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ABSTRACT

Epstein-Barr virus-encoded latent membrane protein 2A (LMP2A) promotes the epithelial-mesenchymal transition (EMT) of
nasopharyngeal carcinoma (NPC), thereby increasing tumor invasion. Recently, the dysregulation of metastatic tumor antigen 1
(MTA1) was found to enhance tumor metastasis in a variety of cancers. A molecular connection between these two proteins has
been proposed but not firmly established. In this study, we reported the overexpression of MTA1 in 29/60 (48.3%) NPC patients,
and the overexpression of MTA1 significantly correlated with tumor metastasis. The overexpression of MTA1 promoted EMT via
the Wnt1 pathway and �-catenin activation. We demonstrated that LMP2A reinforces the expression of MTA1 via the mechanis-
tic target of rapamycin (mTOR) pathway to promote EMT in NPC. Furthermore, by knocking down 4EBP1 in combination with
the new mTOR inhibitor INK-128 treatment, we discovered that LMP2A expression activates the 4EBP1-eIF4E axis and increases
the expression of MTA1 at the translational level partially independent of c-myc. These findings provided novel insights into the
correlation between the LMP2A and MTA1 proteins and reveal a novel function of the 4EBP1-eIF4E axis in EMT of nasopharyn-
geal carcinoma.

IMPORTANCE

Prevention of the recurrence and metastasis of NPC is critical to achieving a successful NPC treatment. As we all know, EMT has
a vital role in metastasis of malignancies. LMP2A, an oncoprotein of Epstein-Barr virus, a well-known NPC activator, induces
EMT and has been proved to exert a promoting effect in tumor metastasis. Our study demonstrated that LMP2A could induce
EMT by activating MTA1 at the translational level via activating mTOR signaling and the 4EBP1-eIF4E axis. Taken together, our
findings bridge the gap between the NPC-specific cell surface molecule and the final phenotype of the NPC cells. Additionally,
our findings indicate that LMP2A and mTOR will serve as targets for NPC therapy in the future.

Nasopharyngeal carcinoma (NPC) is a head-and-neck tumor
that occurs in the epithelial lining of the nasopharynx. The

disease occurs with much greater frequency in southern China,
northern Africa, and Alaska (1). Although NPC is sensitive to
radio- and chemotherapy (2), high rates of local recurrence and
distant metastasis dramatically compromise the effectiveness of
these therapies (3, 4). Reducing the recurrence of tumors and
preventing metastasis are critical to achieve a successful NPC
treatment (5). Therefore, understanding the molecular mecha-
nism of tumor metastasis appears to be very important. The epi-
thelial-mesenchymal transition (EMT) was recently proposed to
play a fundamental role in metastasis (6, 7). This transition allows
tumor cells to acquire stem cell-like properties (8), thereby initi-
ating tumor metastasis and recurrence (9).

Several tumor-specific antigens, including latent membrane
protein 1 (LMP1) and latent membrane proteins 2A and 2B
(LMP2A and LMP2B), are expressed on the surface of NPC cells
(10). LMP2A has been shown to play a role in promoting tumor
metastasis (11, 12). LMP2A induces epithelial cell migration by
activating endogenous Syk activity via tyrosine residues in the
LMP2A tyrosine-based activation motif (13). LMP2A also induces
EMT and stem cell-like self-renewal in NPC, suggesting a mecha-
nism by which Epstein-Barr virus (EBV) induces the initiation,

metastasis, and recurrence of NPC (12). However, the molecular
and mechanistic details of this transition remain unclear.

Recent studies suggest that the mechanistic target of rapamycin
(mTOR) can be activated by overexpression of LMP2A in carci-
noma cells (14). mTOR is a downstream serine/threonine kinase
in the phosphatidylinositol 3-kinase (PI3K)/Akt pathway (15, 16),
which integrates signals from the tumor microenvironment to
regulation of multiple cellular processes (17, 18). The activation of
the PI3K/Akt pathway in LMP2A-expressing NPC inhibits trans-
forming growth factor �1 (TGF-�1)-induced apoptosis (19). A
link between LMP2A expression, epithelial cell migration, and
NPC metastasis may explain the high incidence of recurrence and
metastasis in NPC progression (11, 20).
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A novel metastasis-associated gene, metastatic tumor antigen 1
(MTA1), was identified to play an important role in tumor recur-
rence and metastasis (21). Overexpression of MTA1 in NPC pos-
itively correlates with TM (tumor metastasis) classification, clini-

cal stage, distant metastasis, and death (22). The upregulation of
MTA1 expression has been observed in breast cancer (23), pros-
tate cancer (24), lung cancer (25), esophageal squamous cell car-
cinomas (26), gastrointestinal carcinoma (27), pancreatic cancer

FIG 1 Expression of MTA1 correlates with tumor invasion and the expression of EMT markers in NPC. (A) Immunohistochemical analysis showing specific
staining of MTA1 in NPC tumor squamous metaplasia and the breakthrough basement membrane (indicated by the red arrow). (B) The expression of MTA1,
E-cadherin, and vimentin in inflammation and NPC tumor biopsy specimens as determined by immunohistochemical analysis. The inset shows images at a
higher magnification. (C) The expression of MTA1 significantly correlates with E-cadherin and vimentin expression in NPC tissues. The coordinate axes are
equal to the IOD means.
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(28), and invasive esophageal carcinomas (29). Many studies have
reported that the occurrence of EMT may be induced by stimu-
lating the expression of MTA1 (30–33). Recent studies have
shown that mTOR is an important regulator of MTA1 (34), and
many molecules in the mTOR signaling pathway regulate MTA1
expression (31, 35). In this study, we report a novel signaling path-
way model in EBV-associated NPC. The expression of EBV
LMP2A on the surface of NPC cells enhanced the capacity of NPC
metastasis by upregulating the expression of MTA1. This upregu-
lation is based on the activation of the mTOR and 4EBP1-eIF4E
axis and nuclear translocation of �-catenin. The overexpression of
LMP2A causes NPC cells to acquire metastatic characteristics and
eventually increases the incidence of tumor recurrence and me-
tastasis.

MATERIALS AND METHODS
Ethics statement. All animal work was conducted under the institutional
guidelines of Jiangsu Province and approved by the Use Committee for
Animal Care. Approval from the Nanjing Medical University Institute
Research Ethics Committee was obtained, and written informed consent
was provided by each human subject.

Lentivirus production and infection. LMP2A and MTA1 were sub-
cloned into an HIV-1 lentiviral vector, pLV-GFP (gift from D. Trono,
University of Geneva, Switzerland), by restriction digestion using BamHI
and MluI (New England BioLabs, United Kingdom); the resulting con-
structs were called pLV-LMP2A and pLV-MTA1. The lentiviral pLL3.7-
GFP vector (a gift from Kun Yao) was used to clone short hairpin RNA
(shRNA) under the control of the mouse U6 promoter. The shRNA se-
quences were 5=-AACGAACATCTACGACATCTCCTTCAAGAGAGGA
GATGTCGTAGATGTTCTTTTTTC-3= (36) and 5=-AACTGGTTTACA
TGTCGACTAATTCAAGAGATTAGTCGACATGTAAACCTTTTTT
TC-3= for MTA1 and scramble, respectively. All constructs were sequence
verified. Details are available on request. Recombinant lentivirus was gen-
erated from 293T cells by cotransfection of pdelta-8.91 and pVSVG (a gift
from Kun Yao) together with pLV-control, pLV-MTA1, pLV-LMP2A,
pLL3.7-siMTA1, and pLL3.7-scramble. Green fluorescent protein (GFP)
labels are used in these vectors, and green signal is produced when it is ex-
posed to excitation light. The NPC cell lines CNE-1, CNE-2, and SUNE-1
were obtained from Sun Yat-Sen University, and CNE were obtained from
the Chinese Academy of Sciences and maintained in RPMI 1640 medium
(Life Technologies, Carlsbad, CA, USA) supplemented with 10% fetal bovine
serum, 100 U/ml penicillin, and 100 �g/ml streptomycin (Invitrogen, Carls-
bad, CA, USA) in a humidified 5% CO2 incubator at 37°C. A pure population
of infected cells was sorted based on GFP expression by flow cytometry;
more than 98% of the cells were GFP positive after sorting. CNE-1-
LMP2A�MTA1� and CNE-2-LMP2A�MTA1� cell lines with LMP2A gene
stable expression but MTA1 gene knockdown were constructed as follows.
First, GFP-positive CNE-1 and CNE-2 cells were sorted 3 days after being
infected with lentiviral vectors expressing LMP2A and the control. The cells
then were infected with lentiviral vectors expressing short interfering RNA
(siRNA) of MTA1 (siMTA1) and scramble. However, LMP2A and MTA1
expression levels for the single-cell clones of the twice-infected cells were de-
tected by using Western blotting, which was used to confirm the transfection
efficiency of CNE-1-LMP2A�MTA1� and CNE-2-LMP2A�MTA1� cell
lines.

RNA interference. siRNA specifically targeting c-myc, 4EBP1, and a
corresponding scrambled siRNA control (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) were transfected into cells in 6-well plates using
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s instructions. The gene silencing effect was tested by
Western blotting at 48 h posttransfection.

Tissue samples. Paraffin-embedded NPC biopsy specimens from a
total of 60 NPC patients and 10 inflammation controls (all adults who had
been histologically and clinically diagnosed) were collected from the ar-

chives of the First Affiliated Hospital of Nanjing Medical University (Nan-
jing, China). Informed consent from the patients and approval from the
Institute Research Ethics Committee were obtained prior to the study.

Immunohistochemistry and hematoxylin and eosin (HE) staining.
Paraffin-embedded specimens were deparaffinized and rehydrated using
dimethylbenzene, followed by serial ethanol washes. Antigen unmasking
was performed by incubating each section in sodium citrate-hydrochloric
acid buffer in a pressure cooker at 125°C for 10 to 15 min. The sections
were washed in distilled water and then in Tris-buffered saline (TBS). The
sections then were incubated in 5% goat serum–1% bovine serum albu-
min (BSA) in TBS for 1 h at room temperature, followed by staining with
hematoxylin and washing with water. This was followed by two washes
with water and two washes with 70% ethanol. The samples then were
stained with eosin and dehydrated with ethanol followed by dimethylben-
zene. For immunohistochemical staining, primary antibodies were used
according to the manufacturer’s instructions; the samples then were pro-
cessed using the SP immunohistochemical kit (Maixin, Fuzhou, China),
and the immunoreactive proteins were detected using a DAB kit accord-
ing to the manufacturer’s instructions (Maixin, Fuzhou, China).

Semiquantitative evaluation of immunohistochemical staining.
The paraffin-embedded samples were cut into 5-�m sections and pro-
cessed for immunohistochemical analysis. As a negative control, the pri-
mary antibody was replaced with normal murine or rabbit IgG. According
to the method of Li et al. (22), MTA1 immunoreactivity was scored using
a semiquantitative scoring system incorporating the proportion of posi-
tively stained tumor cells (0, �5%; 1, 6 to 25%; 2, 26 to 50%; 3, 51 to 75%;
4, �76%) and the intensity of staining (0, no staining; 1, light yellow weak
staining; 2, yellow-brown moderate staining; 3, brown strong staining) to

TABLE 1 Correlation between the expression of MTA1 and the
clinicopathological characteristics of NPC patientsa

Parameterb

No. of
cases

MTA1 protein expression
(no. of patients [%])

P value
(chi-square test)

Low
expression

High
expression

Sex 0.46
Male 38 21 (55.3) 17 (44.7)
Female 22 10 (45.5) 12 (54.5)

Age (yr) 0.75
�50 36 18 (50.0) 18 (50.0)
�50 24 13 (54.2) 11 (45.8)

T classification 0.13
T1-T2 33 20 (60.6) 13 (39.4)
T3-T4 27 11 (40.7) 16 (59.3)

N classification �0.01
N0-N1 41 26 (63.4) 15 (36.6)
N2-N3 19 5 (26.3) 14 (73.7)

M classification 0.03
M0 43 26 (60.5) 17 (39.5)
M1 17 5 (29.4) 12 (70.6)

Clinical stage 0.06
I-II 26 17 (65.4) 9 (34.6)
III-IV 34 14 (41.2) 20 (58.8)

LMP2A 0.03
Positive 39 16 (41.0) 23 (59.0)
Negative 21 15 (71.4) 6 (28.6)

a Restaged according to the 7th edition of the UICC/AJCC system (53).
b T, primary tumor; N, regional lymph nodes; M, distant metastasis.
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result in a score of 0, 1, 2, 3, 4, 6, 8, 9, or 12 (data not shown). The cutoff
values for high and low expression were selected on the basis of a measure
of heterogeneity using the log-rank test statistical analysis with respect to
overall survival. The optimal cutoff value was defined as 4; tumors with
scores of �4 were defined as having low MTA1 expression, while tumors
with scores of �4 had high MTA1 expression.

Western blotting. Whole cells were washed in PBS and lysed in radio-
immunoprecipitation assay (RIPA) lysis buffer supplemented with pro-
tease inhibitor cocktail (Roche, Mannheim, Germany). Cytoplasmic and
nuclear extracts were obtained using NE-PER nuclear and cytoplasmic
extraction reagents (Thermo Scientific Pierce, Thermo Fisher Scientific,
Rockford, IL, USA). Total protein was quantified using a bicinchoninic
acid (BCA) protein assay kit (Beyotime, Jiangsu, China), and an equal
amount of whole-cell lysates was resolved by SDS-PAGE and transferred
to a polyvinylidene difluoride (PVDF) membrane (Millipore, Eschborn,
Germany). The blots were blocked in BSA (5%, wt/vol, in PBS plus 0.1%
Tween 20) for 1 h at room temperature. The following primary antibodies

were used according to the manufacturer’s instructions. Antibodies
against LMP2A, MTA1, snail, vimentin, �-actin, and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA). Antibodies against p-GSK3�S9, glyco-
gen synthase kinase 3� (GSK3�), Wnt1, p-mTORS2448, mTOR,
p-AktT308, p-AktS473, Akt, p-p70S6KT389, p70S6K, p-4EBP1T37/46,
p-rpS6S240/244, rpS6, 4EBP1, eIF4E, c-myc, fibronectin, E-cadherin, his-
tone H3, and �-catenin were purchased from Abcam (Cambridge, MA,
USA). The appropriate secondary antibodies (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) were used at 1:1,000 (vol/vol) to 1:2,000 (vol/vol)
dilutions in PBS plus 0.1% Tween 20 for 1 h at room temperature, and the
signals were revealed using an ECL kit (Thermo Scientific Pierce, Thermo
Fisher Scientific, Rockford, IL, USA). INK-128 was purchased from Ha-
oyuan Chemexpress Co. Ltd. (Shanghai, China). PF-4708671 was from
Sigma (St. Louis, MO, USA).

Wound-healing and cell invasion assays. NPC cells were plated in
6-well plates and grown to confluence. The medium was removed, and

FIG 2 Overexpression of MTA1 induced EMT of CNE-1 cell lines both in vitro and in vivo. (A) The levels of the MTA1 protein in 4 NPC cell lines were examined
by Western blotting. The blots are representative of two independent experiments. (Right) The histogram is the mean densitometric analysis showing relative
density units (RDU) of the Western blot signal for MTA1 normalized to GAPDH. All data represent means � standard errors of the means (SEM). *, P � 0.05
by Student’s t test. (B) Western blot assays showed decreased levels of an epithelial marker (E-cadherin) and increased levels of mesenchymal markers (snail,
fibronectin, and vimentin) in CNE-1-MTA1 cells compared to CNE-1-vector cells. The blots are representative of two independent experiments, and the
quantification of independent experiments is shown on the right. All data represent means � SEM. *, P � 0.05; **, P � 0.01 by Student’s t test. (C)
Wound-healing assays demonstrated that CNE-1-MTA1 cells had higher motility than CNE-1-vector cells. The numbers of migrating cells in the CNE-1-vector
and CNE-1-MTA1 groups are shown on the right (n 	 2 per condition). All data represent means � SEM. *, P � 0.05 by Student’s t test. (D) The ectopic
overexpression of MTA1 enhanced CNE-1 cell invasion in a transwell assay. The purple color in the figure shows invaded cells (n 	 3 per condition). All data
represent means � SEM. *, P � 0.05 by independent Student’s t test. (E) The overexpression of MTA1 promoted CNE-1 cell invasion and metastasis in nude mice
tumor models. Left, representative metastatic nodules (green spots) in nude mice; right, the number of metastatic nodules formed in nude mice 3 weeks after cell
injection (4 mice per group). The error bars indicate means � SEM. *, P � 0.05 by independent Student’s t test.

LMP2A Promotes EMT via MTA1 and mTOR Signaling

October 2014 Volume 88 Number 20 jvi.asm.org 11875

http://jvi.asm.org


wounds were introduced by scraping the confluent cell cultures with a
200-�l pipette tip. Floating cells were carefully removed before the addi-
tion of complete medium. The cells were incubated at 37°C in a humidi-
fied atmosphere of 95% air and 5% CO2. The wound-healing process then
was monitored by inverted light microscopy (Zeiss, Germany). Transwell
cell invasion assays were performed with BioCoat Matrigel (BD Biosci-
ences, San Jose, CA) and invasion chambers (Millipore, Eschborn, Ger-
many) with an 8-�m pore size according to the manufacturer’s instruc-
tions. The cells were stained with crystal violet. A set of images was
acquired using NIS Elements image analysis software (Nikon, Tokyo, Ja-
pan).

Dual-luciferase reporter assay. The MTA1 promoter sequence was
cloned into the plasmid pGL3-Basic. Dual-luciferase assays (Promega,
Madison, WI) were performed 36 h after transfection according to the
manufacturer’s protocol and detected with a Fluoroskan microplate
reader (Thermo Labsystems, Helsinki, Finland). The treated cells were
lysed, and luciferase and renilla activities were analyzed using a dual-
luciferase assay kit according to the manufacturer’s instructions.

Immunofluorescence staining. Cells were grown in 20-mm-diameter
glass-bottom culture plates to 60% confluence. The cells then were
washed twice with PBS, fixed in 4% paraformaldehyde, permeabilized in
0.5% Triton X-100 in PBS for 10 min at 4°C, and processed for immuno-
fluorescence staining. All primary antibody incubations were performed
overnight at 4°C, and the primary antibodies were used at the following
dilutions: anti-MTA1, 1:200; anti-�-catenin, 1:200. Secondary antibodies
were Alexa Fluor 488 goat anti-mouse IgG, Alexa Fluor 647 goat anti-
mouse IgG, and Alexa Fluor 488 goat anti-rabbit IgG (Abcam, Cam-
bridge, MA). Finally, the cells were washed, mounted with mounting me-
dium containing 4=,6-diamidino-2-phenylindole (DAPI; Santa Cruz

Biotechnology, Santa Cruz, CA), and imaged using an Olympus FV1000
confocal microscope (Olympus, Lake Success, NY).

In vivo metastasis model. Nude mice were purchased from Vital
River Laboratories (Beijing, China) and maintained in microisolator
cages. All animals were used in accordance with institutional guidelines,
and the experiments were approved by the Use Committee for Animal
Care. All cultures used for injection were subconfluent and were fed the
day prior to use. The harvested cell suspension was washed twice by cen-
trifugation in medium containing serum at room temperature and then
resuspended in medium without serum at 4°C immediately prior to in-
jection. The number of cells to be injected was suspended in 0.1 ml PBS.
For intravenous injection of tumor cells, 6-week-old BALB/c nude mice
were warmed 10 min away from a 150-W light bulb for 20 to 30 min. The
cells were injected into a lateral tail vein. The animals were sacrificed 3
weeks after injection. For intracardiac injection into the left ventricle us-
ing a Stereotaxic instrument, 6-week-old BALB/c nude mice were anes-
thetized by injection of ketamine. The animals were sacrificed 3 weeks
after injection. The viscera were removed, and the viscera and carcass were
fixed in 10% formalin for subsequent HE staining and immunohisto-
chemical analysis. Macro imaging was performed using UV light equip-
ment (LT-99D2-220 Illumatools; Lightools Research, Encinitas, CA). Pic-
tures were recorded with a Nikon d800 digital camera (Nikon, Tokyo,
Japan). Images were processed for contrast and brightness and analyzed
by Image Pro Plus 5.1 software (Media Cybernetics, Silver Spring, MD).
The green signals or spots represent GFP-labeled cells.

Statistical analysis. The expression of MTA1 in the tissue samples was
evaluated using chi-square tests. GraphPad Prism, version 4.0 (GraphPad
Software, San Diego, CA, USA), was used to obtain the histogram. Statis-

FIG 3 Silencing of MTA1 suppressed EMT of CNE-2 cell lines both in vitro and in vivo. (A) Western blot assays showed increased levels of an epithelial marker
(E-cadherin) and decreased levels of mesenchymal markers (snail, fibronectin, and vimentin) in CNE-2-siMTA1 cells compared to CNE-2-scramble cells. The
blots are representative of two independent experiments, and quantification of independent experiments is on the right. All data represent means � SEM. *, P �
0.05; **, P � 0.01 by Student’s t test. (B) Wound-healing assays showed that the motility of MTA1-silenced CNE-2 cells was lower than that of control cells (n 	
2 per condition). All data represent means � SEM. *, P � 0.05 by Student’s t test. (C) The silence of MTA1 decreased CNE-2 cell-invasive capacity. The numbers
of invading cells in the siMTA1 and scramble groups are shown on the right (n 	 3 per condition). All data represent means � SEM. *, P � 0.05 by independent
Student’s t test. (D) The silence of MTA1 decreased CNE-2 cell metastasis in nude mouse tumor models. Left, representative metastatic nodules (green spots) in
nude mice; right, the number of metastatic nodules formed in nude mice 3 weeks after cell injection (4 mice per group). The error bars indicate means � SEM.
*, P � 0.05 by independent Student’s t test.
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tical analyses were performed using SPSS, v. 11.0 (SPSS, Inc., Chicago, IL).
A P value of �0.05 was considered statistically significant.

RESULTS
Immunohistochemical staining of MTA1 expression in naso-
pharyngeal carcinoma tissues and its correlation with the clini-
copathological features of NPC patients. To investigate the ex-
pression of MTA1 in NPC, we performed immunohistochemical
staining of MTA1 in an NPC specimen bank containing 60 NPC
specimens and 10 nasopharyngeal inflammation tissues. The im-
munohistochemical staining of MTA1 in representative samples
of NPC and nasopharyngeal inflammation tissues is shown in Fig.
1B. Semiquantitative evaluation of immunohistochemical stain-
ing criterion was used to classify high and low expression of MTA1
for Table 1. Correlation analysis demonstrated that the overex-
pression of MTA1 was positively correlated with NPC lymph node
(P � 0.01) (Table 1), distant metastases (P 	 0.03) (Table 1), and
the expression of LMP2A (P 	 0.03) (Table 1). However, this
correlation was not significant between the overexpression of
MTA1 and sex (P 	 0.46) (Table 1), tumor size (P 	 0.13) (Table
1), or tumor clinical stage (P 	 0.06) (Table 1). There was no
correlation of age with the expression of MTA1.

MTA1 expression correlates with the expression of EMT-like
markers in NPC samples. Because the overexpression of MTA1
was positively correlated with tumor metastasis, we next exam-
ined the location of the overexpressed MTA1 in tumor tissues. As
shown in Fig. 1A, the overexpressed MTA1 was detected mainly in
the areas of overlap between normal tissues and tumor tissues, as
well as in the areas of tumor squamous metaplasia and lympho-
nodus (data not shown), indicating an invasive role of MTA1 in
tumor invasion. To determine if there was a correlation between
MTA1 expression and representative markers of EMT in the NPC
and inflammation biopsy samples, we analyzed and detected
MTA1, vimentin (a marker of mesenchymal tissues), and E-cad-
herin (a marker of epithelial tissues) in NPC biopsy specimens or
inflammation biopsy specimens. As shown in Fig. 1B and C, the
expression of MTA1 was positively correlated with vimentin ex-
pression and negatively correlated with E-cadherin expression.
These results indicate that MTA1 expression is correlated with the
expression of EMT-like markers in NPC samples and plays a role
in the EMT of NPC.

MTA1 expression levels influence the invasive capacity of
NPC cell lines in vitro and in vivo. Of the 4 NPC cell lines ana-

FIG 4 MTA1 mediates EMT, migration, and invasion by enhancing the expression of biologically active Wnt1 in NPC cell lines. (A) Representative Western blot
from three independent experiments of CNE-1-vector, CNE-1-MTA1, CNE-2-scramble, and CNE-2-siMTA1 cells for the expression of Wnt1 and GSK3�
phosphorylation analysis. The quantification of the Western blot signals are analyzed (data not shown). (B) Confocal image of �-catenin (green) expression in
CNE-1-vector, CNE-1-MTA1, CNE-2-scramble, and CNE-2-siMTA1 cells. The scale bar depicts 10 �m. (C) CNE-1-vector, CNE-1-MTA1, CNE-2-scramble,
and CNE-2-siMTA1 cells were subjected to nuclear (Nucl) and cytoplasmic (Cyto) extract isolation. The blots are representative of two independent experi-
ments. The quantification of the Western blot signal for �-catenin was normalized to either �-actin or histone compared to untreated controls (data not shown).
(D) The expression of MTA1, E-cadherin, and Wnt1 was determined by immunohistochemical analysis in inflammatory or NPC tumor biopsy specimens. The
insets show images at a higher magnification. Positive staining is visible as brown spots.
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lyzed by Western blotting, endogenous high MTA1 expression
was detected only in CNE-2 cells, whereas the other 3 lines (i.e.,
CNE, CNE-1, and SUNE-1) displayed low levels of endogenous
MTA1 expression (Fig. 2A). CNE-1 cells then were used to study
the role of MTA1 in tumor invasion. To determine if overexpres-
sion of MTA1 could enhance the invasive capacity of NPC cells, we
constructed the cell line CNE-1-MTA1, which overexpresses
MTA1 (Fig. 2B). Western blotting revealed that the overexpres-
sion of MTA1 resulted in decreased expression of epithelial mark-
ers (E-cadherin) and increased expression of mesenchymal mark-
ers (fibronectin and vimentin) in CNE-1-MTA1 cells compared to
cells containing the control vector; these results are consistent
with our previous patient sample data. In addition, Snail expres-
sion was increased in CNE-1-MTA1 cells compared to that in the
control. The wound-healing assay demonstrated that the overex-
pression of MTA1 enhanced CNE-1 cell migration at the edge of
the exposed regions (Fig. 2C). A Matrigel invasion assay revealed
that the invasive capacity of CNE-1-MTA1 cells was significantly
greater than that of the control CNE-1-vector cells (Fig. 2D).
Taken together, these results confirmed that MTA1 has significant
effects on the invasive capacity of the low MTA1-expressing NPC
cell line, CNE-1.

Because immunohistochemical analysis indicated that MTA1
overexpression was positively associated with NPC metastasis, we
next used a high MTA1-expressing cell line, CNE-2, to determine
if lentivirus-mediated MTA1 silencing decreased the tumor inva-
siveness of NPC cells. Specific siRNA targeting MTA1 efficiently
knocked down endogenous MTA1 in CNE-2 (Fig. 3A). MTA1
knockdown resulted in the increased expression of E-cadherin
and decreased expression of fibronectin, vimentin, and Snail in
CNE-2 cells in vitro compared to the control scramble-treated
cells. The wound-healing assay indicated that MTA1 knockdown
caused an apparent suppression of cell migration by CNE-2 cells
(Fig. 3B). Matrigel invasion assays also demonstrated that the ab-
lation of endogenous MTA1 markedly reduced the invasive ability
of CNE-2 cells (Fig. 3C). Collectively, these results provide evi-
dence that elevated MTA1 expression levels are important for the
aggressive phenotype of NPC cells.

To determine if MTA1 expression levels are correlated with
metastasis in an experimental metastasis model, we injected CNE-
1-MTA1 and CNE-2-siMTA1 cells into the left ventricle of nude
mice; the CNE-1-vector and CNE-2-scramble cells were used as
controls (each group consisted of 4 mice). Three weeks after cell
injection, the mice were sacrificed and the metastatic tumor nod-
ules that formed in the muscle and skeleton were examined. More
metastatic tumor nodules were observed in the muscles and skel-
etons of mice that were injected with CNE-1-MTA1 cells com-
pared to CNE-1-vector control mice (Fig. 2E), and fewer meta-

static tumor nodules (green spots) were observed in the muscles
and skeletons of mice injected with CNE-2-siMTA1 cells (Fig. 3D)
compared to those injected with the CNE-2-scramble control.
These results indicate that MTA1 is a critical tumor invasive factor
in vitro and in vivo.

MTA1-Wnt and the Wnt1-GSK3� axis mediate �-catenin
activation. The expression of Wnt1 is upregulated in various can-
cers (37, 38). Metastatic tumor antigen (MTA1) recently was
shown to stimulate the expression of bioactive Wnt1 (33, 39). We
hypothesized that MTA1 plays a role in the induction of Wnt1
upregulation in NPC cells; therefore, it increases tumor metasta-
sis. We examined the effects of both the silencing and overexpres-
sion of MTA1 in NPC cell lines. As we expected, in CNE-1 and
CNE-2 cells, the overexpression of MTA1 enhanced Wnt1 protein
levels, while the knockdown of MTA1 decreased Wnt1 protein
levels (Fig. 4A). We then investigated whether the effects of MTA1
on Wnt1 would affect the levels of the downstream Wnt1 signaling
pathway molecules �-catenin and GSK3�. GSK3� is catalytically
active in resting cells. GSK3� enzymatic activity is inhibited by
phosphorylation and leads to the modulation of downstream tar-
gets. As shown in Fig. 4A, the overexpression of MTA1 resulted in
increased GSK3� phosphorylation. Another important molecule,
�-catenin, translocated from the cytoplasm into the nucleus via
Western blotting and immunofluorescence analysis when MTA1
was overexpressed and remained in the cytoplasm when MTA1
was knocked down (Fig. 4B and C). In addition, we also detected
the MTA1, E-cadherin, and Wnt1 proteins in NPC and inflamma-
tion biopsy specimens (Fig. 4D); immunohistochemical staining
demonstrated that NPC biopsy specimens exhibit decreased ex-
pression of E-cadherin and increased expression of Wnt1 com-
pared to inflammation biopsy specimens. These data reveal that
the overexpression of MTA1 increases NPC cell invasive capacity
by activating the Wnt1 signaling pathway.

LMP2A induces EMT in part by enhancing the expression
levels of MTA1. Because LMP2A induces EMT and stem-like cell
self-renewal in NPC, it was important to examine whether MTA1
plays a role in the LMP2A-induced EMT in NPC cells. CNE-1 and
CNE-2 cells were infected with lentivirus expressing either lenti-
virus-LMP2A or an empty vector. LMP2A protein overexpression
was detectable by immunoblotting. As shown in Fig. 5A and B,
MTA1 protein expression was increased in CNE-1-LMP2A and
CNE-2-LMP2A cell lines in which LMP2A is ectopically overex-
pressed. To determine if LMP2A induces EMT via the activation
of MTA1, we constructed the cell lines CNE-1-LMP2A�MTA1�

and CNE-2-LMP2A�MTA1�, which express LMP2A but have
minimal MTA1 protein expression. Western blotting revealed
that the knockdown of MTA1 resulted in the increased expression
of an epithelial marker (E-cadherin) and decreased expression of a

FIG 5 LMP2A mediates EMT, migration, and invasion of NPC cells partly by activating MTA1 expression. (A and B) Western blot assay showing that LMP2A
activated MTA1 expression in both CNE-1-LMP2A and CNE-2-LMP2A cells, decreased levels of an epithelial marker (E-cadherin), and increased levels of
mesenchymal markers (vimentin) in CNE-1-LMP2A�MTA1� cells compared to CNE-1-LMP2A cells and CNE-2 cells. The blots are representative of two
independent experiments. The quantification of the Western blot signals was analyzed (data not shown). (C and D) The silencing of MTA1 decreased the invasive
capacity of CNE-1-LMP2A and CNE-2-LMP2A cells. The number of invading cells in the siMTA1 and scramble groups is shown on the right (n 	 2 per
condition). All data represent means � SEM.*, P � 0.05 by independent Student’s t test. (E) Representative metastatic nodules formed in the liver of nude mice
4 weeks after liver injection of cells (four mice per group). (F) The expression of LMP2A promoted CNE-1 cell invasion and metastasis, and the silencing of MTA1
decreased CNE-1-LMP2A cell invasion and metastasis in nude mice. Upper images, representative metastatic nodules (green spots) in nude mice; lower images,
the number of metastatic nodules formed in nude mice 3 weeks after cell injection (4 mice per group). The error bars indicate means � SEM. *, P � 0.05; **, P
� 0.01 by independent Student’s t test. (G) Examples of HE staining in subcutaneous (s.c.) and liver nodule samples originating from CNE-1-vector cell- and
CNE-1-LMP2A cell-injected mice.
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mesenchymal marker (vimentin) in these cells compared to the
levels in control cells (Fig. 5A and B). Wound-healing assays dem-
onstrated that MTA1 knockdown decreased CNE-1-LMP2A and
CNE-2-LMP2A cell migration at the edges of the exposed regions
(data not shown). The Matrigel invasion assay also revealed that
the invasive capacities of CNE-1-LMP2A�MTA1� and CNE-2-
LMP2A�MTA1� cells were significantly decreased compared to
those of our control cells (Fig. 5C and D). We then investigated
invasive capacity in the mouse model. Because the CNE-1 cell line
has a low level of endogenous MTA1 expression, the nude mice
were infused with CNE-1-LMP2A, CNE-1-LMP2A�MTA1�, and
control cells into the liver and left ventricle. As shown in Fig. 5E
and F, CNE-1-LMP2A�MTA1� cells formed more tumor lesions
(green spots) in the liver, muscle, and skeleton. HE staining of
tumor lesions is shown in Fig. 5G. The in vivo data are consistent
with the in vitro data, which suggested that LMP2A induces EMT
and enhances NPC invasive capacity in part via the MTA1 signal-
ing pathway.

LMP2A induces the expression of MTA1 through the activa-
tion of mTOR signaling pathway. As described above, LMP2A
mediates transformation via the constitutive activation of the Ras/
PI3K/Akt pathway (40). mTOR is a downstream serine/threonine
kinase of the PI3K/Akt pathway that integrates signals from the
tumor microenvironment to regulate multiple cellular processes.
The translational control of MTA1 mRNA recently was found to
rely on the 4EBP1-eIF4E axis (34). To investigate the correlation
between LMP2A and MTA1 in NPC, we performed correlation
analysis of LMP2A and MTA1 by intensity optical density (IOD)
means of immunohistochemical staining in NPC specimens and
demonstrated that the expression of LMP2A was positively corre-
lated with MTA1 overexpression (Fig. 6A). To address whether
LMP2A induces the expression of MTA1 through mTOR activa-
tion, we used CNE-1-LMP2A cells to study these signaling path-
ways, as CNE-1 cells have low levels of endogenous MTA1. First,
we examined the transcription level of MTA1 mRNA in CNE-1-
LMP2A and control cells, but there was no significant difference
between them (Fig. 6B). This result led us to focus on the transla-
tional regulatory mechanism of mTOR in this study. As shown in
Fig. 6C, overexpression of LMP2A resulted in increased expres-
sion of p-Akt, p-mTOR, p-p70S6K, p-4EBP1, and MTA1.
LMP2A, p-mTOR, p-4EBP1, eIF4E, and MTA1 protein expres-
sion also was assessed in NPC and inflammation biopsy speci-
mens. Immunohistochemical staining demonstrated that the tis-
sues from NPC biopsy specimens had increased levels of
p-mTOR, p-4EBP1, eIF4E, and MTA1 expression compared to
the tissues from the inflammation biopsy specimens (Fig. 6D).

These data indicated that LMP2A induction of MTA1 expression
occurs through the 4EBP1-eIF4E axis.

We then studied whether 4EBP1 and/or p70S6K, which are the
translational regulators downstream of mTORC1, control the ex-
pression of MTA1. As shown in Fig. 6E, the pharmacological PF-
4708671, a novel and highly specific inhibitor of p70 ribosomal S6
kinase (41), had no effect on MTA1 expression, while knockdown
of 4EBP1 in CNE-1-LMP2A cells reduced the ability of INK128 to
decrease expression of MTA1 (Fig. 6F). INK-128, a potent and
selective mTOR inhibitor, inhibits the mTOR pathway by inhib-
iting p-4EBP1, whereas rapamycin fails to inhibit this downstream
protein (6). We used INK-128 to inhibit p-4EBP1 in the CNE-1-
LMP2A cells to further test our findings. E-cadherin expression
was increased, and the levels of expression of a mesenchymal
marker (vimentin), Wnt1, and Snail were decreased in CNE-1-
LMP2A cells 48 h after INK-128 treatment compared to control
dimethylsulfoxide (DMSO)-treated cells (data not shown). In ad-
dition, levels of p-AKT, p-mTOR, p-p70S6K, p-4EBP1, eIF4E,
c-myc, and MTA1 all were decreased in INK-128-treated CNE-1-
LMP2A cells compared to those of control DMSO- and rapamy-
cin-treated cells (Fig. 6G). Wound-healing assays demonstrated
that treatment with INK-128 decreased CNE-1-LMP2A cell mi-
gration at the edge of the exposed regions compared to treatment
with DMSO or rapamycin (data not shown). The Matrigel inva-
sion assay also showed that the invasive capacity of INK-128-
treated CNE-1-LMP2A cells was significantly decreased com-
pared to that of control cells (Fig. 6H). Western blotting and
immunofluorescence analysis of MTA1 and �-catenin expression
revealed that MTA1 was decreased and �-catenin was maintained
in the cytoplasm when the cells were treated with INK-128 (Fig. 6I
and data not shown).

The 4EBP1-eIF4E axis directly increases the expression of the
MTA1 protein by posttranslational regulation, but it also may
increase the level of c-myc protein expression. Because MTA1 is
an essential downstream effector of the c-myc oncoprotein (31),
we next addressed whether LMP2A induces the expression of
MTA1 partly or entirely through c-myc. We examined LMP2A
and c-myc protein expression in NPC and inflammation biopsy
specimens (Fig. 7A). Western blotting revealed that c-myc expres-
sion was higher in CNE-1-LMP2A cells than in CNE-1-vector cells
(Fig. 7B). Immunohistochemical staining demonstrated that
c-myc expression was increased in the LMP2A-positive NPC bi-
opsy specimens compared to the level in the inflammation biopsy
specimens. To investigate the impact of c-myc on NPC cell inva-
siveness, we treated CNE-1-LMP2A cells with siRNA against c-
myc. This siRNA could efficiently knock down endogenous c-myc

FIG 6 LMP2A induces an EMT, which occurs in part via the activation of MTA1 through the 4EBP1-eIF4E axis. (A) The expression of LMP2A and MTA1 NPC
tumor biopsy specimens is determined by immunohistochemical analysis. The inset shows images at a higher magnification. The coordinate axis equals the IOD
mean. (B) Representative real-time PCR from three independent experiments of CNE-1-LMP2A and CNE-1 cells for the expression of MTA1. All data represent
means � SEM. n.s., no difference. (C) Representative Western blot from three independent experiments of p-Akt, Akt, p-mTOR, mTOR, p-4EBP1, 4EBP1,
eIF4E, c-myc, and MTA1 genes in CNE-1-LMP2A and vector control cells. The quantification of the Western blot signals are analyzed (data not shown). (D)
Immunohistochemical analysis of LMP2A, p-mTOR, p-4EBP1, eIF4E, and MTA1 gene expression in inflammatory or NPC tumor biopsy specimens. The inset
shows a higher-magnification image. (E) Representative Western blot from two independent experiments of CNE-1-LMP2A cells after 48 h PF-4708671 (10 �M)
treatment. The quantification of the Western blot signals was analyzed (data not shown). (F) Representative Western blot from four independent experiments
of CNE-1-LMP2A cells after 48 h of 4EBP1 knockdown followed by 24 h INK-128 treatment. The quantification of the Western blot signals was analyzed (data
not shown). (G) Representative Western blot from two independent experiments of p-Akt, p-mTOR, mTOR, p-4EBP1, 4EBP1, eIF4E, c-myc, and MTA1 genes
in CNE-1-LMP2A cells treated with rapamycin (50 nM) or INK-128 (200 nM) for 24 h. The quantification of the Western blot signals are analyzed (data not
shown). (H) Matrigel cell invasion assay of CNE-1-LMP2A cells treated with rapamycin (50 nM) or INK-128 (200 nM) for 24 h. The numbers of invading cells
are shown on the right (n 	 3 per condition). All data represent means � SEM. *, P � 0.05 by independent Student’s t test. (I) Confocal analysis of MTA1 (red)
and �-catenin (green) expression in CNE-1-LMP2A cells treated with rapamycin (50 nM) or INK-128 (200 nM) for 24 h. The scale bar represents 10 �m.
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FIG 7 LMP2A-mediated EMT, migration, and invasion in NPC cell lines are partly inhibited by the silencing of c-myc. (A) Immunohistochemical analysis of
LMP2A and c-myc expression in inflammation or NPC tumor biopsy specimens. Positive staining is visible as brown spots. The inset shows a higher-
magnification image. (B) Representative Western blot from two independent experiments of c-myc and MTA1 genes in CNE-1-LMP2A and vector control cells.
The quantification of the Western blot signals was analyzed (data not shown). (C) Representative Western blot from two independent experiments of c-myc and
MTA1 gene expression after knockdown of c-myc using a specific siRNA. The quantification of the Western blot signals was analyzed (data not shown). (D)
Luciferase assay analysis of the MTA1 promoter. CNE-1 and CNE-1-LMP2A cells first were transfected with sic-myc or scramble siRNA. After 36 h, the cells were
cotransfected with the pGL3-MTA1 promoter luciferase and the pRL-TK renilla luciferase plasmid. The luciferase activity of the MTA1 promoter was measured
36 h later and normalized relative to luciferase activity. The bar shows the means � SEM from 3 independent experiments. *, P � 0.05 by Student’s t test. (E) The
silencing of c-myc decreased CNE-1-LMP2A cell invasive capacity. The numbers of invading cells in the sic-myc and scramble groups are shown on the right (n 	
2 per condition). All data represent means � SEM. *, P � 0.05 by independent Student’s t test. (F) Schematic model of LMP2A promotes EMT in NPC via MTA1
and mTOR signal induction. LMP2A ITAMs (immunoreceptor tyrosine-based activation motifs) activate PI3K and downstream phosphorylation of Akt and
then stimulate mTOR activity. The phosphorylation of 4EBP1 by mTOR releases eIF4E to restore cap-dependent translation, which is particularly important for
the translation of MTA1 and c-myc mRNA. LMP2A stimulates MTA1 overexpression, leading to decreased E-cadherin expression that releases �-catenin and
increased Wnt1 expression that phosphorylates GSK3�. Unphosphorylated GSK3� forms a destruction complex as well as ubiquitination and degradation of
�-catenin, resulting in repression of target genes. LMP2A stimulation leads to phosphorylation of GSK3�, rendering it inactive, which leads to the disintegration
of the destruction complex. These events lead to accumulation and nuclear translocation of �-catenin as well as activation of target genes.
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in CNE-1-LMP2A cells (Fig. 7C). Furthermore, a dual-luciferase
reporter assay showed that knocking down c-myc using this spe-
cific siRNA only partly inhibited the transcriptional activity of
MTA1 (Fig. 7D). Matrigel invasion assays also demonstrated that
the ablation of endogenous c-myc partly reduced the invasive abil-
ity of CNE-1-LMP2A cells (Fig. 7E). Hence, these data suggested
that LMP2A could induce EMT by activating MTA1 at the trans-
lational level through the 4EBP1-eIF4E axis and partially through
c-myc regulation (Fig. 7F).

DISCUSSION

MTA1 plays a key role in the nucleosome remodeling and histone
deacetylase (NuRD) complex. It governs oncogenesis and EMT in
a transcription-dependent or transcription-independent manner
(42). Dysregulated MTA1 promotes EMT, which mediates the
repression of E-cadherin and PTEN expression (30, 43). In our
study, the expression level of MTA1 predicts the rate of tumor
metastasis. Specific staining of MTA1 was found in the squamous
metaplasia, breakthrough basement membrane, and squamous
metaplasia (Fig. 1A and data not shown). We believe that MTA1 is
also a very important regulator of NPC invasiveness both in vitro
and in vivo. It is reported that MTA1 also affects the hypoxia-
inducible factor 1a and Wnt1 pathways (44, 45), which also have
been implicated in EMTs through multiple distinct mechanisms.
Immunohistochemical analysis showing MTA1 overexpression
leads to decreased E-cadherin expression and increased Wnt1 ex-
pression (Fig. 4D and data not shown). Furthermore, we also
demonstrated that MTA1 involved in the Wnt1-�-catenin path-
way was correlated with EMT in NPC. It strongly indicated MTA1
overexpression is responsible for the invasive capacity of NPC.
These events lead to accumulation, nuclear translocation of
�-catenin, and activation of target genes. Since we already know
that MTA1 participates in NPC invasiveness, it remains unknown
which factors initiate MTA1 overexpression in NPC.

The EBV protein LMP2A mediates transformation via the con-
stitutive activation of the Ras/PI3K/Akt pathway (46). Akt phos-
phorylation was detected both in cell and NPC tumor squamous
metaplasia (Fig. 6C and data not shown). Hsieh et al. have sug-
gested that YB1 (Y-box binding protein 1; also called YBX1), vi-
mentin, MTA1, and CD44, which form the second largest node of
genes that are translationally regulated by mTOR, contains bona
fide cell invasion and metastasis mRNAs and putative regulators of
this process (34). mTOR is a downstream serine/threonine kinase
of the PI3K/Akt pathway that integrates signals from the tumor
microenvironment to regulate multiple cellular processes (14). A
positive feedback loop involving c-myc and eIF4F (eIF4E, eIF4AI,
and eIF4GI) links transcription and translation and might con-
tribute to the effects of c-myc on cell proliferation and neoplastic
growth (46). EBV LMP2A induces EMT in NPC cells (12). This
induction occurs through the PI3K/Akt/mTOR signaling pathway
(47). On the basis of these findings, we proposed mTOR is a mo-
lecular hub connecting LMP2A activation and MTA1-induced tu-
mor malignancy.

These results show that the regulation of MTA1 likely is af-
fected by the translation mechanism of mTOR. mTOR has been
implicated in the regulation of cell migration and adhesion (48). A
novel clinically relevant mTOR inhibitor, INK128, inhibits
p-4EBP1, on which rapamycin has no effect (34). Phosphoryla-
tion of 4EBP1 releases eIF4E to restore cap-dependent translation,
which is particularly important for the translation of mRNAs with

highly structured 5= untranslated regions (49). To this end, we
investigated whether the translational regulation of MTA1 could
be induced by 4EBP1 and/or p70S6K, which are located down-
stream of mTOR. We found that PF-4708671 treatment inhibited
p70S6K but not the protein level of MTA1. However, knockdown
of 4EBP1 could increase the expression of MTA1 protein and re-
lease the translational regulation of the mRNA of MTA1. Further-
more, by using INK-128, we proved that the LMP2A-induced
EMT depends on the activation of mTOR and the 4EBP1-eIF4E
axis. Therefore, in this study, we furthered this concept by dem-
onstrating that LMP2A induces EMT by activating MTA1, at least
partially through the 4EBP1-eIF4E axis. This finding completes
the molecular chain between LMP2A and EMT, thereby explain-
ing the relationship between LMP2A and NPC cell malignancy.

mTOR could enhance the translation of both c-myc and
MTA1, and MTA1 is an essential downstream effector of the c-
myc oncoprotein (31). Recent studies have demonstrated that the
overexpression of EIF5A2 promotes colorectal carcinoma cell ag-
gressiveness by upregulating MTA1 through c-myc to induce
EMT (32). Bultema et al. have reported that LMP2A accelerates
c-myc tumorigenesis (50). Moody et al. have reported LMP2A
modulation of the cell growth through c-myc, confirming a tran-
scription-independent elevation in c-myc protein level but not
mRNA level, consistent with mTOR-enhanced translation (14).
Thus, LMP2A may participate in EMT induction by activating
MTA1 via c-myc. In that case, whether mTOR regulates MTA1
directly or indirectly by c-myc still is unknown. As shown in Fig.
7C, the expression of MTA1 protein was decreased in a small
quantity after knockdown of c-myc. The data indicate that
LMP2A regulates the expression of MTA1 indirectly by inducing
c-myc. To confirm this hypothesis, luciferase assay analysis of the
MTA1 promoter was performed. Consistent with the Western
blot analysis, we observed that CNE-1-LMP2A cells displayed de-
creased luciferase activity after knockdown of c-myc. However,
CNE-1-LMP2A cells displayed increased invasive capacity com-
pared to control cells after knockdown of c-myc. To sum up, this
evidence suggests that the transcriptional regulation of MTA1
mRNA by c-myc is limited. However, the translational regulation
of mTOR could enhance the protein expression level of MTA1.
Consequently, the expression and function of MTA1 has been
weakened when c-myc was knocked down (Fig. 7). There is a
mutually reinforcing correlation between c-myc and mTOR.
Therefore, we furthered this concept by demonstrating that
LMP2A could induce EMT by activating MTA1 at the transla-
tional level through the 4EBP1-eIF4E axis and partially through
c-myc regulation.

The consequences of the activation of LMP2A might cause
other intracellular molecular events. Some of these events might
alter mTOR, MTA1, or even EMT directly or indirectly. In other
words, many interacting pathways might compensate for or com-
promise the effects of intermediate molecules in the signaling
pathway of NPC. In summary, this study connects LMP2A, an
oncoprotein of EBV and a well-known NPC activator, to the final
effects of EMT and tumor metastasis by elucidating the activation
of the mTOR signaling pathway. These findings add a novel mech-
anism to the complicated molecular network underlying NPC.

Currently, two mTOR inhibitors have been approved for the
treatment of cancer by the U.S. Food and Drug Administration
(51). Lapatinib given in combination with INK-128 is a potential
combinatorial treatment available in the clinical management of
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HER2-positive patients (52). This study bridges the gap between
an NPC-specific cell surface molecule and the final phenotype of
the NPC cells and, most importantly, verifies LMP2A and mTOR
as therapeutic targets in NPC treatment.
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