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Abstract. In the present study, we evaluated the role of phos-
phatidylinositol-3 OH kinase/protein kinase B (PI3K/Akt)
signaling on changes to epithelial-to-mesenchymal reverting
transition (EMrT) in nasopharyngeal carcinoma (NPC).
Protein expression levels of p-Akt (Ser473), and the epithe-
lial-to-mesenchymal transition (EMT) markers E-cadherin,
vimentin, o smooth muscle actin (a-SMA), were examined
in clinical samples from 130 cases of undifferentiated non-
keratinizing NPC, and 20 cases of benign nasopharyngitis.
The relationship between protein expression levels and the
statue of NPC lymph node metastasis was analyzed. The
poorly-differentiated NPC cell line CNE2Z was treated with
various concentrations of the PI3K inhibitor, LY294002, and
western blotting and quantitative polymerase chain reac-
tion assays were used to analyze the activation of PI3K/Akt
signaling and expression of E-cadherin, vimentin and a-SMA.
The ability of cellular migration and invasion was assessed
using Transwell assays. The in vivo effects of LY294002 on
metastasis and expression of EMT markers in CNE2Z cells
was evaluated using tumor xenograft experiments. The expres-
sion levels of p-Akt (Ser473) in NPC samples were higher
than those in nasopharyngitis. There were reduced levels
of membrane E-cadherin protein expression, and increased
cytosol vimentin and a-SMA expression levels in NPC samples
compared with those in nasopharyngitis samples. High expres-
sion levels of p-Akt (Ser473), vimentin, and a-SMA, and low
expression levels of E-cadherin were positively associated
with lymph node metastasis of NPC cells. Treating CNE2Z
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cells with LY294002 inhibited p-Akt (Ser473), vimentin and
a-SMA expression but upregulated E-cadherin expression,
leading to significantly attenuated cell invasion and migration.
Administration of mice with LY294002 resulted in upregula-
tion of membrane E-cadherin, and downregulation of vimentin
and a-SMA in CNE2Z xenografts, with reduced pulmonary
metastasis. Our findings suggest that inhibiting the PI3K/
Akt pathway using LY294002 attenuated NPC metastasis via
induction of EMrT.

Introduction

Nasopharyngeal carcinoma (NPC) is one of the most common
carcinomas in Southern China, particularly in Guangdong
Province; however, it is rare in most other regions of the
world (1,2). NPC cells are highly malignant, often invading
adjacent regions and metastasizing to regional lymph nodes
and distant organs. Despite radiation therapy or adjunctive
chemotherapy, 30-40% of NPC patients die from local recur-
rence and distant metastasis (3). A better understanding of the
molecular mechanisms contributing to NPC progression may
provide new insights into possible therapeutic targets.

Increasing evidence indicates that metastasis of many
epithelium-derived tumors is closely correlated with epithelial-
to-mesenchymal transition (EMT) (4-7). EMT is characterized
by cells losing their epithelial morphology, and acquiring
fibroblast-like properties. They also exhibit reduced intercel-
lular adhesion and increased motility (8). Loss of E-cadherin
expression and increased expression levels of mesenchymal
cell markers such as vimentin, N-cadherin, fibronectin and a
smooth muscle actin (a-SMA) appear to be strongly correlated
with EMT. Suppression of E-cadherin by transcriptional regu-
lators such as Snail or Twist has emerged as a critical step
driving EMT (9). Previously, it was reported that cancer cells
could acquire epithelial-to-mesenchymal reverting transi-
tion (EMIrT) to adapt to metastatic microenvironments, with
re-expression of E-cadherin, an indicator of EMrT (10,11).
Under such conditions, cancer cells continue to display pheno-
typic plasticity beyond the EMT that initiates metastasis. To
date, little is known about the precise mechanisms, biology,
and clinical significance of EMrT in NPC.
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Previous studies revealed that several signaling pathways
are involved in EMT and EM(T (9,12,13). The phosphati-
dylinositol-3 OH kinase/protein kinase B (PI3K/Akt) signaling
pathway is constitutively activated in various epithelial
cancers, and plays an important role in tumor formation and
metastasis (14,15). Phosphatidylinositol 3,4,5-triphosphate
(PIP3), generated from PI3K, acts as a lipid second messenger
essential for the translocation of Akt to the plasma membrane.
Akt is phosphorylated at two sites, T308 in the kinase domain
and S473 in the regulatory tail. Phosphorylation at T308 and
S473 is essential for maximal Akt activation. Phosphorylated
Akt (p-Akt) regulates the function of a broad array of intracel-
lular proteins involved in fundamental processes, including
cell proliferation, cell death, cell motility/adhesion, cell trans-
formation, neovascularization and the inhibition of apoptosis.
It has been reported that Akt suppresses transcription of the
E-cadherin gene (10,16). This transcriptional suppression
induces responses leading to the conversion of epithelial cells
into invasive mesenchymal cells.

A chemical inhibitor of PI3K, 2-4-morpholinyl-8-phenyl-
chromone (LY294002), has been extensively used to study the
role of the PI3K/AKT pathway in normal and transformed
cells. Inactivation of PI3K using LY294002 has been shown
to lead to the dephosphorylation of Akt at T308 and S473.
A consequence of this is induction of Gl arrest during cell
growth, which leads to apoptosis. Inhibitors of PI3K also
possess antitumor activity in vitro and in vivo in a variety of
tumors. It is possible that cells constitutively expressing active
Akt become dependent on its ability to promote survival.
Although these results have been observed in many human
cancers, the effects of LY294002 on EMrT and metastasis in
human NPC remain unclear. In the present study, we investi-
gated the role of PI3K/Akt signaling activation and inhibition
in EMIT for human NPC cases.

Materials and methods

Sample collection and ethics. Human benign nasopharyngeal
samples (chronic nasopharyngitis, n=20) and NPC samples
(n=130) were obtained from the Affiliated Gaozhou Hospital,
and the Affiliated Hospital of Guangdong Medical College.
All NPC patients were diagnosed with non-keratinizing
carcinoma following histological examination. Tissues were
paraffin-embedded and sectioned (4-pm thickness). Of the
130 NPC cases, 53 involved local lymph node metastasis; of
these 53 cases, 23 were paired with primary and metastatic
lesions. The use of human tissues in this study was approved
by the Ethics Council of the Affiliated Gaozhou Hospital, and
the Affiliated Hospital of Guangdong Medical College.

Immunohistochemistry (IHC). Paraffin-embedded sections
were used for immunohistochemical analysis of p-Akt
(Serd73), E-cadherin, vimentin and a-SMA expression.
Sections were deparaffinized and rehydrated, then heat-
induced antigen retrieval at 95°C was conducted in sodium
citrate buffer (10 mM, pH 6.0). Endogenous peroxidases
were blocked using 0.3% (v/v) H,0,, while binding of non-
specific proteins was blocked with 10% goat serum. Sections
were then incubated with primary antibodies against p-Akt
(Serd73) (1/200 dilution; Cell Signaling, Danvers, MA, USA),
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E-cadherin (1/200) and vimentin (1/200) (both from Cell
Signaling), and a-SMA (1/100; Maixin Bio, Fujiang, China)
at 4°C overnight. Non-immune immunoglobulin G (IgG) was
used as a negative control. Antigenic sites were visualized
using a streptavidin-peroxidase (SP) and a 3,3'-diaminoben-
zidine (DAB) kit (ZSGB-BIO, Beijing, China). Expression of
p-Akt (Serd73), vimentin, and a-SMA was localized to the
cytoplasm, while E-cadherin signals were observed in the cell
membrane or cytoplasm. Scoring of sections was conducted
by two experienced pathologists, blinded to the identity of
samples. Staining intensity was classified as 0 (negative);
1 (weak); 2 (moderate); and 3 (strong). The proportion of p-Akt
(Serd73)-, E-cadherin-, vimentin- and a-SMA-positive cells
was scored as 1 (0-9% positive); 2 (10-50%); and 3 (>50%).
Samples with a sum immunoreactive score (IRS) =1 were
considered to be positive for p-Akt (Ser473), E-cadherin,
vimentin and a-SMA.

Cell culture. The poorly differentiated human NPC cell line,
CNE2Z, was maintained as described previously (17-19).
Briefly, CNE2Z cells were cultured in Dulbecco's modified
Eagle's medium (DMEM; Life Technologies, Guangzhou,
China) supplemented with 10% fetal bovine serum (FBS;
Gibco), 100 U/ml penicillin and 100 xg/ml streptomycin at
37°C/5% CO,. LY294002 (Cayman Chemical Co., Ann Arbor,
MI, USA) was dissolved in dimethyl sulfoxide (DMSO), and
the final concentration of DMSO in growth medium was 0.5%
(v/v). CNE2Z cells were incubated in DMEM containing 0.5%
FBS for 24 h; media were then replaced with complete growth
medium containing LY294002 at 10, 25, 50 or 75 uM, or
DMSO (0.5%, v/v) for 48 h; cells were then harvested for use
in relevant experiments.

In vitro cell invasion and migration assays. Cell invasion
assays were conducted using Transwell chambers containing
membranes with 8 ym pores. The upper surfaces of the Transwell
chambers were coated with Matrigel matrix (250 pl/ml) over-
night at 4°C, then rehydrated with 0.1% (w/v) bovine serum
albumin (BSA) in DMEM for 1 h at 37°C. Transwell chambers
were then placed into 24-well culture plates. CNE2Z cells
(5x10°) were suspended in 200 pl of complete growth media
supplemented with LY294002 (10, 25, 50 or 75 uM), or DMSO
(0.5%, v/v), and were then added to the upper chambers and
allowed to migrate toward the underside of the membrane.
Membranes were fixed with 3.5% paraformaldehyde 24 h later;
cells on the upper surface of the membrane were removed by
wiping with a cotton swab, and then membranes were mounted
onto glass slides. Cells on the lower faces of the membranes
were counted, with 20 random fields of view per membrane
counted for each assay. For cell migration assays, the protocol
was similar to that used in cell invasion assays, except that
Matrigel was not added to the upper chambers.

Quantitative polymerase chain reaction (qPCR) assays.
The CNE2Z cells were treated with LY294002 (10, 25, 50
and 75 uM) and DMSO (0.5%, v/v) for 24 h. Total RNA
was extracted using Takara RNAiso Plus reagent (Takara
Biotechnology Co., Ltd., China). We used the Promega RT
System and oligo(dT)18, along with total RNA (1 ug) as a
template to generate first strand cDNA. Specific primer pairs



ONCOLOGY REPORTS 32: 559-566, 2014

561

Table I. Expression of p-Akt (Ser473), membrane E-cadherin, cytosol vimentin and a-SMA in clinical nasopharyngitis and NPC

samples.
p-Akt (Serd73) E-cadherin Vimentin a-SMA
Conditions n + (%) P-value + (%) P-value + (%) P-value + (%) P-value
Tissue type <0.001 <0.05 <0.001 <0.01
NPC 130 99 (76.2) 98 (75.4) 53 (40.8) 48 (36.9)
Nasopharyngitis 20 5(25.0) 20 (100.0) 0 0
Metastasis <0.01 <0.01 <0.001 <0.05
With 53 47 (88.7) 33 (62.3) 32 (60.4) 25 (47.2)
Without 77 52 (67.5) 65 (84.4) 21 (27.3) 23 (29.9)
Matched lesion <0.05 <0.05 <0.05 >0.05
Primary 23 10 (43.5) 18 (78.3) 15 (65.2) 7 (304)
Secondary 23 18 (78.3) 11 (47.8) 7 (304) 13 (56.5)

a-SMA, a smooth muscle actin; NPC, nasopharyngeal carcinoma.

for the amplification of E-cadherin (5'-TTG CTA CTG GAA
CAG GGA CAC-3' and 5'-CCC GTG TGT TAG TTC TGC
TGT-3'), vimentin (5'-TGC GTG AAA TGG AAG AGA
ACT-3" and 5-TCA GGT TCA GGG AGG AAA AGT-3"),
0o-SMA (5-TCC CTT GAG AAG AGT TAC GAG TTG-3' and
5'-ATG ATG CTG TTG TAG GTG GTT TC-3'"), and (3-actin
(5-TGA CGT GGA CAT CCG CAA AG-3'and 5-CTG GAA
GGT GGA CAG CGA GG-3") were synthesized by Sangon
Biotech Co., Ltd. (Shanghai, China). The total reaction (20 ul)
comprised 10 ul of SYBR-Green I PCR Master Mix (Roche),
0.8 ul of each primer (10 uM), 2 ul of cDNA and 6.4 ul of
double-distilled water. Thermal cycling involved an initial
denaturation step at 95°C for 5 min, followed by 45 cycles at
95°C for 25 sec, and 60°C for 60 sec, in a LightCycler 480 11
instrument (Roche China Ltd., Shanghai, China). The relative
abundances of target mRNAs were determined from Ct values
and plotted as fold-change compared with the control group.
The transcription levels of [3-actin served as a loading control.

Western blot analysis. Cells were homogenized with lysis
buffer (1% Triton X-100, 50 mM Tris-HCI pH 7.5, 0.1% SDS,
150 mM NaCl, 10% glycerol, 1.5 mM MgCl,, 1 mM PMSF,
0.1 mM NaVv0,, 0.1 mM benzamidine, 5 ul/ml leupeptin and
5 pl/ml aprotinin), and protein homogenates were separated
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), and then transferred to nitrocellulose membranes.
Membranes were incubated with primary antibodies against
p-Akt (Serd73) (1:1,000 dilution), E-cadherin (1:500), vimentin
(1:500) (all from Cell Signaling), a-SMA (1:500; Maxin Bio),
and p-actin (1:1000; Santa Cruz, Dallas, TX, USA) at 4°C
overnight. Membranes were washed twice and incubated
with horseradish peroxidase-conjugated secondary antibodies
for 2 h at room temperature. Protein bands were visualized
using enhanced chemiluminescent reagents (Thermo Fisher,
Rockford, IL, USA) and analyzed using an InGenius LHR Gel
Documentation System (Syngene, Frederick, MD, USA).

Tumor xenograft experiments. Specific pathogen-free (SPF)
Balb/c null mice (6-8 weeks old) were purchased from the

Experimental Animal Center of Guangdong Medical College.
Mice were housed in a facility with controlled temperature,
humidity, and a 12 h light/dark cycle. All animal procedures
were conducted in accordance with protocols approved by the
Institutional Animal Care and Use Committee (IACUC) of
Guangdong Medical College. CNE2Z cells (1x10° cells/mouse)
were subcutaneously injected (200 pl) into the right flanks of
mice. After 1 week, tumor-bearing mice were intraperitoneally
injected twice a week with 0.5% DMSO (n=4) or LY294002
(10, 25, 50 or 75 mg/kg; n=4 for each group) for 4 weeks. Mice
were monitored, with body weight and tumor sizes measured
twice a week. All mice were euthanized at the end of the treat-
ment period. Portions of the xenografts were fixed in natural
formalin, and embedded in paraffin for immunohistochemical
analysis of EMT markers. Xenografts that were not fixed
were stored at -80°C. Lungs of each mouse were collected,
the intermittent sections (10 sections/lung, 20 sections/mouse)
were stained with H&E and the tumor metastatic lesions were
calculated.

Statistical analysis. Statistical analyses were conducted using
GraphPad Prism (GraphPad Software, CA, USA). We used
¥’ tests to analyze and compare expression of p-Akt (Serd73)
and EMT markers in clinical samples. Data for in vitro experi-
ments are expressed as the means + SD. Differences between
two groups were analyzed using Student's t-test. For compar-
ison of multiple groups, ANOVAs were used followed by the
Student-Newman-Keuls test. P-values <0.05 were considered
to indicate a statistically significant difference.

Results

Activation of PI3K/Akt signaling and expression of EMT
markers in NPC. Positive expression of p-Akt (Ser473) in
chronic nasopharyngitis and NPC samples was observed in 25%
(5/20) and 76.2% (99/130) of samples, respectively (P<0.001)
(Table I, Fig. 1), indicating the activation of PI3K/Akt signaling
in NPCs. Expression levels of membrane E-cadherin, cytosol
vimentin and a-SMA proteins in chronic nasopharyngitis
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Vimentin

a-SMA

Figure 1. Immunohistochemical analysis of p-Akt (Ser473) and EMT marker expression in clinical samples from nasopharyngitis and nasopharyngeal carci-
noma (NPC). Non-immune IgG was used as a negative control. E-cadherin expression in epithelial cells of nasopharyngitis samples was located in membranes
while it was mainly located in the cytoplasm of metastatic NPC cells. Spindle and fibroblast-like tumor cells in NPC metastatic samples showed intense
staining for vimentin and a-SMA. Left, nasopharyngitis; middle, NPC primary lesions; right, NPC metastatic lesions. Magnification, x200. Scale bar, 100 zM.

samples were 100% (20/20), 0% and 0%, respectively. For
NPC samples, expression levels of these proteins were 75%
(98/130), 41% (53/130) and 37% (48/130) (P<0.05, 0.001 and
0.01, respectively). Spindle and fibroblast-like tumor cells in
NPC samples exhibited intense vimentin and a-SMA staining.
These results indicated that, when compared with the benign
chronic nasopharyngitis, the NPCs presented a much stronger
activation of PI3K/Akt signaling, obvious downregulation in
membrane E-cadherin and upregulation in cytosol vimentin
and a-SMA protein expressions.

Activation of PI3K/Akt signaling and EMT contribute to
clinical NPC metastasis. Of the 130 NPC samples, 53 cases
had signs of cervical lymph node metastasis. High levels of
p-Akt (Serd73) expression were observed in cases with local
lymph node metastasis compared with those without metas-
tasis [89% (47/53) vs. 68% (52/77), P<0.01]. Expression levels
of membrane E-cadherin, cytosol vimentin and a-SMA in
NPC samples with local lymph node metastasis were 62%

(33/53), 60% (32/53) and 47% (25/53), and 84% (65/77), 27%
(21/77) and 30% (23/77) in samples without local lymph
node metastasis (P<0.01, 0.001 and 0.05, respectively). To
further investigate the role of PI3K/Akt activation and EMT
occurrence in NPC metastasis, we analyzed the expression of
p-Akt (Ser473) and EMT genes in NPC samples matched with
primary and secondary lesions (n=23). Although expression of
a-SMA was not significantly different between primary and
metastatic lesions, higher p-Akt (Ser473) and vimentin expres-
sion levels, and lower membrane E-cadherin expression levels,
were observed in secondary NPC metastatic lesions (P<0.05)
(Table I).

Inhibition of PI3K/Akt signaling alters expression of p-Akt
(Ser473) and EMT marker genes in CNE2Z cells in vitro.
Treatment of CNE2Z cells with LY294002 significantly
suppressed p-Akt (Serd473) expression in a concentration-
dependent manner; particularly at 75 uM, the expression of
p-Akt (Ser473) was almost completely attenuated (Fig. 2A).
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Figure 2. Activation of PI3K/Akt signaling and expression of E-cadherin,
vimentin and a-SMA in CNE2Z cells. (A) p-Akt (Ser473) and total Akt
expression in CNE2Z cells treated with LY294002 or vehicle (DMSO) were
examined by western blotting. (B) Expression of E-cadherin, vimentin and
a-SMA in CNE2Z cells treated with LY294002 or vehicle (DMSO) were
examined by western blotting. (C) gPCR analysis of LY294002-treated
CNE2Z cells. B-actin served as the loading control. “*#P<0.05 vs. DMSO;
es#ip<().01 vs. DMSO.

Treatment of CNE2Z cells with LY294002 led to upregulation
of E-cadherin and downregulation of vimentin and a-SMA at
the protein and mRNA levels (Fig. 2B and C), and to EMrT
in vitro.

Inhibition of PI3K/Akt signaling attenuates invasion and
migration in CNE2Z cells in vitro. The ability of cellular
migration and invasion was used to assess functional changes
in vitro following inhibition of PI3K/Akt signaling. As we
expected, LY294002 treatment of CNE2Z cells indeed
significantly suppressed cell migration and invasion in a
concentration-dependent manner (Fig. 3).

Effects of LY294002 on the expression of EMT marker genes
in vivo. Western blot results revealed that xenografts from mice
administered with DMSO displayed low levels of E-cadherin
expression and high levels of vimentin and a-SMA expres-
sion. Mice treated with LY294002 had increased levels of
E-cadherin, and decreased levels of vimentin and a-SMA that
were dependent on the concentration of LY294002 (Fig. 4).
Consistent with the western blot results, the IHC results
exhibited the same tendencies (Fig. 5), and these results were
consistent with those found in vitro (Fig. 2).

Effects of LY294002 on NPC cells in pulmonary metastasis
in vivo. After all mice were euthanized, metastatic lesions in
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Figure 3. Treatment of CNE2Z cells with LY294002 suppresses cell migra-
tion and invasion. (A) Representative images of cell migration and invasion.
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Figure 4. Expression of E-cadherin, vimentin and a-SMA in xenografts of
CNE2Z cell-bearing mice. Western blot analysis of EMT marker expression,
with $-actin serving as loading control.

organs such as the liver, spleen, lung and brain were examined.
At the gross level, metastatic lesions were not found in the
liver, spleen, lung and brain of any mice. At the microscopic
level, pulmonary metastatic lesions were observed in each
group, with the following mean total number of pulmonary
metastatic lesions: 23.25, 11.25, 3.75, 0 and 0, respectively
(P<0.001, Fig. 6).

Discussion
The PI3K/Akt cascade is known to be an important signal trans-

duction pathway involved in cell survival and apoptosis. This
pathway is activated by other factors that play a critical role in
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Figure 5. Immunohistochemical analysis of E-cadherin, vimentin and a-SMA expression in xenografts of CNE2Z cell-bearing mice. Primary tumor
masses were used for immunohistochemical analysis of EMT marker expression. Left, DMSO; middle, 10 mg/kg LY294002; right, 75 mg/kg LY294002.
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Figure 6. Pulmonary metastasis of CNE2Z cell-bearing mice. (A) Pulmonary
metastatic lesions stained with hematoxylin and eosin. Magnification, x200.
Scale bar, 100 #M. (B) Total pulmonary tumor metastatic lesions in CEN2Z
cell-bearing mice. ““P<0.001 vs. other groups.

regulating tumor cell growth, survival, differentiation, motility
and invasion (14). We have previously shown that inhibition
of PI3K/Akt signaling using LY294002 inhibits CNE2Z cell

proliferation, and induces apoptosis in vitro and in vivo (20).
As a hallmark of malignant cancers, invasion and metastasis
are major features that contribute to cancerous progression
(21). Previous findings have indicated that metastasis of many
epithelium-derived tumors have a close correlation with EMT.
During EMT, epithelial cell-derived tumor cells acquire
fibroblast-like properties. Loss of the E-cadherin protein is a
key molecular event during EMT (10,22).

In the present study, we examined the expression of p-Akt
(Ser473) and EMT markers in chronic nasopharyngitis and
NPC tissues. Our findings indicated that higher levels of
p-Akt (Serd73), vimentin and a-SMA expression, and lower
membrane E-cadherin expression levels were observed in
clinical NPC samples, indicating that activation of PI3K/Akt
signaling and the occurrence of EMT was associated with
NPC pathogenesis. We then assessed the relationship between
changes in p-Akt (Ser473) and EMT marker expression levels
to NPC metastasis. Consistent with our expectations, activa-
tion of PI3K/Akt signaling and occurrence of EMT were
associated with NPC metastasis. Results from the 23 cases of
NPC patients matched with primary and secondary lesions
further highlighted this relationship. We observed expression
of E-cadherin in the membranes of benign nasopharyngeal
epithelia, while decreased levels of membrane expression and
increased cytoplasmic E-cadherin expression were apparent
in NPC tumor cells. Vimentin and a-SMA expression was
lacking in benign nasopharyngeal epithelial cells, except for
some stromal cells. Certain NPC cells, particularly spindle
and fibroblast-like tumor cells, displayed increased levels of
vimentin and a-SMA expression; however, these were reduced
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in adjacent epithelial-like cancer cells. Our results confirmed
that EMT was detected in clinical NPC samples. The occur-
rence of EMT has a close relationship with metastasis of NPC
cells, as detailed in other reports (23-25).

Treatment of the CEN2Z cell line with LY294002
significantly attenuated the levels of p-Akt(ser473)/Akt in a
concentration-dependent manner, indicating a suppression
of PI3K/Akt signaling in these cells. Increased levels of
E-cadherin, and lower levels of vimentin and a-SMA expres-
sion, were observed. Consistent with our expectations, these
molecular changes in LY294002-treated CNE2Z cells resulted
in reduced migration and invasion of cells. Our findings
in vitro showed that inhibition of PI3K/Akt signaling led to
EMIT in NPC cells. Our results are supported by those from
other research groups, which showed that inhibition of Akt led
to upregulation of E-cadherin in lung (26) and gastric cancer
(27) cells.

The microenvironment of cancer cells is very complex and
flexible. Epithelial cell-derived cancer cells acquire features of
stromal cells and re-express E-cadherin to adapt to their new
environment for certain stimuli. This leads to EMrT and abro-
gated cell motility (6,28). To assess the effects of LY294002
on NPC cell metastasis in vivo, CNE2Z xenograft experiments
were conducted. After tumor-bearing Balb/c null mice were
administered LY294002 at various concentrations, primary
tumor masses were analyzed for activation of Akt and expres-
sion of EMT markers. We observed attenuated Akt activation,
which was accompanied by upregulation of E-cadherin and
downregulation of vimentin and a-SMA. Thus, LY294002
administration in vivo effectively leads to EMrT. Consistent
with changes in EMT markers in xenografts, significantly
reduced pulmonary metastasis was also observed. Therefore,
we concluded that LY294002 administration in vivo inhibits
tumor cell metastasis via EMrT, which was mediated by the
suppression of PI3K/Akt signaling.

It has been reported that EMT of many epithelium-derived
tumors is regulated by multiple signal transduction pathways
that form complex networks (29). Our findings suggest that
Akt kinase was one of the major effectors of EMT signals
downstream of PI3K in NPC cells. Previous studies have
demonstrated that EMT generates cells with the properties of
stem cells (30). Recent reports also indicate that EMT occurs
in NPC cells due to the existence of stem cell-like cancerous
cells (31-33). Future studies should focus on investigating the
contribution of Akt mediation to the biology of cancer stem
cell-like cells in NPC.

There were some limitations to the present study; upstream
PI3K/Akt signaling and inhibition of PI3K/Akt signaling
besides using LY294002 in NPC should be considered, and the
number of cases within animal experiments should be greater.
Considering that activation of PI3K/Akt signaling crosstalks
with other cascades (34), the present investigation outlined the
clinical significance of LY294002 in the treatment of NPC.

In conclusion, we showed that EMT characteristics were
apparent in NPC tissues, and that administration of LY294002
in CNE2Z cells induced upregulation of E-cadherin and
downregulation of a-SMA and vimentin in vitro and in vivo.
This led to impaired cell metastasis via the induction of EMrT.
Our results highlight the possibility of targeting the PI3K/
Akt pathway as a therapeutic strategy for controlling NPC
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cell invasion and metastasis. We consider that this concept for
NPC may then be applied to other carcinomas.
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