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ABSTRACT
Dysregulation of miRNAs has been shown to contribute to the carcinogenesis 

and progression of nasopharyngeal carcinoma (NPC). Our previous microarray data 
showed that miR-16 expression is significantly decreased in archived NPC tissues. 
Here, we confirmed that miR-16 was reduced in NPC cell lines and freshly-frozen 
samples. Ectopic expression of miR-16 suppressed NPC cell proliferation, migration, 
and invasion in vitro and inhibited tumor growth and metastatic colonization in the 
lung in vivo. Furthermore, fibroblast growth factor 2 (FGF2) was identified as a 
direct target of miR-16, and both phosphoinositide-3- kinase/AKT (PI3K/AKT) and 
mitogen-activated protein kinase (MAPK) signaling pathways were repressed after 
miR-16 overexpression. In addition, the restoration of FGF2 reversed the suppressive 
effects of miR-16. Together, these results indicated that miR-16 suppresses NPC 
carcinogenesis and progression by targeting FGF2, thereby representing a potential 
target for miRNA-based therapy for NPC in the future. 

INTRODUCTION

MicroRNAs (miRNAs) are a family of highly 
conserved short non-coding RNAs that can regulate 
gene expression by base pairing with the 3′-untranslated 
region (3′-UTR) to enhance mRNA degradation or inhibit 
post-transcriptional translation [1]. Emerging evidence 
indicates that miRNAs are abnormally expressed in 
a variety of human cancers, and the dysregulation of 
miRNAs contributes to tumor initiation, promotion, and 
progression [2–4]. 

Nasopharyngeal carcinoma (NPC) is a malignant 
tumor with the highest incidence rate in Southern 
China, especially in Guangdong and Hong Kong [5]. 
Local recurrence and distant metastasis are two major 
reasons for treatment failure and NPC-related death 
[6]. Abnormal expression of miRNAs in NPC has been 
reported [7–9], and several dysregulated miRNAs, such 
as miR-29c, miR-34c, miR-93, miR-143, miR-451, 
miR-504, and miR-744, can regulate NPC cell growth, 
proliferation, invasion, and metastasis [10–16]. These 
findings indicate that the dysfunction of miRNAs may 

be involved in NPC carcinogenesis and progression. 
Clearly, further investigation is required to clarify the 
roles of miRNAs in NPC tumorigenesis and to identify 
miRNAs that may serve as novel treatment targets for 
NPC patients. 

Our previous microarray data indicated that miR-
16 expression is significantly decreased in archived NPC 
tissues [7]. Recent studies have demonstrated that miR-
16 acts as tumor suppressor by affecting cell apoptosis, 
the cell cycle, cell proliferation, and invasion in various 
types of cancers, such as chronic lymphocytic leukemia, 
prostate cancer, ovarian cancer, lung cancer, and gastric 
cancer [17–26]. Investigations have also suggested that 
miR-16 could serve as prognostic biomarker and enhance 
chemosensitivity, and the systemic delivery of miR-16 
represents a novel treatment approach [27–32]. Fibroblast 
growth factor (FGF)/fibroblast growth factor receptor 
(FGFR) signaling axis plays important roles in driving 
tumor progression [33]. FGF2, which often localizes to 
the nucleus and/or cytoplasm, belongs to the FGF family 
and regulates the tumorigenesis and progression of a 
variety of cancers [34–35]. 
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Here, we investigated the role and mechanism 
of miR-16 in NPC tumorigenesis and progression. 
We confirmed that miR-16 was decreased in NPC and 
that ectopic expression of miR-16 suppressed NPC 
cell proliferation, migration, and invasion in vitro and 
in vivo. FGF2 was verified as a direct functional target 
of miR-16, and both the PI3K/AKT and MAPK signaling 
pathways were repressed by restoration of miR-16. Taken 
together, these results suggested that miR-16 suppresses 
NPC progression by targeting FGF2, thus representing a 
potential target for miRNA-based therapy for NPC.

RESULTS

miR-16 is decreased in NPC tissues and cell lines 

Based on our previous microarray data, miR-
16 was found to be significantly decreased in archived 
NPC tissues. To validate this result, we first detected the 
miR-16 expression level in 16 freshly frozen NPC and 
8 normal nasopharyngeal epithelial tissue samples using 
quantitative RT-PCR. The overall average expression 
level of miR-16 in NPC specimens was decreased by 46% 
compared with the normal nasopharyngeal epithelial tissue 
samples (fold change = 0.46, p = 0.034, Figure 1A). We 
then examined the expression level of miR-16 in six NPC 
cell lines and the immortalized nasopharyngeal epithelial 
cell line, NP69. Similarly, the miR-16 expression was 
significantly decreased (0.43 to 0.72 fold) in most NPC 
cell lines (except for SUNE-1 and HONE-1) compared 
with the NP69 cell line (Figure  1B). These results 
suggested that miR-16 is downregulated in NPC and that 
it may be involved in NPC tumorigenesis and progression. 

miR-16 suppresses NPC cell viability,  
cell proliferation, and tumor growth

To evaluate whether the ectopic expression of 
miR-16 affects the viability and proliferation of NPC 
cells, we transiently transfected CNE-1 and CNE-2 
cells with miR-16 mimics and performed MTT, colony 
formation, and anchorage-independent soft-agar assays. 
Ectopic expression of miR-16 in NPC cells remarkably 
inhibited the cell growth and colony formation rates, 
as determined by MTT and colony formation assays, 
respectively, demonstrating the suppressive effect of miR-
16 on cell proliferation, which was further confirmed by 
anchorage-independent soft-agar assays (Figure 2A–2C). 
Furthermore, we established CNE-1 cell lines stably 
expressing miR-16 (lenti-miR-16) or control empty vector 
(lenti-vector) and examined the effect of miR-16 on tumor 
growth using a xenograft tumor growth model. As shown 
in Figure 2D and 2E, the tumors formed by lenti-miR-16 
cells had smaller volumes and lower weights than those 
formed by lenti-vector cells. Meanwhile, the lenti-miR-16 
tumors showed lower percentage of Ki67- and PCNA-
positive cells compared with the lenti-vector tumors 
(Figure  2F). These data demonstrated that miR-16 can 
inhibit NPC cell proliferation and tumor growth. 

miR-16 inhibits NPC cell migration,  
cell invasion, and lung metastatic colonization

To further determine whether the ectopic 
overexpression of miR-16 affects the migratory and 
invasive abilities of NPC, we performed wound healing, 
transwell migration, and invasion assays. The wound 

Figure  1: miR-16 is decreased in NPC tissues and cell lines. (A) Relative miR-16 expression in NPC tissues (n  =  16) and 
normal nasopharyngeal epithelial tissues (n = 8). (B) Relative miR-16 expression in six NPC cell lines and the immortalized normal 
nasopharyngeal epithelial cell, NP69. U6 was used as an endogenous control. The data are presented as the mean ± S.D.; p values were 
calculated using Student’s t-test.
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healing assay showed that both the CNE-1 and CNE-2  
cell lines transfected with miR-16  mimics migrated 
more slowly compared with those transfected with miR-
Ctrl (Figure  3A). In addition, ectopic overexpression 
of miR-16 in NPC cells significantly reduced the 
number of migratory and invasive cells as determined 
by transwell migration and invasion assays (Figure 3B 
and 3C). Furthermore, we constructed a lung metastatic 
colonization model to examine the effect of miR-16 on 
lung metastatic colonization formation ability. As shown 
in Figure 3D and 3E, the macroscopic and microscopic 
tumor nodules formed in the lungs by lenti-miR-16 
cells were significantly fewer and smaller than those 
formed by lenti-vector cells. These results indicated that  
miR-16 overexpression can suppress NPC cell migration 
and invasion as well as lung metastatic colonization and 
growth. 

FGF2 is a direct transcriptional target  
of miR-16 in NPC

Recently, FGF2 was demonstrated to promote 
tumor cell proliferation, migration, and invasion [35]. 
Based on bioinformatics analysis of three online databases 
(TargetScan, DIANA, and miRanda), the complementary 
sequence of miR-16 was found in two sites of the 3′-
UTR of FGF2  mRNA (Figure  4A). To validate the 
transcriptional regulation of miR-16 on FGF2 expression, 
we cloned the FGF2 3′-UTR regions containing miR-16 

binding sites or corresponding mutant sites into a luciferase 
reporter vector, and we performed luciferase reporter 
assays in CNE-1 and CNE-2 cells. miR-16 overexpression 
significantly reduced the luciferase activity of the FGF2 
wild-type reporter plasmids compared with miR-Ctrl, 
and this inhibition was not observed in FGF2  mutant 
reporter plasmids (Figure  4B). Furthermore, miR-16 
overexpression significantly decreased FGF2 expression 
at both the mRNA and protein levels (Figure  4C–4E). 
In addition, xenograft tumors formed in mice by lenti-
miR-16 cells expressed higher levels of miR-16 and lower 
levels of FGF2  mRNA compared with tumors formed 
in mice by lenti-vector cells (Figure 4F and 4G). These 
findings suggested that miR-16 can transcriptionally 
regulate FGF2 expression in NPC cell lines. 

Silencing of miR-16 promotes NPC cell viability, 
proliferation, migration, and invasion

To explore whether inhibition of miR-16 affects the 
NPC cell viability, proliferation, migratory, and invasive 
abilities, we transiently transfected SUNE-1 and HONE-1 
cells with miR-16 inhibitors and performed MTT, colony 
formation, wound healing, and transwell invasion assays. 
As determined by the MTT and colony formation assays, 
silencing of miR-16 significantly increased the NPC cell 
growth and colony formation rates (Figure 5A and 5B). 
The wound healing assay showed that both SUNE-1 
and HONE-1 cells transfected with miR-16 inhibitors 

Figure 2: miR-16 suppresses NPC cell viability, cell proliferation, and tumor growth. (A) Cell viability of the indicated NPC 
cells was examined using MTT assays. (B–C) Representative images and quantification of colonies of the indicated cells tested by colony 
formation (B) and anchorage-independent soft-agar assays (C). (D–F) Xenograft tumor growth models in nude mice were constructed, and 
representative images of the formed tumors and the growth curves of tumor volumes (D) as well as of the excised tumors and tumor weights 
(E) are shown. Immunohistochemistry staining showed that miR-16 overexpression suppressed NPC cell proliferation in vivo as indicated 
by the expression of Ki67 and PCNA (F). The data are presented as the mean ± S.D.; p values were calculated using Student’s t-test. 
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Figure  3: miR-16 inhibits NPC cell migration, invasion, and lung metastatic colonization. (A) Representative images 
and quantification of wound healing assays in the indicated cells. (B–C) Representative images and quantification of the indicated cells 
determined by Transwell migration (B) and invasion assays (C). (D–E) Lung metastatic colonization models in nude mice were constructed. 
Representative images and quantification of macroscopic tumor nodules formed on the lung surface (D); as well as of microscopic tumor 
nodules formed in the lung tissue sections stained with hematoxylin and eosin (E) are shown. The data are presented as the mean ± S.D.;  
p values were calculated using Student’s t-test. 

Figure  4: FGF2 is a direct transcriptional target of miR-16 in NPC. (A) Wild-type and mutant miR-16 target sequences 
of the FGF2 mRNA 3′-UTR. (B) Relative luciferase activities of the indicated cells quantified using luciferase reporter assays. (C–E) 
Quantification of FGF2  mRNA and protein expression using quantitative RT-PCR (C), western blotting (D), and immunofluorescent 
staining (E). The data are presented as the mean ± S.D.; p values were calculated using Student’s t-test. 



Oncotarget3051www.impactjournals.com/oncotarget

migrated more quickly than anti-miR-Ctrl (Figure 5C). 
The transwell invasion assay also showed that inhibition 
of miR-16 in NPC cells remarkably increased the number 
of invasive cells (Figure 5D). Furthermore, inhibition of 
miR-16 remarkably increased the luciferase activity of 
the FGF2 wild-type reporter plasmids, and this increasing 
was not observed in FGF2  mutant reporter plasmids 
(Figure 5E). In addition, silencing of miR-16 obviously 
increased FGF2 expression at both the mRNA and protein 
levels (Figure 5F and 5G). 

miR-16 suppresses the PI3K/AKT and MAPK 
signaling pathways

FGF2 is one of the members of the FGF family 
and, it binds to FGF receptors (FGFRs), thus constituting 
the FGF/FGFR signaling pathway, which can activate 
several downstream signaling pathways, including the 
phosphoinositide-3-kinase/AKT (PI3K/AKT) and the 
mitogen-activated protein kinase (MAPK) pathways [35]. 
Because our findings suggested that miR-16 might inhibit 

Figure 5: Silencing of miR-16 promotes NPC cell viability, proliferation, migration, and invasion. (A–D) Effects of the 
silencing of miR-16 on NPC cell viability, proliferation, migration and invasion. Representative results of the MTT (A), colony formation 
(B), wound healing (C), and transwell invasion assays (D). (E) Relative luciferase activities of the indicated cells quantified using luciferase 
reporter assays. (F–G) Quantification of FGF2 mRNA and protein expression using quantitative RT-PCR (F), and western blotting (G). The 
data are presented as the mean ± S.D.; p values were calculated using Student’s t-test. 
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HONE-1, which may due to biological heterogeneity of 
cancer. We further investigated its biological functions by 
transient or stable overexpression of miR-16 in NPC cells. 
Functional investigations showed that forced expression of 
miR-16 suppressed NPC cell proliferation, migration and 

invasion in vitro, and it inhibited tumor growth and lung 
metastatic colonization in vivo. Interestingly, during the 
preparation of this manuscript, a study reported that miR-
16 could inhibit CNE-2 cell proliferation and increase 
the apoptosis and radiosensitivity by regulating Bcl-2 

Figure 7: FGF2 mediates the effect of miR-16 on NPC cell proliferation and invasion. (A) The FGF2 protein expression 
of the indicated cells was determined with western blotting. (B–F) Effects of the restoration of FGF2 on NPC cell viability, proliferation, 
migration and invasion. Representative results of the MTT (B), colony formation (C), wound healing (D), transwell migration (E) and 
invasion assays (F). The data are presented as the mean ± S.D.; p values were calculated using Student’s t-test. 


