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Abstract: Gallbladder carcinoma (GBC) is the most common biliary tract malignancy with high mortality. The median
survival time is 6 months, and the 5-year survival rate less than 5% for GBC patients. Thus, it is imperative to inves-
tigate the molecular mechanisms underlying the pathogenesis of GBC. miR-133a may exert anti-tumor effects on a
variety of cancers. However, the role of miR-133a in the pathogenesis of GBC remains unclear. In this study, quan-
titative real-time polymerase chain reaction (QRT-PCR) showed the miR-133a-3p expression markedly decreased in
GBC as compared to adjacent normal tissues. Transient over-expression of miR-133a-3p inhibited the proliferation,
migration and invasion abilities of GBC cells. Luciferase activity assay indicated that miR-133a-3p negatively regu-
lated the expression of recombination signal-binding protein Jk (RBPJ) directly, which is a key downstream transcrip-
tion factor in the Notch signaling pathway. Moreover, PBPJ expression was up-regulated and negatively related to
miR-133a-3p expression in GBC, and silencing of RBPJ achieved the effects as after miR-133a-3p over-expression.
RBPJ over-expression could markedly reverse the inhibitory effects of miR-133a-3p on the proliferation, migration
and invasion of GBC cells. Our findings indicate that miR-133a-3p acts as a tumor suppressor through directly tar-
geting RBPJ in GBC.
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Introduction

Gallbladder cancer (GBC), which is a common
malignancy with high mortality, accounting for
80%-90% of biliary tract cancers [1], repre-
sents the fifth most common cancer among
gastrointestinal cancers [2]. The Surveillance,
Epidemiology, and End Results (SEER) program
estimates that the incidence of GBC is 2.5
cases per 1x10° people [3]. There are many
risk factors of GBC, such as gallstones, chronic
cholecystitis, gallbladder polyps, and primary
sclerosing cholangitis (PSC) [4]. However,
despite most risk factors have been confirmed,
only a third of GBC can be recognized preopera-
tively, and the resectable GBC accounts for only
15%-47% [1, 5]. In addition, the tumor progres-
sion is frequently rapid and silent, making the
prognosis of GBC often unsatisfactory. Accor-
ding to the statistics, the median survival time
is only 6 months, and the 5-year survival rate is
less than 5% for GBC patients [6]. Therefore, it
is important to investigate the molecular mech-

anisms underlying the pathogenesis of GBC
and to develop early diagnostic methods or
effective therapies for GBC.

Micro-RNAs (miRNAs) are endogenous short
non-coding RNAs with ~24 nucleotides in
length, and mediate post-transcriptional repres-
sion via binding to the 3’-untranslated region
(3'UTR) of target messenger RNA transcripts. In
some cases, they also mediate the transcrip-
tion of target mRNA, leading the destruction of
MRNA [7]. miRNAs play pivotal roles in various
biological processes, including metabolism, cell
proliferation, apoptosis, differentiation, trans-
differentiation and cell signaling [8-10]. Num-
erous studies have suggested that some miR-
NAs are aberrantly expressed and function as
oncogenes in many human cancers, since them
actively participate in several important pro-
cesses related to carcinogenesis [11-13]. A fur-
ther understanding of miRNAs expression and
function in tumorigenesis may improve the
understanding of the initiation and develop-
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ment of human cancers, which may improve
the diagnosis and therapy of cancers.

Recently, studies indicate that several miRNAs
have aberrant expression and play a crucial
role in the pathogenesis of GBC. For example,
miR-101, miR-122 and miR-138 frequently dis-
play down-regulated expression and exert anti-
tumor effect [14-16]. miR-182 and miR-155
show up-regulated expression and function as
oncogenes [17, 18]. miR-133a may exert anti-
tumor effects on a variety of cancers. However,
the role of miR-133a in the pathogenesis of
GBC remains unclear. Our results showed that
the expression of miR-133a-3p significantly
reduced in GBC as compared to normal gall-
bladder tissues. In human GBC-SD and EHGB-1
cell lines, the role of miR-133a-3p in the biobe-
haviors of GBC cells as well as the potential
mechanism was further investigated in vitro.
Results showed the gain-function of miRNA-
133a-3p in GBC cells could induce the inhibi-
tion of cell proliferation, cause G1/S phase
arrest, and inhibit their migration and invasion
in vitro. In addition, recombination signal-bind-
ing protein Jk (RBPJ), a key downstream tran-
scription factor of the Notch signaling pathway,
was identified as a direct target gene of miRNA-
133a-3p, and miRNA-133a-3p could exert its
inhibitory effects on GBC cells via negatively
regulating RBPJ.

Materials and methods
Tissue collection

GBC tissues and adjacent normal gallbladder
tissues were obtained from 23 patients who
underwent surgery between 2015 and 2016 in
the Department of General Surgery in Xinhua
Hospital, Zhongshan Hospital and People’s
Hospital of Shanghai. The fresh GBC tissues
and adjacent normal tissues were stored in lig-
uid nitrogen immediately after collection until
RNA extraction.

Cell culture and transfection

The human GBC cell lines (NOZ, SGC-996,
OCUG, GBC-SD and EHGB-1 cells) were
obtained from the Shanghai Life Science
Laboratory of Chinese Academy of Sciences.
NOZ cells were maintained in Williams medium
(Gibico, USA), SGC-996 cells in RPMI 1640
(Gibico, USA), GBC-SD cells in DMEM (Gibico,
USA) supplemented with 10% fetal bovine
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serum (FBS; Evergreen), and OCUG and EHGB-1
cells in DMEM containing 15% FBS. The medi-
um was supplemented with penicillin (100 U/m)
and streptomycin (100 U/ml), and cells were
maintained at 37°C in a humidified atmosphere
containing 5% CO,. Prior to transfection, cells
were cultured in complete medium without anti-
biotics for at least 24 h. When the cell conflu-
ence reached 30%-50%, cells were washed
with 1xPBS once, the GBC-SD and EHGB-1 cells
were transfected with 20 nM and 50 nM Hsa-
miR-133a-3p mimic or mimic negative control,
respectively, in the presence of Lipofecta-
mine™2000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions.

RNA extraction, reverse transcription and qRT-
PCR

Total RNAs were extracted from tissues and
cells using Trizol reagent (Invitrogen) according
to the manufacturer’s instructions. RNA (1 ug)
was reversely transcribed into cDNA using the
miRcute miRNA First-Strand cDNA Synthesis
Kit (Tiangen Beijing, China) according to the
manufacturer’s instructions. qRT-PCR was per-
formed using the miRcute miRNA q-PCR
Detection Kit (SYBR GREEN) (Tiangen Beijing,
China) in the ABI Step-one real-time PCR sys-
tem (Applied Biosystems, Foster City, CA, USA).
cDNA for miRNA and total cDNA were synthe-
sized using the specific miRNA primers (Tian-
gen) and random hexamer (Shanghai Sangong),
respectively. U6 or GAPDH was used as an
internal control. The relative expression was
calculated using the 2-22¢t method.

CCK8 assay

The cell proliferation was measured using the
WST-8 kit (YiSheng, ShangHai, China). The
transfected cells were plated into 96-well
plates (Corning Costar, Corning, NY) at a densi-
ty of 1.0x10%/well/100 L, and then 10 L of
CCK8 solution was added to each well, followed
by incubation for 2 h. The cell viability was
determined by measuring the absorbance at
450 nm. Measurement of cell proliferation was
done once every.

Colony formation assay

Cell transfection was performed 48 h later as
above mentioned. The transfected cells were
harvested after trypsinization, counted and
plated at a density of 500 cells/6-cm dish. The

Am J Cancer Res 2016;6(11):2448-2462



MicroRNA-133a-3p exerts inhibitory effects on gallbladder carcinoma

medium was refreshed once every 3 days. Ten
days later, cells were washed in 1xPBS twice,
fixed in 3.7% methanol, stained with 0.1% crys-
tal violet and then counted. The cell colony was
counted (each colony contains at least 50
cells).

Transwell migration/invasion assay

Transwell chamber was used to measure cell
migration and invasion abilities. In brief, culture
inserts with 8-mm pore size (Transwell; Corning,
NY) were placed into 24-well plates. Before the
measurement of invasion ability, the plates
were pre-coated with matrigel. 2 h before the
addition of matrigel, 500 uL of serum-free
medium was independently added to the upper
and lower chambers, followed by incubation at
37°C for hydration. Cells were digested by typ-
sin, and resuspended in serum-free medium.
The cell density was adjusted to 1x105/mL.
Then, 200 L of cell suspension was added into
the upper chamber, and 500 uyL of DMEM con-
taining 10% FBS into the lower chamber. After
incubation at 37°C with 5% CO, for 24 h, the
Transwell chamber was removed, cells were
washed with 1xPBS, fixed in paraformaldehyde
for 20 min, and then stained with 0.1% crystal
violet for 20 min. The cotton swab was used to
clean the non-migrated cells in the upper cham-
ber, cells migrating through the membrane
were counted in 5 randomly selected fields
under a microscope (Nikon) at a magnification
of x100.

Flow cytometry for cell-cycle assay

48 h after transfection, cells were trypsinized,
washed with cold 1xPBS thrice, and fixed in
cold 70% ethanol over night at 4°C. After wash-
ing with cold 1xPBS, cells were stained with
propidium iodide (Pl) containing RNase A in
dark for 30 min. A total of 50,000 cells were
counted for each sample and cell-cycle profiles
were analyzed with ModFit 3.0 software (BD
Biosciences). All the experiments were repeat-
ed in triplicate.

Western blotting

For the extraction of total cell protein, trans-
fected cells were washed with ice-cold PBS,
and then lysed in cell lysis buffer (50 mM Tris
[pH 8.0], 120 mM NaCl, 0.5% NP-40, 50 mM
NaF and, 1 mM phenylmethylsul-fonyl fluoride
[Beyotime Institute of Biotechnology, Haimen,
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Chinal) on ice for 30 min. The homogenate was
centrifuged at 14,000xg for 15 min at 4°C. The
protein concentration was measured with the
BCA Protein Assay Kit (Beyotime Institute of
Biotechnology). Then, the bromophenol blue
(0.01%) was added into the protein lysates, and
proteins were separated on 10% sodium dodec-
yl sulfate-poly-acrylamide gel at 120 V for 1 h,
followed by transferring onto polyvinylidene
difluoride membranes. The membranes were
blocked with 5% non-fat milk in Tris-buffered
saline (pH7.4) containing 0.1% Tween 20 (TBST)
for 1 h at room temperature, and then incubat-
ed with primary antibodies (anti-CyclinD1
[1:1,000, rabbit], anti-P53 [1:1,000; rabbit],
anti-P21 [1:1,000; rabbit], anti-RBPJ [1:1,000;
rabbit] and anti-B-actin [1:1,000, mouse] over-
night at 4°C. After washing thrice in TBST for 5
min, the membranes were then incubated with
HRP conjugated goat anti-rabbit IgG or anti-
mouse IgG secondary antibody. Chemilumine-
scence detection was performed using AP buf-
fer. The densitometry was performed using Gel
Doc 2000 (BioRad. USA).

Dual-luciferase reporter assay

A dual luciferase reporter assay was carried out
to investigate whether RBPJ expression is
directly regulated by miR-133a-3p. The wild
type and mutated type 3'UTR of RBPJ, which
contains miR-133a-3p binding sequences,
were synthesized and cloned into the pmirGLO
luciferase reporter vector (Longgian, Shanghai,
China). Using Lipofectamine 2000, the wild/
mutant type RBPJ luciferase reporter vector
with miR-133a-3p mimic was transfected into
GBC-SD cells for 48 h. Then, the luciferase
activity was measured by the Dual-Luciferase
Reporter Assay System (Promega). The relative
expression of luciferase activity was normal-
ized to Renilla luciferase activity.

Transfection of siRNA and construction of plas-
mids

The RBPJ-siRNA and negative control siRNA
were designed and synthesized in TuoRan
Company (Shanghai, China) and then indepen-
dently transfected into GBC-SD cells and EHGB-
1 cells for 48 h using Lipofectamine 2000. The
pCMVPuro01 expression vector containing full-
length RBPJ cDNA (Longgian, Shanghai, China)
was independently transfected into GBC and
EHGB-1 cells with miR-133a-3p mimic. The
expression of RBPJ was detected by Western
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blotting. Empty vector was transfected into
cells with miR-133a-3p mimic or mimic nega-
tive control as controls.

Statistical analysis

Data are expressed as mean * standard devia-
tion (SD). Unpaired t test and One-Way Analysis
of Variance (ANOVA) were employed for com-
parisons using GraphPad Prism6.0. A value of
P<0.05 was considered statistically significant.
All experiments were repeated at least three
times.

Results

miRNA-133a-3p expression is generally down-
regulated in GBC tissues and cell lines

In order to ascertain the miR-133a-3p expres-
sion in human GBC tissues, RT-qPCR was per-
formed in GBC tissues from 23 patients. As
shown in Figure 1A, 69.6% (n=16) of GBC tis-
sues showed reduced miR-133a-3p expres-
sion. The miR-133a-3p expression significantly
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Figure 1. miR-133a-3p expression in human GBC
tissues and cell lines. A and B: miR-133a-3p ex-
pression in GBC tissues and adjacent normal tis-
sues from 23 patients (RT-gPCR; U6 as an internal
control; Wilcoxon matched-pairs test) *P=0.0101
(<0.05) vs. normal tissues. C: miR-133a-3p expres-
sion in human GBC OCUG, GBC-SD, SGC-996, NOZ
and EHGB-1 cell lines. **P<0.01 vs. normal tis-
sues (n=3).

reduced in GBC tissues as compared to adja-
cent normal gallbladder tissues (Figure 1B).
Furthermore, the miR-133a-3p expression was
detected in NOZ, SGC-996, OUCG-1, EHGB-1
and GBC-SD cells. As shown in Figure 1C, when
compared with normal gallbladder tissue (n=3),
miR-133a-3p expression significantly decreas-
ed in GBC cell lines. These findings indicate
that miR-133a-3p expression is down-regulat-
ed in GBC tissues and cell lines. In the following
experiments, GBC-SD and EHGB-1 cells were
used since the miR-133a-3p expression was
lower in these cell lines than in other cell lines.

miR-133a-3p over-expression inhibits tumori-
genic properties of GBC cells

The significant reduction in miR-133a-3p
expression in GBC tissues and cell lines indi-
cates that miR-133a-3p acts as a tumor sup-
pressor in GBC. In order to verify this hypothe-
sis, CCK8 assay and colony formation assay
were performed in vitro. The expression of miR-
133a-3p in GBC-SD and EHGB-1 cells were up-
regulated via transfection with miR-133a-3p
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mimics, and the transfection efficiency was
detected by RT-qPCR (Figure 2A). Subsequently,
CCK8 assay was employed to detect the cell
viability of GBC-SD and EHGB-1 cells. As shown
in Figure 2B, miR-133a-3p over-expression
inhibited the cell proliferation of both GBC-SD
and EHGB-1 cells, and the longer the time of
transfection, the more evident the inhibitory
effect was. Furthermore, the over-expression of
miR-133a significantly suppressed the colony
formation by 86% in GBC-SD cells and 27% in
EHGB-1 cells (P<0.01) (Figure 2C).
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Figure 2. Effects of miR-133a-3p
over-expression on GBC cell prolif-
eration. A: miR-133a-3p mimic and

-k
- miR-1332-3p  NC mimic were transfected into GBC

cells, and the transfection efficiency
was determined by qRT-PCR. B: CCK8
assay showed that miR-133a-3p
over-expression inhibited the prolif-
eration of GBC-SD and EHGB-1 cells
(vs MIRNA-NC group). C: miR-133a-
3p inhibited the colony formation of
GBC-SD and EHGB-1 cells. *P<0.05,

**P<0.01
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miR-133a-3p over-expression inhibits GBC cell
migration and invasion

To investigate the effects of miR-133a-3p on
the GBC cell migration and invasion, Transwell
migration assay were performed in which matri-
gel gel was used to mimick the in vivo extracel-
lular matrix. Using the transwell chamber con-
taining matrigel gel, the invasion ability of GBC
cells was evaluated. As shown in Figure 3, the
number of migrated cells significantly decre-
ased in both GBC-SD and EHGB-1 cells after
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Figure 3. Effects of mir-133a-3p over-expression on GBC cell migration and invasion. miR-133a-3p over-expression inhibited the migration of GBC-SD and EHGB-1
cells as compared to miRNA-NC group. miR-133a-3p over-expression inhibited the invasion of GBC-SD and EHGB-1 cells. **P<0.01.
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Figure 4. Effects of mir-133a-3p over-expression on GBC cell cycle. The proportion of cells in G1-phase increased
remarkably in GBC-SD cells (A, C) and EHGB-1 cells (B, D) compared with miRNA-NC group, while the proportion of
cells in S phase significantly reduced as compared to miRNA-NC group (*P<0.05).

transfection with miR-133a-3p mimic, as com-
pared to miR-NC transfected cells. These indi-
cate that miR-133a-3p over-expression inhibits
the migration and invasion abilities of GBC cells
in vitro.
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miR-133a-3p over-expression induces G1/S
phase arrest in GBC cells

Above findings showed miR-133a-3p was able
to inhibit the growth of GBC cells, and then

Am J Cancer Res 2016;6(11):2448-2462
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Figure 5. mir-133a-3p over-expression induced cell cycle arrest by up-regulating p53 and p21 expression and inhib-
iting cyclinD1 expression. miR-133a-3p over-expression increased the protein expression of p53 and p21 in GBC-SD
and EHGB-1 cells (A). Cyclin D1 protein expression decreased after transfection with miR-133a in both cell lines as
compared to miRNA-NC group (B). (*P<0.05, **P<0.01).

impact of miR-133a-3p over-expression on cell
cycle was further assessed by flow cytometry.
As shown in Figure 4, miR-133a-3p over-expre-
ssion remarkably increased the proportion of
cells in G1-phase, and the proportion of cells in
S phase significantly decreased as compared
to miR-NC transfected GBC-SD and EHGB-1
cells (Figure 4C and 4D). These indicate that
mMiRNA-133a-3p over-expression effectively
induces G1/S phase arrest in GBC cells.

miR-133a-3p over-expression induces cell
cycle arrest by up-regulating p53/p21 pathway
and down-regulating cyclinD1 expression

To further explore the potential mechanism of
G1/S phase arrest, the expression of cell cycle
relative proteins was detected by Western blot-
ting. The effect of miR-133a-3p on the expres-
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sion of p53 was detected because pb53 is a
well-established tumor suppressor which is
often dysfunctional in cancers, and p53 over-
expression is closely related to cell cycle arrest.
Our results indicated that the protein expres-
sion of p53 increased significantly in GBC-SD
and EHGB-1 cells after transfection with miR-
133a-3p (Figure 5A). As one of p53-inducible
gene products, the expression of cyclin-depen-
dent kinase inhibitor p21 led to cell cycle arrest
in G1/S. Our results indicated that the p21 pro-
tein expression was up-regulated after miR-
133a-3p over-expression in GBC cell lines
(Figure 5A). Cyclin D1 is a critical mediator of
cell cycle progression and can activate cyclin-
dependent kinases (CDKs). Cyclin D1 over-
expression has a pro-proliferative effect on
cancer cells. In our study, the protein expres-
sion of cyclinD1 significantly decreased in GBC-

Am J Cancer Res 2016;6(11):2448-2462
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Figure 6. RBPJ was a direct target of miR-133a-3p. A: The wild type or mutant type of RBPJ 3’UTR for miR-133a-3p.
B: The relative luciferase activity of wild type or mutant RBPJ 3’UTR in GBC-SD cells after transfection with miR-
133a-3p mimic or NC-mimic. C: Over-expression of miR-133a-3p attenuated RBPJ protein expression in GBC-SD and

EHGB-1 cells compared with miRNA-NC group. **P<0.01

SD and EHGB-1 cells after transfection with
miR-133a-3p (Figure 5B). These suggest that
miR-133a-3p restrains cell growth by up-regu-
lating p53 and p21 expression and inhibiting
cyclinD1 expression.

RBPJ is a direct target of miR-133a-3p

The molecular mechanism underlying the anti-
tumor effect of miR-133a-3p was further inves-
tigated in GBC. Above findings indicated miR-
133a-3p had anti-tumor activity, and thus its
potential targets might have oncogenic proper-
ties. Bioinformatics prediction system (miRDB,
PicTar AND Target Scan) showed RBPJ might be
a target gene of miR-133a-3p. RBPJ has a con-
served binding site for miR-133a-3p in the 372-
378 of 3’-UTR (Figure 6A). To test whether RBPJ
expression is direct regulated by miR-133a-3p,
the 3'UTR reporter plasmids containing wild
type or mutant RBPJ 3’UTR were constructed,
and co-transfected into GBC-SD cells with miR-
133a-3p mimic or negative control mimic. The
luciferase reporter assay indicated that the
luciferase activity of wild type RBPJ 3'UTR was
significantly suppressed in miR-133a-3p mimic
transfected cells compared with miR-NC trans-
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fected cells; while, there was no significant dif-
ference in the luciferase activity when the Mut-
RBPJ 3'UTR was transfected along with miR-
133a-3p mimic or negative control mimic
(Figure 6B). Subsequently, the effect of miR-
133a-3p on RBPJ expression was also investi-
gated in GBC cell lines. Results showed that
miR-138 mimic significantly reduced RBPJ pro-
tein expression in GBC and EHGB-1 cells (Figure
6C).

PBPJ expression is up-regulated and negatively
related to miR-133a-3p expression in GBC

To assess the correlation between RBPJ and
miR-133a-3p in GBC tissues, gRT-PCR was per-
formed to detect the expression of RBPJ and
miR-133a-3p in GBC tissues from 23 patients.
As shown in Figure 7A, 60.9% (n=14) of GBC
tissues showed an increased RBPJ expression.
The RBPJ expression was significantly higher in
GBC tissues than in adjacent normal gallblad-
der tissues (Figure 7B). Furthermore, the cor-
relation between miR-133a-3p and RBPJ in
GBC tissues was evaluated with Spearman lin-
ear correlation analysis. As showed in Figure
7C, PBPJ expression was negatively related to
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Down-regulating RBPJ expression inhibits GBC
cells proliferation, migration and invasion

To determine whether RBPJ acts as an onco-
gene in GBC, RBPJ siRNA was employed to
down-regulate RBPJ expression in GBC-SD and
EHGB-1 cells (Figure 8A). CCK8 and colony for-
mation assay showed reducing RBPJ expres-
sion restrained cell proliferation (Figure 8B,
8C). Transwell assays indicated that decreasing
RBPJ expression was able to inhibit the migra-
tion and invasion of GBC cells (Figure 8D).
These results confirm that RBPJ has a strong
tumorigenicity in GBC, which reinforces the
finding that RBPJ is one of the functional target
of miR-133a-3p in GBC.

RBPJ attenuates the inhibitory effects of miR-
133a-3p on GBC cells

To investigate whether miR-133a-3p affects
the proliferation, cell-cycle arrest, migration
and invasion of human GBC cells through RBPJ,
RBPJ over-expressing or empty vector was co-
transfected with miR-133a-3p mimic or NC-
mimic into GBC-SD cells. As shown in Figure
9A, the protein expression of RBPJ increased in
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Figure 7. RBPJ expression in human GBC tis-
sues. A and B: RBPJ expression in GBC tis-
sues and adjacent normal tissues (n=23; RT-
gPCR; GAPDH as an internal control; Wilcoxon
matched-pairs test) **P=0.0074 vs. normal
tissues. C: RBPJ mRNA expression reversely
correlated with miR-133a-3p expression in GBC
tissues.

miR-133a-3p+RBPJ cells compare with miR-
133a-3p+MOCK cells. Meanwhile, cell prolifer-
ation and migration capabilities were also
detected. As shown Figure 9B, 9C, the miR-
133a-3p-mediated anti-tumor phenotypes of
GBC-SD cells was weakened after transfection
with RBPJ over-expressing vector.

Discussion

Studies have demonstrated that the reduced
expression of miRNAs is associated with the
development of various types of cancers.
Microarray hybridization and qRT-PCR have
shown that numerous miRNAs are aberrantly
expressed, and several miRNAs may function
as oncogenes or tumor-suppressors in GBC
[14-18]. Nevertheless, the role of miRNAs in
GBC remains largely unclear. Letelier et al. [19]
found that miR-133a expression was down-reg-
ulated in GBC, suggesting that miR-133a plays
a vital role in the development of GBC. In the
present study, the expression of miR-133a-3p
was detected in GBC tissues and cell lines, and
its effects on the biobehaviors of GBC cells
were further investigated.

miR-133a has two genes: miR-133a-1 and miR-
133a-2, locating in 18q11.2 and 20q13.33
respectively. In most studies, miR-133a has

Am J Cancer Res 2016;6(11):2448-2462
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Figure 8. Effects of RBPJ down-regulation on GBC cells. A: RBPJ protein expression after transfection with siRNA-
RBPJ. B and C: CCK8 assay and colony formation assay showed that down-regulation of RBPJ inhibited the prolifera-
tion and colony formation of GBC-SD and EHGB-1 cells compared with si-NC groups. D: Down-expression of RBPJ
inhibited the migration and invasion of GBC-SD and EHGB-1 cells compared with si-NC groups. *P<0.05, **P<0.01.

been found to act as a myogenic miRNAs, and
can regulate myoblast proliferation, differentia-
tion and apoptosis via targeting special mMRNAs
[20-22]. However, on the basis of the reduced
miR-133a expression in cancer, several studies
indicate that miR-133a functions as a tumor
suppressor in cancers [23, 24]. In the present
study, results showed that miR-133a-3p expre-
ssion significantly decreased in GBC tissues
and GBC cell lines, which was consistent with
previous findings [19]. Therefore, gain-of-func-
tion experiments were conducted in vitro to
investigate the role of miR-133a-3p in the
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pathogenesis of GBC. Our results showed that
miR-133a-3p inhibited the proliferation, migra-
tion and invasion of GBC cells, suggesting that
miR-133a-3p acts as a tumor suppressor in
GBC.

Then, the mechanism underlying the inhibitory
effects of miR-133a-3p on GBC cells was fur-
ther investigated. miR-133a has been reported
to induce cell cycle arrest in several types of
cancer cells, including breast cancer cells,
renal cell carcinoma cells and some cancer
cells of the digestive system [25-27]. In our
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Figure 9. Over-expression of RBPJ attenuated the inhibitory effects of miR-133a-3p on GBC cells. A: Protein expression of RBPJ after transfection with NC-mimic/
miR-133a-3p mimic, and RBPJ-vector/empty vector. Lane 1, NC mimic+Vector; lane 2, miR-133a-3p+Vector; lane 3, miR-133a-3p+RBPJ. B and C: CCK8 assay and

migration assay showed that up-regulation of RBPJ partly reversed the effects of miR-133a-3p on the proliferation and migration of GBC-SD cells compared with
miR-133a-3p+Vector. *P<0.05, **P<0.01.
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study, over-expression of miR-133a-3p result-
ed in an increased proportion of cells in GO/G1
phase, leading to G1/S phase arrest. The p53/
p21 signal pathway is involved in the cell cycle
progression in cancers [28], and activation of
p53/p21 signal pathway is able to induce cell-
cycle arrest and inhibit tumor cell growth. Our
study revealed that over-expression of miR-
133a-3p was associated with the up-regulation
of p53 and p21 protein expression in GBC cells.
Cyclin D1 is an oncoprotein that can be dimer-
ized with cyclin-dependent kinase 4/6 to regu-
late G1/S phase transition [29, 30]. Our results
showed that the increased miR-133a-3p expre-
ssion was related to the decreased cyclin D1
expression. These findings further indicate the
growth-inhibiting capacity of miR-133a-3p.

The oncogenic or anti-oncogenic roles of miR-
NAs in cancers are tightly associated with their
target mRNA [24]. Several candidate target
genes of miR-133a-3p have been identified by
bioinformatics analysis. Here, our study focu-
sed on RBPJ for its role as a vital regulator in
the Notch pathway [31]. Aberrant Notch acti-
vity is implicated in the pathogenesis of seve-
ral malignancies through mediating tumor pro-
liferation, epithelial-mesenchymal transition
(EMT) and differentiation [32-34]. Yoon et al.
[35] reported that the Notch signaling pathway
was tightly related to the clinical pathology of
GBC in patients.

RBPJ gene locates in 4p15.2 and encoded
RBPJ protein which is a transcriptional regula-
tor important for the Notch signaling pathway.
After binding to specific ligand, the intracellular
domain of Notch receptor (NICD) is cleaved and
translocates into the nucleus, where it binds to
the transcription factor RBPJ to generate a
Notch-RBPJ complex as an activator [31]. In the
present study, luciferase reporter assay con-
firmed RBPJ as a novel direct target of miR-
133a-3p. Furthermore, the RBPJ expression
was negatively regulated by miR-133a-3p at
post-transcriptional level in GBC cells.

Then, the RBPJ expression was detected in
GBC tissues from 23 patients. Results showed
that there was an inverse correlation between
miR-133a-3p expression and RBPJ expression.
To clarify the role of RBPJ in the development of
GBC, loss-of-function experiments were per-
formed in vitro. Results showed that the silenc-
ing of RBPJ expression inhibited the prolifera-
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tion, migration and invasion of GBC cells, which
revealed that RBPJ functions as an oncogene in
GBC. This was consistent with the finding from
the study of Yong et al. [36]. Moreover, RBPJ
over-expression could markedly reverse the
inhibitory effects of miR-133a-3p on the prolif-
eration and migration of GBC cells. These find-
ings suggest that miR-133a-3p exerts its effect
on GBC cells, at least partially, by down-regulat-
ing the expression of downstream effector
RBPJ.

In summary, our study expands the understand-
ing of the regulatory effects of miR-133a-3p on
GBC cells and for the first time characterizes a
novel mechanism underlying the effects of miR-
133a-3p on GBC cells: miR-133a-3p behaves
as a tumor suppressor via directly repressing
the Notch pathway protein RBPJ. Our findings
may not only improve the understanding of
molecular mechanism underlying the epigene-
tic regulation of miR-133a-3p in GBC, but also
provide a novel therapeutic target for the treat-
ment of GBC.
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