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Role of noncoding RNAs in cholangiocarcinoma (Review)
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Abstract. Cholangiocarcinoma (CCA) is a malignant tumour
originating from biliary epithelial cells, and is increasing in
incidence. Radical surgery is the main treatment. However, the
pathogenesis of CCA is unclear. Noncoding RNAs (ncRNAs)
are non-protein-coding RNAs produced by genomic tran-
scription that include microRNAs (miRNAs), circular RNAs
(circRNAs) and long noncoding RNAs (IncRNAs). They play
important roles in gene expression, epigenetic modification,
cell proliferation, differentiation and reproduction. ncRNAs
also serve key roles in cancer development. Numerous studies
have been carried out on ncRNAs, and associated publications
have shown that ncRNAs are closely associated with the physi-
ological and pathological mechanisms of CCA. The findings
of these studies can provide new insights into the diagnosis,
treatment and prognosis of CCA. The present review summa-
rizes the pathophysiological mechanisms of different types of
ncRNAs, including miRNAs, circRNAs and IncRNAs in CCA,
and their applications in the diagnosis and treatment of CCA.
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1. Introduction

Cholangiocarcinoma (CCA) is a malignant tumour originating
from biliary epithelial cells. This malignancy can be divided
into three subtypes, namely intrahepatic CCA (iCCA), peri-
hilar CCA (pCCA) and distal CCA (dCCA). The latter two
subtypes have been classified as extrahepatic CCA (eCCA)
in the past, but are now considered to be different entities
according to the biological characteristics of the tumour;
they also have different treatments. Of the three subtypes of
CCA, pCCA is the most common subtype (1). Surgery is the
preferred treatment for CCA, but only ~35% of patients can
undergo surgical removal early in the disease to achieve treat-
ment. For patients with advanced or unresectable CCA, the
effectiveness of the existing comprehensive chemotherapeutic
regimens is limited: The current standard nursing chemo-
therapeutic regimen (gemcitabine and cisplatin) has a median
overall survival (OS) of <1 year. Mesenchymal hyperplasia
and genetic heterogeneity are important factors leading to
CCA resistance. The extensive tumour microenvironment
sends strong survival signals for the tumour, which may limit
the efficacy of tumour chemotherapy (2). Therefore, further
studies of the potential biomarkers of CCA for early diagnosis,
comprehensive treatment and prognosis are required.
According to the central principle in the field of biology,
genetic information is transcribed from DNA to RNA and then
translated from RNA to protein, and RNA only serves as a
carrier in the transmission of genetic information. With the
rapid development of life science research, researchers have
gradually realised that the complex biological characteristics
of higher organisms do not depend on the number of genes
but rather on the regulation of gene expression. Noncoding
RNA (ncRNAs) are a type of RNAs that do not code proteins
and are produced by genomic transcription. There are
20,000-25,000 coding genes in the human genome, 40-90% of
which are regulated by microRNAs (miRNAs) (3). According
to nucleotide length, ncRNAs can be divided into three catego-
ries: i) Short ncRNAs, which are ncRNAs <50 nt in length,
mainly including miRNAs, small interfering RNAs (siRNAs)
and RNAs that interact with Piwi protein; ii) medium ncRNAs,
which are ncRNAs 50-200 nt in length, which mainly include
ribosomal RNAs, transfer RNAs, small nuclear RNAs and
small nucleolar RNAs; and iii) long ncRNAs (IncRNAs),
which are ncRNAs of >200 nt (4,5). Numerous studies (2,3,5)
have confirmed that ncRNAs are not junk genes as originally
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thought but are molecules with multiple functions in gene
expression regulation that serve important roles in whole cell
systems. The discovery of the regulatory functions of ncRNAs
has refined our knowledge of heredity. Studies have shown
that ncRNAs play an important role in maintaining the normal
function of cells, as well as in the occurrence and development
of diseases, and thus have potential applications as disease
biomarkers.

Due to the rapid development of molecular biology, espe-
cially gene sequencing technology, the mechanism of action of
ncRNAs in CCA has been gradually revealed, and research on
the application of ncRNAs in CCA has substantially expanded.
For example, the expression of IncRNA ECICI1 was shown to
be significantly increased in CCA tissues (6), and silencing of
the IncRNA H19 gene effectively inhibited the proliferation
of CCA cells and promoted apoptosis (7). The present review
partially summarises and describes the physiological and
pathological changes of ncRNAs and their clinical applica-
tions in the diagnosis and treatment of CCA.

2. miRNA

miRNAs are RNA molecules with a length of ~22 nucleo-
tides that are involved in transcriptional gene regulation and
are widely present in eukaryotes (8). In 1993, Lee et al (8)
discovered the first miRNA, lin-4, in Caenorhabditis elegans
(nematodes). In 2000, Bushati and Cohen (9) found another
miRNA, let-7, thus initiating the study of miRNAs.

miRNAs are usually transcribed by RNA polymerase II,
which carries out the primary transcription of primary
(pri)-miRNAs (5'-cap structure and 3'-polyA tail). Several
transcription factors involved in miRNA transcription can
bind to the miRNA gene upstream of specific sites to influence
miRNA expression. Then, pri-miRNAs undergo two cleavage
steps to generate mature miRNAs. Animal pri-miRNA
cleavage first occurs in the nucleus. The RNase III nuclease
Drosha and DGCRS, a cofactor, generate precursors of ~70
nucleotides with an incomplete matching stem structure, called
pre-miRNAs. Pre-miRNAs are transported from the nucleus
to the cytoplasm via Ran-GTP-dependent exportin-5-mediated
transfer, and these molecules undergo a second cleavage in the
cytoplasm via the RNase III nuclease Dicer and its cofactor
TRBP; then, PACT cleaves the segments of double-stranded
RNA into 22 nucleotides that form the mature miRNA and
its complementary sequence as dimers (10,11). There are two
modes of interaction between miRNAs and target mRNAs.
When the two are completely complementary, miRNAs act in
a manner similar to RNA interference, that is, they pair and
bind with fully complementary homologous mRNAs, leading
to the degradation of the target mRNAs. However, when the
miRNA and target mRNA are not completely complementary,
the miRNA binds to the 3' UTR of target mRNA to suppress
post-transcriptional translation. Since numerous miRNAs
and target gene mRNAs are not completely complementary,
the main mode of action is post-transcriptional translational
repression (12). In addition, current research has focused on
epigenetic changes in miRNA expression and miRNA expres-
sion via methylation and histone modification, both of which
are markers of epigenetic gene regulation (13). For example, in
CCA cells, miR-370 is a tumour-suppressor gene that inhibits

the oncogenic protein kinase 8 (MAP3KS8) (14). In addition,
the overexpression of interleukin (IL)-6 in CCA reduces the
expression of miR-370 through DNA hypermethylation, while
restoring the expression of MAP3K8, promoting the growth of
tumour cells and the progression of CCA (14). Another study
showed that the expression of immunoglobulin-dimethylfor-
mamide via miR-370 reflected the hypermethylation-mediated
regulation induced by IL-6 in human CCA (15).

miRNAs and CCA. The expression profiles of miRNAs in
tumour cells and normal tissue cells are notably different, and
most miRNA genes are located at key genetic loci associated
with tumour formation. The occurrence of miRNA genes
at a high frequency in these regions is closely associated
with tumour genomic variation (16). These findings suggest
that miRNAs may play an important role in tumour forma-
tion. However, studies have found that CCA, a tumour with
poor prognosis, is closely associated with various miRNAs.
Different miRNAs and their various mechanistic targets in
CCA are presented in Table I.

Oncogenic miRNAs. miRNAs can be up- or downregulated in
tumours, either of which may serve a crucial role in different
tumours. Overexpressed miRNAs often affect the occurrence
and progression of CCA through different mechanisms.

By comprehensively analysing the miRNA expression
levels in 241 iCCA tumour tissues, Plieskatt et al (16) found that
eight dysregulated miRNAs were identified in all Ov-induced
ICC plasma samples and not in control plasma, and seven
displaying opposite expression changes in plasma compared
with tissue (miR-1275, miR-193a-5p, miR199b-5p, miR-320a,
miR-483-5p, miR-505-3p and miR-874). In addition, abnormal
miRNA expression in tumour tissues was inconsistent with that
observed in plasma, with 15 highly regulated miRNAs only
detected in the tumour tissue samples. Therefore, this expres-
sion profile in plasma can be used as a biomarker for the early
diagnosis of iCCA. Petrache Voicu ef al (17) found that the
overexpression of hsa-miR-21 in the CCA cell lines QBC939
and RBE significantly promoted the migration and invasion
of the cells. In addition, the overexpression of hsa-miR-21
decreased the expression of E-cadherin and increased the
expression of N-cadherin and vimentin. This indicates that
hsa-miR-21 can induce the epithelial-mesenchymal transition
(EMT) of CCA. Zhu et al (18) found that the expression of the
miR-17-92 cluster in CCA cancer cells was higher than that in
eepithelial cells of normal bile duct, indicating that it was an
oncogenic miRNA.

Further studies have confirmed that the target of
miR-17-92 is PTEN, and identified that a new regulatory
axis, IL-6/STAT3-miR-17-92 cluster-PTEN, is important in
the occurrence and development of CCA. A study found that
miR-31 is highly expressed in CCA tissues and the cell line
HCCC-9810, and bioinformatics analysis and immunofluores-
cence experiments identified RASALI as a potential target of
miR-31 (19). Further experiments in that study confirmed that
miR-31 promotes the growth of CCA cells and inhibits their
apoptosis by inhibiting RASAI1 expression. Another study
demonstrated that miR-605 inhibits the tumour progression
of CCA cell lines by inhibiting the expression of the onco-
gene PSMDI0 (20). Cheng et al (21) extracted RNA from bile
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Table I. Specific expression, target genes and functions of different types of miRNAs in CCA.

A, Upregulated

miRNA Target gene Function or mechanism Refs.
miR-26a GSK-3p Activates P-catenin and promotes proliferation (111)
and colony formation of CCA cells
miR-21 RECK, PDCD4, PTEN, Promotes proliferation, migration (41,112,113)
TIMP3, 15-PGDH and invasion of CCA cells
miR-25 DR4 Inhibits apoptosis of CCA cells (114)
miR-31 RASALI Promotes the proliferation and inhibits (19)
the apoptosis of cancer cells
miR-221 PTEN Invasion, migration and EMT (115)
miR-141 CLOCK Proliferation and physiological rhythm (116)
miR-200b PI3k, PTEN Multidrug resistance (24)
miR-210 Mnt Proliferation (116)
miR-199a-3p mTOR Multidrug resistance (117)
Let-7a NF2 Cell survival, mitogenic and multidrug resistance (49)
miR-421 FXR Proliferation and migration (118)
B, Downregulated
miRNA Target gene Function or mechanism Refs.
miR-200b/200c¢ ROCK2, SUZI2 Inhibits the migration and invasion of (35)
CCA cells and inhibits cell carcinogenicity
miR-101 VEGF, COX-2 Inhibits angiogenesis and growth of CCA (37)
miR-494 CDK6 Blocks the growth of CCA cells (119)
miR-376¢ GRB2 Attenuates epidermal growth factor-dependent cell migration (34)
miR-204 Slug Inhibits epithelial-mesenchymal transition and the migration (38)
and invasion of CCA cells
miR-205 MMP-2 Multidrug resistance (120)
miR-34a Perl, Smad4 Proliferation, invasion, migration and the cell cycle (121,122)
miR-320 Mcl-1/Bcl-2 Apoptosis (25)
miR-370 MAP3KS8 Proliferation (29,127)
Let-7a/miR-99a/ IL-6, IL-6R, IGFIR Invasion and migration (48)
miR-125b
miR-410 XIAP Proliferation (123)
miR-148a, miR-152 DNMT-1 Proliferation (124)
miR-373 MBD2 Proliferation (125)
miR-29b Mcl-1 proliferation and clone formation 27)
miR-214 TWIST Invasion and migration (30)

miRNA, microRNA; CCA, cholangiocarcinoma.

to detect the expression levels of miRNAs, and found that
miR-106a expression in patients with CCA was significantly
higher than that in patients with gallstones, and the diagnostic
sensitivity and specificity were 83.3 and 88%, respectively. In
addition, researchers studied the characteristics of secretory
vesicles extracted from bile, including their size, number and
distribution in the biliary tract, to establish a diagnostic profile
of bile molecules and miRNAs in CCA with potential clinical
value (22). Using the TCGA database, Canu et al (23) found
that miR-204 was essential in the pathogenesis of CCA, and on

this basis, they verified this miRNA in CCA cell lines; further-
more, 25 patients with eCCA had a higher miR-221 level than
the average level of 32 controls. The researchers also found
that miR-221/B-catenin formed a positive feedback loop and
that PTEN was enhanced, leading to EMT maintenance. These
results confirmed that miR-221 overexpression promoted cell
migration and invasion (23).

A study found that miR-141 is highly expressed in CCA
cells, and target genes of miR-141 include the CLOCK
gene (24). This gene not only regulates circadian rhythm but
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also acts as a tumour suppressor gene to inhibit cell division
and promote cell apoptosis. Thus, inhibition of miR-141 can
increase CLOCK protein expression in CCA cells, inhibiting
the tumour suppressor function of the CLOCK protein and
promoting the development of tumours. Chen et al (25) found
that miR-106a was elevated 110-fold in CCA tissues compared
with normal liver tissues, suggesting that it is also a specific
oncogene in CCA. miR-106a has also been found to be over-
expressed in gastric, colorectal, colorectal and pancreatic
cancer tissues, but downregulated in glioma in which it was
shown to have an anticancer role (21,25). However, high tissue
levels of miR-106a have been reported to be associated with
glioma invasion through the targeting of metalloproteinase-2,
3 and 4 (26).

Tumour suppressor miRNAs. In contrast to the genes that are
highly expressed in CCA, some miRNAs exhibit low expres-
sion in CCA, and the roles of miRNAs in CCA involve different
targets and mechanisms. Okamoto et al (27) confirmed that
the overexpression of miR-29b significantly inhibited the
proliferation and colony formation of CCA cells through MTT
and colony formation assays. Furthermore, flow cytometric
analysis showed that the overexpression of miR-29b signifi-
cantly induced apoptosis and blocked the cell cycle in the S
phase, suggesting that miR-29b is a tumour suppressor miRNA
in CCA. Another miRNA, miR-373 has been found to target
and negatively regulate MBD2, which is an important modifier
of genes silenced by methylation, and affects the expression
of the downstream oncosuppressor gene RASSFIA (28). CCA
cancer cells transfected with miR-373 precursors exhibited
inhibited growth with downregulated MBD2 and increased
expression of RASSFIA, indicating that miR-373 can act as
a tumour suppressor gene in CCA and exert a corresponding
inhibitory effect on tumour development (28).

The expression of miR-370 in CCA specimens and CCA
cell lines has been shown to be downregulated to varying
degrees (29). The target gene of miR-370 is the oncogene
MAP3KS, which is negatively regulated by miR-370. IL-6
regulates miR-370; when IL-6 is overexpressed, miR-370 is
downregulated, and the expression of its target gene MAP3KS8
is increased, thus promoting the proliferation of biliary cancer
cells in vitro and the growth of allogeneic tumours in mice.
Increased expression of miR-370 inhibited the proliferation of
CCA cells. Ngankeu et al (30) found that the antiapoptotic gene
McL-1 was targeted by miR-29b, and detected McL in various
tumours. Abnormal overexpression of McL-1 was also shown
to be associated with tumour prognosis and recurrence (30).
In CCA, the overexpression of McL-1 led to tumour cell resis-
tance to tumour necrosis factor-related apoptosis-inducing
ligand (TRAIL)-mediated apoptosis, while reduced expres-
sion of this gene increased the sensitivity of cells to apoptotic
mechanisms (30). Although the expression of miR-29b is
downregulated in CCA cells, increased expression of miR-29b
was able to reduce the level of the target gene McL-1, thus
indicating its anticancer role (30).

It has been reported that Hedgehog signalling, Toll-like
receptor and c-Myc can downregulate the expression of
miR-29b, and these three genes allow CCA cells to escape
TRAIL-mediated apoptosis (31). Kwon er al (32) identified
miR-34a as an important tumour suppressor in human CCA and

disclosed a novel epigenetic regulatory mechanism in which
miR-34a inhibits CCA growth by targeting the Notch pathway.
This finding also suggests that restoration of endogenous
miR-34a expression by targeting the epigenetic machinery,
such as the enhancer of zeste homolog 2 (EZH?2) inhibitor, or
delivery of an exogenous miR-34a mimic may represent novel
therapeutic strategies for the treatment of human CCA. Using
quantitative PCR (qPCR), Li et al (33) found that the expres-
sion of miR-214 in metastatic CCA tissues was significantly
lower than that in non-metastatic CCA tissues. When miR-214
was downregulated in CCA cells, the transcription level of
the mesenchymal-epithelial transition (MET) regulatory gene
TWIST increased, resulting in decreased E-cadherin expres-
sion in epithelial cells. The researchers concluded that miR-214
regulated the invasion and metastasis of cells by controlling
the transcription of the target gene TWIST.

Iwaki et al (34) found that another miRNA, miR-376¢,
was also associated with the metastasis of CCA; miR-376¢
was expressed at low levels in the CCA cell line HuCCT1,
which accelerated the epidermal growth factor-dependent
tumour metastatic process by acting on growth factor-binding
receptor 2. In addition, epigenetic analysis confirmed that the
low level of miR-376¢ in CCA cell lines was associated with
hypermethylation of the CpG island upstream of the gene (34).
Another study reported the low expression of the miR-200
family, including miR-200a, miR-200b, miR-200c and
miR-429, in CCA and verified that miR-200b/c could inhibit
the invasion and metastasis of CCA cells by directly inhibiting
the expression of rho-kinase2 (35). In addition miR-200b/c
was shown to inhibit the formation of tumours, via the target
SUZ12 (35). miR-144 has also been shown to be significantly
downregulated in CCA, inhibiting not only the growth of
tumour cells but also the invasion and metastasis of CCA
cells by acting on platelet-activating factor acetylhydrolase
isoenzyme 1b (36). In another study, Zhang et al (37) found
that miR-101 exhibited low expression in 43.5% of CCA tissue
specimens and in three CCA cell lines compared with noncan-
cerous controls. Further analysis of its biological function
demonstrated that miR-101 inhibits tumour angiogenesis in
CCA cell lines by acting on vascular endothelial growth factor
to inhibit the growth of CCA (37). The miR-29 and miR-320
expression levels in CCA cells or tissues are suppressed, and
the Bcl-2 antiapoptotic genes in the Mcl-1 family are associated
with miR-29 and target genes of miR-320 (25,38), Mcl-1 plays
an important role in resistance to CCA cell apoptosis (39),
and the increased expression of miR-320 and miR-29 in CCA
cells reduces the expression of Mcl-1, leading to decreased cell
resistance. The expression of miR-204 has been shown to be
low in CCA tissue (25,38). Furthermore, miR-204 is able to
inhibit the expression of Bcl-2, thus increasing the drug resis-
tance of cells (38).

miR-21. Numerous studies have shown that miR-21, a miRNA
upregulated in CCA, is overexpressed in numerous types of
malignant tumours, such as nasopharyngeal, oesophageal
squamous cell, gastric, liver, pancreatic, colorectal, lung, breast
and ovarian cancer, and acts as an oncogene. This miRNA
is associated with poor prognosis of malignant tumours (40).
Researchers have reported that the overexpression of miR-21
promoted the proliferation, migration and metastasis of cancer
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cells, while its downregulation had the opposite effect (40).
In addition, miR-21 may be involved in the phenotypic
characteristics of cancer cells, including cell proliferation,
apoptosis and the cell cycle, and may play a crucial role in
the expression of gene products (40,41). Selaru et al (41)
found that miR-21 was significantly overexpressed in CCA
tissues compared with normal tissues, and revealed that the
knockdown of miR-21 can reduce the metastatic potential
of CCA cells by regulating PDCD4 and tissue inhibitor of
metalloproteinases 3 (TIMP3). TIMP3 plays a crucial role in
the invasion and metastasis of cancer (42). In addition, Ars2
protein is essential for the development of miRNAs (42). Ars2
and miR-21 have been identified to be overexpressed in CCAs,
with the knockdown of Ars2 resulting in downregulation of
miR-21 expression and inhibiting tumour formation, while the
overexpression of Ars2 did not increase miR-21 expression or
promote tumour formation (43). Furthermore, the overexpres-
sion of miR-21 can promote the invasion and metastasis of the
RBE CCA cell line, while inhibition of miR-21 has the oppo-
site effect (44). miR-21 affects the invasion and metastasis of
CCA cells through the tumour suppressor gene PTEN. The
high expression of miR-21 in CCA has been shown to inhibit
the expression of tumour suppressor genes such as PDCD4
and TIMP3, as well as the expression of PTEN, and influ-
ences the invasion and metastasis of RBE cells by inducing
EMT (41).

A study revealed that increased prostaglandin E2 (PGE?2)
signalling pathway activation in CCA enhanced the expression
of miR-21. Sequence alignment analysis identified the binding
site of miR-21 in the 3' UTR of 15-hydroxyprostaglandin
dehydrogenase (PGDH), and the overexpression of miR-21
reduced the mRNA and protein levels of 15-PGDH. miR-21
targets 15-PGDHand leads to blocked PGE2 degradation. The
accumulation of PGE2 further increased the expression of
miR-21. These signals cascade to form a feed-forward loop that

drives the development of CCA and tumour progression (41),
as illustrated in Fig. 1.

Let-7. Members of the let-7 family are highly conserved in
sequence and function from C. elegans to humans, and are
critical regulators of embryonic development, stem cell
maintenance, differentiation, glucose metabolism and the
development of pathological processes, including tumouri-
genesis (45). Analysis using TargetScan Human 7.0 and the
published literature have shown that EZH?2 is a direct target of
let-7c in cancer cells (46). Xie et al (47) revealed the complex
role of microporous let-7c in human CCA; overexpression of
let-7c inhibited invasion in vitro but increased distant metastasis
in vivo. In addition, let-7c inhibited the tumourigenic capacity
of CCA cells, including spheroid formation and tumour initia-
tion; similar results were obtained by regulation the expression
of EZH?2 and dvl3. These results provide strong experimental
evidence for the involvement of let-7c in the distant metastasis
of CCA, suggesting that miRNAs are novel biomarkers that
can be used to identify patients with metastatic disease (47).
A genome-wide screen identified that family members of the
let-7c/miR-99a/miR-125b cluster are similarly downregulated
in CCA and target the IL-6/STAT3 pathway (49). Their
overexpression decreased STAT3 activation and inhibited
the malignant transformation of CCA cells in vitro and their
tumourigenicity in vivo. These results indicate the potential
of the let-7c/miR-99a/miR-125b cluster as a molecular target
for CCA therapy (48). Furthermore, treatment of the cells with
let-7c/miR-99a/miR-125b, resulted in prolonged inhibition of
STATS3 phosphorylation (48), which may counteract many of
the biological effects of the STAT3-mediated tumourigenic
pathway (49). Therefore, the endogenous miRNA targeting
STAT3 may provide a natural and safe treatment option,
and these findings suggest a strategy for the development
of a miRNA-based therapy using the IL-6/STAT3 CCA



12 LV et al: ncRNA AND CHOLANGIOCARCINOMA

Ribosome

_L-_‘& AAAAAAA

Cytoplasm

[ Extranuclear backsplice
y circularization

e
€ 9
R

Sequestration of microRNA

Translation blocked and mRNA degraded

Figure 2. Interactions among circular RNAs, microRNAs and mRNAs.

pathway (48). Meng et al (49) found that let-7 expression
was upregulated in CCA cells overexpressing IL-6. Another
study (47) indicated that neurofibromatosis 2 is a target gene of
let-7a, and since NF-2 is a negative regulator of STAT3, let-7a
could increase STAT3 pathway activity by downregulating
NF-2 expression, thus enhancing the drug resistance of CCA
cells with overexpression of IL-6. Therefore, Let-7 may have a
dual mechanism of action, with different regulatory effects on
CCA in different states.

miR-200 family. The miR-200 family includes five members:
miR-200a, miR-200b, miR-200c, miR-141 and miR-429.
A study confirmed that the miR-200 family can increase
the expression of E-cadherin by inhibiting the expression
of zinc finger e-box-binding homeobox (ZEB)! and ZEB2,
thus promoting EMT (50). Another study has shown that
the miR-200 family and the low expression of E-cadherin in
a highly metastatic breast cancer cell line (4TO7) promote
cell metastasis and invasion (51). Furthermore, miR-141 and
miR-200b from the miR-200 family have been found to be
expressed at high levels in CCA cells (24). A target of miR-141,
CLOCK, plays an important role in regulating the physiolog-
ical rhythm of the body and also acts as a tumour suppressor
gene to inhibit cell division and promote apoptosis (24).
Therefore, miR-141 may promote the proliferation of CCA
cells by inhibiting the expression of CLOCK. The target gene
of miR-200b is PTPN12, and PTPNI12 can inhibit the Ras
pathway by dephosphorylation of c-Abl and Src to achieve
tumour suppression. Therefore, the inhibition of miR-200b
expression is likely to lead to a reduction in the drug resistance
of CCA cells (24).

3. Circular RNA

Circular RNAs (circRNAs) are a class of ncRNA molecules
without a 5'-terminal cap and 3'-terminal poly(A) tail, which
form a covalently bonded ring structure and are widely present
in eukaryotic cells (52). CircRNAs are structurally stable,

highly abundant, and expressed in a tissue-specific manner. By
binding to miRNAs and other molecules, circRNAs regulate
gene expression at the transcriptional and post-transcriptional
levels, thereby affecting various cell processes (53).

CircRNAs are relatively stable in animal cells and regu-
late the expression of target genes through various pathways.
circRNAs have covalent cyclic structures without 5'-3' polarity
or poly(A) tail. The circular structure includes multiple
miRNA-binding sites named miRNA response elements, via
which circRNAS can act as sponges and thereby serve as candi-
date RNA binding proteins to regulate mRNA expression;
circRNAs can bind directly to targeted miRNAs to regulate
mRNA expression (53), as illustrated in Fig. 2. Therefore, by
interacting with miRNAs, circRNAs play an important role
in the regulation of tumour progression and various tumour
signalling pathways (52,54).

Xiong et al (55) reported that circRNA ZNF609 upregu-
lated FOXP4 expression and regulated the progression of
renal cancer cells through sponging miR-138-5p. A study by
Xu et al (56) revealed that the expression of circ_0005230
was increased in breast cancer, and could act as a competing
endogenous RNA (ceRNA) to increase the expression of CBX8
through sponging miR-618. However, in another study by
Xu et al (57), miR-618 was almost unaffected by circ_0005230
in two selected CCA cell lines, suggesting that circ_0005230
may have a tissue-specific mechanism. Of all the predicted
miRNAs in that study, only miR-1238 and miR-1299 were
negatively correlated with the circ_0005230 levels. Little
research has been conducted on the role of miR-1238 in cancer
progression. A report by Shi et al (58) identified miR-1238
as a tumour suppressor in the development and progression
of cancer. The researchers found that miR-1238 partially
inhibited the growth of non-small cell lung cancer cells by
inhibiting LHX2. Xu ef al (57) confirmed that miR-1238 was a
tumour-suppressive miRNA in CCA, and rescue experiments
showed that the carcinogenic effect of circ_0005230 was
partly due to its inhibition of miR-1238 and miR-1299. Prior
to this, the circRNA Cdrlas was reported to be increased in
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Table II. Functions and targets of some typical IncRNAs.

LncRNA Target Function Ref.

H19 IL-6 Key inflammatory factor IL-6 is activated to regulate the migration (69)
and invasion of cancer cells

HULC CXCR4 Activation of the chemokine receptor CXCR4 regulates the migration (69)
and invasion of cancer cells

TUGI1 Sirt3 TUG1/miR-145/Sirt3/GDH network (126)

CCAT1 EMT Leads to EMT activation of ICC cells (70)

NEAT1 BAPI1, EZH2, cadherin Invasion and migration (73)

MALAT1 CXCR4 Growth, migration and invasion of CCA cells are regulated 7
by miR-204-dependent CXCR4

PVT1 EZH2, ANGPTL4 Proliferation, invasion and migration (71)

PCAT1 miR-122, Wnt, 3-catenin Promotion of the Wnt/B-catenin pathway (127)

UCA1 AKT, GSK-3p, CCND1 Proliferation, invasion and migration (128)

SPRY4-IT1 EZH2 Strengthens EZH2 expression (129)

T-UCRs [-catenin Whnt/f3-catenin pathway downstream mediators (130)
and the development of specific cancers

LINCO01296 MYCN LINCO01296/miR-5095/MYCN network (131)

IncRNA, long non-coding RNA.

CCA (59); however, whether miR-1299 is sponged by Cdrlas
in CCA remains unknown. In addition, how miR-1238 and
miR-1299 inhibit the progression of CCA cells and the down-
stream targets of these miRNASs remain unclear.

In the study by Jiang et al (59), Cdrlas expression in tumour
tissues was found to be higher than that in adjacent normal
tissues. In addition, the overexpression of Cdrlas exhibited
a close association with advanced TNM stage, lymph node
infiltration and postoperative recurrence. The OS of patients
with CCA and high Cdrlas expression was poorer than that of
patients with CCA and low Cdrlas expression, which further
suggests that Cdrlas may serve as a potential biomarker of
malignancy to predict aggressive tumour progression and
poor prognosis in patients with CCA. Xu et al (60) verified that
circ-0001649 downregulation promoted the migration, prolif-
eration and invasion of CCA cells. In a study by Wang et al (61),
circ-0000284 was shown to regulate LY6E expression as
a ceRNA by sponging miR-637, and was suggested to be
important in the pathogenesis of CCA. Furthermore, the study
suggested that exosome-transmitted circ-0000284 may stimu-
late the malignant behaviours of surrounding normal cells via
the enhancement of migration and proliferation and inhibition
of apoptosis of these cells.

CircRNAs are a new topic of interest in RNA research,
along with miRNA and IncRNAs. Certain circRNAs have
been found to play important regulatory roles in the tumour
process, but their roles in the progression and metastasis of
iCCA have not been fully defined, and further studies are
required.

At present, high-throughput sequencing technology has
been used to identify key circRNAs from iCCAs with high
and low metastatic potential, and the let-7/STAT3 signalling
pathway has been used as the entry point to study the mecha-
nism of key circRNA-key signalling pathway-target gene-cell

metastasis phenotypes. CircRNAs are expected to be markers
for the early diagnosis of iCCA, and research on the pathogen-
esis and metastasis of circRNAs in iCCA is ongoing.

4. LncRNA

LncRNAs are a subgroup of ncRNAs >200 nucleotides in
length. LncRNAs are mainly formed by RNA polymerase 11
transcription and are widely distributed in the nucleus and
cytoplasm. Similar to mRNAs, IncRNAs have a 5'-cap
structure and a 3'-end nucleotide polymer tail structure that
allows gene splicing but lack a complete reading frame,
and thus, the IncRNA itself does not encode a functional
protein. Following numerous in-depth analyses, IncRNAs
have been found to regulate gene expression mainly at the
following three levels: i) Transcriptional level; a IncRNA
binds to the adjacent gene promoter region to form a stable
RNA-DNA three-strand structure, thereby inhibiting the
binding of transcription factors and the gene expression
of related proteins (62). ii) Epigenetic modification level;
IncRNA inhibits gene translocation, (the rearrangement
of chromosomes caused by segmental transfer between
non-homologous chromosomes, where genes are transferred
from one chromosome to another) by affecting the chro-
matin domain methylation, acetylation and ubiquitin-like
status (62). iii) Post-transcriptional level; IncRNA and target
mRNA bind to each other to form RNA double-stranded
bodies, covering up key elements of the mRNA; affecting the
processing, cleavage, transport, translation and degradation
of mRNA precursors; and regulating the post-transcrip-
tional gene expression (62). LncRNAs can be categorised as
sense, antisense, intronic, intergenic and bidirectional (63).
Moreover, IncRNAs can sponge miRNAs, resulting in
post-transcriptional alteration of their target proteins.
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Figure 3: Regulatory mechanism of IncRNA in the nucleus. IncRNA, long noncoding RNA; RNP, ribonucleoprotein; ASE, alternatively spliced exon.

Various IncRNAs have been shown to have abnormal
expression or functions in gastric cancer, liver cancer,
lung cancer, CCA, laryngeal cancer, colorectal cancer and
other malignant tumours, and the expression levels vary in
different tumours (44). In 2016, Wang et al (64) examined
the IncRNA profile of 77 iCCA tissues, and microarray
analysis indicated that 2,773 IncRNAs were upregulated in
iCCA tissues, while 2,392 IncRNAs were downregulated.

LncRNAs and CCA. Studies have shown that the occurrence and
development of CCA is closely associated with the abnormal
expression and function of IncRNAs, and the expression of
IncRNAs in tumour tissues of CCA is very different from that
in normal tissues. Hao ez al (65) found through high-throughput
sequencing that 230 IncRNAs were differentially expressed in
iCCA tumour tissues compared with adjacent normal tissues;
97 were upregulated and 133 were downregulated. Some of the
abnormally expressed IncRNAs were identified to be involved
in the proliferation, apoptosis, EMT, invasion, metastasis, drug
resistance and other biological processes of tumour cells (65).
Different IncRNAs and their various mechanistic targets in
CCA are presented in Table II.

The regulatory mechanisms of IncRNAs in the nucleus
include the following (44,65): i) IncRNA Xist is a component
of the female Barr body; ii) IncRNAs can inhibit regulatory
proteins, such as transcription factors and chromatin modi-
fication factors, to prevent them from binding to DNA;
iii) IncRNAs can act as enhancers, inducing cis-trans transcrip-
tion; iv) IncRNAs regulate the selective splicing of primary
transcripts; v) IncRNAs act as a molecular signal to activate
or silence gene expression through regulatory signal transduc-
tion pathways; vi) IncRNAs act as scaffolds by binding with
different proteins to form ribonucleoprotein complexes, which
also affect gene expression; vii) IncRNAs guide proteins,
generally chromatin modifiers, to specific target sites; and viii)
IncRNA s interact with enzymes, such as kinases, to regulate or
enhance their catalytic activity and alter their signal transduc-
tion pathways (Fig. 3).

Oncogenic IncRNAs. Yao et al (66) detected overexpression
of the IncRNA TP73-AS1 in the tumour tissues and adjacent
normal tissues of 75 patients with CCA through reverse
transcription (RT)-qPCR, and found that the degree of upregu-
lation of this gene was closely associated with tumour size and
TNM stage. Silencing TP73-AS1 inhibited the proliferation of
CCA cells, activated caspase-3 and caspase-9, and promoted
the apoptosis of tumour cells. Li et al (67) found that IncRNA
EPIC1 expression was significantly increased in CCA tissues
compared with adjacent normal tissues. EPIC1 knockdown
resulted in growth inhibition and the apoptosis of CCA cells,
thereby reducing their malignant biological behaviours.
Furthermore, an interaction was identified between EPICI1
and myc oncogenes, and the expression of the myc gene was
decreased in EPIC1-knockout CCA cells. However, the specific
mechanism of myc and ECICI1 in CCA require further study.
Xu et al (68) found that IncRNA H19 was overexpressed in
the tumour tissues of 56 patients with CCA, and the expression
level of H19 was closely associated with clinicopathological
features. Silencing H19 gene effectively inhibited the
proliferation of CCA cells and promoted apoptosis. In another
study, IncRNA H19 gene silencing was shown to upregulate
E-cadherin, downregulate N-cadherin and vimentin, reverse
the EMT process, and weaken the metastasis and infiltration of
CCA cells (69). Zhang et al (70) studied the overexpression of
the IncRNA CCAT] in the tumour tissues of 120 patients with
primary iCCA and adjacent normal tissues, and found that
the highly expressed IncRNA CCAT1 was closely associated
with tumour progression. Silencing CCAT1 in iCCA cells
decreased the levels of N-cadherin, mucin and vimentin and
increased those of E-cadherin, which effectively reversed the
EMT process of iCCA. Furthermore, a luciferase reporter gene
assay found that IncRNA CCAT1 and the oncosuppressive gene
miR-152 bind to each other, inducing iCCA cell metastasis,
invasion and EMT (70). EMT is an important process in the
tumour microenvironment. Alteration of IncRNAs in tumour
tissues can reverse the EMT process, and the progression
of CCA can be delayed, suggesting a new strategy for the
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clinical treatment of CCA. Ma et al (71) found that IncRNA
AFAPI1-AS1 was excessively expressed in the tumour
tissues of iCCA in 56 patients who had not received local or
systemic treatment. After silencing AFAP1-ASI, biological
behaviours such as proliferation, invasion and metastasis of
CCA cells were inhibited. This IncRNA mainly inhibited cell
invasion and metastasis by reducing the expression of matrix
metalloproteinase (MMP)-2 and MMP-9, and decreasing
the malignancy and biological behaviour tumour cells.
Zhang et al (72) analysed the tumour tissues of 33 patients
with CCA and found that the expression of IncRNA NEAT1
was significantly increased in tumour tissues compared with
adjacent normal bile duct tissues. Moreover, silencing of
NEAT] resulted in the invasion and metastasis of CCA cells.
Further experiments in the study showed that IncRNA NEAT1
recruited the E-cadherin promoter through EZH2, and the
downregulation of E-cadherin reduced the adhesion strength
of the cells, resulting in increased cell activity.

Parasramka et al (73) reported the relationship between
IncRNAs and iCCA, and also noted that CCA cells with
low expression of BRCA-1 associated protein-1 (BAPI)
were highly sensitive to gemcitabine and cisplatin; they also
suggested that IncRNA NEAT1 may be a functional down-
stream molecule of BAPI1. Furthermore, NEAT1 knockout in
CCA cell lines resulted in significantly higher gemcitabine
cytotoxicity than that of normal CCA cell lines, suggesting that
NEAT]I can be used as a sensitive tissue biomarker for iCCA
and the early diagnosis of CCA. Ma et al (74) found that the
expression of carbamoyl phosphate synthetase 1 (CPS1) and its
transcribed IncRNA (CPSI intron 1; CPSI-IT1) were signifi-
cantly increased in iCCA tissue compared with normal tissue,.
Survival curve analysis showed that IncRNA-CPS1 expres-
sion in tumour tissues was increased in patients with a poor
prognosis, and CPS1 and CPSI-IT1 were closely associated
with abnormal liver function and prognosis, suggesting that.
CPSI1-IT1 may be a potential biomarker of iCCA. LncRNA
MALATTI is upregulated in liver, uterine, lung, breast, prostate,
pancreatic and cervical cancer, and other tumours (75). Further
studies have confirmed that MALAT! is also an independent
prognostic factor for some cancers (76). In CCA, especially in
hilar CCA (hCCA), the expression level of MALATI is much
higher than that of adjacent tissues (77). In vitro and in vivo,
MALATI has been shown to have protumourigenic effects on
the proliferation, invasion and migration of CCA cells (77). In
addition, MALAT1 overexpression is associated with low OS,
poor TNM staging, large tumour volume and metastasis in
patients with hCCA (77). Therefore, it may be concluded that
IncRNA MALATTI is a promising prognostic tissue biomarker
for hCCA.

Tumour suppressor IncRNAs. The results of a study by
Qin et al (78) showed that the IncRNA FENDRR had reduced
expression in CCA tissues and cells, and was negatively asso-
ciated with the expression of the apoptosis inhibitory protein
survivin. It also suggested that FENDRR may inhibit survivin
through histone methyltransferase, thereby inhibiting the
proliferation, metastasis and invasion of CCA cells. Another
study (79) demonstrated that the IncRNA maternal gene 3
(MEG?3) is consistently expressed in normal tissues, while
its expression is downregulated or absent in tumour cells,

including CCA, hepatocellular carcinoma, nasopharyngeal
carcinoma, colon cancer. Xia et al (80) found that the knock-
down of MEG3 could activate the Wnt/f3-catenin pathway,
and that downregulated MEG3 expression increased cisplatin
resistance in lung adenocarcinoma cells. Another study
revealed that MEG3 may act as a tumour suppressor gene
in CCA cells to downregulate the expression of ABCG2 and
enhance the sensitivity of CCA cells to Adriamycin (81). These
findings provide a theoretical and experimental basis for the
molecular-targeted therapy of CCA.

Another IncRNA, NEF, has been suggested to be an
upstream inhibitor of Runt-related transcription factor 1
(RUNXI1) in iCCA cells (82). The regulatory effect of IncRNA
NEF on RUNXI in iCCA may be mediated by disease-related
factors, as the expression levels of IncRNA NEF and RUNX1
were found to be positively correlated only in tumour tissues and
not in the adjacent healthy tissues of iCCA patients. LncRNA
NEF expression was downregulated while RUNX1 expression
was upregulated in iCCA, and it was suggested that NEF may
be involved in ICCA through interaction with RUNX1. Another
study found that the expression of IncRNA MIR22HG in CCA
tissues and cell lines was significantly decreased (83). In CCA,
the overexpression of MIR22HG inhibited cell proliferation,
migration and invasion, whereas knockdown of MIR22HG
had the opposite effect, negatively regulating the mRNA
and protein levels of the Wnt/p-catenin signalling pathway
components (f3-catenin, cyclin D1 and c-myc). The effects of
MIR22HG overexpression on CCA progression were partially
rescued by activating the Wnt/B-catenin signalling pathway.
More importantly, the expression of MIR22HG was found to
be associated with TNM stage in CCA patients and thus has
prognostic significance.

HI19 and HULC. H19, one of the earliest identified IncRNAs
with a long history of research, serves a crucial role in oesoph-
ageal cancer, breast cancer, bladder cancer, prostate cancer,
CCA and other diseases. This IncRNA is overexpressed in
tumour tissues, and the degree of expression is closely associ-
ated with clinicopathological features.

Increasing evidence indicates that H19 is involved in
tumour proliferation and differentiation together with EMT
and MET, suggesting that it plays an important role in the
occurrence and development of tumours (75). H19 has an
evolutionarily conserved secondary structure, suggesting
its structure-dependent functions, which include binding to
EZH2 (84), interacting with methyl-CpG-binding domain
protein 1 and recruiting this protein to some of its targets
that maintain the repressive H3K9me3 histone marks in their
loci (85). H19 has been shown to interact with and inactivate
the P53 protein, suggesting that H19 plays a role in tumouri-
genesis (75). HULC has been reported to promote hCCA
proliferation and regulate the cell cycle by downregulating the
tumour suppressor gene CDKN2C (p18) and participating in
the ATM/ATR, p53 and other signalling pathways (86). One
study revealed that the let-7a/let-7b pathway potentially targets
H19, which leads to partial inactivation of IL-6 in oxidative
stress-mediated CCA inflammation, and found that HULC
is targeted by miR-372 and miR-373 during the migration
and invasion of CCA cells, further activating the chemokine
receptor CXCR4 (69). Furthermore, it found that HI19 and
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HULC are stimulated by short- and long-term oxidative stress,
and regulate the expression of pivotal genes in the inflamma-
tory process, suggesting that there is a positive feedback loop
between inflammation and oxidative stress, and the activation
of this feedback loop via IncRNAs might promote tumouri-
genesis in CCA (69).

Studies have found that the imprinting factor H19 controls
gene regulation networks via a trans effect in most malignant
tumours and promotes oncogenes, increasing tumour invasion
and metastasis at multiple levels as follows: i) Maintenance
of cancer stem cells (CSCs); most well-differentiated tumour
cells in tumour tissues spread to the target tissues and organs
but cannot form metastatic lesions, and only some have the
self-renewal and multidirectional differentiation potential of
CSCs, which are required for distant metastasis. Therefore, the
maintenance of CSC stem cell characteristics is key to tumour
invasion and metastasis (87,88). ii) Control of epithelial-inter-
stitial transition; EMT is closely associated with cell polarity
and epithelial cell adhesion. Under the action of various factors,
the epithelial and mesenchymal characteristics are lost, as
shown by cell polarity changes, loss and reduction of the rela-
tionship between surrounding mesenchymal cells and other
cells, cell invasion and random migration (89). iii) Regulation
of tumour neovascularization; research data have shown that
the tumour neovascularization is positively associated with
tumour invasion and metastasis because the formation of
tumour blood vessels not only provides sufficient nutrients and
oxygen for tumour growth but also provides good channels for
tumour cell invasion and metastasis (90). Jia et al (90) studied
the influence of H19 on the biological behaviour of glioma and
found that knockout of H19 inhibited the invasion of glioma
cells and the formation of tubular structures. Subsequent
dual-luciferase reporter experiments (90) found that H19 could
directly act on and inhibit the expression of miR-29a, which
in turn targeted the 3' UTR of the vasohibin 2 (VASH2) gene,
inhibited the expression of VASH2, and blocked the formation
of tumour blood vessels. Therefore, H19 is believed to promote
angiogenesis and invasion and metastasis of glioma cells by
reversing the inhibitory effect of miR-29a on VASH2.

NNT-ASI. In several studies (91-93), IncRNA NNT-ASI was
found to be significantly upregulated in CCA, and the high
expression of NNT-ASI was associated with differentiation,
invasion depth, TNM stage and poor prognosis. NNT-AS1
downregulation significantly inhibited the proliferation,
migration and invasion of CCA cells, while overexpression of
NNT-ASI promoted the invasion and survival of cells in vitro
and in vivo. These studies also demonstrated that NNT-AS1
binds to miR-142-5p as a ceRNA, and the expression of
miR-142-5p is negatively correlated with the expression of
NNT-ASI in CCA. These results suggest that NNT-ASI1 plays
a key role in the progression of CCA and is a potential thera-
peutic target for CCA. Multivariate analysis (92,94) indicated
that NNT-AS1 may be a new and effective risk biomarker.
Several studies have suggested that upregulated NNT-AS1
could be used as an independent negative prognostic factor for
cancer. For example, NNT-ASI is increased in human osteo-
sarcoma, cervical cancer, colorectal cancer, breast cancer,
liver cancer and ovarian cancer (95). In addition, Hua ez al (93)
indicated that NNT-ASI increased cell proliferation and

invasion by activating the Wnt/B-catenin pathway in cervical
cancer. Liang et al (82) found that NNT-AS1 could accelerate
the migration and invasion of cells in CCA and bound to
miR-142-3p, thereby acting as a sponge.

SNHG]I. A study by Yu et al (96) found that the expression of
IncRNA SNHGI showed strong upregulation in CCA tissues,
and SNHGI downregulation significantly inhibited cell growth
in vivo and in vitro. SNHGI also exhibited cancer-promoting
properties in different types of tumours (96). There is evidence
to show that SNHGI interacts with EZH2, which is thought to
be a histone-methylated modification complex in the nucleus
that regulates various target genes. CDKNIA is one of the
genes regulated by SNHGI, as shown by RNA sequencing
(RNA-seq), and acts as a tumour suppressor gene in different
types of cancer (97,98). In addition, hypermethylation of the
CDKNIA promoter region has been reported to contribute to
CDKNIA transcriptional inactivation in breast cancer (99).
SNHGI binds to EZH?2 to inhibit the expression of target
genes, including CDKNI1A, in CCA (89). Through epigenetic
regulation of CDKNI1A transcription in the nucleus, SNHGI
promotes the malignancy of CCA and the survival and metas-
tasis of CCA cells (100).

PVTI. Following PVT1 knockdown, an analysis of RNA
sequencing results on the basis of gene ontology revealed that
this genetic change was strongly associated with proliferation
and migration (101). Another study (102) found that PVT1
binds to EZH2 to form a histone-methylated modification
complex in the nucleus, thereby potentially regulating various
genes in CCA (103). DNA methylation in the promoter region
of ANGPTL4 has been confirmed to lead to the inactiva-
tion of ANGPTL4 transcription (104). A study showed that
PVTl-regulated histone methylation (H3K27me3) promoted a
reduction in ANGPTL4 expression in CCA cell lines, and that
PVTI1 bound to EZH2 in the nucleus and mediated the epigen-
etic silencing of ANGPTL4 (101). Through this mechanism,
PVTI regulated the transcription of ANGPTL4 to promote
cell survival and CCA metastasis, thus enhancing the malig-
nancy of CCA (101). These findings indicate that PVTI, as a
key IncRNA, may be crucial in the diagnosis, treatment and
prognosis of CCA.

ALI36359.1. The IncRNA ALI36359.1 plays an important
role in CCA. A study has shown that ALI36359.1 expres-
sion leads to significant increases in the mRNA and protein
levels of aldosterone reductase 1B10 (AKR1B10), and when
the AKRIBIO gene was highly expressed, the protein levels
of MMP-2, vimentin, CDK4 and Cyclin DI were significantly
reduced (105). In another study, IncRNA ALI136359.1 was
significantly decreased in CCA tissues and cell lines, and the
high expression of ALI36359.1 significantly promoted the
expression of the AKRIBIO gene and further inhibited the
proliferation and invasion of CCA cells (106).

Colon cancer-related transcript 2 (CCAT2). CCAT2 is a
IncRNA that maps to the genomic region of 8q24. This IncRNA
was first identified from microsatellite stable colorectal cancer
and was shown to regulate the metastasis and progression
of colon cancer and chromosomal instability (106). CCAT2
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can reduce E-cadherin and increase ZEB2, vimentin and
N-cadherin expression, thus stimulating EMT (107). A study
has shown that CCAT?2 is upregulated in CCA tissues and cell
lines, and the transcription level of CCAT2 is upregulated
1.39-3.20-fold in CCA tissues and cell lines compared with
human intrahepatic bile duct epithelial cells (107). In vitro
experiments have confirmed that CCAT2 silencing can
significantly inhibit cell growth and increase cell apoptosis
in CCA cells (106). Caspase-3 and -9 may play an important
role in mediating the apoptosis induced by downregulation of
CCAT?2. Inhibition of CCAT2 expression can inhibit meta-
static properties, reverse EMT, increase E-cadherin expression
and decrease vimentin expression in CCA cells (106).

5. Contribution of next-generation sequencing (NGS) to
ncRNAs

At present, most quantitative studies of ncRNA rely on
RT-qPCR, in situ hybridization or microarray techniques.
These methods have both advantages and limitations. NGS
offers researchers a powerful tool for detecting RNA molecules
in biological samples. In addition, the length of the protocol,
sequencing time and expense are falling, making NGS an
ideal tool for studying biomarkers (108). The advantages of
NGS include the following: i) Species- or transcript-specific
probes are not required. ii) NGS shows increased specificity
and sensitivity for a wide range of applications. iii) The high
coverage depth of sequencing helps detect rare or single-cell
transcripts and identify weakly expressed genes. iv) NGS tech-
nology is able to detect multiple splice sites and novel isoforms.
v) NGS technology is able to perform de novo analysis of a
sample without a reference genome (108-110).

The operational process of NGS in ncRNA can be summa-
rized in the following aspects: i) Library preparation or sample
processing; ii) sequencing; iii) initial quality and raw data
analyses; and iv) variant calling and data interpretation. This
last step is dependent on the specific application (110).

6. Conclusions

The prognosis of carcinoma of the bile tract is poor, and it
presents early and systemic metastasis lymph node involve-
ment. Currently, iCCA lacks effective drug and chemotherapy
regimens, and surgical resection is the most effective method
to treat this malignancy. However, due to its specific anatom-
ical site, hidden onset of disease and the lack of effective early
diagnostic markers, patients with iCCA are often in the late
stage of disease when they are diagnosed, and have lost the
opportunity for radical surgery. CCA carcinogenesis is the
result of various oncogenes, tumour suppressor genes and
associated molecular disorders. Elucidation of the molecular
mechanisms may help to identify effective therapeutic targets
and biomarkers. Therefore, ncRNAs have gradually become an
important topic of research. In this review, the biological char-
acteristics of different ncRNAs, such as miRNAs, circRNAs
and IncRNAs, are introduced, as well as their roles and
mechanisms in CCA, and the clinical applications of relevant
ncRNAs in CCA. An improved understanding of CCA biology
has revealed the key role of ncRNAs in influencing CCA
initiation, progression and therapeutic tolerance. Under these

conditions, ncRNAs are being further studied as promising
tumour biomarkers to be incorporated into clinical manage-
ment and improve the prognosis of CCA patients. The initial
results are encouraging; however, further studies are required
to confirm their reliability and clinical reproducibility.
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