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Abstract 
In this study, tumor microenvironment and related pathways play an impor-
tant role in the EMT process of bile duct tumors to analyze the role of EMT 
in the occurrence and development of cholangiolithiasis associated bile duct 
carcinoma and investigate the expression of EMT in intrahepatic cholangi-
olithiasis associated cholangiocarcinoma and its clinical significance. 
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1. Introduction 

Epithelial-mesenchymal transition (EMT) is a process in which epithelial cells 
undergo epithelial-mesenchymal transition to mesenchymal transition when sti-
mulated by external signals, resulting in loss of cell polarity and cell-cell adhe-
sion, and enhancement of cell mobility and migration. EMT is believed to be a 
major mechanism by which cancer cells become migratory and invasive, enabl-
ing the dissemination of cancer cells. EMT plays a very important role in physi-
ological processes such as embryo development, organ generation and wound 
healing [1]. The most significant molecular event in EMT process is decreased 
expression of E. adherin and increased expression of E-cadherin/Vimentin. The 
transcription factors that induced EMT are mainly SNML, Slug and Twig [2]. 
Studies have shown that EMT in tumor cells is regulated by some important 
signal transduction pathways, including TGF-β, Notch, Hedgehog and EGF sig-
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nal transduction pathways [3]. TGF-β induces EMT mainly involves some sig-
naling pathways related to cell movement and apoptosis, such as the RHO. 1IKE 
GTPase pathway, the P13K/Akt pathway or the MAPK pathway [4]. In recent 
years, more and more experimental evidence has shown that EMT process is 
closely related to tumor progression, especially tumor cell infiltration and me-
tastasis. At the front end of tumor tissue invasion, tumor cells receive signals 
from tumor cells, tumor-associated fibroblasts, and inflammatory cells, and trans-
form from epithelial cells to cytoplasmic cells, thus leaving the primary site and 
infiltrating into local tissues. The stromal tumor cells that have separated from 
the primary site travel through the hematological or lymphoid pathways to dis-
tant tissues and continue to infiltrate surrounding tissues. After reaching the dis-
tant site, Mesenchymal Epithelial Transition (MET) occurs and begins to grow, 
leading to the formation of metastatic lesions [5] [6]. EMT mainly plays an im-
portant role in the early stage of tumor cell invasion and metastasis, which al-
ternately regulates cell adhesion, cell migration and cell invasion. In this process, 
the composition of Extra Cellular Matrix (ECM) (including proteoglycan, colla-
gen, fibrinogen, elastin, laminin, etc.), Cell Adhesion Molecules (CAMs; Ig super-
family, Integrin, Cadherin, Selectin, and CD44) play a key role in mediating cell- 
cell and cell-matrix interactions [7]. Intigrin is a membrane protein that me-
diates cellular and extracellular matrix interactions. This membrane protein con-
sists of different N subunits and D subunits to form 24 heterodimer forms, each 
of which binds to different ligands to mediate the corresponding signal trans-
duction process [8]. Degradation of extracellular matrix (ECM) is critical for 
tumor cells to invade surrounding tissues. Matrixmetalloproteinases (MMPs) are 
a broad spectrum of proteases secreted extracellular, degrading substrates in-
cluding collagen, plasminogen, elastin, fibrinogen, laminin, etc. Among them, 
MMP-2 and MMP-9 have strong degradation activity on IV type collagen, the 
main component of basement membrane, so they are closely related to tumor 
metastasis. Intigrin can regulate the expression and secretion of MMPs through 
the MAPK pathway, and ultimately affect the invasion and metastasis of tumors 
[9]. E-cadherin mainly mediates the adhesion between homologous cells in epi-
thelial tissue, and transmits signals between epithelial cells. In colon cancer, the 
down-regulated expression of E-cadherin is conducive to the separation of tu-
mor cells from the primary tumor and invasion of surrounding tissues [10]. In 
glioma, prostate cancer, and breast cancer, downregulation of E-cadherin is ac-
companied by up-regulation of N-cadherin and cadherin-11 expression, both of 
which are mesenchymal Cadherin. This transformation of Cadherin may facili-
tate the invasion of tumor cells to the surrounding environment. CD44 is a 
transmembrane glycoprotein, which acts as a receptor for hyaluronic acid and 
ECM components, and the signal is finally transmitted to the nucleus through 
Rho/Ras and tyrosine protein kinase pathways [11]. The tumor cells are stimu-
lated by external molecules such as ECM components or MMPs to activate the 
intracellular Rho signaling pathway, and the cytoskeleton component Actin causes 
the cell membrane to extend out of the pseudopod through alternating polyme-
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rization and depolymerization, promoting cell forward migration [12]. 

2. EMT-Related Molecular Changes Are Present in Adjacent  
Tissues 

To date, the vast majority of cancer-related EMT research has focused on tumor 
cells and advanced tumor progression. Can EMT also play a role in the early 
stages of tumorigenesis, such as atypical hyperplasia or carcinoma in situ, and in 
paracancerous tissues where there is no significant histomorphologic abnormal-
ity? Several recent studies offer a preliminary answer. In the study of pancreatic 
cancer induced by transgenic mice, Rhim et al. [13] detected different stages of 
pancreatic cancer, and found that changes in EMT-related molecular markers 
(Zebl, Slug, Snaill, etc.) could be detected in the precancerous lesion “PANLN 
“(carcinoma in situ). Also in the “PANLN” stage, a part of pre-malignant pan-
creatic epithelial cells separated from the lesion site and entered the peripheral 
circulating blood through EMT, called circulating pancreatic epithelial cells 
(CPCs) in Chinese. These CPCs had the characteristics of tumor stem cells and 
could form tumors when injected into nude mice. It was also found that in-
flammatory response may play an important role in EMT and early spread of 
epithelial cells in “PanIN” lesions. This study is the first to demonstrate that 
pancreatic cancer can develop distant metastases early in its development (car-
cinoma in situ) and is significantly associated with the EMT process. According 
to the theory of regional carcinogenesis, due to the existence of “field effect”, ad-
jacent tissues with normal histological morphology also have some molecular 
changes similar to those of tumor tissues. Secondly, various cytokines (VEGFA, 
TGFβ, TNF-α, etc.) released by tumor cells and tumor microenvironment may 
also exert effects on adjacent normal tissues. Analysis results from another study 
showed that these gene expression changes may be associated with EMT, be-
cause EMT-related marker molecules (Vimentin, Snail, α-SMA and TGFβ) were 
positively expressed in breast ductal epithelial cells of adjacent cancer tissues 
[14]. 

Several studies have found that the expressions of interstitial markers such as 
Vimentin and S100 and related transcription factors are also increased in bile 
duct epithelial tumors, while the expressions of epithelial markerse. Adherin and 
EpCAM are downregulated. This phenomenon is obviously associated with the 
aggressive biological behavior of tumors. Araki et al. [15] found that E-cadherin 
and N-cadherin conversion are risk factors for poor prognosis in patients with 
cholangiocarcinoma. Nitta et al. [16] found that the down-regulated expression 
of E-cadherin and up-regulated expression of Vimentin significantly affected the 
postoperative survival time of bile duct carcinoma. 

3. Study on the Related Pathways Affecting the EMT Process  
of Bile Duct Cell Carcinoma 

A number of studies have found that multiple pathways regulate the EMT process 
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of bile duct cell carcinoma. Notchl expression was significantly upregulated in 
the carcinoma tissues of intrahepatic bile duct cell carcinoma. With the upregu-
lation of Notchl, the invasion ability of tumor cells was enhanced, and tumor cells 
appeared EMT phenomenon. Inhibitory expression of Notchl will inhibit the mi-
gration of bile duct cancer cells. Overexpression of Notchl will induce down- 
regulation of E-CDherin expression, up-regulation of α-SMA and Vimentin, 
change of tumor cell phenotype and enhance invasion ability. Shuang et al. [17] 
found that in bile duct tumor cells, high expression of TGF-β1 can increase the 
expression of stromal markers of bile duct tumor cells, enable tumor cells to ob-
tain stromal cell characteristics and enhance the metastasis ability. High expres-
sion of TGF-β1 is a risk factor for poor prognosis, and it is speculated that TGF- 
β-mediated EMT process is involved in the formation of tumor stem cells. TGF- 
β signaling pathway involves a variety of genes, proteins and transcription fac-
tors [18] [19]. β-catenin in the Wnt pathway is associated with tumor EMT 
process. β-catenin connects to E-cadherin, actin, and α-catenin to form a com-
plex that mediates cell-to-cell adhesion. When the degradation of the synthe-
sized B-catenin is blocked, it can enter the nucleus and synergise with related 
transcription factors to activate Slug and other Wnt target genes. Chen et al. [20] 
compared the expression of FJ (Wnt, β-catenin) associated with the Wnt path-
way in patients with intrahepatic cholangiocellular carcinoma, hilar cholangi-
ocarcinoma and congenital bile duct cyst by immunohistochemical method, and 
then analyzed it in combination with tumor lymph node metastasis and post-
operative survival of patients. Boulter et al. [21] found that Wnt pathway was 
highly activated in cholangiocellular carcinoma, and inhibition of Wnt pathway 
could inhibit the proliferation and induce the apoptosis of tumor cells.  

4. Tumor Microenvironment and a Variety of Cells and  
Cytokines Can Promote the EMT Process of Bile Duct  
Cell Carcinoma 

Many cytokines and growth factors can promote the EMT process of cholangi-
ocarcinoma, including TGF-β1, Tumor Necrosis Factor α, Epidermal Growth-
Factor (EGF), interleukin. 6 (IL-6), and Notchl play an important role in tumor 
EMT process after being released by various cells in tumor microenvironment 
[22] [23]. In addition, para-tumor active matrix also plays an important role in 
the process of tumor EMT. Para-tumor active matrix is a highly specific stromal 
component, including a variety of cell types, such as tumor-associated fibroblasts 
and tumor-associated phagocytes [24] [25]. Tumor-associated fibroblasts and 
tumor-associated phagocytes can secrete a number of cytokines and growth fac-
tors, such as TGF-β, TNFA, EGF, IL-6, etc. These factors trigger the EMT 
process of bile duct tumor cells, and the loss of epithelial biomarkers such as E. 
adherin enhances the invasion ability of tumor cells. Techasen et al. [26] found 
that activated macrophages can secrete a variety of cytokines (including TGF-β1, 
TNFA, EGF and IL-6), and when these cytokines were added to cultured bile 
duct cancer cell lines in vitro, the bile duct cancer cells developed EMT pheno-
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menon, and the expressions of E-cadherin and CKL9 were significantly reduced. 
The expression of S100 and Vimentin was up-regulated, and the cell invasion 
ability was enhanced. Similarly, Okamoto et al. [27] found that tumor-associated 
fibroblasts can secrete SDF-β1 under activation state, thereby promoting the 
down-regulation of E-cadherin in bile duct cancer cells, up-regulation of inters-
titial markers, and initiation of EMT process. Zhao et al. [28] found that a simi-
lar phenomenon also exists in breast cancer cells. Ang II (Ang II) can activate 
the P13K signaling pathway first, and then activate the EMT process of breast 
cancer cells through the NF. In addition, Kurashige et al. [29] found that tu-
mor-associated fibroblasts can induce the EMT process of gastric cancer cells 
through DNA methylation of miR200b and promote gastric cancer metastasis. 
Local hypoxic environment of tumor cells can also promote the occurrence of 
EMT process of tumor cells. Hypoxic environment may promote the secretion of 
adrenal medullohormone (ADM) by bile duct tumor cells, and the overexpres-
sion of ADM can promote the occurrence of EMT, thus enhancing the invasion 
ability of tumor cells [30]. This phenomenon also exists in tumor cells of other 
tissues. Zhu et al. [31] found in their study that ADM produced in hypoxia en-
vironment can promote the EMT process of proximal convoluted tubular epi-
thelial cells. 

5. Autophagy Plays an Important Role in the EMT Process of  
Bile Duct Cell Carcinoma 

Autophagy is a classic phenomenon in the process of intracellular energy meta-
bolism and cellular self-renewal, which plays an important role in the process of 
biological growth and maintaining the stability of the organism’s environment. 
Existing studies have found that autophagy plays an important role in the process 
of tumor proliferation, invasion and energy metabolism, and autophagy can be 
induced by a variety of factors, such as hypoxia environment and nutrient defi-
ciency state [32]. Catalano et al. [33] found that in malignant glioma, nutritional 
deprivation can lead to upregulation of Slig and Snial in tumor cells, thereby re-
ducing the expression of E-cadherin and increasing the expression of interstitial 
markers N-cadherin and R-cadherin, thus promoting the EMT process of tumor 
cells. Autophagy is also found in bile duct cancer cell lines. Studies have found 
that in a nutritional deprivation environment, the expression of autophagy-related 
protein Ambral is significantly increased, and Ambral can positively regulate the 
expression of the transcription factor Slug, thereby promoting the down-regula- 
tion of E-cadherin and up-regulation of Vimentin in bile duct cell carcinoma. How- 
ever, EMT processes in tumor cells after transfection with an inhibitor of Ambral. 

Therefore, autophagy may promote the occurrence of EMT and the infiltra-
tion of tumor cells, which is an adverse factor for the prognosis of bile duct cell 
carcinoma [34]. 

6. Conclusions 

In recent years, the incidence of cholangiocarcinoma has increased significantly, 
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especially intrahepatic cholangiocarcinoma. Many factors have been confirmed 
to be associated with the incidence of cholangiocarcinoma [35], such as cholan-
giolithiasis, congenital biliary cyst, primary sclosing cholangitis, viral hepatitis, 
alcohol consumption, metabolic syndrome, schistosomiasis liver disease, etc. How- 
ever, the pathogenesis of cholangiocarcinoma is still not clear at present [36] 
[37]. EMT has been found to be involved in the process of metastasis and inva-
sion of a variety of tumors, as well as in highly aggressive cholangiocarcinoma. 
EMT process of bile duct cell carcinoma involves multiple pathways, the expres-
sion of numerous cytokines and growth factors, and various miRNAs. In addi-
tion, tumor microenvironment and autophagy also play an important role in the 
EMT process of bile duct carcinoma [38] [39] [40]. 

The migration and metastasis of malignant tumors are the important charac-
teristics of malignant tumors. The process of tumor metastasis is a complex 
process involving many signaling pathways. EMT has been found to be involved 
in metastasis and invasion of a variety of tumors, as well as in cholangiocarci-
noma, a highly aggressive tumor. The EMT process of bile duct cell carcinoma 
involves multiple pathways, the expression of numerous cytokines and growth 
factors, and various miRNAs. In addition, tumor microenvironment and auto-
phagy also play an important role in the EMT process of bile duct carcinoma. To 
further study the EMT mechanism of bile duct tumors, it is of great significance 
to find potential therapeutic targets for targeted therapy of bile duct cell carci-
noma and to improve the prognosis of bile duct cell carcinoma. 
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