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Abstract. Radiotherapy and adjuvant cisplatin (DDP) chemo-
therapy are standard approaches used in the treatment of 
nasopharyngeal carcinoma (NPC). However, resistance to 
chemotherapy has recently become more common, resulting in 
the failure of this combination therapy for NPC. The aim of the 
present study was to assess the cellular morphology, motility 
and molecular changes in DDP-resistant NPC cells in relation 
to epithelial-mesenchymal transition (EMT). CNE2 cells were 
continuously exposed to increasing doses of DDP to establish a 
stable cell line resistant to DDP (CNE2/DDP cells). The human 
NPC cell lines, HNE1, CNE2, HNE1/DDP and CNE2/DDP, 
were used to examine the association between chemoresistance 
and the acquisition of an EMT-like phenotype of cancer cells. 
The DDP-resistant cells were less sensitive than the HNE1 cells 
to treatment with DDP, and were shown by a cell viability assay, 
western blot analysis and qRT-PCR to have acquired chemore-
sistance. The HNE1/DDP cells examined by wound healing and 
Transwell Boyden chamber assays exhibited an increased migra-
tion and invasion potential. The DDP-resistant cells exhibited 
morphological and molecular changes consistent with EMT, as 
observed by western blot analysis and qRT-PCR. These changes 
included becoming more spindle-like in shape, a loss of polarity 
and formation of pseudopodia, the downregulation of E-cadherin 

and β-catenin and the upregulation of vimentin, fibronectin and 
matrix metalloproteinase (MMP)-9. Moreover, the levels of the 
EMT-related transcription factors, Snail, Slug, Twist and zinc 
finger E-box binding homeobox 1 (ZEB1), were higher in the 
DDP‑resistant NPC cells. These data suggest that the develop-
ment of DDP resistance of NPC cells is accompanied by inducible 
EMT-like changes with an increased metastatic potential in vitro. 
Further elucidation of the association between resistance to DDP 
and EMT may facilitate the future development of novel thera-
peutic approaches for the treatment of chemoresistant tumors.

Introduction

Nasopharyngeal carcinoma (NPC) is one of the most common 
types of head and neck cancer in Asia, particularly in Southeast 
Asia and China, with a high incidence rate of approximately 
20-50 cases per 100,000 individuals per year (1). By contrast, 
NPC is rare in the United States (apart from Alaska) and 
Western Europe, with an incidence of <1/100,000 individuals. 
The accurate detection of NPC is not easy due to its anatomical 
location. In conventional clinical therapy, radiotherapy is 
the primary therapeutic approach, while using radiotherapy 
combined with chemotherapy is recommended for the treat-
ment of advanced carcinoma (2). However, the 5‑year survival 
rate is extremely low. Treatment failure rates remain high due 
to the development of drug resistance and distant metastasis.

Drug resistance is a major complication in cancer chemo-
therapy. It accounts for the ineffectiveness of chemotherapy 
in the majority of cancer patients (3). Resistance occurs when 
tumor cells do not respond to anticancer drugs. Cisplatin (DDP) 
is clinically used as adjuvant therapy for NPC in order to induce 
tumor cell death. DDP induces cytotoxicity and/or apoptosis 
by forming DNA adducts or by targeting proteins/enzymes 
and pathways (4-6). However, the efficacy of DDP is often 
accompanied by chemoresistance. The mechanisms through 
which NPC cells acquire chemoresistance are unknown. Thus, 
a better understanding of the mechanisms through which cells 
acquire resistance and knowledge of the molecular alterations 
which induce or correlate with resistance may lead to the devel-
opment of novel therapeutic strategies for NPC (7,8).

Epithelial-mesenchymal transition is necessary for 
acquired resistance to cisplatin and increases the metastatic 
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Recent evidence suggests that epithelial-mesenchymal tran-
sition (EMT)-type cells play critical roles in chemoresistance. 
Thus, the molecular basis of chemoresistance in relation to 
EMT is currently an important focus of cancer research. EMT 
describes a series of marked morphological changes, charac-
terized by a transition from an epithelial to a mesenchymal 
phenotype, leading to increased motility and invasion  (9). 
During the acquisition of EMT characteristics, cells lose 
epithelial cell‑cell junctions and undergo actin cytoskeletal 
reorganization. The downregulation of epithelial molecular 
markers, such as E-cadherin and β-catenin is also observed, as 
well as an upregulation of mesenchymal molecular markers, 
such as vimentin, fibronectin, α-smooth muscle actin (α-SMA) 
and N-cadherin. An increase in the production of transcription 
factors that repress E-cadherin expression, including Twist, zinc 
finger E-box binding homeobox 1 (ZEB1), Snail and Slug also 
occurs, as well as an increase in the activity of matrix metallo-
proteinases (MMPs), such as MMP-2 and MMP-9, associated 
with an invasive phenotype (10). The process of EMT has also 
been shown to be important in conferring drug resistance to 
cancer cells against conventional therapeutics. Several chemo-
therapeutic drug-resistant cell lines established in vitro, such 
as tamoxifen-resistant breast cancer (11), paclitaxel-resistant 
ovarian cancer (12), oxaliplatin-resistant colorectal cancer and 
gemcitabine-resistant pancreatic cancer (13) cell lines have 
shown phenotypic changes consistent with EMT. These data 
clearly provide strong evidence for linking chemoresistance 
to EMT. However, DDP-resistant NPC cells have not been 
extensively studied.

In the present study, we isolated DDP-resistant cells from 
well-characterized NPC cell lines and determined that they 
have numerous EMT-like properties. We demonstrate that 
DDP-resistant cells are insensitive to DDP and have a strong 
invasion and migration ability. The characterization of these 
stable NPC cells may provide new insight into the phenotypic 
changes associated with resistance to DDP.

Materials and methods

Reagents and antibodies. 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 
(Bedford, MA, USA). We purchased 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) from Sigma 
Chemical Co. (Castle Hill, Australia). The antibodies against 
Bcl-2, Bax, Puma and myeloid cell leukemia-1 (Mcl-1; 1:100) 
were purchased from Beijing Biosynthesis Biotechnology Co., 
Ltd. (Beijing, China). Primary antibodies against E-cadherin, 
β-catenin, vimentin, fibronectin, MMP-9, Twist, Slug, Snail, 
ZEB1 (1:500) and β-actin (1:2,000) were obtained from 
Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA).

Cell lines and culture. The human NPC cell lines, HNE1, 
HNE1/DDP and CNE2, were obtained from Sun Yat-Sen 
University (Guangzhou, China) and maintained in our labora-
tory. The HNE1, HNE1/DDP and CNE2 cells were cultured in 
RPMI‑1640 medium containing 10% FBS, penicillin (100 U/ml)  
and streptomycin (100 U/ml), in a humidified atmosphere of 5% 

CO2 at 37˚C. The RPMI‑1640 medium for the HNE1/DDP cells 
was also supplemented with 4 µmol/l DDP. All cell lines were 
tested each month for mycoplasma contamination, used only 
at low passage and regularly examined under a microscope for 
phenotypic changes prior to use.

Cell growth assay. To investigate cell growth, we performed 
a cell proliferation assay on cells (1x104 cells/well) plated in 
24-well Costar® plates (Corning Life Sciences, Corning, NY, 
USA). The experiments were carried out for 168 h, and the 
number of cells was counted every 24 h. Cells from 3 samples 
were trypsinized and counted using a hemocytometer at the 
indicated time points.

Morphological analysis. Cells were grown to 70% confluence 
in DDP-free medium appropriate for the parental cell lines and 
in medium with DDP for the DDP-resistant cell lines. They 
were visualised under a light microscope (CKX41; Olympus, 
Tokyo, Japan). Digital images were captured using a camera 
mounted to the microscope (cellSens Entry; Olympus).

Cell viability assay. Cell viability was assessed by MTT 
assay. MTT is a yellow tetrazolium dye responding to meta-
bolic activity. In living cells, reductase enzymes alter the 
MTT color from a light yellow to deep blue, corresponding 
to formazan crystals. Briefly, 7x103 cells/well were plated in 
96-well Costar® culture plates in triplicate. Following 24 h of 
incubation, the cells were treated with various concentrations 
of DDP and subsequently incubated for 24, 48 and 72 h. At 
the end of the incubation period, 20 µl MTT were added to 
achieve a final concentration of 0.5 mg/ml. The cells were then 
incubated for a further 4 h. The medium and MTT were then 
removed before 150 µl dimethylsulfoxide (DMSO) was added 
to each well to dissolve the crystals. The optical density (OD) 
of the formazan product was determined at a 570 nm wave-
length using a microplate reader (Bio-Tek Instruments Inc., 
Winooski, VT, USA). Cell viability (%) = (ODsample ‑ ODblank)/
(ODcontrol - ODblank) x100. The IC50 value, defined as the drug 
concentration required to reduce cell survival to 50%, was 
determined by the relative absorbance of MTT. All experi-
ments were performed in triplicate.

Wound healing assay. Cell migration was assessed using 
a wound healing assay. Cells were plated in 6-well plates 
(Corning Life Sciences) at 5x105 cells/well and allowed to 
grow to 90% confluence. The cells were scraped with a sterile 
micropipette tip to create a gap of standard width. To remove 
non-adherent cells, the plates were rinsed gently with medium 
twice prior to incubation. The wound closure was monitored 
for 24 h at x100 magnification. The wound areas were observed 
under an inverted microscope and imaged at the appropriate 
fields to calculate the healing percentages. Each experiment 
was performed in triplicate.

Invasion and migration assay. The ability of the cells to 
pass through filters was measured using a Transwell Boyden 
chamber system (Corning Life Sciences) containing a poly-
carbonate filter (6.5 mm in diameter, 8 µm pore size). The 
membrane undersurface was coated with 50 µl of Matrigel, 
mixed with RPMI-1640 serum-deprived medium at a 1:8 dilu-
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tion and subsequently applied to the top side of the filter for the 
cell invasion assay. By contrast, the filter was not coated for 
the cell migration assay. The cells were resuspended in serum-
deprived medium. Subsequently, 200 µl of the cell suspension 
(5x104 cells/well) were added to the upper chamber, while 
600 µl RPMI-1640 medium containing 10% FBS were added 
to the lower chamber and served as a chemoattractant. The 
system was incubated for 24 h at 37˚C. The cells that did not 
migrate or invade after 24 h were removed from the upper face 
of the filters by scrubbing with a cotton swab. The membrane 
was then fixed with 4% formaldehyde for 15 min at room 
temperature and stained with 0.5% crystal violet for 15 min. 
Finally, 5 visual fields were randomly selected from each 
membrane and photographed under a light microscope at x200 
magnification. The number of migrating or invading cells was 
then counted and analyzed to determine statistically signifi-
cant differences. Each condition was assayed in triplicate. The 
experiments were performed independently at least 3 times. 
The results were expressed as the number of cells per field.

Quantitative reverse transcription PCR (qRT-PCR). Total 
RNA was isolated using TRIzol reagent (Invitrogen Life 
Technologies, Carlsbad, CA, USA). Aliquots (1 µg) of RNA 
were reverse transcribed to cDNA (20 µl) using oligo(dT) and 
M-MuLV reverse transcriptase (Fermentas Inc., Glen Burnie, 
MD, USA) following the instructions of the manufacturer. 
One-fifth of the 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 (Applied Biosystems, 
Foster City, CA, USA). The housekeeping gene, glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH), was selected as 
an internal control for each experiment. The primers used in 
this study are presented in Table I. The cycling conditions 
were as follows: pre-denaturation at 95˚C for 10 min, followed 
by 40 cycles at 95˚C for 10 sec, at 57-60˚C for 20 sec and at 
72˚C for 15 sec. The specificity of the amplification products 
was confirmed by a melting curve analysis. All reactions 
were run in triplicate. As a measure of relative change in 
expression between the parental and resistant samples, ΔΔCt 
values were calculated and converted to approximate fold 
change values (2-ΔΔCt).

Western blot analysis. The cells were plated in 6-well culture 
dishes (Corning Life Sciences) at a density of 4x105 cells/well. 
Following 24 h of incubation, the cells were washed with 
1 ml PBS/well and harvested using trypsin. Harvested cells 
were centrifuged and resuspended in lysis buffer. Following 
incubation on ice for 30 min, the homogenate was centrifuged 
at 12,000  rpm for 30  min at 4˚C. Protein concentrations 
were determined using a bicinchoninic acid (BCA) assay 
(Beyotime Institute of Biotechnology, Beijing, China). 
Subsequently, 40  µg of protein were separated using 
10-15% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE), and transferred onto polyvinylidene 
difluoride (PVDF) membranes. The blotted membranes were 
blocked with 5% skim milk for 2 h, and probed with primary 
antibodies overnight at 4˚C. The membranes were washed and 
probed with secondary antibodies for 2 h. The membranes 
were imaged with gel imaging equipment (Bio‑Rad, Hercules, 
CA, USA). β-actin was used as the loading control.

Establishment of DDP-resistant NPC cells. The CNE2 
cells were thoroughly washed with PBS and transferred to 
RPMI‑1640 medium, containing 10% FBS and penicillin-
streptomycin. To create stable NPC cells resistant to DDP, the 
CNE2 cells were continuously exposed to DDP for >9 months. 
During this period, the medium was replaced every 3 days 
and the cell cultures were passaged by trypsinization after 
70-80% confluency was reached. Gradually, the cells 
displayed resistance to the growth-inhibitory properties of 
DDP. The DDP-resistant CNE2 cells were cultured in medium 
containing DDP for 3 additional months prior to characteriza-
tion. Through this process, we generated a stable DDP-resistant 
cell line (CNE2/DDP cells).

Table I. Primers used for qRT-PCR.

		  Product 
		  size 
Gene	 Primer sequence (5'-3')	 (bp)

MDR1	 F: CCCATCATTGCAATAGCAGG	 157
	 R: GTTCAAACTTCTGCTCCTGA

MRP	 F: AGGAGAGATCATCATCGATGG	 235
	 R: GCCTTCTGCACATTCATGG

Bcl-2	 F: CGACGACTTCTCCCGCCGCTACCGC	 319
	 R: CCGCATGCTGGGGCCGTACAGTTCC

Bax	 F: TTTGCTTCAGGGTTTCATCC	 246
	 R: CAGTTGAAGTTGCCGTCAGA

E-cadherin	 F: CATTTCCCAACTCCTCTCCTGGC	 90
	 R: ATGGGCCTTTTTCATTTTCTGGG	

β-catenin	 F: CACAAGCAGAGTGCTGAAGGTG	 146
	 R: GATTCCTGAGAGTCCAAAGACAG	

Vimentin	 F: AGATGGCCCTTGACATTGAG	 80
	 R: TGGAAGAGGCAGAGAAATTC	

Fibronectin	 F: CCCACCGTCTCAACATGCTTAG	 264
	 R: CTCGGCTTCCTCCATAACAAGTAC

MMP-9	 F: CGGAGTGAGTTGAACCAG	 118
	 R: GTCCCAGTGGGGATTTAC

Snail 	 F: CCAGCTCTCTGAGGCCAAGGATC 	 108
	 R: TGGCTTCGGATGTGCATCTTGAG

Slug	 F: CCCTGAAGATGCATATTCGGAC	 116
	 R: CTTCTCCCCCGTTGTAGTTCTA

Twist	 F: TGCGGAAGATCATCCCCA	 187
	 R: TCCATCCTCCAGACCGAGAA

ZEB1	 F: GCACAACCAAGTGCAGAAGA	 141
	 R: GCCTGGTTCAGGAGAAGATG

GAPDH	 F: AGAAGGCTGGGGCTCATTTG	 258
	 R: AGGGGCCATCCACAGTCTTC

F, forward; R, reverse sequence; MDR, multidrug resistance; MRP, multidrug 
resistance-associated protein; MMP, matrix metalloproteinase; ZEB1, zinc 
finger E-box binding homeobox  1; GAPDH, glyceraldehyde-3-phosphate 
dehydrogenase.
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Statistical analysis. All experiments were repeated at least 
3 times. Data are presented as the means ± SEM. The differ-
ences between mean values were analyzed using the two‑tailed 
Student's t-test. All statistical analyses were performed 
using SPSS 13.0 software (SPSS  Inc., Chicago, IL, USA). 
P-values <0.05 were considered to indicate statistically signifi-
cant differences.

Results

HNE1/DDP cells exhibit chemoresistance to DDP. We first 
confirmed the resistance of NPC cells to DDP by an MTT 
assay. The proliferation of NPC cells was inhibited by various 
concentrations of DDP (Fig. 1A). Chemoresistance to DDP was 
observed in the HNE1/DDP cells, as compared with the HNE1 

cells. The inhibitory effects of increasing DDP concentrations 
on proliferation were more pronounced with HNE1 than with 
HNE1/DDP cells. The IC50 values of HNE1/DDP and HNE1 
cells were 29.04±2.82, 19.44±1.77 and 11.39±1.89 µmol/l and 
6.84±1.59, 4.25±0.36 and 2.35±0.96 µmol/l for 24, 48 and 
72 h, respectively (Fig. 1B). Thus, DDP inhibited the prolif-
eration of the cells. In addition, the HNE1/DDP cells were 
less sensitive than the HNE1 cells to treatment with DDP. The 
HNE1/DDP cells proliferated less than the HNE1 cells under 
normal culture conditions (Fig. 1C). By western blot analysis, 
we then examined the protein expression levels of multidrug 
resistance-associated protein (MRP), Mcl-1, Bcl-2, Bax and 
Puma to further determine the chemoresistance (Fig. 1D). The 
expression levels of MRP, Mcl-1 and Bcl-2 were higher in the 
HNE1/DDP cells compared with the HNE1 cells. Additionally, 

Figure 1. HNE1/DDP cells exhibited chemoresistance to cisplatin (DDP) compared with the parental HNE1 cells. (A) DDP inhibited the growth of nasopharyn-
geal carcinoma (NPC) cells. HNE1 and HNE1/DDP cells were treated with DDP at various concentrations (2, 4, 8, 16 and 32 µmol/l) for 24, 48 and 72 h, then 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was added to determine cell viability. Results are expressed as a percentage of control 
levels. (B) IC50 values of HNE1/DDP and HNE1 cells for 24, 48 and 72 h (means ± SEM, n=3, *P<0.05 compared with the parental HNE1 cells). (C) Proliferation 
of HNE1 and HNE1/DDP cells in the normal culture medium was examined by determination of the cell numbers at different time points after cell seeding at 
the same number. (D) Expression levels of multidrug resistance-associated protein (MRP), Bcl-2, myeloid cell leukemia-1 (Mcl-1), Bax and Puma proteins in the 
HNE1 and HNE1/DDP cells were determined by western blot analysis. (E) Relative mRNA expression levels of MDR1, MRP, Bcl-2 and Bax genes in the HNE1 
and HNE1/DDP cells were analyzed by qRT-PCR (means ± SEM, n=3, *P<0.05 compared with parental HNE1 cells).
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the expression levels of Bax and Puma were lower in the 
HNE1/DDP cells. Moreover, the Bcl-2/Bax ratio was lower 
in the HNE1 cells. qRT-PCR further revealed that multidrug 
resistance (MDR)1, MRP and Bcl-2 were upregulated and that 
Bax was downregulated in the HNE1/DDP cells (Fig. 1E). 
Based on these observations, we concluded that the HNE1/
DDP cells had acquired chemoresistance.

HNE1/DDP cells have an increased migration and invasion 
potential in vitro. We then compared the HNE1/DDP and 
HNE1 cells for various cellular functions. Since the acquisi-
tion of chemoresistance generally correlated with an increased 
migration and invasion ability in the progression of tumors, we 
measured the migration and invasion ability of the HNE1/DDP 
and HNE1 cells using wound healing and Transwell Boyden 
chamber assays. Wound healing assays were performed to 
compare the migration potential of the HNE1/DDP and the 
parental HNE1 cells. At 24 h, a 2.7‑fold increase in the number 
of HNE1/DDP cells migrating across the wound was observed 
(P<0.05) (Fig.  2A and B). In addition, we compared the 

migration and invasion potential between the HNE1/DDP and 
HNE1 cells using Transwell Boyden chamber assays. At 24 h, 
the HNE1/DDP cells showed a 2.2-fold increase in migration 
and a 2.8-fold increase in invasion compared with the HNE1 
cells (P<0.05) (Fig. 2C and D). Thus, the HNE1/DDP cells had 
an increased migration and invasion potential as compared 
with the parental HNE1 cells.

HNE1/DDP cells display morphological and molecular 
changes consistent with EMT. Cell morphology was examined 
by microscopy at x200 magnification (Fig. 3A). The parental 
HNE1 cells showed an epithelioid, cobblestone appearance 
that was rounded and contained few formations of pseudo-
podia. By contrast, the phenotypic changes observed in the 
HNE1/DDP cells included a loss of cell polarity, development 
of a spindle-shaped morphology and increased formation of 
pseudopodia. To determine whether the acquisition of resis-
tance to DDP induced specific molecular changes consistent 
with EMT, western blot analysis and qRT-PCR were performed 
and revealed that the expression of epithelial markers, such as 

Figure 2. HNE1/DDP cells have increased migration and invasion potential. (A) Wound healing assays were performed to compare the migration potential 
of HNE1/DDP and parental HNE1 cells at x100 magnification. (A and B) HNE1 and HNE1/DDP cells at time zero. (C and D) HNE1 and HNE1/DDP cells 
following 24 h of incubation. (B) Quantitative results are expressed as a wound healing index, which was calculated using 5 randomly selected distances across 
the wound at 0 and 24 h (means ± SEM, n=3, *P<0.05 compared with parental HNE1 cells). (C) Transwell Boyden chamber assays were performed to compare 
the migration and invasion potential of HNE1/DDP and parental HNE1 cells after 24 h of incubation at x200 magnification. (D) Quantitative results are shown 
as migrating and invading cells, which were calculated using 5 visual fields selected in the Transwell migration and invasion assays (means ± SEM, n=3, *P<0.05 
compared with the parental HNE1 cells).
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E-cadherin and β-catenin, was reduced in the HNE1/DDP 
cells compared with the HNE1 cells. The expression of mesen-
chymal markers, such as vimentin and fibronectin, was higher 
in the HNE1/DDP cells (P<0.05) (Fig. 3B and C). Moreover, 
the mRNA and protein levels of MMP-9 were higher in the 
HNE1/DDP cells compared with the HNE1 cells (P<0.05) 
(Fig. 3B and C). Furthermore, the mRNA and protein levels of 
the EMT-related transcription factors, Snail, Slug, Twist and 
ZEB1, were higher in the HNE1/DDP cells compared with the 
HNE1 cells (P<0.05) (Fig. 3D and E). Based on these observa-
tions, HNE1/DDP cells were considered to have acquired a 
mesenchymal phenotype.

CNE2 cells undergo an EMT-like transformation induced 
by DDP. We further examined whether the occurrence of 
EMT and the enhanced expression of EMT-related molecules 
were observed in other NPC cell lines resistant to DDP. For 
this purpose, we established a stable DDP-resistant NPC 
cell line (CNE2/DDP cells). The CNE2/DDP cells were less 
sensitive than the CNE2 cells to treatment with DDP (data 
not shown). As shown in Fig. 4A, the parental CNE2 cells 
showed an epithelioid, cobblestone appearance, similar to the 
HNE1 cells. By contrast, the morphology of the CNE2/DDP 
cells was mixed: they showed an epithelioid, long, spindle/
fibroblastic-like shape, along with formation of pseudopodia 

Figure 3. HNE1/DDP cells exhibit morphological and molecular changes consistent with epithelial-mesenchymal transition (EMT). (A) Cell morphology was 
observed by microscopy at x200 magnification. The parental HNE1 cells showed an epithelioid, cobblestone rounded appearance with limited formation of 
pseudopodia. By contrast, the phenotypic changes observed in the HNE1/DDP cells included a loss of cell polarity, causing a spindle-shaped morphology and an 
increased formation of pseudopodia. (B) Expression levels of the EMT-related proteins, E-cadherin, β-catenin, vimentin, fibronectin and matrix metalloproteinase 
(MMP)-9, were determined by western blot analysis. The downregulation of E-cadherin and β-catenin and upregulation of vimentin, fibronectin and MMP-9 was 
observed in the HNE1/DDP cells. (C) mRNA expression levels of E-cadherin, β-catenin, vimentin, fibronectin and MMP-9 genes were analyzed by qRT-PCR 
(means ± SEM, n=3, *P<0.05 compared with the parental HNE1 cells). (D) Increased protein levels of the EMT‑related transcription factors, Snail, Slug, Twist and 
zinc finger E-box binding homeobox 1 (ZEB1), were determined by western blot analysis. (E) mRNA expression levels of the genes coding for the EMT‑related 
transcription factors, Snail, Slug, Twist and ZEB1, were analyzed by qRT-PCR (means ± SEM, n=3, *P<0.05 compared with the parental HNE1 cells).
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and an unorganized growth pattern. Furthermore, higher 
levels of mesenchymal markers, such as vimentin, fibronectin 
and MMP-9, and lower levels of epithelial markers, such 
as E-cadherin and β-catenin, were observed in the CNE2/
DDP cells compared with the parental CNE2 cells (P<0.05) 
(Fig. 4B and C). In addition, the mRNA and protein levels of 
the EMT-related transcription factors, Snail, Slug, Twist and 
ZEB1, were higher in the CNE2/DDP cells compared with the 
CNE2 cells (P<0.05) (Fig. 4D and E).

Discussion

Chemotherapy with DDP is widely used in the treatment of 
NPC patients; DDP as the most active and commonly used 
drug is often applied for the treatment of distant metastasis 
or advanced locoregional recurrence in NPC patients (14). 

However, the development of resistance to DDP is a major 
limitation to its use in cancer chemotherapy (15). The biolog-
ical mechanisms through which DDP leads to DDP resistance 
are now beginning to be understood, and have the potential 
to provide molecular targets for therapeutic intervention, 
improve the prediction of response and allow the develop-
ment of strategies to overcome resistance to DDP. To further 
examine these mechanisms, we selected DDP-resistant NPC 
cells, HNE1/DDP cells and parental HNE1 cells. Our results 
revealed that the HNE1/DDP cells have acquired the charac-
teristics of chemoresistance.

Previous studies of chemoresistance and metastasis have 
been in general separately performed in the cancer research 
field. Thus, little is known as to the association between 
chemoresistance and cancer metastasis. Nevertheless, there 
are two observations of interest: firstly, a number of tumor 

Figure 4. Cisplatin (DDP)-treated CNE2 cells underwent an epithelial-mesenchymal transition (EMT)-like transformation. (A) Cell morphology was observed 
by microscopy at x200 magnification. Parental CNE2 cells showed an epithelioid, cobblestone appearance, similar to HNE1 cells. By contrast, the morphology 
of CNE2/DDP cells was of mixed type, showing an epithelioid, long, spindle/fibroblastic pattern with pseudopodia and an unorganized growth pattern. 
(B) Expression levels of the EMT-related proteins, E-cadherin, β-catenin, vimentin, fibronectin and matrix metalloproteinase (MMP)-9, were determined by 
western blot analysis. The downregulation of E-cadherin and β-catenin and upregulation of vimentin, fibronectin and MMP-9 was observed in CNE2/DDP 
cells. (C) mRNA expression levels of E-cadherin, β-catenin, vimentin, fibronectin and MMP-9 genes were analyzed by qRT-PCR (means ± SEM, n=3, *P<0.05 
compared with the parental CNE2 cells). (D) Increased protein levels of the EMT-related transcription factors, Snail, Slug, Twist and zinc finger E-box binding 
homeobox 1 (ZEB1), were determined by western blot analysis. (E) mRNA expression levels for genes coding for the EMT-related transcription factors, Snail, 
Slug, Twist and ZEB1, were analyzed by qRT-PCR (means ± SEM, n=3, *P<0.05 compared with parental CNE2 cells).
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cells selected for resistance to drugs have a greater meta-
static potential compared with non-resistant parental cells. 
Secondly, secondary (greater metastatic potential) tumors 
are more resistant to chemotherapeutic drugs than their 
primary counterparts in a number of cases (16). Metastasis 
is a complicated multi‑step process which includes local 
invasion, intravasation, survival during transport through 
the vasculature, arrest at the capillaries, extravasation and, 
finally, outgrowth to form macrometastatic tumors in distant 
organs  (17,18). Clinically, an enhanced metastatic ability 
and chemoresistance are frequently concurrent during the 
therapeutic course of NPC, and seem to be linked in light 
of the evolution towards increasingly malignant characteris-
tics in tumors. However, in several cases, no correlation has 
been observed between chemoresistance and cancer metas-
tasis (19). One study demonstrated that a calcium-resistant 
human fibrosarcoma HI-1080 Cd-R cell variant was devel-
oped, which was cross-resistant to DDP and more invasive 
than parental HIT-1080 Cd-R cells, as shown by Transwell 
in vitro assays. In addition, an increased expression of MMP‑9 
has been observed in HT-1080 Cd-R cells (20). In the present 
study, we demonstrated that the HNE1/DDP cells acquired 
an increased capacity for migration and invasion in vitro 
during the development of resistance to DDP. Furthermore, 
the mRNA and protein levels of MMP‑9 were increased in the 
HNE1/DDP cells. Therefore, chemoresistance and metastasis 
are the main obstacles in the current clinical management of 
NPC. Preventing, predicting and inhibiting chemoresistance 
and metastasis in NPC is critical for further improving the 
survival rate of patients with NPC.

Increasing evidence supports a molecular and phenotypic 
association between chemoresistance and the acquisition of 
the EMT-like phenotype in cancer cells. It is well established 
that epithelial cells can acquire a mesenchymal phenotype 
through fundamental and complex processes  (21). While 
EMT has been widely studied for its role in early develop-
ment and cancer metastasis, it can also influence the cellular 
ability to evade the effects of platinum-based therapies (22). 
EMT induces the transformation of a differentiated epithelial 
cell into a mesenchymal cell with stem-like properties, and 
is characterized by the loss of cell-to-cell adhesion, tight and 
gap junctions, as well as the loss of cell polarity and increased 
motility (23). Recent studies have indicated that EMT may 
enhance the cancer development progress, by showing that the 
epithelial-derived tumor cells can change into a more prelimi-
nary mesenchymal phenotype that facilitates motility and 
invasion (24,25). In this study, with a series of experiments, we 
demonstrated that the acquisition of resistance to DDP by NPC 
cells leads to morphological and molecular alterations consis-
tent with a change to a mesenchymal-like phenotype. We also 
obtained molecular evidence that the EMT-like changes in the 
DDP‑resistant NPC cell line were associated with an increase 
in the expression of the transcription factors, Snail, Slug, 
Twist and ZEB1. These are the major transcription factors 
responsible for the development of EMT, and bind directly to 
the E-boxes of the E-cadherin promoter to repress the tran-
scription of this gene (26). However, the expression of Twist in 
the DDP-resistant NPC cell line was significantly increased at 
both the mRNA and protein levels. The increased expression 
of Twist was responsible for the development of acquired resis-

tance to paclitaxel in NPC cells, and the ectopic expression of 
Twist conferred resistance to microtubule-disrupting agents, 
including paclitaxel  (27). Although details of the relevant 
mechanisms are still under investigation, it is possible that the 
increased expression of Twist is involved in the mechanisms 
underlying the occurrence of EMT in DDP-resistant cells.

To our knowledge, chemotherapeutic agents, including 
DDP, generally induce tumor regression through apoptosis, 
which is modulated through a series of proto-oncogenes and 
tumor suppressor genes (28,29). However, alterations in the 
regulation of such apoptotic processes may lead to increased 
expression levels of EMT-related molecules and result in the 
failure of therapy. Although the mechanisms underlying resis-
tance to DDP and EMT are still under investigation (30), we 
argue that our finding that DDP-resistant NPC cells undergo 
EMT reflects an important process by which cancer cells may 
potentially acquire chemoresistance. Blocking or reversing 
EMT changes may cause chemoresistant cells to revert to 
chemosensitive cells.

In conclusion, we demonstrate that the development of 
resistance to DDP in NPC cells is accompanied by inducible 
EMT-like changes with an increased metastatic potential 
in vitro. Further elucidation of the association between resis-
tance to DDP and EMT would allow the development of novel 
therapeutic approaches for chemoresistant tumors in the future.
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