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Abstract: MicroRNAs have been confirmed to be a group of important regulators during the 

pathogenesis of nasopharyngeal carcinoma (NPC). This study confirmed that the expression of 

microRNA-92a (miR-92a) was significantly upregulated in NPC as compared to noncancerous 

nasopharyngeal epithelial tissues. Furthermore, high expression of miR-92a was observed in 

all NPC cell lines, especially in high metastatic cell lines. Clinical analysis indicated that high 

expression of miR-92a was associated with adverse clinicopathological features including the 

advanced tumor-node-metastasis stage and distant metastasis, and conferred poor prognosis 

of patients. In vitro assays showed that miR-92a overexpression potentiated the migration and 

invasion of 6-10B cells, and miR-92a silencing reduced the number of migrated and invaded 

5-8F cells. Phosphatase and tensin homolog (PTEN) was confirmed as a direct downstream 

target of miR-92a in NPC cells. Otherwise, alteration of miR-92a expression regulated PTEN/

AKT pathway in NPC cells. Mechanistically, miR-92a exerted its promoting effects on the 

metastatic behaviors of NPC cells through suppressing PTEN/AKT pathway. Taken together, 

this study demonstrates that miR-92a is a promising prognostic biomarker for patients with 

NPC, and may be a potential therapeutic target to prevent the metastasis of NPC.

Keywords: microRNA-92a, nasopharyngeal carcinoma, PTEN, signaling pathway, tumor 

metastasis, non-coding RNA, head and neck neoplasms

Introduction
Nasopharyngeal carcinoma (NPC), which predominantly occurs in the southern part of 

the People’s Republic of China, is a malignant epithelial tumor of the head and neck.1–3 

Although remarkable progress has been made in the therapeutic strategy of NPC, the 

long-term survival of patients with NPC is still unsatisfactory. The major reasons 

for the poor prognosis of patients with NPC include local recurrence and systemic 

metastasis.4,5 Therefore, it is of great importance to clarify the molecular mechanisms 

for the metastatic processes of NPC cells, which may facilitate the development of 

novel therapeutic targets for NPC.

MicroRNAs (miRNAs) is a group of short noncoding RNAs, which regulate 

gene expression through mRNA cleavage and/or translation inhibition by binding to 

the 3′-untranslated region (3′-UTR) of the targeted mRNA.6 It can modulate various 

cellular processes including proliferation, apoptosis, movement, and differentiation.7–9 

And numerous studies have demonstrated that aberrant expression or dysfunction 

of miRNAs plays critical roles in the initiation and progression of various human 

malignancies.10–12
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Among numerous miRNAs, microRNA-92a (miR-92a), 

which belongs to the cluster of miR-17-92, has been found 

to be a novel cancer-related miRNA. Abnormal expression 

and dysfunction of miR-92a have been found in hepatocel-

lular carcinoma (HCC),13 lung cancer,14 colorectal cancer,15 

breast cancer,16 and cervical cancer.17 Increased level of 

miR-92a expression was confirmed in HCC,13 lung cancer,14  

and colorectal cancer15 and was correlated with poor prog-

nosis of patients with cancer. These results suggest that 

miR-92a plays an oncogenic role in human cancers. However, 

studies of ovarian cancer18 and breast cancer16 showed that 

the expression of miR-92a was downregulated, indicating 

a tumor-suppressive function of miR-92a. These studies 

demonstrate that the exact biological role of miR-92a varies 

in different cancers. However, the expression and functional 

role of miR-92a in NPC have never been examined before.

In this study, we found that miR-92a expression was 

elevated in NPC tissues and cells, and increased expression 

of miR-92a was associated with poor prognosis of patients 

with NPC. Functionally, we found that miR-92a could pro-

mote the migration and invasion of NPC cells. Furthermore, 

phosphatase and tensin homolog (PTEN)/AKT pathway 

was identified to be a direct functional downstream target 

of miR-92a.

Materials and methods
clinical tissues and cell culture
Eighty six freshly frozen NPC specimens and 20 normal 

nasopharyngeal epithelium specimens were obtained from the 

Department of Otorhinolaryngology, Head and Neck Surgery, 

the Second Affiliated Hospital of Xi’an Jiaotong University 

during January 2006 to December 2009. None of the patients 

received radiotherapy or chemotherapy before biopsy. 

Written informed consent was obtained from every patient. 

Table 1 shows the demographic features and clinicopathologic 

data. The ethics committee of Xi’an Jiaotong University 

approved all protocols involving patients’ samples according 

to the Declaration of Helsinki (as revised in Tokyo 2004).

The human NPC cell lines CNE-1, CNE-2, 5-8F, and 

6-10B were cultured in Roswell Park Memorial Institute-

1640 (Invitrogen, Carlsbad, CA, USA) supplemented with 

5% fetal bovine serum (Gibco, Grand Island, NY, USA), 

100 U/mL penicillin, and 100 U/mL streptomycin. The 

human immortalized nasopharyngeal epithelial cell lines 

NP69 were cultured in serum-free medium (Invitrogen) 

supplemented with growth factors (Gibco). All cells were 

maintained in a humidified chamber supplemented with 5% 

carbon dioxide.

Quantitative real-time polymerase chain 
reaction
The RNA from clinical specimens and NPC cells were 

extracted using Trizol (Invitrogen) following the manufac-

turer’s instruction. The TaqMan miRNA reverse transcrip-

tion kit (Applied Biosystems, Foster City, CA, USA) and 

TaqMan human MiRNA assay kit (Applied Biosystems) 

were employed for the polymerase chain reaction (PCR) 

amplification of the miR-92a and U6. Primers against miR-

92a (HmiRQP0832) and U6 (HmiRQP9001) were purchased 

from Genecopoeia (Guangzhou, People’s Republic of China). 

The relative expression of miR-92a was shown as fold dif-

ference relative to U6.

cell transfection
The miR-92a mimics, miR-92a inhibitor, and the 

corresponding control vectors were bought from Geneco-

poeia (Guangzhou). The PTEN-specific small interfering 

RNA (siRNA) (#25638), and PTEN expressing vector 

(#28298) were obtained from Addgene (Cambridge, MA, 

USA). The 5×105 NPC cells (6-10B cells or 5-8F cells) were 

seeded in 60 mm plates 18–24 hours before transfection. The 

5–10 μL lentiviral particles carrying miR-92a expressing vec-

tor (108 TU/mL) were transfected into 6-10B cells to increase 

the expression level of miR-92a; 5–10 μL lentiviral particles 

carrying miR-92a inhibitor were employed for suppressing 

the expression level of miR-92a in 5-8F cells. Following the 

Table 1 correlation between the clinicopathologic characteristics 
and expression of mir-92a in nPc

Characteristics Total no of 
patients, 
n=86

No of patients P-value

miR-92a 
high

miR-92a 
low

age (years)
#45 42 20 22 0.666
.45 44 23 21

sex
Male 63 30 33 0.465
Female 23 13 10

WhO type
i+ii 9 3 6 0.483
iii 77 40 37

TnM stage
i+ii 28 8 20 0.006*
iii+iV 58 35 23

Distant metastasis
no 68 29 39 0.008*
Yes 18 14 4

Note: *Statistically significant.
Abbreviations: mir-92a, microrna-92a; nPc, nasopharyngeal carcinoma; TnM, 
tumor-node-metastasis; WhO, World health Organization.

Powered by TCPDF (www.tcpdf.org)

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


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

Dovepress 

Dovepress

3581

Microrna-92a promotes metastasis of nPc

protocols of Lipofectamine 2000 (Invitrogen), PTEN siRNA 

was transfected into 5-8F cells for suppression of miR-92a 

while PTEN overexpression vector was transfected into 

6-10B cells for overexpressing miR-92a.

Western blot
Cellular proteins were collected using the radioimmuno-

precipitation assay lysis buffer (Santa Cruz Biotechnology, 

Inc., Santa Cruz, CA, USA), and protein concentration was 

measured using the bicinchoninic acid kit (Pierce, Rockford, 

IL, USA). Thirty microgram protein of each sample was 

separated by sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis and transferred to polyvinylidene difluoride 

membrane. The blots were incubated with the following 

primary antibodies overnight: PTEN (1:1,500, #9552, Cell 

Signaling Technologies, Danvers, MA, USA), AKT (1:1,000, 

sc-8312, Santa Cruz Biotechnology, Inc.), p-AKT (1:1,000, 

sc-33437, Santa Cruz Biotechnology, Inc.), and glyceral-

dehyde 3-phosphate dehydrogenase (1:1,500, sc-32233, 

Santa Cruz Biotechnology, Inc.). Then, the membranes were 

incubated with antimouse or antirabbit secondary antibodies 

(1:10,000; Bio-Rad Laboratories Inc., Hercules, CA, USA), 

and the signals were detected using the Bio-Rad gel imaging 

system (Bio-Rad Laboratories Inc.).

Transwell assays
Transwell assays were performed to evaluate the migratory 

and invasive ability of NPC cells. NPC cells were transfected 

with miR-92a mimics or inhibitor in six-well plates before 

seeding into the transwell chambers. The cells were resus-

pended in serum-free medium and were seeded into plates 

with 8 μm BioCoat control inserts (BD Biosciences, Bedford, 

MA, USA). Serum-containing medium (20% fetal bovine 

serum) was used in the lower chamber as the attractant. 

Regarding the invasion assay, each upper chamber was coated 

with a mixture of Dulbecco’s Modified Eagle’s Medium and 

Matrigel (Becton-Dickinson Labware, Bedford, MA, USA) 

at a ratio of 6:1; 24 hours after cell seeding, NPC cells on the 

upper surface of the filter were removed with cotton swabs. 

Then, the migrated or invaded cells in the lower surface were 

stained with 0.1% crystal violet, and the cell numbers were 

obtained from ten different fields of the lower surface of the 

filter. Three independent experiments were performed.

luciferase reporter assay
Wild-type (wt) 3′-UTR of PTEN and the mutated 

sequence were inserted into the pGL3 control vector 

(Promega Corporation, Madison, WI, USA) to construct 

wt PTEN-3′-UTR vector and mutant PTEN-3′-UTR vector, 

respectively. For luciferase reporter assay, 6-10B cells 

were transfected with the corresponding vectors; 48 hours 

after transfection, the dual-luciferase reporter assay system 

(Promega, Shanghai, the People’s Republic of China) with the 

luminometer (Promega) were used to measure the luciferase 

activity. Three independent experiments in duplicate were 

performed to obtain the results of luciferase activity.

statistical analysis
Statistical analysis was performed with the GraphPad Prism 5 

software (GraphPad Software, Inc., La Jolla, CA, USA). 

The Pearson’s chi-square test, the Kaplan–Meier plot and 

log-rank test, and the Student’s t-test were performed in 

this study. P,0.05 was considered to indicate a statistically 

significant result.

Results
The expression of mir-92a is increased 
in nPc tissues and cells
The expression levels of miR-92a in 86 NPC tissues and 

20 normal tissues were measured by quantitative real-time 

polymerase chain reaction. We found that the level of 

miR-92a expression in NPC tissues was significantly higher 

than that in normal tissues (P,0.05, Figure 1A). Next, we 

analyzed the expression of miR-92a in four NPC cell lines 

(5-8F, 6-10B, CNE1, and CNE2) and the nasopharyngeal 

epithelial cell line NP69. The expression of miR-92a was 

obviously upregulated in all NPC cell lines as compared to 

NP69 (P,0.05, Figure 1B). These data suggest that miR-92a 

probably plays an oncogenic role in the initiation and pro-

gression of NPC.

increased level of mir-92a is correlated 
with the adverse clinicopathological 
features and poor prognosis of patients 
with nPc
After confirming the aberrant elevated expression of miR-

92a in NPC tissues, we examined whether abnormal expres-

sion of miR-92a was associated with the survival of patients 

with NPC. Based on the median level of miR-92a expres-

sion, we divided the patients with NPC into two groups: 

miR-92a low expression group (n=43) and miR-92a high 

expression group (n=43). Then, the association between 

clinicopathologic features and miR-92a expression was 

analyzed. As presented in Table 1, high level of miR-92a 

was evidently associated with tumor-node-metastasis stage 

(P=0.006) and distant metastasis (P=0.008). Furthermore, 
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the Kaplan–Meier analysis showed that patients with high 

expression of miR-92a had significant decreased overall 

survival (P=0.047, Figure 2A) and disease-free survival 

(P=0.039, Figure 2B). Otherwise, multivariant Cox regres-

sion analysis demonstrated that miR-92a expression was an 

independent prognostic marker for predicting both overall 

survival and disease-free survival in patients with NPC 

(P=0.012 and P=0.009, respectively, Table 2). These data 

indicate that miR-92a can potentially serve as an effective 

biomarker for the prognosis of patients with NPC.

mir-92a potentiates the migratory and 
invasive ability of nPc cells
Since local recurrence and systemic metastasis are the 

culprits for the poor prognosis of patients with NPC, we 

examined whether miR-92a could modulate the metastatic 

ability of NPC cells. The detection of miR-92a level in NPC 

cell lines indicated that miR-92a showed the highest level 

in 5-8F cells and lowest level in 6-10B cells. Therefore, 

5-8F cells were chosen for the loss-of-function experi-

ments and 6-10B cells for gain-of-function experiments. 

The miR-92a mimics were transfected into 6-10B cells, and 

the expression level of miR-92a in 6-10B cells was signifi-

cantly increased after transfection (P,0.05, Figure 3A).  

Then, we examined the alteration of the migration and 

invasion of 6-10B cells after miR-92a overexpression. The 

results of transwell assays showed that overexpression of 

miR-92a significantly increased the migration and invasion 

(P,0.05, respectively, Figure 3B) of NPC cells. To rule out 

the possibility that the increased migration and invasion of 

NPC cells is due to the altered cell survival, we performed 

5-bromo-2′-deoxyuridine assays to determine cell prolifera-

tion; 24 hours after miR-92a mimics transfection, the results 

showed that miR-92a overexpression did not significantly 

affect 6-10B cell proliferation (P.0.05). To further con-

firm the promoting effects of miR-92a on the migration 

Figure 1 The expression levels of mir-92a in nPc tissues and cells.
Notes: The differences of mir-92a expression between (A) nPc tissues and normal tissues, (B) four different nPc cell lines (cne-1, cne-2, 5-8F, and 6-10B), and normal 
human nasopharyngeal epithelial cell line (nP69). *P,0.05.
Abbreviations: mir-92a, microrna-92a; nPc, nasopharyngeal carcinoma.

Figure 2 elevated level of mir-92a was associated with poor prognosis of patients with nPc.
Notes: Compared with those with low miR-92a level, patients with high miR-92a level had significant shorter (A) overall survival and (B) disease-free survival.
Abbreviations: CI, confidence interval; HR, hazard ratio; miR-92a, microRNA-92a; NPC, nasopharyngeal carcinoma.
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and invasion of NPC cells, we inhibited the expression of 

miR-92a in 5-8F cells with miR-92a inhibitor. Transfec-

tion of miR-92a inhibitor significantly downregulated the 

level of miR-92a in 5-8F cells (P,0.05, Figure 3C), and 

led to significant decreased ability of migration and inva-

sion (P,0.05, respectively, Figure 3D) of 5-8F cells. And 

the cell proliferation was also not significantly affected 

by transfection of the miR-92a inhibitor (P.0.05). These 

results demonstrate that miR-92a exerts its oncogenic role 

in NPC by potentiating the migratory and invasive ability 

of NPC cells.

PTen is a downstream target of mir-92a 
in nPc cells
To further elucidate the underlying molecular mecha-

nisms involved in the oncogenic role of miR-92 in NPC 

cells, we used two publicly available databases Tar-

getScan 7.0 (http://www.targetscan.org/) and miRanda  

(http://www.microrna.org/) to search for the potential down-

stream targets of miR-92a. The data of these two public 

databases showed that PTEN, a canonical tumor suppressor in 

human cancer,19 was potentially a downstream target of miR-

92a. As suggested in Figure 4A, the complementary sequence 

of miR-92a was found in the 3′-UTR of PTEN mRNA. To con-

firm that miR-92a could interact with 3′-UTR of PTEN through 

the complementary sequence, the luciferase reporter assay 

was performed. The results showed that forced expression 

of miR-92a significantly decreased the luciferase activity of 

PTEN with wt 3′-UTR (P,0.05, Figure 4B), but did not influ-

ence that of PTEN with mutant 3′-UTR (Figure 4B). We further 

examined whether miR-92a could modulate the expression of 

PTEN in NPC cells. The results of Western blot showed that 

overexpression of miR-92a in 6-10B cells significantly reduced 

the expression of PTEN (P,0.05, Figure 5A). Accordingly, 

Table 2 Multivariate cox regression analysis of overall survival 
duration

Variables Overall survival Disease-free survival

HR 95% CI P-value HR 95% CI P-value

TnM stage 2.067 1.130–3.783 0.019* 3.434 1.349–8.746 0.010*
Distant  
metastasis

4.421 2.209–8.847 0.000* 2.606 1.245–5.453 0.011*

mir-92a  
expression

2.004 1.182–3.413 0.012* 2.930 1.443–5.972 0.009*

Note: *Statistically significant.
Abbreviations: CI, confidence interval; HR, hazard ratio; miR-92a, microRNA-92a; 
TnM, tumor-node-metastasis.

Figure 3 mir-92a promotes the migration and invasion of nPc cells.
Notes: (A) Transfection of miR-92a mimics significantly increased the expression level of miR-92a in 6-10B cells; n=3 independent repeats with similar results; *P,0.05. 
(B) Overexpression of miR-92a significantly promoted the migration and invasion of 6-10B cells. n=3 repeats with similar results; *P,0.05. (C) miR-92a inhibitor significantly 
downregulated the level of mir-92a in 5-8F cells; n=3 independent repeats with similar results; *P,0.05. (D) Downregulation of miR-92a significantly inhibited the migration 
and invasion of 5-8F cells; n=3 repeats with similar results; *P,0.05.
Abbreviations: mir-92a, microrna-92a; nPc, nasopharyngeal carcinoma.
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Figure 4 mir-92a interacts with the 3′-UTr of PTen.
Notes: (A) mir-92a and its predicted complementary sequences in the 3′-UTr of PTen. The mutant mir-92a binding sites were generated in the seed region of mir-92a. 
(B) Overexpression of miR-92a significantly inhibited the luciferase activity that carried wt 3′-UTr of PTen but had no obvious effect on mt 3′-UTr of PTen; n=3 
independent repeats with similar results; *P,0.05.
Abbreviations: mir-92a, microrna-92a; mt, mutant; PTen, phosphatase and tensin homolog; 3′-UTr, 3′-untranslated region; wt, wild type.

′ ′

′

′

′

′

′

. . .

. . .. . .

. . .

Figure 5 mir-92a regulates the expression of PTen and the phosphorylation of aKT in nPc cells.
Notes: (A) Overexpression of miR-92a significantly downregulated the level of PTEN and p-AKT in 6-10B cells; n=3 independent repeats with similar results; *P,0.05. 
(B) inhibition of mir-92a resulted in obviously increased level of PTen and p-aKT in 5-8F cells. n=3 independent repeats with similar results; *P,0.05.
Abbreviations: gaPDh, glyceraldehyde 3-phosphate dehydrogenase; mir-92a, microrna-92a; nPc, nasopharyngeal carcinoma; PTen, phosphatase and tensin homolog.
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the phosphorylation of AKT, which was inhibited by PTEN, 

was increased (P,0.05, Figure 5A). On the other side, the 

expression of PTEN was significantly increased after miR-92a 

inhibitors transfection in 5-8F cells (P,0.05, Figure 5B), and 

p-AKT level was obviously decreased (P,0.05, Figure 5B). 

Taken together, these data suggest that PTEN is a direct down-

stream target of miR-92a in NPC cells.

mir-92a promotes the metastasis of nPc 
cells by targeting PTen/aKT pathway
To further clarify whether PTEN mediates the functional 

effects of miR-92a on NPC cells, PTEN expression vector 

was transfected into miR-92a overexpressing 6-10B cells 

(6-10B-miR-92a cells). WB results showed that PTEN vector 

significantly increased PTEN expression and decreased the 

level of p-AKT in 6-10B-miR-92a cells (P,0.05, Figure 6A). 

Functionally, overexpression of PTEN partly abrogated the 

promoting effects of miR-92a on the migration and invasion 

of 6-10B cells (P,0.05, respectively, Figure 6B). On the 

other aspect, PTEN siRNA were transfected into 5-8F cells 

with miR-92a inhibitor transduction (5-8F-anti-miR-92a 

cells). WB results showed that PTEN siRNA led to a signifi-

cant inhibition of PTEN expression (P,0.05, Figure 7A) and 

resulted in an obvious increased level of p-AKT (P,0.05, 

Figure 7A) in 5-8F-anti-miR-92a cells. Downregula-

tion of PTEN partly reversed the inhibitory effects of 

miR-92a on 5-8F cell migration and invasion (P,0.05, 

respectively, Figure 7B). These data suggest that miR-92a 

exerts its effects on migration and invasion of NPC cells by 

modulating PTEN/AKT pathway.

Figure 6 PTen overexpression abrogates the prometastatic effects of mir-92a mimics on 6-10B cells.
Notes: (A) PTEN expression vector significantly increased the PTEN expression and decreased p-AKT expression in miR-92a overexpressing 6-10B cells; n=3 independent 
repeats with similar results; *P,0.05. (B) restoration of PTen in mir-92a overexpressing 6-10B cells abrogated the effects of mir-92a mimics on cell migration and invasion; 
n=3 repeats with similar results; *P,0.05.
Abbreviations: gaPDh, glyceraldehyde 3-phosphate dehydrogenase; mir-92a, microrna-92a; PTen, phosphatase and tensin homolog.
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Figure 7 PTen suppression reverses the inhibitory effects of mir-92a inhibitor on 5-8F cell mobility.
Notes: (A) PTEN siRNA significantly decreased the PTEN expression and increased p-AKT expression in miR-92a downregulating 5-8F cells; n=3 independent repeats with 
similar results; *P,0.05. (B) suppression of PTen in mir-92a downregulating 5-8F cells reversed the inhibitory effect of mir-92a inhibitor on cell migration and invasion; 
n=3 repeats with similar results; *P,0.05.
Abbreviations: gaPDh, glyceraldehyde 3-phosphate dehydrogenase; mir-92a, microrna-92a; PTen, phosphatase and tensin homolog; sirna, small interfering.

Discussion
The metastasis of NPC is a critical reason for the unsat-

isfactory prognosis of patients.20 Currently, the molecular 

mechanisms involved in the metastasis of NPC are still not 

fully understood. During the last two decades, miRNAs have 

been confirmed to play an important role in the metastatic 

process of human cancer.21 Therefore, the exploration of 

novel metastasis-related miRNAs can contribute to the 

identification of novel biomarkers and effective therapeutic 

targets for patients with NPC.

Previous studies showed that miR-92a was a prognostic 

marker and played a critical role in the pathogenesis of human 

cancers.13–17 The study of HCC showed that miR-92a expres-

sion was abnormally increased, and promoted the growth 

of HCC cells.13 However, miR-92a inhibited the prolifera-

tion and metastasis of ovarian cancer cells. Therefore, the 

expression level and the functional role of miR-92a vary 

in different cancer types. In this study, we found that the 

expression level of miR-92a was significantly increased in 

NPC tissues and cell lines, suggesting an oncogenic role of 

miR-92a in NPC. Among these four NPC cell lines, 5-8F had 

the highest metastatic ability while the metastatic ability of 

6-10B was the lowest. Accordingly, the expression level of 

miR-92a was the highest in 5-8F cells and was the lowest in 

6-10B cells, indicating that the expression level of miR-92a 

was positively associated with the metastatic ability of NPC 

cells. And clinical association analysis showed that increased 

expression of miR-92a was associated with advanced tumor-

node-metastasis stage and distant metastasis. Survival 

analysis showed that miR-92a could serve as a promising 

biomarker for the prognosis of patients with NPC. Then, 

we investigated the biological role of miR-92a in NPC cells. 
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The results arising from transwell assays showed that over-

expression of miR-92a promoted the migration and invasion 

of 6-10B cells, while suppression of miR-92a inhibited the 

metastatic behaviors of 5-8F cells. These results indicate that 

miR-92a functions as an oncogenic miRNA by facilitating 

the metastatic ability of NPC cells.

PTEN is a classical tumor suppressor, and has been found 

to play an important role in the initiation and progression 

of NPC.22,23 In this study, we confirmed that PTEN was a 

downstream target of miR-92a, and it was also a functional 

mediator of miR-92a in NPC cells. First, the complementary 

sequences of miR-92a were found in the 3′-UTR of PTEN. 

Second, miR-92a overexpression in NPC cells significantly 

inhibited the luciferase activity of wt 3′-UTR of PTEN, 

but had no influence on that of mutant 3′-UTR of PTEN, 

indicating that miR-92a could interact with the 3′-UTR of 

PTEN through the complementary sequences. Third, over-

expression of miR-92a resulted in decreased expression 

level of PTEN protein, while suppression of miR-92a led 

to an increased expression level of PTEN protein. Fourth, 

the rescue experiments showed that PTEN overexpression 

could abrogate the promoting effects of miR-92a mimics 

on the migration and invasion of NPC cells, while PTEN 

downregulation partly reversed the inhibitory effects of 

miR-92a inhibitor on the metastatic behaviors of NPC cells. 

These data indicate that miR-92a regulates PTEN abun-

dance and exerts its effects on NPC cells by modulating the 

expression of PTEN. PTEN is an important regulator of the 

PTEN/phosphatidyl inositol 3-kinase/AKT pathway. And 

our data suggested that the phosphorylation of AKT was 

also accordingly affected by miR-92a. These indicate that 

miR-92a exerts its effects on migration and invasion of NPC 

cells by modulating PTEN/AKT pathway. However, it is 

necessary to mention that PTEN might not be the only down-

stream target of miR-92a in NPC cells. Thus, more studies 

need to be performed in the future to identify more novel 

downstream targets and pathways of miR-92a in NPC.

In conclusion, this study demonstrates for the first time 

that the expression of miR-92a is significantly increased in 

NPC tissues and cells. Elevated level of miR-92a is associated 

with adverse clinicopathological features and poor prognosis 

of patients with NPC. Functionally, miR-92a can promote 

the migration and invasion of NPC cells. Furthermore, this 

study demonstrates that PTEN/AKT pathway is a direct 

downstream target of miR-92a in NPC cells, and miR-92a 

exerts its effects on NPC cells by targeting PTEN/AKT 

pathway.
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