REVIEW

For reprint orders, please contact: reprints@futuremedicine.com

The role of miRNAs in cholangiocarcinoma

Hepatic Oncology
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Practice points

e MiRs directly influence the translation of thousands of genes involved in cellular proliferation, differentiation,
migration and invasiveness.

e MiR expression can be altered via various mechanisms in cancer, including MiR gene mutation and methylation,
altered MiR gene expression through transcription factors and post-translational events, such as MiR cleavage and
transport.

e MiR alteration contributes to cholangiocarcinogenesis via increased cell proliferation, reduced cell apoptosis,
increased inflammation-mediated oncogenesis and enhanced cell migration and invasiveness.

e MiRs may also play a role in tumor sensitivity and resistance to chemotherapy.

e Microarray studies suggest the strongest evidence for upregulation of MiR21, MiR223 and MiR625 and
downregulation of MiR145, MiR200c, MiR222, MiR338 and let-7a in human cholangiocarcinoma tissues compared
with healthy biliary tissue.

e While theoretically MiRs are attractive biomarkers for diagnosis and prognosis in cholangiocarcinoma, current
evidence for their clinical utility at the bedside is limited and further validation studies are warranted.

Cholangiocarcinoma (CCA) is a devastating malignancy with high mortality, in part due to
the combination of late presentation, significant diagnostic challenges and limited effective
treatment options. Late presentation and diagnosis contribute to the high mortality in CCA
and there is an urgent unmet need for diagnostic and prognostic biomarkers to facilitate
early diagnosis and treatment stratification to improve clinical outcomes. MiRs are small
ncRNA molecules that regulate gene expression and modulate both tumor suppressive and
oncogenic pathways. They have a well-defined role in carcinogenesis, including CCA. In
this review, we outline the evidence for MiRs in the pathogenesis of CCA and their potential
utility as diagnostic and prognostic biomarkers to guide clinical management.
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Background

Cholangiocarcinoma (CCA) is a devastating malignancy with high mortality, in part due to the
combination of late presentation, significant diagnostic challenges and limited effective treatment
options [12]. CCA develops from the ductular biliary epithelium either within the liver (intra-
hepatic) or extrahepatic biliary ducts (extrahepatic). It is the second most common primary liver
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cancer, accounting for 3% of all gastrointesti-
nal malignancies [3.4]. Of concern, the incidence
and mortality of intrahepatic CCA appears to be
increasing, despite a reduction in extrahepatic
CCA globally [2.4-6].

CCA often presents a diagnostic dilemma
as the clinical picture and radiological appear-
ance may mimic other common conditions,
such as benign biliary strictures, autoimmune
cholangiopathy, primary sclerosing cholangitis,
gallbladder cancer and hepatocellular carci-
noma [2.7]. The intense desmoplastic reaction in
perihilar and distal ductal CCA and the loca-
tion of these cancers makes obtaining biopsies
of malignant tissue challenging, especially in
patients with background primary sclerosing
cholangitis [7]. Moreover, brush tissue specimens
only have a sensitivity of 20—-40% for CCA diag-
nosis 3] and current blood biomarkers, such as
CA 19-9 and carcinoembryonic antigen, have
limited diagnostic accuracy for CCA [89]. Late
presentation and diagnosis contribute to the high
mortality in CCA and there is an urgent unmet
need for diagnostic and prognostic biomark-
ers to facilitate early diagnosis and treatment
stratification.

Within this context, there has been consid-
erable research interest in MiRs as potential
biomarkers in CCA. MiRs are small ncRNA
molecules that regulate gene expression through
direct binding to mRNA gene transcripts, pre-
venting translation [10]. They operate through
either tumor suppressive or oncogenic pathways
and have a well-defined role in carcinogenesis,
with considerable evidence for their role in many
human malignancies, including lung, breast,
prostate and GI tract cancers [10,11]. Emerging
evidence also suggests an important role for
MiRs in CCA [12,13].

In this review, we outline the evidence for
MiRs in the pathogenesis of CCA, defining their
central role in key oncogenic pathways and the
effects of individual MiRs commonly altered in
CCA. The potential utility of MiRs as diagnos-
tic and prognostic biomarkers to guide clinical
management is also evaluated.

The role of miRNAs in the pathogenesis of
malignancy

MiRs are small, ncRNA molecules that bind to
the 3" untranslated region of specific mRNAs,
targeting them for degradation and therefore
preventing gene translation [10]. Thirty percent
of MiRs are derived from processed introns
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of protein-coding genes, with the remainder
encoded by specific genes [10]. A primary MiR
transcript (pri-MiR) is transcribed by RNA
polymerase II in the nucleus, then undergoes
further modification and cleavage by micropro-
cessor to produce one or more MiRs [14,15]. Each
MiR is regulated by multiple other MiRs, with
each MiR in turn inhibiting translation of thou-
sands of mRNA transcripts [10,16]. Functionally,
MiRs exert modest effects on multiple targets
along a given signaling pathway, allowing refined
and orchestrated control of cell processes such
as cell proliferation and differentiation, survival
and metastatic capacity [10,17-19].

Since the first description of MiR-15 and MiR-
16 deletion in B cell lymphocytic leukemia [20], a
myriad of publications have defined the key role
of MiRs in many tumor types [1020-22]. Although
MiRs may function as either tumor suppressors
(such as let-7 class inhibition of ¢-Mjyc) 23] or
oncogenes (such as MiR-17-92 cluster activa-
tion of ¢-Myc) 24], MiRs have a predominantly
tumor-suppressor role in cancer [10,25-26].

Mechanisms of altered MiR biogenesis in
cancer

Several mechanisms exist that alter MiR expres-
sion in cancer. MiR genes are frequently located
in fragile genomic regions with high mutation
rates in malignancy [1027]. Hypermethylation
of CpG islands located in MiR genes also sup-
press MiR transcription in some cancers [28.29].
Cell singling pathways, such as c-Myc, modulate
MIiR expression [30-35]. Other steps in the biosyn-
thesis and regulation of MiRs, such as pri-MiR
processing, cleavage and export from the cell
nucleus and hypoxia-induced stress responses
in rapidly growing tumors mediated via EGFR
signaling also orchestrate suppression of MiR
transcription in human cancers [10,15,36-37].

Role of MiRs in the pathogenesis of CCA

¢ MiR expression profiles in CCA

Several studies describe MiR gene expression pro-
files in CCA using targeted PCR or untargeted
MiR microarray techniques [38-43]. A summary
of these studies is outlined in Table 1. While the
findings reported in these studies diverge, there
are nine MiRs differentially expressed in CCA
compared with controls that were identified in
more than one study. Mir21 was upregulated in
both a cell line and 2 human CCA tissue studies;
MiR223 and MiR625 were upregulated in two
human CCA tissue studies; whereas MiR145,
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Table 1. Summary of miRNAs expression studies in cholangiocarcinoma.

REVIEW

Study (year) MiRs upregulated in CCA compared MiRs downregulated in CCA Study CCA model Ref.
to controls
Kawahigashi et al. 22,125a,127,199a, 214, 376a, 424 CCA cell line (TFK, HUCCT1, MEC) [40]
(2009)
Meng etal. (2006)  21%,200b, 141 CCA cell line (KMCH-1, Mz-ChA-1, [41]
TFK)
Yang et al. (2014) 29b-1, 7, 34b, 1464, 192, 194, 203, 215, 135b, 144, 200a/b/ct, 204, 429,451,  Human CCA tissue (three CCA, three  [42]
221, 361-3p, 375, 582-5p, 6257, 892b  486-5p, 495, 513a-5p, 1826 matched normal)
Zhang etal. (2015)  92b-5p, 188-5p, 331-3p 423-5p, 19b-3p, 24-3p, 26a-5p, 29a, 29¢-3p, Human CCA tissue (66 CCA, nine [39]
491-5p, 566, 612, 625-3p', 675-5p, 765 99a-5p, 100-5p, 101-3p, 103a-3p, matched normal)
130a-3p, 141-3p, 143-3p, 338-3p,
451a', 497-5p, let-7a", let-7d, let-7e,
let-7f
Karakatsanisetal. 21, 31,223t 122, 1451, 200ct, 221, 2221 Human CCA tissue (21 CCA, 60 HCC, [38]
(2013) 98 controls)
Chen etal. (2009) 15a, 15b, 17-5p, 17-3p, 193, 20, 21%, 98, 1451, 184, 185, 197, 198, 200c, Human CCA tissue (27 CCA, 18 [43]
25,103, 1063, 130b, 142-3p, 193, 223, 204, 214, 2227,302b, 302d, 320,328,  controls)
224,331, 324-5p, 374 337,338,371, 373, let-7a’, let-7b
fmiRNA with evidence for a role in CCA from more than one study.
CCA: Cholangiocarcinoma; HCC: Hepatocellular carcinoma.
MiR200c, MiR222, MiR338, MiR451 and let-  Involvement of individual MiRs in CCA
7a were all downregulated in two human CCA  carcinogenesis pathways
studies. Further studies have focused on the functional
The largest study by Zhang ez a/. 39] included  roles of individual MiRs in CCA. An outline
66 CCA tissue samples and nine matched adja-  of available evidence from human studies for
cent nonmalignant biliary tissue controls, how-  the roles of specific MiRs in CCA is presented
ever, the small number of controls compared in Table 2 and Figure 1 outlines the main MiRs
with cases may have reduced power to detect associated with key processes of carcinogenesis
differences in expression profile between cases in CCA. It is important to note that for many
and controls. Moreover, QPCR confirmation was  MiRs there is only one study that has reported
only performed for three MiRs combined as a  their significance in CCA. Overall, there were
prognostic score for survival, not to confirm all  ten MiRs upregulated (MiR21, 25, 29, 31, 126,
29 differentially expressed MiRs identified by 199, 210, 223, 331-3p and 625) and 18 MiRs
microarray [39]. Chen ez al. [43] identified 38 dif-  downregulated (MiR26a, 34a, 101-3p, 103a-3p,
ferentially expressed MiRs in CCA compared 127, 130a, 141, 145, 451, 200b and c, 204, 221,
with controls in a study, which included 27 CCA 222, 338-3p, 370, 373, 494 and let-7a) in CCA
tissue samples and 18 biliary tissue samples from  for which there were published evidence from
healthy controls, allowing premalignant or ‘at-  more than one study.
risk” MiR expression changes associated with
underlying disease to be excluded. Functional e Cell proliferation
assays also confirmed the significance of The c-Myc pathway plays a central role in chol-
miR204 and 320 modulation in CCA cell mod-  angiocarcinogenesis. c-Myc is a basic helix-
els. Karakatsanis ez a/. [38] evaluated expression loop leucine zipper transcription factor that
of nine MiRs by targeted PCR and included activates transcription of many genes involved
biliary tissue samples from 21 CCA, 60 HCC in cell proliferation [76] and also drives cyc-
and 98 healthy controls to allow comparison of lin DI signaling and cell de-differentiation
MiR expression between HCC and intrahepatic  in CCA [76.77]. c-Myc forms a heterodimer
CCA, which often poses a difficult clinical diag-  with to activate gene transcription, though
nostic scenario. Notably, none of these studies Max also complexes with the c-Myc inhibitor
included subpopulations commonly presenting Mnt to antagonize c-Myc transcription [76].
as a differential diagnosis, such as PSC or biliary ~ Additionally, c-Myc signaling, along with
obstruction. Toll-like receptor and hedgehog pathway
future science group www.futuremedicine.com 169
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Table 2. Summary of evidence for specific miRNA expression changes in cholangiocarcinoma that has been demonstrated in

human studies.

MiR Expression in CCA

15@&Db) Increased

16 Increased

17 Bp & 5p) Increased

193, b 19a increased (39)
19b decreased (39)

19b Decreased

20 Increased

21 Increased

23b Increased

24-3p Decreased

25 Increased

26a Decreased (39);
Increased (52)

29 Increased (74);
decreased 29b (74),
29c (39, 46)

30c Increased

31 Increased

34a Decreased

92b-5p Increased

98 Decreased

99a-5p Decreased

100-5p Decreased

101-3p Decreased

103a-3p Decreased

106a Increased

122 Decreased

126 Increased

127 Decreased

130a, b 130a decreased (39);
130b increased (43)

135a, b Decreased

138 Decreased

141 Increased (41);
decreased (39, 82)

142-3p Increased

143-3p Decreased

MiR target Clinical
association
Diagnostic
utility

PTEN, PDGH Intrahepatic
CCA (87);
survival (70,
87)
High CA19-9

TRAIL-mediated

apoptosis/DR4

Mcl-1
High CA19-9

RASA1

c-Myc

VEGF
Survival; high
CA19-9 (43)
127-4b
diagnosis (84)
High CA19-9

Rho C, p-ERK, Metastases

MMP-2/9

CLOCK High CA19-
9 (43);
progenitor-
cluster CCA
(82)

Sample size

27 CCA; 18 controls
46 CCA; 50 controls

27 CCA; 18 controls
66 CCA; nine controls

66 CCA; nine controls
27 CCA; 18 controls
18-27 CCA; 18-98 controls

27 CCA; 18 controls
66 CCA; nine controls
27 CCA; 18 controls

21-66 CCA; nine controls

66 CCA; nine controls

27 CCA; 18 controls
21 CCA; 60 HCC; 98 controls

66 CCA; nine controls

27 CCA; 18 controls

66 CCA; nine controls

66 CCA; nine controls
46-66 CCA; nine controls
27-66 CCA; 9-18 controls
27 CCA; 18 controls

21 CCA; 60 HCC; 98 controls
27-32 CCA; 18-32 controls

46 CCA; 50 controls
27-66 CCA; 9-18 controls

27 CCA; 18 controls

27-91 CCA; 18 controls

27 CCA; 18 controls
66 CCA; nine controls

Study model

Human CCA
Human CCA

Human CCA
Human CCA

Human CCA

Human CCA

CCA cell lines; murine
models; human CCA

Human CCA
Human CCA
CCA cell lines; human CCA

CCA cell lines; human CCA

CCA cell lines; human CCA

Human CCA

CCA cell lines; human CCA
Murine; hamster models;
cell lines

Human CCA

Human CCA

Human CCA

Human CCA

Human CCA

Human CCA

Human CCA

Human CCA

Human CCA

CCA cell line; human CCA
Human CCA

Human CCA
CCA cell lines; human CCA

CCA cell lines; human CCA

Human CCA
Human CCA

[39]
[43]
38,41,43,45-51]

[43]
(39]
[43.52]

[39,53]

[39,54-55]

[39,43]

[43]
[63]

[39.41,43,64]

CCA: Cholangiocarcinoma; HCC: Hepatocellular carcinoma.
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Table 2. Summary of evidence for specific miRNA expression changes in cholangiocarcinoma that has been demonstrated in

human studies (cont.).

The role of miRNAs in cholangiocarcinoma

REVIEW

MiR Expressionin CCA  MiR target Clinical Sample size Study model Ref.
association
144 Decreased Three CCA; three controls Human CCA [42]
145 Decreased 21-27 CCA; 18-98 controls ~ Human CCA [38,43)
150 Increased Diagnostic 53 CCA CCA cell lines; human CCA [49]
utility
151-3p Decreased Survival 32 CCA; 32 controls Human CCA [62]
182 Decreased High CA19-9 27 CCA; 18 controls Human CCA [43]
184 Decreased 27 CCA; 18 controls Human CCA [43]
185 Decreased 27 CCA; 18 controls Human CCA [43]
188-5p Increased 66 CCA; nine controls Human CCA [39]
191 Increased Diagnostic 46 CCA; 50 controls Human CCA [44]
utility
192 Increased Opisthorcis 11 CCA; nine controls Human CCA [65]
infection;
survival
193 Increased 27 CCA; 18 controls Human CCA [43)
195 Increased High CA19-9 27 CCA; 18 controls Human CCA [43)
197 Decreased 27 CCA; 18 controls Human CCA [43]
198 Decreased 27 CCA; 18 controls Human CCA [43)
199a, b Increased; 199a High CA19-9 CCA Cellline; human CCA [40,43]
decreased (40)
200b, c 200b increased (41); ZEB1/2; Progenitor 14-27 CCA; 18-98 controls ~ CCA cell lines; human CCA [38,41,43,
200c decreased (38, SUZ12/ROCK2 cluster CCA 64,66-67]
43,60, 61, 82) (82); high
CA19-9 (43)
204 Decreased (43, 91) Bcl-1 High CA19-9  27-30 CCA; 18 controls Human CCA [43,68)
(43)
210 Increased (50); Mnt High CA19-9 27 CCA; 18 controls Human CCA [43,60]
decreased (43) (43)
214 Decreased Twist Metastases 27 CCA; 18 controls CCA cell line; human CCA [40,43,69]
221 Decreased PIK3R1 Sensitivityto 21 CCA; 60 HCC; 98 controls  CCA cell line; human CCA [38.,55]
gemcitabine
222 Decreased 21-27 CCA; 18-98 controls  Human CCA [38.,43)
223 Increased (38, 43) High CA19-9  21-27 CCA; 18-98 controls ~ Human CCA [38,43)
(43)
224 Increased 27 CCA; 18 controls Human CCA [43]
302b, d Decreased High CA19-9 27 CCA; 18 controls Human CCA [43)
320 Decreased Mcl-1 27 CCA; 18 controls Human CCA [43)
324-5p Increased 27 CCA; 18 controls Human CCA [43]
328 Decreased 27 CCA; 18 controls Human CCA [43]
331-3p Increased 27-66 CCA; 9-18 controls Human CCA [39,43]
337 Decreased 27 CCA; 18 controls Human CCA [43)
338-3p Decreased 27-66 CCA, 9-18 controls Human CCA [39,43]
370 Decreased 34 CCA; 24 controls CCA cell lines; human CCA [70,71]
371 Decreased 27 CCA; 18 controls Human CCA [43)
373 Decreased RASSF1A; MBD2  Survival 27 CCA; 18 controls CCA cell lines; human CCA [43,72]
374 Increased 27 CCA; 18 controls Human CCA [43)
388-3p Decreased Survival 66 CCA; nine controls Human CCA [39]
423-5p Increased 66 CCA; nine controls Human CCA [39]
429 Decreased 14 CCA Human CCA [66]
CCA: Cholangiocarcinoma; HCC: Hepatocellular carcinoma.
future science group www.futuremedicine.com 171
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Table 2. Summary of evidence for specific miRNA expression changes in cholangiocarcinoma that has been demonstrated in

human studies (cont.).

MiR Expressionin CCA  MiR target Clinical Sample size Study model Ref.
association
451a Decreased 66 CCA; nine controls Human CCA [39]
484 Decreased Diagnostic 46 CCA; 50 controls Human CCA [44]
utility
486-3p Increased Diagnostic 46 CCA; 50 controls Human CCA [44]
utility
491-5p Increased 66 CCA; nine controls Human CCA [39]
494 Decreased Cell cycle arrest 43 CCA; 30 controls CCA cell lines; human CCA [73,74]
(G2) via CCNB1,
CDC20, TOP2A
566 Increased 66 CCA; nine controls Human CCA [39]
612 Increased 66 CCA; nine controls Human CCA [39]
765 Increased 66 CCA; nine controls Human CCA [39]
497-5p Decreased 66 CCA; nine controls Human CCA [39]
625-3p Increased 66 CCA; nine controls Human CCA [39]
652-3p Decreased Survival 66 CCA; nine controls Human CCA [39]
675-5p Increased Survival 66 CCA; nine controls Human CCA [39]
886 Decreased PKR 16 CCA CCA cell lines; human CCA (75]
let-7a-5p, Decreased c-Myc; NF2 27-66 CCA; 9-18 controls Human CCA [39,43,57-60]
7d-5p, 7e-
5p, 7f-5p
CCA: Cholangiocarcinoma; HCC: Hepatocellular carcinoma.

signaling, appears to protect CCA cells from
TRAIL-mediated apoptosis [54].

MiR34a and the let-7 family inhibit c-Myc
transcription and are both downregulated in
CCA compared with healthy controls (57:58],
leading to elevated levels of c-Myc [59.60]. Murine
DEN and BDL-induced CCA models suggest
MiR-34a is the key driver of enhanced c-Myc
signaling, with later contributions by let-7 and
MiR210 (60]. Similarly, MiR210 is also upregu-
lated in CCA and leads to downregulation of
Mnt and, therefore, enhanced ¢-Myc gene tran-
scription and signaling [60). HIF-2al induced
by tissue hypoxia in CCA appears to drive
MiR210-mediated Mnt inhibition [60,78].

MiR26a upregulation also leads to cell pro-
liferation in both CCA cell lines and human
CCA tissue samples, via GSK-3p and activa-
tion of the B-catenin signaling cascade, includ-
ing c-Myc, cyclin D1 and pPAR-y canonical
pathways [53]. Moreover, depletion of B-catenin
leads to a reduction in MiR26a-mediated cell
proliferation and colony formation [s3]. MiR29
expression is also controlled by c-Myc, hedge-
hog and NF-«B inflammatory signaling path-
ways and appears downregulated in CCA tis-
sue samples in association with enhanced cell
proliferation [54].

During cell division, MiR494 halts progres-
sion from G2 to M phase through modulation
of PLK1, PTTGI, CCNBI1, CDK6, CDC2,
CDC20 and TOP2A [73,74].

A study by Olaru ez al. [74] identified downreg-
ulation of MiR494 in five CCA tissue specimens
compared to five normal controls using micro-
array and confirmatory qPCR, then validated
this in a larger set of 43 CCA tissue specimens
and 30 normal biliary tissue controls. MiR494
also inhibited CCA cell growth 77 vivo in murine
xenograft models [74]. Others have confirmed
downregulation of MiR494 in CCA [73,74].

Additional studies support roles for MiRs in
cell proliferation in CCA. MiR141 reduces cell
growth via PTEN inhibition [41], and a single
study found MiR144 inhibits cell growth via
LIS1 and both are downregulated in murine
and cell line models of CCA. However, data on
MiR141 and 144 from human tissue studies are
currently lacking. MiR605 was downregulated
in CCA in one study by PSMDI10 overexpression
and increases cell proliferation [79]. MiR421
was also overexpressed in human CCA in one
study compared with normal biliary tissue and
inversely correlates with farsenoid X receptor
expression, leading to increased cell growth,
migration and colony formation (0], whereas
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MiR421 downregulation leads to cell cycle arrest
in CCA cell lines [80]. MiR373 also modulates
cell growth and is inactivated in CCA cell lines
by MBD2 hypermethylation, being located in a
CpG-rich region of the genome [72].

¢ Cell migration & invasiveness

Cell migration and invasiveness are modified
by MiRs and determine metastatic potential of
cancer cells. The MiR200 family target ZEB1
and 2, therefore reducing E-cadherin-mediated
EMT, cell proliferation, migration and inva-
sion [81.82]. An elegant study by Peng ez al. [66]
evaluated MiR gene expression in 14 CCA tis-
sue samples using microarray. They found that
miR200a/b/c and MiR429 were downregulated
in CCA tissue samples compared to healthy
controls. Moreover, this group [66] determined
that miR200b/c expression increases metastatic
potential of cells, by inhibiting cell migration
and invasion via interactions with SUZ12 and
rtho-kinase 2 both in vitro and in vivo, suggest-
ing MiR200b/c are important checkpoints
against metastases in CCA [66]. MiR200b/c
downregulation drives tumor initiation, sphere
formation and drug resistance in CCA [66];
however, the association between metastases

The role of miRNAs in cholangiocarcinoma

and MiR200a/b/c has not been confirmed
in clinical studies. Other groups have also
confirmed the importance of the MiR200
family in CCA development [38]. MiR200c
is downregulated in CCA by the SPRR2-a
complex, ZEB1 and CtPB, thereby modulat-
ing cell growth and remodeling, particularly in
cholangiocytes undergoing wound healing and
regeneration [67].

MiR376¢ is downregulated in CCA cell
line HuCCT1 via promotor methylation [83].
MiR376¢ inhibits transcription of GRB2
and subsequently EGF-dependent cell migra-
tion [83]. Downregulation of miR376¢ may
therefore be a mechanism of enhanced meta-
static potential in CCA, however, this requires
confirmation in human clinical studies.

MiR124 was downregulated in HCV-related
intrahepatic CCA in one study. Evidence from
human CCA tissue samples suggests that the
HCV core protein inhibits DNMT-1 and low
levels of MiR124 lead to increased cholangiocyte
migration and invasiveness through upregulated
SMYD-3 [84].

MiR214 was also downregulated in patients
with metastatic CCA compared with non-
metastatic CCA in one study [69]. This leads

Prolonged cell survival

MiR21
MiR29
MiR886
MiR31
R TRAIL-mediated apoptosis Vi R
] . | ]
S  MiR124 MiR122 MiR24a
% MiR138 MiR198 MiR93
2 MiR200c E-cadherin 3 MiR99  MiR95
T MiR214 MiR370 MiR136
&  MiR376 MiR148 MiR185
S Vimentin -« MiR152 MiR195
5 IL6  MiR301 MiR153
o MiR25  MiR181
5 N-cadherin MiR21  MiR199
8 MiR16  MiR291
MiR24  MiR342
Let-7a MiR144 MIRST - WIRS7S
MiR34a  MiR373
MiR210 MiR421
MiR26a  MiR494
MiR29 MiR605
MiR141

Cell proliferation

uonewIWEU|

Figure 1. MiRs associated with cell proliferation, invasiveness and migratory capacity, inflammation-based

signaling pathways and reduced cellular apoptosis in cholangiocarcinoma cells.
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to increased Twist expression, which in turn
reduces E-cadherin expression and enhances
EMT, a crucial step in tumors developing
metastatic potential [69]. MiR138 was also
downregulated in metastatic CCA compared
to nonmetastatic disease in a single study, lead-
ing to increased proliferation and invasiveness
through upregulation of Rho C, p-ERK and
MMP-2 and -9 [¢3].

By contrast, MiR101 inhibits angiogenesis in
cholangiocytes, also a key step in metastasis, via
VEGF and COX2 transcription inhibition and
is downregulated in CCA cell lines and human
CCA tissue samples compared with controls [61].
MiR101 downregulation also increases cell
proliferation in CCA [61].

e Cellular apoptosis

Another essential step in carcinogenesis is
induction of immortality in malignant cells
and various MiRs have been shown modulate
apoptosis in CCA. Several studies have identified
MiR21 upregulation in human CCA tissue sam-
ples [41.45-47]. Ars2 is also overexpressed in CCA
and has been shown to reduce MiR21 expression
in murine knockout models [45]. Overexpression
of MiR21 leads to enhanced PTEN-mediated
cell proliferation and reduces TIMP3 and PCD4-
mediated cell apoptosis [46-48], which is coun-
tered by Ars2 [45]. However, in this small study,
a direct relationship between Ars2, MiR21 and
PTEN and PCD4 expression could not be dem-
onstrated and it may be that Ars2 contributes to,
but is not the sole driver of, MiR21-mediated
cell proliferation [45]. MiR21 also appears neces-
sary for liver progenitor cell survival, particularly
in intrahepatic CCA [48]. Additionally, MiR21
inhibits transcription of 15-PDGH, promoting
carcinogenesis through increased prostaglandin
E2 (PGE2) signaling [47.49]. PGE2 and COX2,
both increased in inflammation, work synergisti-
cally as positive feedback stimulants of MiR21
expression [49]. Importantly, MiR21 is also
associated with metastatic CCA migration and
invasion through reductions in E-cadherin and
upregulation of vimentin and N-cadherin, key
drivers of EMT [50,85].

MiR29 is strongly expressed in cholangiocytes
and binds to Mcl-1, an immortality member of
the Bcl-2 family, directly reducing Mcl-1 expres-
sion and sensitizing cells to TRAIL-mediated
apoptosis [53]. MiR29b is downregulated in
human CCA tissue samples compared with
nonmalignant biliary tissue, with an inversely

Hepat. Oncol. (2016) 3(2)

correlated upregulation of Mcl-1 and prolonged
CCA cell survival [55].

Other routes of cellular immortality through
miR modulation in cancer are described. Pri-
MiR886 completely suppresses the canonical
PKR/elf2-a. apoptosis pathway and MiR886
downregulation prolonged cholangiocyte sur-
vival through NF-«B signaling in human CCA
cells in one study (75]. MiR31 is upregulated
in human CCA (cell lines and tissue), reduces
cellular apoptosis and increases cell prolifera-
tion via inhibition of RASSF1A and subsequent
enhanced RAS-MAPK signaling [s6].

¢ MiR expression & inflammation in CCA
carcinogenesis

Inflammation is a key driver in oncogenesis, evi-
dent in the relationship between chronic inflam-
matory conditions of the biliary tree, such as
primary sclerosing cholangitis, liver fluke infec-
tion and CCA development [2,7]. Inflammatory
IL-6-driven cell proliferation is well described
in CCA (70.71]. Work by Meng ¢t al. [70] dem-
onstrated that overexpression of IL-6 in chol-
angiocyte cell lines downregulates seven spe-
cific MiRs in CCA compared to normal biliary
controls: MiR182, MiR 291-5p, MiR145,
MiR122a, MiR198, MiR99a and MiR370 [70].
Specifically, MiR370 lies within a CpG island
and is also subject to silencing through hyper-
methylation (70]. MiR370 normally suppresses
MAP3KS, therefore, Il-6 mediated suppres-
sion of MiR370 increases MAP3K8 signaling
in CCA [70]. IL-6 also increases expression
of DNMT1, which epigenetically modifies
gene expression through hypermethylation of
CpG islands, including MiR genes, such as
MiR370 [71.86]. In a large study by An et al. (71,
MiR370 was silenced through IL-6-dependent
gene methylation. Interestingly, in males the
MiR370 gene is already silenced, however, in
females the miR370 gene is also silenced in
CCA compared to healthy controls [71). This
is an important demonstration of tumor sup-
pressor MiR gene imprinting in relation to
carcinogenesis [71].

DNMT-1 appears to be a target of MiR 148a,
152 and 301 in CCA, suggesting modification of
gene methylation by these MiRs, all of which are
downregulated in human CCA tissues compared
with normal biliary tissues, CCA cell lines and
murine xenograft CCA models [86]. MiR148a
and MiR152 also increase tumor suppressor
RASALI and PIGINK4 expression by reducing
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inflammatory-driven DNMT1-mediated gene
methylation (86].

Inflammation-induced hedgehog signaling
also stimulates MiR25 expression in CCA cell
lines and higher expression of MiR25 is seen in
human CCA tissue samples compared to non-
cancerous biliary tissue samples [s2]. Importantly,
MiR25 appears to protect CCA cells from
TRAIL-mediated apoptosis [52], similar to
MiR21-related and MiR210-enhanced c-Myc
signaling, thereby reducing TRAIL-mediated
apoptosis of cancerous cells. Additionally,
TRAIL-DR4 appears to also be a target for
MiR25 inihibition, providing further escape
for cholangiocytes from TRAIL-mediated
destruction [s2].

In Clonorchis sinensis infection, where chronic
biliary obstruction and inflammation leads to
CCA development, in vitro experiments using
CCA cell lines have demonstrated that the clo-
norchis excretory-secretory products upregulate
13 MiRs (MiR16-2, MiR24, MiR31, MiR93,
MiR95, MiR136, MiR153, MiR181d, MiR185,
MiR195, MiR199a-3p, MiR342-5p and
MiR373) and downregulate three MiRs (let-7a,
let-7i and MiR124a) compared to controls [87].
These MiRs were involved with cellular prolifer-
ation, DNA methylation, inflammation and cell
migration [87]. Importantly, these data suggest
specific carcinogenic pathways are triggered by
infection rather than generic inflammatory path-
ways [87]. Moreover, downregulation of let-7i also
leads to upregulation of TLR4 gene transcription,
further augmenting inflammation-mediated cell
damage in clonorchis infection [87].

Clinical utility of miRNAs in CCA

¢ Diagnosis & disease classification
Differential expression of MiRs in CCA com-
pared to healthy controls has encouraged con-
siderable research interest in MiRs as diagnos-
tic biomarkers. In a study by Oishi e al. [64],
nanostring transcriptome profiling of 16 intra-
hepatic CCA specimens and seven combina-
tion hepatocellular CCA specimens from Asian
patients with early-stage resectable disease were
compared to MiR expression profiles of seven
matched nontumor biliary specimens and seven
benign liver lesion samples (two adenomas, five
focal nodular hypeplasias). Among 623 MiR
genes differentially expressed between CCA
and controls, two distinct miR expression sig-
natures corresponded to two tumor pheno-
types [64]. One MiR cluster shared attributes
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with a previously described progenitor cell
hepatocellular carcinoma phenotype [64]. Both
MiR141 and MiR200c¢ were downregulated in
the stem cell cluster signature and these cells had
undergone EMT, whereas CCA cells that had
normal MiR200c levels still retained an epithe-
lial phenotype [64]. Interestingly, both miR141
and MiR200c share a gene transcript [64], sug-
gesting a common regulator in CCA, which
may be c-Myc or TGF- given their upstream
binding sites.

In the previously described study by
Chen et al. [43), an MiR signature was devel-
oped that predicted CA19-9 level, itself a nega-
tive prognostic marker in CCA [43]. Upregulated
MiR126, MiR195, MiR199a and b, MiR
204, MiR23b and MiR30c and downregula-
tion of MiR135a and b, MiR141, MiR182,
MiR200c, MiR210, MiR223 and MIR302b
were associated with high CA19-9 levels in CCA
patients [43]. However, this was not correlated
with clinical outcomes.

Few studies have evaluated the diagnostic
utility of MiRs. MiR21 was shown to have a
sensitivity of 95% and specificity of 100% for
distinguishing CCA from normal biliary epi-
thelium in one validation study of 18 CCA
samples and 12 controls [46]. The work by
Zhang et al. 139] included development of a 30
MiR diagnostic signature with 100% accuracy
for determining CCA from normal biliary epi-
thelium [39]. However, in this study there was no
validation cohort, the control group was small
(nine patients) and overfitting of the diagnos-
tic model is possible [39]. A single small study
in 11 opisthorcis-related CCA patients found
serum MiR-192 was higher in CCA patients
compared to healthy controls, with sensitivity
of 74% and specificity of 72% for CCA diag-
nosis (AUC: 0.803). A further small study of
15 CCA patients determined high expression of
MiR150 in both plasma and CCA tissue speci-
mens compared to healthy controls and found
the addition of MiR150 expression to CA19-9
levels improved the diagnostic sensitivity and
specificity of CA19-9 measurement alone in
CCA. However, all these studies had small
sample sizes and, therefore, inadequate power
to reliably assess diagnostic utility. Furthermore,
they lacked validation cohorts [49].

Pancreatic cancer and CCA sometimes pose
a diagnostic dilemma as both are associated
with extrahepatic stricturing and associated
mass lesion, as well as obstructive jaundice and
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elevated CA19-9 levels [2]. Collins ez al. [83],
therefore, explored whether a diagnostic MiR
signature could be developed to reliably dis-
tinguish between pancreatic cancer and CCA.
They conducted a small study comparing MiR
expression in 31 matched pairs of malignant
CCA tissue and adjacent normal biliary tissue
from CCA patients, compared to nine matched
pairs of pancreatic carcinoma and adjacent non-
cancerous pancreatic tissue, using the nCounter®
gene expression approach (NanoString, WA,
USA) (88]. They found 41 MiRs differentially
expressed between CCA and normal biliary
tissue and 52 differentially expressed MiRs
between pancreatic cancer and normal pancre-
atic tissue [88]. Seven MiRs had opposite pat-
terns of expression between CCA and pancre-
atic cancer: MiR100, MiR145, MiR125b and
MiR127-3p were all downregulated in CCA and
upregulated in pancreatic cancer, while MiR30a,
MiR96 and MiR30b were all upregulated in
CCA but downreglated in pancreatic cancer [s8].
These data suggest MiR profiling may be use-
ful for distinguishing pancreatic cancer and
CCA, however, this pilot study was small and
diagnostic accuracy was not adequately assessed.

One important question regarding the future
clinical use of MiRs is where they should be
measured. MiRs are present in various biofluids,
therefore offering a minimally invasive method
to measure CCA behavior compared with tis-
sue biopsy. Unfortunately, biliary RNA degrades
very quickly at room temperature, complicating
their measurement in bile [44]. Within this con-
text, a very interesting paper by Li ez /. [44] offers
a potential solultion by demonstrating stable
MiR expression within extracellular biliary vesi-
cles in human bile by microarray. They found
MiR191, MiR486-3p, MiR127-4b, MiR16 and
MiR 484 had sensitivity of 67% and specificity
of 96% for distinguishing human CCA from
normal controls in a cohort including 13 PSC
patients, 16 patients with biliary obstruction and
three patients with bile leak syndromes 44]. This
study had a high NPV for CCA diagnosis even
in a patient sample that included important
differential diagnoses for CCA, therefore, these
darta are very promising and further validation
is required.

¢ MiRs as prognostic & treatment
stratification biomarkers in CCA

A handful of studies have assessed the prognostic
utility of MiRs in CCA. The strongest survival

Hepat. Oncol. (2016) 3(2)

data come from a study by Oishi ez al. [64], where
a stem cell/progenitor cell-like MiR profile in
CCA including downregulation of MiR200c
was associated with reduced survival in both
their original 23-Asian test cohort and a valida-
tion cohort of 68 Caucasian CCA subjects [64].
NCAMI levels also correlated with survival in
CCA and inversely correlated with MiR200c
levels, being a direct target of miR200c [64].
These findings are logical given NCAMI is
highly expressed in hepatic progenitor cells and
is essential for EMT [89].

Zhang et al. [39) found the combination of
upregulated MiR675-5p and downregulated
MiR652-3p and MiR388-3p independently pre-
dicted overall survival in CCA with moderate
accuracy (AUC: 0.747) (39]. McNally ez al. [62]
also used the NanoString gene expression
method in 32 matched pairs of CCA and adja-
cent normal biliary tissue specimens and found
upregulation of MiR151-3p and MiR126 in
CCA cells were both independently associated
with prolonged survival [62]. However, no func-
tional role for these MiRs has been confirmed
in CCA and there was no control group in the
second study [39,62]. MiR21 upregulation is asso-
ciated with reduced survival and lymph node
metastases in CCA [47-48,51]. Though sample
size in all three studies was small, functional
studies provide a likely mechanism to support
a prognostic role for MiR21 [46-43].

More specifically, in hilar CCA, one group
reported MiR373 downregulation is associ-
ated with reduced overall survival, advanced
tumor clinical stage and de-differentiation of
CCA cells to a more primitive and aggressive
cell type [72,90]. MiR192 overexpression was
also associated with reduced survival and lymph
node metastases in one small study of 11 patients
with opisthorcis-related CCA {63].

With respect to treatment response, an inter-
esting study by Okamoto ez al. [91] determined
that MiR29b, MiR205 and MiR221 expression
was higher in HuCCT1 cells, which are sensi-
tive to gemcitabine compared to HuH28 cells.
Furthermore, ectopic expression of MiR29b,
MiR205 and MiR221 restored gemcitabine sen-
sitivity in HuH28 cells [91]. A further study found
MiR21 and MiR200b expression enhances sensi-
tivity of CCA cell lines to gemcitabine via PTEN
and importantly that gemcitabine exposure of
CCA cell lines i vitro alters MiR expression and
drug-induced cell death [41]. These studies describe
potential mechanisms of drug sensitivity and
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resistance in CCA and further validation studies
in human CCA tissue and normal biliary tissue
specimens are warranted.

Therapeutic potential of miRNAs in CCA
While miRNAs have shown considerable poten-
tial as biomarkers in CCA, the ability to delicately
control cell processes through miRNA manipu-
lation also has obvious therapeutic appeal, par-
ticularly for miRNAs with a tumor-suppressor
role. There is preliminary evidence of the thera-
peutic benefit of miRNAs in some cardiovascu-
lar diseases, including atherosclerosis and lipid
metabolism [92], however to date they have not
been trialed in human cancer patients. miRNAs
with specific inhibitory roles in oncogenesis and
proven low levels in CCA could have therapeutic
potential through restoration of intrinsic levels.
For example, MiR34a and the let-7 family inhibit
c-Myc transcription [57.58], thereby providing a
potential way to inhibit CCA growth. An alter-
native use would be to restore chemotherapy
responsiveness, for example by using therapeutic
MiR21 and MiR200b, the expression of which is
associated with greater response to gemcitabine-
based chemotherapy in CCA cells (41]. However,
the therapeutic role of miRNAs in CCA has not
been evaluated and further studies exploring this
important arena are urgently needed.

Limitations in the current literature & future

directions

While the data presented in this review shed light
on potential signaling pathways in CCA modu-
lated by MiRs, the majority of studies have small
samples sizes and are likely to be underpowered,
particularly for investigating the clinical signifi-
cance of MiRs in CCA, and the data require
validation in larger human tissue sample studies.
Similarly, inadequate clinical information prevents
evaluation of bias due to important confounding
variables, such as age, race and other carcinogens,
such as tobacco. Contrasting MiR expression in
CCA patients with different disease etiologies
would be useful to glean a detailed understand-
ing of carcinogenesis in different disease contexts,
such as PSC, toxin-related or liver fluke-associated
CCA compared to sporadic. Evaluation of
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