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Abstract: Previous studies demonstrated difference of micro-RNA expression between hilar cholangiocarcinoma 
and normal tissues. Further, miR-21 was reported to be overexpressed in hilar cholangiocarcinoma cells. Thus, our 
study aimed to elucidate association between miR-21 and cell behaviors of hilar cholangiocarcinoma and explore 
potential mechanisms. miR-21 activator and miR-21 inhibitor were designed and synthesized according to miR-21 
sequence. RBE cell line was purchased for cell model. Three groups were prepared for different intervention, includ-
ing activator group, inhibitor group, and control group. Transient expression model was established with transfection 
of miR-21 activator or miR-21 inhibitor, respectively. Cell proliferation was analyzed with CCK-8 examination. Cellular 
migration was examined with cell wound scratch assay. Transwell assay was performed to examine effect of miR-
21 on tumor invasion. PTEN expression was determined with Western blot. Compared with control group, miR-21 
activator group showed significantly increased proliferation, migration, and invasion (P<0.05), while miR-21 inhibitor 
group demonstrated reduced proliferation, migration, and invasion (P<0.05). Moreover, PTEN expression group was 
remarkedly inhibited after miR-21 activator transfection, but enhanced after miR-21 inhibitor transfection (P<0.05). 
miR-21 could influence proliferation, migration, and invasion of hilar cholangiocarcinoma cells via regulating PTEN 
expression.
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Introduction

Hilar cholangiocarcinoma (HCCA), also called 
as Klatskin tumor, was a common malignant 
tumor in human biliary system. Surgical treat-
ment for HCCA was always challenging due to 
non-specific lesion sites and infiltrative growth 
of tumor. Thus, HCCA cannot be eradicated by 
operation [1]. On the other side, following the 
development of medical technology and equip-
ment, great progress has been made in diagno-
sis and treatment of HCCA. For example, the 
rate of tumor resection gradually increased, 
and the survival rate was improved [2, 3]. 
However, clinic application still had limitation 
since the pathogenesis of HCCA still remained 
unclear. In addition, the risk of the disease and 
complexity of mechanisms were elevated by 
HCCA complications, including primary scleros-
ing cholangitis, choledochocyst, calculus of bile 
duct, biliary benign tumor, biliary parasitic dis-
ease, and hepatitis, etc. [4].

As a member of PTP gene family, PTEN is an 
acknowledged tumor suppressor gene. Previous 
studies showed that PTEN-PI3K-AKT signaling 
pathway regulated tumor angiogenesis and 
played a pivotal role in tumor cell behaviors, 
such as tumor cell cycle, growth inhibition, 
apoptosis, adhesion, migration, and invasion 
[5]. Moreover, PTEN could be used as prognos-
tic factor for most tumors [6]. 

MicroRNA is a kind of small non-coding RNA 
fragments with a structure of 22 nucleotides. 
Complete complementary targeting between 
microRNA and mRNA always results in degrada-
tion of target gene [7]. With proven technique 
developed, more microRNAs became the pre-
dictor for tumor in early stage, and some even 
were transformed into the potential therapeutic 
targets [8-10]. Therefore, investigating associa-
tion between microRNA and HCCA is of great 
clinical significance. What’s more, both clinical 
trials and animal models demonstrated differ-

http://www.ijcep.com


miR-21 in hilar cholangiocarcinoma

9226 Int J Clin Exp Pathol 2016;9(9):9225-9230

ence of miR-21 expression between tumor and 
normal tissues, suggesting miR-21 was a 
potential target for HCCA [11-13].

Our study was focused on explore the detailed 
mechanism to better understand the role of 
miR-21 in HCCA. More specifically, RBE cell 
transfection model was established for detec-
tion of cell behaviors and PTEN expression. We 
expected to provide more data to promote 
application of miR-21 in HCCA treatment.

Methods and materials

Materials

RBE cell line was purchased from Sunbio 
(China) and stored in liquid nitrogen. Reagents 
for cell culture were purchased from Gibco 
(USA), including RPMI1640 medium, trypsin, 
fetal bovine serum, and phosphate buffer. 
Culture dish was purchased from Corning (USA). 
Transwell chamber and Martrigel were pur-
chased from BD company (USA). CCK-8 detec-
tion kit was purchased from Beyotime Bio- 
technology (China). 

miR-21 activator and miR-21 inhibitor were syn-
thesized in Shanghai Sangon Company (China) 
as follows: UAGCUUAUCAGACUGAUGUUGA (ac- 
tivator); UGUCGGGUAGCUGACCACAACG (inhi- 
bitor).

PTEN antibody was purchased from Santa Cruz 
(USA). Western blot reagents were purchased 
from Beyotime Biotechnology (China).

Transfection and Western blot

Frozen RBE cells were resuscitated and trans-
formed into incubator at 37°C for 5 minutes. 
Then the cells were centrifuged at low speed 
(1000 rpm/min) for 3 minutes and seeded in 
RPMI 1640 medium containing 10% fetal 
bovine serum. The cells were cultured till the 
number reached 1×105/dish (60 mm) and 
digested by 0.25％ trypsin for transfection. 
Next, the cells were electrotransfected accord-
ing to routine protocol (voltage 4 V, 0.004 sec-
ond). A total of 2 μg miR-21 activator or miR-21 
inhibitor were transfected, respectively. Wes- 
tern Blot was performed to detect PTEN expres-
sion at 36 hours after transfection, and β-actin 
was used as internal marker.

CCK-8 examination for proliferation

Both post-transfection RBE cells and control 
RBE cells were cultured in incubator with satu-
ration humidity at 37°C and 5% CO2 for 6 h, 12 
h, 24 h, and 36 h, respectively. Then the cells 
were counted and seeded in 96-well microtiter 
plate at 1×104/well in 200 μl for 12 hours. 
Next, 10 μl CCK8 reaction solution was added 
for another 3 hours. Absorbance value (450 
nm) was examined using ultraviolet spectro-
photometer to calculate rate of cell prolifera-
tion and inhibition.

Tumor invasion examined with transwell model

Matrigel (70 μl/well) was put onto the polycar-
bonate membrane (bore diameter 8 μm) in 
24-well transwell model at 37°C for 60 min-
utes. A total of 200 μl cell suspension at 1×105/
ml in BSA-treated medium (Fetal bovine serum 
free) was added into the upper chamber, while 
1000 μl complete medium was added into the 
lower chamber. After cultured at 37°C and 5% 
CO2 for 6 h, 12 h, and 24 h, respectively, the 
membrane was stained by crystal violet (0.1%) 
to identify the penetrated cells under 100× flu-
orescence inversion microscope.

Cell wound scratch assay to examine migration

Cell wound scratch experiment was performed 
in routine protocol [13]. RBE cells were 
scratched by a 200 μl pipette tip and cultured 
in incubator with saturation humidity at 37°C 
and 5% CO2. After indicated time, the cells were 
photographed and analyzed with Image J soft-
ware to examine scratch width. Six places were 
randomly enrolled from scratches for analysis 
of migration distance.

Figure 1. Proliferation of RBE cells in different 
groups. **: significance compared with control 
group (P<0.01). *: significance compared with con-
trol group (P<0.05).
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Statistical analysis

SPSS13.0 was used for data analysis. Mea- 
surement data was compared by t test. All 
experiments above were repeated at least 
three times. P value <0.05 was considered to 
be statistically significant.

Results

miR-21 enhanced proliferation of RBE cells

Proliferation of RBE cells was examined with 
CCK-8 kit for three different groups (Figure 1). 
Compared with control group, miR-21 activator 
group exhibited a significant higher level of pro-
liferation (P<0.05). More specifically, miR-21 
activator significantly enhanced proliferation of 
RBE cells at 12-hour after transfection with 
time-dependent (P<0.01). In addition, miR-21 
inhibition significantly attenuated proliferation 
of RBE cells at 12-hour after transfection with 
time-dependent (P<0.01). It suggested that 
miR-21 intervention obviously regulated cell 
proliferation from 12 hours after transfection.

miR-21 influenced migration of RBE cells

Cell wound scratch assay demonstrated that 
miR-21 was associated with migration of RBE 
cells (Figure 2). At 24-hour after transfection, 
migration distances in three groups were 4.23 
± 1.13 μm (miR-21 inhibitor), 24 ± 6.85 μm 
(miR-21 activator), and 10.32 ± 3.13 μm (con-
trol), respectively. At 36-hour after transfection, 
migration distances in three groups were 7.23 
± 2.46 μm (miR-21 inhibitor), 38 ± 7.14 μm 
(miR-21 activator), and 18.32 ± 3.41 μm (con-
trol), respectively. They elucidated that enhanc-
ing miR-21 expression markedly promoted 
migration of RBE cells (P<0.05), while abrogat-
ing miR-21 expression significantly attenuated 
migration of RBE cells (P<0.05), suggesting 
miR-21 could regulate migration of RBE cells. 
Moreover, the effect of miR-21 on migration of 
RBE cells showed time dependence.

miR-21 regulated invasion of RBE cells

Invasion of RBE was detected at 12-hour, 
24-hour, and 36-hour after transfection, 

Figure 2. Cell wound scratch assay of three groups at different time points.
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respectively, by transwell assay. Compared 
with control group, miR-21 activator group pre-
sented a significant higher level of cell invasion 
(Figure 3, P<0.05); Compared with control 
group, miR-21 inhibitor group exhibited a sig-
nificant lower level of invasion (Figure 3, 
P<0.05).

miR-21 influenced cell behaviors of RBE cells 
via regulating PTEN

Western Blot demonstrated significant differ-
ences of PTEN expression among three groups 
at 36-hour after transfection (Figure 4). 
Compared with control group, PTEN in miR-21 
activator group significantly decreased, while 
PTEN in miR-21 activator group significantly 
upregulated.

Discussion

As a kind of chronic wasting fatal disease, 
tumor gradually jeopardizes body function so 
as to cause dysplasia or prosoplasia. Once can-

est researches are focused on mechanisms 
underlying regulation of tumor suppressor 
genes, including microRNA or lncRNA.

Studies have showed difference of miR-21 
expression between tumor tissues and normal 
tissues, and miR-21 might influence migration 
or invasion of cancer cells. However, it is unclear 
how miR-21 influence cell behaviors of tumor 
[18, 19]. Our study proved that miR-21 promot-
ed migration and invasion of cancer cells, veri-
fied by Cell wound scratch assay and transwell 
model, respectively. Furthermore, it was found 
that miR-21 enhanced proliferation of RBE 
cells, suggesting miR-21 had more potential 
effects on tumor. Transfection experiment elu-
cidated that miR-21 expression was positively 
correlated with RBE cell behaviors, suggesting 
regulation of miR-21 could be a potential thera-
peutic target for HCCA.

PTEN was involved in tumor progress via PI3K/
PTEN signaling pathway. In addition, studies 
demonstrated PTEN not only regulated various 
cell behaviors of tumor, such as cell cycle, pro-
liferation, apoptosis, migration, and invasion, 
but also influenced multiple tumors, including 
invasive bladder cancer, papillary thyroid carci-
noma, and endometrial cancer [20]. Accordingly, 
PTEN was proposed as a potential target of 
miR-21 in our study. Furthermore, Western Blot 
experiment demonstrated miR-21 expression 
was negatively correlated with PTEN expres-
sion. It indicated miR-21 could inhibit PTEN 
expression so as to influence cell behaviors of 
tumor.

ceration occurred, elimination 
of carcinogenic factor cannot 
stop tumor progressing. Tumor 
is characterized with infinite 
growth and invading to adja-
cent organs [14, 15]. Previous 
studies have proved that tumor 
malignancy was depended on 
proliferation, migration, and 
invasion of cancer cells, which 
were also the main action tar-
gets of tumor suppressor 
genes. Moreover, when gene 
disorder occurred in regulation 
of gene expression, especially 
in tumor suppressor genes, 
tumor metastasis was often 
triggered to cause spread of 
cancer cells [16, 17]. Thus, lat-

Figure 3. Analysis of crystal violet staining (0.1%) in three groups. **: signifi-
cance compared with control group (P<0.01).

Figure 4. PTEN expression among three groups at 
36-hour after transfection. 
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In conclusion, our study proved that miR-21 
promoted multiple cell behaviors of HCCA via 
inhibiting PTEN expression. Thus, inhibiting 
miR-21 expression is of clinical significance for 
HCCA treatment, and future studies are need-
ed to elucidate the specific mechanisms.
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