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Purpose: MicroRNAs (miRNAs) play important roles in tumorigenesis and metastasis by 

regulating genes expression. MiRNA-148b (miR-148b) had been reported to inhibit tumor 

progression in some kinds of cancers, but the functions of miR-148b in nasopharyngeal carcinoma 

(NPC) remain largely unknown. The aim of this study was to investigate the functional role 

of miR-148b in NPC.

Methods: Expression of miR-148b in NPC tissues and cell lines was detected by quantitative 

reverse transcription polymerase chain reaction. MiR-148b was overexpressed in CNE2 and 

C666-1 cells by miR-148b mimic transfection. The effects of miR-148b on cell proliferation, 

migration, and invasion were determined by colony formation assays, cell viability assays, and 

transwell assays. The target gene of miR-148b was investigated by luciferase assays, and the 

rescue experiment was performed.

Results: MiR-148b was downregulated in NPC tissues and cell lines. Ectopic miR-148b 

expression significantly inhibited proliferation, migration, and invasion of CNE2 and C666-1 

cells. We identified that metastasis-associated gene 2 (MTA2) is a direct target of miR-148b. 

Rescue experiment demonstrated that the tumor-suppressive effects of miR-148b on C666-1 

cell were partly reversed by restoration of MTA2 expression. Moreover, miR-148b expression 

was negatively related to mRNA level of MTA2 in NPC tissues.

Conclusion: Our findings elucidate that miR-148b negatively regulates the growth, migration, 

and invasion of NPC cells, at least in part, by targeting MTA2. The present study indicates that 

miR-148b is a potential therapeutic agent for NPC.

Keywords: miR-148b, metastasis-associated gene 2, proliferation, invasion, nasopharyngeal 

carcinoma

Introduction
Nasopharyngeal carcinoma (NPC), a unique type of the head and neck cancer, is most 

prevalent in Southeast Asia and Southern China. In some regions of these endemic 

areas, the incidence rate of NPC is more than 10/100,000. However, the incidence rate 

of NPC in non-endemic areas is less than 1/100,000.1 Radiation therapy is effective 

in the treatment of NPC, especially for early-stage NPC patients. However, a large 

proportion of NPC patients are diagnosed at advanced stage. Each year in China, about 

20,000 people die of NPC, mainly due to tumor recurrence and metastasis.2 It is of 

great urgency to elucidate the molecular mechanisms of metastasis in NPC, which is 

critical for identifying new biomarkers and treatment strategies.

MicroRNAs (miRNAs) are endogenous small noncoding RNA, which can regulate 

genes expression by binding to the specific recognition sequences in the 3′-untranslated 
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region (UTR) of target mRNAs.3 MiRNAs have been shown 

to play important roles in tumorigenesis, progression and 

metastasis in NPC and other cancers by regulating the expres-

sion of target genes.4,5 Exploration of dysregulated miRNAs 

in NPC might contribute to the discovery of new biomarkers 

valuable for diagnosis or therapy of NPC.

MiRNA-148b (miR-148b) had been reported to be 

downregulated, and it acts as a tumor suppressor in human 

lung cancer,6 glioma,7 pancreatic cancer8 and hepatocellular 

carcinoma.9 However, miR-148b is found to be upregulated 

in human ovarian carcinoma.10 In normal Schwann cells, the 

upregulation of miR-148b promoted cell migration.11 These 

studies suggest that miR-148b may play different roles in 

different situations.

To date, the functional role of miR-148b in NPC is still 

largely unknown. In this study, we found that miR-148b 

was downregulated in NPC tissues and cell lines. Ectopic 

miR-148b expression significantly inhibited proliferation, 

migration, and invasion of NPC cells. Metastasis-associated 

gene 2 (MTA2), which is associated with malignant behaviors 

of tumor cells,12 is identified to be a direct target of miR-148b. 

Our findings demonstrated, for the first time, that miR-148b 

could suppress NPC cell growth, migration, and invasion 

by targeting MTA2.

Materials and methods
Patients and tissue samples
Samples of 20 noncancerous nasopharyngeal tissues and 

25 NPC tissues were obtained from the Affiliated Hospital 

of Guangdong Medical University, Zhanjiang, China, 

between 2013 and 2014. The use of the clinical materi-

als was approved by the medical ethical committee of the 

hospital. All the patients enrolled in this study had signed 

the informed consent documents. The NPC patients had not 

received any radiotherapy or chemotherapy before biopsy. 

The patients comprise 17 men and 8 women with an average 

age of 45.7 years (range, 22–70 years). The clinical stage of 

patients was based on the pathology tumor–node–metastasis 

(pTNM) system issued by American Joint Committee on 

Cancer ⁄  Union for International Cancer Control in 2002 

(stage I: one case; stage II: six cases; stage III: 16 cases; stage 

IV: three cases). All samples of NPC patients were diagnosed 

to be nasopharyngeal nonkeratinizing carcinoma.

cell culture
Four human NPC cell lines (CNE1, CNE2, C666-1 and 

HNE1) and an immortalized nasopharyngeal epithelium cell, 

NP69, were obtained from the Cancer Research Institute of 

Guangdong Medical University. The application of these 

cell lines in this study was approved by the Medical Ethics 

Committee of Guangdong Medical University. NPC cells 

were maintained in Dulbecco’s Modified Eagle’s Medium 

(DMEM) containing 10% fetal bovine serum (FBS). NP69 

cell was cultured in keratinocyte serum-free medium (Thermo 

Fisher Scientific, Waltham, MA, USA). All the cells were 

grown in a humidified atmosphere at 37°C with 5% CO
2
.

rna isolation and quantitative reverse 
transcription polymerase chain reaction 
(qrT-Pcr)
Total RNA of cells or tissues was extracted using TRIzol 

reagent (Thermo Fisher Scientific). The cDNA was syn-

thesized using the PrimeScript RT Reagent Kit (Takara, 

Dalian, China). For the detection of miR-148b level, miRNAs 

were reversely transcribed using the One Step PrimeScript 

miRNA cDNA Synthesis Kit (Takara) and the amplification 

processes were performed using the SYBR Premix Ex Taq 

II Kit (Takara) by a Light Cycler machine (Hoffman-La 

Roche Ltd, Basel, Switzerland). The primers for miR-148b 

and U6 small nuclear RNA (snRNA) were purchased from 

Ambion (Thermo Fisher Scientific). U6 snRNA was used as 

an internal control of miR-148b. For the detection of MTA2 

mRNA level, the cDNA was synthesized using the Prime-

Script RT Reagent Kit (Takara) and then amplified using an 

SYBR Green PCR Kit (Takara). The primers for MTA2 and 

β-actin were described previously,13 and β-actin was used as 

an internal control of MTA2. The PCR results were normal-

ized to internal controls and analyzed according to the 2−ΔΔCt 

method. Three independent experiments were performed.

Transfection of mirna mimic and MTa2 
expression plasmid
MiR-148b mimic or control RNA (miR-Ctrl) were designed 

and synthesized by RiboBio (Guangzhou, China). The 

pcDNA3.1 plasmid encoding full-length cDNA sequence 

of MTA2 (pcMTA2) and the empty vector were purchased 

from Biogot Biotechnology (Nanjing, China). For cell trans-

fection, a total of 2×105 cells were plated in six-well plates. 

After 24 hours, miR-148b mimic or pcMTA2 or control was 

transfected to cells with Lipofectamine 2000 (Thermo Fisher 

Scientific) according to the manufacturer’s protocol.

Western blot analysis
Western blot assays were performed as previously 

described.14,15 Briefly, 48 hours after transfection, cells were 

lysed with radioimmunoprecipitation assay buffer (Thermo 
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Fisher Scientific) and proteins were quantified by bicin-

choninic acid method. Proteins were then separated by 10% 

sodium dodecyl sulfate polyacrylamide gel electrophoresis 

(SDS-PAGE) and transferred to polyvinylidene difluoride 

membranes. The membranes were incubated with 5% nonfat 

milk and probed with the antibodies against β-actin (1:10,000 

diluted; Santa Cruz Biotechnology Inc., Dallas, TX, USA) 

or MTA2 (1:2,000 diluted; Santa Cruz Biotechnology), 

followed by horseradish peroxidase (HRP)-labeled second-

ary antibodies. The signals were detected by the enhanced 

chemiluminescence detection system (Pierce, Rockford, 

IL, USA). The protein levels of MTA2 were normalized to 

β-actin. Three independent experiments were performed.

cell counting Kit-8 (ccK8) cell counting 
assay
Cells transfected with miR-148b mimic or miR-Ctrl were 

seeded in 96-well plates at 5×103 cells/well. At 24 and 

48 hours after plating, 20 μL of CCK-8 solutions (Beyotime, 

Shanghai, China) were added. After incubation for 2 hours, 

the absorbance at 450 nm was measured with a microplate 

reader. Three independent experiments were conducted with 

six replicates in each experiment.

colony formation assay
Cells were seeded in six-well plates. miR-148b mimic or miR-

Ctrl was transfected to cells and cultured for 48 hours. The cells 

were then washed three times with PBS and cultured in DMEM 

containing 10% FBS for 2 weeks in an incubator. The colonies 

were fixed with methanol and stained with crystal violet. The 

number of colonies was counted under an inverse microscope. 

Three independent experiments were performed.

Transwell migration and invasion assays
For transwell migration assays, 5×104 cells transfected with 

miR-148b mimic or miR-Ctrl were suspended in 100 μL 

of serum-free DMEM and seeded in the upper chamber of 

transwell inserts (with 8.0 μm pores; Corning Inc., Corning, 

NY, USA). For invasion assays, the upper chambers were 

pre-coated with Matrigel (BD Biosciences, San Jose, CA, 

USA). A total of 500 μL of complete medium (DMEM with 

10% FBS) was loaded to the lower chamber as a chemoat-

tractant. After 20 hours of incubation, the migrated or 

invaded cells in the lower surfaces of the membranes were 

fixed with methanol and stained with crystal violet. Cells 

were observed with a light microscope and counted in five 

randomly selected fields. Three independent experiments 

were performed.

luciferase assay
A total of 40,000 cells of CNE2 and C666-1 were cultured 

in 24-well plates and incubated for 24 hours before transfec-

tion. The pGL3-MTA2 3′UTR-wild type (WT) plasmid or 

pGL3-MTA2 3′UTR-mutant (Mut) plasmid together with the 

control vector pRL-TK (Promega Corporation, Fitchburg, 

WI, USA), and miR-148b mimic or miR-Ctrl, were co-

transfected to cells with Lipofectamine 2000 (Thermo Fisher 

Scientific). After incubation for 48 hours, the cells were 

harvested, and the firefly and renilla luciferase activities 

were determined by the dual luciferase assay (Promega 

Corporation). Renilla luciferase activity was used for normal-

ization. Three independent experiments were performed.

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

least three independent experiments and analyzed by SPSS 

13.0 software (SPSS Inc., Chicago, IL, USA). Student’s t-test 

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

ence (LSD) test for multiple comparisons was performed for 

comparison between groups. Pearson’s correlation assay was 

used to analyze the correlation. Differences were regarded 

to be statistically significant at P,0.05.

Results
Mir-148b is downregulated in nPc 
tissues and cell lines
To investigate the exact function of miR-148b in NPC, we 

detected the expression of miR-148b by qRT-PCR in 20 cases 

of noncancerous nasopharyngeal tissues and 25 cases of 

NPC tissues. MiR-148b expression was greatly decreased 

in NPC tissues compared with nasopharyngeal tissues 

(Figure 1A). Meanwhile, the expression of miR-148b was 

downregulated in NPC cell lines (CNE1, CNE2, C666-1 and 

HNE1) compared with nasopharyngeal epithelium cell, NP69 

(Figure 1B). Among the cell lines detected, C666-1 and CNE2 

cells had the lowest miR-148b expression so that they were 

chosen for the subsequent gain of function experiment.

ectopic mir-148b expression suppressed 
proliferation, migration, and invasion in 
nPc cells
To explore the functional role of miR-148b in NPC, miR-

148b mimic or mimic control (miR-Ctrl) was transfected 

to C666-1 and CNE2 cells. As shown in Figure 2A, miR-

148b mimic transfection dramatically increased miR-148b 

expression in CNE2 and C666-1 cells. Colony formation 

assays demonstrated that miR-148b transfection resulted 
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in the formation of fewer and smaller colonies, compared 

with control group (Figure 2B). CCK-8 assays demonstrated 

that miR-148b inhibited the growth of NPC cells in vitro, 

especially in C666-1 cell (Figure 2C). Transwell assays 

revealed that miR-148b transfection significantly inhibited 

the migration and invasion of CNE2 and C666-1 cells, as 

shown in Figure 2D. These results showed that miR-148b 

could inhibit the growth, migration, and invasion of NPC 

cells in vitro.

MTa2 is a direct target of mir-148b
We had previously reported that MTA2 promoted prolifera-

tion and metastasis of NPC cells and acted as an oncogene 

in NPC.13 Using a miRNA targeting prediction program 

TargetScan (http://www.targetscan.org/), we found that the 

3′UTR of MTA2 mRNA had a complementary sequence 

for the seed region of miR-148b (Figure 3A), suggesting 

that MTA2 is a potential target of miR-148b. To verify 

whether MTA2 was a true target of miR-148b, we conducted 

luciferase assays in CNE2 and C666-1 cells. We found that, 

compared with control, miR-148b mimic transfection inhib-

ited the luciferase activity when cells were co-transfected 

with WT 3′UTR of MTA2. However, no differences in 

luciferase activity between miR-148b mimic and control 

group were found when cells were co-transfected with Mut 

type 3′UTR of MTA2 (Figure 3B). Western blot analysis 

revealed that miR-148b remarkably downregulated MTA2 

protein expression in CNE2 and C666-1 cells (Figure 3C). 

Notably, we found that the mRNA level of MTA2 was nega-

tively related to miR-148b level in NPC tissues (r=−0.677, 

P,0.01, Figure 3D). Overall, these experiments identified 

that MTA2 was a direct target of miR-148b.

The tumor suppressive effects of 
mir-148b on c666-1 cell are partially 
reversed by MTa2 restoration
To verify whether the tumor suppressive role of miR-148b in 

NPC cells was mediated by MTA2, the expression of MTA2 

was rescued in miR-148b-overexpressing cells (Figure 4A). 

The highly metastatic C666-1 cell, which was more sensitive 

to miR-148b treatment demonstrated in CCK-8 and colony 

formation assays, was used in the rescue experiment. We 

found that the restoration of MTA2 expression in C666-1 cell 

partially reversed the inhibitive effects on cell proliferation, 

migration, and invasion induced by miR-148b overexpres-

sion (Figure 4B–D).

Discussion
Dysregulated expression of miRNAs had been shown to 

play important roles in regulating biological behaviors of 

NPC.16 The tumor-suppressive miR-29c, which was fre-

quently reduced in NPC tissues, suppressed NPC progres-

sion and metastasis by targeting multiple genes, including 

TIAM1,17 Mcl-1 and Bcl-2.18 Moreover, miR-29c increased 

the sensitivities of NPC to chemotherapy and radiotherapy.18 

The oncogenic miR-155 was upregulated in NPC by LMP1 

and LMP2A, two proteins encoded by Epstein–Barr virus.19,20 

miR-155 promoted the malignant biological behaviors of 

NPC cells by targeting JMJD1A20 and ZDHHC2.21

MiR-148b, as a member of the miR-148/152 family, 

plays important roles in development and diseases.22 MiR-

148b had been reported to be downregulated in some human 

cancers.7,8,23 Dysregulated miR-148b in pancreatic cancer was 

correlated with increased tumor size, advanced clinical stage, 

Figure 1 Downregulation of mir-148b in nPc tissues and cell lines.
Notes: (A) expression of mir-148b in 20 cases of noncancerous nP tissues and 25 cases of nPc tissues was detected by qrT-Pcr. (B) expression of mir-148b in nPc cell 
lines (cne1, cne2, c666-1 and hne1) and nasopharyngeal epithelium cell, nP69, was detected by qrT-Pcr (*P,0.05 vs nP69).
Abbreviations: mir, microrna; nP, nasopharyngeal; nPc, nasopharyngeal carcinoma; qrT-Pcr, quantitative reverse transcription polymerase chain reaction; U6, U6 snrna.
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Figure 2 inhibition effects of mir-148b on proliferation, migration, and invasion of cne2 and c666-1 cells.
Notes: (A) Forty-eight hours after transfection with mir-148b mimic or mir-ctrl. The mir-148b expression in cne2 and c666-1 cells was determined by qrT-Pcr. colony 
formation assays (B) and ccK-8 assays (C) were conducted to evaluate the effects of mir-148b overexpression on proliferation of cne2 and c666-1 cells. (D) Transwell 
assays were conducted to evaluate the effects of mir-148b on migration and invasion of cne2 and c666-1 cells (*P,0.05, **P,0.01).
Abbreviations: CCK-8, Cell Counting Kit-8; Ctrl, control; h, hours; miR, microRNA; NS, no significance; qRT-PCR, quantitative reverse transcription polymerase 
chain reaction.
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distant metastasis and poor prognosis. Ectopic miR-148b 

expression inhibited the growth and metastasis of pancreatic 

cancer cells by targeting AMPKα1.8 In hepatocellular car-

cinoma, miR-148b negatively regulated WNT1/β-catenin 

pathway by targeting WNT.19 Moreover, miR-148b was 

critical in the maintenance of properties of cancer stem 

cells by targeting Neuropilin-1 in hepatocellular carcinoma, 

suggesting that the restoration of miR-148b may be a new 

′

′

β

Figure 3 MTa2 is a target of mir-148b.
Notes: (A) The binding site of mir-148b in the 395–401 bp position in the 3′UTr of MTa2 mrna predicted by Targetscan. (B) The dual luciferase reporter activity analysis 
of WT and Mut type MTa2 3′UTr reporter constructs after co-transfection with mir-148b or mir-ctrl. (C) ectopic mir-148b expression reduced the protein expression 
of MTa2 in cne2 and c666-1 cells. (D) The correlation between mir-148b and MTa2 mrna expression in 25 cases of nPc tissue was analyzed by Pearson’s correlation 
assay (**P,0.01).
Abbreviations: Ctrl, control; miR, microRNA; MTA2, metastasis-associated gene 2; Mut, mutant; NPC, nasopharyngeal carcinoma; NS, no significance; WT, wild type; 
UTr, untranslated region.
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therapeutic strategy by targeting cancer stem cells.24 miR-

148b inhibits malignant behaviors of glioma cells through 

targeting HOTAIR.7 These studies, overall, revealed that 

miR-148b may play important roles in NPC. However, the 

functions of miR-148b in NPC are still largely unknown.

In the current study, we found that miR-148b expression 

was frequently decreased in NPC tissues and cell lines. In 

the NPC cell lines detected, the highly metastatic C666-1 

cell had the lowest miR-148b expression, suggesting that 

miR-148b may be related to the metastasis of NPC. Besides 

C666-1 cell, another NPC cell line, CNE2, with relatively 

low miR-148b expression, were transfected with miR-148b 

mimic for the gain of function study. The results showed 

that the overexpression of miR-148b significantly inhibited 

proliferation, colony formation, migration, and invasion of 

C666-1 and CNE2 cells. These experiments revealed that 

miR-148b acts as a tumor suppressor in NPC.

MTA2 had been reported to promote tumor progression.25 

MTA2 overexpression promoted the proliferation and 

invasion of gastric cancer cells through stimulating the 

secretion of interleukin 11.26 MTA2 promoted the migra-

tion of breast cancer cells by activating the RhoA signal-

ing pathway.27 We had previously found that MTA2 was 

upregulated in NPC. MTA2 promoted the growth and 

metastasis of NPC cells in vitro and in vivo.13 In silico 

analysis by TargetScan reveals that MTA2 is a potential 

target of miR-148b. Subsequently, the luciferase assays were 

performed and MTA2 was identified to be a novel target of 

miR-148b. In addition, we found that the mRNA level of 

MTA2 was negatively related to miR-148b in NPC tissues, 

indicating that miR-148b can negatively regulate MTA2 

expression in NPC. The rescue experiment was performed 

to explore the functional role of miR-148b/MTA2 axis in 

C666-1 cell. We found that the tumor-suppressive effects 

of miR-148b were partially reversed. The results indicated 

that reduced miR-148b expression promoted proliferation, 

migration, and invasion of NPC cells by targeting MTA2. 

The current in vitro study reveals the function of miR-148b 

β

Figure 4 The tumor-suppression effects of mir-148b on c666-1 cell were partially reversed by MTa2 restoration.
Notes: (A) c666-1 cells were transfected with the empty vector or MTa2 expression vector in mir-148b-overexpressing c666-1 cells, and MTa2 protein expression was 
analyzed by Western blot. The effects of MTa2 restoration on cell growth were detected by colony formation assays (B) and ccK-8 assays (C). (D) The effects of MTa2 
restoration on cell migration and invasion were detected by transwell assays (*P,0.05, **P,0.01).
Abbreviations: ccK-8, cell counting Kit-8; ctrl, control; mir, microrna; h, hours; MTa2, metastasis-associated gene 2; pcMTa2, MTa2 expression plasmid pcDna3.1.
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in NPC. However, further investigation is needed to fully 

understand the role of miR-148b in NPC, such as in vivo 

study and exploring the interaction between miR-148b and 

its potential targets in NPC.

Conclusion
Our study demonstrates that miR-148b acts as a tumor 

suppressor in NPC. MTA2 is a novel target of miR-148b. 

MiR-148b inhibits malignant behaviors of NPC cells, at least 

partly, through the repression of MTA2 expression.
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