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Abstract. Cholangiocarcinoma (CC) is a highly lethal malig-
nant tumor which arises from the biliary tract epithelium and is
notoriously difficult to diagnose. Common risk factors for CC
are primary sclerosing cholangitis, liver fluke infestation and
hepatolithiasis. Although CCs are relatively uncommon tumors,
the worldwide rising incidences and mortality rate for intrahe-
patic CC (ICC) renders it a disease of interest for research. CCs
are usually fatal due to the typically late clinical presentation
and the lack of effective non-surgical therapeutic modalities.
The overall survival rate, including following tumor resection,
is poor with <5% of patients surviving 5 years and this rate has
not significantly improved over the past 30 years. Thus, there is
aneed to diagnose CC at an early stage, and advances in immu-
nohistochemistry, molecular genetics, pharmacogenomics and
personalized medicine may aid in the study of the pathological
basis of CC at the gene and protein level. Understanding the
genetic and proteomic alterations in CC would not only
increase the therapeutic efficacy, but would also provide a better
treatment strategy. Epigenetic alterations that induce gene
expression in cancers have been well established. Among the
epigenetic mechanisms, targeting DNA hypermethylation and
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histone deacetylation with DNA methyltransferase (DNMT)
and histone deacetylase (HDAC) inhibitors has been reported
in a number of cancer types. In CC, targeting the epigenetic
pathways appears to be a promising approach for treatment.
This review aims to provide a comprehensive overview of the
putative role of epigenetic alterations and proteomic altera-
tions in CC. Furthermore, the role of these alterations in early
diagnosis, as prognostic markers, and therapeutics for better
treatment strategies will be highlighted.
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1. Introduction

Cholangiocarcinoma (CC), arising from the biliary tract, is a
rare malignant tumor accounting for almost 3% of all gastroin-
testinal cancers (1). On the basis of their location, two types of
CCs have been characterized, namely intrahepatic CC (ICC)
or extrahepatic CC (ECC) with clinical, pathological, epide-
miological and molecular differences between them (2). The
third one, which is considered as a sub-type of intrahepatic
CC has also been described. These hilar cancers (Klatskin
tumors) represents the most frequent category comprising
55-60% of CCs. Non-hilar ECC comprises 20-30% and ICC
10% of the total CC cases. More than 90% of CCs are adeno-
carcinomas (3). The common risk factors for CCs are primary
sclerosing cholangitis (PSC), liver fluke infestation, congenital
abnormalities, chronic hepatitis B virus infection, chronic
hepatitis C virus infection, and hepatolithiasis (4). Due to the
typically clinically late diagnosis and unresectable disease
at presentation and the lack of effective non-surgical thera-
peutic modalities, CCs are usually fatal and patients usually
succumb to the disease within 12 months. Cancer cachexia,
liver failure, recurrent sepsis secondary to biliary obstruction
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and the subsequent rapid decline in performance status mainly
contribute to the high mortality rate associated with this type
of cancer. The overall survival rate, including in patients who
have undergone tumor resection, is poor, with <5% of patients
surviving 5 years. The poor survival rate has not improved
significantly over the past 30 years (5). Although CC is a rela-
tively rare tumor, the rising interest in this disease is due to the
increasing incidence and mortality rates for ICC worldwide
and the cause behind these remains unclear (4-9). Early lymph
node metastasis and perineural invasion account for the poor
outcome of patients with CC (10). Surgical liver resection with
clear margins has been considered as the standard treatment
for resectable CC; however, the survival rates are poor. Liver
transplant has yielded some recent excellent results in highly
selected patients with hilar CC; however, the major limitation
is the shortage of cadaveric donor organs (11).

2. Diagnostic snags

Despite the development of the diagnostic and therapeutic
modalities for various diseases and cancers, CC remains
difficult to diagnose and continues to be a highly lethal
disease with an extremely poor response to conventional
anticancer therapies and a poor survival rate (4,6). The poor
prognosis and survival rate associated with CC is mainly due
to the lack of early diagnosis. Although molecular markers,
including CA 19-9, carcinoembryonic antigen (CEA), CA-125,
platelet-derived growth factor and basic fibroblast growth factor
are being used for diagnosis, these markers lack the sensitivity
and specificity in early disease. Furthermore, CA19-9 has good
sensitivity and specificity for CC, but not for CC unassociated
with primary sclerosing cholangitis (12). Thus, there is a need
for the development of more effective and reliable markers for
the early detection of CC. The study of genetic and epigenetic
alterations mediating the molecular alterations and the malig-
nant transformation of biliary cells occurring in CC may foster
novel diagnostic, prognostic and therapeutic approaches (13).
Developing interest in the molecular medicine and molecular
genetics in the context of personalized, preventive, predictive
and participatory medicine to provide better medical care in
order to decrease the incidence and prevalence of the disease,
as well as the study of the epigenetic alterations for the identi-
fication of genes involved in the tumorigenesis may prove to be
beneficial (14). Since epigenetic alterations in gene expression
are associated with CC, genes that are differentially methyl-
ated in CC may be useful in providing valuable information
on potential markers for the detection of early-stage curable
disease, markers prognostic of response to specific treatments
and overall prognosis and novel targets for the design of
rational therapies (4,6).

3. Mechanism of tumorigenesis

The accumulation of various defective cancerous or mutated
genes results in the activation of multistep processes to induce
tumorigenesis, resulting in CC, which is characterized by the
activation of growth-promoting genes and the silencing of
tumor growth suppressor genes mediating the uncontrolled
proliferation by altering the tissue homeostasis favorable for
increasing the cell proliferation rate, decreasing cell death
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rate, and creating a growth-promoting environment (15).
The main alterations in cancer gene functions in cell physi-
ology are self-sufficiency in growth signals, insensitivity to
growth-inhibitory signals, the evasion of apoptosis, limitless
replicative potential, sustained angiogenesis and tissue inva-
sion and metastasis (16). These changes may be due to genetic
alterations in oncogenes or due to epigenetic alterations. Two
major mechanisms, DNA methylation which adds methyl
groups at CpQG sites, to convert cytosine to 5-methylcytosine,
and the post-translational histone modifications comprises the
common epigenetic mechanisms in cancer (4,6).

Epigenetics is an evolving area of research which can
provide deeper insight, and improved diagnostics and theranos-
tics for a number of human diseases. Epigenetic modifications
include both heritable and non-heritable changes that regulate
gene expression without altering the DNA sequence. Three
major epigenetic mechanisms have been identified which are
mediated through DNA methylation, histone modifications and
non-coding RNAs. In DNA methylation, the cytosine residue at
the CG sequence in DNA is specifically methylated, involving
DNA methyltransferases (DNMTs), which results in the forma-
tion of 5-methycytosine. Subsequently, the methylated DNA fails
to become transcribed and this results in gene silencing (4,6).
More than 11 different types of post-translational modifica-
tions on histone proteins have been described. Based on the
type of modification on specific residues of histone proteins,
gene expression becomes affected or induced, suggesting that
histone modifications epigenetically regulate gene expression.
Non-coding RNAs, which include microRNAs (miRNAs or
miRs), siRNAs and long non-coding RNAs (IncRNAs) have
also been identified to epigenetically affect gene expression.
With the exception of IncRNAs, these RNA species bind to
the complementary sequence on messenger RNA (mRNA)
transcripts and thereby prevent protein translation. In a number
of cancer types and in different human diseases, multiple
different epigenetic mechanisms have been identified as key
regulators which can induce and enhance the progression of
disease. Therefore, targeting epigenetic mediators is considered
to be very promising in drug development for the treatment of
various human diseases (4,5,13,17,18).

4. Epigenetic alterations in cholangiocarcinoma

DNA methylation. Studies have suggested that a number of
genetic and epigenetic alterations occur during the neoplastic
transformation of biliary epithelial cells that lead to the malig-
nant progression of CC (13,19,20). DNA methylation is the
most well-studied epigenetic mechanism in CC. In CC tumori-
genesis, the promoter regions of tumor suppressor genes are
heavily methylated (promoter hypermethylation), leading to
gene silencing. Genomic DNA is less methylated (global hypo-
methylation), resulting in increased genomic instability and
the reactivation of transposon elements (4,21,22). In CC, the
promoter hypermethylation of genes involved in the cell cycle,
cell adhesion, DNA repair, apoptosis and carcinogen/drug
metabolism have been reported (4,6). The most common
cancer-related genes studied thus far in relation to CC are
K-ras, p53, pl4 alternate reading frame gene (p14*RF), p16™K4a,
SFRPI1, SFRP2 and f3-catenin (4,6,22) (Table I). The majority
of K-ras gene mutations occur in codon 12. Genetic alterations,
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such as point mutations of K-ras and p53 have been frequently
found in a subset of CC cases (24-27); however, the mutation
or deletion of the cell cycle regulators, p14°kF and p16™%4 are
not frequent (28,29). Although f-catenin overexpression is
frequently encountered in CC, mutations in the -catenin gene
have not been identified in ICC to date, at least to the best of
our knowledge (30). These results suggest the crucial role of
DNA methylation in the tumorigenesis of CC and the potential
of studying these epigenetic alterations in order to identify and
develop improved and more effective therapeutic modalities in
the future (22) (Table I).

Methylated CpG islands in tumor genes termed methylated
in tumor gene (MINT) are associated with carcinogenesis of
the biliary tract epithelium and other epithelial cancers. The
MINT loci associated with CC may be CpG island methylator
phenotype (CIMP)-positive or -negative, depending on the
histological type of CC (20). The methylation of various genes
presented in Table I is associated with a poor survival and
increased tumorigenesis; however, the methylation of DcR1,
the decoy receptor, is associated with a significantly longer
overall survival. This suggests that the identification of specific
epigenetic alterations may serve as a prognostic marker in CC.
Furthermore, the positivity of epigenetic alterations in the less
differentiated CC, but not in normal adjacent tissue, suggests
the potential role of epigenetic biomarkers for prognosis and
diagnosis (46). Furthermore, intraepithelial biliary neoplasms
(IEBNGs), the mucosal extension of carcinoma and preinvasive
neoplastic lesions in the bile ducts around CC have been
found to be associated with nodular-sclerosing CC (NSCC), a
common CC of the intrahepatic large, perihilar and distal bile
ducts. Immunohistochemical analysis with SI00P, vimentin,
S100A4, E-cadherin, MUC1, MUC2, MUCSAC, MUCS,
CDX2, CK7,CK20,CDX2, CDI10, p53 and Ki67 in NSCC has
revealed a pre-invasive and cancerous lesion zone (49). Since,
epigenetic alterations are found in less differentiated CC, but
not in normal adjacent tissue, studying the epigenetic and
proteomic alterations in pre-invasive compared to cancerous
lesions, may prove to be beneficial for the development of
more effective treatment strategies.

Histone modifications. Histones, complex with genomic DNA
to form nucleosomes, which consist of two turns of DNA
wrapped around a histone octamer composed of two subunits
of each histone, H2A, H2B, H3 and H4, with H1 as the linker
histone between the core nucleosomes (50). Post-transcriptional
modifications and gene expression through histones are often
regulated by histone acetylation, methylation and phosphory-
lation (13). Covalent modifications, such as the acetylation of
lysines, the methylation of lysines and arginines, the phos-
phorylation of serines and threonines, and the ubiquitination
of lysines occur at the N-terminal tails of histone proteins,
protruding out from the core nucleosomes (51). Histone can be
mono-, di- or tri-methylated and H3 (lysines 4,9 and 27) and H4
(lysine 20) are the most frequently methylated histones (52-53).
Histone acetylation and deacetylation catalyzed by histone
acetyltransferases (HATs) and histone deacetylases (HDACsS)
results in transcriptional activation and repression, respec-
tively (54). However, depending on the type of amino acid and
its position in the histone tail, histone methylation catalyzed
by histone methyltransferases (HMTs) may result in either
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transcriptional activation or repression (55). Similarly, H3K9,
H3K27 and H4K20 methylation results in transcriptional
repression, while H3K4 methylation results in transcriptional
activation (56). The overexpression of HDACI is associated
with malignant behaviour and a poor prognosis of ICC (57).
Reduced survival and cell growth arrest in the human CC cell
lines with HDAC inhibitors, such as MS-275, trichostatin A,
NVPLAQS824 and NVPLBH589 in a dose-dependent manner,
suggests the possibility of suppressing CC with HDAC inhibi-
tors (58-60). Furthermore, the synergistic growth inhibitory
effect by the induction of apoptosis and cell cycle arrest by
HDAC inhibitors with conventional cytostatic drugs, such as
gemcitabine, doxorubicin, sorafenib, or bortezomib supports
the therapeutic role of HDAC inhibitors in treating CC (58,60).
However, the role of histone modifications in the carcinogen-
esis and pathogenesis of CC is not well documented; thus,
further research to explore and unravel this conundrum is
required in order to develop more effective diagnostic and
therapeutic strategies for the treatment of CC.

miRNAs. miRNAs are small non-coding RNAs derived from
polyadenylated primary miRNAs (pri-miRNAs) and precursor
miRNAs (pre-miRNAs) involving RNA polymerase II and
RNase IIT Drosha and pasha/DGCRS (61). The maturation of
miRNAs is mediated by RNase III Dicer and binding with
RISC (RNA-induced silencing complex). Mature miRNAs
regulate gene expression at the post-transcriptional level by
binding to the 3' untranslated region (3'UTR) of target mRNAs,
which leads to degradation of mRNAs (62). The upregula-
tion (overexpression) or downregulation (underexpression)
of miRNAs regulates gene expression, thereby regulating
tumorigenesis (Table II). The role of several miRNAs as
oncogenes and tumor suppressor genes (63) and as diagnostic
and prognostic markers (17) has been documented. Recently,
the presence of the increased expression of oncogenic miR-24
and the decreased expression of the tumor suppression gene,
multiple endocrine neoplasia type 1 (also known as menin
1 (MEN1)), and the role of miR-24 inhibition in attenuating
the progression of CC has been discussed (64). Since MEN1
overexpression is associated with the decreased proliferation,
angiogenesis, migration and invasion of CC, the inhibition of
miR-24 resulting in an increased MENI1 protein expression
may attenuate the proliferation, angiogenesis, migration and
invasion of CC. Thus, targeting miR-24 may prove to be a
novel therapeutic strategy.

DNA methylation, histone modification and alterations in
miRNA expression are involved in the tumorigenesis of CC.
Furthermore, the control of the transcription of miRNAs by
DNA methylation, histone modifications and the regulation
of epigenetic machinery by miRNAs suggest an association
of these mechanisms in CC tumorigenesis. This suggests that
the study of epigenetic alterations may provide novel and
non-invasive biomarkers, strong potential screening tools, and
potentially promising prognostic and diagnostic markers for
CC in clinical practice (18,72-74).

IncRNAs. IncRNAs pervasively transcribed in the genome, are
emerging as crucial regulators of cancer and play important
roles in almost every aspect of cell biology, including tumori-
genesis. IncRNAs regulate the malignant transformation


https://www.spandidos-publications.com/10.3892/wasj.2019.18
https://www.spandidos-publications.com/10.3892/wasj.2019.18
https://www.spandidos-publications.com/10.3892/wasj.2019.18

RAI et al: EPIGENETIC REGULATIONS IN CHOLANGIOCARCINOMA

168

DD onedayenur jo juawdooasq

(¢ ze) sisoudoad 100d ® yim pue s
PorenIURIRYIp Af100d Yitm PajeIoossy

(T€°07) DD Ul SWOoINO [BITUT[O 9SIOA

(£+) DD yIM pIjRI0SSy

(02) DI ut payodoy

sDD onedayenur jo juswdoraasg

(1) uorseAur Je[naseA yim DD Jo adLiqns
PrenURIR)Ip A[100d YiIm PajeIdossy

DD PoIe[aI-NY JOAI]

pue ‘swisejdoau ‘Arefided £reiiq QD
orperods ur Area sorouanboiy uone[ Ao

(z€) DI uey DOH ut
UOWWIOD AIOW ST UOTB[AYIAUW JJOWOI]

(07) 2Wwo2INO [BITUI[D JOOJ

(8€) uOISRAUI JB[NOSBA [JIM

SIOWN) UI PIAIISQO AJUOWOD IO
(8¢) saseo DO ur uanbaiy a1

(¥ eV vETE0T) DD %Y 01 S 1T=dIN
sIse}sejow

pue uoiseAur ‘uonerdjijord Jursearour £q I19ouULd JO

uorssaigoxd

0} 9JNQLIIUOD pUB UOT}OUN JO SSO[ UT SINSIY

Qua3 4 Jo uoidar 1owoid ayp jo uone[AyouedAy

(F€'TE) DD %Y 1T 01 =N
uone[AyyowradAy aua3 JYJvA

(ZT€'02) DD %9% 01 9'97=AIN
uonejAyrowredAy auo3 HJv

(€%) DO %1'9¢=dIN
Quag jo

UOTJRATIORUI 98NBD DHSV/TSIALL Y} JO UOIR[AYIoW JULIIOqY

(02) DD %S 6S=dIN

Qua3 Jo uoneAnoeur asned uone[AylewradAy puest Hd)

(Tv) %Tr=dN

uor3a1 1owoxd JTHA oy Jo Surouarrs onouagide ur
synsa1 ouas I THA oy Jo uoneAyeurtadLAy 19j0worg

(1) DD pareRI-N %9 ++ “(0r) DO Arefided
AxeI[iq 90 ($€°7€) DD d1peiods 9,67 pue ['8=JIN

ouad

THTIAY 2y Jo uone[Ayjourod Ay/uone[Ay3ow 10j0wolg

(6€'7€TE) %69-LT=AIN
UONBATIORUL U SI[NSAI

uor3ar xaowoid puerst Hd) si1 Jo uoneAyloudAyg

(L£9¢°87) DO stseryirjoreday 9,001 pue ‘DD ANy IdAI
‘%€ 8T ‘DD-DSd %ST (SE€-TE0T) %EY 03 L' LT=AIN

<¢v_Z_©

(82) DD PAe1O0SSe-)SJ Ul JUIAD UOWIO))
uoreAnoRUI QUa3 Ul S)NSal
1d oy Jo uonejAyrowradAy uor3ar 19j0Wolg

oua3 1ossaiddns Jowng,

Ieap [[99

powwei3oid paonpul-(A-NAT)
A-UOIOJISUI JO JOJRIPAW QATISO]
oua3 J0ssaiddns Jowny,

UOISTAIp [[99

SuLnp Jequnu [BWOSOWOIYD

JO UOTJBAIOSUOD PUE ‘UOISEAUI pUE
UuoneIIIW [[30 pUe SUOTIOBIdUI
[[99-][22 ‘UOISTAIp [[30 S[OIIUOD)
ouag Jo0ssaiddns Jowny,

ouag 1ossaiddns Jowng,
[IBIp [[90 Pue J[IAD [[99 SAIB[NTAY
*oua3 Jossaxddns Jowny,

ouag Jo0ssaiddns Jowny,

oua3 aredar yojewstu YN

1 UI[94D JO UOnEB[NWNIOE

oy Suniqyur Aq 3SR J[OAD [0
soonpur ouag Jossaxddns rowng,

(1¢€) s1saua3oouo
pue uoneajrjoid [[20 sale[N3oY
ouag 1ossaiddns Jowng,

(1zZbg1) 2uas utayped (7) rerpPyidg

(r'vebe) SIdva

(zgb-12bg) Dav

(z11d91) DSV/ISINL

eVl

(zv1dg) 1184

(¢12d9) THTAY

(€ 12dg) VIASSVH

(12d6) VINIAD 10 yyy91d

('s3oy) QwodnQ

('s3oy) 109y9/uoneoyIpow dnudsidg

('s3o) uonouny

(uoneoo[) Auan)

“ewrIouroIeooISuROYd JO sisouaSoyied oy yirm PojeIoosse a1e Jey) soua oyroads Jo seouanbas orwouas oy ur uoneAyIow YN T 2[98L



169

WORLD ACADEMY OF SCIENCES JOURNAL 1: 165-176, 2019

8
2
2
2
)

PUBLICATIONS

DD UI SISQUA1IOWN) paseaIou|

DD UI SISQUASLIOWN) PaseaIou]

DD UI SISQUAS1IOWN] paseaIou|

DD UI SISQUa1IoOWn) paseaIou|

(07) [BATAINS ISIOM [IIM PIIBIOOSSY

(#€) Tea1aIns 10100d Y3Im PAIRIOOSSY

DD UI SISOUIFLIOWN) PIsLaIdU]
(z€) DDA ut uey) DOI

ur juonbaiy axow uoneAylowredAy
(4¥) stsousoxd

Jood ® pue soua3 10ssaxddns

Jown} pue sauaS0oouo Ul SUOT)ISULI)
LV 01 DD jo Aouanbaij pasearou]

DD UI SISoUdSTIOWN) PaseaIou]

DD UI SISOUaFIIOWN) PAseaIdu]

(LE) DD Ny I_AI % T 0F “(SE'TE) %ST pue 8¢=4AIN
sy 1d JO UOnR[AYION

(S¥'00) DD %11=AN
Quas

1S9H.L Jo uorda1 1ojowoid oy ur uonejAyjowrodAyq

(S¥) DD %0T=dN
uone[Aylow QUL

(S¥) DD %001=dIN

oudd gEVINAS JO UONBIAYIOIN

(T€'020) DD %6 Pue 6'8=dIN

ua3 ¢JINLL Jo uone[Ayiouw puefst HdH

(¥€) 100ued 10BN AIRI[IQ UT %8 9G= N

SUIOUQ[IS QUA3 UI $)NSAI CXN Y JO UONBIAYISIA
(7€) sewourdres 10en AIeI[iq ul %7 91=AN
uone[AylewradLy 1930wo1d £q Surous[is auan)

(02) DD %ST>=dIN

(z¢) uoneAypowradLy uor3ar rojoword

() DD %6¥ Pue (T€) %Ee=AN

Qua3 ay) Jo Suroug[Is pue IS 1e)s uondirosuen JJNDN
91} JO UOTJRZIUTIBWOIYI0I)Y UT S} NS puUB[SI
0dD LINDIA Y1 JO suo13al 93219SIp JO UONR[AYIOIN
(2€) DD %9c=AIN

sIsauagrIouwn}

pasearour uonejAylouwradAy uorgar rejowoig

(2T€) $DD 30 %y 1=AN
SISOUQZLIOWN) PASBAIOUL Ul SINSY

uone[AylewradAy uoi3ar 1ayowoid £q Surouayis auan

(VeNMaD/91d) VeNIAD

Jo iduosuen ¢ ayy £q papoouyg
sIsauagriown) pue sisauagor3ue
‘uone3a133e 1o19)e[d Ur sojor Aerd
pUB SUOTIORIUI XLIJEW-03-[[dD
pue [[29-03-[[99 SARIPIAN

ouag 1ossaiddns towny,
Juswdo[oA9p [eUOINAU FULIND
SQUOO 3M0I3 JO 2ouepIng

Q) UI 901 [BONLID € sAe[d
-s1sojdode Suronpur

Aq 9ua3 10ssarddns Jowng,
sisoydode

JO uononpuI Y} ur 901 & sAe[d
wnipylds joen Arerq

a3 Jo uonerdyroxd Ajen3oy
ua3 10ssaxddns Jowng,
aseydejowr oy ojur AU Ay}
sAe[o auag 1ossarddns zowng,
wsTjoqejow

*01j0IqOUAX pue 3nIp 9.3y
uonexdroxd

1199 parerpaw-103dodar uagonsd
syqryur oewep YN( "Uone[Ay[e
Sunredar 1oy o[qrsuodsoy

oua3 ¢gd ayj 03 pajefar

pue auag Jossaxddns Jown,
uorssaidxo auo3 Sune[ngal

£Q UOTIENUISHIP pUB Y}MOI3
1199 ‘s1seuadoydiow d1u0AIqUId
ur JuITeuSIS JB[N[[9D SAIRIPIN

(12d6) gy 1d

(S1bg1) Quas [SEHL

(¢'17dg) auas N'1g

(¢'12dg) deVINAS

(£21bZ7) 2uas ¢JNIL

(9¢dp) 2uaB ¢XNNY
(€€ pZbz1) auas YIHD

(€¥b1) Suas 41§D

(97b0T1) Suss LJNDIN

(¢9¢dy) ouas ¢7d

(p2dg) (ZATIN pue 79y ‘dVH 0) g-4vy

('syoy) awodin)

('s3oy) 109)J9/uoneoyIpow d1ouadidg

(‘syoy) uomnoung

(uonedo[) duan

"panupuo) 'J AqeL,


https://www.spandidos-publications.com/10.3892/wasj.2019.18
https://www.spandidos-publications.com/10.3892/wasj.2019.18
https://www.spandidos-publications.com/10.3892/wasj.2019.18

170

Table I. Continued.

Outcome (Refs.)

Epigenetic modification/effect (Refs.)

Function (Refs.)

Gene (location)

Increased tumorigenesis in CC

Promoter hypermethylation of p15 gene,

Effecter of TGF-f3-mediated cell cycle arrest

p15™K% or p15 (9p21)

MF=50% of CC (32), 48.9% liver fluke CC (37)

Increased tumorigenesis in CC

Methylation of COX-2 gene, MF=5.1% of CC (20)
Hypermethylation of OPCML, MF

Methylation of RIZ1

Acts both as a dioxygenase and as a peroxidase

Tumor suppressor gene

COX-2/PTGS2 (1¢25.2-q25.3)

OPCML
RIZ1

Increased tumorigenesis in CC
Increased proliferation and

72.5% Fluke CC (46)

RAI et al: EPIGENETIC REGULATIONS IN CHOLANGIOCARCINOMA

Tumor suppressor gene

migration of CC cell line (48)

Results in chromatin compaction and gene silencing

MF=38% liver fluke CC (47)

CC, cholangiocarcinoma; ECC, extrahepatic cholangiocarcinoma; ICC, intrahepatic cholangiocarcinoma; PSC, primary sclerosing cholangitis; MF, methylation frequency; O°-methylguanine-DNA

methyltransferase; CDKN2A, cyclin-dependent kinase inhibitor 2A.

of cells through their interaction with DNA, proteins and
RNA. Thus, IncRNA molecular mechanisms involved in
the tumorigenesis of CC may be attractive targets for thera-
peutic intervention in the fight against cancer (75-77). Using
IncRNAs, mRNA microarrays and RT-PCR, Wang er al (78)
examined the associations between the expression levels of
IncRNAs and target genes, and found the upregulation of
IncRNAs in ICC tissues and the downregulation of IncRNAs
in non-cancerous tissues. The majority of upregulated genes
are involved in carcinogenesis, hepatic system diseases
and signal transductions. Furthermore, the upregulation of
IncRNA CCATI and IncRNA AFAP1-ASI1 in CC and their
association with the tumor growth promotion, aggressive
malignant behavior and the metastasis of CC suggest the role
of IncRNAs in the pathogenesis of CC (79-80). Competing
endogenous RNAs (ceRNAs) are a novel class of RNA species
that can regulate miRNAs, IncRNAs, and genes that play
important roles in the pathogenesis of CC (81). The interaction
between IncRNA MALATI and miR-204 has been shown to
modulate human hilar CC proliferation, migration and inva-
sion by targeting CXCR4 (82). Wang et al (76) found that cell
migration and invasion in CC, by targeting IL-6 and CXCR4
via ceRNA, was regulated by IncRNA H19 and HULC, upreg-
ulated by oxidative stress. Furthermore, the co-expression
of the carbamoyl-phosphate synthase 1 (CPSI) gene and its
IncRNA has been shown to be associated with a poor prog-
nosis in CC (83). Hence, the increased expression of IncRNAs
in CC indicates that IncRNAs may be potential diagnostic and
prognostic biomarkers for ICC; the combined assessment of
IncRNA and mRNA expression levels may thus predict the
survival of patients with ICC (76-80,83). Furthermore, the
BRCA-1 associated protein-1 (BAP1)-dependent expression of
IncRNA NEAT-1 enhancing the sensitivity to gemcitabine in
CC, suggests the therapeutic role of IncRNAs (84).

Protein modifications. Post-transcriptional modifications
result in the alteration of protein functions following protein
expression and are associated with carcinogenesis and a
number of human diseases. The wingless type (Wnt) signaling
pathway plays a crucial role in the tumorigenesis of CC.
Davaadorj er al (85,86) found a negative correlation between
secreted frizzled-related protein-1 (SFRP1) expression and
B-catenin expression in ICC and suggested that the loss of
the negative regulator of the Wnt signaling pathway, SFRP1,
located at chromosome 8pl2ell.1, was associated with a poor
prognosis of patients with ICC. Hence, the loss of SFRP1 may
be a potential prognostic biomarker for ICC. These data suggest
that proteomics analysis may be useful for the diagnosis and
prognosis in CC. Furthermore, the differential expression of
proteins during proteomics analysis may be used for the identi-
fication of the transition of the infectious liver to CC, and may
thus lead to the early diagnosis and prevention of CC (87).

5. Diagnostic development

Immunohistochemistry. The immunostaining of formalin-fixed
biopsied tissues with various tumor-specific markers, including
CDI10, CEA, CK7, CK20, CDX-2, TTF-1, ER, PR, BRST-2,
ISH**min Hep Par 1, Ber-Ep4, chromogranin and PSA is being
used to differentiate and diagnose CC (88). However, due to the
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Table II. Unique microRNAs that were identified to promote the pathogenesis of cholangiocarcinoma.

Overexpressed or upregulated miRNAs Target gene Correlation with CC tumorigenesis (Refs.)
miR-141 CLOCK Tumor suppressor gene (23)
miR-200b PTPN12 Tumor suppressor gene (23)
miR-21 PTEN Tumor suppressor gene (23)
let-7a NF2 Tumor suppressor gene (65)
miR-24 MEN1(11q13) Tumor suppressor gene (64)
miR-26a GSK-3b Tumor growth (66)
miR-429 CDH-6 Tumor suppressor gene (67)
miR-21, miR-31, and miR-223 Multiple No association with clinic-pathological parameters of CC  (68)
Underexpressed or downregulated

miRNAs Target gene Correlation with CC tumorigenesis (Refs.)
miR-29b MCL-1 Tumor suppressor gene (65)
miR-370 MAP3KS Tumor suppressor gene (65)
miR-148a DNMT-1 Regulate methyltransferase (69)
miR-152 DNMT-1 Regulate methyltransferase (69)
miR-124 SMYD3 Migration and invasion of CC cells (70)
miR-214 Twist Oncogene an
miR-122, miR-145, miR-200c, miR-221, Multiple Associated with tumorigenesis of ICC (68)
and miR-222

close association of the anatomic sites in the embryonic and the
fetal development process of ICC from metastatic pancreatic
ductal adenocarcinomas or adenocarcinoma from the upper GI
tract, it has become difficult to differentiate due to the lack of
tissue-specific markers (88). The inclusion of non-conventional
markers (placental S100 (S100P), von Hippel-Lindau tumor
suppressor (pVHL), mucin SAC (MUCS5AC) and CK17) with the
existing markers may be beneficial (89). Despite the presence of
various diagnostic and prognostic markers (17), early diagnosis
remains a challenge and indicates thea need for more effective
histological and molecular diagnostics. Nakanuma et al (49)
suggested the role of SI00P immunostaining in the differentia-
tion of carcinomatous, perihilar and normal tissue. Recently,
Kanzawa et al (90) discussed the role of dual immunostaining
for maspin and p53 compared to S1I00P and p53 on cell blocks
in increasing the diagnostic value of biliary brushing cytology.
The role of tubulin $-I1IT (TUBB3) as a novel immunohisto-
chemical marker for intrahepatic peripheral CC has also been
discussed (91).

Proteomics. The serum markers, CA19-9, CA125 and CEA,
have been used for the diagnosis of CC; however, their
sensitivity and specificity for all histological types of CC is
unclear (12). Thus, there is a need for more effective markers
for early diagnosis. Patel er al (12) suggested that the addi-
tion of serum CA19-9 may aid in the differentiation of CC in
patients with PSC and CC not associated with PSC. Including
the proteomic-based autoantibodies analysis against heat shock
protein 70, enolase 1 and ribonuclease/angiogenin Inhibitor 1
as diagnostic markers may increase the sensitivity and speci-
ficity in the early detection of CC (92,93). Similarly, using
matrix-assisted laser desorption/ionization-imaging mass

spectrometry (MALDI IMS) to reveal tissue heterogeneity in
hepatic CC may aid in revealing novel relevant biomarkers for
CC. Furthermore, these biomarkers may be used for diagnostic
and follow-up purposes in patients who are at risk of developing
CC if these are secreted and detectable in blood (94). Further,
the mass spectrometry-based proteomics analysis of formali
n-fixed-paraffin-embedded extrahepatic CC and the overex-
pression of proteins on immunohistochemical analysis with a
positive rate of S100P (84%), CEAMS5 (75%), MUCS5A (62%),
OLFM4 (60%), OAT (42%), CAD17 (41%), FABPL (38%),
AOFA (30%), K1C20 (25%) and CPSM (22%) in extrahepatic
CCs, but not in normal tissue, suggest the potential role of
proteomics analysis in elucidating potential targets for future
diagnostic biomarkers and therapy (95). Stephenson et al (96)
also highlighted the role of proteomics profiling for the quan-
titative assessment of cell surface proteins to identify novel
therapeutic targets in CC and to distinguish between distal CC
and pancreatic cancers. Additionally, proteomics profiling for
the identification of novel serum biomarkers may aid in differ-
entiating between CC from benign biliary tract diseases (97).
The same reports also described FAM19AS5, MAGED4B,
KIAA0321,RBAK and UPF3B as potential biomarkers of CC.
These data suggest that proteomics profiling may be used to
elucidate the potentially novel biomarker for the development
of diagnosis, prognosis and therapies (98-100).

Epigenetics. Tissue heterogeneity in carcinomas confers a
significant problem in early diagnosis. Although single-gene
predictive assays are available, there is a need for the analysis
of multiple gene loci, since the genetic, proteomic and miRNA
content may vary in the biopsied sample due to tissue heteroge-
neity (14,49). Whole-genome sequencing and RNA sequencing
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Figure 1. Epigenetic regulations in cholangiocarcinoma. Proteins that epigenetically regulate cholangiocarcinoma as identified through network analyst are
shown. Key proteins that regulate epigenetic mechanisms are shown. Image shows proven/predicted interactions between different epigenetic regulators that

were identified using the online software at www.networkanalyst.ca.

may provide a comprehensive analysis of the somatic mutations
and gene expression, and provide novel insights on the use
of genomic data for the treatment of individual patients (14).
Furthermore, genome-wide expression patterns associated with
oncogenesis and the sarcomatous transdifferentiation of CC
documented the up- and downregulation of tumor-related and
tumor suppressor genes and proteins in human CC, including
SPP1, EFNB2, E2F2, IRX3, PTTGI1, PPARy, KRT17, UCHLI,
IGFBP7 and SPARC (101). This suggests that gene expression
profiling for the deregulation of oncogenes, tumor suppressor
genes and methylation-related genes, and their related proteins
may be useful for the identification of molecular targets for the
diagnosis and prognosis of CC. Furthermore, gene expression
profiling may also be useful in differentiating CC from other
liver masses in addition to subclassifying ICC, with better
results compared to histopathological findings. Furthermore,
gene profiling can also be helpful in predicting the outcome
for various therapeutic modalities and patient survival (101).

6. Epigenetic therapy of cancer

Epigenetic alterations result in the inactivation and silencing
of tumor suppressor genes and increased tumorigenesis.

Signal transducer and activator of transcription 3 (STAT3)
overexpression is associated with metastasis and poor
post-surgical outcome in CC, and the inhibition of STAT3
may be a novel therapeutic target (102). Similarly,
Braconi er al (103) discussed the potential of targeting the
IL-6 dependent phenotype through a computational bioin-
formatics analysis of phenotype-based gene expression. The
Wnht/catenin pathway plays a crucial role in CC tumorigen-
esis and the reversal of the silencing of genes involved in Wnt
signaling, including SOX17, WNT3A, DKK?2, SFRP1, SFRP2
and SFRP4 with DNMT inhibitor 5-aza-2'deoxycytidine
in CC cells suggests the significance of targeting epigen-
etic mediators in CC (22). Although 5-azacitidine and
5-aza-2'deoxycytidine are US Food and Drug Administration
(FDA)-approved drugs for the treatment of myelodysplastic
syndrome, the in vitro and in vivo toxicity of these drugs
show instability in neutral solutions (104,105). The role of the
less toxic DNMT inhibitor, zebularine, a novel DNA meth-
yltransferase inhibitor, alone or in combination with other
DNMT inhibitors to enhance the re-expression of epige-
netically silenced genes in cancer cells and as an inducer
of cell death in CC, has been discussed (106-108). Thus, the
re-activation of the silenced gene may restore gene function
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and its tumor-suppressing actions; thus, from this perspec-
tive, demethylating agents and HDAC inhibitors may be
useful as drug candidates (22,57-60). Cell growth arrest and
cell death in cancer cells can be induced by HDAC inhibi-
tors. Another advantage with HDAC inhibitors is that normal
cells are relatively resistant to them. The HDAC inhibitor,
suberoylanilide hydroxamic acid (SAHA), has been approved
by the FDA for T-cell cutaneous lymphoma treatment.
Furthermore, the role of SAHA, valproic acid and the EZH2
inhibitor, 3-deazaneplanocin-A, as therapeutic drugs in CC,
has also been discussed (109-112). Since molecular genetics,
epigenetics and proteomics are evolving and promising
fields in research, the study of the epigenetics of CC may
enhance the effectiveness of CC therapeutics. Furthermore,
targeting the specific phenotype and pathways involved in
the carcinogenesis of CC, and the use of the computational
bioinformatics-driven approach to discover a novel drug
may prove to be beneficial (103). The key proteins regulating
the epigenetic mechanisms in the pathogenesis of CC are
presented in Fig. 1.

Based on the above-mentioned study results, it is impera-
tive that despite the advancements in diagnostic tools and
treatment strategies, the early diagnosis and treatment of CC
remains challenging. Since the most common identified cause
of CC is PSC, the diagnosis of early-stage CC requires a high
index of suspicion in patients with PSC. Furthermore, due to
the negative results of endoscopic brush cytology, endoscopic
biopsies and imaging studies, a regular follow-up with magnetic
resonance cholangopancreatography (MRCP) and advanced
imaging, such as positron emission tomography (PET) scan
should be carried out in all patients with PSC. Along with the
PET scan, a promising imaging modality for the diagnosis
of CC, namely the determination of serum levels of CA19-9,
CA125 and CEA, should be carried out in an annual follow-up.
Although the sensitivity and specificity of these biomarkers
for all histological types of CC is unclear, CA19-9 values
>100 U/ml have a 75% sensitivity and 80% specificity for
CC (113). Since there are no clinical surveillance guidelines
for the early detection of sporadic CC, the screening of patients
with PSC with MRI, MRCP PET scan, and the determina-
tion of CA19-9 levels, is the most effective strategy for early
detection. Since DNA hypermethylation is the most common
aberrant epigenetic alteration in CC, the early detection of the
CC can also be facilitated by DNA methylation assay of the
bile fluids, including a panel of CCND2, CDH13, GRIN2B,
Runt-related transcription factor 3 (RUNX3) and Twist-related
protein 1 (TWIST1). This method for the detection of CC has
a sensitivity of 83% and a specificity of 100% (13,114,115).
Screening for the genetic and epigenetic alterations in the
precursor lesions, including intraductal papillary neoplasm
of the bile duct (IPNB) and biliary intraepithelial neoplasia
(BilIN), as discussed by Ettel et al, may also be benefi-
cial (116). The diagnostic and treatment challenges are also
due to the heterogeneity of clinical presentations, which may
be due to the origin of CC from topographically heteroge-
neous cholangiocytes. In cases of ICC, clinical presentation
is highly heterogenous (mass-forming type, infiltrative type,
etc.) and genetic alterations in cases with mass-forming type
(ICC) have been shown to be similar to those in cases with
hepatocellular carcinoma, and in cases with infiltrative type,
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genetic alterations have been shown to be similar with those
in cases with perihilar CC. The clinicopathological, immuno-
histochemical and molecular profile similarity of Muc-ICCs
with hilar CCs (from mucin-producing cholangiocytes) and
of mixed-ICCs with CLCs (thought to be of HPC origin) and
varying degrees of biliary epithelial differentiation has been
reported (117,118). Due to the complexity of origin and clinical
presentation, the treatment of CC as a whole is difficult, and
there is a need to focus on the site of origin for treatment. In
other words, individualized treatment should be preferred for
the treatment of CC. In early-stage CC (perihilar CCA), liver
transplantation with pre-operative radiation and chemotherapy
and exploratory laparotomy needs to be performed to ensure
the absence of metastases as a viable therapeutic option,
whereas patients with ICC can be treated surgically (113,119).

7. Conclusions

CCs are rare notoriously malignant tumors with a very poor
survival rates even following surgical resection. The delayed
presentation of the tumor is the main reason for the delayed
diagnosis and poor survival. Currently, the available panel of
tissue and serum biomarkers can diagnose the tumor at a late
stage only, and is lacking any modalities for diagnosis at an
early stage. Thus, there is a need for the identification of more
effective diagnostic biomarkers for the early diagnosis of CC.
Recent advances in immunohistochemistry and molecular
genetics paved the way for improved diagnostics. The role of
epigenetic and proteomic alterations in the pathogenesis of CC
has been documented, and these alterations may serve as the
early diagnostic and prognostic markers for CC. Furthermore,
the role of epigenetic therapy with DNMT and HDAC inhibi-
tors discussed in the literature are in the early stages of clinical
trials. The findings of various studies discussed in this review
suggest that epigenetic and proteomic alterations may serve as
more effective diagnostic markers for CC in the early stages,
and epigenetic therapy may be beneficial for the treatmetn of
CC. However, further research is required to investigate the
initial events occurring in CC.
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