 1919–1924, 

Nov. 2014. 

157. [157] S. Hu et al., “Phenformin inhibits cell proliferation and induces cell apoptosis and autophagy in 

cholangiocarcinoma,” Mol. Med. Rep., vol. 17, no. 4, pp. 6028–6032, Apr. 2018. 

158. [158] Muñoz-Guardiola et al., “The anticancer drug ABTL0812 induces ER stress-mediated cytotoxic 

autophagy by increasing dihydroceramide levels in cancer cells” Autophagy (under review) 

159. [159] G. L. Gravina et al., “Biological rationale for the use of DNA methyltransferase inhibitors as new 

strategy for modulation of tumor response to chemotherapy and radiation,” Molecular Cancer, vol. 9. 

25-Nov-2010. 

160. [160] Perez-Montoyo et al. “ABTL0812, a novel phase-2 clinical stage pro-autophagic anti-cancer 

compound with potential clinical activity in cholangiocarcinoma,” Cholangiocarcinoma Foundation 

Annual Conference, Salt Lake City, Utah (USA). January 30th - February 1st 2019. 

161. [161] T. Erazo et al., “The New Antitumor Drug ABTL0812 Inhibits the Akt/mTORC1 Axis by 

Upregulating Tribbles-3 Pseudokinase,” Clin. Cancer Res., vol. 22, no. 10, pp. 2508–2519, 2016. 

162. [162] A. Sofer, K. Lei, C. M. Johannessen, and L. W. Ellisen, “Regulation of mTOR and Cell Growth in 

Response to Energy Stress by REDD1,” Mol. Cell. Biol., vol. 25, no. 14, pp. 5834–5845, Jul. 2005. 

163. [163] R. Sano and J. C. Reed, “ER stress-induced cell death mechanisms,” Biochim. Biophys. Acta - Mol. 

Cell Res., vol. 1833, no. 12, pp. 3460–3470, 2013. 

164. [164] T. Erazo et al., “The New Antitumor Drug ABTL0812 Inhibits the Akt/mTORC1 Axis by 

Upregulating Tribbles-3 Pseudokinase.,” Clin. Cancer Res., Dec. 2015. 

165. [165] T. Ord and T. Ord, “Mammalian Pseudokinase TRIB3 in Normal Physiology and Disease: Charting 

the Progress in Old and New Avenues,” Curr. Protein Pept. Sci., vol. 18, no. 8, Jun. 2017. 

166. [166] M. Salazar et al., “TRB3 links ER stress to autophagy in cannabinoid anti-tumoral action,” 

Autophagy, vol. 5, no. 7, pp. 1048–1049, 2009. 

167. [167] M. Salazar et al., “Loss of Tribbles pseudokinase-3 promotes Akt-driven tumorigenesis via FOXO 

inactivation,” Cell Death Differ., vol. 22, no. 1, pp. 131–144, Jan. 2015. 

168. [168] S. Leelawat, K. Leelawat, S. Narong, and O. Matangkasombut, “The dual effects of 

Δ9-tetrahydrocannabinol on cholangiocarcinoma cells: Anti-invasion activity at low concentration and 

apoptosis induction at high concentration,” Cancer Invest., vol. 28, no. 4, pp. 357–363, 2010. 

169. [169] J. Alfon et al., “Determination of recommended phase II dose of ABTL0812, a novel regulator of 

Akt/mTOR axis, by pharmacokinetic-pharmacodynamic modelling,” Ann. Oncol., vol. 27, no. suppl_6, Oct. 

2016. 

170. [170] I. Felip et al., “Therapeutic potential of the new TRIB3-mediated cell autophagy anticancer drug 

ABTL0812 in endometrial cancer,” Gynecol. Oncol., vol. 153, no. 2, pp. 425–435, May 2019. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 February 2020                   doi:10.20944/preprints202002.0015.v1

Peer-reviewed version available at Cells 2020, 9, 614; doi:10.3390/cells9030614

https://doi.org/10.20944/preprints202002.0015.v1
https://doi.org/10.3390/cells9030614


 27 of 27 

 

171. [171] A. López‐Plana et al., “The novel pro‐autophagy anticancer drug ABTL0812 potentiates 

chemotherapy in adenocarcinoma and squamous Non‐Small Cell Lung Cancer,” Int. J. Cancer, p. ijc.32865, 

Jan. 2020 (in press). 

172. [172] M. Shuda et al., “Activation of the ATF6, XBP1 and grp78 genes in human hepatocellular carcinoma: 

A possible involvement of the ER stress pathway in hepatocarcinogenesis,” J. Hepatol., vol. 38, no. 5, pp. 

605–614, May 2003. 

173. [173] A. H. Schönthal, “Endoplasmic reticulum stress and autophagy as targets for cancer therapy,” 

Cancer Letters, vol. 275, no. 2. pp. 163–169, 18-Mar-2009. 

174. [174] R. Kang, H. J. Zeh, M. T. Lotze, and D. Tang, “The Beclin 1 network regulates autophagy and 

apoptosis,” Cell Death and Differentiation, vol. 18, no. 4. pp. 571–580, Apr-2011. 

175. [175] S. Hernández-Tiedra et al., “Dihydroceramide accumulation mediates cytotoxic autophagy of cancer 

cells via autolysosome destabilization,” Autophagy, vol. 12, no. 11, pp. 2213–2229, Nov. 2016. 

176. [176] C. Follo, Y. Cheng, W. G. Richards, R. Bueno, and V. C. Broaddus, “Autophagy facilitates the release 

of immunogenic signals following chemotherapy in 3D models of mesothelioma,” Mol. Carcinog., vol. 58, 

no. 10, pp. 1754–1769, 2019. 

177. [177] A. Serrano-del Valle, A. Anel, J. Naval, and I. Marzo, “Immunogenic cell death and immunotherapy 

of multiple myeloma,” Front. Cell Dev. Biol., vol. 7, no. MAR, pp. 1–22, 2019. 

178. [178] J. Zhou, G. Wang, Y. Chen, H. Wang, Y. Hua, and Z. Cai, “Immunogenic cell death in cancer therapy: 

Present and emerging inducers,” J. Cell. Mol. Med., vol. 23, no. 8, pp. 4854–4865, 2019. 

179. [179] J. Kang et al., “Efficacy and safety of pembrolizumab in patients with PD-L1 positive advanced 

biliary tract cancer (BTC): A prospective cohort study.,” J. Clin. Oncol., vol. 37, no. 15_suppl, pp. 4082–4082, 

May 2019. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 February 2020                   doi:10.20944/preprints202002.0015.v1

Peer-reviewed version available at Cells 2020, 9, 614; doi:10.3390/cells9030614

https://doi.org/10.20944/preprints202002.0015.v1
https://doi.org/10.3390/cells9030614

