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Background: Cholangiocarcinoma (CCA) represents a devastating malignancy characterized by high mor-
tality, and notoriously problematic to diagnose. Recently, microRNAs (miRs) have been intensively
investigated due to their potential usefulness from a tumor treatment perspective.

Aims: The current study was aimed to investigate whether miR-494 influences epithelial-mesenchymal
transition (EMT), tumor growth and metastasis of CCA.

Methods: The regulatory miRNAs of WDHD1 in CCA expression chip were predicted, followed by deter-

f\(ﬂel{‘;‘;oégi_‘lg‘l mination of the miR-494 and WDHD1 expression in normal cholangiocyte tissues and CCA tissues. The
WDHD1 related protein levels were determined. CCA cell migration, invasion, viability, and cell cycle distribution

and the dosage-dependent effect of miR-494 on CCA cell growth were subsequently detected. Finally,
tumorigenicity and lymph node metastasis (LNM) were measured.
Results: Initially, miR-194 affected the CCA development via negatively regulating WDHD1 and miR-494
which were downregulated while WDHD1 was upregulated in CCA. In addition, miR-494 overexpression
elevated E-cadherin expression while decreased expressions of WDHD1, N-cadherin, Vimentin, Snail,
Twistand MMP-9. Finally, overexpressed miR-494 was observed to suppress EMT, cell viability, migration,
invasion, arrest cell cycle progression, tumor formation, and LNM while accelerating cell apoptosis in vivo.
Conclusion: This study indicated that miR-494 overexpression suppresses EMT, tumor formation and LNM
while promoting CCA cell apoptosis through inhibiting WDHD1 in CCA.

© 2018 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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in various literatures including parasitic infections, primary scle-
rosing cholangitis, biliary-duct cysts, toxins and hepatolithiasis [3].

1. Introduction

Cholangiocarcinoma (CCA) also commonly referred to as bile
duct cancer, represents a malignancy arising from cholangiocytes
at varying locations within the lining of the biliary tree that
exhibits numerous differentiation markers [1]. As a relatively rare
but highly malignant invasive carcinoma, CCA is considered to be
an intractable tumor with rapidly increasing incidence, mortality
rates, and poor prognosis worldwide, particularly in East Asia [2].
A number of established CCA risk factors have been highlighted
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CCA is further sub-divided into intrahepatic cholangiocarcinoma
(ICCA) and extrahepatic cholangiocarcinoma (ECCA) owing to its
distinct etiological and clinical features; the latter is further subdi-
vided into perihilar cholangiocarcinoma (pCCA or Klatskin tumor)
and distal cholangiocarcinoma (dCCA), with a frequency between
10%-20% iCCA, 50% pCCA and 30%-40% eCCA [4,5]. A significant
stumbling block remains the treatment of CCA due to its nature and
typically clinically silent manifestation, leading to diagnosis during
the later stages of the disease, with complete surgical resection
remaining the most effective treatment option [6]. For many years,
surgical resection has been the only curative treatment option
for patients with CCA, with no feasible chemotherapy regimens
available for the postoperative recurrence of CCA [7]. Therefore,
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aimproved understanding of the molecular mechanisms related to
CCA development is of high clinical significance.

Recently, CCA molecular profiling has revealed its potential
from a targeted treatment therapy perspective [7]. MicroRNAs
(miRs/miRNAs) represent endogenous non-coding RNAs that play
crucial roles in a large array of biological processes, such as cell apo-
ptosis, development and aging, the aberrant expression of which
results in phenotypic features of malignant cells [8]. A previous
study identified that miRNAs are dysregulated in CCA, aberrant dys-
regulations of which are pivotal in the genesis and progression of
CCA. [9]. Low levels of miR-494 expression have recently emerged
as a key mediator of CCA growth [10]. Another data source high-
lighted potential of WD repeat and high mobility group [HMG]-box
DNA-binding protein 1 (WDHD1) as a candidate biomarker and a
promising therapeutic target for cancer due to its important role in
lung and esophageal carcinogenesis as a cell cycle regulator [11].
As areplisome component tasked with regulating DNA replication,
WDHD1 induces DNA replication and modulates the G1 checkpoint,
while the inhibition of WDHD1 results in a decline in the replica-
tion of human papillomavirus E7-expressing cells [12]. Moreover,
reports have highlighted lymph node metastasis (LNM) and CCA
to be indications of poor prognosis [13]. Epithelial-mesenchymal
transition (EMT) has been reported to be a critical component for
cancer progression, due to its ability to convert adherent epithe-
lial cells into individual migratory cells, invading the extracellular
matrix [14]. During the present study, we initially assessed the
effects of miR-494 on EMT and LNM in CCA cells, in an attempt to
elucidate the regulatory mechanism of miR-494 targeting WDHD1
on CCA development and progression, with the intention of pre-
senting a theoretical foundation for an enhanced understanding of
CCA treatment.

2. Materials and methods
2.1. Ethics statement

The current study was conducted with the approval of the ethics
committee of the Second Xiangya Hospital, Central South Univer-
sity. All animal experiments were conducted in strict accordance
with the Guide for the Care and Use of Laboratory Animals.

2.2. Microarray analysis

CCA expression chip GSE45001 was retrieved and downloaded
from the Gene Expression Omnibus database (GEO, https://www.
ncbi.nlm.nih.gov/geo/). The GSE45001 chip was comprised of 10
CCA samples and 10 normal control samples. The limma package
in the R Programming Language was employed for the differential
analysis of the CCA and normal samples on the chip with refer-
ence to p value <0.05 and |logFC| >2 as the screening threshold
set in order to identify and obtain differentially expressed genes.
Next, the UALCAN database (http://ualcan.path.uab.edu/cgi-bin/
ualcan-res.pl) was used to retrieve WDHD1 expression in the Can-
cer Genome Atlas (TCGA) of CCA data. The MalaCards database
(http://www.malacards.org/) was then explored to retrieve rele-
vant CCA genes. The STRING database (https://string-db.org/) was
utilized to construct an interaction network between the differen-
tially expressed genes with the known genes of CCA, while the core
analysis was preceded on the obtained interaction network using
a cytoscape software.

On completion of the aforementioned, TargetScan
database (http://www.targetscan.org/vert_71/), microRNA.org
database (http://34.236.212.39/microrna/home.do), miR-

NAMap database (http://mirnamap.mbc.nctu.edu.tw/), mirDIP
database (http://ophid.utoronto.ca/mirDIP/index.jsp#r) miRDB

database (http://mirdb.org/miRDB/index.html) and TarBase
database (http://carolina.imis.athena-innovation.gr/diana_
tools/web/index.php?r=tarbasev8%2Findex&miRNAs%5B%5D
=&genes%5B%5D=&publication_year=&prediction_score=&sort_
field=&sort_type=&query=1) were used to predict the regulatory
miRNAs of WDHD1 and the intersection of the predicted results
from 6 databases was obtained.

2.3. Study subject

Between January 2012 and January 2017, CCA tissue samples
were collected by means of surgical resection or biopsy from 135
patients pathologically confirmed with CCA in the Second Xiangya
Hospital, Central South University. Amongst the 135 patients, 91
were male and 44 were female (mean age 60.42 4+ 11.0years),
among which 41 patients were diagnosed with lymph nodes metas-
tasis, 94 patients without lymph nodes metastasis, 35 patients
with distant metastasis and 100 patients without distant metas-
tasis. According to the Union for International Cancer Control and
American Joint Committee on Cancer (UICC/AJCC) on CCA tumor-
nodes-metastasis (TNM) classification, 96 patients were in I-II
stage and 39 patients were in III-IV stage. In addition, normal
cholangiocyte tissues from 34 CCA patients who underwent liver
transplantation were regarded as the control group.

2.4. Cell culture and transfection

The human normal cholangiocyte cell line HIBEC and CCA cell
lines QBC939 and RBE purchased from the American Type Culture
Collection (ATCC) company (Manassas, VA, USA) were routinely
cultured in a 5% CO, incubator at 37 °C. The cell lines were cultured
in complete Roswell Park Memorial Institute (RPMI) 1640 medium
containing 10% fetal bovine serum (FBS), 100 w/mL penicillin and
100 mg/mL streptomycin. The cultured adhered cells were treated
with 0.25% trypsin. Cells at the logarithmic growth phase were
preserved for further experimentation while the expression of
miR-494 as well as the WDHD1 levels was subsequently deter-
mined by means of reverse transcription quantitative polymerase
chain reaction (RT-qPCR). After transfection, QBC939 and RBE cell
lines were assigned into the blank group (without treatment),
the negative control (NC) group (transfected with empty vector),
the miR-494 mimic group (transfected with miR-494 mimics), the
miR-494 inhibitor group (transfected with miR-494 inhibitors), the
sh-WDHD1 group (transfected with shRNA against WDHD1) and
the sh-WDHD1 + miR-494 mimic group (transfected with shRNA
against WDHD1 and miR-494 mimic).

Twenty-four hours prior to transfection, the cells in each group
were inoculated in a 6-well plate (3 x 10° cells/well). In the event
that cell confluence reached 80%, the lipofectamine 2000 (Invitro-
gen, Carlsbad, CA, USA) kit was applied for transfection purposes.
Target plasmid and Lipofectamine 2000 were separately diluted
using serum-free RPMI 1640 medium (Gibco, USA), gently mixed,
permitted to stand at room temperature for 5 min and then blended
in an even manner (final concentration 60 nM). After 20 min, the
mixture was incubated in a culture plate under 37°C conditions
with 5% CO,. After 6 h of incubation, the cells were further cultured
in new complete medium for 48 h, with the miR-494 mimic and
miR-494 inhibitor synthetized by the Shanghai GenePharma Co.,
Ltd (Shanghai, China), and the shRNA against WDHD1 synthetized
by Thermo Fisher software, the sequences of which are displayed
in Table 1.

2.5. Cell morphology observation under the inverted microscope

Forty-eight hours post cell transfection, the morphology and
EMT of the cells were observed and photographed under an
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Table 1 Table 2
Sequences of miR-494 mimic, inhibitor and sh-WDHD1 for cell transfection. Primer sequences for reverse transcription quantitative polymerase chain reaction.
Plasmid Sequence Gene Primer sequence (5'-3')
miR-494 mimic 5'-UGA AACAUA CAC GGG AAA CCUC-3 R.494 F: CATAGCCCGTGAAACATACACG
miR-494 inhibitor 5-GAGGUU UCC CGU GUA UGU UUC A-3' TR R: GTGCAGGGTCCGAGGT
sh- 5'-GCAATTTGTGGTCTGGCATGG-3' Us F: GCTTCGGCAGCACATATACTAAAAT
WDHD1 5'-CGTTAAACACCAGACCGTACC-3/ R: CGCTTCACGAATTTGCGTGTCAT
Note: miR-494, microRNA-494; WDHD1, WD repeat and high mobility group [HMG]- WDHD1 F:, GETCCGTCACCCCE AT
box DNA-binding protein 1; sh-WDHD1; short hairpin RNA against WDHD1 R: GGGGCATCATGTCCTCGAAA
0 g protein 1, s » shorthairp agains : dheri F: TGGAATCCAAGCAGAATTGC
E-cadherin R: TATGTGGCAATGCGTTCTCTATCCA
. . . . . . F: TGTTGCTGCAGAAAACCAAG
inverted microscope. The results revealed a slight increase in cell N-cadherin R: TTTCACAAGTCTCGGCCTCT
volume, cell morphology was fusiform or irregular, cell polarity Vimenti F: CGGGATCCGTCCACCAGGTCCGTGTCCTCG
. . imentin )
increased, and cell connection was weak. Seventy-two hours post R: CCCAAGCTTCTCTTCTTGCAAAGATTCCAC
transfection, fluorescent expression was observed under a fluo- i F: CCCCAATCGGAAGCCTAACT
. In th p hat th focti ffici Snail R: CGTAGGGCTGCTGGAAGGTA
rescence microscope. In the event that the trans ectlor} efficiency ' F: CGGACAAGCTGAGCAAGATT
(fluorescent rate) was over 90%, the subsequent experimentation Twist R: CCTTCTCTGGAAACAATGAC
procedure would be conducted accordingly. Otherwise, the above MMP-9 F: ATGTACCCTATGTACCGCTTCACT
experiment was repeated. R: CAGAGAAGAAGAAAAGCTTCTTGG
CAPDH F: CCACATCGCTCAGACACCAT

2.6. Dual luciferase reporter gene assay

The target gene prediction software miRanda was used to pre-
dict the miR-494 binding site (UAUGUUUC) of 425-432nt in the
3’-untranslated region (UTR) of WDHD1 mRNA. Dual-luciferase
reporter gene assay was employed to verify the target regula-
tion of miR-494 to WDHD1. The wild type (Wt) in the region of
WDHD1 mRNA3'-UTR (pWDHD1-wt) and the mutant type of site
directed mutagenesis (UAUGUUUC to CGCACCCU) of WT target site
(pWDHD1-mut) were synthesized. RBE cells were co-transfected
with miR-494 mimic and pWDHD1-wt or with miR-494 mimic and
pWDHD1-mut, respectively. The synthetic WDHD1 3’-UTR gene
fragments were then inserted into the pMIR-reporter (Huayueyang
Biotechnology Co., Ltd., Beijing, China.) at two enzyme sites Spe I
and Hind III. A mutation site with a complementary seed sequence
was designed in the Wt of WDHD1. The target fragment was
then inserted into the pMIR-reporter plasmid using T4 DNA ligase
after restriction enzyme digestion. The luciferase reporter plas-
mids (Wt and Mut) with the correct consequences subsequently
co-transfected in a separate manner into HEK-293T cells with miR-
494 (CRL-1415, Shanghai Xinyu Biotechnology Co., Ltd., Shanghai,
China), respectively. After 48 h of transfection, the cells were col-
lected and lysed. The cells were then centrifuged for 3-5min
followed by collection of the supernatant. Luciferase activity was
evaluated using a dual luciferase reporter assay kit (RG0O05, Bey-
otime Institute of Biotechnology Co., Ltd, Shanghai, China).

2.7. RT-qPCR

After 48h of transfection, the QBC939 and RBE cells were
collected from each group. The total RNA was extracted from
the cell lines using a Trizol assay. RNA integrity was deter-
mined using 1% agarose gel electrophoresis, while the RNA
concentration and purity were measured using a Nano-Drop ND-
1000 spectrophotometer. In accordance with the instructions
of EasyScript First-Strand ¢cDNA Synthesis SuperMix (AE301-02,
Beijing TransGen Biotech Co., Ltd. Beijing, China), reverse tran-
scription was conducted using a PCR amplification instrument for
cDNA template synthesis. Primers for miR-494, U6, WDHD1, E-
cadherin, N-cadherin, Vimentin, matrix metalloprotease-9 (MMP-
9) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were
designed and synthesized by Sangon Biotech Co., Ltd. (Shang-
hai, China) (Table 2). The reverse transcription reaction system
was comprised of 20 pL, including 8 L of total RNA, Anchored
Oligo (dT) 18 (0.5g/L), 10 L of 2 x ES Reaction Mix and 1L
of EasyScript RT/RI Enzyme Mix. The reaction liquid was then

R: GGCAACAATATCCACTTTACCAGAGT

Note: F: forward; R: reverse; miR-494, microRNA-494; WDHD1 WD repeat
and high mobility group [HMG]-box DNA-binding protein 1; MMP-9, matrix
metalloprotease-9; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

removed for RT-qPCR. The real time quantitative PCR was per-
formed in accordance with the instructions of the SYBR®Premix
Ex TaqTM II kit (Takara Biotechnology Co., Ltd., Dalian, China). The
PCR reaction system was comprised of 20 p.L, including 10 L of
SYBR Premix, 2 uL of cDNA templates, 0.6 pL of both upstream
and downstream primers, 6.8 L of sterilize water. The real time
PCR was conducted through the application of a fluorescent quan-
titative PCR instrument (ABI7500, ABI Company, Oyster Bay, NY,
USA). U6 was regarded as the internal reference for the detec-
tion of miR-494, while GAPDH served as the internal reference
for WDHD1, E-cadherin, N-cadherin, Vimentin, Snail, Twist and
MMP-9. The reaction conditions were as follows: pre-denaturation
at 95 °C for 30s; denaturation at 95°C for 30s, annealing for 20s
and extension at 72 °C for 30s, for a total of 45 cycles. The expres-
sions of miR-494, U6, WDHD1, E-cadherin, N-cadherin, Vimentin,
Snail, Twist, MMP-9 and GADPH were detected. Besides, 2-AACt
indicated a ratio of the target gene expression between the exper-
imental group and the control group, and the formula applied was
as follows: AACT=ACt the experimental group — ACtthe control group+ The
experiment was repeated in triplicate.

2.8. Western blot analysis

After 48-h transfection, the cultured QBC939 and RBE cells in
each group were collected, washed with phosphate buffer solu-
tion (PBS) and suspended. The cells were then centrifuged followed
by extraction of the supernatant. Radioimmunoprecipitation assay
(RIPA) lysis buffer (PO013B, Beyotime Institute of Biotechnology
Co., Ltd., Shanghai, China) and appropriate amount of phenyl-
methylsulfonyl fluoride (PMSF) were added to the cells at a ratio of
1 x 107 cells/mL. After re-suspension by means of gentle shaking,
the cells were placed over ice for 30 min, centrifuged at 25,764 x g
for 10 min at 4 °C after which the supernatant was extracted, and
regarded as a reflection of the total protein. The protein concentra-
tion was determined using a bicinchoninic acid (BCA) kit (Beyotime
Institute of Biotechnology Co., Ltd., Shanghai, China) and adjusted
to 4 pg/L using PBS. Cellular total protein (30 pg) was subjected
to Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis
(SDS-PAGE), transferred onto nitrocellulose membranes by wet
process, followed by blockade for 1.5h in 5% skimmed milk pow-
der formulated with tris-buffered saline plus tween 20 (TBST). The
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primary antibodies comprised of the rabbit anti-human WDHD1
(ab72436, 1:2000), E-cadherin (ab40772, 1:100,000), N-cadherin
(ab18203, 1:000, 1ug/mL), Vimentin (ab92547, 1:1000), Twist
(ab50581, 1 pg/mL), Snail (ab82846, 1:500), MMP-9 (ab73734,
1:1000, 1 ug/mL), GAPDH (ab9485, 1:2500). All the aforementioned
antibodies were purchased from Abcam Inc. (Cambridge, MA, UK).
The sealed NC membranes were placed in a plastic dish and incu-
bated with diluted samples of the aforementioned antibodies at
4°C overnight. The next day, the membranes were rinsed 3 times
with TBST (15min each time). Meanwhile, diluted horseradish
peroxidase (HRP)-labeled secondary antibody goat anti-rabbit IgG
(ab205718, 1:2000) was incubated at room temperature for 2 h,
after which the membranes were rinsed with TBST 3 times (15 min
each). Electrochemiluminescence (ECL) luminous liquid was used
for coloration, and SmartView Pro 2000 (UVCI-2100, Major, Science,
USA) for photography. The Quanity One software was applied for
protein band gray scale analysis [15].

2.9. Scratch test

A marker was used to evenly scratch horizontal lines behind
a 6 well-plate. After 48-h transfection, QBC939 and RBE cells
in each group were incubated with 0.25% trypsin in order to
prepare a single cell suspension, after which cell number count-
ing was performed. The cells were inoculated in a 6 well-plate
(1 x 106 cells/well), then shaken in a cautious manner and evenly
mixed. After 24-h culture in complete medium, the cells were fur-
ther cultured in the RPMI1640 medium containing 10% FBS. The
6 well-plate was scratched perpendicularly behind the horizontal
line using a sterile micro pipette tip (200 L) followed by three PBS
washes. All cells that became detached as a result of the destruc-
tion of the pipette tip were removed. The cells were cultured with
serum free medium in a 5% CO, incubator at 37 °C. Photographs
were taken at Oth h and 24th h under a microscope [15].

2.10. Transwell assay

Matrigel (Sigma-Aldrich, St. Louis, MO, USA) was melted
overnight at 4°C, and diluted to a final concentration (1 mg/mL)
using pre-cooled serum-free medium at 4°C (performed on ice).
Diluted Matrigel (80 wL/per well) was perpendicularly added to
the central part of the apical chamber of Transwell chamber (8 pm
of diameter) in order to uniformly distribute the matrix gum, and
then cultured at 37°C for 4 h. After 48 h of transfection, the cells
were washed with PBS and serum free medium, respectively, and
then suspended with serum-free medium. The number of cells
was counted, and the cell concentration was then adjusted to
1 x 106 cells/mL. Next, the basolateral chamber (the bottom of 24
well-plates) was added with 700 pL medium containing 10% serum,
and the apical chamber was added with cell suspension. Then, they
were cultured for 24 h in an incubator. Tweezers were used to care-
fully remove the chamber, followed by extraction of the liquid in
the apical chamber. At room temperature, following 30-min of fix-
ation in 4% paraformaldehyde, the cells were stained with 0.05%
crystal violet for 30 min. The samples were then gently rinsed with
water and soaked in several times. The cells in the apical chamber
were then carefully removed using wet swabs. The samples were
subsequently dried and the number of cells was then counted based
on the perspective of 10 random fields selected under an inverted
microscope (200x ). The experiment was repeated a minimum of 3
times.

2.11. Cell counting kit-8 (CCK-8) assay

After 48-h transfection, QBC939 and RBE cells were washed with
PBS twice, detached with 0.25% trypsin and pipetted into single cell

suspension. After the cells were counted, they were then inoculated
into a 96 well-plate (cell density of 1 x 104 cells per well) with 3
parallel wells. CCK-8 reagent (10 L) (40203ES60, Shanghai Yeasen
Biotechnology Co., Ltd., Shanghai, China) was added into each well
after 24-h, 48-h and 72-h culture. After 4 h of incubation, a fully
automatic quantitative plotting microplate reader was employed to
determine the optical density (OD) value at a wavelength of 450 nm
(MK3, Thermo Fisher Scientific, Waltham, MA, USA). A cell viability
curve was drawn with the time points as the abscissa and the OD
value as the ordinate. The experiment was repeated in triplicate.

2.12. Flow cytometry analysis of propidium iodide (PI) staining

QBC939 and RBE cells were collected after a 48-h period of trans-
fection, prepared into a single cell suspension with 0.25% trypsin,
washed twice with PBS and centrifuged for supernatant removal
purposes. After centrifugation, the cells were fixed with pre-cooled
70% ethanol at 4°C overnight, resuspended and then washed with
pre-cooled PBS twice. The cells were re-suspended in 100 L PBS
and added with RNase until the final concentration was 1 mg/mL,
followed by 30-min water bath at 37 °C. The cells were stained with
PI at 4°C for 40 min under conditions void of light (final concen-
tration 50 wg/mL) and then washed with PBS. The cell cycle DNA
content was detected at a wavelength greater than 575 nm, with
the percentage of cell cycle calculated.

2.13. Tumor xenograft in nude mice

Thirty specific-pathogen-free (SPF) 5-week-old male BALB/c
nude mice (weighted 16-17 g) provided by Beijing Hua Fukang Bio-
logical Polytron Technologies Inc (Beijing, China) were recruited for
the purposes of the study. The mice were housed in the experimen-
tal animal center of Huazhong University of Science and Technology
with SPF barrier environment. All bedding, cages, feed and drinking
water were sterilized under high temperature or ultraviolet radi-
ation. The temperature was controlled at approximately 25 °C, the
air flow rate was 20 cm?3/s, and the air relative humidity was 55%.
The nude mice were inoculated with RBE cells in each group with
good growth condition. The RBE cells were initially incubated with
0.25% trypsin and washed with PBS 3 times. The cells were then sus-
pended with PBS and gently pipetted in order to construct a single
cell suspension. The dorsum of nude mice were inoculated sub-
cutaneously with 100 L cell suspension (1 x 106) using a 6 gauge
needle. The body constitution and growth status of the nude mice
were recorded every six days. Thirty days later, the cervical verte-
bra was dislocated and the nude mice were euthanized. The tumor
tissue was resected and preserved for measurement. The tumor
volume was obtained using the following formula: 0.5 x long diam-
eter (mm) x short path 2(mm?). The number of LN metastases was
noted. The collected tumor tissues were preserved at —80°C.

2.14. Statistical analysis

All experimental data were analyzed using SPSS 21.0 soft-
ware (IBM Corp. Armonk, NY, USA). The measurement data were
expressed as mean + standard deviation. The t-test was employed
for comparing amongst two groups, while comparisons among
multiple groups were performed using one-way analysis of vari-
ance (ANOVA), and tested by homogeneity test of variance. In the
event the variance analysis was determined to be significantly
different, the g test was employed for pairwise comparison. The
nonparametric rank test was applied when the variance was not
uniform. A difference in (o =0.05 was used as a test level) p value
<0.05 was considered to be statistically significant. Enumeration
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Fig. 1. MiR-494 regulates CCA through WDHD1. (A) Expression histogram of CCA chip GSE45001; X-axis represents sample number and Y-axis represents genes; upward
dendrogram represents sample type cluster and vitta connected by dendrogram represents sample type; dendrogram in the left represents gene expression cluster; each
cube represents the level of a gene in a sample; upper right color gradation represents gene expression; red is high expression and green is low expression; (B) interactive
network between differentially expressed genes and the known genes; each circle represents a gene and its color represents core level of the gene in interactive network; red
is in high core level while blue is in low core level; blue words inside the circle represent the known CCA-relative genes and red words represent the obtained differentially
expressed genes of CCA; (C) WDHD1 expression in CCA data of TCGA database; X-axis represents sample type and number while Y-axis represents WDHD1 expression; box
plot in the left represents normal control sample and box plot in the right is CCA sample; (D) predicted results on regulatory miRNA of WDHD1; different colors represent
the intersection of predicted results from different databases; inside figures are the number of miRNAs in this region; histogram below represents included miRNA number
from different database; MiR-494, microRNA-494; CCA, cholangiocarcinoma; WDHD1, WD repeat and high mobility group [HMG]-box DNA-binding protein 1; TCGA, The

Cancer Genome Atlas.

data were expressed as percentage or ratio, and for comparing
amongst values the chi square test was used.

3. Results
3.1. MiR-494 plays a regulatory role in CCA through WDHD1

CCA expression chip GSE45001 was retrieved from the GEO
database. A total of 2816 differentially expressed genes were
obtained through differential analysis of this chip, among which
1426 genes exhibited significantly down-regulated expressions
while 1390 genes displayed markedly up-regulated expression
levels among the CCA samples. Up-regulated genes in CCA were

subjected to the following analysis. Expression thermal maps of 10
obviously elevated genes were constructed (Fig. 1A). In order to fur-
ther select the CCA-related genes, MalaCards was used to retrieve
the known CCA-related genes, with the top 10 genes subsequently
selected for the following analysis (Table 3). STRING was employed
in order to perform a correlation analysis on the 10 significantly
up-regulated genes and the known CCA-related genes (Fig. 1B). The
results obtained indicated that CDKN3, WDHD1, MELK, TUBB3 and
DLGAPS5 were located at a relatively nuclear position and associated
with the known CCA-related genes. Further information retrieval
on functions of those genes demonstrated that the mechanism
of CDKN3, TUBB3, DLGAP5 as well as MELK in tumors had pre-
viously been extensively studied, with their relationship already
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Table 3

CCA-related genes (top10).
Symbol Description Score PubmedIds
PTPN3 Protein tyrosine phosphatase, non-receptor type 3 454.14 2,450,312,725,075,940
AFP Alpha fetoprotein 24.79 156,840,082,014,952,000,000,000
MUC1 Mucin 1, cell surface associated 24.04 196,392,171,612,404,000,000,000
MUC2 Mucin 2, oligomeric mucus/gel-forming 23.98 196,392,171,168,059,000,000,000
KRT20 Keratin 20 23.58 190,947,091,572,580,000,000,000
MCL1 MCL1, BCL2 family apoptosis regulator 21.93 159,406,371,223,508,000,000,000
CDH1 Cadherin 1 21.59 18,234,642,176,267,400,000,000
CDX2 Caudal type homeobox 2 21.41 157,258,051,832,996,000,000,000
PTGS2 Prostaglandin-endoperoxide synthase 2 21.24 149,730,681,460,772,000,000,000
GPC3 Glypican 3 21.19 192,126,699,371,521

Notes: CCA, cholangiocarcinoma; PTPN3, protein tyrosine phosphatase, non-receptor type 3; AFP, alpha fetoprotein; MUC1, mucin 1, cell surface associated; MUC2, mucin
2, oligomeric mucus/gel-forming; KRT20, keratin 20; MCL1, BCL2 family apoptosis regulator; CDH1, cadherin 1; CDX2, caudal type homeobox 2; PTGS2, prostaglandin-
endoperoxide synthase 2; GPC3, glypican 3.
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Fig. 2. miR-494 is decreased while WDHD1 exhibited increases in CCA. (A) Relative expression of miR-494 in the normal cholangiocyte tissues (n=136) and CCA tissues
(n=34); *, p<0.05, vs. the normal cholangiocyte tissues; comparison between two groups is performed using t test; (B) relative expression of miR-494 in normal cell line
HIBEC and CCA cell lines QBC939 and RBE; (C) relative expression of WDHD1 in normal cell line HIBEC and CCA cell lines QBC939 and RBE; measurement data represent as
mean + SD; the experiment is repeated 3 times; *, p <0.05, vs. normal cell line HIBEC; comparison among multiple groups is analyzed using ANOVA; MiR-494, microRNA-494;
CCA, cholangiocarcinoma; WDHD1, WD repeat and high mobility group [HMG]-box DNA-binding protein 1; ANOVA, one-way analysis of variance; SD, standard deviation.

been widely reported [16-20]. However, the reports pertaining to
the effect of WDHD1 on tumors were relatively few [11,12] with
the related research regarding the effect of WDHD1 on CCA found
to be even more rare. In order to further confirm the expression
of WDHD1 in CCA, WDHD1 expression in CCA expression data of
TCGA was analyzed (Fig. 1C) the results of which showed that in the
CCA expression data of TCGA, the WDHD1 level was also elevated.
In order to obtain additional information regarding the upstream
regulatory mechanism of WDHD1 in CCA, the potential regula-
tory miRNAs of WDHD1 in TargetScan, microRNA.org and other
3 databases were predicted and the intersection of the predicted
results was attained. After that, 744 regulatory miRNAs were found
in the TargetScan database and the regulatory miRNAs found in the
remaining 5 databases were within 110. Thus, the first 150 miR-
NAs from the predicted results in the TargetScan database and all
predicted miRNAs from the remaining 5 databases were included
for analysis purposes followed by the construction of a Venn map
(Fig. 1D). The final results revealed that only miR-494 existed in the
intersection of the 6 databases, which signified that miR-494 might
affect CCA through the regulation of WDHD1.

3.2. miR-494 expression is down-regulated while WDHD1
expression is up-regulated in CCA

RT-qPCR was performed in order to determine the miR-494
expression and level of WDHD1 in both the normal cholangio-
cyte and CCA tissues. The obtained result indicated that compared
with the normal cholangiocyte tissues, there was a marked reduc-
tion in the expression of miR-494 in CCA tissues, which further
decreased with the progression of CCA (Fig. 2A). In comparison
with the normal cholangiocyte cell line HIBEC, miR-494 expression
significantly decreased while the WDHD1 level exhibited distinct
elevations in cell lines QBC939 and RBE (both p <0.05) (Fig. 2B-C).

Table 4
MiR-494 expression is associated with clinicopathologic features of CCA patients.

Indexes Cases Relative expression of miR-494 p
Gender

Male 91 0.358 +£0.063

Female 44 0351+0.063 0144
Age (years)

<60 54 0.354+0.060

>60 81 0357 0.065 0857
Tumor size (cm)

<5 72 0.359+0.058

>5 63 0.353 = 0.069 0584
Lymph node metastasis

With 141 0.282 +0.040

Without 94 0388 +0.040 <0.001
Distant metastasis

With 35 0.274+0.038

Without 100 0.384+0.041 <0.001
TNM stage

I-11 39 0.280+0.040

-1V 96 0359 +0.063 <0.001

Notes: MiR-494, microRNA-494; CCA, cholangiocarcinoma; TNM, tumor node
metastasis.

Taken together, based on the results obtained it was concluded that
miR-494 was expressed poorly while WDHD1 was highly expressed
in CCA.

3.3. MiR-494 is expressed poorly with lymph node metastasis and
distant metastasis as well as at TNM III-1V stage of CCA

Next, the relationship between miR-494 expression and
clinicopathologic features of CCA patients was measured. The
results (Table 4) revealed that miR-494 expression was irrel-
evant in regard to the parameters of age, gender and tumor
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Fig. 3. Bioinformatics prediction and dual-luciferase reporter gene assay reveal that WDHD1 is a target gene of miR-494. (A) The binding sites of miR-494 to WDHD1 predicted
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size (all p>0.05) while correlations to lymph node metasta-
sis, distant metastasis and TNM stage were established (all
p<0.05). Besides, these findings also demonstrated that miR-494
expression was relatively lower with lymph node metasta-
sis and distant metastasis as well as at TNM III-IV stage of
CCA.

3.4. MiR-494 binds to WDHD1 in its 3'UTR

Initially, bioinformatics prediction using miRanda software
(microRNA.org) and dual-luciferase reporter gene assay were per-
formed in order to identify the relationship between miR-494
and WDHD1. The results of bioinformatics prediction demon-
strated that WDHD1 was indeed a target gene of miR-494
(Fig. 3A). The results of dual-luciferase reporter gene assay
(Fig. 3B) revealed that luciferase activity was prominently
reduced when co-transfection with miR-494 mimic and pWDHD1-
wt (p<0.05). No significant difference was detected regarding
luciferase activity in the cells co-transfected with miR-494
mimic and pWDHD1-mut (p>0.05). These findings demon-
strated that miR-494 could specifically bind to the WDHDI1
gene.

3.5. The miR-494 improves cell morphology and modulates
EMT-specific markers by negatively regulating WDHD1

Initially, cell volume and morphology were detected, the
results of which disclosed that compared with the blank and
NC groups, cells in the miR-494 inhibitor group were swollen,
spindle-shaped, irregular, polarized, and detached, while cells in
the miR-494 mimic group, si-WDHD1 group and sh-WDHD1 + miR-
494 mimic groups were round-shaped and closely conjunct
(Fig. 4).

RT-qPCR and western blot analysis methods were subsequently
employed in order to further investigate the mechanism by which
miR-494 influences the expression patterns of E-cadherin, WDHD1,
N-cadherin, Vimentin and MMP-9. As illustrated in Fig. 5, the
mRNA and protein levels of related factors were similar in cell
lines QBC939 and RBE of the NC and blank groups (all p>0.05).
In comparison with the NC and blank groups, expression of miR-
494 was up-regulated in the miR-494 mimic group (p<0.01),
while the expression was detected to be down-regulated in the

miR-494 inhibitor group (p <0.05). No significant difference was
observed in relation to the expression of miR-494 among the NC
and blank, sh-WDHD1 groups (p>0.05), with identical observa-
tions made between the miR-494 mimic and sh-WDHD1 + miR-494
mimic groups (p >0.05). In comparison to the NC and blank groups,
mRNA and protein expression of E-cadherin was up-regulated in
the miR-494 mimic and sh-WDHD1 groups (both p <0.05), while
that of WDHD1, N-cadherin, Vimentin, Snail, Twist and MMP-
9 was remarkably reduced (all p<0.05). The miR-494 inhibitor
group exhibited decreased mRNA and protein expressions of E-
cadherin yet remarkably increased mRNA and protein expressions
of WDHD1, N-cadherin, Vimentin, Snail, Twist and MMP-9 than
the NC and blank groups (all p<0.05). The mRNA and protein
expression of E-cadherin was elevated while the mRNA and pro-
tein expressions of WDHD1, N-cadherin, Vimentin, Snail, Twist
and MMP-9 were remarkably reduced in the sh-WDHD1 + miR-494
mimic group compared to the miR-494 mimic group (all p <0.05).
Based on the aforementioned results, it was concluded that over-
expressed miR-494 could increase mRNA and protein expression
of E-cadherin while acting to decrease the mRNA and protein
expressions of WDHD1, N-cadherin, Vimentin, Snail, Twist and
MMP-9.

3.6. Inhibition of WDHD1 by overexpressed miR-494 reduces cell
migration and invasion of CCA

A scratch test was performed in order to demonstrate the
effect of miR-494 on CCA cell migration. The results (Fig. 6)
revealed that the cell migration of cell lines QBC939 and RBE
in the miR-494 mimic and sh-WDHD1 groups was markedly
lower at 24thh compared with the blank and NC groups at
the same time point (p<0.05), while cell migration in the sh-
WDHD1 + miR-494 mimic group evidently decreased at 24thh
(p<0.01). However, the cell migration in the miR-494 inhibitor
group was unmistakably higher at 24thh than the blank and
NC groups at the same time point (p<0.05). No significant
difference was observed regarding cell migration between the
blank and NC group (p>0.05), between the miR-494 mimic and
sh-WDHD1 group (p > 0.05). These findings demonstrated that miR-
494 overexpression could potentially decelerate cell migration of
CCA.
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Fig. 4. Cell morphology is captured under the inverted microscope, showing miR-494 depletion correlates to the occurrence of EMT. (A) morphology change of cell line
QB(C939 (x100); (B) morphology change of cell line RBE (x100); miR-494, microRNA-494; EMT, epithelial-mesenchymal transition.

Next, the effects of miR-494 on CCA cell invasion were analyzed
using Transwell assay. The results as indicated in Fig. 7 suggested
similar cell invasion in cell lines QBC939 and RBE in the NC and
blank groups (p > 0.05). In comparison to the blank and NC groups,
the number of invaded cells in the miR-494 mimic and sh-WDHD1
groups evidently reduced (p<0.05), while that in the miR-494
inhibitor group was obviously increased (p <0.05). The number of

invaded cells was found to have dramatically diminished in the sh-
WDHD1 +miR-494 group when compared to the miR-494 mimic
and sh-WDHD1 groups (p<0.05). No significant difference was
observed in the cell invasion between the sh-WDHD1 and miR-
494 mimic groups (p>0.05). The above findings suggested that
miR-494 overexpression could result in reduced cell invasion of
CCA.
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Fig. 5. MiR-494 negatively regulates WDHD1 and modulates EMT-specific markers. (A) mRNA expressions of WDHD1, E-cadherin, N-cadherin, Vimentin, Snail, Twist and
MMP-9 in cell line QBC939 detected by RT-qPCR; (B) mRNA expressions of WDHD1, E-cadherin, N-cadherin, Vimentin, Snail, Twist and MMP-9 in cell line RBE detected by RT-
qPCR; (C) protein expressions of WDHD1, E-cadherin, N-cadherin, Vimentin, Snail, Twist and MMP-9 in cell line QBC939 measured by western blot analysis; (D) protein bands
of WDHD1, E-cadherin, N-cadherin, Vimentin, Snail, Twist and MMP-9 in cell line QBC939 detected by western blot analysis; (E) protein expressions of WDHD1, E-cadherin,
N-cadherin, Vimentin, Snail, Twist and MMP-9 in cell line RBE9 detected by western blot analysis; (F) protein bands of WDHD1, E-cadherin, N-cadherin, Vimentin, Snail,
Twist and MMP-9 in cell line RBE detected by western blot analysis; measurement data represent as mean =+ SD; the experiment is repeated 3 times; *, p <0.05, vs. the blank

group; #

,<0.05, vs. the miR-494 mimic group; comparison among multiple groups is analyzed using ANOVA; RT-qPCR, reverse transcription quantitative polymerase chain

reaction; miR-494, microRNA-494; WDHD1, WD repeat and high mobility group [HMG]-box DNA-binding protein 1; NC, negative control; MMP, matrix metalloproteinase;
ANOVA, one-way analysis of variance; SD, standard deviation.

3.7. Overexpressed miR-494 represses cell viability via WDHD1

inhibition with dosage-dependent effect

In order to determine whether
dependent effect on CCA cell growth,

were transfected with miR-494 mimic plasmid (20nM, 40 nM

and 60nM) for 72 h. The results demonstrated that (Fig. 8A-B)
in comparison with the control group (0nM), the group trans-

miR-494 had a dosage-
cell lines QBC939 and RBE

fected with miR-494 mimic plasmid significantly inhibited cell
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control; ANOVA, one-way analysis of variance; SD, standard deviation.

growth in QBC939 and RBE, due to a dosage-dependent effect
(p>0.05).

A CCK-8 assay was subsequently utilized to demonstrate the
modulation of miR-494 on CCA cell viability. As displayed in
Fig. 8C-D, the OD value in cell lines QBC939 and RBE in the blank
group was similar to the value observed in the NC group after
24-h, 48-h and 72-h of incubation (p >0.05). The OD value of the
miR-494 inhibitor group was higher when compared to the value
of the blank group (p<0.05), suggesting there was an increase
in cell viability and proliferation rate. In the miR-494 mimic and
sh-WDHD1 groups, the OD value was decreased than the blank
group (p<0.05) suggesting inhibited cell viability and prolifera-
tion rate. In comparison to the miR-494 mimic and sh-WDHD1

groups, the OD value significantly declined in the sh-WDHD1 + miR-
494 mimic group (p <0.05), suggesting inhibited cell viability and
proliferation rate. No significant difference was observed in the
OD value between the sh-WDHD1 group and the miR-494 mimic
group (p >0.05). The above findings indicated that miR-494 overex-
pression could inhibit CCA cell viability with a dosage-dependent
effect.

3.8. Overexpressed miR-494 decreases cell cycle progression via
WDHD1 inhibition

Next, flow cytometry was performed in order to examine the
impacts of miR-494 on CCA cell cycle distribution. In cell lines
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QBC939 and RBE, no difference was observed in the proportion
of cell cycle phases between the blank and NC groups (p >0.05).
In comparison with the blank group and the NC group, the per-
centage of cells at the G1 phase was significantly raised, while the
percentage of cells at the S phase was significantly decreased in the
miR-494 mimic and sh-WDHD1 groups (both p <0.05). In the miR-
494 inhibitor group, the percentage of cells at the G1 phase was
significantly reduced, while the percentage of cells at the S phase
was significantly elevated compared to the blank and NC groups
(bothp <0.05).Nosignificant difference was observed regarding the
proportion of cell cycle phases between the miR-494 mimic group
and the sh-WDHD1 group (p >0.05). On comparing with the miR-
494 mimic group, it was observed that the percentage of cells at G1
phase significantly enhanced, while the percentage of cells at the
S phase notably reduced in the sh-WDHD1 + miR-494 mimic group
(both p<0.05) (Fig. 9). It was ultimately concluded that miR-494
overexpression might contribute to cell cycle arrest of CCA.

3.9. Overexpressed miR-494 protects nude mice against tumor
formation

During the in vivo experiment, the role of miR-494 in tumor for-
mation was assessed among the recruited nude mice. The results of
BALB/c tumor-formation in nude mice (Fig. 10) provided evidence
indicating that after 30days of inoculation, there was no differ-

ence in tumor-formation ability between the blank and NC groups
(p>0.05). In comparison to the blank and NC groups, the tumor
forming ability of cell line RBE and the volume of tumor nodules
were obviously diminished in the miR-494 mimic and sh-WDHD1
groups (p <0.05) suggesting inhibited tumor growth; while in the
miR-494 inhibitor group, the ability of tumor-formation and the
volume of tumor nodules were evidently raised (p <0.05). In com-
parison with the miR-494 mimic and sh-WDHD1 groups, the ability
of tumor-formation and the volume of tumor nodules were signif-
icantly downregulated in the sh-WDHD1 + miR-494 mimic group
(p<0.05). No significant difference was detected in relation to
the tumor-formation ability between the miR-494 mimic and sh-
WDHD1 groups (p>0.05). It was ultimately concluded based on
the aforementioned findings that overexpressed miR-494 protects
nude mice against tumor formation.

4. Discussion

CCA represents a rare tumor form that is accompanied by a poor
prognosis [21]. EMT has been hypothesized as a major mechanism
contributing to the metastasis of CCA [22]. LNM has been widely
reported to function as a significant prognostic factor in ICCA [23].
Current literature has provided evidence highlighting the urgency
behind the need to adequately define the underlying mechanisms
associated with the malignant behavior of CCA, which could help
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enhance the development of more effective clinical strategies [24].
A previous study reported decreased miR-494 in human CCA cells,
while a recent landmark finding revealed the function of miRNAs on
binding specificity to their targets [9]. Dual luciferase reporter gene
assay provided verification indicating that WDHD1 is a target gene
of miR-494 in the current study. Meanwhile, evidence was obtained
demonstrating that miR-494 binding to WDHD1 may prevent CCA
progression through its down-regulated role in EMT and LNM.
Initially, bioinformatics prediction was applied by using
microRNA.org, which revealed that miR-494 could target WDHD1.
A key observation in the present study showed that cells treated
with WDHD1 silencing or miR-494 overexpression exhibited
descended expressions of WDHD1, N-cadherin, Vimentin and
MMP-9, along with ascended expressions of E-cadherin. EMT has
been determined to be powerful process associated with the inva-
sion, metastasis and tumorigenicity of tumors; thankfully, evidence
has been presented indicating that miRNAs can play an essential
role in regulating EMT in cancer progression [25]. Correspondingly,
studies have shown that miRNA expression is closely related to
the biological and clinical behavior of ICCA [8]. During the present
study, we also identified that miR-494 regulated the expressions
of EMT-related genes, and inhibit EMT in CCA cells. Besides, EMT-
related genes including E-cadherin, Ncadherin, vimentin, MMP-2,
and MMP-9, have been reported to play central roles in cancer
cellular motility, invasiveness and metastasis during tumorigen-
esis [26]. In lung cancer cells, the overexpression of miR-23a has
been suggested to be capable of suppressing E-cadherin expression
and stimulating EMT [27]. Consistently, through the suppression
of N-cadherin and EMT, miR-145-5p could suppress the metastatic

capacity and invasion of gastric cancer (GC) cells [28]. Upregulation
of miR-138 in renal cell carcinoma (RCCA) cell lines has been shown
to suppress the expression pattern of vimentin [29]. The expres-
sion of MMP-2 and MMP-9 descended following transfection with
miR-138, and ascended after transfection with miR-138 inhibitor
in CCA cells [30]. WDHD1 was originally identified by means of
screening for mutant genes affecting chromosome transmission
fidelity, and was noted to be overexpressed in cases of lung cancers
and esophageal cancer [11]. Its knockdown can impair the growth
and viability of acute myeloid leukemia (AML) cells [31], which is
in line with our results. Depression of WDHD1 induces cell cycle
progression deficiencies due to defective centromere [32].

In order to further analyze the regulation of miR-494 target-
ing WDHD1 in the development of CCA, sh-WDHD1 or miR-494
mimic was introduced into cells, the results of which demonstrated
suppressed migration, invasion and viability in CCA cells, while its
cell cycle progression was blocked by miR-494 mediating WDHD1.
Besides, miR-494-3p has been reported to target CXCR4 resulting in
the restraint of various biological processes including proliferation,
invasion, and migration of prostate cancer cells [33]. Furthermore,
miR-494 has previously been identified as a potential prognostic
marker in epithelial ovarian cancer, and its target SIRT1 to inhibit
cellular proliferation, migration and invasion [34]. A previous study
proposed the functionality of miR-494 in modulating modulate
multiple molecules involved in the canonical G1-S transition, as
well as various molecules related to process of the G2/M transition
[9]. Consistently, functional study concluded that overexpressed
miR-494 could contribute to the induction of pancreatic cancer (PC)
cells at the G1 phase [35]. Reports have suggested that miR-494 is
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expressed atalow level in human CCA cells, and miR-494 reinforce-
ment leads to cancer growth inhibition, in part through reinforcing
the G1-S transition checkpoint. [9]. Meanwhile, an association was
observed between positive WDHD1 expression and poor progno-
sis in non-small cell lung cancer [11]. Furthermore, the depletion
of WDHD1 has been revealed to increase DNA damage, resulting
in the accumulation of late S- and/or G2-phase cells [36]. Prior to
the culmination of the present study, in vivo experiments were per-
formed, the results of which indicated that overexpressed miR-494
or WDHD1 silencing suppressed tumor formation as well as LNM,
ultimately providing further verification in relation to the findings
regarding miR-494 functioning as a tumor suppressor in CCA in the
present study.

Besides, a large array of signaling pathways have been demon-
strated to participate in regulating EMT of tumor cells, such as
involvement of activated TGF-f3 in EMT of tumors [37] and inhi-
bition of EMT of tumor cells through the regulation of MAPK in

the Akt-MDM2-Foxo03A signaling pathway [38]. As the homologous
gene of Cgf4/mcl1, WDHD1 mainly participates to regulate cell DNA
replication and division cycle. Nagato Sato highlighted aberrantly
activated WDHD1 in lung and esophageal carcinomas and provided
evidence verifying that WDHD1 expression might influence tumor
formation and progression of lung and esophageal cancer by serv-
ing as a downstream molecule and a cell cycle regulator in the
phosphoinositide 3-kinase/AKT pathway [11]. However, the spe-
cific downstream signaling pathway of WDHD1 in CCA remains
largely unclear.

A previous study involving CCA cell lines QBC939 and RBE for
biological investigative purposes revealed that the expression of a
certain factorin cells was interfered or overexpressed to explore the
changes of the biological function of the cells. For example, the inhi-
bition of p53 expression in CCA cell lines QBC939 and RBE has been
found to inhibit autophagy, which acts to ultimately enhance the
chemosensitivity of QBC939 and RBE with nutritional deficiency
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[39]. Reports have suggested that overexpression or silencing of
miR-21 in CCA cell line QBC939 and RBE can regulate EMT of
CCA cells [40]. Furthermore, a previous study highlighted the role
of overexpressed miR-122 in the inhibition of the proliferation,
invasion and apoptosis of human cholangiocarcinoma cells was
verified in CCA QBC939 and RBE cell lines [41]. During the cur-
rent study, the miR-494 and WDHD1 expression was influenced
in the CCA cell line QBC939 and RBE simultaneously in an attempt
to explore the changes of EMT and LNM of CCA, with the results
of the two cell lines found to be largely consistent: indicating that
miR-494 inhibited EMT and LNM of CCA cells by down-regulating
WDHD1.

In conclusion, our study demonstrated that miR-494 inhibited
EMT and LNM in CCA cells by targeting WDHD1, thus highlight-
ing a promising target in the treatment for CCA. Furthermore,
miR-494 was indicated as a tumor suppressor in CCA impli-
cated in the regression of CCA cell progression, and activities
such as viability, migration, and invasion. Our study ultimately
presents a valuable therapeutic strategy through the upregulation
of miR-494 in patients suffering from CCA. However, the cur-
rent study only presents the theoretical basis of this mechanism
in CCA cells. Therefore, clinical experiments of fully developed
miR-based anti-cancer therapeutic agent should be perfected in
the future. Moreover, further research is required in order to
explore the specific mechanism especially the comprehensive
impacts of miR-494 on various molecules as well as signal-
ing pathways involved in the occurrence and development of
CCA.
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