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Abstract. miR-21 induces epithelial-mesenchymal transition 
(EMT) of human cholangiocarcinoma (CCA) cells. However, 
the mechanism by which this occurs remains unclear. In the 
present study, high throughput platform was employed to detect 
the genes that are differential expressed in QBC939 cells trans-
fected with a hsa-miR-21 antagomir or control vectors. The 
EMT-related Krüppel-like factor 4 (KLF4) gene was down-
regulated after miR-21 was knocked down. Overexpression 
of miR-21 upregulated KLF4, Akt, ERK and mesenchymal 
cell markers (N-cadherin and vimentin), downregulated the 
expression of epithelial cell marker E-cadherin and reduced 
cell migration and invasion. Immunohistochemistry showed 
that KLF4, pAkt and pERK were upregulated in tumor 
xenografts transfected with miR-21 mimics. Inhibitors of 
the PI3K-Akt and ERK1/2 pathways, LY294002 and U0126, 
significantly suppressed the EMT phenotype. The present data 
demonstrated that overexpression of miR-21, accompanied 
with KLF4, augmented the EMT via inactivation of Akt and 
ERK1/2 pathways. In conclusion, we have identified a novel 
mechanism that may be targeted in an attempt to relieve the 
malignant biological behavior of CCA cells.

Introduction

Cancer metastasis is a highly coordinated and sequential 
process. An epithelial-mesenchymal transition (EMT) is 
important for disseminating cancer cells by endowing them 
with greater motility and invasiveness (1,2). Transformed cells 

downregulate epithelial cell marker E-cadherin whilst upregu-
lating mesenchymal markers N-cadherin and vimentin (3-6).

MicroRNAs (miRNAs) are a class of small, endogenous 
non-coding RNAs that regulate target gene expression through 
pairing to its 3'-UTR (7). Accumulating evidence demonstrates 
that miRNAs are integral to the progression and metastasis 
of many human malignancies (8,9), including cholangiocarci-
noma (CCA).

miR-21 is a major oncogenic miRNA, which is associated 
with several biomarkers and therapeutic targets in a variety 
of tumor types, such as renal (10), bladder (11), colorectal 
cancer (12) and others. miR-21 is an important critical regu-
lator of the biological behavior of cancer cells and plays a role 
in apoptosis (10) and proliferation (13). Increasing evidence 
has demonstrated that miR-21 is implicated with induction 
and regulation of the EMT program (14-17). In addition, recent 
studies have suggested that miR-21 increases the prolifera-
tion, migration and invasion of cancer cells of various origin 
through activation of the phosphatidylinositol 3-kinase (PI3K)/
protein kinase B (Akt) and mitogen-activated protein kinase 
(MAPK)/extracellular signal regulated kinase1/2 (ERK1/2) 
pathways (18,19), both of which are dysregulated during the 
maintenance of EMT (20-22). Notably, Yan et al (23) found 
that PI3K/AKT inhibition by miR-21 knockdown reversed 
EMT in breast cancer in vitro.

We previously demonstrated that miR-21 is involved in the 
EMT of CCA cells (24). Krüppel-like factor 4 (KLF4) has been 
considered to be critical for EMT (25), however, the interac-
tions between miR-21 and KLF4 that trigger the EMT of CCA 
cells remain unclear. The present study aimed to identify if 
miR-21, jointly with KLF4, is involved in the maintenance of 
EMT of CCA cells via AKT and ERK1/2 pathways.

Materials and methods

Reagents and antibodies. Human hsa-miR-21 (MIMAT 
0000076) antagomir, mimics, scramble control and negative 
control were purchased from Guangzhou Land Unicomed 
Biotechnology, Co., Ltd. (Guangzhou, China). PCR primers 
were synthesized by Sangon Biotech, Co., Ltd. (Shanghai, 
China). Real-time PCR assay kits were purchased from Takara 
Bio (Dalian, China). Specific siKLF4 duplexes and a scramble 
control siRNA sequence (SsiKLF4) were purchased from 
Guangzhou Land Unicomed Biotechnology. LY294002 and 
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U0126 were purchased from Sigma-Aldrich (St. Louis, MO, 
USA). Lipofectamine 2000 was purchased from Invitrogen 
(Carlsbad, CA, USA). Rabbit anti-human raised against 
E-cadherin, N-cadherin, vimentin, KLF4, Akt, phospho-Akt 
(p-Akt), ERK1/2, phospho-ERK1/2 (p-ERK1/2), GAPDH and 
an HRP-conjugated anti-rabbit IgG secondary antibody were 
purchased from Cell Signaling Technology (Danvers, MA, 
USA).

Cell lines and xenografts. Human QBC939 cholangiocar-
cinoma cells were purchased from the Cell Bank of the 
Chinese Academy of Sciences. Cells were maintained in 
high-glucose Dulbecco's modified Eagle's medium (DMEM; 
Gibco, Waltham, MA, USA), supplemented with 10% fetal 
bovine serum (FBS; Zhejiang Tianhang Biotechnology, Co. 
Ltd., Huzhou, China), 100 units/ml penicillin, 100 mg/ml 
streptomycin and 1% glutamine (Invitrogen) and were grown 
at 37˚C in a humidified atmosphere of 95% air and 5% CO2. 
Xenografts, procured from our previous study (24), were 
embedded within consecutive paraffin sections and sliced 
prior to immunohistochemical analysis.

Vectors and transfection. Specific siKLF-4 duplexes and a 
scramble control siRNA sequence (SsiKLF-4) were designed, 
synthesized and annealed by Sigma-Aldrich. The selected 
RNA duplex (siKLF-4) corresponded to nucleotide sequences 
of KLF-4 mRNA sense: 5'-CCC ATC TTT CTC CAC GTT 
CG-3' and antisense: 5'-TGC TTG ATC TTG GGG CAC 
GT-3'. LY294002 (inhibitor of PI3K/Akt) and U0126 (inhibitor 
of ERK1/2) were purchased from Sigma-Aldrich. Human 
miR-21 mimics, inhibitor and negative control were purchased 
from Guangzhou RiboBio, Co., Ltd. (Guangzhou, China). 
QBC939 cells were transfected with either: i) miR-21 mimics 
(mimic group); ii) miR-21 negative control (control group); or 
ii) miR-21 inhibitor (inhibitor group) using Lipofectamine 
2000 transfection reagent (Invitrogen) following the manufac-
turer's guidelines. Briefly, 5x105 cells were seeded into 6-well 
plates and grown to 60% confluence. Human miR-21 antagomir 
or its negative control were transfected directly into QBC939 
cells at a final concentration of 50 nmol/l. Human miR-21 
mimics or its negative control were allowed to form transfec-
tion complexes with Lipofectamine™ 2000 in Opti-MEMH I 
serum-free medium (Invitrogen) at a final concentration of 
40 nmol/l. Transfections were performed in triplicate. The 
transfection efficiency was determined by fluorescent micro-
scopy 24 h post transfection. Finally, the transfected cells were 
harvested for total RNA and protein extraction.

Real-time RT-PCR analysis. We investigated the expression of 
miR-21, KLF4 and ERK in transfected QBC939 CCA cells. 
Initially, total RNA was extracted using TRIzol reagent 
(Invitrogen) following the manufacturer's guidelines. Next, 
RNA was reverse transcribed into cDNA using a PrimeScripts 
RT reagent kit (Takara Bio). For the reverse transcription of 
miR-21, a miR-21 reverse transcription (RT) primer (5'-GTC 
GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG 
GAT ACG ACT CAA CA-3') and quantitative real-time 
RT-PCR (qPCR) primers (forward, 5'-GCC CGC TAG CTT 
ATC AGA CTG ATG-3' and reverse, 5'-GTG CAG GGT CCG 
AGG T-3') were used. qPCR reactions were carried out using 

SYBRH Premix Ex Taq™ II (Takara Bio) using an Applied 
Biosystems real-time PCR system (Life Technologies, 
Carlsbad, CA, USA). U6 small nuclear RNA was used as an 
internal control for miR-21. Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) mRNA was used as an internal 
control for KLF4 and ERK genes. The following primers were 
used: miR-21: forward, 5'-ACA CTC CAG CTG GGT AGC 
TTA TCA GAC TGA TG-3' and reverse, 5'-CTC AAC TGG 
TGT CGT GGA-3'; U6: forward, 5'-CTC GCT TCG GCA 
GCA CA-3' and reverse, 5'-AAC GCT TCA CGA ATT TGC 
GT-3'. PCR reactions were done in triplicate. All samples were 
normalized to internal controls and fold changes were calcu-
lated using the relative quantification method (2-ΔΔCT).

Western blotting. Western blotting of five proteins was 
conducted as described in our previous study (24). Briefly, 
cells and xenografts were washed in phosphate-buffered saline 
(PBS) and incubated in lysis buffer (Sangon Biotech, Co., Ltd., 
Shanghai, China). Protein was separated by 12% SDS-PAGE 
and transferred to a PvDF membrane (Sangon Biotech). 
Non-specific binding sites were blocked by incubation with 
TBST containing 5% (w/v) non-fat dried milk. Next, the 
membrane was incubated with rabbit anti-human Akt, p-Akt, 
KLF-4, ERK or p-ERK (1:1,000 dilution) primary antibodies 
at 37˚C for 1 h. Subsequently, membranes were incubated 
overnight with an HRP-conjugated anti-rabbit IgG secondary 
antibody (1:1,000 dilution) at 4˚C. Signals were visualized by 
an ECL chemiluminescence detection kit and semi-quantitated 
using ImageJ software. Equal protein loading was assessed by 
the expression of GAPDH.

Immunohistochemical staining. Tissues were obtained from 
mouse xenografts as previously described (24), and were fixed 
in formalin, embedded in paraffin and sectioned (2 µm). Slides 
were stained with KLF-4, p-Akt and p-ERK antibodies, and 
developed with a streptavidin-peroxidase (S-P) kit (Fuzhou 
Maixin Biotechnology Development, Co., Ltd., Fuzhou, 
China). The proportion of positive cells was determined using 
five x200 magnification fields per slide.

Migration and invasion assays. Migration and invasion of 
cells were determined with the Transwell chamber assay 
(8-µm pore size; Millipore, Billerica, MA, USA) completed 
as per the manufacturer's instructions. To determine invasion, 
the chamber was coated with 80 µl Matrigel (BD Biosciences, 
San Jose, CA, USA) hydrated with 50 µl serum-free medium. 
Next, 200 µl transfected cell suspension (1x105 cells/ml) was 
added to the upper chamber, and media supplemented with 
30% fetal bovine serum (FBS) was added to the bottom wells. 
After culturing for 24 h, cells were fixed for 15 min in 4% 
formaldehyde and stained with 1% crystal violet. Cell numbers 
were counted under an optical microscope. Cell migration was 
also evaluated using the Transwell chamber assay with the 
exception that the chamber was not coated with Matrigel. Each 
experiment was repeated at least three times.

Construction and transfection of siKLF4. Based on the human 
KLF4 mRNA sequence (NM_000314), specific siRNA 
duplexes were designed, synthesized and annealed by Land 
Unicomed Biotechnology. The selected RNA duplex (siKLF4) 



INTERNATIONAL JOURNAL OF ONCOLOGY  50:  1109-1115,  2017 1111

corresponding to nucleotides 1567-1585 of KLF4 mRNA was 
defined as sense: 5'-GCU ACC UGU UAA AGA AUC 
AdTdT-3' and antisense: 5'-UGA UUC UUU AAC AGG UAG 
CdTdT-3'. The scramble-control siRNA sequence (SsiKLF4) 
was also designed by Land Unicomed Biotechnology, and has 
no significant homology to any known human gene sequence. 
Prior to transfection, 5x105 cells were seeded into 6-well plates 
and grown to 70% confluence. Human siKLF4 or SsiKLF4 
(final concentration of 50 nmol/l) was allowed to form trans-
fection complexes with the Lipofectamine 2000 reagent 
(Invitrogen) in Opti-MEMH I serum-free medium (Invitrogen) 
as per the manufacturer's guidelines.

Scratch wound migration assay. For the scratch wound 
migration assay, 1x106 cells were seeded into 6-well 
plates and grown to 60% confluence. Next, the cells were 
transfected with a miR-21 mimic and co-incubated with 
LY294002 or U0126 inhibitors. A ‘wound’ was then created 
by scratching the cell cultures with a plastic filter tip. The 
cells were rinsed three times with PBS and incubated at 37˚C. 
The average distance that cells migrated after 0, 24 and 48 h 
was determined using an inverted microscope with x8 vision. 
Migration distance was calculated by image processing 
using Prolog software. From the data, the migration rate = 
(1-distance at indicated time/distance at 0 h)%. Experiments 
were performed in triplicate.

Statistical analysis. All data are expressed as the mean ± SD. 
Data were analyzed using SPSS v20.0 software. The Student's 

t-test was used to determine statistical differences between 
treatment groups. A P≤0.05 was considered statistically 
significant.

Results

Transfected miR-21 and its inhibitor change the expression 
of miR-21 in QBC939 cells. To evaluate whether miR-21 
mimics and inhibitors can modify the expression of miR-21, 
QBC939 cells were transfected with a miR-21 mimic or 
inhibitor for 48 h after which the relative expression of 
miR-21 was measured by RT-PCR. The relative expression 
of miR-21 was significantly upregulated in QBC939/miR-21 
cells relative to NC cells (P<0.01; Fig. 1A). However, the rela-
tive expression of miR-21 was significantly downregulated in 
QBC939/miR-21 inhibitor cells relative to NC cells (P<0.01; 
Fig. 1A). These results suggested that hsa-miR-21 upregu-
lates expression of miR-21 within QBC939 cells, whereas 
the hsa-miR-21 inhibitor could downregulate miR-21 in 
QBC939/miR-21 inhibitor cells.

Inhibition of miR-21 downregulates KLF4 in QBC939 cells. 
To investigate the role of miR-21 on EMT, QBC939 cells 
transfected with the hsa-miR-21 inhibitor or control differen-
tially expressed genes and EMT-related genes were analyzed 
by Human GeneChip Primeview. The data showed that 400 
genes were differentially expressed (115 upregulated and 285 
downregulated genes) in miR-21-knockdown cells compared 
to NC cells (Fig. 1B). These differentially expressed genes 

Figure 1. Altered expression of miR-21, EMT-related genes, KLF4, Akt and ERK after transfection with miR-21 mimic, miR-21 inhibitor, or control. 
(A) QBC939 cells treated with miR-21 mimic showed increased expression of miR-21, whereas cells treated with the miR-21 inhibitor showed decreased 
expression of miR-21 compared to the NC group (P<0.01). (B) Clustered and (C) pathway enrichment of differentially expressed genes induced by miR-21 
knockdown. (D and E) Altered levels of KLF4 and ERK by qPCR. The qPCR reactions were performed in triplicate. As loading control, 18S rRNA was used. 
(**P<0.01, compared with NC group).
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were mainly enriched for the glycolysis gluconeogenesis, 
pentose phosphate, fructose and mannose metabolism and p53 
signaling pathways (Fig. 1C). Further analysis of these genes 
using IPA software showed that genes KLF4 and ERK are 
related to EMT. KLF4 and ERK expression were verified by 
qPCR (Fig. 1E).

miR-21 augments levels of KLF4, Akt and ERK in QBC939 
cells. To investigate the mechanism of miR-21 on EMT in 
QBC939 cells, the relative mRNA expression of KLF4, Akt 
and ERK was determined. miR-21 increased mRNAs levels 
of KLF4, Akt and ERK relative to corresponding control 
cells (P<0.01; Fig. 1E). Conversely, the miR-21 inhibitor 
decreased KLF4, Akt and ERK levels (P<0.01). These results 
suggest that miR-21 affects mRNA expression of KLF4, Akt 
and ERK.

miR-21 increases expression of KLF4, and Akt and ERK acti-
vation in xenografts. To evaluate whether miR-21 upregulates 
the expression of KLF4 and of Akt and ERK activation, we 
used immunohistochemistry and western blotting to determine 
miR-21 protein levels in tissues obtained from mouse xeno-
grafts as previously described (24). As expected, the protein 
expression of KLF4 in the miR-21 mimic group was markedly 
upregulated compared to the control group (P<0.01; Fig. 2A, D 
and I). In the miR-21 mimic group, levels of pAkt and pERK 
were also significantly upregulated (P<0.01; Fig. 2A-C and 
E-G). These results demonstrate that miR-21 mimics upregu-
late the expression of KLF4 and activate Akt and ERK.

miR-21 antagonism accompanies KLF4 knockdown inac-
tivated AKT and ERK1/2. Akt and ERK1/2 are two major 
components of signaling pathways that are involved in the 
regulation of cell proliferation, migration and survival. To 
determine the signaling molecules involved in the antago-
nism of KLF4 and miR-21-induced EMT phenotype, protein 
levels of phosphorylated Akt (p-Akt), Akt, phosphorylated 
ERK1/2 (p-ERK1/2) and ERK1/2 were determined by western 
blot analysis. The protein levels of p-Akt and p-ERK1/2 
in QBC939/anti-KLF4/miR-21 inhibitor cells were mark-
edly lower compared to levels in anti-KLF4 cells (P<0.01; 
Fig. 3A-C). miR-21 antagonism, in combination with KLF4 
knockdown, could reverse EMT via suppressing Akt and 
ERK1/2 activation.

Overexpression of miR-21 induces an EMT phenotype accom-
panied with upregulation of KLF4 and activation of AKT 
and ERK1/2. To confirm the role of miR-21 in regulating an 
EMT phenotype, hsa-miR-21 mimic or inhibitor were trans-
fected into QBC939 cells. The protein expression of EMT 
biomarkers (N-cadherin, vimentin and E-cadherin), KLF4, 
p-Akt, Akt, p-ERK1/2 and ERK1/2 were measured by western 
blot analysis. Compared to NC cells, overexpression of miR-21 
increased the protein expression of N-cadherin and vimentin, 
but decreased the expression of E-cadherin (P<0.01; Fig. 3E 
and I). In addition, low expression of miR-21, induced by 
the miR-21 inhibitor, decreased the levels of N-cadherin and 
vimentin and increased the expression of E-cadherin (P<0.01; 
Fig. 3E and I). This suggests that overexpression of miR-21 

Figure 2. miR-21 mimic facilitates the expression of KLF4, pAkt and pERK in tumor xenografts. (A) Immunohistochemical analysis showing positive staining 
for p-Akt, p-ERK or KLF4. (B-D) Cell counts for staining with p-Akt, p-ERK or KLF4 are shown. (E) Western blot analysis showing relative protein levels of 
KLF4, Akt and ERK (F-H). Bands were semi-quantified using Quantity One software. GAPDH was used as loading control. Experiments were performed in 
triplicate and representative data are shown (**P<0.01).



INTERNATIONAL JOURNAL OF ONCOLOGY  50:  1109-1115,  2017 1113

induces an EMT phenotype in QBC939 cells. Overexpression 
of miR-21 increased the expression of KLF4 (P<0.01; Fig. 3E 
and H). In addition, re-expression of miR-21 increased the 
expression of p-Akt and p-ERK1/2 in QBC939 cells (P<0.01; 

Fig. 3F and G), thereby suggesting that an overexpression of 
miR-21 could activate Akt and ERK1/2 pathways. Together, 
these data imply that miR-21 regulates EMT and is related to 
alterations in KLF4 expression and Akt/ERK1/2 pathways.

Figure 3. Effects of miR-21 on the expression of KLF4, E-cadherin, N-cadherin, vimentin and/or Akt/ERK1/2 pathways. (A) The relative levels of p-Akt, Akt, 
p-ERK, ERK, KLF4 and EMT marker proteins were measured by western blot analysis. (B-D) Bands were semi-quantified using Quantity One software. 
(E) Western blot analysis showing protein levels of p-Akt, Akt, p-ERK1/2, ERK1/2, KLF4, mesenchymal markers (N-cadherin and vimentin) and epithelial 
cell marker (E-cadherin). (F-I) Bands were semi-quantified using Quantity One software. GAPDH was used as loading control (**P<0.01).

Figure 4. miR-21 regulates EMT through mediating Akt and ERK1/2 activation in QBC939 cells. (A) Relative and (B) semi-quantified protein levels of EMT 
markers from Blank, NC, miR-21 mimic, LY294002 and U0126 treatment groups. GAPDH was used as loading control (**P<0.01 compared with miR-21 mimic 
group).
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miR-21 regulates an EMT phenotype and increases invasion 
and migration through AKT and ERK1/2 pathways. To further 
investigate the involvement of Akt and ERK1/2 pathways in 
miR-21 regulating an EMT, QBC939 cells were transfected 
with miR-21 mimics for 72 h. Cells were treated for 24 h with 
either the LY294002 inhibitor of Akt or the U0126 inhibitor 
of ERK1/2. Our data confirm that treatment with LY294002 
and U0126 resulted in abolished overexpression of miR-21, 
induced inhibition of E-cadherin, and activation of N-cadherin 
and vimentin (P<0.01; Fig. 4). Thus, we have demonstrated 
that miR-21 overexpression and its ability to induce the EMT 
phenotype were inhibited by LY294002 or U0126 in QBC939 
cells.

We also studied the effect of antagonizing miR-21 on the 
migration and invasion of CCA cells (Fig. 5A, B and E). The 
number of migrated and invaded QBC939/anti-miR-21 cells 
were significantly lower compared to that of NC cells (P<0.01; 
Fig. 5C, D and F), thereby suggesting that miR-21 antagonists 
reduced the migration and invasion of CCA cells. 

Discussion

Increasing evidence suggests that the expression of miR-21 
is upregulated in various cancer types, including cholan-
giocarcinoma (CCA), where it is frequently associated with 
EMT (15,16,26). Overexpression of miR-21 in CCA biopsies 
is predictive for a poor outcome (24), and is accompanied 
with low expression of E-cadherin and high expression of 
N-cadherin and vimentin (27-29). In our previous study, we 
showed that miR-21 complicates the EMT of CCA cells. We 
also showed that that CCA xenografts have high levels of 
N-cadherin and vimentin and low levels of E-cadherin (24). In 

the present study, we first identified genes that are differentially 
expressed in a CCA xenograft model transfected with miR-21 
knockdown or control lentivirus, and found that KLF4 and 
ERK were significantly downregulated. Both KLF4 and ERK 
genes are associated with EMT. Tiwari et al (25) previously 
showed that KLF4 was significantly downregulated during 
EMT of breast cancer cells. However, the role of KLF4 in the 
EMT of CCA cells has not been elucidated. Accordingly, we 
studied the effect of miR-21 on the expression of KLF4, its 
role in the EMT, and investigated the potential underlying 
mechanisms of action. We used immunohistochemistry and 
western blot analysis to show that, in QBC939 CCA cells, 
overexpression of miR-21 promoted upregulation of KLF4 
and expression of Akt and ERK proteins. Therefore, our data 
suggest that miR-21 and KLF4 regulate EMT through AKT/
ERK1/2 pathways.

To investigate the roles of miR-21 and KLF4 in regulating 
the EMT phenotype of CCA cells, miR-21 mimics or inhibi-
tors were transfected into QBC939 cells. In addition, KLF4 
was silenced by using siKLF4. The data showed that the EMT 
phenotype was maintained by miR-21 mimics and reversed 
by miR-21 inhibitor. The results are consistent with previous 
studies, in which was shown that miR-21 facilitated EMT of 
pancreatic cancers (15,30), thyroid (16) and CCA origin and 
decreased activation of Akt and ERK1/2 pathways (24). We 
also demonstrated that the downregulation of KLF4 by using 
RNAi reversed the EMT and suppressed the activation of Akt 
and ERK1/2 signaling. Studies have demonstrated that Akt 
and/or ERK1/2 pathways are required for augmenting the 
EMT of several different cancer cell lines, including MCF-7 
breast cancer cells (20), breast epithelial cells (21,22), cervical 
cancer cells (20), ovarian carcinoma cells (31) and colon 

Figure 5. miR-21 regulates the invasion and migration of CCA cells through activation of Akt and ERK1/2 pathways. (A) The invasive and (C) migration 
properties of indicated cells were tested in invasion and migration assays in Transwell inserts. (B and D) Penetrated cells were counted and analyzed. 
(E) Scratch-wound assay was performed in QBC939 cells and (F) migration rate were quantified from results shown in (E). Experiments were performed in 
triplicate (*P<0.05; **P<0.01). 
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cancer cells (32). These results demonstrate that miR-21 and 
KLF4 play an important role in mediating EMT of CCA cells 
through the AKT and ERK1/2 pathway.

Finally, we evaluated the invasion and migration of QBC939 
cells. Overexpression of miR-21 by miR-21 mimics promoted 
the activation of Akt and ERK1/2 pathways and resulted in 
an increase in invasive ability and migration rate. However, 
these effects were suppressed by treatment of the cells with 
PI3K-Akt or the ERK1/2 inhibitor LY294002 or U0126.

In summary, our data demonstrate that miR-21 and KLF4 
synergistically regulated EMT of QBC939 CCA cells through 
Akt and ERK1/ 2 pathways. The present study illustrated a 
mechanism by which miR-21 and KLF4 maintain an EMT 
within CCA cells, which may be beneficial for the develop-
ment of novel therapies to treat cancer.
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