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Aims: Metastasis-associated gene 2 (MTA2) is reported to play an important role in tumor 

progression, but little is known about the role of MTA2 in nasopharyngeal carcinoma (NPC). 

The aim of the study was to explore the expression and function of MTA2 in NPC.

Methods: Expression of MTA2 in NPC tissues and cell lines was detected by immunohistochem-

istry and Western blotting. Relationship between MTA2 expression and clinicopathological 

features was analyzed. Stable MTA2-overexpressing and MTA2-siliencing NPC cells were 

established by transfection with plasmids encoding MTA2 cDNA and lentivirus-mediated short 

hairpin RNA, respectively. Cell viability was determined by Cell Counting Kit-8 and colony 

formation assay. Cell migration ability was evaluated by wound healing and transwell invasion 

assay. The impact of MTA2 knockdown on growth and metastasis of CNE2 cells in vivo was 

determined by nude mouse xenograft models. Expression of several Akt pathway proteins was 

detected by Western blotting.

Results: MTA2 was upregulated in NPC tissues and three NPC cell lines detected (CNE1, 

CNE2, and HNE1). MTA2 expression was related to clinical stage and lymph node metastasis 

of patients with NPC. MTA2 upregulation promoted proliferation and invasion of CNE1 cells, 

while MTA2 depletion had opposite effects on CNE2 cells. Moreover, MTA2 depletion sup-

pressed growth and metastasis of CNE2 cells in vivo. MTA2 overexpression activated Akt and 

upregulated the expression of matrix metalloproteinase 7 and cyclin D1.

Conclusion: We conclude that MTA2 acts as an oncogene in tumorigenesis of NPC. MTA2 

may be a potential target for gene therapy in NPC.
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Introduction
Nasopharyngeal carcinoma (NPC) is one of the most prevalent cancers in Southeast 

Asia and South China. Although the treatment of NPC has improved greatly in recent 

years with the development of radiotherapy, the 5-year survival rate of patients with 

NPC is still ,60%. Approximately 20,000 people die of NPC every year in the People’s 

Republic of China.1,2 The main cause of treatment failure and patient’s mortality is 

tumor metastasis, but the molecular mechanism of tumorigenesis and metastasis of 

NPC are still elusive. It will be of great clinical value to find out new biomarkers 

involved in the progression of NPC.

Metastasis-associated gene (MTA) family is a novel gene family.3 MTA1, MTA2, 

and MTA3 are the main members of this family. They are components of nucleosome 

remodeling and deacetylation complex.4 As a part of the nucleosome remodeling and 

deacetylation complex, MTAs are proved to modulate gene transcription by affecting 
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chromatin remodeling.5,6 MTA2, as a member of MTA gene 

family, is highly expressed in human osteosarcoma,7 colorec-

tal cancer,8 ovarian cancer,9 lung cancer,10 and several other 

human tumor tissues. High MTA2 expression is positively 

related to metastasis and poor prognosis in esophageal 

carcinoma11 and pancreatic carcinoma.12

Expression of MTA2 affects tumor cell growth, metas-

tasis, apoptosis, and cell skeleton.13,14 Silencing of MTA2 

reverses the malignant phenotypes of glioma,15 gastric 

cancer,16 and breast cancer17 cells. These studies strongly 

suggest a correlation between tumor development and 

MTA2 expression. However, to the best of our knowledge, 

the expression pattern and function of MTA2 in NPC have 

not been reported before.

Materials and methods
Patients and samples
Samples of 107 NPC tissues and 28 noncancerous nasopha-

ryngeal epithelium tissues were obtained from biopsy 

of patients from the Affiliated Hospital of Guangdong 

Medical University (Zhanjiang, People’s Republic of China) 

between 2010 and 2011. None of the patients with NPC 

received radiotherapy or chemotherapy before biopsy. The 

clinicopathological information was obtained from medical 

records. Staging of cancer was in accordance with the seventh 

American Joint Committee on Cancer and the International 

Union for Cancer Control cancer staging guidelines issued 

in 2010. The study was approved by the Medical Ethics 

Committee of the Affiliated Hospital of Guangdong Medical 

University. Written informed consent was obtained from each 

patient. Patients consisted of 71 males and 36 females with 

an average age of 48 years (range: 18–75 years).

immunohistochemistry
Sections from patients were deparaffinized with xylene 

and rehydrated with graded alcohol. For antigen retrieval, 

sections were immersed in citrate buffer (pH =6.0) and 

microwaved for 5 minutes. To eliminate intrinsic peroxidase 

activity, slides were incubated with 3% H
2
O

2
 for 8 minutes. 

Slides were incubated overnight at 4°C with a goat antibody 

against MTA2 (dilution, 1:300; Santa Cruz Biotechnology 

Inc., Dallas, TX, USA). After washing with phosphate-

buffered saline (PBS), sections were detected with a Polink-2 

Plus Polymer HRP Kit (GBI, Mukilteo, WA, USA) according 

to the manufacturer’s instructions. Signals were visualized 

with 3,3′-diaminobenzidine tetrahydrochloride for 2 minutes 

and slightly counterstained with hematoxylin. The primary 

antibody was replaced with PBS as a negative control. The 

slides were evaluated independently by two investigators who 

were blinded to the patient’s clinicopathological information. 

The degree of immunohistochemical staining was assessed 

by the positive cell proportion and intensity of staining.18 The 

percentage of positivity was scored as follows: 0 (,5%), 

1 (5%–25%), 2 (26%–50%), and 3 (>50%). The staining 

intensity was scored as follows: 0 (no), 1 (light yellow), 

2 (yellow), and 3 (brown yellow). The final score was calcu-

lated by multiplying the proportion score and intensity score. 

Slides with a final score of $4 were defined as positive; 

otherwise, they were defined as negative.

cell culture
Human NPC cell lines CNE1, CNE2, and HNE1 and human 

immortalized nasopharyngeal epithelium cell line NP6919 were 

obtained from the Cancer Research Institute of Guangdong 

Medical University and Southern Medical University, Guang-

dong, People’s Republic of China. The use of these cell lines 

were approved by the institutional review boards of both of the 

aforementioned schools. CNE1, CNE2, and HNE1 cells were 

cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) 

supplemented with 10% fetal bovine serum (FBS; Thermo 

Fisher Scientific, Waltham, MA, USA) at 37°C with 5% CO
2
 

and a humidified atmosphere. NP69 cells were grown in kera-

tinocyte serum-free medium (Thermo Fisher Scientific).

Quantitative reverse transcription–
polymerase chain reaction analysis
Quantitative real-time reverse transcription–polymerase 

chain reaction (qRT-PCR) assay was performed as previously 

described.20 Briefly, RNAiso Plus reagent (Takara, Dalian, 

People’s Republic of China) was used to extract total RNA of 

cells. The cDNA was obtained from messenger RNA with a 

Primescript™ RT reagent kit (Takara). A SYBR Green PCR 

kit (Takara) was used in the amplification processes by a Light 

Cycler system (Hoffman-La Roche Ltd, Basel, Switzerland). 

The primers used for amplification of MTA2 and β-actin were 

as follows: sense 5′-GATGAGATGGAGGAATGGTCAG-3′, 
antisense 5′-ACCTGTTTCAGTTTGCTGTCTG-3′ (for 

MTA2); sense 5′-TGACGTGGACATCCGCAAAG-3′, 
and antisense 5′-CTGGAAGGTGGACAGCGAGG-3′ (for 

β-actin). The cycling program was as follows: denaturation 

at 95°C for 30 seconds, followed by 40 cycles of denaturing 

at 95°C for 5 seconds, annealing at 60°C for 30 seconds. 

The qRT-PCR result was analyzed with the 2−ΔΔCt method.21 

β-actin was used as an internal control.

Western blot analysis
Western blot experiment was performed as previously 

described.22 Briefly, cells or tumor tissues were lysed with RIPA 
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reagent (Beyotime, Shanghai, People’s Republic of China). 

The concentration of protein was determined by bicinchoninic 

acid method. An equal amount of protein in each lane was 

subjected to 10% sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis and transferred to polyvinylidene fluoride mem-

branes (EMD Millipore, Billerica, MA, USA). After blocking 

for 1 hour with 5% nonfat milk, the polyvinylidene fluoride 

membranes were incubated with MTA2 and β-actin polyclonal 

antibody (dilution, 1:1,000; Santa Cruz Biotechnology Inc.), 

Akt and pAkt (Ser473) monoclonal antibody (dilution, 1:2,000; 

Cell Signaling Technology, USA), cyclin D1 monoclonal anti-

body (dilution, 1:1,500; Cell Signaling Technology), hypoxia-

inducible factor 1α monoclonal antibody (dilution, 1:300; 

Boster Biotechnology, Wuhan, People’s Republic of China), 

and matrix metalloproteinase 7 (MMP7) polyclonal antibody 

(dilution, 1:1,000; Abcam, Cambridge, UK). After incubation 

with primary antibody at 4°C overnight, the membranes were 

incubated with secondary antibody (dilution, 1:5,000; Santa 

Cruz Biotechnology Inc.) at room temperature for 1 hour. 

Signals were visualized with the enhanced chemiluminescence 

detection system (Pierce, Rockford, IL, USA). The intensity 

of protein bands was quantified using Quantity One software 

(Bio-Rad Laboratories Inc., Hercules, CA, USA). The protein 

levels were normalized to those of β-actin.

establishment of stable MTa2-
overexpressing cne1 cell
The pcDNA3.1 plasmid encoding full-length MTA2 

cDNA sequence and empty vector were purchased from 

Biogot Biotechnology (Nanjing, People’s Republic of 

China). Plasmids were transfected into CNE1 cell by 

Lipofectamine 2000 (Thermo Fisher Scientific). Stable 

MTA2-overexpressing CNE1 cell (CNE1/MTA2) and 

negative control CNE1 cell (vector) were established under 

G418 (Sigma-Aldrich Co., St Louis, MO, USA) selection. 

The efficiency of MTA2 gene transfection was verified by 

qRT-PCR and Western blot.

establishment of stable MTa2-silencing 
cne2 cell
The expression of MTA2 in CNE2 cell was silenced by 

lentivirus-mediated short hairpin RNA (shRNA). The len-

tivirus particles containing shRNA targeting MTA2 and 

negative control shRNA were purchased from Genechem 

(Shanghai, People’s Republic of China). For lentivirus 

infection, CNE2 cells were incubated with lentivirus and 

5 μg/mL polybrene for 24 hours. After infection, cells were 

selected by flow cytometry with a green fluorescent protein 

marker. The efficiency of MTA2 knockdown was evaluated 

by qRT-PCR and Western blot. The stable MTA2-silencing 

and negative control CNE2 cells were named as CNE2/

shMTA2 and CNE2/shNC, respectively.

ccK-8 proliferation assay
Cell Counting Kit-8 (CCK-8) proliferation assay was per-

formed as previously described.23 Briefly, cells were seeded 

in 96-well plates (2,000 cells per well) and grown in com-

plete medium for 1 day, 2 days, 3 days, 4 days, or 5 days in 

a humidified atmosphere at 37°C with 5% CO
2
. For analysis, 

20 μL of CCK-8 substrate was added to each well. After 

culturing for 2 hours, the absorbance of wells was measured 

with a microplate reader at 450 nm.

colony formation assay
Cells were seeded at a density of 100 cells per well in six-well 

plates. After culturing for 12 days in an incubator, the cells were 

fixed with methanol and stained with crystal violet. The number 

of colonies was counted under an inverse microscope.

Wound healing assay
Cells were seeded with the same number in six-well plates 

in complete medium. When cells grew to ~95% confluence, 

scratch wounds were made with 100 μL sterile pipette tips. 

To remove the suspended cells, the plates were washed with 

PBS twice. Cells were grown in DMEM containing 1% FBS, 

and photos were taken in three defined fields at 0 hour and 

48 hours, respectively. The closure area of wounds was mea-

sured with ImageJ software (National Institutes of Health, 

Bethesda, MD, USA).

Transwell invasion assay
Transwell cell culture inserts (pore size, 8 μm; Corning 

Incorporated, Corning, NY, USA) were coated with Matrigel 

(BD Biosciences, San Jose, CA, USA). Fifty thousand cells in 

100 μL serum-free DMEM were seeded in the upper chamber 

of the inserts. The bottom chamber was added with complete 

medium (DMEM containing 10% FBS) as a chemoattractant. 

After incubation for 18 hours, cells in the upper surface of 

the membranes were removed with a cotton swab. Cells that 

had invaded to the lower surface of the membranes were 

fixed with methanol for 10 minutes and stained with 0.1% 

crystal violet for 30 minutes. Cells were observed under a 

microscope and counted in five predetermined fields.

in vivo growth and metastasis 
experiments
Four-week-old male BALB/c nu/nu mice were purchased 

from the Guangdong Medical Laboratory Animal Center and 

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2016:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1650

Wu et al

were bred in a specific pathogen-free condition. All animal 

study procedures were performed according to institutional 

guidelines.

For in vivo tumor growth experiment, the mice were 

injected subcutaneously in the right subaxillary with 100 μL 

cell suspensions (1×106 cells) of control or CNE2/shMTA2 

cells (n=6 per group). Diameters of tumors were measured 

with a caliper weekly. The tumor volumes (V ) were calcu-

lated by the following formula: V = a × b2/2 (a and b repre-

sent the long and short axes of tumor, respectively).24 The 

mice were sacrificed after 3 weeks. Tumors were carefully 

removed and weighed.

For in vivo metastasis experiment, the mice were injected 

with 100 μL cell suspensions (1×106 cells) of control or 

CNE2/shMTA2 cells through the lateral tail vein (n=6 per 

group). After 6 weeks, the mice were sacrificed, and the lungs 

of mice were removed and subjected to hematoxylin and 

eosin staining. The number of pulmonary metastasis foci in 

each mouse was calculated as previously described.25

statistical analysis
Results are presented as mean ± standard deviation of three 

independent experiments and analyzed by SPSS 13.0 soft-

ware (SPSS Inc., Chicago, IL, USA). Chi-square test was 

performed for analysis of qualitative data. Student’s t-test 

or one-way analysis of variance with least significant dif-

ference test for multiple comparisons was performed for 

analysis of quantitative data. P,0.05 was considered to be 

statistically significant.

Results
MTa2 is upregulated in nPc and related 
to clinical features of patients
We first investigated the expression of MTA2 in NPC 

tissues and cell lines. MTA2 protein was higher in NPC 

tissues (60/107, 56.1%) compared with noncancerous 

nasopharyngeal epithelium tissues (8/28, 28.6%), based on 

immunohistochemistry analysis. MTA2 protein is predomi-

nantly expressed in the nucleus of tumor cells (Figure 1A). 

Compared with nasopharyngeal epithelium cell line NP69, 

MTA2 protein levels were higher in NPC cell lines CNE1, 

CNE2, and HNE1 (Figure 1B). We further investigated the 

relationship between MTA2 expression and patient’s clini-

copathological features. High MTA2 expression was related 

to more advanced clinical stage and presence of lymph node 

metastasis but had no relation with patient’s age, sex, and 

distant metastasis of tumor (Table 1).

MTa2 overexpression enhances 
proliferation and migration of cne1 cell 
in vitro
Among the three NPC cell lines detected, CNE1 cell had 

the lowest level of MTA2 protein and CNE2 cell had the 

highest level of MTA2 protein (Figure 1B). For this reason, 

β

Figure 1 MTa2 is upregulated in nPc.
Notes: (A) representative negative immunostaining in a noncancerous nasopharyngeal epithelium (nT) tissue and positive nuclear immunostaining in a nPc tissue 
Magnification: ×400. MTa2 expression is higher in nPc tissues compared with noncancerous tissues. (B) MTa2 protein expression in cne1, cne2, hne1 nPc cell lines 
and nT nP69 cells detected by Western blot (**P,0.01 vs nP69, *P,0.05 vs nP69).
Abbreviations: MTa2, metastasis-associated gene 2; nPc, nasopharyngeal carcinoma.
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CNE1 and CNE2 cells were chosen for the gain-of-function 

and loss-of-function studies, respectively. Stable MTA2-

overexpressing CNE1 cell (CNE1/MTA2) and negative 

control (vector) were established by plasmid transfection. 

Stable MTA2-silencing CNE2 cell (shMTA2) and negative 

control (shNC) were established by lentivirus-mediated 

shRNA.

We found a 25-fold increase in MTA2 mRNA level and 

a remarkable upregulation in MTA2 protein level in CNE1/

MTA2 cell compared with control (Figure 2A). CNE1/

MTA2 cell had a higher proliferation rate in CCK-8 assay 

and formed more colonies in colony formation assay as 

compared with control (Figure 2B and C). The influence 

of MTA2 upregulation on migration and invasion of NPC 

cell was investigated by wound healing assay and transwell 

assay. Compared with control, CNE1/MTA2 cell had a higher 

wound closure rate (Figure 2D). Transwell invasion assay 

also showed a significant increase in the number of invaded 

cells in CNE1/MTA2 cell (Figure 2E).

MTa2 depletion suppresses migration 
and invasion of cne2 cell in vitro
MTA2 expression was successfully attenuated by lentivirus-

mediated shRNA determined by qRT-PCR and Western 

blot (Figure 3A). MTA2 depletion inhibited proliferation of 

CNE2 cells by CCK-8 and colony formation assay (Figure 3B 

and C). MTA2 depletion also impaired the migration and 

invasion ability of CNE2 cell, which was identified by wound 

healing and transwell assay (Figure 3D and E).

MTa2 activates the akt signaling pathway 
in nPc
We investigated whether the Akt signaling pathway was 

involved in the function of MTA2. We detected the pro-

tein levels of total Akt, activated Akt (pAkt), and some 

downstream genes closely related to cell growth and inva-

sion. Compared with control cells, MTA2 overexpression 

induced upregulation of pAkt and cyclin D1 and MMP7 in 

CNE1/MTA2 cell (Figure 4A), while MTA2 knockdown 

caused downregulation of these genes in CNE2/shMTA2 

cell (Figure 4B).

MTa2 depletion inhibits growth, 
metastasis, and akt activity of cne2 cell 
in vivo
We further explored the influence of MTA2 knockdown on 

growth and metastasis of CNE2 cell in vivo. Both control 

and CNE2/shMTA2 groups formed tumors in nude mice 

after injection of tumor cells subcutaneously, but the tumor 

weight in CNE2/shMTA2 group was only 49% of the control 

group (Figure 5A). The tumor volume was also smaller in 

CNE2/shMTA2 group (data not shown). Furthermore, CNE2/

shMTA2 group formed much fewer pulmonary metastatic 

foci compared with control group after injection of tumor 

cells through tail vein (Figure 5B). Finally, the expression of 

MTA2, pAkt, cyclin D1, and MMP7 proteins in subcutaneous 

tumors of CNE2/shMTA2 group were lower than the control 

group (Figure 5C).

Discussion
Although MTA2 is reported to be overexpressed in several 

human malignancies and involved in the progression of 

tumor,13 little is known about the role of MTA2 in NPC. 

For the first time, we identified the upregulation of MTA2 in 

NPC tissues. Moreover, we also confirmed an overexpression 

of MTA2 in three NPC cell lines detected compared with 

nasopharyngeal epithelium cell line NP69. We concluded 

that MTA2 was upregulated in NPC and may participate in 

the carcinogenesis of NPC.

In NPC tissues, MTA2 protein appeared in the nucleus 

of tumor cells and no obvious cytoplasmic staining was 

observed, which is consistent with previous studies.26 MTA2 

expression was positively related to clinical stage and lymph 

node metastasis of patients, indicating that MTA2 might be 

indispensable in the progression of NPC.

In the three NPC cell lines detected, CNE2 cell had the 

highest and CNE1 cell had the lowest level of MTA2 protein. 

Table 1 relationship between MTa2 expression and clinico-
pathological features of patients with nPc

Variables n MTA2 expression χ2 P-value

− (%) + (%)

sex
Male 71 34 (47.9) 37 (52.1) 1.345 0.246
Female 36 13 (36.1) 23 (63.9)

age (years)
,50 60 29 (48.3) 31 (51.7) 1.078 0.299

$50 47 18 (38.3) 29 (61.7)
clinical stage

stages i–ii 18 13 (72.2) 5 (27.8) 7.035 ,0.01
stages iii–iV 89 34 (38.2) 55 (61.8)

lymph node metastasis
no 28 19 (67.9) 9 (32.1) 8.818 ,0.01
Yes 79 28 (35.4) 51 (64.6)

Distant metastasis
no 94 43 (45.7) 51 (54.3) 1.040 0.308
Yes 13 4 (30.8) 9 (69.2)

Abbreviations: MTa2, metastasis-associated gene 2; nPc, nasopharyngeal 
carcinoma.

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2016:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1652

Wu et al

In order to perform functional study, MTA2 was upregulated 

in CNE1 cell and downregulated in CNE2 cell. We found 

that ectopic overexpression of MTA2 in CNE1 cell improved 

cell viability and colony efficiency as well as cell migration 

and invasion ability. On the other hand, MTA2 depletion 

in CNE2 cell produced opposite effects. The xenograft 

experiments verified that MTA2 depletion attenuated cell 

growth and metastasis in vivo. The results highlighted the 

importance of MTA2 in proliferation, migration, and inva-

sion of NPC cells.

β

Figure 2 MTa2 overexpression promotes proliferation and migration of cne1 cells.
Notes: (A) MTa2 mrna and protein levels of control and cne1/MTa2 cells detected by qrT-Pcr and Western blot. (B and C) Detection of cell viability by ccK-8 and colony 
formation assay. Detection of cell migration and invasion capability by wound healing ([D] magnification: ×100) and transwell invasion assay ([E] magnification: ×200); (*P,0.01).
Abbreviations: MTa2, metastasis-associated gene 2; mrna, messenger rna; OD, optical density; qrT-Pcr, quantitative real-time reverse transcription–polymerase chain 
reaction; ccK-8, cell counting Kit-8; h, hours.
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MTA2 had been reported to influence tumor cell growth 

and migration. For example, ectopic expression of MTA2 

promoted tumor cell growth and migration in gastric cancer 

and stimulated interleukin 11 secretion.27 In human breast 

cancer, MTA2 overexpression promoted cell invasion by 

activating RhoA pathway.28 MTA2 depletion affected the 

expression of apoptosis-related genes P21, P27, P53, and 

Bax and metastasis-related genes MMP2 and MMP9.29 

MTA2 had been proved to influence cell apoptosis.30 The 

impact of MTA2 on apoptosis of NPC cell is worthy of 

further investigation.

The PI3K/Akt signaling pathway plays an important 

role in cell proliferation, differentiation, and migration.31,32 

Several studies indicated a close relationship between MTA1 

(a member of MTA family with a structure similar to MTA2) 

and Akt signaling pathway.33,34 Moreover, silencing of MTA2 

changed the expression of some downstream genes of Akt 

pathway such as P21 and P53,15,29 suggesting a possible 

interaction between MTA2 and Akt pathway. Therefore, 

we compared the protein expression of Akt, pAkt, and some 

downstream genes such as cyclin D1 and MMP7 in NPC cells. 

Akt was activated by MTA2 upregulation and suppressed 

β

Figure 3 MTa2 knockdown inhibits proliferation and migration of cne2 cells.
Notes: (A) analysis of MTa2 expression by qrT-Pcr and Western blot in cne2/shnc and cne2/shMTa2 cells. (B and C) Analysis of cell viability and colony efficiency 
by ccK-8 and colony formation assay. (D and E) analysis of cell migration and invasion ability by wound healing ([D] magnification: ×100) and transwell invasion assay ([E] 
magnification: ×200); (*P,0.01).
Abbreviations: MTa2, metastasis-associated gene 2; OD, optical density; qrT-Pcr, quantitative real-time reverse transcription–polymerase chain reaction; mrna, 
messenger rna; ccK-8, cell counting Kit-8; h, hours.
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Figure 4 MTa2 stimulates akt signaling pathway in nPc cells.
Notes: Western blot analysis of akt, pakt, hiF-1α, MMP7, and cyclin D1 proteins expression in cne1/vector and cne1/MTa2 cells (A) or cne1/shnc and cne2/shMTa2 
cells (B).
Abbreviations: MTa2, metastasis-associated gene 2; nPc, nasopharyngeal carcinoma; hiF-1α, hypoxia-inducible factor 1α; MMP7, matrix metalloproteinase 7.

α

β

α

β

Figure 5 Knockdown of MTa2 suppresses growth and metastasis of cne2 cells in vivo.
Notes: (A) Tumor size and tumor weight of cne2/shnc and cne2/shMTa2 groups in nude mice 3 weeks after injection of control or cne2/shMTa2 cells subcutaneously 
in the right subaxillary. (B) Observation of pulmonary metastasis foci (black arrow) of nude mice 6 weeks after injection of control or cne2/shMTa2 cells through tail vein 
(h&e ×100, *P,0.01). (C) levels of MTa2, pakt, cyclin D1, and MMP7 proteins in subcutaneous tumors of cne2/shnc and cne2/shMTa2 groups.
Abbreviations: MTa2, metastasis-associated gene 2; h&e, hematoxylin and eosin; MMP7, matrix metalloproteinase 7.

β
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by MTA2 depletion, as well as protein levels of MMP7 and 

cyclin D1. Nude mice experiment further verifies that MTA2 

depletion inhibits Akt activity in vivo, indicating that MTA2 

might regulate expression of MMP7 and cyclin D1 via Akt 

pathway in NPC cells.

Conclusion
In summary, we find that MTA2 is overexpressed in NPC 

tissues and cell lines. Upregulation of MTA2 promotes pro-

liferation and invasion of NPC cells, while downregulation 

of MTA2 impairs cell growth and invasion, both in vitro and 

in vivo. Furthermore, MTA2 silencing inhibits Akt pathway. 

This work strongly suggests that MTA2 plays an important 

role in the development of NPC and may be a potential 

therapy target.
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