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Abstract. Glucose‑regulated protein 78 (GRP78) was revealed 
to be associated with the radioresistance of nasopharyngeal 
carcinoma (NPC) in our previous study. GRP78 is a highly 
expressed cell surface protein, and holds great promise as 
a cancer specific target. Its expression may be impacted 
by the regulation of miRNAs, which may be involved in 
the radioresistance of NPC. A better understanding of the 
mechanisms of radioresistance may generate new targets of 
therapy for NPC patients. The present study was designed to 
investigate the effect of microRNA targeting GRP78 on the 
radiosensitivity of NPC. First, we used miRWalk software to 
predict miRNAs that may interact with GRP78. Subsequently, 
analysis of miR‑495 and GRP78 expression was performed 
in the primary tissues of 92 NPC tissues and cell lines by 
immunohistochemistry and real‑time PCR and the results 
revealed that miR‑495 expression was lower in radioresistant 
NPC tissues in comparison to chronic rhinitis tissues, and also 
lower in radioresistant 5‑8F cells (5‑8F‑IR) in comparison 
to its parental 5‑8F cells. Notably, we observed an inverse 
association between the expression miR‑495 and GRP78. Our 
bioinformatics analysis led to the identification of miR‑495 
as the optimal miRNA interacting with GRP78 mRNA. 

Furthermore, miR‑495 targeting the 3'untranslated region 
(UTR) of GRP78 was detected by a Dual‑Glo Luciferase 
Assay system. Finally, we observed that miR‑495 inhibition 
led to a significant increase in the radioresistance of 5‑8F 
cells and higher GRP78 expression, which may be involved 
in epithelial‑mesenchymal transition (EMT) phenotype. 
miR‑495 targeted the 3'UTR of GRP78 and contributed to the 
efficacy of radiation therapy in NPC.

Introduction

Nasopharyngeal carcinoma (NPC) is a common head and 
neck tumor with mortality rates of 15‑50 per 100,000 people 
in Southeast Asia, especially in southern China  (1). Since 
>90% of the NPC cases are poorly distinguished squamous 
cell carcinomas, they display radiosensitivity, and thus radical 
radiotherapy is the first choice of primary treatment  (2). 
However, radiotherapy still has many obstacles to overcome, 
like radioresistance (3). To overcome this critical issue and 
correctly predict the required radiation levels for individual-
ized treatment, the role of many radiosensitive biomarkers has 
been analyzed, with the hope that some of them will help to 
predict clinical radiosensitivity, and improve the therapeutic 
efficacy along with revealing the molecular mechanism of 
NPC radioresistance. We determined that glucose‑regulated 
protein 78 (GRP78) was a radioresistant protein of NPC in our 
previous study (4).

GRP78, a multifunctional protein folding chaperone and 
co‑receptor is highly expressed on the cell surface, and holds 
promise for cancer‑specific targeting. Its role has specifically 
been studied in colon and breast cancer (5,6). It has also been 
revealed to play an analeptic role in invasive procedures and 
possibly an anti‑invasive target for treating hepatocellular 
carcinoma  (7). GRP78 expression is induced in multiple 
cancers as a result of endoplasmic reticulum stress induced 
either by acidosis, glucose deprivation or severe hypoxia. 
Chemotherapeutic drugs and radiation have also been revealed 
to induce GRP78 protein expression, which in turn confers 
resistance in the tumor cells against these agents (8). In addi-
tion, the changes of GRP78 expression have also been revealed 
to play key functions in the development and progression of 
malignant tumors (9). GRP78 has been revealed to be a thera-
peutic target of NPC (10).
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Our previous efforts in identifying the proteins responsible 
for NPC radioresistance indicated GRP78 as a potential player 
for predicting NPC response to radiotherapy (4). However, the 
mechanism of its functional/expression regulation in NPC 
following radiotherapy remains unclear.

MicroRNAs (miRNAs) are small non‑coding RNAs (20‑24 
nucleotides in length) which post‑transcriptionally modulate 
gene expression through negative regulation of the stability or 
translational efficiency of their target mRNAs (11,12). These 
effects are obtained by miRNA binding to the 3'‑untranslated 
region (3'UTR) of their target mRNAs, which can reduce the 
expression of the associated protein.

Thus, in the present study, we investigated the mechanism 
of GRP78 regulation by first performing bioinformatics anal-
ysis to identify putative miRNA targeting GRP78. Our initial 
analysis led to the identification of miR‑495 as the miRNA 
binding to GRP78 mRNA.

In the present study, we examined the impact of 
miR‑495‑mediated targeting of cell surface associated GRP78, 
and its effects on cell survival and growth when combined 
with X‑ray treatment. In the present study, miR‑495 mimics 
suppressed cell proliferation and induced cell death. GRP78 
was targeted by miR‑495 and miR‑495 mimics also enhanced 
the efficacy of radiotherapy. Subsequently, we analyzed the 
mechanism of miR‑495‑mediated regulation of GRP78 expres-
sion and its role in regulating the radiosensitivity of NPC cells.

Materials and methods

Patients and tissue specimens. A total of 92 NPC patients 
(52 males and 40 females) were included in the present study with 
a median age of 48 years (range, 12‑85 years) and 30 patients 
(18 males and 12 females) with chronic rhinitis were enrolled 
as controls (median age 44 years; range, 20‑73 years). The 
information of all NPC patients that underwent curative‑intent 
radiotherapy treatment between August 2012 and July 2014 was 
reviewed and it was observed that the overall radiation dose of 
60‑70 Gy was administered to each patient using a modified 
type of linear accelerator (Xiangya Hospital of Central South 
University, Changsha, China). Based on this therapy, 39 patients 
were diagnosed as radioresistant, while 53 were radiosensitive. 
The patients were characterized as radioresistant, if they exhib-
ited persisting disease (incomplete regression of tumors) after 
6 weeks of completing radiotherapy, or those with recurrent 
disease at the nasopharynx and/or neck nodes after 2 months 
post‑radiotherapy (13). Similarly, the patients were characterized 
as radiosensitive, if they did not display any local residual lesions 
after 6 weeks or any recurrence of symptoms after 2 months of 
completing radiotherapy (13). NPC tissue biopsies (pre‑therapy) 
were obtained after informed consent was received from all 
participants and were used for immunohistochemical (IHC) 
staining. All the patient specimens were separately reviewed by 
two experienced pathologists and the diagnoses were confirmed 
by histopathological examination. The diagnoses were based on 
the 1978 WHO classification (14). This study was certified by 
the Ethics Committee of Xiangya School of Medicine (Central 
South University, Changsha, China).

Cell culture. NPC cell line 5‑8F was purchased from the Cell 
Bank of Type Culture Collection of the Chinese Academy of 

Sciences (Shanghai, China). 5‑8F was seeded in a 6‑cm plate 
(1x105 cells). The radioresistant NPC cell line 5‑8F‑IR was 
derived from NPC cell line 5‑8F. 5‑8F‑IR was established by 
our laboratory (Xiangya Hospital of Central South University). 
These cells were cultured in RPMI‑1640 medium (Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA), supple-
mented with 10% fetal bovine serum (FBS; Hangzhou Sijiqing 
Biological Engineering Materials, Co., Ltd., Hangzhou, China) 
and incubated at 37˚C in a 5% CO2 atmosphere. After 24 h of 
culture, the radiation of the sublethal 10 Gy dose was delivered 
at room temperature at 300 cGy/min with a linear accelerator 
(2100EX; Varian Medical Systems, Inc., Palo Alto, CA, USA). 
Following treatment, the radioresistant cells that had survived 
produced the generation of the subclones 15 days later.

Other reagents. The IHC kit (S‑P) and 3,3'‑diaminobenzidine 
(DAB) developing solution were purchased from Fuzhou 
Maixin Biotech Co., Ltd., (Fuzhou, China). Mouse anti‑human 
monoclonal antibodies to GRP78 (1:500; cat. no. sc‑376768), 
E‑cadherin (1:500; cat.  no.  sc‑71007), N‑cadherin (1:500; 
cat.  no.  sc‑53488), vimentin (1:500; cat.  no.  c‑80975) and 
β‑actin (1:1,000; cat.  no.  sc‑58673) were all purchased 
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). 
Lipofectamine 2000 was purchased from Invitrogen (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) and the Transwell 
assay kit was procured from Corning Inc. (Corning, NY, USA).

Bioinformatics analysis. The prediction analysis of 
miRNAs binding to GRP78 mRNA was performed using 
miRWalk online program (http://zmf.umm.uni‑heidelberg.
de/apps/zmf/mirwalk/predictedmirnagene.html). The 
predicted miRNAs with the highest binding scores were 
further identified using miRanda software (http://www.
microrna.org/microrna/home.do). This software computes 
thermodynamic stability and sequence conservation scores.

Immunohistochemistry staining. IHC staining of NPC tissue 
specimens was performed using the previously described S‑P 
IHC method (4). The cytoplasm staining intensity was scored 
by two pathologists as follows: No color, negative; pale yellow, 
weakly positive; brown, positive; and tan, strongly positive. 
Overall the percentage of tissue samples with positive expres-
sion was calculated by the following formula: (Total number 
of samples with weakly positive + positive + strongly positive 
staining/total number of samples evaluated) x 100.

RT‑qPCR analysis. Total RNA was extracted from fresh NPC 
and chronic rhinitis tissue samples by homogenization in 
TRIzol reagent (Gibco; Thermo Fisher Scientific, Inc.). PCR 
amplification of miR‑495 was carried out using a two‑step 
method. The following primers were designed based on the 
precursor sequence of miR‑495: Forward primer, 5'‑UGG​
UAC​CUG​AAA​AGA​AGU​UG‑3' and reverse, 5'‑GCA​CUU​
CUU​UUU​CGG​UAU​CA‑3'. For U6 gene amplification, the 
following primers were used: Forward primer, 5'‑GCT​TCG​
GCA​GCA​CAT​ATA​CTA​AAA​T‑3' and reverse, 5'‑CGC​TTC​
ACG​AAT​TTG​CGT​GTC​AT‑3'. All these primers were synthe-
sized by Guangzhou RiboBio Co., Ltd. (Guangzhou, China), 
and the amplification reactions were carried out using a fluo-
rescence RT‑qPCR instrument, based on the manufacturer's 
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instructions. The following RT‑qPCR reaction protocol was 
used: 2.5 µl of dNTPs (2.5 mM each); 2.5 µl of 10X PCR 
buffer; 1.5 µl of MgCl2 (MW 95.21) solution; 1 unit of Taq 
polymerase; SYBR-Green I, final concentration 0.25X; 1 µl of 
forward primer and reverse primer (10 µM stock); 1 µl cDNA; 
and water to a total volume of 25 µl. The U6 gene amplifica-
tion reaction was as follows: 95˚C for 5 min; 35 cycles (95˚C 
for 10 sec; 59˚C for 15 sec; 72˚C for 20 sec; and 82˚C for 
5 sec). The miRNA reaction was performed as follows: 95˚C 
for 15 min; 40 cycles (94˚C for 15 sec; 55˚C for 30 sec; and 
70˚C for 30 sec).

Western blotting. To extract the total cellular protein, tissues 
or cells were incubated with pre‑cooled RIPA lysis buffer 
(Thermo Fisher Scientific, Inc.), vortexed and then placed on 
ice for 30 min. After centrifugation, the supernatants were 
removed and the protein concentrations were estimated using 
the Bradford method. The proteins were denatured by incuba-
tion for 5 min at 100˚C and then the loading buffer was added. 
Subsequenlty, 20 µg of the denatured proteins per lane were 
separated by 12% gel electrophoresis and transferred to polyvi-
nylidene difluoride (PVDF) membranes. The membranes were 
blocked by incubating them in a blocking buffer containing 5% 
non‑fat milk powder for 1‑2 h and then washed and incubated 
with the appropriate primary antibody overnight at 4˚C. The 
primary antibodies were diluted as follows: GRP78 (1:500), 
E‑cadherin (1:500), N‑cadherin (1:500), vimentin (1:500) and 
β‑actin (1:1,000). For detection enhanced chemiluminescence 
(ECL; Santa Cruz Biotechnology, Inc.) was used. The protein 
bands were analyzed using Band leader 3.0.

Construction of GRP78 3'UTR plasmids. The bioinformatics 
software predicted the binding between miR‑495 and GRP78 
mRNA. RT‑PCR was used to amplify a sequence encom-
passing these 501 base pairs. The primers for amplification 
were designed as follows: GRP78_WT_forward, 5'‑ACT​
GCT​GTT​TTC​AGA​TGG​AGG​T‑3' and reverse, 5'‑CTA​GGA​
GCC​AGC​TCA​GAT​GC‑3'; GRP78_mut_forward, 5'‑TGC​
GGA​GAT​CTA​TCT​ATC​ATG​GC‑3' and reverse, 5'‑GGT​
GTC​AGG​CGA​TTC​TGG​TC‑3'. The amplified fragments 
were cloned into the pmiR‑RB‑REPORT™ dual luciferase 
reporter vector (Guangzhou RiboBio Co., Ltd., Guangzhou, 
China). The hRluc vector was used to report fluorescence, and 
the 3'UTR of GRP78 was cloned downstream of the hRluc 
gene. The directly targeted region was determined by cloning 

the 3'UTR seed region and the mutated seed region into the 
pmiR‑RB‑REPORT™ luciferase reporter vectors (Guangzhou 
RiboBio Co., Ltd.).

Luciferase reporter assay. The plasmids containing the 
3'UTR of GRP78, miR‑495 mimics and NC sequences were 
transfected into 5‑8F cells, using Lipofectamine 2000 reagent. 
The cells were incubated for 48 h after transfection, and the 
activity of firefly luciferase (hRluc) and the internal control 
(hluc) were detected using Dual‑Glo Luciferase Assay system 
(Promega Corp., Madison, WI, USA).

Clonogenic survival assay. Radioresistance was determined 
by colony survival assay after irradiation. Briefly, the cells 
were plated in 6‑well plates and exposed to a series of 
radiation doses (2‑10 Gy), and were then cultured for 12 days. 
Subsequently, the surviving colonies (defined as a colony 
with >50 cells) were counted and the survival fraction was 
calculated as the number of colonies divided by the number 
of cells seeded and multiplied by the plating efficiency. Plating 
efficiency was calculated as colonies/10 cells. Three separate 
experiments were performed.

Cell growth analysis. Cells were plated in 24‑well culture 
plates (2.5x104/well), and incubated for 24 h. Subsequently, 
they were irradiated with radiation of 6 Gy, and cell growth 
was monitored by counting the number of cells at various time 
intervals. Three independent experiments were carried out in 
triplicate.

Statistical analysis. Data were analyzed using SPSS software 
version 17.0 (SPSS, Inc., Chicago, IL, USA), and the results 
were expressed as the mean  ±  standard deviation (SD). 
Comparisons were performed using the Student t‑test or χ2 test. 
Spearman's and Pearson's analysis was performed for correla-
tion analysis. A P‑value <0.05 was considered to indicate a 
statistically significant difference.

Results

Analysis of GRP78 protein expression in NPC and chronic 
rhinitis tissues. GRP78 protein expression was assessed in 
tissue specimens by IHC. The ratio of positive GRP78 expres-
sion was significantly higher in NPC tissue samples (70.7%), 
where 65 samples out of 92, exhibited positive expression 

Table I. Expression of GRP78 in NPC and chronic rhinitis tissues.

 	 Scores of immunohistochemical staining
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 N	 Weak positive/negative (0-2)	 Positive (3-4)	 Strong positive (5-6)	 χ2	 P‑value

Chronic rhinitis	 30	 26	   3	   1	 30.621	 0.000a

NPC	 92	 27	 30	 35
Radioresistant	 39	   5	 14	 20	 9.644	 0.008b

Radiosensitive	 53	 22	 16	 15

aP<0.05, chronic rhinitis vs. NPC; bP<0.05, radioresistant vs. radiosensitive. Using χ2 test. NPC, nasopharyngeal carcinoma.

https://www.spandidos-publications.com/10.3892/or.2018.6538
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(P<0.05). However, in chronic rhinitis control tissue samples 
only 13.3% of the samples (4/30) exhibited positive expres-
sion. From further analysis of NPC tissue samples based on 
radiosensitivity information, we observed that 87.2% (34/39) 
of the radioresistant NPC patient samples significantly exhib-
ited positive GRP78 staining, in comparison to 58.5% of the 
radiosensitive samples (31/53) (Fig. 1 and Table I).

Analysis of the relationship between miR‑495 and GRP78 
expression was then performed. We analyzed the expression 
of miR‑495 in NPC and chronic rhinitis tissue samples, and 
our results demonstrated that its expression was lower in 
NPC tissue samples than chronic rhinitis tissues (Fig. 2A). 
Similarly, we also observed that miR‑495 expression was 
lower in radioresistant tissue samples than radiosensitive 

Figure 2. Analysis of miR‑495 and GRP78 expression in NPC and chronic rhinitis tissues. (A) The relative level of miR‑495 was lower in NPC tissue samples 
than in chronic rhinitis tissues. *P<0.05, NPC vs. chronic rhinitis tissues. (B) The protein expression of GRP78 was higher in NPC and chronic rhinitis tissues. 
(C) The relative value of GRP78 normalized to β‑actin expression in NPC and chronic rhinitis tissues. *P<0.05, NPC vs. chronic rhinitis tissues. (D) The rela-
tive level of miR‑495 in radioresistant NPC was lower than in radiosensitive NPC tissue samples. *P<0.05, radioresistant NPC vs. radiosensitive NPC. (E) The 
protein expression of GRP78 in radioresistant NPC was higher than in radiosensitive NPC tissue samples. (F) The relative value of GRP78 normalized to 
β‑actin expression in radioresistant and radiosensitive NPC tissue samples. *P<0.05, radioresistant NPC vs. radiosensitive NPC.

Figure 1. Analysis of the GRP78 expression in NPC and chronic rhinitis tissues. (A) GRP78 expression in radioresistant NPC tissue (87.2% strongly positive, 
34/39). (B) GRP78 expression in radiosensitive NPC tissue (58.5% positive, 31/53). (C) GRP78 expression in chronic rhinitis tissue (13.3%, weakly posi-
tive/negative, 4/30). Amplification x20.
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NPC tissue samples  (Fig.  2D). Accordingly, GRP78 was 
highly expressed in NPC tissue samples, especially in radio-
resistant NPC (Fig. 2B, C, E and F). An inverse association 
between miR‑495 and GRP78 expression was revealed using 
Spearman's and Pearson's correlation analysis.

5‑8F‑IR with radioresistance from the irradiated 5‑8F cells. 
From the 5‑8F cells that were irradiated with 10 Gy X‑ray only 
5% of the cells survived. Fifteen days later, the 5%‑surviving 

cells formed subclones. A large subclone was selected and 
named 5‑8F‑IR. The subclone 5‑8F‑IR was more resistant than 
the parent 5‑8F (Fig. 3). The 5‑8F‑IR subclone was cultured as 
a radioresistant sample.

In addition, we analyzed miR‑495 and GRP78 expression 
in the 5‑8F‑IR and 5‑8F NPC cells. The radioresistant 5‑8F‑IR 
cells exhibited lower expression of miR‑495, in comparison 
to the parent 5‑8F cells, while the opposite was obtained 
for GRP78 (P<0.05; Fig. 4), and this further confirmed the 

Figure 3. 5‑8F‑IR cells with radioresistance derived from irradiated 5‑8F cells. (A‑1) Only 5% of the cells survived following irradiation of 5‑8F cells with 
10 Gy X‑ray after 5 days (A‑2) Fifteen days later a large subclone was selected, and named for 5‑8F‑IR (black arrow). (B and C) The subclone 5‑8F‑IR irradi-
ated with 6 Gy (a medium dosage) X‑ray was more resistant than the parent 5‑8F. 

Figure 4. Analysis of miR‑495 and GRP78 expression in NPC cell lines. (A) The relative expression level of miR‑495 in 5‑8F was higher than in 5‑8F‑IR. 
*P<0.05, 5‑8F vs. 5‑8F‑IR. (B) The protein expression of GRP78 in 5‑8F was lower than in 5‑8F‑IR. (C) The relative value of GRP78 normalized to β‑actin 
expression. *P<0.05, 5‑8F vs. 5‑8F‑IR.

https://www.spandidos-publications.com/10.3892/or.2018.6538
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existence of an inverse relationship between the expression of 
miR‑495 and GRP78.

Prediction of the interactions between miRNAs and GRP78 
mRNA. Using the miRWalk program, which has the combined 

power of ten different programs, we predicted 18 different 
miRNAs that appeared to interact with HSPA5 (Gene alias: 
GRP78) mRNA (Fig. 5). Among these 18 predicted miRNAs, 
we further narrowed our search based on the highest binding 
scores for GRP78 mRNA, using miRanda software, which 

Figure 6. Analysis of the interaction between GRP78 and miR‑495 by dual luciferase assay. (A) The miR‑495 sequence was predicted to bind GRP78 (HSPA5) 
mRNA. (B) This luciferase assay revealed that miR‑495 mimics could not target mutant GRP78, and could only reduce the expression of wild‑type GRP78. 
miR‑495 mimics significantly decreased the luciferase activity of WT GRP78‑transfected cells, in comparison to cells transfected with its 3'UTR mutant. 
*P<0.05, GRP78 WT+miR‑495 vs. NC.

Figure 5. Prediction of the interaction of miRNAs with GRP78 using miRWalk software. Eighteen different miRNAs that appear to interact with HSPA5 (Gene 
alias: GRP78) mRNA were predicted using the miRWalk program, which has the combined power of ten different programs. 0: Not predicted; 1: Predicted. 
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incorporates thermodynamic and sequence conservation 
scores. This analysis led to the identification of four miRNAs 
based on the following selection criteria (mirSVR ≤‑0.1, phast-
Cons 0.5‑0.8) (Table II). Among these miRNAs, miR‑495 was 
predicted to bind GRP78 mRNA with the highest stability and 
specificity.

Analysis of the mechanism of miR‑495‑mediated regula‑
tion of GRP78 expression. The inverse association between 
miR‑495 and GRP78 expression in both NPC patient tissue 
samples and cell lines, led us to investigate whether miR‑495 
could influence GRP78 expression. We investigated whether 
miR‑495 directly targeted the 3'UTR of GRP78, using a dual 
luciferase assay. In this regard, 5‑8F cells were co‑transfected 
with either miR‑495 mimics or corresponding negative control, 
along with a dual luciferase plasmid of wild‑type (WT) or 

mutant (Mut) 3'UTR GRP78. This luciferase assay revealed 
that miR‑495 mimics significantly decreased the luciferase 
activity of WT GRP78‑transfected cells, in comparison to 
cells transfected with its 3'UTR mutant (Fig. 6). Overall our 
data revealed that miR‑495 mimics could not target mutant 
GRP78, and could only reduce the expression of wild‑type 
GRP78, thereby demonstrating that miR‑495 targets the 
3'UTR of GRP78.

Analysis of the relationship of miR‑495 and GRP78 expression 
with EMT‑related proteins. In addition to downregulation of 
GRP78 expression by miR‑495 mimics in 5‑8F cells, we also 
observed the reduced expression of vimentin and N‑cadherin 
expression, and the increased expression of E‑cadherin. This 
may indicate a EMT phenotype (reduced EMT). In parallel, 
when miR‑495 expression was inhibited in 5‑8F cells by 
treating them with miR‑495 inhibitors, we observed an 
increased expression of GRP78, vimentin and N‑cadherin, 
and a decreased expression of E‑cadherin (P<0.05, Fig. 7). 
This may increase the EMT phenotype. These results 
indicated that miR‑495 not only mediated the expres-
sion of GRP78, but was also involved in the expression of 
EMT‑related proteins E‑cadherin, N‑cadherin and vimentin. 
Following miR‑495 treatment, 5‑8F cells underwent morpho-
logical changes. The 5‑8F cells became rounder and the 
pseudopodiums became smaller with reduced EMT pheno-
type. Therefore, it was revealed that miR‑495 influenced the 
EMT process (Fig. 8).

miR‑495 upregulation enhances the efficacy of radiation 
therapy in NPC cells. Finally, we assessed whether regula-
tion of miR‑495 expression could influence the sensitivity of 
NPC cells against radiation therapy. The miR‑495 mimics, 
inhibitors and additional negative control sequences were 
transfected into radioresistant 5‑8F cells (5‑8F‑IR), which 
were later irradiated with a range of radiation doses (2‑10 Gy) 
for 24 h. The analysis of cell viability by MTT assay revealed 
that the 5‑8F‑IR cells transfected with miR‑495 mimics had 
significantly reduced viability in comparison to the negative 
control sequence‑transfected cells, as observed in Table III. 
In contrast, the 5‑8F‑IR cells transfected with miR‑495 
inhibitors exhibited significantly increased viability 
compared to the NC‑transfected cells (P<0.05; Fig. 9 and 
Table III).

Table  II. mirSVR and PhastCons scores of 18 predicted 
miRNAs.

	 mirSVR score	 Ranking	 PhastCons score

hsa‑miR‑495	‑ 1.2492	 1	 0.7212
hsa‑miR‑199b‑5p	‑ 1.1437	 2	 0.7212
hsa‑miR‑199a‑5p	‑ 1.1437	 2	 0.7212
hsa‑miR‑597	‑ 1.1257	 4	 0.7212
hsa‑miR‑338‑5p	‑ 1.0612	 5	 0.6955
hsa‑miR‑873	‑ 0.8443	 6	 0.5165
hsa‑miR‑590‑3p	‑ 0.8084	 7	 0.5061
hsa‑miR‑605	‑ 0.7911	 8	 0.4909
hsa‑miR‑635	‑ 0.6991	 9	 0.5104
hsa‑miR‑619	‑ 0.6745	 10	 0.5165
hsa‑miR‑378	‑ 0.3412	 11	 0.5165
hsa‑miR‑422a	‑ 0.3412	 11	 0.5165
hsa‑miR‑329	‑ 0.1813	 13	 0.6127
hsa‑miR‑30e	‑ 0.1665	 14	 0.7104
hsa‑miR‑30b	‑ 0.1649	 15	 0.7104
hsa‑miR‑30c	‑ 0.1649	 15	 0.7104
hsa‑miR‑30d	‑ 0.1634	 17	 0.7104
hsa‑miR‑145	‑ 0.0698	 18	 0.6840

Figure 7. Expression analysis of the miR‑495 and GRP78 and EMT‑related proteins. (A) The relative miR‑495 expression. (B and C) Western blot analysis and 
quantification of EMT‑related proteins. Lane 1 represents 5‑8F‑miR‑495‑mimics; lane 2 represents, 5‑8F‑mimics NC; lane 3 represents 5‑8F‑miR‑495‑inhibitors; 
and lane 4 represents 5‑8F‑inhibitors NC. *P<0.05, 5‑8F‑miR‑495‑mimics vs. 5‑8F‑mimics NC; **P<0.01, 5‑8F‑miR‑495‑inhibitors vs. 5‑8F‑inhibitors NC.

https://www.spandidos-publications.com/10.3892/or.2018.6538
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Discussion

The glucose‑regulated protein GRP78, an endoplasmic 
reticulum stress‑induced molecular chaperone, plays an 

important role in endoplasmic reticulum (ER) stress and in 
maintaining cellular homeostasis as a vital stress response 
survival protein (15,16). Its expression is induced in cancer 
cells not only as a result of ER stress, due to glucose depri-
vation, severe hypoxia and acidosis, but also because of 
chemotherapeutic drugs and radiation therapy. It has been 
revealed to confer tumor resistance to chemotherapeutic 
agents and radiation therapy (17,18). The GRP78 expression 
and distribution changes have been observed in multiple 
instances, including thrombotic disease and cancer (19,20). 
It had been demonstrated that GRP78 is highly expressed in 
many tumors, thereby suggesting that it may play a vital role 
in tumor biology (21). In our previous study, we reported that 
GRP78 may act as radioresistant factor in NPC (4). In the 
present study based on IHC analysis, we established that NPC 
patient tissue samples exhibited significantly higher positive 
GRP78 staining, in comparison to chronic rhinitis patient 
samples. Specifically, a higher percentage of GRP78 positive 
staining was mostly observed in radioresistant NPC patient 
samples than radiosensitive NPC patient samples. These 
observations revealed that GRP78 may play a vital role in the 
progression of NPC and may act as a radioresistant agent in 
NPC.

To further shed light on the regulation of GRP78 expres-
sion in NPC, we performed bioinformatics analysis to identify 
miRNAs targeting GRP78, using miRWalk software. Typically, 

Table III. Cell viability of transfected NPC cell lines.

	 Survival fraction (%)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Radiation doses (Gy)	 miR‑495 mimics‑5‑8F‑IR	 NC‑5‑8F‑IR	 miR‑495 inhibitors‑5‑8F 	 NC‑5‑8F

  2	 92±2.0	 96±2.2	 97±2.0	 95±1.8
  4	 76±3.0	 88±3.0	 90±2.8	 82±2.8
  6	 58±2.8	 78±3.1	 82±3.2	 68±3.0
  8	 36±2.6	 68±2.4	 72±2.6	 52±3.1
10	 16±2.8	 54±2.5	 60±3.1	 36±3.0

aRPF	 RPF1=1.04; P<0.05		  RPF2=1.02; P<0.05

aRPF1 is the RPF of miR‑495 mimics‑5‑8F‑IR; RPF2 is the RPF of miR‑495 inhibitors‑5‑8F. NPC, nasopharyngeal carcinoma. NC, negative 
control; IR, radioresistance.

Figure 8. 5‑8F cells with morphological changes following miR‑495 treatment. Following miR‑495 treatment, 5‑8F cells exhibited morphological changes: 
(A) 5‑8F cells (oblate spheres) after miR‑495‑mimic transfection. (B) 5‑8F control cells (small spheres). (C) 5‑8F cells after miR‑495‑inhibitor transfection 
(large spheres). 

Figure 9. Analysis of the viability of NPC cell lines after being irradiated 
with a range of radiation doses (2‑10 Gy). 5‑8F‑IR cells transfected with 
miR‑495 mimics had significantly reduced viability in comparison to nega-
tive control sequence‑transfected cells. The 5‑8F‑IR cells transfected with 
miR‑495 inhibitors exhibited significantly increased viability as compared 
to the NC‑transfected cells.
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the interaction between miRNAs and mRNAs can occur 
through complementary binding of the base pairs. However, 
the interaction is not usually fully complementary, and several 
software programs have been developed to accurately predict 
miRNA‑mRNA binding and to find specific target genes of 
miRNAs (22). Programs use algorithms to predict interac-
tion, and the prediction results are not completely consistent 
between different programs. Thus, many researchers use a 
combination of predictive programs for definitive analysis. 
Among these miRWalk is an effective online software tool 
for predicting miRNA‑mRNA binding, and is based on ten 
separate programs that help to predict results with more 
accuracy and credibility (23). In the present study, using this 
software, we predicted 18 miRNAs that could interact with 
GRP78 mRNA. Among them, the interaction of miR‑495 was 
predicted to have the highest stability and specificity, indi-
cating its preferential binding to GRP78 mRNA.

Notably, the parallel analysis of miR‑495 expression in 
NPC and chronic rhinitis tissue samples revealed an inverse 
association with GRP78 expression. In addition, miR‑495 
expression was observed to be lower in radioresistant NPC 
tissues, than in radiosensitive NPC tissue samples. Similarly, 
radioresistant 5‑8F‑IR cells also displayed lower expression of 
miR‑495 than radiosensitive parental 5‑8F cells. In contrast, 
GRP78 was higher in radioresistant 5‑8F‑IR cells, while low 
in radiosensitive parental 5‑8F cells. These observations led us 
to hypothesize that GRP78 may be a target of miR‑495, and 
may play a role in NPC radioresistance.

Ahmadi et al (24) found that miR‑495 and miR‑199‑5p 
could bind to the 3'‑UTR of GRP78 in non‑small cell lung 
cancer (NSCLC) and miR‑495 may play a causative role in 
tumorigenesis of lung cancer. Their results revealed upregula-
tion of GRP78 and a concomitant downregulation of miR‑495 
and miR‑199a‑5p in NSCLC, which was consistant with our 
study on NPC. Based on the findings of Ahmadi et al and 
our primary study of GRP78 which revealed its association 
with NPC radioresistance, this study emphasized and eluci-
dated the mechanism of mediation of NPC radioresistance by 
miR‑495 targeting GRP78 in more depth. To further explore 
our hypothesis, we directly explored the relationship between 
miR‑495 and GRP78 by undertaking a dual luciferase assay, 
where miR‑495 mimics were transfected into 5‑8F cells along 
with either wild‑type GRP78 or 3'UTR mutant, both cloned 
into luciferase vectors. Our experiments revealed that miR‑495 
mimics were not capable of targeting mutant GRP78, while 
they targeted wild‑type GRP78 and led to decreased GRP78 
expression. Therefore, our study concluded that miR‑495 
targeted the 3'UTR of GRP78.

Recently some studies have suggested a link between EMT 
and radioresistance. A study by Jong et al (25) indicated that 
EMT and low expression of EMT‑inhibiting miRNAs (espe-
cially miR203A), were observed in pretreatment samples, 
and caused intrinsic radioresistance in head and neck squa-
mous cell carcinoma (HNSCC). Thus EMT, a complex and 
dynamic process and one of the early events in remodeling 
of the cytoskeleton, is characterized by increased expression 
of mesenchymal markers, such as N‑cadherin and vimentin, 
and decreased expression of epithelial markers, such as 
E‑cadherin (26,27). In addition, multiple studies have shown 
that EMT plays a vital role in the occurrence, development, 

invasion and metastasis of tumors (28,29). Thus, in the present 
study, we observed that upregulation of miR‑495 expression 
in 5‑8F cells after miR‑495‑mimic transfection, resulted 
in downregulation of GRP78, vimentin and N‑cadherin 
expression and upregulation of E‑cadherin expression. 
Conversely, downregulation of miR‑495 in 5‑8F cells by its 
inhibitor reversed the expression trends of GRP78 and EMT 
proteins. These data demonstrated that miR‑495 not only 
targets GRP78 but may also be involved in the regulation of 
EMT markers.

Finally, by assessing the effects of miR‑495 mimics on 
post‑exposure with different doses of radiation it was observed 
that the viability of 5‑8F‑IR cells was significantly decreased. 
In contrast, miR‑495 inhibitors significantly enhanced 5‑8F 
cell viability. These experiments indicated that miR‑495 may 
regulate radiation sensitivity of NPC cells.

In conclusion, the present study revealed that the GRP78 
protein was highly expressed in NPC than in chronic rhinitis 
patient tissue samples. In addition, the enhanced expression 
of GRP78 was associated with radioresistant NPC samples. 
Bioinformatics analysis indicated that miR‑495 interacted 
strongly with GRP78 and notably followed an inverse expres-
sion trend. Additional studies suggested that miR‑495 not 
only reduced GRP78 expression by targeting its 3'UTR, 
but may also be involved in the expression of EMT‑related 
proteins. Elucidation of the influence of miR‑495‑targeting 
GRP78 on EMT and a knockdown assay of GRP78, which 
are limitations of the present study, need to be performed 
in a future study. Finally, we also observed that miR‑495 
mimics sensitized NPC cells against various doses of radia-
tion. However, further studies are required to ascertain the 
significance and mechanism of miR‑495‑mediated regulation 
of EMT, and the subsequent contributions to radiation sensi-
tivity in NPC cells.
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