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Summary

Purpose: Nasopharyngeal cancer (NC) causes significant 
mortality and is one of the common types of head and 
neck cancers (HNC). The incidence of NC is increasing at 
an alarming rate and therapeutic targets are lacking. This 
study was performed to investigate the role and therapeutic 
implications of miR-299 in NC. 

Methods: The normal nasopharyngeal cell line NP460 and 
the nasopharyngeal cancer cell lines CNE1, CNE2, SUNE1 
and HK1 were used in the present study. qRT-PCR was used 
for expression analysis. MTT assay was used for cell vi-
ability assessment.
Acridine orange (AO)/ethidium bromide (EB) DAPI and An-
nexin V/propidium iodide (PI) staining assays were used for 
the detection of apoptosis. Transwell assay was used for cell 
invasion assay. Western blot analysis was used to determine 
protein expression.

Results: The expression of miR-299 was significantly (up to 
9-fold) decreased in NC cells. Ectopic expression of miR-299 
suppressed the proliferation by promoting the apoptosis of 

HK1 NC cells. The percentage of apoptotic HK1 cells was 
6.3% in NC and 28.3% in miR-299 mimic-transfected cells. 
The apoptosis promoted by miR-299 overexpression was also 
associated with enhancement of Bax, depletion of Bcl-2, and 
activation of caspases 3 and 9 in HK1 cells. The TargetScan 
analysis showed vascular endothelial growth factor A (VEG-
FA) to be the target of miR-299. Additionally, the expression 
of VEGFA was enhanced in all NC cells and miR-299 ectopic 
expression could cause suppression of the VEGFA expres-
sion in HK1 cells. Suppression of VEGFA also inhibited the 
proliferation of the HK1 cells, similar to that of miR-299 
overexpression. The miR-299 overexpression enhanced the 
chemosensitivity of the HK1 cells to 5-FU and also caused a 
decrease in their invasion ability.

Conclusion: miR-299 may exhibit a therapeutic implication 
in NC and may prove useful in NC treatment.
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Introduction

 Nasopharyngeal cancer (NC) is one of the most 
common types of head and neck tumors in South-
east Asia and Southern China [1]. Μetastasis of NC 
at early stage makes it one of the lethal cancers [2]. 
The 5-year survival rate under combined treatment 
with adjuvant cisplatin chemotherapy (CT) and ra-
diotherapy (RT) is about 50-60% [3]. The frequent 

relapses and distant metastasis make its treatment 
very complicated with the current treatment strate-
gies [3]. Generally, surgical removal, systemic CT 
or RT are employed for NC; however, owing to the 
severe adverse effects, quality of life is severely 
impaired [4]. Improvement of prevention through 
early detection and identification of the therapeutic 

This work by JBUON is licensed under a Creative Commons Attribution 4.0 International License.



MicroRNA-299 in nasopharyngeal carcinoma2050

JBUON 2019; 24(5): 2050

targets may prove beneficial to decrease NC-relat-
ed mortality [4]. Worldwide researches carried out 
have shown that microRNAs (miRs) may exhibit 
therapeutic properties in treating human diseases 
including cancer [5]. The miRs regulate the expres-
sion of target genes via post transcriptional regula-
tion and are around 19-23 nucleotides in length [6]. 
The miR-299 has been shown to control a diverse 
array of molecular processes [7]. In lung cancer, 
the expression of miR-299 is dysregulated and has 
been shown to regulate the doxorubicin sensitiv-
ity [8]. In laryngeal carcinoma, miR-299 inhibits 
cell proliferation [9]. In another study, miR-299 has 
been shown to suppress the growth of colon can-
cer cells [10]. In another study, miR-299 has been 
shown to regulate the invasive behavior of breast 
cancer cells [11]. However, there is no report on the 
role and therapeutic implication of miR-299in NC. 

Methods 

Cell lines and culture conditions

 The normal nasopharyngeal cell line (NP460) and 
NC cell lines (CNE1, CNE2, SUNE1, HK1) were purchased 
from American Type Culture Collection (Manassas, VA, 
USA). The cell lines were maintained in Dulbecco’s 
modified Eagle’s medium (DMEM) supplemented with 
10% fetal bovine serum (FBS) (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA), antibiotics (100 U/ml penicil-
lin and 100 μg/ml streptomycin), and 2 mM glutamine. 
The cells were cultured in an incubator (Thermo Fisher 
Scientific, Inc.) at 37°C, 98% humidity and 5% CO2. All 
transfections were carried out by Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) as per the 
manufacturer’s protocol.

Expression analysis

 The TRIzol reagent (Invitrogen) was used to extract 
RNA from the tissues and cell lines. This was followed 
by purification of the RNA by RNeasy Mini Kit (Qiagen). 
The complementary DNA (cDNA) was then synthesized 
with the help of miScript Reverse Transcription Kit (Qia-
gen). Afterwards the cDNA was amplified by using SYBR 
Premix Ex Taq™ (TaKaRa, Otsu, Shiga, Japan). 

Cell transfection 

 The miR-299 mimics and negative control (NC) 
were synthesized by RiboBio (Guangzhou, China). The 
transfection was then carried out by the Lipofectamine 
2000 reagent (Invitrogen, Carlsbad, CA, USA) as per the 
manufacturer’s instruc¬tions. As the HK1 cells reached 
80% confluence, the appropriate concentrations of miR-
299 mimics or NC were transfected into these cells.

Cell viability

 The HK1 cells were transfected and then cultured 
for 24 h. Subsequently, the cells were treated with MTT 
(500 μg/mL) for 4 h. The MTT, a yellow tetrazole, is 

reduced to blue formazan in living cells. DMSO (10%) 
was then added to dissolve the blue formazan crystals 
formed from MTT. Finally, the optical density (OD) was 
taken at 570 nm to monitor the cell viability at 0, 12, 24, 
48, 72, and 96 h time intervals. 

AO/EB staining assay

 The HK1 cells (0.6×106) were cultured in 6-well 
plates for 24 h at 37°C. Subsequently, 25 μl of cell cul-
ture were put onto glass slides and stained with a 1 μL 
solution of AO/EB or DAPI. The slides were then cov-
ered with cover slips and examined under fluorescence 
microscope. 

Annexin V/PI staining assay

 ApoScan kit was used to determine the apoptotic 
HK1 cell percentage. In brief, transfected HK1 cells 
(5×105 cells per well) were incubated for 24 h. This was 
followed by staining these cells with annexin V-FITC or 
PI. The percentage of apoptotic HK1 cells at each con-
centration was then determined by flow cytometry.

Target identification and dual-luciferase reporter assay

 The miR-299 target was identified by TargetScan 
online software (http://www.targetscan.org). The miR-
299 mimics or negative control were co-transfected with 
plasmid pGL3-VEGFA´-UTR-WT or pGL3-VEGFA´-UTR-
MUT into HK1 cells. Dual-luciferase reporter assay (Pro-
mega) was carried out 48 h after transfection. Renilla 
luciferase was used for normalization.

Transwell assay

 The effects of miR-299 overexpression on the inva-
sion ability of HK1 cells was determined by transwell 
chambers (8 mm pore size, Corning, NY, USA) with 
Matrigel (Millipore, Billerica, USA) The HK1 cells were 
transfected with miR-299 mimics and negative control 
and around 200 ml cell culture were placed onto the up-
per chambers and only medium was placed in the bottom 
wells. After 24 h of incubation, the cells were removed 
from the upper chamber and the cells that invaded via 
the chambers were subjected to fixation with methyl 
alcohol and subsequently stained with crystal violet. 
Inverted microscope was used to count the number of 
invaded cells at 200x magnification. 

Western blotting

 The transfected HK1 cells were harvested and ly-
sed in radioimmunoprecipitation lysis buffer (20mM 
HEPES, 350 mM Nacl, 20% glycerol, 1% Nonider P40, 
1 mM MgCl2, 0.5 mM EDTA, 0.1 mM EGTA, 1 mM 
dithiothreitol, 1 mM phenylmethane sulfonyl fluoride, 
protease inhibitor cocktail and phosphatase inhibitor 
cocktail). A total of 45 μg protein/lane was separated on 
10% SDS-PAGE gel. Proteins were then transferred to 
nitrocellulose membranes, blocked with bovine serum 
albumin for 45 min at room temperature and probed 
with primary antibodies (Santa Cruz Biotechnology 
Inc, Dallas, TX, USA) overnight at 4°C. Proteins were 
then incubated with horse radish peroxidase-conjucat-
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ed anti-rabbit secondary antibody (SC-2357-CM) for 1 
h overnight at 4°C. WEST-SAVE UpTM luminal-based 
enhanced chemiluminescent reagent was then used to 
visualize bands (AB Frontier, Co, Ltd, Seoul, Korea). 

Statistics

 The experiments were performed in triplicate and 
the values are presented as the mean±SD of three inde-
pendent experiments. Student’s t-test (for comparison 
between two samples) and one-way analysis of variance 
(ANOVA) followed by Tukey’s test (for comparison be-
tween more than two samples) were used for statisti-
cal analyses using GraphPad Prism software (version 
7; Graph Pas Software Inc, La Jolla, CA, USA). P<0.05 
was considered to indicate a statistically significant 
difference. 

Results

miR-299 is downregulated in nasopharyngeal cancer 
cells

 The expression of miR-299 was examined 
in different NC cells by qRT-PCR and the results 

showed that it was significantly decreased in the 
NC cells compared to the normal cells (Figure 1A). 
The expression of miR-299 was found to be up to 
7.14 fold lower in the NC cells. The HK1 showed 
the lowest expression of miR-299 across all the cell 
lines.

Suppression of HK1 nasopharyngeal cancer cell pro-
liferation by miR-299

 In order to determine the effects of miR-299 
overexpression on the growth of the HK1 NC 
cells, the miR-299 mimics-transfected HK1 cells 
were subjected to MTT assay. The overexpres-
sion of miR-299 was confirmed by qRT-PCR which 
showed 6.3-fold increase in miR-299 expression 
(Figure 1B). Thereafter, the cell viability was as-
sessed at different time intervals. It was found that 
miR-299 overexpression caused significant decline 
in the viability of the HK1 cells (Figure 1C). The 
miR-299 overexpression also caused decrease in 
the colony formation potential of the HK1 cells
(Figure 1D).

Figure 1. A: Expression of miR-299 in normal NP460 and nasopharyngeal carcinoma cells. B: Expression of miR-299 
in miR-NC and miR-299 mimic-transfected HK1 nasopharyngeal cancer cells. C: Cell viability of miR-NC and miR-299 
mimic-transfected HK1 nasopharyngeal cancer cells. D: Colony formation of miR-NC and miR-299 mimic-transfected 
HK1 nasopharyngeal cancer cells. The experiments were performed in triplicate and expressed as mean ± SD (*p<0.05).
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Induction of apoptosis in HK1 cells by miR-299 
overexpression

 To determine the reasons behind the inhibition 
of proliferation triggered by miR-299 overexpres-
sion, the miR-299 mimics-transfected HK1 cells 
were subjected to AO/EB, DAPI, and Annexin V/PI 
staining. The results of AO/EB and DAPI staining 
revealed that overexpression of miR-299 triggered 
apoptosis of the HK1 cells (Figure 2A and 2B). An-
nexin V/PI staining showed that the percentage of 
the apoptosis in miR-299 mimic-transfected HK1 
cells was 28.3% compared to the 6.3% in NC-trans-
fected cells (Figure 2C). Overexpression of miR-299 
also resulted in enhancement of Bax expression 
and depletion of Bcl-2 expression as well as the 
activation of caspases 3 and 9 (Figure 3). 

miR-299 targets VEGFA in HK1 nasopharyngeal can-
cer cells

 The TargetScan analysis showed that miR-299 
targets VEGFA in HK1 NC cells (Figure 4A). Dual 
luciferase also confirmed VEGFA as the target of 
miR-299 (Figure 4B). Therefore, the expression of 
VEGFA was also determined across all NC cells. 
The results showed that the expression of VEGFA 
was significantly increased in all NC cells (Figure 
4C). The fold upregulation of VEGFA ranged be-
tween 2.9 to 4.4 in NC cells. Nonetheless, miR-299 
overexpression caused suppression of VEGFA in 
HK1 cells (Figure 4D). The impact of VEGFA on 
HK1 cell proliferation: VEGFA was silenced in HK1 
cells (Figure 4E) and it was found that VEGFA si-
lencing also resulted in inhibition of the HK1 cell 
viability and colony formation (Figure 4F and 4G). 
Nonetheless, rescue assays showed that restora-
tion of VEGF2A expression in HK1 cells overex-
pressing miR-299 could rescue the inhibitory ef-
fects of miR-29 overexpression on cell proliferation
(Figure 5).

miR-299 enhances the drug sensitivity of HK-1 cells

 To assess whether miR-299 has any effect on 
the 5-flourouracil (5-FU) sensitivity of the HK1 
cells, the cells were subjected to 2 μM treatment 
or miR-299 mimics transfection or 5-FU plus miR-
299 mimics transfection. The viability of all these 
cell groups was monitored by MTT assay at 0, 12, 
24, 48, 72, and 96 h time intervals. It was found that 
cell viability of miR-299 mimics or 5-FU-treated 
cells was significantly higher compared to HK-1 
cells treated with 5-FU plus miR-299 mimics trans-
fection (Figure 6). This suggests that miR-299 en-
hances the sensitivity of the miR-299 mimics cells 
to 5-FU.

Figure 2. A: AO/EB staining, B: DAPI staining, C: Annexin 
V/PI staining of the miR-NC and miR-299 mimic-transfect-
ed HK1 nasopharyngeal cancer cells. The Figure shows that 
miR-299 overexpression induces apoptosis in HK1 cells. 
Green color depicts normal cells and orange color apoptotic 
cells. Arrows also show apoptotic cells. The experiments 
were performed in triplicate. 

Figure 3. Expression of Bax, Bcl-2, caspase-3 and 9 in miR-
NC and miR-299 mimic-transfected HK1 nasopharyngeal 
cancer cells. The Figure shows that miR-299 overexpression 
enhances the expression of Bax, Caspase-3 and Caspase-9 
and decreases the expression of Bcl-2. The experiments 
were performed in triplicate and expressed as mean ± SD. 
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miR-299 inhibits THE invasion of HK1 cells

 The transwell assay was used to determine the 
effects of miR-299 overexpression and showed that 
miR-299 significantly suppressed the invasion of 
the HK1 cells. The migration of the HK1 cells was 
suppressed up to 63% by miR-299 overexpression 
(Figure 7). 

Discussion

 NC is one of the common types of head and 
neck malignancies [12]. Early metastasis of NC, late 

diagnosis, unavailability of therapeutic targets, and 
the adverse effects of therapies are the main obsta-
cles that limit its treatment [13]. The diverse role 
that miRs play in humans by controlling the ex-
pression of approximately 30% of the human genes 
indicates that miRs may prove useful therapeutic 
targets for treating human diseases including can-
cer [14]. Herein, we investigated the role of miR-
299 in NC and the results indicated that the expres-
sion of miR-299 is significantly increased in NC 
cells. In malignant mesothelioma cells, miR-299 
has also been shown to be dysregulated, validating 

Figure 4. A: TargetScan analysis showing VEGFA as the target of miR-299. B: Dual luciferase assay. C: Expression of 
VEGFA in normal NP460 and other nasopharyngeal cancer cells. D: Western blot analysis showing the expression of 
VEGFA in miR-NC or miR-299 mimic-transfected HK1 nasopharyngeal cancer cells. E: Expression of VEGFA in si-NC or 
Si-VEGFA-transfected HK1 cells. F: Cell viability of Si-NC and Si-VEGFA-transfected HK1 nasopharyngeal cancer cells. 
G: Colony formation of the Si-NC and Si-VEGFA-transfected HK1 nasopharyngeal cancer cells. The experiments were 
performed in triplicate and expressed as mean ± SD (*p<0.05). 
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the findings of the present study [15]. Nonetheless, 
overexpression of miR-299 inhibits the growth of 
HK1 cells. These findings are all confirming previ-
ous observations wherein miR-299 has been shown 
to regulate the growth of diverse cancer cells. In 
prostate cancer cells, miR-299 has been shown to 
regulate the cell proliferation via activation of apo-
ptotic cell death [16]. Consistently, we performed 
the DAPI and AO/EB of the miR-299 mimics-
transfected NC cells to ascertain whether miR-299 
overexpression induces apoptosis. Intriguingly, 
it was found that ectopic expression of miR-299 
promotes the apoptotic cell death of the HK1 NC 
cells. Moreover, miR-299 mimics-promoted apop-
tosis in the HK1 NC cells was also associated with 
enhancement of Bax, and depletion of the Bcl-2 ex-
pression, and activation of caspase-3 and caspase-9. 
miRs have been shown to perform their functions 

by modulating the expression of their target genes 
such as ABCE1, telomerase reverse transcriptase, 
VEGFA, AND OCT4 [8-11]. Herein, we found that 
miR-299 targeted VEGFA in NC cells and overex-
pression of miR-299 suppressed the VGEFA expres-
sion. To ascertain the impact of miR-299 on the 
invasion of the HK1 NC cells, transwell assay was 
performed and was found that miR-299 overexpres-
sion suppressed the invasion of the HK1 cells. This 
observation is also in concordance with a previous 
research wherein miR-299 regulates the migration 
and invasion of human ovarian cancer cells [17].

Conclusion

 In conclusion, the findings of the present study 
suggest that miR-299 regulates the proliferation 
of nasopharyngeal cancer cells by inhibiting the 
expression of VEGFA. Furthermore, miR-299 also 
regulates the chemosensitivity and invasion of 
the nasopharyngeal cancer cells. Therefore, miR-
299 may exhibit therapeutic implications in na-
sopharyngeal cancer and may prove useful in the 
treatment of this disease. 
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Figure 5. Cell viability of miR-299 mimics, miR-NC, miR-
299 mimics + pcDNA-VEGFA-transfected HK1 cells show-
ing rescue effects of VEGFA overexpression. The experi-
ments were performed in triplicate and expressed as mean 
± SD (*p<0.05).

Figure 6. miR-299 enhances the chemosensitivity of HK1 
nasopharyngeal cancer cells to 5-FU. The experiments 
were performed in triplicate and expressed as mean ± SD 
(*p<0.05).

Figure 7. Transwell assay showing the invasion of the miR-
NC and miR-299 mimic-transfected HK1 nasopharyngeal 
cancer cells. The experiments were performed in triplicate 
and expressed as mean ± SD (*p<0.05).
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