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Overexpression of microRNA-96 is associated with poor
prognosis and promotes proliferation, migration and
invasion in cholangiocarcinoma cells via MTSS1
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Abstract. MicroRNA-96 (miR-96) has been revealed serve
an oncogenic role in various types of cancer. However, the
role of miR-96 in cholangiocarcinoma (CCA) development
and progression is yet to be elucidated. Thus, the aim of the
present study was to investigate the role of miR-96 in CCA.
The expression pattern of miR-96 in CCA tissues and cell lines
was evaluated using reverse transcription-quantitative PCR
analysis. Kaplan-Meier curves and Cox regression analyses
were conducted to investigate the prognostic significance of
miR-96 in CCA. Cell Counting Kit-8 and Transwell assays
were performed to identify the functions of miR-96. The
association between miR-96 and metastasis suppressor-1
(MTSSI) was verified using a dual-luciferase assay. The results
demonstrated that miR-96 expression levels were increased in
CCA tissues and cell lines compared with those in adjacent
normal tissues and normal human intrahepatic biliary epithe-
lial cell lines, respectively. High expression levels of miR-96
were significantly associated with lymph node metastasis,
differentiation and TNM stage. In addition, upregulated
expression of miR-96 was associated with a poorer prognosis
and was predicted to be a prognostic factor in patients with
CCA. Overexpression of miR-96 in vitro promoted CCA cell
proliferation, migration and invasion. Additionally, MTSS1
was identified as a direct target of miR-96. The results of the
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present study indicated the clinical and biological importance
of miR-96 as an oncogene in CCA. miR-96 may represent an
independent prognostic biomarker and may promote CCA cell
proliferation, migration and invasion by targeting MTSSI.

Introduction

Cholangiocarcinoma (CCA) is a highly aggressive, malignant
tumor arising from the ductal epithelium of the biliary tree.
CCA represent the second most common type of primary hepa-
tobiliary cancer worldwide, which account for 10-15% of all
patients with liver cancer (1). Although CCA is considered a rare
malignancy and accounts for a small proportion of total malig-
nancies, in recent years, the incidence and mortality of CCA
have rapidly increased worldwide according to epidemiological
studies (2-4). CCA is classified into intrahepatic, extrahepatic
or perihilar according to its anatomical locations (5). Both
for intrahepatic and extrahepatic cancers, the incidence rate
statistically increased from 1.5 to 2 per 100,000/year between
1999-2007 in Europe, and the prognosis remains poor (6).
Radical surgical resection is the only available curative treat-
ment for patients with CCA at the early stages of the disease;
however, the majority of patients are diagnosed at advanced
stages, as the early stages are commonly asymptomatic (7,8).
Additionally, the postoperative recurrence and early metastasis
rates are high, and the percentage of patients who survive
5 years after diagnosis remains at 10% (1). It is thus necessary to
identify accurate prognostic predictors and molecular targeted
therapies for the treatment of patients with CCA.

Micro (mi)RNAs are a type of endogenous small
non-coding RNAs that regulate the expression of target genes
post-transcriptionally by binding to the 3'-untranslated region
(UTR) of its target Mrna (9). In recent years, miRNAs have
been demonstrated to influence various biological processes,
including cell proliferation, migration, invasion, differentia-
tion and apoptosis, particularly in cancer cells (10-12). miR-96,
a member of the miR-183 family, has been demonstrated to
be involved in the tumorigenesis of various cancers. miR-96
typically serves an oncogenic role in multiple types of cancer,
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such as hepatocellular carcinoma, colorectal and breast
cancer (13-15). Collins et al (16) have revealed that several
differentially expressed miRNAs in CCA and pancreatic
cancer tissues, including miR-96, distinguish CCA from
pancreatic adenocarcinoma. However, the role of miR-96 in
CCA has not yet been reported.

The present study aimed to investigate the expression level
of miR-96 in CCA tissues and cell lines, as well as its prog-
nostic value in patients with CCA. In addition, the biological
function of miR-96 in CCA cells was explored.

Materials and methods

Patients and tissue specimens. A total of 115 patients with
CCA (comprising 59 intrahepatic and 56 extrahepatic cases)
admitted to Changhai Hospital (Shanghai, China) between
March 2009 and February 2013 were recruited. These patients
included 68 males and 47 females, aged 36-85 years, with
a median age of 58 years. The inclusion criteria were as
follows: i) All patients were initially diagnosed with CCA.
ii) Pathologists confirmed the diagnosis of CCA. iii) Patients
had normal liver and kidney function. The exclusion criteria
were as follow: i) Patients who had received radiotherapy
or chemotherapy prior to surgical treatment. ii) Patients had
any other cancer history. Paired CCA and adjacent normal
tissue specimens were obtained by resection from patients
who underwent surgical treatment and immediately frozen
in liquid nitrogen. The adjacent normal tissue specimens
were para-cancerous tissues that were collected 2 cm from
the tumor site. The clinical characteristics of the patients were
collected and are presented in Table I. The 5-year survival
information from the postoperative follow-up of all 115 CCA
patients was collected via follow up phone calls. The study
was approved by the Ethics Committee of Changhai Hospital
(Shanghai, China) and all patients provided written informed
consent. All specimens were anonymized according to the
relevant ethical and legal standards.

Cell lines and transfection. Three human CCA cell lines
(HuCCT1, HuH28, and RBE) and one normal human intra-
hepatic biliary epithelial cell line (HIBEC) were cultured in
RPMI-1640 medium (Invitrogen; Thermo Fisher Scientific,
Inc.) supplemented with 10% FBS (Gibco; Thermo Fisher
Scientific, Inc.) at 37°C in a humidified chamber with 5% CO,.
HuCCT1 and HuH2S8 cells were purchased from the Japanese
Collection of Research Bioresources Cell Bank, RBE cells
were obtained from The Cell Bank of Type Culture Collection
of the Chinese Academy of Sciences, and HIBEC cells were
purchased from the American Type Culture Collection.

The miR-96 mimic, inhibitor and respective corresponding
negative controls (NC) were purchased from Shanghai
GenePharma Co., Ltd. For cell transfection, CCA cells were
inoculated in 6-well plates at a density of 5x10* cells/well.
Then, miR-96 mimic (5-UUUGGCACUAGCACAUUUUUG
CU-3"), mimic NC (5-UUCUCCGAACGUGUCACGUTT-3"),
miR-96 inhibitor (5'-"AGCAAAAAUGUGCUAGUGCCA
AA-3"), or inhibitor NC (5'-CAGUACUUUUGUGUAGUA
CAA-3"), were transfected into the cells at a concentration
of 50 nM using Lipofectamine® 2000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
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protocol. Untreated cells were used as the transfection control
and transfection efficiency was assessed after 48 h using
reverse transcription-quantitative (RT-q)PCR.

RNA extraction and RT-qPCR. Total RNA was extracted
from CCA tumor tissues and para-cancerous normal tissues,
as well as CCA cell lines and normal HIBEC cells using
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.),
and cDNA was synthesized using a SuperScript III Reverse
Transcriptase kit (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer's instructions. qPCR was used
to detect the expression of miR-96 in CCA tissues and cell
lines using a SYBR Premix Ex Taq™ kit and an Applied
Biosystems 7500 Sequence Detection System (both Applied
Biosystems; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocols. The relative expression levels of
miR-96 and metastasis suppressor-1 (M7SSI) were calculated
using the 2-24°4 method (17) and normalized to those of U6
and GADPH, respectively. The primers used were as follows:
MiR-96 forward, 5-GCCCGCTTTGGCACTAGCACATT-3'
and reverse, 5'-GTGCAGGGTCCGAGGT-3'; MTSS1 forward,
5'"TCAAGAACAGATGGAAGAATGG-3' and reverse,
5" TGCGGTAGCGGTAATGTG-3"; U6 forward, 5-CTCGCT
TCGGCAGCACA-3" and reverse, 5'-AACGCTTCACGAATT
TGCGT-3'; and GADPH forward, 5-~ATGATATCGCCGCGC
TCGTC-3' and reverse, 5'-CGCTCGGTGAGGATCTTCA-3.
The thermocycling conditions were as follows: 95°C for 5 min,
40 cycles of 95°C for 10 sec, 60°C for 20 sec, and 72°C for
10 sec, and then final extension at 72°C for 5 min.

Cell proliferation assay. Cell proliferation was measured
using a Cell Counting Kit-8 (CCK-8; Beyotime Institute
of Biotechnology) assay. A total of 100 ul cell suspension
(2x10* cells/well) was inoculated in 96-well plates and
incubated at 37°C in a humidified chamber with 5% CO,.
At 0, 24, 48 and 72 h, 10 ul CCK-8 reagent was added to
the wells and further incubated for 4 h. A microplate reader
(Bio-Rad Laboratories, Inc.) was used to measure the
absorbance at 450 nm.

Cell migration and invasion assays. The migratory and
invasive abilities of HuICCT1 and HuH28 cells that were trans-
fected with miR-96 mimic, mimic NC, miR-96 inhibitor or
inhibitor NC were investigated using Transwell assays. For the
Transwell invasion assay, the upper chambers were precoated
with 1 mg/ml Matrigel (BD Biosciences) for 4 h at 37°C. For
the migration assay, no Matrigel was used. Briefly, 1x10° trans-
fected cells in serum-free RPMI-1640 medium were seeded
into the upper chambers. RPMI-1640 medium supplemented
with 10% FBS was added to the lower chambers. After 16 h
of incubation at 37°C, cells that migrated or invaded to the
lower chambers were fixed with 4% paraformaldehyde for
20 min at room temperature and stained with crystal violet for
20 min at room temperature. Cells were counted under a light
microscope (magnification, x200).

Bioinformatics analysis and dual-luciferase reporter assay.
TargetScan (www.targetscan.org) and miRDB (www.mirdb.
org) database were used to predict the target genes of miR-96,
and MTSSI was identified to be a potential target of miR-96.
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Table I. Correlation between the expression of miR-96 and clinical characteristics of patients with cholangiocarcinoma.
miR-96 expression
Patient characteristics Total patients (n=115) Low (n=54) High (n=61) P-value
Sex 0.724
Male 68 31 37
Female 47 23 24
Age, years 0.200
<60 63 33 30
=60 52 21 31
Tumor size, cm 0.810
<2 54 26 28
=2 61 28 33
Lymph node metastasis 0.023*
Negative 66 37 29
Positive 49 17 32
Differentiation 0.036°
Well + moderate 76 41 35
Poor 39 13 26
TNM stage 0.013*
I-1I 52 31 21
I-1V 63 23 40
miR, Micro RNA; TNM, Tumor-Node-Metastasis.
The binding site of miR-96 was at the MTSS/ 3-UTR. The  Results

MTSSI wild-type (WT) or mutant (MUT) 3'-UTR was
cloned into the pGL3 vector (Promega Corporation) for
luciferase reporter experiments. The MTSSI-3'-UTR-WT or
MTSSI-3'-UTR-MUT was co-transfected with the miR-96
mimic, NC mimic, miR-96 inhibitor or NC inhibitor into
5x10* HuCCT]1 cells using Lipofectamine 2000 according
to the manufacturer's instructions. Following 48 h, the lucif-
erase activities of firefly luciferase reporters were measured
with the dual-luciferase reporter gene assay system (Promega
Corporation) according to the manufacturer's instructions. The
relative firefly luciferase activities were normalized to Renilla
luciferase activities.

Statistical analysis. Significant differences between two
groups were identified using paired Student's t-test. One-way
ANOVA followed by Tukey's post-hoc test was performed
for comparisons among multiple groups. y* test was
used to analyze the association between miR-96 expression
and clinical characteristics of patients. Data are presented
as the mean + SD. The prognostic significance of miR-96
was assessed using a Kaplan-Meier curve and multivariate
Cox regression analyses. Patients were divided into low- and
high-miR-96 expression groups using the mean miR-96
expression level as a cutoff value for facilitating analyses.
Statistical analyses were performed using SPSS 20.0 (IBM
Corp.) and GraphPad Prism 6.0 (GraphPad Software, Inc.).
P<0.05 was considered to indicate a statistically significant
difference.

Expression of miR-96 is increased in CCA tissues and cell
lines. The expression levels of miR-96 in CCA tissues and cell
lines were determined. The RT-qPCR analysis results revealed
that miR-96 expression was significantly upregulated in CCA
tissues compared with adjacent normal tissues (P<0.001,
Fig. 1A). Furthermore, the difference in miR-96 expression
levels between intrahepatic and extrahepatic CCA tissues
was also investigated. miR-96 expression was significantly
higher in tumor tissues compared with normal tissues in the
two subtypes (Fig. 1B). Considering the anatomical locations
of intrahepatic and extrahepatic CCA, the expression levels
of miR-96 in intrahepatic and extrahepatic CCA tissues were
also compared (Fig. 1B), however, the expression level of
miR-96 was not significantly different between intrahepatic
and extrahepatic CCA tissues. miR-96 expression was also
revealed to be upregulated in CCA cell lines compared with
that in normal human intrahepatic biliary epithelial HIBEC
cells (P<0.01, Fig. 1C).

Associations between miR-96 expression and clinical char-
acteristics of patients with CCA. Patients were divided into
a low-(n=54) and a high-miR-96 expression (n=61) groups
using the mean expression level of miR-96 in CCA tissues
as the cutoff value. Subsequently, the association between
the expression levels of miR-96 with certain clinical char-
acteristics of patients with CCA was analyzed. The results,
which are presented in Table I, indicated that the expression
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Figure 1. miR-96 expression in CCA tissues and cells. (A) miR-96 expression was upregulated in CCA tissues compared with that in paired normal tissues.
(B) miR-96 expression was upregulated in intrahepatic and extrahepatic CCA tissues compared with that in normal tissues. (C) miR-96 expression level was
higher in CCA cell lines HUCCT1, HuH28 and RBE compared with a normal intrahepatic biliary epithelial cell line HIBEC. The data were analyzed using
one-way ANOVA followed by Tukey's post-hoc test. “P<0.01, ““P<0.001 vs. normal tissues or HIBEC cells. miR, microRNA; CCA, cholangiocarcinoma.

level of miR-96 was significantly associated with lymph node
metastasis (P=0.023), differentiation (P=0.036) and TNM
stage (P=0.013). However, no significant associations were
identified between the expression of miR-96 and other clinical
features of patients with CCA, including sex, age and tumor
size (P>0.05).

High miR-96 expression predicts a poor prognosis in patients
with CCA. Considering that the expression of miR-96 was
significantly associated with lymph node metastasis, differenti-
ation and TNM stage, it was speculated that miR-96 expression
level may influence the prognosis of CCA. Kaplan-Meier
analysis indicated that high miR-96 expression was associated
with a poor prognosis in patients with CCA (log-rank test;
P=0.036; Fig. 2). Furthermore, the results of the multivariate
Cox regression analysis revealed that high expression of miR-96
was an independent prognostic factor for patients with CCA
(HR, 1.838; 95% ClI, 1.060-3.187; P=0.030; Table II).

miR-96 promotes cell proliferation, migration and invasion.
To investigate the role of miR-96 in CCA cells, the effect of
miR-96 on CCA cell proliferation, migration and invasion
was examined in HuCCT1 and HuH28 cells, which exhibited
relatively high levels of miR-96 expression compared with
other CCA cell lines (Fig. 1C). HuCCT1 and HuH2S8 cells were
transfected with the miR-96 mimic or inhibitor, as presented
in Fig. 3A. The expression levels of miR-96 were significantly
higher in cells transfected with the miR-96 mimic, but lower
in cells transfected with the miR-96 inhibitor compared with
the respective controls (Fig. 3A; all P<0.001). A CCK-8 assay
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Figure 2. Kaplan-Meier overall survival curve of patients with CCA.
Patients with high expression of miR-96 exhibited lower overall survival
time compared with those with low expression of miR-96. P=0.036. miR,
microRNA; CCA, cholangiocarcinoma; Cum, cumulative.

was used to determine the effects of miR-96 expression on cell
proliferative ability. As indicated in Fig. 3B, transfection with
the miR-96 mimic significantly promoted cell proliferation,
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Table II. Multivariate Cox regression analyses of prognostic factors for overall survival in patients with cholangiocarcinoma.

Multivariate analysis

Patient characteristics HR 95% CI P-value
miR-96 expression (High vs. low) 1.838 1.060-3.187 0.030°
Sex (Female vs. Male) 0.976 0.582-1.637 0.927
Age (<60 vs. =60) 0.983 0.598-1.615 0.945
Tumor size (=2 vs. <2) 1.209 0.735-1.988 0.454
Lymph node metastasis (Positive vs. Negative) 1.575 0.966-2.567 0.068
Differentiation (Well + moderate vs. poor) 0.866 0.511-1.467 0.593
TNM stage (I-1I vs. III-1V) 0.627 0.363-1.085 0.095
P<0.05. miR, microRNA; HR, hazard ratio; CI, confidence interval; TNM, Tumor-Node-Metastasis.
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Figure 3. Effects of miR-96 on CCA cell proliferation. (A) Efficiency of miR-96 mimics and miR-96 inhibitor in HUCCT1 and HuH28 cells confirmed by
reverse transcription-quantitative PCR analysis. (B) Overexpression of miR-96 by miR-96 mimic promoted CCA cell proliferation, whereas downregula-
tion of miR-96 by miR-96 inhibitor suppressed cell proliferation compared with the respective controls. "P<0.05, ““P<0.001 vs. control. miR, microRNA;

CCA, cholangiocarcinoma; NC, negative control; OD, optical density.

whereas transfection with the miR-96 inhibitor significantly
inhibited cell proliferation in the two CCA cell lines (all
P<0.05). Transwell assays were used to assess the effects of
miR-96 expression on the migration and invasion of CCA
cells (Fig. 4). Compared with the respective control cells,
transfection with the miR-96 mimic promoted the migratory
and invasive abilities of CCA cells (P<0.001); in addition, the
miR-96 inhibitor suppressed the migration and invasion of the
cells (P<0.001). Taken together, these results indicated that

high miR-96 expression was associated with the promotion of
cell proliferation, migration and invasion of CCA cells.

MTSSI is a direct target of miR-96. The potential downstream
target genes of miR-96 were predicted by bioinformatics
analysis using TargetScan and the miRDB database. Among
the putative targets, MTSSI was selected for further validation
as it was downregulated in CCA tissue and associated with the
recurrence and progression of CCA (18,19). A complementary
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Figure 4. Effects of miR-96 on CCA cell migration and invasion. (A) Representative images of the migration assay (magnification, x200). (B) Transwell migra-
tion assay results revealed that the migration of HUCCT1 and HuH28 cells was promoted by transfection with a miR-96 mimic and inhibited by transfection
with a miR-96 inhibitor. (C) Representative images of the invasion assay (magnification, x200). (D) Transwell invasion assay results indicated that promotion
of miR-96 expression enhanced the invasiveness of CCA cells, and knockdown of miR-96 expression inhibited the invasiveness of CCA cells. “"P<0.001 vs.
control. miR, microRNA; CCA, cholangiocarcinoma.

binding site for miR-96 was identified in the MTSS7 3-UTR. Transfection efficiency was confirmed using RT-qPCR
To validate whether miR-96 directly binds to the 3-UTR of = (P<0.001; Fig. 5C). As shown in Fig. 5C, the expression of
MTSS1, the mRNA expression of MTSSI in CCA cells was  miR-96 was upregulated by miR-96 mimic, while downregu-
determined, and MTSSI was revealed to be downregulated lated by miR-96 inhibitor, compared with that in control. In
in CCA cells compared with normal cells (P<0.001, Fig. 5B).  addition, the effects of miR-96 on MTSSI expression were
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Figure 5. MTSS1 is a direct target gene of miR-96. (A) Position of the miR-96 target site in the 3'-UTR of MTSS/ mRNA. (B) mRNA expression of MTSS1
was decreased in HuCCT1, HuH28 and RBE cells compared with normal hepatic HIBEC cells. (C) Transfection efficiency of miR-96 mimic and inhibitor in
HuCCTT1 cells was confirmed using RT-qPCR. (D) Effects of miR-96 on MTSS1 mRNA expression were determined using RT-qPCR. (E) The miR-96 mimic
decreased the luciferase activity of the MTSSI-WT3'-UTR, but not the MTSSI-MUT-3-UTR in HuCCT1 cells. The miR-96 inhibitor increased the luciferase
activity of the MTSSI-WT-3'-UTR. "P<0.05, “P<0.01 and “"P<0.001 vs. HIBEC or control. miR, microRNA; CCA, cholangiocarcinoma; WT, wild type; MUT,
mutant; RT-qPCR, reverse transcription-quantitative PCR; MTSS1, metastasis suppressor-1.

detected in CCA cells; the results demonstrated that MTSS/
expression was significantly decreased following overexpres-
sion of miR-96 and significantly increased by knockdown
of miR-96 (P<0.01; Fig. 5D). To further confirm the bioin-
formatics prediction, WT- and MUT-MTSSI-3'-UTR were
constructed and a luciferase reporter assay was conducted,
which demonstrated that luciferase activity was suppressed
in HuCCTT1 cells co-transfected with the miR-96 mimic and
pGL3-MTSSI-WT (P<0.05), whereas no significant changes
were observed following co-transfection with the miR-96 mimic
and pGL3-MTSSI-MUT (Fig. 5E). These results indicated that
MTSSI was a direct target of miR-96 in CCA cells.

Discussion

CCA has a low prevalence, but a high mortality rate and
a poor 5-year survival rate (20). CCA often develops

chemotherapeutic resistance and, as a result, the only current
curative treatment is surgical resection (21). The majority of
patients are with CCA diagnosed in advanced stages due to
the nonspecific presentation of CCA, and surgical resection
may not be suitable for these patients (22). Considering the
poor prognosis of advanced CCA, the present study aimed to
improve CCA outcomes through the assessment of a miRNA
considered to be an independent prognostic factor. A number
of studies have demonstrated that miRNAs are abnormally
expressed in various cancer types, such as non-small cell
lung (23), bladder (24) and colorectal (25) cancer and osteo-
sarcoma (26), and have broad potential for use as diagnostic
or/and prognostic markers and therapeutic targets for cancer
treatment (27-29).

The results of the present study revealed that miR-96
expression was significantly higher in CCA tissues compared
with adjacent normal tissues. Furthermore, considering the
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anatomical locations of intrahepatic and extrahepatic CCA, the
expression levels of miR-96 in intrahepatic and extrahepatic
CCA tissues were also compared. Results showed miR-96
expression was significantly increased in intrahepatic and
extrahepatic CCA tissues compared with the corresponding
adjacent normal tissues. However, the expression levels of
miR-96 between intrahepatic and extrahepatic CCA tissues
showed no significant difference. Thus, we analyzed the role
of miR-96 in all CCA samples for the subsequent analyses.

Except in CCA tissues, the expression of miR-96 was
revealed to be upregulated in CCA cells (HuCCT1, HuH28
and RBE) compared with normal human intrahepatic biliary
epithelial cells. The association between miR-96 expression
and certain clinical characteristics of patients with CCA was
also analyzed; the results demonstrated that high miR-96
expression was significantly associated with lymph node
metastasis, poor differentiation and advanced TNM stage.
Taken together, the results of the present study suggested
that miR-96 may be an oncogene associated with CCA tumor
development. Previous studies have also indicated that miR-96
functions as an oncogene in various types of cancer, including
breast and non-small cell lung cancer, as well as cervical
carcinoma (30-32). For instance, the expression of miR-96
is upregulated in human cervical carcinoma cells and may
promote the proliferation and tumorigenicity of cervical cells
by silencing PTPNO (32). CCA is divided into two major
subtypes according to its anatomical location: Intrahepatic
and extrahepatic CCA. In hepatocellular carcinoma, miR-96
has been demonstrated to be upregulated and to be a potential
therapeutic target (13,33). In the current study, the expression
pattern of miR-96 in CCA tissues was consistent with that in
hepatocellular carcinoma.

A previous study by Yuan et al (34) suggested that members
of the miR-183/182/96 gene cluster (which includes miR-96)
may function as carcinogenic factors in kidney renal clear cell
carcinoma and may therefore be utilized as prognostic predic-
tors. Considering that in the present study, the expression of
miR-96 was significantly associated with lymph node metas-
tasis, differentiation and TNM stage in patients with CCA, it
was hypothesized that miR-96 may also be associated with
prognosis. Kaplan-Meier analysis and Cox regression analysis
were performed to investigate the prognostic significance of
miR-96 expression in patients with CCA; according to the
5-year follow-up data, patients with high miR-96 expression
exhibited a shorter overall survival time compared with those
with low-miR-96 expression. In addition, multivariate Cox
regression analysis, combined with the other analyses, indi-
cated that miR-96 may be an independent prognostic predictor
in patients with CCA.

Numerous studies have reported that the expression levels
and functions of miRNAs are associated with the genesis and
progression of human cancers (35,36). In the present study,
the functional role of miR-96 was investigated using HuCCT1
and HuH28 cell lines; miR-96 promoted the proliferation,
migration and invasion of CCA cells. Several genes have been
previously validated as direct targets of miR-96 (31,32,37).
In hepatocellular carcinoma, the overexpression of miR-96
has been revealed to promote cell proliferation, migration
and invasion by inhibiting the expression of SOX6 (32).
Fei et al (31) identified that miR-96 promoted lung cancer cell
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migration and invasion by targeting the GPC3 gene and that
the miR-96/GPC3 axis may represent a therapeutic target for
the treatment of non-small cell lung cancer. A recent study
by Yang et al (37) indicated that miR-96 is upregulated in
hepatocellular carcinoma and exerts a carcinogenic effect by
activating the AKT/GSK-3p-catenin signaling pathway by
targeting FOXO. In the present study, MTSS/ was identified
as a novel target of miR-96. In addition, luciferase reporter
assay demonstrated that miR-96 directly targeted the 3'-UTR
of MTSSI, and overexpression of miR-96 inhibited MTSS/
mRNA expression in CCA cells. MTSS1, which is a metastasis
suppressor gene, has been demonstrated to be downregulated
in several types of cancer and is associated with tumor progres-
sion (38-40). In a recent study, MTSSI was revealed to be
downregulated in gastric cancer and suppressed the invasion,
migration and epithelial-mesenchymal transition of gastric
carcinoma cells through the inactivation of the PI3K/AKT
signaling pathway (41). In CCA, MTSSI was downregulated
in CCA tissues; enhanced expression of M7SS/ inhibited the
migration of QBC939 cells (18,19). Thus, it was speculated in
the present study that miR-96 may serve an oncogenic role
in CCA by targeting MTSSI. Further studies are required to
assess whether miR-96 alters aggressive CCA progression
through the PI3K/AKT signaling pathway.

In conclusion, the results of the present study demonstrated
that miR-96 was upregulated and associated with lymph node
metastasis, differentiation and TNM stage in patients with
CCA, and may therefore represent a prognostic biomarker,
potentially informing therapeutic strategy for patients with
CCA. In addition, miR-96 may serve an oncogenic role,
promoting proliferation, migration and invasion of CCA cells
by targeting MTSSI.
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