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ABSTRACT
Nasopharyngeal carcinoma (NPC) is a highly invasive head-neck cancer derived from the nasopharyngeal
epithelium, mainly prevalent in southern China and Southeast Asia. Radiotherapy and adjuvant cisplatin
(DDP) chemotherapy are standard administrations applied in the treatment of NPC. However, resistance to
chemotherapeutic drugs has recently become more common, resulting in worse treatment outcome for
NPC therapy. To elucidate the underlying molecular basis of drug resistance to DDP in NPC cells, we
examined the morphocytology, cell motility and molecular changes in DDP-resistant NPC cells with
respect to epithelial-mesenchymal transition (EMT) features. We found that EMT is closely associated with
DDP-induced drug resistance in NPC cells, as DDP-resistant cells displayed morphological and molecular
markers changes consistent with EMT. Wound healing and Transwell Boyden chamber assays revealed an
enhanced migration and invasion potential in DDP-resistant NPC cells. Mechanistically, upregulation of
NEDD4 was observed to relate to EMT in DDP-resistant cells. More importantly, depletion of NEDD4 in
resistant cells led to a partial reversion of EMT phenotypes to MET characteristics. These data suggest that
NEDD4 is largely involved in EMT features and chemoresistance of NPC cancer cells. NEDD4 could be a
novel therapeutic target to overcome drug resistance in successful administrations of NPC.
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Introduction

Nasopharyngeal carcinoma (NPC), a type of head-neck cancer
derived from the nasopharyngeal epithelium, is rear but highly
invasive. NPC shows a strong geographic and racial preference,
which is mainly prevalent in Southern China and Southeast
Asia among people of Southern Chinese descent.1,2 It is consid-
ered that there were about 60,600 newly diagnosed NPC and
estimated 34,100 deaths in China in 2015.3 Radiotherapy and
combined with chemotherapy are the main treatment choices,
which have helped to achieve good prognoses, especially for
early-stage patients with NPC.4 Unfortunately, for advanced
NPC, concurrent chemoradiotherapy outcomes have been
unsatisfied mainly due to distant metastases and recurrence.5

In many cases, patients are resistant to chemotherapeutic
drugs, which lead to failure of chemo-radiotherapy. Therefore,
there is a critical need to explore the underlining molecular
mechanisms of drug resistance in NPC.

DNA damaging agent cisplatin (DDP) is one of the standard
chemotherapeutic drugs that have been commonly used for the
treatment of various cancers including NPC.6-8 DDP is clinically
used for NPC by inducing tumor cell death. DDP exhibits its
cytotoxicity and/or apoptosis-inducer activities via forming
DNA adducts or by targeting therapeutically important cancer

signaling pathways and molecules.9-11 Increasing evidence, how-
ever, indicates that many patients acquired DDP-resistance dur-
ing cancer chemotherapy. Recent studies have indicated that
epithelial mesenchymal transition (EMT) is involved in chemo-
resistance in human malignancies. EMT is a complex process by
which epithelial cells transit to mesenchymal phenotype. A
series of marked morphological changes including epithelial
cells lose their cell polarity and cell-cell adhesion; subsequently
acquire increased migratory and invasive properties as mesen-
chymal-like cells.12 EMT is essential in the initiation of metasta-
sis for cancer progression.13 There are several transcription
factors, such as zinc finger E-box binding homeobox 1 (ZEB 1)
and ZEB 2, snail, slug and twist, known to be involved in the reg-
ulation of EMT.14 The downregulated epithelial molecular
markers (eg E-cadherin and b-catenin) as well as upregulated
mesenchymal molecular markers (eg vimentin, fibronectin, and
N-cadherin) are also observed during EMT. The activity of
matrix metalloproteinase-2 (MMP-2) and matrix metalloprotei-
nase-9 (MMP-9), which are associated with the invasive pheno-
type, is also increased.15,16 Zhang et al. reported that the
development of DDP resistance of NPC cells is accompanied by
morphological and molecular changes consistent with EMT.
Increased metastatic potential was also observed in vitro.17
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Recently, it is reported that therapeutically targeting of the CBP/
b-catenin signaling pathway effectively reduces the expression
of cancer stem-like associated proteins with altered expression
of EMT markers, and synergistically suppresses growth of
Epstein-Barr virus (EBV)-positive NPC cells by combination
with DDP treatment.18 Studies also showed that microRNAs
(miRNAs) participate in NPC pathogenesis. For instance, miR-
203 has been documented to suppress NPC cell migration, inva-
sion, tumor stemness, and chemotherapy resistance to DDP in
vitro and in vivo, by targeting ZEB2 and downstream EMT and
tumor stemness signals.19 The miR-10b is upregulated in
HNE1/DDP cells, and inhibition of miR-10b expression
reversed the EMT phenotype.20 Multiple molecules and various
signaling pathways are involved in chemoresistance in human
malignancies. However, the mechanisms of DDP-resistant NPC
have not been fully elucidated.

Neural precursor cell expressed developmentally downregu-
lated protein 4 (NEDD4) is an E3 protein ligase enzyme,
degrades a good deal of membrane proteins, such as ion chan-
nels andmembrane receptors, through ubiquitination and endo-
cytosis. NEDD4 regulates a diverse range of processes, such as
fluid and electrolyte homeostasis,21 neuronal development,22

viral budding,23 and is essential for animal development and sur-
vival.24 Accumulating evidence suggests that NEDD4 plays
important roles in cancer development. Overexpression of
NEDD4 is frequently detected in many types of human cancers
including prostate and bladder cancers,25 gastric carcinomas,26

colorectal cancer,27 non-small cell lung carcinomas,28 and breast
cancer.29 NEDD4 interacts with many proteins that closely
related to tumorigenesis and metastasis.30,31 Tumor suppressor
PTEN (phosphatase and tensin homolog depleted on chromo-
some 10) is inversely correlated with NEDD4 in many human
cancer cell lines, such as breast cancer MDA-MB-231 and pros-
tate cancer DU145 cell lines.32 Moreover, impeded NEDD4-
mediated Ras degradation underlies Ras-driven tumorigenesis
in various types of human cancer cell lines, such as cervical ade-
nocarcinoma HeLa, colorectal adenocarcinoma HT-29, gastric
adenocarcinoma BGC-823 and hepatocellular carcinoma
HepG2 cells.33 Large tumor suppressor kinase 1 (LATS1), a neg-
ative regulator of YAP in the Hippo signaling pathway, directly
binds NEDD4 for its ubiquitination and degradation, subse-
quently leads to the inhibition of Hippo pathway.34 One study
showed that haplotype of NEDD4 binding protein 2 is correlated
with sporadic NPC.35 Although these studies provide strong evi-
dence for the oncogenic activities of NEDD4 in various human
cancers, neither NPC nor DDP-resistant NPC cells have been
extensively studied. Thus, in the present study, we established
DDP-resistant cells from well-characterized NPC cell lines. We
determined whether these DDP-resistant NPC cells have typical
EMT-like properties. We further demonstrate whether NEDD4
is involved in DDP-resistance mediated EMT.

Results

Establishment of DDP-resistant NPC cell lines

Both NPC cells, CNE1 and CNE2, were exposed to increasing
concentrations of DDP for more than 6 months to establish the
DDP-resistant cells. Compared with their parental cells,

chemoresistance to DDP was observed in CNE1/DDP and
CNE2/DDP cells. As shown in Fig. 1A, 3 mMDDP led to about
50% cell growth inhibition in both CNE1 and CNE2 cells,
respectively. CNE1/DDP and CNE2/DDP cells, however, pro-
duced resistance to the growth inhibitory properties of 3 mM
DDP. Thus, the resistant NPC cells were continuously main-
tained in RPMI 1600 medium containing 2 mM DDP.

DDP-resistant NPC cells acquire EMT features
and undergo EMT molecular marker changes

As drug-resistant cells often develop EMT phenotype, we
examined the morphologic changes of DDP-resistant NPC
cells. Consistent with this concept, we found that CNE1/
DDP and CNE2/DDP cells developed the EMT phenotype
changes. Both DDP-resistant NPC cells exhibited elongated,
fibroblastoid morphology, whereas their parental cells dis-
played a rounded shape (Fig. 1B). We further detected the
EMT-associated aggressive characteristics, such as cell
attachment, detachment, migration, and invasion, in DDP-
resistant NPC cells. The Transwell assay showed that the
invasive capacity of CNE1/DDP and CNE2/DDP cells was
significantly enhanced compared with parental cells
(Fig. 1C). We also observed that DDP-resistant NPC cells
have increased ability of attachment and detachment
(Fig. 1D). Moreover, DDP-resistant NPC cells acquired
enhanced motility activity, detected by wound healing assay
(Fig. 2A). We also examined whether DDP-resistant NPC
cells undergoes EMT molecular marker changes. The
expression of different EMT markers was compared in
paired parental and resistant cell lines using Western blot-
ting analysis. As expected, we observed that the expression
of epithelial molecules E-cadherin and ZO-1 was signifi-
cantly decreased in DDP-resistant NPC cells. Meanwhile,
the expression of mesenchymal markers, such as Vimentin,
N-cadherin and Slug, were extremely increased in resistant
cells (Fig. 2). Taken together, these results suggest that
DDP-resistant NPC cells acquired EMT characteristics, and
the mesenchymal phenotype could be responsible for the
DDP resistance in NPC.

Overexpression of NEDD4 was found in DDP-resistant
NPC cells

Since accumulating evidence has suggested that NEDD4 plays
important roles in cancer development, we further determine
whether NEDD4 is involved in EMT in human cancers. We
measured the expression of NEDD4 in DDP-resistant NPC
cells compared with the parental cells. As shown in Fig. 3A, the
expression of NEDD4 mRNA was significantly elevated in both
CNE1/DDP and CNE2/DDP cells compared with parental cells
using Q-PCR assay. As illustrated in Fig. 3B, NEDD4 protein
was also markedly upregulated in DDP-resistant NPC cells,
detected by Western blotting. Moreover, the expression of
Notch1, one of the important oncoproteins, was measured sub-
sequently. As shown in Fig. 3B, Notch1 was overexpressed in
DDP-resistant NPC cells. All of the above findings indicated
that the overexpression of NEDD4 could be partially
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responsible for the acquisition of EMT features in DDP-resis-
tant NPC cells.

Depletion of NEDD4 reverses EMT to MET
in DDP-resistant NPC cells

We depleted NEDD4 by siRNA (small interfering RNA)
transfection to further investigate whether NEDD4 plays a criti-
cal role in DDP-induced EMT. All 3 siRNAs showed valid
depletion of NEDD4 in both DDP-resistant NPC cells
(Fig. 3C). Subsequently, we used NEDD4 siRNA1 to detect
whether depletion of NEDD4 could reverse the EMT features
to mesenchymal–epithelial transition (MET) in DDP-resistant
NPC cells. As shown in Fig. 3D, depletion of NEDD4 indeed
partly reversed EMT to MET phenotype as the NEDD4 siRNA

transfected DDP-resistant NPC cells developed round cell-like
morphology. Inhibition of cell attachment and detachment
capacity was also observed in DDP-resistant NPC cells via
NEDD4 siRNA transfection (Fig. 3E).

Suppression of NEDD4 reduces motility and invasion
in DDP-resistant NPC cells

We detected the effect of NEDD4 depletion on cell motility and
invasion capacities in DDP-resistant NPC cells after NEDD4
siRNA transfection. Transwell assay showed that depletion of
NEDD4 significantly inhibited the migration and invasion of
DDP-resistant NPC cells (Fig. 4A). Consistently, wound heal-
ing assay illustrated that suppression of NEDD4 reduced cell
motility in DDP-resistant NPC cells (Fig. 4B). These findings

Figure 1. Cisplatin-resistant cells exhibited EMT phenotype. (A) MTT assay was conducted in parental and CNE/DDP NPC cells. �P < 0.05, ��P < 0.01 vs control. (B) Cell
morphology was observed by microscopy in parental and CNE/DDP NPC cells. Parental cells displayed an epithelioid appearance, whereas their CNE/DDP cells showed
elongated, irregular fibroblastoid morphology. (C) Top panel: Invasion assay was performed to measure the invasive capacity in parental and CNE/DDP NPC cells. Bottom
panel: Quantitative results are illustrated for top panel. �P < 0.05 vs control. (D) Cell attachment and attachment assays were assessed in parental and CNE/DDP NPC cells.
�P < 0.05, ��P < 0.01 vs control.
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revealed that NEDD4 is critically involved in cell migration and
invasion characteristics in DDP-resistant NPC cells.

Suppression of NEDD4 regulates expression
of EMT markers

We further determine whether depletion of NEDD4 effects the
expression of EMT markers in DDP-resistant NPC cells. We
measured the expression of EMT molecules at mRNA and pro-
tein levels in DDP-resistant NPC cells transfected with NEDD4
siRNA by Q–PCR and Western blotting analysis, respectively.
Our results revealed that the expression of epithelial marker
E-cadherin and ZO-1 was markedly elevated in DDP-resistant
NPC cells with NEDD4 siRNA transfection. On the contrary,

the expression of mesenchymal markers including N-cadherin,
Vimentin, and Slug was significantly decreased in DDP-resis-
tant NPC cells after NEDD4 depletion (Figs. 5 and 6A). Taken
together, our findings identified that NEDD4 is involved in reg-
ulation of EMT in DDP-resistant NPC cells.

Downregulation of NEDD4 enhances DDP-resistant
NPC cells to DDP sensitivity

MTT assay was performed to examine whether depletion of
NEDD4 enhances DDP-resistant NPC cells to DDP sensitivity.
After NEDD4 siRNA transfection, we found that NEDD4 sup-
pression significantly antagonized cell growth inhibition
induced by DDP treatment (Fig. 6B). This finding suggested

Figure 2. Cisplatin-resistant cells have EMT marker changes. (A) Left panel: Western blotting analysis was used to detect the expression of ZO-1, E-cadherin, N-cadherin,
Slug, and Vimentin in CNE/DDP NPC cells. Right panel: Quantitative results are illustrated for panel A. �P < 0.05, ��P < 0.01 vs control. (B) Left panel: Western blotting
analysis was performed to measure the expression of ZO-1, E-cadherin, N-cadherin, Slug, and Vimentin in CNE/DDP NPC cells. Right Panel: Quantitative results are illus-
trated for panel (C). �P < 0.05, ��P < 0.01 vs control.
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that in DDP-resistant NPC cells with downregulated NEDD4
could be significantly more sensitive to DDP treatment induced
cell growth inhibition

Discussion

Nasopharyngeal carcinoma, consistently associated with
Epstein-Barr virus (EBV) latent infection, is an epithelial
malignancy and relatively prevalent in Southeast Asia and
China.36 NPC is one of the most common types of head
and neck cancer and is difficult to accurate detection due to
its anatomic location. In conventional clinical therapy,
radiotherapy combined with chemotherapy is the primary
therapeutic approach in treatment of NPC. The most active
and commonly used drug is DDP, especially for the treat-
ment of advanced locoregional recurrence or distant metas-
tasis in NPC patients.37 However, treatment failure rates

remain high because many patients develop drug resistance
to DDP, either intrinsic or acquired. Hence, there is an
urgent need to explore the mechanism of drug resistance in
NPC. For this purpose, in the current study, we exploited
the underlining molecular mechanism of DDP resistance in
NPC cells. Our results showed that DDP-resistant NPC cells
developed EMT features and underwent EMT molecular
marker changes. Moreover, DDP-resistant NPC cells
acquired enhanced increased motility and invasion activi-
ties. We further found an overexpression of NEDD4 in
DDP-resistant NPC cells. What is noteworthy is that deple-
tion of NEDD4 in resistant cells caused a reversion of EMT
phenotypes to MET characteristics. These findings suggested
that NEDD4 is involved in EMT features and chemoresist-
ance of NPC cancer cells, and targeting NEDD4 could be a
novel choice to overcome drug resistance for successful
therapy of NPC patients.

Figure 3. Cisplatin-resistant cells have high expression of NEDD4. (A) Real-time RT-PCR assay was conducted to detect the expression of NEDD4 in parental and CNE/DDP
NPC cells. �P < 0.05 vs control. (B) Western blotting analysis was performed to detect the expression of NEDD4 in parental and CNE/DDP NPC cells. (C) Western blotting
analysis was performed to detect the efficacy of NEDD4 siRNA transfection. (D) Cell morphology was taken by microscopy in CNE/DDP NPC cells transfected with NEDD4
siRNA. (E) Cell attachment and detachment assays were measured in CNE/DDP NPC cells transfected with NEDD4 siRNA. �P< 0.05, ��P< 0.01 vs control siRNA. CS: control
siRNA; NS: NEDD4 siRNA.
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Accumulating data had showed the close association
between chemoresistance and the acquisition of EMT-like phe-
notype of cancer cells. It was reported that chemoresistance to
gemcitabine in hepatoma cells induces EMT features with
decreased E-cadherin and increased Vimentin, Snail, and
Slug.38 Similarly, paclitaxel-resistant breast cancer cells undergo
EMT and involve upregulation of S-phase kinase-associated
protein 2 (Skp2).39 One study demonstrated that downregula-
tion of Dedicator of cytokinesis 1 (DOCK1) could increase the
chemosensitivity in bladder cancer cells via preventing DDP-
induced EMT.40 DDP-resistant lung adenocarcinoma cells
acquired mesenchymal features and were along with low
expression of miR-206 and high migration and invasion abili-
ties.41 In NPC cells, Zhang and the colleagues described that
the DDP-resistant cells exhibited morphological and molecular
changes consistent with EMT, including the suppression of E-
cadherin and b¡catenin and the increase of vimentin, fibronec-
tin and MMP-9, Snail, Slug, Twist and ZEB1.17 In line with

these reports, our study revealed that DDP-resistant NPC cells
develop EMT-like morphological changes with an increased
metastatic potential in vitro. We also found the alternation of
EMT molecular markers, downregulation of E-cadherin and
ZO-1 and upregulation of N-cadherin, Vimentin, and Slug.
More importantly, we first demonstrated NEDD4 is closely
associated with DDP-induced EMT in NPC cells.

NEDD4–1 comprises a C2-WW(n)-HECT domain architec-
ture and is the leading member of HECT E3 ubiquitin ligase.
NEDD4 is frequently overexpressed in a wide range of human
tumor types and exerts its oncogenic-like properties through
the ubiquitin-mediated degradation of multiple protein sub-
strates.42-44 Protein p34 has been identified to interact with the
WW1 domain of NEDD4–1 which enhances NEDD4–1 stabil-
ity.27 Furthermore, co-expression of p34 and NEDD4 is found
responsible for the lowered PTEN levels in colon cancer tissues,
suggesting that NEDD4 facilitated tumorigenesis through the
p34-dependent PTEN ubiquitination and degradation.27

Figure 4. Depletion of NEDD4 inhibits motility and invasion in CNE/DDP NPC cells. (A) Top panel: Invasion assay were performed in CNE/DDP NPC cells transfected with
NEDD4 siRNA. Bottom panel: Quantitative results are illustrated for top panel. CS: control siRNA; NS: NEDD4 siRNA. �P < 0.05 vs control. (B) Top panel: Wound healing
assays were used to detect the motility in CNE/DDP NPC cells transfected with NEDD4 siRNA. Bottom panel: Quantitative results are illustrated for top panel.
�P < 0.05 vs control siRNA.
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NEDD4 depletion inhibited cell growth via targeting PTEN in
hepatocellular carcinoma.45 NEDD4 also exerts its oncogenic
activity by regulating the stability of Mdm2 protein, a RING-
type E3 ligase, leading to the suppression of tumor suppressor
p53.46 Moreover, it is reported that NEDD4–1 interacts with
and enhances Mdm2 poly-ubiquitination through the forma-
tion of K63-type polyubiquitin chains.47 Despite these finding
proposing that NEDD4 promotes cancer, its role in
cancer development appears to be controversial. Recent studies
showed that NEDD4 acts as a tumor suppressor rather than an
oncoprotein by directly targeting N-Myc and C-Myc oncopro-
teins for ubiquitin-mediated degradation, and as a result, inhib-
iting the growth of neuroblastoma and pancreatic cancer.48 The
authors further demonstrated that the histone deacetylase
SIRT2 (sirtuin 2) represses NEDD4 transcription by deacetylat-
ing Lys16 of histone H4 at NEDD4 core promoter, thus enhan-
ces expression of N-Myc and c-Myc. Importantly, by the
addition of SIRT2 small-molecule inhibitors, NEDD4 gene
expression is could be reactivated, leading to reduced N-Myc
and c-Myc protein levels, and suppressing tumor cell growth.48

Huang and colleagues revealed that NEDD4 negatively regu-
lates HER3, a member of the epidermal growth factor receptor
(EGFR) family, and knockdown of NEDD4 in human prostate

and breast cancer cell lines elevates HER3 signaling
and cancer cell proliferation in vitro and xenoplant tumor
growth in vivo.49 More recently, it is reported that intestinal
knockout of Nedd4 enhances growth of Apcmin tumors, sug-
gesting that Nedd4 normally suppresses colonic WNT signaling
and growth of colonic tumors.50 One recent study reported that
NEDD4 is involved in TGF-b (transforming growth
factor¡b)-induced EMT in lung cancer cells.51 Here, in this
study we found NEDD4 exhibits oncogenic properties in NPC
cells, as it facilitates the EMT characters of DDP-resistant cells.
Indole-3-carbinol analogs have been found to be potential
small molecular inhibitors of NEDD4 in human melanoma
cells,52 suggesting that natural compounds could be useful to
inhibit NEDD4 in human cancer.

In the present study, for the first time, we showed that DDP-
resistant cells underwent EMT at least partly due to overexpres-
sion of NEDD4 signaling pathway. We further found that short
hairpin RNA knockout of NEDD4 reverses the EMT features
to MET and sensitized DDP-resistant cells to DDP, suggesting
that repression of NEDD4 could be a promising approach for
restoring sensitivity to DDP. Further elucidation of the associa-
tion between resistance to DDP and NEDD4 overexpression
could promote the future development of novel therapeutic

Figure 5. Depletion of NEDD4 regulates mRNA level of EMT markers in CNE/DDP NPC cells. (A) Real-time RT-PCR was performed to quantify mRNA expression of EMT
markers in CNE1/DDP NPC cells transfected with NEDD4 siRNA. CS: control siRNA; NS: NEDD4 siRNA. �, P < 0.05, ��P < 0.01 compared with control siRNA. (B) Real-time
RT-PCR was conducted to measure mRNA level of EMT markers in CNE2/DDP NPC cells after NEDD4 siRNA transfection. CS: control siRNA; NS: NEDD4 siRNA. �, P < 0.05,
��P < 0.01 compared with control siRNA.
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strategies. Without a doubt, it is necessary to determine
whether NEDD4 is involved in DDP-resistance in NPC mouse
models in vivo.

Materials and methods

Cell culture, reagents and antibodies

The human NPC cell lines, CNE1 and CNE2, were cultured
in RPMI-1640 medium (Invitrogen, Carlsbad, CA, USA)
supplemented with 10% fetal bovine serum (FBS), penicillin
(100 U/ml), and streptomycin (100 U/ml), and maintained
in a humidified 5% CO2 incubator at 378C. DDP and MTT
[3-(4,5-dimethythi-azol- 2-yl)-2,5-diphenyl tetrazolium bro-
mide] was purchased from Sigma (St Louis, MO, USA).
RPMI-1640 medium, FBS and phosphate-buffered saline
(PBS) were purchased from Gibco-BRL (Grand Island, NY,
USA). Matrigel was purchased from BD Biosciences (Bed-
ford, MA, USA). Primary antibodies against ZO-1, E-cad-
herin, N-cadherin, Vimentin, Slug, and Tubulin were
bought from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Anti-NEDD4 and anti-Notch1 antibodies were pur-
chased from Abcam (Cambridge, MA, USA). CNE1 and
CNE2 cells were exposed to increasing concentrations of
DDP for more than 6 months to create DDP-resistant cell
lines.

MTT assay

The cells (5£103) were seeded in each well of the 96-well plates
for overnight incubation. Then, the cells were treated with dif-
ferent concentrations of DDP for 72h. MTT assay was per-
formed for cell viability analysis as described before.53

Transwell migration and invasion assay

The cell migration and invasion capacities were determined
using 24-well inserts with 8mm pores according to the
manufacturer protocol. For invasion assay, the Transwell
inserts were precoated with Matrigel. Then cells were
seeded into an upper-chamber of inserts. RPMI1600
medium with 10% FBS was added to the lower chamber.
After the cells were seeded for 20 h, the upper cells of the
chambers were removed and the invading cells on the bot-
tom surface cells of the chambers were fixed and dyed with
Giemsa solution. The stained invasive cells were photo-
graphed under a microscope.

Cell attachment and detachment

For attachment assay, 5 £ 104 pretreated cells per well were
seeded in 24-well plates. After 1h incubation, removed the
unattached cells and counted the attached cells. For cell detach-
ment assay, the cells were seeded and incubated for 24 h. Then
the detached cells with 0.05% trypsinization for 3 min were
counted. The remaining attached cells were also counted. Data
were calculated as a percentage of the attached or detached cells
to total cells.

Wound healing assay

The NPC and DDP-resistant cells were seeded into a 6-well
plate and incubated till the cells reach to about 90% confluence.
Then, the scratch wound was generated by a careful scraping
the surface cells of the plates with a pipette tip. After the
detached cells were rinsed with PBS, the cells were incubated
for 16 h. Photographed the wound healing images at 0 h and
16 h, respectively.

Quantitative real-time RT-PCR (Q-PCR)

Total RNAs were extracted from the cells using Trizol reagent
(Invitrogen) and transcribed into cDNA according to the man-
ufacturer’s protocol. The mRNA level of NEDD4 and EMT
associated markers, including, ZO-1, E-cadherin, N-cadherin,
Vimentin, Slug, was performed using SYBR green assay kit
(Takara, Dalian, China) and GAPDH level was applied for nor-
malization. The primers and PCR reaction are described
previously.39

Transfection

Cells were seeded in 6-well plates and transfected with NEDD4
siRNA (GenePharma, Shanghai, China), or non-targeting con-
trol siRNA using Lipofectamine 2000 following the manufac-
ture’s instruments.53 After the transfection and incubation,
cells were used for further analysis as described in the results
section.

Western blotting analysis

After specified treatment, the cells were washed with PBS and
harvested using trypsin. Harvested cells were centrifuged and
resuspended in RIPA buffer (50m M Tris, 150m M NaCl, 1%
TritonX-100, 0.1% sodium dodecyl sulfate, and 1% nadeoxy-
cholate) supplemented with protease inhibitors. Following

Figure 6. Depletion of NEDD4 regulates protein level of EMT markers in CNE/DDP
NPC cells. (A) Western blotting analysis was used to detect the expression of EMT
markers in CNE/DDP NPC cells transfected with NEDD4 siRNA. CS: control siRNA;
NS: NEDD4 siRNA. (B) Down-regulation of NEDD4 enhanced cisplatin sensitivity to
CNE/DDP NPC cells. MTT assay was performed in CNE/DDP NPC cells treated with
NEDD4 siRNA. CS: control siRNA; NS: NEDD4 siRNA. �, P< 0.05 compared with con-
trol siRNA.
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incubation on ice for 30 min, the homogenate was centrifuged
at 12,000 rpm for 30 min at 48C. Then, the bicinchoninic acid
(BCA) protein assay was performed to determine the protein
concentrations. 40 mg of proteins were then separated using
10–15% sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE), and subsequently transferred onto mem-
branes. The membranes were blocked with 5% defatted milk
and immunoblotted with proper primary antibodies overnight
at 48C. Thereafter, membranes were washed and probed with
secondary antibodies for 1 h at room temperature. The mem-
branes were imaged with gel imaging equipment (Bio-Rad,
Hercules, CA, USA). Tubulin was used as the loading control.

Statistical analysis

Data are presented with means § SEM. Statistical comparisons
between different groups were evaluated using GraphPad Prism
4.0 (Graph pad Software, La Jolla, CA, USA). The differences
between mean values were analyzed using the 2-tailed Student’s
t-test. Results are expressed as means § SD. P-values < 0.05
were considered statistically significant differences.
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