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Abstract. The present study aimed to investigate the expres-
sion of glucose‑regulated protein 78 (GRP78) in osteosarcoma 
cells, and analyze the differences in expression between tumor 
and normal tissues, pre‑ and post‑chemotherapy patients and 
metastatic and non‑metastatic tumors. According to these 
results, the associations between the expression of GRP78 
and tumor growth, metastasis and chemotherapeutics could 
be determined. Between 2007 and 2012, 60 patients who 
had been diagnosed with osteosarcoma were selected for the 
present study. Of these patients, 20 presented with non‑meta-
static tumors and 40 with metastatic tumors, and 20 had been 
treated without chemotherapy and 40 with chemotherapy. In 
addition, 60 specimens obtained from adjacent normal tissues 
were collected for the control groups. Immunofluorescence 
staining was used to examine the expression of GRP78 in the 
different tissues. The total RNA and protein were extracted 
from crushed tissues and used in the reverse transcription 
polymerase chain reaction and western blot analysis. GRP78 
was primarily located in the intracavity of the endoplasmic 
reticulum. The expression level of GRP78 in the tumor 
tissue was higher than that in the normal tissue surrounding 
the tumor  (P<0.01). In addition, the level was higher in 
the metastatic tumors compared with the non‑metastatic 
tumors (P<0.05), and in the non‑chemotherapy‑treated patients 
compared with the chemotherapy‑treated patients (P<0.01). 
The expression level of GRP78 mRNA in the tumor tissue 
was higher than that in the normal tissue (P<0.01). Further-
more, the level was higher in the metastasis group than in the 
non‑metastasis group (P<0.05), and in the non‑chemotherapy 
group than in the chemotherapy group (P<0.01). The expres-
sion level of GRP78 protein was higher in the tumor tissue 

compared with the normal tissue (P<0.01), in the metastasis 
group compared with the non‑metastasis group  (P<0.05), 
and in the non‑chemotherapy group compared with the 
chemotherapy group (P<0.01). In conclusion, the present study 
detected the expression of GRP78 in patients with osteosar-
coma and revealed a higher expression level in the tumor 
tissues compared with the normal tissues around the tumor, in 
the metastasis group compared with the non‑metastasis group 
and in the non‑chemotherapy‑treated group compared with the 
chemotherapy‑treated group.

Introduction

Osteosarcoma is a primary malignant tumor of the skeleton, 
which frequently occurs in adolescents (1). Due to the infil-
trating growth of osteosarcomas, therapeutic approaches have 
failed to establish a radical cure. However, treatments have 
improved in the last 30 years with the development of aggres-
sive and efficient combination chemotherapy regimens (1). 
Although the use of neoadjuvant chemotherapies is effective in 
prolonging patient survival, they are often associated with the 
acquisition of drug resistance and the occurrence of adverse 
reactions, including myelosuppression, hepatotoxicity, toxicity 
of the kidneys, heart and nervous system, and gastrointestinal 
reactions (2,3). Therefore, a requirement exists for a novel 
biomarker that could be used to determine the characteristics 
and prognosis of osteosarcoma, and that could be applied as a 
therapeutic target for the gene therapy of osteosarcoma .

Glucose‑regulated protein 78 (GRP78), also known as 
immunoglobulin heavy chain binding protein, is primarily 
located in the endoplasmic reticulum (ER). The functions of 
the protein include the facilitation of protein folding, assembly 
and transport, calcium homeostasis, and the regulation of ER 
stress signaling (4‑6). It has been suggested that the overex-
pression of GRP78 during periods of cellular stress may be an 
important defense mechanism, which has a protective effect on 
cells to ensure cell survival in a variety of adverse conditions. 
Several previous studies indicated that GRP78 was induced at 
high levels in malignant tumors, and had an important role in 
the anti‑apoptotic processes of tumor cells. By contrast, GRP78 
remained at basal levels in normal tissues (5,7). Gazit et al (8) 
demonstrated that the level of GRP78 protein was 1.5‑3 times 
higher in human breast cancer cell lines compared with normal 
epithelial cells. Fernandez et al (9) also confirmed that GRP78 
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expression in breast cancer specimens was significantly higher 
than that in adjacent tissues.

In addition, an overexpression of GRP78 has been detected 
in several cancers, including brain, breast, lung, prostate, 
colorectal and gastric cancer, and in hepatocellular carcinoma 
(HCC) and ureter tumors (10‑17). These studies also revealed 
that GRP78 had an important role in the process of metastasis, 
and that the knockdown of GRP78 inhibited the invasiveness 
of cancer cells in vitro, and inhibited the growth and metas-
tasis of a malignant tumor allograft model (18,19). Li et al (20) 
demonstrated that the knockdown of GRP78 downregulated 
the expression and activity of matrix metalloproteinase‑2 and 
TIMP metallopeptidase inhibitor‑2 in HCC cells. In another 
study, anti‑GRP78 autoantibodies were suggested to be poten-
tial diagnostic markers for HCC (11). In view of its importance 
for the survival of cancer cells, GRP78 could be used as an 
anticancer drug target. Certain anticancer compounds, such as 
plant‑derived genistein, (‑)‑Epigallocatechin gallate, honokiol 
and salicylic acid could be used to inhibit the expression or 
activity of GRP78 (21‑23). 

GRP78 overexpression is usually associated with high‑grade 
malignant tumors, recurrence and bad prognoses, which 
have been reported in several malignant tumors. However, 
the present study did not review the experimental literature 
concerning patients with osteosarcoma. In addition, numerous 
studies have demonstrated that GRP78 represents a concordant 
mechanism of drug resistance in malignant tumors, and could 
therefore be applied as a predictor for guiding the treatment 
for patients (11,20-23). The present study aimed to investigate 
the expression of GRP78 in patients with osteosarcoma, and to 
analyze the expressional differences in tumor tissue and normal 
tissue, chemotherapy‑ and non‑chemotherapy‑treated patients, 
and metastatic and non‑metastatic tumors. According to these 
results, the association between the expression of GRP78 and 
tumor growth, metastasis and chemotherapeutics could be 
determined. Furthermore, it was hoped that the results of the 
present study could identify a novel biomarker that could be 
used to determine the characteristics and prognosis of osteo-
sarcoma, and that could be applied as a therapeutic target for 
osteosarcoma gene therapies.

Materials and methods

Specimen selection. Between 2007 and 2012, 60 patients were 
diagnosed with osteosarcoma at the Affiliated Hospital of 
Shandong University of Traditional Chinese Medicine (Jinan, 
China) were selected for the present study. Of these patients, 
20 presented with non‑metastatic tumors and 40 with meta-
static tumors, and 20 had been treated without chemotherapy 
and 40 with chemotherapy. In addition, 60 specimens from 
adjacent normal tissues were collected to form the control 
group. In total, 38 of the cases were male, and 22 were female. 
The mean age was 16.6 years (range, 6‑53 years). All patients 
had been previously diagnosed with osteosarcoma, exclusive 
of any other malignant tumor on the locomotor system, using 
the results from medical imaging, which consisted of radiog-
raphy, CT and MRI, followed by an open biopsy. All patients 
had complete follow‑up data.

The osteotomy plane was confirmed for all patients at 
30 mm distal from the primary tumor using T1‑weighted 

MRI (24). Primary tumor specimens were obtained for the 
experimental group to detect every indicatrix. Normal tissue 
around the primary tumors was also collected for the control 
group. In addition, the experimental group was divided into 
a pre‑and post‑chemotherapy group, and a metastasis and 
non‑metastasis group. The protocol of the present study was 
prepared according to the Declaration of Helsinki, and was 
approved by the Ethics Committee of the Affiliated Hospital 
of Shandong University of Traditional Chinese Medicine 
(Jinan, Shandong, China). Written informed consent was 
obtained from all patients.

Reagents. The rabbit anti‑human monoclonal GRP78 
antibody was purchased from Cell Signaling Technology, 
Inc. (Danvers, MA, USA). The fluorescein isothiocyanate 
(FITC)‑labeled goat anti‑rabbit immunoglobulin G [IgG; 
heavy and light (H+L) chain] was obtained from EarthOx 
Life Sciences. (Millbrae, CA, USA). The total RNA extrac-
tion kit was purchased from Invitrogen Life Technologies 
(Carlsbad, CA, USA). The reverse transcription polymerase 
chain reaction (RT‑PCR) kit was obtained from Thermo 
Fisher Scientific (Pittsburgh, PA, USA) and the Bradford 
protein assay kit was purchased from Bio‑Rad Laboratories, 
Inc. (Hercules, CA, USA). The sequences of the GRP78 gene 
primer were as follows: Upstream primer, 5'‑CGT​CCTAT-
GTCGCTT CACT‑3'; and downstream primer, 5'‑TGT​CTT​
TGT​TTG​CCC​ACC​TC‑3'.

Immunofluorescence staining. The tissue samples, measuring 
~1.5x1.5x0.2 cm, were embedded in paraffin following fixa-
tion in 4% paraformaldehyde for 72 h, according to standard 
laboratory procedures. The paraffin blocks which had been  
stained with hematoxylin and eosin in order to establish a 
diagnosis, were used in the subsequent immunofluores-
ence analysis. First, the paraffin blocks were cut into 7‑µm 
sections and open‑air dried at room temperature. Next, the 
tissue sections were fixed in acetone at 4˚C for 15 min, and 
washed with phosphate‑buffered saline (PBS). The sections 
were then incubated in 3% hydrogen peroxide for 5‑10 min 
in order to quench the endogenous peroxidase activity, and 
then washed again with PBS. Next, the sections were blocked 
with 50 µl 5% normal goat serum (diluted with PBS) and 
incubated for 20‑30 min in a moist chamber. The sections 
were first incubated with the primary anti‑GRP78 antibody 
(dilution, 1:50) in a moist chamber at 4˚C for 36 h, prior 
to washing three times with PBS. Next, the sections were 
incubated with a goat anti‑rabbit IgG/FITC antibody (dilu-
tion, 1:200) in a moist chamber at 37˚C for 30 min, prior 
to washing three times with PBS. The sections were then 
blocked with glycerol following incubation with DAPI (dilu-
tion, 1:200) for 5 min at room temperature.

Sections of normal tissue were similarly prepared, using 
each assay as a positive control. Subsequent to performing all 
steps, except for the addition of the primary antibody, each 
case had a negative control specimen.

The sections were analyzed using a Leica DM4000B 
microscope (Leica Microsystems GmbH, Wetzlar, Germany), 
and images were captured using the Image Pro Plus image 
analysis system 7.0 (Media Cybernetics, Inc., Rockville, MD, 
USA) in order to detect the expression level. Histiocytes in 
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which the cytoplasm was stained green were considered to be 
GRP78‑positive cells.

RT‑PCR. The total RNA was extracted using a total RNA 
extraction kit, according to the manufacturer's instructions. 
Overall, 3 µg total RNA was subjected to RT‑PCR using 
M‑MuLV reverse transcriptase (Thermo Fisher Scientific) and 
oligo(dT)18 primers. PCR was performed in the presence of 
25 mM Mg2+, using equal amounts of cDNA, 1 unit of Taq 
polymerase (Promega Corporation, Madison, WI, USA) 
and 20 mM of the following primers: Forward, 5'‑CGT​CCT​
ATG​TCG​CCT​TCA​CT‑3'; and reverse, 5'‑TGT​CTT​TGT​TTG​
CCC​ACC​TC‑3'. The cycling parameters (30 cycles) were as 
follows: Denaturation at 94˚C for 1 min, annealing at 58˚C for 
1 min and extension at 72˚C for 1 min. All experiments were 
performed in triplicate. Next, 3 µl PCR product with 0.5 µl 5X 
loading buffer was transferred to a 2% agarose gel electropho-
resis system with conditions of 120 V and 100 mA for 30 min. 
The electropherogram was transferred to the electrophoresis 
image analysis system to measure the expression intensity of 
GRP78 mRNA. The formula of the relative level of GRP78 
mRNA expression was as follows: Relative level of GRP78 
mRNA = value of GRP78 mRNA in samples / value of β‑actin 
in samples.

Western blot analysis. In total, ~100 mg of frozen tissue 
samples were homogenized in 400 µl ice‑cold RIPA buffer 
[containing phenylmethylsulfonyl fluoride]. Following 30 min 
of schizolysis on ice, the samples were spun at 12,000 x g for 
5 min at 4˚C and the supernatants were collected. Next, two 
additional centrifugations at 2,500 x g were performed in 
order to produce clarified lysates. The protein concentrations 
of the resulting lysates were determined using the Bradford 
Protein Assay kit. Sample volumes equivalent to 30 µg of 
protein were aliquotted, normalized to equivalent volumes 
of RIPA buffer, and then lyophilized in vacuo at a low heat. 
The samples were then rehydrated with 10 ml of deionized 
water followed by an equivalent volume of electrophoresis 
sample buffer (1.0 ml glycerol, 0.5 ml β‑mercaptoethanol, 
3.0 ml 10% SDS, 1.25 ml 1.0M Tris‑HCl pH 6.7 and 1‑2 mg 
bromophenol blue). Next, the samples were denatured at 
90˚C for 5 min, loaded onto an 8% SDS‑polyacrylamide gel 
containing a 4% stacking gel and electrophoresed at 100 V 
for 1.5 h in Tris‑glycine running buffer (25 mM Tris‑base, 

250 mM glycine and 0.1% SDS). In addition to the pairs of 
tumor and normal tissue samples, each gel was also loaded 
with a molecular weight standard. The proteins were elec-
troblotted onto a nitrocellulose membrane (Gelman Sciences, 
Ann Arbor, MI, USA) at 60 V for 3 h. Next, the membrane 
was blocked for 1 h with 1% bovine serum albumin (BSA) in 
Tris‑buffered saline with Tween‑20 [TBST; 10 mM Tris‑HCl 
(pH 8.0), 150 mM NaCl and 0.05% Tween‑20] with gentle 
shaking at room temperature, and then incubated overnight 
at 4˚C without agitation in 1% BSA/TBST containing a 
GRP78 monoclonal antibody (dilution, 1:1,000), and an 
actin monoclonal antibody (dilution, 1:500). Following two 
rinses with TBST, the membrane was washed in TBST with 
gentle shaking for 1 h, with buffer changes every 10 min. The 
membrane was then incubated in 1% BSA/TBST containing 
an FITC goat anti‑rabbit IgG secondary antibody (1:5,000 
dilution) for 1 h with gentle shaking. Following two rinses 
with TBST, the membrane was washed in TBST with gentle 
shaking for 1 h, with buffer changes every 5 min.

GRP78 and β‑actin protein expression was simultane-
ously detected using an enhanced chemiluminescence 
detection system (DuPont NEN, Boston, CA, USA). The 
signals were visualized by autoradiography and quantified 
with densitometry. GRP78 protein expression was normal-
ized to β‑actin for the loading control. The expression level 
of GRP78 protein was indicated by the optical density value.

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation. Statistical analysis was performed using a 
one‑way analysis of variance and Tamhane's T2 test to deter-
mine significant differences among the groups. P<0.05 was 
used to indicate a statistically significant difference.

Results

Immunofluorescence staining. GRP78 was mainly located in 
the ER. Histiocytes in which the cytoplasm was stained green 
were considered to be GRP78‑positive cells. The expression 
level of GRP78 in the tumor tissue was significantly higher 
than that in the normal tissue surrounding the tumor (P<0.01). 
Furthermore, the expression level of GRP78 was correlated 
to metastasis and chemotherapy status (Figs. 1‑5). As shown 
in Table  I, there was a significant difference between the 
non‑chemotherapy and chemotherapy groups  (P<0.01). 

Table I. Immunofluorescence staining results of GRP78 in normal and tumor tissues (n=60).

	 Tumor tissue
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Chemotherapy	 Non‑chemotherapy
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ -‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Normal tissue	 Non‑metastasis	 Metastasis	 Non‑metastasis	 Metastasis

n	 60	 10	 30	 10	 10
Fluorescence intensity	 0.57±0.13	 1.51±0.22a	 1.89±0.35a,b	 2.15±0.44a,c	 2.91±0.57a,b,c

 

GRP78, glucose‑regulated protein  78. Values are expressed as the mean  ±  standard deviation and were analyzed by one‑way analysis of 
variance and Tamhane's T2 test to determine significant differences among group means. aP<0.01 vs. normal tissue, bP<0.05 vs. non‑metastasis 
and cP<0.01 vs. chemotherapy.
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In addition, the expression level of GRP78 in the metas-
tasis group was higher than that in the non‑metastasis 
group (P<0.05).

RT‑PCR. GRP78 mRNA was identified in all specimens. As 
shown in Table II, the expression level of GRP78 mRNA was 
0.24±0.02 in normal tissue, which was significantly lower than 
that in the tumor tissue (P<0.01). Furthermore, the expression 
level of GRP78 mRNA in the tumor tissues was correlated to 
metastasis and chemotherapy status (Fig. 6). The expression 
level of GRP78 mRNA in the metastasis group was higher 
than in the non‑metastasis group (P<0.05). The expression 
level was also higher in the non‑chemotherapy group than in 
the chemotherapy group (P<0.05). 

Western blot analysis. GRP78 protein was expressed in all 
specimens. The expression level of GRP78 protein in the 
tumor tissue was significantly higher than in the normal 
tissue surrounding the tumor (P<0.01), which was consistent 
with the results of the immunofluorescence staining (Fig. 7). 
Furthermore, the expression level of GRP78 protein in the 
tumor tissues was correlated with metastasis and chemo-
therapy status. The expression level of GRP78 protein in 
the metastasis group was higher than in the non‑metastasis 

Figure 1. Expression of glucose‑regulated protein 78 in normal tissue (mag-
nification, x400).

Figure 2. Expression of glucose‑regulated protein 78 in metastatic tumor 
tissue not treated with chemotherapy (magnification, x400).

Figure 3. Expression of glucose‑regulated protein 78 in non-metastatic tumor 
tissue that was treated with chemotherapy (magnification, x400).

Figure 5. Expression of glucose‑regulated protein 78 in non-metastatic tumor 
tissue that was not metastatic (magnification, x400).

Figure 4. Expression of glucose‑regulated protein 78 in metastatic tumor 
tissue that was metastatic (magnification, x400).
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group (P<0.05). The expression level was also higher in the 
non‑chemotherapy group than in the chemotherapy group 
(P<0.01; Table III).

Discussion

GRP78 belongs to the Hsp70 family of proteins and was 
identified as a glucose‑deficiency protein alongside GRP94 
and GRP58 in the late 1970s. The protein is recognized as 

a major molecular chaperone and signal‑regulated factor in 
the ER stress signaling pathway (4,5). The results of previous 
studies have suggested that the overexpression of GRP78 in 
periods of cellular stress may be an important defense mech-
anism, which has a protective effect on cells and ensures cell 
survival in the presence of a variety of adverse factors (6). 
GRP78 is primarily located at the ER, which is consistent 
with the results of the immunofluorescence staining analysis 
in the present study. In the present study, histiocytes in 

Table III. Expression level of GRP78 protein in normal tissue and tumor tissue (n=60).
 
	 Tumor tissue
	‑‑ --‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Chemotherapy	 Non‑chemotherapy
	‑ --‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑ ---‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Normal tissue	 Non‑metastasis	 Metastasis	 Non‑metastasis	 Metastasis
 
n	 60	 10	 30	 10	 10
OD value	 210.53±4.74	 271.63±4.97a	 315.29±6.46a,b	 366.78±5.82a,c	 454.31±7.35a,b,c

 

GRP78, glucose‑regulated protein  78. Values are expressed as the mean  ±  standard deviation and were analyzed by one‑way analysis of 
variance and Tamhane's T2 test to determine significant differences among group means. aP<0.01 vs. normal tissue, bP<0.05 vs. non‑metastasis 
and cP<0.01 vs. chemotherapy.
 

Table II. Immunofluorescence staining results of GRP78 in normal tissue and tumor tissue (n=60).
 
	 Tumor tissue
	‑‑‑‑‑ -----‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Chemotherapy	 Non‑chemotherapy
	‑‑‑‑‑‑‑‑‑‑‑‑‑ ---‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑ ---‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Normal tissue	 Non‑metastasis	 Metastasis	 Non‑metastasis	 Metastasis
 
n	 60	 10	 30	 10	 10
Relative expression	 0.24±0.02	 0.70±0.05a	 1.21±0.04a,b	 1.54±0.06a,c	 1.87±0.05a,b,c

 

GRP78, glucose‑regulated protein  78. Values are expressed as the mean  ±  standard deviation and were analyzed by one‑way analysis of 
variance and Tamhane's T2 test to determine significant differences among group means. aP<0.01 vs. normal tissue, bP<0.05 vs. non‑metastasis 
and cP<0.01 vs. chemotherapy.
 

Figure 6. Expression of GRP78 mRNA in normal and tumor tissues. Lane 1, marker DL20006; lane 2, prestained protein molecular weight marker; lane 3, 
β‑actin in metastatic tumor tissue treated with chemotherapy; lane 4, GRP78 in metastatic tumor tissue treated with chemotherapy; lane 5, β‑actin in non‑met-
astatic tumor tissue treated with chemotherapy; lane 6, GRP78 in non‑metastatic tumor tissue treated with chemotherapy; lane 7, β‑actin in metastatic tumor 
tissue treated without chemotherapy; lane 8, GRP78 in metastatic tumor tissue treated without chemotherapy; lane 9, β‑actin in non‑metastatic tumor tissue 
treated without chemotherapy; lane 10, GRP78 in non‑metastatic tumor tissue treated without chemotherapy; lane 11, β‑actin in normal tissue; lane 12, GRP78 
in normal tissue. GRP78, glucose‑regulated protein 78.
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which the cytoplasm was stained green were considered to be 
GRP78‑positive cells.

A previous study revealed that GRP78 decreased the cyto-
toxic T cell‑mediated destruction of tumor cells, promoted 
tumor formation and resistance to chemotherapy, and 
prevented apoptosis (25). Furthermore, several studies have 
indicated that GRP78 is induced at high levels in malignant 
tumors, despite GRP78 remaining at low levels in the main 
organs. Gazit  et al  (8) demonstrated that the protein level 
of GRP78 was 1.5‑3 times higher in a human breast cancer 
cell line compared with normal epithelial cells. In addition, 
Fernandez et al (9) confirmed that GRP78 expression in breast 
cancer specimens was significantly higher than in adjacent 
tissues. A study by Koomägi et al (18) indicated that GRP78 
was overexpressed in human non‑small cell lung cancer. 
Furthermore, a number of previous studies demonstrated that 
GRP78 was induced and expressed at a high level in brain, 
prostate, colorectal and gastric cancers, and in HCCs and 
ureter tumors  (10‑12,14,15,17). Using immunohistological 
staining, RT‑PCR and western blotting, the present study 
revealed that the expression level of GRP78 in human osteo-
sarcoma tissues was higher than that in the normal tissues 
surrounding the tumors. To the best of our knowledge, this is 
the first study to demonstrate the overexpression of GRP78 in 
human osteosarcoma.

In recent years, studies have attempted to investigate 
the association between GRP78 expression and tumor stage 
and patient survival. In a retrospective cohort study, it was 
revealed that high GRP78 expression in visceral adipocytes 
from endometrial cancer patients was positively correlated 
with advanced‑stage disease, deep myometrial invasion and 
decreased disease‑free survival time (26). Park et al (17) also 
demonstrated that the overexpression of GRP78 in patients 
with ureter tumors was associated with a high tumor (T) stage 
and nuclear grade, a high bladder cancer recurrence rate and a 
low survival rate.

Another previous study, which analyzed 137  renal cell 
carcinoma specimens, established that there was a signifi-
cant association between GRP78 positivity and a higher 
tumor grade, an advanced T stage, lymphovascular invasion, 
regional nodal involvement and distant metastases (27). In 
the present study, despite the association between GRP78 and 

osteosarcoma grade, a correlation with the T stage was not 
detected. However, it was identified that the expression level 
of GRP78 in the metastasis group was higher than that in the 
non‑metastasis group. However, certain studies contradict the 
findings of the present study. For example, Hardy et al (28) 
demonstrated that GRP78 negativity was correlated with a 
high colon cancer cell proliferation rate and the presence of 
liver metastasis in nude mice. By contrast, GRP78‑positive 
cells exhibited reduced proliferation, tumor growth and liver 
metastasis. Therefore, whether or not the expression level of 
GRP78 and its role in tumor cells is associated with the origin 
of the tumor cells requires further investigation.

Due to its protective effect upon tumor cells, GRP78 
could be used as a target of chemotherapy. The suppression 
of GRP78 could increase the apoptosis of tumor cells, slow 
down tumor growth and improve patient survival. Further-
more, recent studies verified that targeting GRP78 promoted 
apoptosis and overcame resistance to drug‑induced cell death 
in several cancer cells (29‑31). Kuo et al (32) demonstrated 
that silencing GRP78 not only inhibited the formation of colon 
cancer tumors, but also decreased the expression of vascular 
endothelial growth factor (VEGF) and VEGF receptor  2. 
Furthermore, certain studies have used overexpressed GRP78 
as a target protein for guiding drugs to gastric cancer tumor 
cells, which may lead to the precise targeting of tumor cells 
and less side‑effects (33). The present study established that 
the expression level of GRP78 in the non‑chemotherapy group 
was higher than that in the chemotherapy group. This result 
demonstrated that chemotherapeutics are able to decrease 
the expression level of GRP78 in human osteosarcoma cells. 
However, whether or not GRP78 is the primary molecular 
target involved in this process should be investigated further.

Using immunohistological staining, RT‑PCR and western 
blot analysis, the present study revealed that the expression level 
of GRP78 in human osteosarcoma tissues was higher than that 
in the normal tissues surrounding the tumor. The expression 
level was also higher in the metastasis group compared with 
the non‑metastasis group, and in the non‑chemotherapy group 
compared with the chemotherapy group. The results indicated 
that there was a direct association between GRP78 expression 
and tumor growth, metastasis and chemotherapy. The results of 
the present study not only verified the expression of GRP78 in 

Figure 7. Expression of GRP78 protein in normal and tumor tissues. Lane 1, GRP78 protein in normal tissue; lane 2, GRP78 protein in metastatic tumor tissue 
treated with chemotherapy; lane 3, GRP78 protein in non‑metastatic tumor tissue treated with chemotherapy; lane 4, GRP78 protein in metastatic tumor tissue 
treated without chemotherapy; lane 5, GRP78 protein in non‑metastatic tumor tissue treated without chemotherapy. GRP78, glucose‑regulated protein 78.
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human osteosarcoma cells, but also provided experimental and 
theoretical evidence for the evaluation of therapy and prognosis. 
Therefore, it can be concluded that GRP78 should be applied 
as a molecular target in order to analyze tumor behaviors and 
therapeutic reactions. In a clinical setting, GRP78 may represent 
a novel biomarker that could be used to determine the develop-
ment and prognosis of osteosarcomas. Combination therapies 
for suppressing GRP78 expression could inhibit tumor growth, 
increase sensitivity to chemotherapy, suppress metastasis and 
improve the prognosis. Such treatments could therefore be 
applied as a novel form of gene therapy for osteosarcoma. 
However, further studies are required in order to determine 
whether the combined application of GRP78 inhibitors and 
conventional chemotherapies could enhance the efficacy of 
drugs and cure primary tumors, and whether GRP78 could be 
applied as a serological diagnostic biomarker for osteosarcoma.
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