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Abstract. Radioresistance is the primary roadblock limiting 
the success of treatment of nasopharyngeal carcinoma (NPC). 
microRNA (miRNA/miR)‑182‑5p has been reported to affect 
the sensitivity of cancer cells to irradiation; however, the role 
of miR‑182‑5p in NPC has not been assessed. The aim of the 
present study was to investigate the contribution of miR‑182‑5p 
to the radioresistance of NPC cells. The key mRNA and 
miRNA involved in NPC radioresistance were identified using 
bioinformatics analysis. The two cell lines used in the present 
study were 5‑8F cells (radio‑sensitive) and 5‑8F‑R cells 
(radioresistant). A dual‑luciferase reporter assay system was 
used to validate the binding between BCL2/adenovirus E1B 
19 kDa protein‑interacting protein 3 (BNIP3) mRNA and 
miR‑182‑5p. Reverse transcription‑quantitative PCR and 
western blotting were used to determine the RNA and protein 
expression levels. To obtain a deeper insight into the effects 
of the BNIP3/miR‑182‑5p axis on NPC radioresistance, Cell 
Counting Kit‑8, wound healing, Transwell invasion and colony 
formation assays, as well as flow cytometry analysis were 
performed. The results showed that miR‑182‑5p and BNIP3 
were up and downregulated, respectively, in 5‑8F‑R cells. 
BNIP3 was also confirmed to be the target of miR‑182‑5p, and 
miR‑182‑5p reversed the inhibitory effect of BNIP3 in 5‑8F‑R 
cells. The cellular experiments showed that upregulation of 
BNIP3 not only inhibited cell proliferation, viability, invasion 
and migration, but also promoted the apoptosis of 5‑8F‑R 
cells. However, the effects of BNIP3 were attenuated by the 
simultaneous upregulation of miR‑182‑5p. Thus, through 
downregulation of BNIP3, miR‑182‑5p contributed to radia‑
tion resistance of NPC cells.

Introduction

Nasopharyngeal carcinoma (NPC) refers to a malignant 
type of cancer that occurs at the top and lateral wall of the 
nasopharyngeal cavity. Currently, this deleterious tumor has 
an extremely unbalanced geographical global distribution, 
with a high incidence rate in Asian countries, particularly 
in south China (1). The annual survival rate of patients with 
NPC is ~76%, whereas the 5‑year survival rate is 50% (2). As 
most patients with NPC are sensitive to ionizing radiation, 
radiotherapy is the primary method of treating non‑metastatic 
diseases (3). With advances in radiation therapy, most sensi‑
tive cells can be destroyed using ionizing radiation  (4). 
Nonetheless, tumor cells may develop strong radiotherapy 
tolerance, thereby resulting in tumor recurrence (5). Although 
several mechanisms such as circular RNAs (6) and mRNA 
demethylation  (7) underlie the acquisition of tolerance to 
radiotherapy, their effects on humans remain to be elucidated.

MicroRNAs (miRNAs/miRs) are small, endogenous, 
non‑coding RNA molecules, ≤23 nucleotides in length (8). 
miRNAs bind to the 3'‑untranslated region (UTR) of its target 
genes, inhibiting its translation or degrading it altogether, thus 
decreasing the intracellular expression levels of the target 
gene (9‑11). Previous studies have confirmed that miRNAs 
are involved in altered radioresistance in NPC cells, including 
miR‑125b, miRNA‑17 and miR‑203  (12‑14). A commonly 
known onco‑miR, miR‑182‑5p, has been reported to be 
overexpressed in glioma, liver cancer, lung cancer and medul‑
lary thyroid carcinoma (15‑18). However, the contribution of 
miR‑182‑5p in NPC and radioresistance of cancer remains 
unknown.

BCL2/adenovirus E1B 19 kDa protein‑interacting protein 3 
(BNIP3) is a member of the Bcl‑2 protein family, and it is the 
only BH3 family member that contains the BH‑3 domain. 
BNIP3 is also a pro‑apoptotic protein whose structure, intra‑
cellular localization and regulation of cell survival are not 
identical to other proteins of the BH3‑only subfamily (19). As 
a pro‑apoptotic gene, BNIP3 had been demonstrated to act as 
a tumor suppressor in several types of cancer, such as breast 
cancer (20), clear cell renal cell carcinoma (21) and malignant 
glioma (22). BNIP3 has also been shown to be overexpressed 
in NPC cells when the cells were treated with SYUIQ‑5 (a cell 
autophagy reagent), thus suggesting that the overexpression 
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of BNIP3 may be positively associated with autophagy (23). 
However, it has also been reported that the downregulation 
of BNIP3 inhibits hepatocellular carcinoma cell progression, 
with insufficient radiofrequency ablation that was found to 
enhance tumor aggression (24).

Nonetheless, the effect of BNIP3 in several other types of 
cancer has yet to be comprehensively studied. Thus, the aim 
of the present study was to examine the effects of BNIP3 on 
the radioresistance of NPC cells and assess the relationship 
between BNIP3 and miR‑182‑5p. It was also hypothesized 
that overexpression of BNIP3 may inhibit the radioresistance 
of NPC cells and that miR‑182‑5p could reverse this inhibi‑
tory effect. The present study found that BNIP3 inhibited 
the radioresistance of NPC cells by inhibiting viability, inva‑
sion and migration and promoting apoptosis. Therefore, the 
mechanism of BNIP3 in NPC radioresistance requires further 
investigation.

Materials and methods

B i o i n f o r m a t i c s  a n a l y s i s .  T h e  G E O  d a t a s e t , 
GSE48503, was obtained from the National Center for 
Biotechnology Information (https://www.ncbi.nlm.nih.
gov/geo/query/acc.cgi?acc=GSE48503) (25). The GEO dataset 
consisted of two radio‑sensitive samples and two radioresis‑
tant samples. Differentially expressed genes (DEGs) were 
identified using the screening criteria of adjusted P<0.05, so 
the statistically significant DEGs were selected. Subsequently, 
the DEGs were uploaded to Metascape (https://metascape.
org/) for enrichment analysis. Kaplan‑Meier plotter (kmplot.
com/) was used to evaluate the prognostic effect of the key 
genes in patients with NPC.

Cell culture. 5‑8F cells were obtained from Sun Yat‑sen 
University Cancer Center (Guangzhou, China). Radioresistant 
NPC cells (5‑8F‑R), were derived from 5‑8F cells, and 
established at Wuhan Puren Hospital (Wuhan, China) 
according to previously reported methods  (26). Cell lines 
were authenticated using STR profiling, and cultured at a 
density of 1x105 cells/6‑cm plate for 24 h in an RPMI‑1640 
medium (Gibco; Thermo Fisher Scientific, Inc.) containing 
10%  FBS (Gibco; Thermo  Fisher Scientific, Inc.) with 
5% CO2 at 37˚C. Cells were exposed to 10 Gy irradiation (IR) 
at 300 cGy/min with a linear accelerator (Clinac 23EX; Varian 
Medical Systems, Inc.). Cells were exposed to radiation for 
2 weeks before the 5‑8F‑R cell line was established. A Cell 
Counting Kit‑8 (CCK‑8) assay was used to evaluate whether 
the 5‑8F‑R cell line was established successfully. 293T cells 
(Procell Life Science & Technology Co., Ltd.) were used for 
luciferase reporter gene assay and cultured in DMEM (Gibco; 
Thermo Fisher Scientific, Inc.), supplemented with 10% FBS.

Cell transfection. miR‑182‑5p mimic, miR‑182‑5p inhibitor 
and corresponding negative control (NC‑mimic, inhibitor‑NC), 
BNIP3 small interfering RNA (si‑BNIP3) and non‑targeting 
sequence for siRNA (si‑NC), recombinant BNIP3 overexpres‑
sion vectors (constructed using pcDNA3.1 plasmid, BNIP3 OE) 
and empty vectors (OE‑NC) were purchased from Shanghai 
GenePharma Co., Ltd. Cells were cultured in 6‑well plates 
(3x105 cells/well) for 24 h. Subsequently, Lipofectamine® 2000 

(Invitrogen; Thermo Fisher Scientific, Inc.) was used to trans‑
fect NC (50 nM), BNIP3 siRNA (50 nM), BNIP3 OE (1 µg/ml), 
miR‑182‑5p inhibitor (50 nM) or miR‑182‑5p mimic (50 nM) 
into the cells. For the co‑transfection group, cells were trans‑
fected with 1 µg/ml BNIP3 OE and 50 nM miR‑182‑5p mimic 
(OE+mimic) or 50 nM BNIP3 siRNA and 100 nM miR‑182‑5p 
inhibitor (si+inhibitor). Following transfection for 48 h, the 
follow‑up experiments were performed. The sequences of 
vectors are given in Table SI.

Reverse transcription‑quantitative (RT‑q)PCR. TRIzol® 
(Invitrogen; Thermo Fisher Scientific, Inc.) was used to extract 
the total RNA from 5‑8F and 5‑8F‑R cells. Subsequently, 
cDNA was synthesized at 50˚C for 30 min and 95˚C for 4 min 
using 1 µg RNA and a cDNA synthesis kit (cat. no. D6210A, 
Takara  Bio, Inc.). cDNA was quantified using TaqMan™ 
Universal PCR Master Mix (Thermo Fisher Scientific, Inc.) 
with a real‑time PCR system. For miRNA quantification, 
miRNA was purified using a miRNeasy kit (cat. no. 217604; 
Qiagen, Inc.). The miRNA was then reverse transcribed 
by incubation at 37˚C for 1 h and 95˚C for 5 min using a 
miScript II RT kit (cat. no. 218161; Qiagen, Inc.). Finally, the 
cDNA was quantified using a miScript SYBR Green PCR 
kit (cat. no. 218073; Qiagen, Inc.). The thermocycling condi‑
tions used for amplification were: 10 min at 95˚C; followed 
by 40 cycles of 30 sec at 95˚C, 30 sec at 60˚C and 30 sec 
at 72˚C. U6 and GAPDH were used as the internal controls 
for miR‑182‑5p and BNIP3, respectively. The sequences of the 
primers used are presented in Table I. The relative expression 
was quantified by the 2‑ΔΔCq method (27).

Western blotting. Cells were washed with PBS and lysed using 
RIPA buffer (Sigma-Aldrich; Merck KGaA) supplemented 
with a protease inhibitor. After isolating the cells, the protein 
concentration was measured using a bicinchoninic acid assay 
kit. Proteins (30 µg) were loaded on a 12% SDS‑gel and resolved 
using SDS‑PAGE. The separated proteins were then trans‑
ferred to a PVDF membrane and the membranes were washed 
with TBS with 0.1% Tween‑20 (TBST) and blocked for 1 h 
with 5% skimmed milk at room temperature. Membranes were 
incubated with primary antibodies against GAPDH (1:5,000; 
cat. no. ab8245; Abcam), BNIP3 (1:5,000; cat. no. ab109362; 
Abcam), E‑cadherin (1:10,000; cat. no.  ab40772; Abcam), 
N‑cadherin (1:5,000; cat.  no.  ab76011; Abcam), cleaved 
caspase‑3 (1:500; cat.  no.  ab32042; Abcam), caspase‑3 
(1:500; cat. no. ab13847; Abcam), cleaved caspase‑9 (1:5,000; 
cat. no. ab2324; Abcam), caspase‑9 (1:1,000; cat. no. ab32539; 
Abcam) and Bax (1:1,000; cat. no. ab32503; Abcam) at 4˚C 
for 12  h. Subsequently, membranes were incubated with 
a horseradish peroxidase‑conjugated secondary antibody 
(1:2,000; cat. no. ab205719; Abcam) at 37˚C for 2 h. Signals 
were visualized using chemiluminescence reagent (Bio‑Rad 
Laboratories, Inc.), and densitometry analysis was performed 
using FlourChem FC2 (ProteinSimple) with AlphaEase FC 
software version 6.0.2 (ProteinSimple).

CCK‑8 assay. A CCK‑8 assay was used to evaluate the viability 
of transfected 5‑8F‑R and 5‑8F cells following IR treatment. 
The cells were first seeded in 96‑well plates (2.5x103 cells/well) 
and then cultured overnight. Cells were later exposed to 
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five different doses of IR (0, 2, 4, 6 or 8 Gy). After 4 days 
of IR exposure, 10 µl CCK‑8 reagent (Dojindo Molecular 
Technologies, Inc.) was added to each well and incubated for 
a further 4 h. Subsequently, the optical density was measured 
using a microplate reader at 450 nm.

Colony formation assays. A total of 2.5x103 transfected 
5‑8F‑R and 5‑8F cells were seeded in 6‑well plates for 12 h, 
and subsequently exposed to 4 Gy IR for 14 days until cell 
colonies were visible. Cells were washed with PBS and fixed 
with 10% paraformaldehyde for 15 min at room temperature. 
Colonies were washed twice with PBS and stained with crystal 
violet for 30 min at room temperature. The number of visible 
colonies in each well (≥50 cells) was counted under a light 
microscope (Olympus Corporation) at 10x magnification.

Wound healing assay. 5‑8F cells and 5‑8F‑R cells were 
transfected for 48 h. Following treatment with 4 Gy IR for 
4 days, the cells were plated in 6‑well plates at a density of 
3x105 cells/well, and grown until they formed a confluent mono‑
layer. A pipette tip was used to scratch a wound in the middle 
of each monolayer, and the medium was replaced with fresh 
RPMI‑1640 medium without FBS. After 24 h, the wells were 
imaged using an inverted microscope (Olympus Corporation) 
at x100 magnification. The migration rate was defined as the 
ratio of the migrated distance after 24 h compared with the 
width of the scratch at the start.

Transwell invasion assay. Matrigel was diluted to 50 mg/l in 
serum‑free RPMI‑1640 medium in a 4˚C refrigerator over‑
night and added to the upper chamber of the Transwell insert. 
Following IR treatment, the 1x104/100 µl transfected 5‑8F‑R 
and 5‑8F cells were seeded in the upper chamber, and 500 µl 
RPMI‑1640‑medium containing 10% FBS was added to the 
lower chamber. Cells were incubated for 24 h at 37˚C, after 
which, the upper chamber was removed and washed twice with 
PBS. Subsequently, the cells on the upper side of the chamber 
membrane were removed using cotton buds, and the cells that 
had invaded were fixed with 4% paraformaldehyde for 15 min 
at room temperature. The cells were subsequently stained with 
1% crystal violet for 5 min at room temperature. Finally, the 

number of cells in six randomly selected fields of view were 
counted under a light microscope (Olympus Corporation) at 
x100 magnification.

Cell apoptosis assay. Apoptosis of transfected IR‑treated 5‑8F‑R 
and 5‑8F cells was assessed using an Annexin V ‑FITC/PI 
apoptosis detection kit (Invitrogen; Thermo Fisher Scientific, 
Inc.). A total of 2x105 cells were obtained and re‑suspended 
in 100 µl 1X binding buffer, and 5 µl PI solution and 2.5 µl 
Annexin V‑FITC were added to the cell suspension in the 
dark for 30 min. A BD FACSCalibur flow cytometer (Becton, 
Dickinson and Company) was used to detect cell apoptosis and 
CellQuest Pro software version 5.1 (Becton, Dickinson and 
Company) was used to analyze apoptosis rate. The cells in the 
right quadrants were considered the apoptotic cells.

Dual‑luciferase reporter assay. TargetScan Human 7.2 (28,29) 
was used to predict the binding site between the BNIP3 mRNA 
and miR‑182‑5p. BNIP3 mRNA 3'untranslated region (UTR), 
which contained the binding site of miR‑182‑5p, was mutated 
to obtain a mutant BNIP3 mRNA 3'UTR. The mutant and 
wild‑type BNIP3 mRNA 3'UTR were then cloned into the 
pGL4 luciferase reporter vector (Promega Corporation). The 
constructs were subsequently transfected into 293T  cells 
together with miR‑182‑5p mimic or mimic NC (Shanghai 
GenePharma Co., Ltd.) by Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). Renilla constructs were used 
as the internal control. A total of 48 h later, the cells were 
collected and washed with PBS. A dual‑luciferase reporter 
system (Promega Corporation) was used to measure the lucif‑
erase activity of cells in each group.

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism version 7.0 (GraphPad Software, Inc.). Data 
are presented as the mean ± standard deviation of at least 
three independent experiments. Differences between groups 
were compared using a Student's t‑test or an ANOVA followed 
by Dunnett's multiple comparisons test. P<0.05 was consid‑
ered to indicate a statistically significant difference.

Results

BNIP3 expression is downregulated in 5‑8F‑R cells. A total of 
53 significant DEGs were identified based on the GSE48503 
dataset. The 53 DEGs are listed in Table SII. Following enrich‑
ment analysis, three genes (cyclin‑G2, BNIP3 and homer 
scaffold protein 2) were found to be closely associated with 
the ‘Foxo signaling pathway’, which has been reported to be 
involved in cancer development (Fig. 1A) (30,31). The 5‑year 
survival analysis of the three genes demonstrated that BNIP3 
expression was significantly associated with an improved 
outcome (Fig. 1B). Therefore, BNIP3 was further investigated 
in NPC radioresistance. The 5‑8F and 5‑8F‑R cells were irradi‑
ated with different doses of IR to identify the IC50 of IR for 5‑8F 
and 5‑8F‑R cells. 5‑8F cells exhibited significantly reduced 
viability compared with the 5‑8F‑R cells when irradiated 
(P<0.001). Cell viability was decreased by 50% at 4 Gy in 5‑8F 
cells (Fig. 1C); thus, 4 Gy was used in subsequent experiments.

The expression levels of BNIP3 at both the mRNA and 
protein level was significantly downregulated in 5‑8F‑R cells 

Table I. Primer sequences used in the present study.

Gene	 Primer sequences (5'→3')

miR‑182‑5p	 F: TGCGGTTTGGCAATGGTAGAA
	 R: CCAGTGCAGGGTCCGAGGT
BNIP3	 F: GAAACAGATACCCATAGCA
	 R: GAACGCAGCATTTACAGA
GAPDH	 F: ATGGAGAAGGCTGGGGCTC
	 R: AAGTTGTCATGGATGACCTTG
U6	 F: TGCGGGTGCTCGCTTCGGCAGC
	 R: CCAGTGCAGGGTCCGAGGT

F, forward; R, reverse; BNIP3, BCL2/adenovirus  E1B 19  kDa 
protein‑interacting protein 3; miR, microRNA.
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following treatment with 4 Gy irradiation for 1, 2 and 4 h. 
However, the expression of BNIP3 in 5‑8F cells was not 
altered significantly following irradiation treatment (*P<0.05, 
**P<0.001 vs. 0 h; Fig. 1D and E). Together, the results showed 
that downregulation of BNIP3 was associated with the radio‑
resistance of 5‑8F‑R cells.

BNIP3 overexpression attenuates radioresistance in NPC 
cells. To further clarify whether BNIP3 could affect the radio‑
resistance of NPC cells, BNIP3 siRNA and OE constructs were 
transfected into the 5‑8F cells and 5‑8F‑R cells, respectively. 
RT‑qPCR results showed that the BNIP3 mRNA expression 

levels in 5‑8F cells transfected with si‑BNIP3 constructs was 
reduced by 70%, whereas in the 5‑8F‑R cells transfected with 
BNIP3 OE constructs, its expression was increased 2.5‑fold 
(P<0.001 vs. NC; Fig.  2A). Western blotting results also 
showed a 28% decrease in BNIP3 protein expression levels in 
the si‑BNIP3 group, as well as a 1.54‑fold increase of BNIP3 
protein levels in BNIP3 OE cells (P<0.001 vs. NC; Fig. 2B). 
Moreover, the CCK‑8 assays showed that silencing BNIP3 
increased the cell viability of 5‑8F cells treated with IR. By 
contrast, BNIP3 overexpression reduced the cell viability of 
5‑8F‑R cells treated with IR (P<0.001 vs. NC; Fig. 2C). Colony 
formation was increased by 36% in the 5‑8F cells transfected 

Figure 1. BNIP3 expression is downregulated in radioresistant NPC cells. (A) A total of 53 significant DEGs were identified in the GSE48503 dataset between 
radioresistant NPC samples and radio‑sensitive NPC samples. Enrichment analysis was performed on the DEGs. The ‘Foxo signaling pathway’ was shown to 
be the key pathway associated with BNIP3, CCNG2 and HOMER2. (B) The 5‑year survival rates of patients based on CCNG2, BNIP3 and HOMER2 expres‑
sion, stratified by expression, was analyzed using Kaplan‑Meier plotter. (C) 5‑8F‑R and 5‑8F cells were exposed to different doses of IR, and the cell viability 
was measured. (D) Expression of BNIP3 mRNA was detected in 5‑8F‑R cells and 5‑8F cells following IR. (E) Expression of BNIP3 protein was detected 
in 5‑8F‑R cells and 5‑8F cells following IR treatment. *P<0.05, **P<0.001 vs. 0 h. DEG, differentially expressed gene; IR, irradiation; NPC, nasopharyngeal 
carcinoma; BNIP3, BCL2/adenovirus E1B 19 kDa protein‑interacting protein 3; CCNG2, cyclin‑G2; HOMER2, homer protein homolog 2.
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with si‑BNIP3, and decreased by 21% in the 5‑8F‑R BNIP3 
OE cells (P<0.05 vs. NC; Fig. 2D). The 5‑8F cells transfected 
with si‑BNIP3 showed enhanced cell migration and invasion, 
whereas the 5‑8F‑R cells overexpressing BNIP3 exhibited 
reduced cell invasion and migration following IR treatment 
(P<0.05, P<0.001 vs. NC; Figs. 2E and 3A). Knockdown of 
BNIP3 also resulted in a 33% decrease in the rate of apoptosis 
in the 5‑8F cells, and overexpression of BNIP3 resulted in 
a 4.66‑fold increase in the rate of apoptosis in 5‑8F‑R cells 
following IR exposure (P<0.05, P<0.001 vs. NC; Fig. 3B). 
Furthermore, expression of invasion and apoptosis‑related 
proteins was detected using western blotting. E‑cadherin 
expression decreased by 20%, and N‑cadherin increased by 
45% in 5‑8F cells following BNIP3 knockdown. Conversely, 
E‑cadherin expression increased by 40%, and N‑cadherin 

decreased by 25% in the 5‑8F‑R BNIP3 OE cells (P<0.001 
vs.  NC; Fig.  3C). These results suggested that BNIP3 
impaired the invasion of NPC  cells. After assessing the 
expression of apoptosis‑related proteins, cleaved caspase‑3, 
cleaved caspase‑9 and Bax, the results showed that cleaved 
caspase‑3, cleaved caspase‑9 and Bax protein expression levels 
decreased following knockdown of BNIP3 in the 5‑8F cells, 
and increased in the 5‑8F‑R cells following overexpression of 
BNIP3 (P<0.05, P<0.001 vs. NC; Fig. 3D).

miR‑182‑5p targets the 3'UTR of BNIP3. miR‑182‑5p was 
predicted to bind to the 3'UTR of BNIP3 based on TargetScan 
Human 7.2 (Table SIII). The predicted binding sequences 
between BNIP3 mRNA and miR‑182‑5p are presented in 
Fig.  4A. The luciferase activity assay results showed that 

Figure 2. BNIP3 reduces the radioresistance of nasopharyngeal carcinoma cells by affecting the viability, proliferation and migration of cells. (A) Transfection 
efficiency of si‑BNIP3 and BNIP3 OE plasmids was detected in 5‑8F and 5‑8F‑R cells. (B) Protein expression levels of BNIP3 were detected in the 5‑8F and 
5‑8F‑R cells transfected with si‑BNIP3 or BNIP3 OE plasmids. (C) 5‑8F‑R and 5‑8F cells transfected with si‑BNIP3 or BNIP3 OE plasmids were exposed to 
IR, and cell viability was measured at the indicated doses. (D) A colony formation assay was used to assess the colony forming ability of the transfected 5‑8F 
and 5‑8F‑R cells treated with 4 Gy IR. (E) A wound healing assay was used to assess the migratory ability of the transfected 5‑8F and 5‑8F‑R cells treated 
with 4 Gy IR. *P<0.05, **P<0.001 vs. NC. BNIP3, BCL2/adenovirus E1B 19 kDa protein‑interacting protein 3; IR, irradiation; OE, overexpression; si‑, small 
interfering RNA; IR, irradiation; NC, negative control.
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transfection with miR‑182‑5p mimic significantly reduced 
the luciferase activity of the wild‑type BNIP3 mRNA 3'UTR 
luciferase constructs, but not the mutated‑type BNIP3 mRNA 
3'UTR luciferase plasmids (P<0.001 vs. WT+NC  group; 
Fig. 4B). To further support the hypothesis that miR‑182‑5p 
directly targeted and suppressed BNIP3, miR‑182‑5p mimic 
were transfected into 5‑8F‑R cells and miR‑182‑5p inhibitor 
into 5‑8F cells (P<0.001 vs. NC; Fig. 4C). BNIP3 protein 
expression levels decreased by  33%  in the 5‑8F‑R cells 
transfected with miR‑182‑5p mimic, and increased 1.62‑fold 
in the 5‑8F cells transfected with miR‑182‑5p inhibitor 
(P<0.05 vs. NC; Fig. 4D).

miR182‑5p mitigates the effects of BNIP3 on radioresistance 
of NPC cells. To explore the effect of miR‑182‑5p on NPC 
via regulation of BNIP3, si‑BNIP3 and miR‑182‑5p inhibitor 
were co‑transfected into 5‑8F  cells, and BNIP3 OE and 
miR‑182‑5p mimic were co‑transfected into 5‑8F‑R cells. 
The viability of 5‑8F cells in the co‑transfection group was 
significantly lower than that of the si‑BNIP3 transfected cells. 
However, the viability of 5‑8F‑R cells in the co‑transfection 

group was significantly higher compared with the BNIP3 
OE group following IR treatment (P<0.001 vs. NC; P<0.001 
vs. si‑BNIP3 group in 5‑8F cells; P<0.001 vs. OE group in 
5‑8F‑R cells; Fig. 5A). Wound healing assays showed that 
knockdown of BNIP3 increased the migration rate, which 
was reduced by miR‑182‑5p inhibitor co‑transfection in the 
5‑8F cells. Similarly, BNIP3 OE inhibited the migration of 
5‑8F‑R cells, whereas miR‑182‑5p mimic co‑transfection 
resulted in upregulation (P<0.05, P<0.001 vs. NC; P<0.001 vs. 
si‑BNIP3 in 5‑8F cells; P<0.001 vs. OE group in 5‑8F‑R cells; 
Fig. 5B). Compared with the si‑BNIP3 group, co‑transfection 
of si‑BNIP3 and miR‑182‑5p inhibitor reduced the invasion 
count of 5‑8F cells following IR exposure (237 vs. 346 cells). 
In 5‑8F‑R cells following IR treatment, the number of cells 
that had invaded was increased in the BNIP3 OE+miR‑182‑5p 
mimic group compared with the BNIP3 OE  group 
(309  vs.  198  cells; P<0.05, P<0.001  vs.  NC; P<0.001 vs. 
si‑BNIP3 group in 5‑8F cells; P<0.001 vs. OE  group in 
5‑8F‑R cells; Fig. 6A).

Cell apoptosis analysis provided additional insights 
into the function of BNIP3. si‑BNIP3 transfection reduced 

Figure 3. BNIP3 reduces radioresistance of nasopharyngeal carcinoma cells by altering invasion and apoptosis. (A) Transwell invasion assays were used 
to measure invasion of the transfected 5‑8F and 5‑8F‑R cells treated with 4 Gy IR. (B) Flow cytometry was used to detect the rate of cell apoptosis in the 
transfected 5‑8F and 5‑8F‑R cells following treatment with 4 Gy IR. Western blotting was used to measure the protein expression levels of (C) invasion‑related 
proteins and (D) apoptosis‑related proteins in 5‑8F and 5‑8F‑R cells treated with 4 Gy IR. *P<0.05, **P<0.001 vs. NC. BNIP3, BCL2/adenovirus E1B 19 kDa 
protein‑interacting protein 3; NC, negative control; IR, irradiation; si‑, small interfering RNA; OE, overexpression.
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Figure 4. BNIP3 is the target gene of miR‑182‑5p, and its expression is reduced by miR‑182‑5p. (A) TargetScan was used to predict the binding site between 
BNIP3 and miR‑182‑5p. (B) A dual‑luciferase reporter assay was performed to validate the binding between BNIP3 and miR‑182‑5p. **P<0.001 vs. WT+NC 
group. (C) Transfection efficiency of miR‑182‑5p inhibitor or mimic in 5‑8F and 5‑8F‑R cells. (D) BNIP3 protein expression levels in the 5‑8F and 5‑8F‑R 
cells transfected with miR‑182‑5p inhibitor or mimic. *P<0.05, **P<0.001 vs. NC. BNIP3, BCL2/adenovirus E1B 19 kDa protein‑interacting protein 3; WT, 
wild‑type; MUT, mutant; NC, negative control; miRNA/miR, microRNA; UTR, untranslated region.

Figure 5. miR‑182‑5p reverses the effects of BNIP3 on radioresistance of nasopharyngeal carcinoma cells. (A) Cell viability was measured in the transfected 5‑8F 
and 5‑8F‑R cells following IR treatment at the indicated doses. (B) Wound healing assays were performed to assess the migratory ability of the 5‑8F and 5‑8F‑R cells 
treated with 4 Gy IR. *P<0.05, **P<0.001 vs. NC; ##P<0.001 vs. si‑BNIP3 group in 5‑8F cells; $$P<0.001 vs. BNIP3 OE group in 5‑8F‑R cells. BNIP3, BCL2/adeno‑
virus E1B 19 kDa protein‑interacting protein 3; NC, negative control; miRNA/miR, microRNA; si‑, small interfering RNA; OE, overexpression; IR, irradiation.
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5‑8F  cell apoptosis, and this reduction was reversed by 
co‑transfection with a miR‑182‑5p inhibitor. Moreover, BNIP3 
OE increased 5‑8F‑R cell apoptosis, which was reversed by 

co‑transfection with miR‑182‑5p mimic (P<0.001 vs. NC; 
P<0.001 vs. si‑BNIP3 group in 5‑8F cells; P<0.001 vs. OE 
group in 5‑8F‑R cells; Fig. 6B).

Figure 6. miR‑182‑5p reverses the effects of BNIP3 on radioresistance of nasopharyngeal carcinoma cells by affecting cell invasion and apoptosis. (A) Invasion 
was assessed in the transfected 5‑8F and 5‑8F‑R cells treated with 4 Gy IR. (B) Flow cytometry was used to measure the apoptosis of 5‑8F and 5‑8F‑R cells 
treated with 4 Gy IR. Protein expression levels of (C) invasion‑related and (D) apoptosis‑related proteins in 5‑8F and 5‑8F‑R cells were assessed following 
treatment with 4 Gy IR. *P<0.05, **P<0.001 vs. NC; ##P<0.001 vs. si‑BNIP3 group in 5‑8F cells; $$P<0.001 vs. BNIP3 OE group in 5‑8F‑R cells. BNIP3, 
BCL2/adenovirus E1B 19 kDa protein‑interacting protein 3; NC, negative control; miRNA/miR, microRNA; si‑, small interfering RNA; OE, overexpression; 
IR, irradiation.
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The expression levels of invasion and apoptosis‑related 
proteins were also assessed. The downregulation of E‑cadherin 
and upregulation of N‑cadherin caused by si‑BNIP3 transfec‑
tion were reversed by co‑transfection with the miR‑182‑5p 
inhibitor in 5‑8F  cells. The increased E‑cadherin and 
decreased N‑cadherin observed following BNIP3 OE trans‑
fection in 5‑8F‑R cells was reversed by co‑transfection with 
the miR‑182‑5p mimic (P<0.05, P<0.001 vs. NC; P<0.001 
vs. si‑BNIP3 group in 5‑8F cells; P<0.001 vs. OE group in 
5‑8F‑R  cells; Fig.  6C). In addition, the reduced expres‑
sion levels of cleaved caspase‑3, cleaved caspase‑9 and Bax 
caused by BNIP3 knockdown in 5‑8F cells was reversed by 
co‑transfection with the miR‑182‑5p inhibitor. The increased 
expression of cleaved caspase‑3, cleaved caspase‑9 and Bax 
caused by BNIP3 OE transfection was reversed by co‑trans‑
fection with the miR‑182‑5p mimic in 5‑8F‑R cells (P<0.05, 
P<0.001 vs. NC; P<0.001 vs. si‑BNIP3 group in 5‑8F cells; 
P<0.001 vs. OE group in 5‑8F‑R cells; Fig. 6D).

Discussion

The main treatment for NPC is radiotherapy  (32). 
Intensity‑modulated radiotherapy (IMRT) is the most 
prominently used technique for treating patients with NPC. 
Although IMRT significantly improves the survival rates 
and local control of NPC in patients, and reduces the toxicity 
levels (1,33‑36), radioresistance is the primary cause for the 
failure of NPC treatment (37). In the present study, a radio‑
resistant NPC cell model was established, termed 5‑8F‑R, to 
identify the key gene and miRNA involved in the acquisition 
of NPC radioresistance. The results showed that expres‑
sion of BNIP3 was downregulated in 5‑8F‑R cells and that 
BNIP3 impaired radioresistance in NPC cells. Conversely, 
miR‑182‑5p was upregulated in 5‑8F‑R cells, and it enhanced 
the radioresistance of NPC cells. Additionally, it was shown 
that miR‑182‑5p reversed the effects of BNIP3 on radiation 
resistance of NPC cells.

miRNAs have been reported to serve prominent roles in 
cancer development. A number of studies have found that 
miRNAs contribute to the acquisition of radioresistance and 
tumor progression (38‑41). Qu et al (39) established a radiore‑
sistant NPC cell line model (CNE‑2R) and found that miR‑205 
enhanced the number of foci and reduced the apoptosis of 
CNE‑2R cells by directly targeting the tumor suppressor gene 
PTEN following IR treatment. The results of other studies 
revealed that certain miRNAs increase the radio‑sensitivity 
and inhibit tumor growth in NPC (42). Qu et al (43) demon‑
strated that miR‑23a decreased the resistance to irradiation of 
NPC cells in vivo and in vitro by activating the IL‑8/STAT3 
signaling pathway, and may thus serve as a potential thera‑
peutic target for treatment of NPC. Although miR‑182‑5p has 
been demonstrated to serve as an onco‑miR in several types of 
cancer, including breast cancer (44), ovarian cancer (45) and 
melanoma (46), its effects on NPC have not been explored. 
Only one study has confirmed that miR‑182‑5p is associ‑
ated with radioresistance in non‑small cell lung cancer (47); 
where it was shown that by downregulating miR‑182‑5p 
expression, cell proliferation was inhibited and cell apoptosis 
was promoted following IR treatment in non‑small cell lung 
cancer cells. Downregulation of miR‑182‑5p resulted in 

DNA damage, and thus cell‑cycle arrest. In the present study, 
following successful establishment of the 5‑8F‑R cell line, it 
was shown that miR‑182‑5p inhibition increased the sensitivity 
to irradiation in NPC cells; similar to that observed previously 
in non‑small cell lung cancer cells.

BNIP3, a member of the Bcl‑2 family of proteins, has 
been reported to be upregulated in several types of cancer, 
including renal cell carcinoma  (21), prostate cancer  (47) 
and breast cancer (20). BNIP3 was initially identified as a 
pro‑cell death protein. However, a previous study revealed that 
BNIP3 may also serve as transcriptional corepressor of the 
apoptosis‑inducing factor gene (48). Furthermore, the role of 
BNIP3 in cancer cells is contested. Overexpression of BNIP3 
has been found to reduce cell proliferation and increase 
apoptosis of renal cell carcinomas (21), whereas the opposite 
result has also been reported (47). Zhou et al (23) used a cell 
autophagy reagent (SYUIQ‑5) to treat NPC cells and found that 
the expression of BNIP3 was elevated when SYUIQ‑5 dosage 
was increased. Thus, it was hypothesized that BNIP3 might 
decrease radioresistance of NPC cells. In the present study, it 
was shown that BNIP3 was downregulated in radioresistant 
NPC cells and that the overexpression of BNIP3 significantly 
impaired the radioresistance of NPC cells.

In summary, BNIP3 expression was significantly down‑
regulated in radioresistant NPC cells. This result indicated 
that downregulated BNIP3 expression may decrease the 
radioresistance of NPC cells. Additionally, it was also shown 
that miR‑182‑5p reversed the inhibitory effect of BNIP3 on 
NPC radioresistance. In future studies, in vivo experiments 
are required to improve our understanding of the radiation 
response of NPC cells following modulation of miR‑182‑5p 
and BNIP3 expression.
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