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Receptor for advanced glycation end-products 
(RAGE) is overexpressed in human osteosarcoma 
and promotes the proliferation of osteosarcoma 
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ABSTRACT. Osteosarcoma (OS) is an aggressive cancer of the long 
bones, and usually affects children and young adults. The receptor 
for advanced glycation end-products (RAGE) has recently been 
recognized as an oncogenic receptor that binds to different ligands, and 
promotes the progression of various cancers. However, little is known 
about the association between RAGE and the pathogenesis of OS. In 
this study, we first examined the expression of RAGE in OS tissues 
using immunohistochemical staining, western blotting, and reverse 
transcription quantitative polymerase chain reaction. We then determined 
the influence of the overexpressed RAGE on the proliferation of U-2OS 
cells in vitro. The results showed that RAGE was overexpressed in OS 
tissues compared with peritumor tissues, at both the mRNA and protein 
levels, and there was a significant association between overexpressed 
RAGE and clinicopathological characteristics, such as clinical stage and 
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distant metastasis. Moreover, the overexpression of RAGE in U-2OS 
cells significantly promoted their proliferation in vitro. In conclusion, 
this study indicated that RAGE is overexpressed in OS tissue and 
promotes the proliferation of U-2OS cells. These data imply that RAGE 
promotes the growth of OS, and is a potential diagnostic biomarker and 
therapeutic target for the disorder.
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INTRODUCTION

Osteosarcoma (OS) is an aggressive cancer originating in the long bones. It usually 
affects children and young adults, and metastasizes to the lungs (Ta et al., 2009; Gill et al., 
2013). The approximate incidence is 2-3 cases per million per year, and this figure is much 
higher in young adults and adolescents (Lee, 2015). Depending on the advanced surgical and 
synthetic therapeutic strategies used, the survival rate of OS patients can increase significantly 
to 60-70% (Zhu et al., 2013). In recent years, research has focused on the molecular mechanisms 
underlying OS in an attempt to find molecular solutions for OS therapy and prognosis. Growth 
factors, such as transforming growth factor (TGF), connective tissue growth factor (CTGF), 
and insulin-like growth factor (IGF), are associated with the pathogenesis of OS. These factors 
could accelerate the proliferation of OS cells and induce oncogenesis. There are also other 
important aspects of OS pathogenesis such as tumor angiogenesis, transcription factors, and 
cell adhesion and migration (Broadhead et al., 2011).

Receptor for advanced glycation end-products (RAGE) is an oncogenic receptor 
that can bind to different ligands (Lee and Park, 2013). The interaction between RAGE and 
ligands plays an important role in various cellular processes, such as proliferation, apoptosis, 
autophagy, migration, and inflammation (Lin, 2006; Sims et al., 2010). RAGE is overexpressed 
in numerous types of cancers, such as gastric (Wang et al., 2015), oral (Su et al., 2015), 
pancreatic (Kang et al., 2014), colorectal (Dahlmann et al., 2014), and prostate (Zhao et al., 
2014) cancers; inactivation of RAGE could inhibit the proliferation and invasion of cancer 
cells. Therefore, RAGE is a potential diagnostic biomarker and therapeutic target for OS. 
The regulation of RAGE is important in both disease pathogenesis and cellular homeostasis 
(Hudson et al., 2008). However, the expression of RAGE in OS tissues is not well understood, 
and little is known about the association between RAGE and the pathogenesis of OS.

In this study, we examined the expression of RAGE in OS and peritumor tissues by 
using immunohistochemical staining, and evaluated the expression level of RAGE relative to 
β-actin in those tissues. We then determined whether the overexpression of RAGE promotes 
the proliferation of U-2OS cells in vitro. The results of this study imply that RAGE is 
overexpressed in human OS and promotes the proliferation of OS U-2OS cells in vitro.

MATERIAL AND METHODS

OS tissues, cell culture, and transfection

In this study, OS tissue and peritumor tissue (1 cm away from the OS tissue) was 
collected by surgical resection from 65 OS patients, who were registered in the Department 
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of Orthopedics, China-Japan Union Hospital of Jilin University, between January 2013 and 
December 2014. OS patients were only selected if it was the first time they had received a 
diagnosis of OS or if they had not received any treatment prior to commencement of the study. 
All tissue samples were frozen at -80°C immediately following surgical resection before use. 
The detailed characteristics of the patients are given in Table 1. Each patient was informed 
before the surgical operation, and signed a consent form for the use of the excised cancer tissue 
in medical or scientific research.

Table 1. Association between receptor for advanced glycation end-products (RAGE) overexpression and 
clinicopathological characteristics of the osteosarcoma patients.

Characteristic Patients (N) RAGE expression P value 
Positive (%) Negative (%) 

Gender     
Male 35 24 (52.17) 11 (57.89) 0.6739 
Female 30 22 (47.83) 8 (42.11)  
Age (years)     
20 43 29 (63.04) 14 (73.68) 0.4096 
>20 22 17 (36.96) 5 (26.32)  
Size (cm)     
5.0 32 21 (45.65) 11 (57.89) 0.3692 
>5.0 33 25 (54.35) 8 (42.11)  
Clinical stage     
I+II 34 20 (43.48) 14 (73.68) 0.0266 
III 31 26 (56.52) 5 (26.32)  
Distant metastasis     
Yes 21 19 (41.30) 2 (10.53) 0.0158 
No 44 27 (58.70) 17 (89.47)  

 

The U-2OS cells were purchased from the American Type Culture Collection (ATCC) 
(Rockville, MD, USA). They were cultured in Roswell Park Memorial Institute 1640 (RPMI-
1640) medium (Ameresco, Framingham, MA, USA) with 10% fetal bovine serum (FBS) 
(Invitrogen), 100 U/mL penicillin, and 100 mg/mL streptomycin, and incubated at 37°C in 5% 
CO2. To overexpress RAGE in the U-2OS cells, the RAGE coding sequence was obtained by 
polymerase chain reaction (PCR) using Phusion polymerase (New England BioLabs, Ipswich, 
MA, USA), and was cloned into the pcDNA3.1(+) plasmid (Invitrogen). The sequence of the 
recombinant RAGE-pcDNA3.1(+) plasmid was confirmed by sequencing. U-2OS cells with 
more than 85% confluence on a 24-well plate were transfected with the recombinant RAGE-
pcDNA3.1(+) plasmid using Lipofectamine® 2000 Transfection Reagent (Invitrogen).

Immunohistochemical staining of RAGE

Immunohistochemical staining was performed for the detection of RAGE at the 
protein level in the OS tissues. First, the OS and peritumor (control) tissues were fixed in 
formalin, embedded in paraffin wax (3 mm), kept at 56°C for 1 h, and placed in xylene for 20 
min to remove the paraffin. Second, the tissues were subjected to an ethanol gradient (100, 
95, 90, 80, and 70%; 2 min for each stage) at 25°C, and were then treated with a solution of 
peroxidase-blocking reagent to inactivate the endogenous peroxidase activity. Third, the slides 
were washed three times with phosphate-buffered saline (PBS) for 10 min, permeabilized 
with0.1% TritonX-100 in PBS for 20 min to break the cytomembrane, and blocked in 1% 
bovine serum albumin in PBS for another 30 min at 37°C. For the specific binding of RAGE 
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to antibody, slides were incubated overnight at 4°C with the primary RAGE antibody (mouse 
monoclonal antibody, Abcam, Cambridge, UK, 1:1000), and then washed three times with 
PBS. Then slides were incubated with peroxidase anti-mouse IgG for 30 min at 37°C, and 
finally visualized using 3,3’-diaminobenzidine tetrahydrochloride substrate (Sigma-Aldrich, 
St. Louis, MO, USA).

Analysis of RAGE using quantitative reverse transcription polymerase chain 
reaction (RT-qPCR)

We used RT-qPCR to investigate the expression of RAGE at the mRNA level. 
The mRNA samples were isolated from the OS tissues or from U-2OS cells lysed with 
Trizol reagent (Life Technologies, Grand Island, NY, USA) according to the manufacturer 
instructions. They were then dissolved in RNase-free water and stored at -70°C before use. 
The RT-qPCR procedure was performed using a SYBR green One-Step RT-PCR kit (TaKaRa, 
Tokyo, Japan) for each sample according to the manufacturer instructions. After the reaction, 
the RAGE mRNA level was calculated and was presented as the level of RAGE relative to 
β-actin (as control) using the ∆∆Ct method.

Western blotting analysis

After harvesting, the U2-OS cells were homogenized in an ice-cold cell lysis buffer 
(Bio-Rad, Hercules, CA, USA). The cellular lysates were centrifuged at 12,000 g for 30 min 
at 4°C, and the supernatant was collected. Protein samples were separated by electrophoresis 
using a 10% sodium dodecyl sulfate polyacrylamide gel, and were transferred to a nitrocellulose 
membrane (Millipore, Bedford, MA, USA). After blocking with 5% skimmed milk powder 
overnight at 4°C, the membrane was incubated with the RAGE antibody (mouse monoclonal 
antibody, Abcam, Cambridge, United Kingdom, 1:500) overnight at 4°C, and then incubated 
with horseradish peroxidase (HRP)-linked secondary anti-rabbit antibody (New England 
BioLabs, Ipswich, United Kingdom) for 1 h at room temperature. The specific binding band 
was scanned and quantified according to the band density using the Image J software.

Statistical analysis

Statistical analysis was performed using GraphPad Prism software (GraphPad 
Software, La Jolla, CA, USA). The differences between the RAGE mRNA levels in the OS 
tissues and the peritumor tissues were analyzed by the Student’s t-test and one way analysis of 
variance (ANOVA). Results were considered statistically significant for P ≤ 0.05.

RESULTS

Association between RAGE overexpression and clinicopathological characteristics

To investigate the overexpression of RAGE in OS patients, we collected 65 OS 
patients’ tissues, and investigated the association between RAGE overexpression and 
different clinicopathological characteristics: gender, age, tumor size, clinical stage, and 
distant metastasis. The detailed data are shown in Table 1, and indicate that there were no 
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significant differences in RAGE overexpression in gender, age, or tumor size. However, a 
higher proportion of patients at stage III overexpressed RAGE than patients at stage I+II (P = 
0.0266). In addition, there was a significant difference in RAGE expression between patients 
with and without distant metastasis (P = 0.0158). Therefore, we can conclude that there are 
associations between RAGE overexpression and clinical stage and distant metastasis.

Immunohistochemical staining in human OS tissues

To investigate RAGE expression in OS patients, we used immunohistochemical 
staining in human OS tissues (N = 65) and peritumor tissues as controls (N = 65). The results 
are shown in Figure 1. The representative immunohistochemical staining of RAGE in human 
OS tissues (Figure 1B) was completely different from that in the peritumor tissues (Figure 1A). 
The arrows in Figure 1Bindicate the RAGE in OS tissues after immunohistochemical staining, 
but there is no similar staining in Figure 1A .The total results for both types of tissue are given 
in Figure 1C. Of the 65 OS tissues investigated, 46 tested positive for RAGE. However, of the 
65 peritumor tissues tested, only 29 were positive for RAGE (P = 0.0025). Thus, there was 
a significant difference between RAGE expression in OS and peritumor tissues, and RAGE 
overexpression happened more frequently in OS tissues than in peritumor tissues.

Level of RAGE overexpression in human OS tissues

To further investigate RAGE expression in OS and peritumor tissues at the mRNA and 
protein levels, we performed RT-qPCR and western blotting, respectively. As shown in Figure 
2A, the relative mRNA levels of RAGE in OS tissues were much higher than in peritumor 

Figure 1. Immunohistochemical staining in human osteosarcoma tissues. A. and B. Representative 
immunohistochemical staining for receptor for advanced glycation end-products (RAGE) in human osteosarcoma 
tissues (N = 65), with peritumor tissues (N = 65) as control (A).
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tissues (N = 27; P < 0.0001). The three representative results given in Figure 2Band Figure 2C 
show that the protein levels of RAGE in the OS tissues were significantly higher than in the 
peritumor tissues (N = 27; P < 0.001). Therefore, the mRNA and protein levels of RAGE were 
higher in OS tissues than in peritumor tissues.

Figure 2. Overexpression of receptor for advanced glycation end-products (RAGE) in human osteosarcoma tissues. 
A. Relative mRNA level of RAGE in the human osteosarcoma tissues (N = 27). B. Results of western blotting 
analysis of RAGE and the internal control (β-actin) in osteosarcoma tissues (N = 27). C. RAGE level presented as 
a percentage of the β-actin level. ***P < 0.001, ****P < 0.0001.

Overexpressed RAGE promotes the proliferation of U-2OS cells in vitro

To further investigate the effects of RAGE overexpression in the tumorigenesis of 
OS, we then overexpressed RAGE using a pcDNA3.1(+) plasmid in OS U-2OS cells, and 
examined its influence on the growth of U-2OS cells. Normal U-2OS cells and U-2OS 
cells transfected with Con-pcDNA3.1(+) were used for comparison. Figure 3A indicates 
that the RAGE mRNA level was almost the same in the normal U-2OS cells and the Con-
pcDNA3.1(+) plasmid-transfected U-2OS cells. However, the mRNA level in the RAGE-
pcDNA3.1(+) plasmid-transfected U-2OS cells was much higher than in the other two 
groups (P < 0.001). The results of western blotting also showed that the expression of RAGE 
protein was significantly higher in the RAGE-pcDNA3.1(+) plasmid-transfected U-2OS 
cells than in the normal or Con-pcDNA3.1(+) plasmid-transfected U-2OS cells, using 
β-actin as an internal control (Figure 3B; P < 0.001). Moreover, we determined the survival 
rates inRAGE-pcDNA3.1(+) plasmid- and Con-pcDNA3.1(+) plasmid-transfected U-2OS 
cells. Figure 3C demonstrates that there was a significant difference in proliferation between 
the RAGE-pcDNA3.1(+) plasmid- and Con-pcDNA3.1(+) plasmid-transfected U-2OS cells 
at 48 or 72 h post transfection (P < 0.01). Thus, we confirmed the promotion of U-2OS cell 
proliferation by RAGE overexpression.
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DISCUSSION

Upregulation of RAGE is implicated in many pathological states including cancer, 
vascular disease, and diabetes (Hudson et al., 2008), and upregulation of RAGE has been 
shown in various cancers. We investigated the relationship between RAGE expression and 
clinicopathological characteristics in OS patients, and discovered that the patients with higher 
clinical stage tended to show overexpression of RAGE. Moreover, high RAGE expression 
was more prevalent in patients with distant metastasis (Nicolls and Laubach, 2014) than in 
those without distant metastasis. Immunohistochemical staining revealed the exact location 
of RAGE in the OS tissues, and the staining results were quite different between the OS and 
peritumor tissues. This indicated that OS tissues are usually characterized by overexpression 
of RAGE.

In view of the upregulation of RAGE (Fujita et al., 2007), researchers have proposed 
its potential use as a diagnostic biomarker and therapeutic target (Lee and Park, 2013). 

Figure 3. Overexpressed receptor for advanced glycation end-products (RAGE) promotes the proliferation of 
U-O2S cells in vitro. A. and B. Relative mRNA (A) and protein (B) levels of RAGE in U-O2S cells with or without 
RAGE overexpression. The RAGE coding sequence was cloned into the pcDNA3.1(+) vector, and the recombinant 
RAGE-pcDNA3.1(+) or Con-pcDNA3.1(+) plasmid was transfected into U-2OS cells; C. Significantly higher 
proliferation of U-2OS (RAGE+) cells, the proliferation of U-2OS (Con) or U-2OS (RAGE) was assayed by a 
counting assay. Data are reported as means ± SE of three independent experiments. **P < 0.01, ***P < 0.001.
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However, until now, the expression levels of RAGE in OS tissues have not been reported, 
and the function of RAGE in OS cells is still unclear. Therefore, we examined RAGE mRNA 
levels in OS tissues and found them to be much higher than in peritumor tissues. Protein levels 
of RAGE were also upregulated in OS tissues. All the experiments demonstrated that RAGE 
was upregulated in OS tissues, suggesting that RAGE contributes to the oncogenesis of OS.

The interaction between RAGE and its ligands plays an important role in critical 
cellular processes, such as proliferation, apoptosis, and migration (Tesarova et al., 2015). In 
gastric cancer, knockdown of RAGE reduced the proliferation and invasion of cells, implying 
that RAGE promotes the proliferation and invasion of cancer cells (Xu et al., 2013; Wang 
et al., 2015). In this study, we constructed OS U-2OS cells that overexpressed RAGE by 
transfecting a recombinant plasmid into the cells, and determined the function of RAGE 
in OS cells. The growth curve of each kind of cell demonstrated a significant difference in 
proliferation efficiency between the RAGE-overexpressed and control U-2OS cells. Therefore, 
a high expression level of RAGE promotes the proliferation of U-2OS cells.

In conclusion, this study indicates that RAGE is overexpressed in OS tissues; the 
expression level of RAGE in OS tissues was much higher than in peritumor tissues. TheRAGE-
pcDNA3.1(+) plasmid-transfected U-2OS cell model revealed that RAGE promotes the 
proliferation of cells in vitro. These data imply that RAGE promotes the growth of OS, and is 
a potential diagnostic biomarker and therapeutic target for the disorder.
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