
Am J Cancer Res 2016;6(2):141-156
www.ajcr.us /ISSN:2156-6976/ajcr0016806

Original Article
MicroRNA-10b regulates epithelial-mesenchymal  
transition by modulating KLF4/Notch1/E-cadherin  
in cisplatin-resistant nasopharyngeal carcinoma cells

Pei Zhang1*, Haiyu Hong2*, Xiaojin Sun1*, Hao Jiang3, Shiyin Ma4, Surong Zhao1, Mengxiao Zhang1, Zhiwei 
Wang5,6, Chenchen Jiang1,7, Hao Liu1

1Faculty of Pharmacy, Bengbu Medical College, Anhui Engineering Technology Research Center of Biochemical 
Pharmaceuticals, Bengbu 233030, Anhui, P. R. China; 2Department of Otolaryngology, The Fifth Affiliated Hospital 
of Sun Yat-sen University, Zhuhai 519000, China; 3Department of Radiotherapy, The First Affiliated Hospital of 
Bengbu Medical College, No 287, Chang-Huai Road, Bengbu 233000, Anhui, P. R. China; 4Department of ENT, 
The First Affiliated Hospital of Bengbu Medical College, No 287, Chang-Huai Road, Bengbu 233000, Anhui, P. R. 
China; 5Department of Pathology, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, MA 
02215, USA; 6The Cyrus Tang Hematology Center and Collaborative Innovation Center of Hematology, Jiangsu 
Institute of Hematology, The First Affiliated Hospital, Soochow University, Suzhou, China; 7Priority Research Center 
for Cancer Research, University of Newcastle, Newcastle, NSW 2308, Australia. *Equal contributors.

Received September 24, 2015; Accepted December 21, 2015; Epub January 15, 2016; Published February 1, 
2016

Abstract: Epithelial-mesenchymal transition (EMT) is an initiating event in tumor cell invasion and metastasis that 
contributes to therapeutic resistance to compounds including cisplatin. MicroRNAs (miRNAs) have been associ-
ated with EMT as well as resistance to standard therapies. However, the underlying mechanisms by which miRNAs 
control the development of resistance to cisplatin (DDP), and the accompanying EMT-like properties are required to 
elucidate. Here we show that microRNA-10b (miR-10b) is up-regulated in HNE1/DDP cells, and inhibition of miR-10b 
expression reversed the EMT phenotype. However, over-expression of miR-10b was able to promote the acquisition 
of an EMT phenotype in HNE1 cells. Additionally, we identified that miR-10b expression inversely correlates with 
KLF4, which then controls expression of Notch1. Knock-down of Notch1 inhibited cell migration, invasion, and 
reversed EMT in HNE1/DDP cells, which was dependent on miR-10b. In summary, our results reveal that miR-10b 
regulates EMT by modulating KLF4/Notch1/E-cadherin expression, which promotes invasion and migration of nasal 
pharyngeal carcinoma cells.
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Introduction

Nasopharyngeal carcinoma (NPC) is a preva-
lent head and neck cancer common in So- 
utheast Asia and China, with an incidence rate 
of approximately 20-50 cases per 100,000 
individuals per year [1]. Radiotherapy is the pri-
mary therapeutic course of action, and when 
combined with chemotherapy is an effective 
treatment against advanced carcinoma [2]. 
With the improvement of diagnostic and thera-
peutic approaches, most patients with early-
stage NPC have been cured successfully. Ho- 
wever, the 5-year survival rate of most middle-
late and late-stage patients is extremely low, 

with treatment failure primarily due to the de- 
velopment of drug resistance and metastasis to 
distant organs.

MicroRNAs (miRNAs) are highly conserved sin-
gle-stranded small non-coding RNA molecu- 
les about 18-25 nucleotides in length. They re- 
gulate physiological processes post-transcrip-
tionally by binding to complementary target 
sequences in the 3’ untranslated regions (3’ 
UTRs) of mRNAs causing translational repres-
sion and/or mRNA destabilization [3]. It has 
been proposed that miRNAs are involved in 
embryonic development, tumorigenesis, metas-
tasis, metabolism, and many other physiologi-
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cal and pathological processes [4]. Although 
the biological functions of most miRNAs have 
not been fully elucidated, the involvement of 
miRNAs in drug resistance and epithelial-mes-
enchymal transition (EMT) has been recently 
reported [5]. Some miRNAs have oncogenic 
activity and are up-regulated in cancer, where-
as others have tumor suppressor activity and 
are down-regulated in cancer [6]. Moreover, 
miRNAs have been implicated in the process of 
EMT through the modulation of EMT-related 
genes [7]. However, a role for miRNAs in regu-
lating resistance to cisplatin as well as the 
accompanying EMT-like properties leading to a 
higher invasive capacity of NPC has yet to be 
reported.

EMT has been characterized as a multi-step 
event involving various key signaling pathways 
including the TGF-β, EGF, NF-κB, Wnt, and Notch 
pathways [8]. New evidence shows that Notch 
signaling promotes EMT by converting polar-
ized epithelial cells into motile, invasive cells 
during tumor progression [9]. Moreover, multi-
ple studies have suggested that Notch1 plays a 
key role in the regulation of EMT during the 
development and progression of pancreatic 
tumors, resulting in tumor recurrence and de- 
velopment of drug resistance in pancreatic can-
cer [10]. However, the role of Notch1 signaling 
in NPC is not well understood. In this study, we 
demonstrate that cisplatin resistant cells with 
an EMT phenotype have up-regulation of miR-
10b, resulting in down-regulation of KLF4 and 
subsequent up-regulation of Notch1.

HNE1 and HNE1/DDP cells were grown in RPMI-
1640 medium containing 10% FBS with penicil-
lin (100 U/mL) and streptomycin (100 U/mL) at 
37°C with 5% CO2. The RPMI-1640 medium for 
culturing HNE1/DDP cells was supplemented 
with DDP (4 µmol/L). All cell lines were tested 
each month for mycoplasma contamination, 
used only at low passage, and regularly exam-
ined under a microscope for phenotypic chang-
es prior to use. Negative control mimics (NC), 
miR-10b mimics (miR-10b), miR-10b inhibitors 
(anti-miR-10b), negative control inhibitors (an- 
ti-NC), and Notch1 siRNAs (for sequences, see 
Table 1) were synthesized by GenePharma 
Company (Shanghai, China). The Notch1 cDNA 
plasmid was previously described [11]. Tran- 
sfections were performed with Lipofectamine 
2000 (Invitrogen, CA, USA) according to the 
manufacturer’s protocol. Total RNAs and pro-
teins were prepared at 48 h post transfection 
for qRT-PCR analysis or Western blotting, re- 
spectively.

Morphological analysis

Cells were grown to 70% confluence in DDP-
free medium for HNE1 cells and in medium 
supplemented with DDP for HNE1/DDP cells. 
Cells were visualized under light microscopy 
(CKX41; Olympus, Tokyo, Japan). Images were 
captured using a microscope mounted digital 
camera (CellSens Entry; Olympus).

Wound healing assay

Cell migration was assessed using a wound 
healing assay. The HNE1 and HNE1/DDP cells 

Table 1. Transfected gene sequences
Gene Sequence (5’→3’)
Negative control sense UUCUCCGAACGUGUCACGUTT

anti-sense ACGUGACACGUUCGGAGAATT
miR-10b mimics sense UACCCUGUAGAACCGAAUUUGUG

anti-sense CAAAUUCGGUUCUACAGGGUAUU
miRNA inhibitor NC CAGUACUUUUGUGUAGUACAA
miR-10b inhibitor CACAAAUUCGGUUCUACAGGGUA
siControl sense UUCUCCGAACGUGUCACGUTT

anti-sense ACGUGACACGUUCGGAGAATT
siNotch1-A sense GUCCAGGAAACAACUGCAATT

anti-sense UUGCAGUUGUUUCCUGGACTT
siNotch1-B sense CAGGGAGCAUGUGUAACAUTT

anti-sense AUGUUACACAUGCUCCCUGTT
siNotch1-C sense GGGCUAACAAAGAUAUGCATT

anti-sense UGCAUAUCUUUGUUAGCCCTT

Materials and methods

Reagents and antibodies

Cisplatin (DDP) was purchased from Qilu 
Pharmaceutical Co., Ltd. (Jinan, China). 
RPMI-1640 medium, fetal bovine serum 
(FBS) and phosphate-buffered saline 
(PBS) were purchased from Gibco-BRL 
(grand Island, NY, USA). Matrigel was 
purchased from BD Biosciences (Be- 
dford, MA, USA). Primary antibodies ag- 
ainst E-cadherin, Vimentin, MMP-9 (1: 
500), and β-actin (1:800) were obtained 
from Santa Cruz Biotechnology (Santa 
Cruz, CA, USA). Anti-Notch1 antibody 
was obtained from Abcam (MA, USA).

Cell lines and cell transfection
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were seeded into a 6-well plate (Corning Life 
Sciences) and allowed to grow to 70% conflu-
ence. Cells were then scraped with a sterile 
micropipette tip to create a gap of standard 
width and then washed several times with PBS 
to remove cell debris. The gap closure was 
observed under an inverted microscope after 
24 h, imaged and gap measured to calculate 
healing percentages.

Invasion and migration assay

The ability of the cells to pass through filters 
was measured using a Transwell Boyden cham-
ber system (Corning Life Sciences) containing a 
poly-carbonate filter (6.5 mm in diameter, 8 µm 
pore size). For cell invasion assays, the mem-
brane undersurface was coated with 50 µL of 
Matrigel mixed with RPMI-1640 serum-deprived 
medium at a 1:8 dilution and subsequently 
applied to the top side of the filter. By contrast, 
the filter was not coated for the cell migration 
assay. In both assays, cell suspensions (5×104 
cells/well) were added to the upper chamber  
in medium without serum. Medium containing 
10% FBS in the lower chamber served as a che-
mo-attractant. The cells that did not migrate or 
invade after 24 h of incubation were removed 
from the upper face of the filters by scrubbing 
with a cotton swab. Membranes were then fixed 
with 4% formaldehyde for 15 min at room tem-
perature and stained with 0.5% crystal violet 
for 15 min. Finally, the number of migrating or 
invading cells was counted at ×200 magnifica-
tion from ten different fields for each filter and 
analyzed to determine statistically significance. 
The experiments were performed in triplicate 
and the results were expressed as the number 
of cells per field.

Western blot analysis

Cells were plated in 6-well culture dishes (Co- 
rning Life Sciences) at a density of 4×105 cells/
well. Following 24 h of incubation, the cells 
were washed with 1 mL PBS/well and harvest-
ed by trypsin. cell lysates were centrifuged at 
12,000 rpm for 30 min at 4°C, following incu-
bation on ice for 30 min in lysis buffer. Prote- 
in concentrations were determined using the 
bicinchoninic acid (BCA) assay (Beyotime Ins- 
titute of Biotechnology, Beijing, China). Subse- 
quently, total protein (50 µg) was separated 
using 8-15% sodium dodecyl sulfate-polyacr- 
ylamide gel electrophoresis (SDS-PAGE) and 
transferred onto polyvinylidene difluoride (PV- 
DF) membranes. The membranes were blocked 
with 5% nonfat dried milk in TBS-T (20 mmol/L 
Tris, 0.15 mol/L NaCl (pH 7.0), 0.1% Tween 20) 
for 2 h, and probed with primary antibodies 
overnight at 4°C. The membranes were then 
washed and incubated with HRP-conjugated 
secondary antibody and finally visualized wi- 
th Chemiluminescent ECL reagent (Millipore, 
MA, USA). The membranes were imaged with 
gel imaging equipment (Bio-Rad, Hercules, CA, 
USA).

miRNA analysis

For miRNA analysis, total RNA was isolated 
using the miRNeasy Mini Kit (Qiagen) following 
the manufacturer’s instructions, and the RNA 
concentration was determined by NanoVue™ 
Plus (Thermo Fisher Scientific, Inc., GE Heal- 
thcare, USA). Aliquots (1 µg) of total RNA were 
converted to cDNA using miScript II RT Kit 
(Qiagen). Diluted cDNA was mixed with miScript 
SYBR Green PCR Kit (Qiagen) containing univer-
sal primers and SYBR Green dye and added to 
the wells of 96-well plates containing lyophi-
lized primer. The plates were run on an ABI 
StepOne™ Real-Time PCR System (Applied Bi- 
osystems, Foster City, CA, USA) and the expres-
sion of individual miRNAs was analyzed using 
the determined Ct values. The fold change for 
each miRNA was calculated by using the Cr- 
ossing point (Cp) values and the manufactur-
er’s web-based software. HNE1 cells were con-
sidered control cells for the comparison of fold 
change in HNE1/DDP cells. U6 was used as an 
endogenous control to normalize the Ct values 
obtained for each gene. Changes in gene ex- 
pression were calculated using the using the 
2-ΔΔCt method.

Table 2. Primer sequences used for qRT-PCR
Gene Primer sequence (5’→3’)
E-cadherin F: CATTTCCCAACTCCTCTCCTGGC

R: ATGGGCCTTTTTCATTTTCTGGG
Vimentin F: AGATGGCCCTTGACATTGAG

R: TGGAAGAGGCAGAGAAATTC
MMP9 F: CGGAGTGAGTTGAACCAG

R: GTCCCAGTGGGGATTTAC
Notch1 F:CTTTGTGCTTCTGTTCTTCGTG

R:ACTCATTCTGGTTGTCGTCCAT
GAPDH F:CAGCCTCAAGATCATCAGCA

R:TGTGGTCATGAGTCCTTCCA
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Figure 1. miR-10b promotes the migration and invasion of HPC cells. A. Left panel: qRT-PCR analysis of miR-10b ex-
pression in HNE1 and HNE1/DDP cells. The relative amount of miRNA was normalized to U6 (Mean ± SEM, *P<0.05 
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Quantitative mRNA analysis

Total RNA was isolated using TRIzol reage- 
nt (Invitrogen Life Technologies, Carlsbad, CA, 
USA) and RNA concentration was determined 
by NanoVue™ Plus. Aliquots (1 µg) of total RNA 
were reverse transcribed to cDNA (20 µL) using 
oligo(dT) and M-MuLV reverse transcriptase 
(Fermentas Inc., glen Burnie, MD, USA) follow-
ing the manufacturer’s protocol. Diluted cDNA 
was used as a template for PCR using the 
SYBR®-Green PCR kit (Takara, Kyoto, Japan) in 
an ABI StepOne™ Real-Time PCR System. The 
housekeeping gene, glyceraldehyde-3-phosph- 
ate dehydrogenase (GAPDH), was selected as 
an internal control for each experiment. The 
primers used in this study are presented in 
Table 2. All reactions were run in triplicate, 
ΔΔCt values were calculated and converted to 
approximate fold change values (2-ΔΔCt).

Statistical analysis

Data are presented as the mean ± SEM. The p 
value between mean values was calculated 
using the two-tailed Student’s t-test. All statisti-
cal analyses were performed using SPSS 13.0 
software (SPSS Inc., Chicago, IL, USA). P values 
<0.05 were considered to indicate statistical 
significance.

Results

Expression of miR-10b in HNE1/DDP cells

In order to identify whether miR-10b was in- 
volved in the underlying mechanisms of cispla-
tin resistance and induction of EMT-like proper-
ties, we first assessed the expression of miR-
10b in the cisplatin-resistance cell line HNE1/
DDP compared with the parental HNE1 cell 
line. We found that miR-10b was up-regulated 
about 25-fold in HNE1/DDP compared with 
HNE1 cells by qRT-PCR (Figure 1A, left panel). 

To determine whether miR-10b mimics could 
function in vitro, the HNE1 cell line, which ex- 
pressed lower levels of miR-10b, was transfect-
ed with miR-10b mimics. We observed that 
expression of miR-10b was dramatically incr- 
eased following transfection of the miR-10b 
mimics (Figure 1A, middle panel). Likewise, to 
reduce expression of miR-10b in HNE1/DDP 
cells, which showed higher levels of miR-10b, 
we transfected miR-10b inhibitors, which dra-
matically reduced miR-10b level (Figure 1A, 
right panel). These results indicate that miR-
10b mimics and inhibitors can be successfully 
transfected into nasopharyngeal carcinoma 
cells to alter the levels of miR-10b.

MiR-10b promotes the migration and invasion 
of human NPC cells

Based on the above results, we tested whether 
miR-10b could change the migration and inva-
sion capacity of human NPC cells using wound 
healing and Transwell Boyden chamber assays. 
We found that wound healing was enhanced in 
HNE1 cells transfected with miR-10b mimics 
(Figure 1B, HNE1 cells) and reduced in HNE1/
DDP cells by miR-10b inhibitors compared  
to control transfection conditions (Figure 1B, 
NHE1/DDP cells). In addition, the relative num-
ber of cells undergoing migration and invasion 
were increased by miR-10b mimics (Figure 1C), 
and decreased by miR-10b inhibitors as com-
pared to control cells (Figure 1D). These results 
indicate a positive role for miR-10b in the migra-
tion and invasion of human NPC cells.

MiR-10b regulates EMT in human NPC cells

Morphological analysis indicates that HNE1 
cells transfected with miR-10b mimics exhi- 
bited a greater number of mesenchymal cells 
(Figure 2A). In contrast, inhibition of miR-10b 
expression reversed the EMT phenotype of 
HNE1/DDP cells (Figure 2A). To fully explore 

compared to parental HNE1 cells). Middle panel: HNE1 cells transfected with miR-10b mimics. Relative levels of 
miR-10b were analyzed 48 h post transfection by qRT-PCR analysis (Mean ± SEM, *P<0.05 compared to NC). Right 
panel: HNE1/DDP cells were transfected with miR-10b inhibitors. Relative levels of miR-10b were analyzed 48 h 
post transfection by qRT-PCR analysis (Mean ± SEM, *P<0.05 compared to anti-NC). B. Left panel: Wound healing 
assays comparing the migratory potential of HNE1 or NHE1/DDP cells transfected with miR-10b mimics or anti-miR-
10b, respectively (images acquired at 100× magnification). Right panel: Quantification of gap closure (Mean ± SEM, 
*P<0.05 compared to NC). C. Left panel: Transwell Boyden chamber assays to compare the migratory and invasive 
potential of HNE1 cells transfected miR-10b mimics (images acquired at 200× magnification). Right panel: Quan-
tification of migrated and invaded cells (Mean ± SEM, *P<0.05 compared to NC). D. Left panel: Transwell Boyden 
chamber assays to compare the migratory and invasive potential of HNE1/DDP cells transfected miR-10b inhibitors 
(images acquired at 200× magnification). Right panel: Quantification of migrated and invaded cells (Mean ± SEM, 
*P<0.05 compared to anti-NC).
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Figure 2. miR-10b regulates EMT in human NPC cells. A. Cell morphology of HNE1 cells following transfection with 
miR-10b mimics and in HNE1/DDP cells following transfection with miR-10b inhibitors (images acquired at 200× 
magnification). B. Western blot analysis demonstrating that miR-10b mimics reduce E-cadherin protein abundance 
but enhanced vimentin and MMP9 protein abundance in HNE1 cells. In contrast, miR-10b inhibitors promoted E-
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the role of miR-10b in the regulation of EMT in 
HNE1 and HNE1/DDP cells, we measured the 
expression levels of EMT-related proteins fol-
lowing transfection with miR-10b mimics or 
inhibitors in HNE1 or HNE1/DDP cells, respec-
tively. We observed a decrease of E-cadherin at 
both the protein and mRNA levels in response 
to transfection of HNE1 cells with miR-10b 
mimics (Figure 2B, 2C). Vimentin and MMP9 
were increased in protein and mRNA abun-
dance (Figure 2B, 2C). Similar to our observa-
tions of changes in cellular morphology (Figure 
2A), transfection of HNE1/DDP cells with miR-
10b inhibitors had the opposite effect, show- 
ing an increase in E-cadherin and decrease in 
vimentin and MMP9 protein abundance and 
mRNA expression (Figure 2B and 2D). Altoge- 
ther, these results demonstrate that miR-10b 
plays an important role in the regulation of EMT 
in human NPC cells.

MiR-10b regulates KLF4 in human NPC cells

KLF4 has previously been shown to be down-
regulated in human esophageal cancer [12, 13] 
and correlates with cancer metastasis [14]. 
Furthermore, KLF4 is a putative target of miR-
10b in esophageal cancer [15], and recent st- 
udies have shown that KLF4 negatively regu-
lates EMT in gastrointestinal cancer [16]. Th- 
erefore, to determine if miR-10b regulates KLF4 
expression, we assessed the KLF4 protein and 
mRNA levels in HNE1 and HNE1/DDP cells. 
Consistent with the increase in miR-10b, we 
observed a reduction in mRNA and protein lev-
els of KLF4 in HNE1/DDP cells compared to 
HNE1 cells (Figure 3A). Previous results have 
also demonstrated that KLF4 regulates the 
Notch signaling pathway [17]. Consistent with 
differential KLF4 abundance in HNE1 versus 
HNE1/DDP cells, we detected the mRNA and 
protein levels of Notch1 were higher in HNE1/
DDP cells compared to HNE1 cells (Figure 3B). 
Moreover, we found that expression of KLF4 
was significantly reduced in HNE1 cells trans-
fected with miR-10b mimics, but KLF4 was 
increased in HNE1/DDP cells transfected with 
miR-10b inhibitors (Figure 3C, 3D). We also 
observed that transfection of NHE1 cells with 

miR-10b mimics resulted in increased Notch1 
(Figure 3C). Moreover, transfection of HNE1/
DDP cells with miR-10b inhibitors decreased 
the level of Notch1 (Figure 3D). Our results indi-
cate that the levels of KLF4 are reduced by miR-
10b, which induces Notch1 signaling.

Knockdown of Notch1 decreases cell migra-
tion and invasion

Given that we have demonstrated the Notch1 is 
under the control of miR-10b through regula-
tion of KLF4, we next wanted to determine if 
depletion of Notch1 influenced migration and 
invasion in a similar manner to depletion of 
miR-10b. To determine the effect of Notch1 on 
migration and invasion in HNE1/DDP cells, we 
depleted Notch1 expression with small interfer-
ing RNAs (siRNAs). The protein and mRNA lev-
els of Notch1 were both decreased 48 h follow-
ing siRNA transfection (Figure 4A). Moreover, 
the wound healing capacity of HNE1/DDP cells 
was reduced after treatment with Notch1 siRNA 
(Figure 4B). Furthermore, the relative number 
of HNE1/DDP cells undergoing migration and 
invasion was decreased following Notch1 de- 
pletion (Figure 4C). These results indicate that 
down-regulation of Notch1 could suppress the 
migration and invasion of human NPC cells, 
suggesting that the ability of miR-10b to control 
migration and invasion is through regulating 
KLF4 and Notch1.

Knockdown of Notch1 reverses EMT in HNE1/
DDP cells

Next, we set out to determine whether Notch1 
could regulate the expression levels of EMT-
related molecules in HNE1/DDP cells. Based 
on morphological analysis we found that HNE1/
DDP cells transfected with Notch1 siRNA shift-
ed from a mesenchymal-like spindle-cell shape 
to an epithelial-like appearance (Figure 5A). 
Moreover, the mRNA and protein levels of 
E-cadherin were increased while the mRNA  
and protein levels of vimentin and MMP9 were 
decreased in response to Notch depletion (Fi- 
gure 5B, 5C). These results suggest that deple-
tion of Notch1 expression can reverse EMT in 

cadherin protein abundance but decreased vimentin and MMP9 protein abundance in HNE1/DDP cells. C. qRT-PCR 
analysis demonstrating that expression of E-cadherin was down-regulated, whereas vimentin and MMP9 expres-
sion were up-regulated in HNE1 cells following transfection of miR-10b mimics. The relative amount of mRNA was 
normalized to GAPDH (mean ± SEM, *P<0.05 compared to NC). D. qRT-PCR analysis demonstrating that expression 
of E-cadherin was up-regulated, whereas vimentin and MMP9 expression were down-regulated in HNE1/DDP cells 
following transfection with miR-10b inhibitors (Mean ± SEM, *P<0.05 compared to anti-NC).



miR-10b regulates EMT

148 Am J Cancer Res 2016;6(2):141-156



miR-10b regulates EMT

149 Am J Cancer Res 2016;6(2):141-156

Figure 3. miR-10b regulates KLF4 in human NPC cells. A. Protein and mRNA levels of KLF4 were reduced in HNE1/
DDP cells compared with HNE1 cells (Mean ± SEM, *P<0.05 compared with parental HNE1 cells). B. Protein and 
mRNA levels of Notch1 were higher in HNE1/DDP cells compared with HNE1 cells (Mean ± SEM, *P<0.05 com-
pared with parental HNE1 cells). C. Left panel: Western blot analysis demonstrating that miR-10b mimics reduced 
KLF4 protein expression, leading to enhanced Notch1 expression in HNE1 cells. Right panel: qRT-PCR analysis 
reveals that Notch1 mRNA level was increased in HNE1 cells transfected with miR-10b mimics. D. Left panel: miR-
10b inhibitors promoted KLF4 protein abundance, leading to a decrease in Notch1 protein level in HNE1/DDP cells 
by Western blot analysis. Right panel: qRT-PCR analysis reveals that the mRNA level of Notch1 was down-regulated 
by miR-10b inhibitors transfection (mean ± SEM, *P<0.05 compared to anti-NC).

Figure 4. Knockdown of Notch1 decreases cell migration and invasion in HNE1/DDP cells. A. Left panel: HNE1/DDP 
cells transfected with control or Notch1 siRNA. Whole-cell lysates harvested 48 h post transfection was subjected 
to western blot analysis. Right panel: qRT-PCR analysis of Notch1 expression in HNE1/DDP cells after control or 
Notch1 siRNA transfection. mRNA was normalized to GAPDH (Mean ± SEM, *P<0.05, compared to siControl). B. 
Left panel: Wound healing assays to determine migratory potential of HNE1/DDP cells transfected with Notch1 
siRNA (images acquired at 100× magnification). Right panel: quantification of gap closure to calculate the healing 
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HNE1/DDP cells. To further validate the role of 
miR-10b and Notch1 in EMT regulation, we 
depleted Notch1 in HNE1 cells transfected with 
miR-10b. We observed that depletion of Notch1 
blocked the effect of ectopic miR-10b on EMT 
protein expression, migration and invasion (Fi- 

gure 6A-D). Consistent with a role for the miR-
10b/KLF4/Notch1 pathway in regulating EMT, 
ectopic expression of Notch1 rescued EMT, 
migration and invasion in HNE1/DDP cells tr- 
eated with miR-10b inhibitors (Figure 7A-D). Th- 
ese findings reveal that Notch1 mediates miR-

percentages (Mean ± SEM, *P<0.05, compared to siControl). C. Left panel: Transwell Boyden chamber assays to 
determine migratory and invasive potential of HNE1/DDP cells transfected with Notch1 siRNA (images acquired at 
200× magnification). Right panel: Quantification of migrated and invaded cells. (Mean ± SEM, *P<0.05, compared 
to siControl).

Figure 5. Knockdown of Notch1 reverses EMT in HNE1/DDP cells. A. Cell morphology of HNE1/DDP cells following 
Notch1 siRNA transfection (images acquired at 200× magnification). B. Western blot analysis demonstrates that 
transfection of Notch1 siRNA in HNE1 cells enhances E-cadherin protein abundance but reduces vimentin and 
MMP9 abundance. C. qRT-PCR analysis demonstrates that transfection of Notch1 siRNA in HNE1 cells up-regulates 
E-cadherin expression, whereas vimentin and MMP9 were down-regulated. mRNA was normalized to GAPDH (mean 
± SEM, *P<0.05, compared to siControl).
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10b regulation of EMT in HNE1 cells through 
targeting KLF4.

Discussion

Chemotherapy is an important therapeutic 
option for most cancer patients; however, the 
development of chemoresistance is a major 
limitation that leads to tumor recurrence and 

further progression [18]. Although the mecha-
nisms responsible for chemoresistance have 
been investigated intensely over the past 50 
years, the molecular mechanisms leading to 
drug resistance are complex and remain largely 
unknown [19]. Increasing evidence suggests a 
molecular and phenotypic association between 
chemoresistance and acquisition of an EMT 
phenotype by cancer cells. Previously, we dem-

Figure 6. Notch1 Knockdown blocks cell 
EMT, migration and invasion in HNE1 cells. 
A. Western blot analysis to determine pro-
tein abundance of E-cadherin and vimentin 
in HNE1 cells transfected with miR-10b and 
Notch-1 siRNA individually or in combination. 
B. Quantification of results from (A). C. Migra-
tion and invasion assays performed in HNE1 
cells transfected with miR-10b. D. Quantifi-
cation of results from panel (C). *P<0.05, 
compared to NC; #P<0.05, compared to si-
Notch1 or miR-10b treatment alone.
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onstrated that the development of resistance 
to cisplatin (DDP) in NPC cells is accompanied 
by inducible EMT-like changes and increased 
metastatic potential in vitro [20].

Recent evidence suggests that the expression 
of specific microRNAs (miRNAs) is altered in 

chemoresistant cells, leading to the dysregula-
tion of expression of many oncogenes and 
tumor suppressor genes [21, 22]. The mecha-
nisms by which miRNAs are dysregulated in 
cancer are complex and may involve genetic 
and epigenetic abnormalities as well as the 
altered activity of certain transcription factors 

Figure 7. Overexpression of Notch1 res-
cued EMT, migration, and invasion in 
HNE1/DDP cells. A. Western blot analy-
sis to determine the protein abundance 
of E-cadherin and Vimentin in HNE1/
DDP cells treated with anti-miR-10b and 
Notch-1 cDNA individually or in combi-
nation. B. Quantification of results from 
(A). C. Migration and invasion assays 
using HNE1/DDP cells transfected with 
anti-miR-10b. D. Quantification of results 
from (C). *P<0.05, compared to anti-NC; 
#P<0.05, compared to Notch1 cDNA or 
anti-miR-10b treatment alone.
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[23]. For example, miR-10b has been shown  
to play a critical role in tumorigenesis, where  
a TWIST/miR-10b/HOXD10/MMP14 signaling 
pathway is essential for glioma cell invasion 
[24]. Recently, it was reported that the stability 
and activity of the HIF1 protein is markedly 
increased in breast cancer cells in a CCN5/
WISP2-deficient microenvironment. This ulti-
mately leads to an increase in TWIST1 mediat-
ed miR-10b expression as well as the migration 
and invasion of these cells [25]. CCN5/WISP2-
induced inhibition of miR-10b expression in 
breast cancer cells is mediated through the 
inhibition of the JNK-HIF1A-TWIST1 signaling 
pathway [26].

While it is becoming increasingly clear that miR-
NAs are key modulators of chemoresistance 
and EMT in many types of cancers [27], few 
reports have been published revealing their 
roles, or the role of miR-10b specifically, in cis-
platin resistance. EMT is a key process driving 
cancer metastasis and the loss of E-cadherin 
and increase in vimentin expression are consid-
ered to be the most important molecular mark-
ers of EMT [28]. Recent studies have revealed 
that miRNAs act as crucial modulators of EMT 
through the regulation of E-cadherin and other 
molecules such as vimentin and ZEB. For exam-
ple, miR-200a, miR-200b, and miR-200c (miR-
200 family) were down-regulated in gemci- 
tabine resistant pancreatic cancer cells, which 
acquire an EMT-like phenotype. Members of 
the miR-200 family have been shown to inhibit 
EMT by targeting ZEB1 and SIP1 [29, 30]. miR-
205 was also reported to be down-regulated 
along with ZEB1 and ZEB2 during EMT in epi-
thelial breast cancer cells [31]. Moreover, re-
expression of miR-200b in EMT-type cells 
resulted in the reversal of the EMT phenotype 
through the induction of ZEB1, ZEB2, and Slug 
[32]. Our study has identified that miR-10b is 
up-regulated in HNE1/DDP cells, suggesting 
the possibility that miR-10b plays an important 
role in drug resistance. Our results further indi-
cate that overexpression of miR-10b could pro-
mote invasion, migration, and the acquisition of 
EMT in HNE1 cells through decreased E-ca- 
dherin expression and increased vimentin and 
MMP9 expression. In contrast, inhibition of 
miR-10b reversed EMT in HNE1/DDP cells th- 
rough increased E-cadherin expression and 
decreased vimentin and MMP9 expression. 
These findings demonstrated that miR-10b gov-

erns drug resistance partly through regulation 
of EMT.

Next, we explored the underlying mechanisms 
involved in the regulation of EMT by miR-10b. 
Bioinformatic prediction tools indicated that 
KLF4 is a putative target of miR-10b [33]. KLF4 
is a transcription factor involved in cell cycle 
regulation, apoptosis, and differentiation [34]. 
Its expression increases in response to DNA 
damage, serum deprivation, and contact inhibi-
tion. Recently, miR-10b was shown to promote 
migration and invasion through regulation of 
KLF4 in human esophageal cancer cell lines 
[15]. KLF4 is a direct target of miR-10b that has 
been reported to suppress cancer cell migra-
tion and invasion [35]. Specifically, KLF4 has 
been shown to negatively regulate EMT in GI 
cancers. Down-regulation of KLF4 is required 
for EMT, cell migration, and for the induction of 
apoptosis [36]. Consistently, we also identified 
that miR-10b targeted KLF4 levels in human 
NPC cells. Together, these results indicate that 
miR-10b may regulate EMT by targeting KLF4 in 
human NPC cells.

Emerging evidence suggests that KLF4 inhibits 
the Notch signaling pathway [17, 37, 38]. In li- 
ne with these reports, we found that Notch1 
expression is higher in HNE1/DDP cells, which 
have low expression of KLF4. Previous reports 
showed that Notch1 expression is associated 
with an EMT phenotype in pancreatic cancer 
and other tumors [10, 39]. In addition, activa-
tion of Notch1 promotes the invasion and colo-
ny formation ability of gastric cancer [40]. Co- 
nsistently, we observed that depletion of No- 
tch1 inhibited cell migration and invasion and 
reversed EMT in HNE1/DDP cells. Altogeth- 
er, miR-10b over-expression or inhibition con-
trolled the levels of activated Notch1, regulated 
in part through miR-10b targeting KLF4. More 
importantly, depletion of Notch1 blocked EMT, 
migration and invasion in HNE1 cells transfect-
ed with miR-10b, whereas overexpression of 
Notch1 rescued EMT, migration and invasion in 
HNE1/DDP cells treated with anti-miR-10b. Our 
results suggest a critical role for Notch1 in miR-
10b-mediated EMT in HNE1 cells.

In summary, we have demonstrated that miR-
10b regulates EMT by modulating KLF4 and 
subsequent Notch1 expression, which ultima- 
tely affects the invasion and migration capabili-
ties of NPC cells (Figure 8). Our study reveals a 
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direct role and novel mechanism of miR-10b in 
reversing both the EMT phenotype and resis-
tance to DDP. This information may be useful 
for developing a new therapy for treatment of 
NPC in the future. However, further study of the 
molecular mechanisms underlying metastasis 
of NPC, as well as identifying new therapeutic 
targets and preventing the recurrence of human 
nasopharyngeal carcinoma are the important 
goals for the future.
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