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Abstract. Osteosarcoma is the most common primary malig-
nant bone tumor in children and adolescents. Recent studies 
have shown that extracellular matrix metalloproteinase 
inducer (EMMPRIN/CD147) promotes adhesion, invasion 
and metastasis of malignant tumor cells. The aim of this 
study was to investigate the impact of EMMPRIN/CD147 
expression on prognosis and its correlation with clinicopatho-
logical characteristics in patients with osteosarcoma. The 
expression of EMMPRIN/CD147 in 55 surgical specimens 
from patients with osteosarcoma at stage IIA or above, 
15 non-tumor rib bone tissues, three human osteosarcoma cell 
lines (Saos-2, U-2OS and MG-63), the human osteoblast cell 
line HOB and the malignant melanoma cell line A375 were 
examined by immunohistochemistry, western blot analysis 
and ELISA, respectively. The potential association of the 
levels of EMMPRIN/CD147 expression in osteosarcoma 
specimens with the overall survival of patients was statisti-
cally analyzed. We found that the EMMPRIN/CD147 was 
expressed in 45 out of 55 osteosarcomas, with immunore-
activity primarily within the membrane and cytoplasm of 
tumor cells, but not in the non-tumor bone tissues. We also 
observed that EMMPRIN/CD147 was expressed in Saos-2, 
U-2OS, MG-63 and A375, but not in HOB cells. The levels of 
EMMPRIN/CD147 expression correlated positively with the 
pathological degree of osteosarcoma and negatively with the 
survival period of patients with osteosarcoma. The expression 
of EMMPRIN/CD147 is a potential factor in the development 

and prognosis of osteosarcoma and may be a novel therapeutic 
target of human osteosarcoma.

Introduction

Osteosarcoma arises from mesenchymal tissues and is the 
most common primary malignant bone tumor in children and 
adolescents (1,2). Since osteosarcoma is highly aggressive and 
commonly metastasizes to the lung, patients with metastatic 
or recurrent osteosarcoma usually have an extremely poor 
prognosis (2-5). Although the diagnosis and treatment of 
osteosarcoma have been improved significantly during the 
past 30 years (3,6), approximately 30-40% of patients experi-
ence osteosarcoma relapse, mostly within the first three years 
after diagnosis. Common factors, such as demographics (age 
and gender), tumor size, site and stage have been used for 
the prognosis of advanced osteosarcoma, but the results are 
difficult to reproduce due to the usage of various techniques 
and units for measurement. Furthermore, tumor-related 
metastasis and chemotherapeutic response are significant 
prognostic factors, but they usually occur at the late stage 
of osteosarcoma (1-4). Therefore, there is an urgent need for 
the discovery of new reliable and efficient biomarkers for the 
prognosis of osteosarcoma.

Extracellular matrix metalloproteinase inducer 
(EMMPRIN, also known as CD147, EMMPRIN/CD147) is a 
highly glycosylated transmembrane protein and is abundantly 
expressed on the membrane surface of various tumor cells, 
including non-small cell lung cancer (NSCLC) (7), macro-
phage‑like lymphoid neoplasm P388D1 cells (8), thyroid 
carcinoma (9), primary cutaneous malignant melanoma (10), 
intrahepatic cholangiocarcinoma (11), colorectal/gastric 
cancer (12), renal cell carcinoma (13), prostate cancer (14), 
cervical cancer (15), epithelial ovarian cancer (16) and breast 
carcinoma (17). EMMPRIN/CD147 promotes survival, inva-
sion and metastasis of tumor cells through multiple pathways 
and mechanisms, including the functional loss of p53, a 
tumor suppressor (18), upregulated expression of vascular 
endothelial growth factor (VEGF) (13,19-21), disruption of 
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transforming growth factor-β1 (TGF-β1), a growth-modu-
lating factor (22), and regulation of the urokinase‑type 
plasminogen activation (uPA) system of serine proteases (23). 
Therefore, EMMPRIN/CD147 has been suggested potentially 
as a prognostic biomarker for certain types of tumors and as 
a therapeutic target (24). However, the prognostic value of 
EMMPRIN/CD147 in human osteosarcoma remains to be 
elucidated.

The aim of present study was to examine whether 
EMMPRIN/CD147 could be expressed in osteosarcoma 
tissues and to analyze the potential association of the levels 
of EMMPRIN/CD147 expression with clinicopathological 
characteristics and survival outcome in Chinese patients with 
osteosarcoma.

Materials and methods 

Cell lines and cultures. Human osteosarcoma cell lines 
(Saos-2, U-2OS and MG-63), human malignant melanoma 
cell line A375 and human osteoblast cell line Hob were 
obtained from the American Type Culture Collection 
(ATCC; Manassas, VA, USA) and cultured in Iscove's modi-
fied Dulbecco's medium (IMDM; Invitrogen, Carlsbad, CA, 
USA), supplemented with 20 U/ml penicillin, 100 µg/ml 
streptomycin (Sigma, Beijing, China), and 10% heat-inacti-
vated fetal bovine serum (FBS; Biowhittaker, Walkersville, 
MD, USA) at 37˚C in a humidified incubator supplied with 
5% CO2 (25).

Western blot analysis. Western blot analysis was performed 
as described previously (26). Briefly, individual osteosarcoma 
cell lines grown to confluency were harvested and lysed in 
buffer containing 50 mmol/l Tris‑HCl (pH 8.0), 150 mmol/l 
NaCl, 100 µg/ml phenylmethan-sulfonylfluoride and 1% 
Triton X-100 for 30 min on ice, followed by centrifuga-
tion. After quantification of protein concentrations, equal 
amounts (50 µg/lane) of cell lysates were separated by 
12% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) and transferred to a nitrocellulose 
membrane. Subsequently, the membrane was blocked with 
5% non‑fat dry milk in TBST [10 mmol/l Tris‑HCl (pH 7.5), 
150 mmol/l NaCl and 0.05% Tween-20] at room temperature 
for 1 h. The proteins were probed with rabbit anti-human 
EMMPRIN/CD147 antibodies (1:1,000; Boster, Wuhan, 
China) or control anti-glyceraldehyde-3-phosphate dehydro-
genase antibodies (anti-GAPDH, Sigma) at 4˚C overnight. The 
bound antibodies were detected with horseradish peroxidase 
(HRP)-conjugated goat anti-rabbit antibodies (1:10,000; 
Boster) and visualized using the SuperSignal West Femto trial 
kit (Pierce Biotechnology, Rockford, IL, USA) (27), according 
to the manufacturer's instructions.

ELISA. Human osteosarcoma cell lines (Saos-2, U-2OS and 
MG-63), human malignant melanoma cell line A375 and 
human osteoblast cell line Hob were harvested and after being 
centrifuged, cell pellets were weighed and re-suspended in 
an equal volume of lysis buffer. Following centrifugation, the 
concentrations of EMMPRIN/CD147 in the supernatants were 
determined by ELISA using the EMMPRIN/CD147 ELISA 
kit, according to the manufacturer's instructions (Biosensis, 

Thebarton, Australia), as reported in a previous study (28). 
The concentrations of cellular EMMPRIN/CD147 were 
determined according to the standard curve and expressed as 
µg/mg wet cells.

Research subjects. Written informed consent was obtained 
from individual participants and the experimental protocol 
was approved by the Institution Research Board of The First 
Affiliated Hospital of China Medical University (Liaoning, 
China). A total of 55 patients with osteosarcoma were collected 
from the in-patient service at the Department of Orthopaedics 
(The First Affiliated Hospital of China Medical University) 
between 1997 and 2003 for this retrospective study. These 
patients had been diagnosed with osteosarcoma at stage IIA 
or above, according to the clinicopathological classification of 
diagnostic standards (29,30). The patients were intravenously 
administered neoadjuvant chemotherapy of one cycle of 
8 g/m2 methotrexate for one day, and 120 mg/m2 doxorubicin 
and 75 mg/m2 cisplatin daily for three consecutive days for 
two cycles consecutively. Subsequently, these patients were 
subjected to surgical resection of the tumor, and their surgical 
margins were classified, according to the Enneking scoring 
system, as highly malignant intracompartmental osteogenic 
sarcomas (IIA), extracompartmental lesions (IIB) or osteo-
genic sarcomas with manifestation of metastases (III) (29,30). 
Following surgery, specimens were collected from individual 
patients and evaluated for their diagnosis and adequacy of the 
surgical margins. Surgical resection of a tumor with radical or 
wide margins was considered as adequate, whereas those with 
marginal or intralesional margins were classified as inadequate. 
The patients received postoperative chemotherapy with two 
cycles of methotrexate, doxorubicin and cisplatin, as described 
above, while 35 patients with a poor histological response to 
preoperative chemotherapy, based on the percentage of tumor 
cell necrosis in the surgical specimens (31), were treated with 
the medicines described above and two cycles of 15 g/m2 ifos-
famide daily for five consecutive days. Patients were followed 
up and clinical data were updated for more than 5 years. Tumor 
recurrence at any site or mortality were defined as an adverse 
event. The clinicopathological features of the osteosarcoma 
patients are shown in Table I. 

Immunohistochemistry. The cellular expression of 
EMMPRIN/CD147 in surgical tumor tissues from patients 
was detected by immunohistochemistry analysis, as described 
previously (32,33) using the Streptavidin-Avidin-Biotin-
Peroxidase Complex (SABC). The specimen tissue sections at 
4 µm were treated with 3% H2O2 for 10 min at room tempera-
ture. The sections were blocked with 5% bovine serum albumin 
(Zhongshan, Beijing, China) in PBS solution for 20 min and 
probed with rabbit anti-human EMMPRIN/CD147 antibodies 
(1:300; Boster) at 4˚C for 12 h. After washing, the bound 
antibodies were detected with biotinylated goat anti-rabbit 
IgG (1:100) and SABC complex at 30˚C for 20 min. The 
immunoreactivity was visualized by 3,3-diaminobenzidine 
tetrachloride (DAB) and counterstained with hematoxylin, then 
examined under a light microscope (CX41; Olympus, Tokyo, 
Japan) at x400 magnification. In addition, the formalin‑fixed, 
paraffin‑embedded tumor sections at 4 µm were stained with 
hematoxylin and eosin (H&E) for histological diagnosis. 
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The negative controls for immunohistochemistry included 
using PBS control (without the primary EMMPRIN/CD147 
antibody), and 15 non-tumor rib bone tissue samples from 
patients who had undergone surgery. As a positive control 
for CD147 expression, immunostaining was performed 
on a sample of prostate cancer tissue with known strong 
expression of CD147, which had been used in a previous 
study (34). The quality of staining was evaluated using 
consecutive control sections. The cells stained positively 
by anti-EMMPRIN/CD147 were assessed, as previously 
reported (35,36). Briefly, the number of positively stained 
cells and total number of cells in a given area were evaluated 
by two pathologists in a blinded manner. If the amount of 
positively stained cells was ≤5% the tissue was considered 
as negative (‑); 6‑25%, weak (+); 26‑50%, moderate (++); and 

≥51%, strong (+++). A total of at least 400 cells from five 
areas of individual tissue samples were evaluated.

Survival analysis. The overall survival of individual patients 
was defined from the day of surgery up to the last follow‑up 
examination or death of the patient. Data from patients who 
had survived at the end of observation period were censored at 
their last follow-up visit. Individuals who succumbed to other 
diseases unrelated to osteosarcoma or survived at the end of 
the observation period were considered a censoring event. 
Event-free survival was calculated from the date of initial 
diagnosis. Overall survival and event-free survival curves 
were plotted for each group of patients, according to the levels 
of EMMPRIN/CD147 expression in the surgical specimen 
tissues.

Table I. Correlation between EMMPRIN/CD147 expression and clinicopathological characteristics.

 EMMPRIN/CD147
 -------------------------------------------------------------------------------------
Parameter n (%) Negative/weak Moderate/strong P‑value

Total 55 (100) 25 30
Gender    0.162
  Male 32 (58) 12 20
  Female 23 (42) 13 10
Age (years)    0.495
  ≤18 37 (65) 18 19
  >18 18 (35) 7 11
Anatomical location    0.539
  Tibia/femur 35 (67) 17 18
  Elsewhere 20 (33) 8 12
Tumor size (cm3)    0.637
  ≤50 37 (31) 16 21
  >50 18 (69) 9 9
Histological subtype    0.451
  Osteoblastic 25 (45) 9 16
  Chondroblastic 20 (24) 10 10
  Fibroblastic 9 (29) 5 4
  Not specified 1 (2) 1 0
Pathological classification    0.003a

  IIA 18 (33) 14 4
  IIB 20 (36) 7 13
  III 17 (31) 4 13
Treatment    0.580
  Limb salvage 33 (64) 14 19
  Amputation 22 (36) 11 11
Percentage of dead cells    0.001
  <90% 35 (67) 10 25
  ≥90% 20 (33) 15 5
Surgical margins    0.707
  Adequate 53 (96) 24 19
  Inadequate 2 (4) 1 1

aP<0.05.
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Statistical analysis. Data shown are the real case number and 
percentage for each group. All of the patients were stratified 
according to individual parameters, and the difference in the 
frequency of cases between groups was calculated by the 
χ2 test or Fisher's exact test. The difference in overall and 
event-free survival of each group of patients was analyzed by 
the log‑rank test and the mean survival time between groups 
was calculated by Student's t-test, followed by analysis of the 
95% confidence interval (CI). The Cox proportional hazards 
model was used for multivariate analysis. A value of P<0.05 
was considered to indicate a statistically significant difference.

Results

EMMPRIN/CD147 is expressed by human osteosarcoma cell 
lines. The human osteosarcoma cells lines, Saos-2, U-2OS and 
MG-63, and human malignant melanoma cell line, A375, as well 
as human non-tumor osteoblast cell line, Hob, were cultured 
in vitro and harvested. After lysis, the cell lysates were sepa-
rated by SDS-PAGE and the expression of EMMPRIN/CD147 
was characterized by western blot assays (Fig. 1). There 
was no detectable EMMPRIN/CD147 expression in human 
non-tumor osteoblast cell line, Hob (data not shown). However, 
high levels of EMMPRIN/CD147 expression were observed 
in all of the three osteosarcoma cell lines tested and human 
malignant melanoma cell line, A375, and the relative levels of 
EMMPRIN/CD147 to the control GAPDH were undistinguish-
able among these cell lines. Furthermore, the ELISA analysis 
also indicated that EMMPRIN/CD17 was expressed in the 
osteosarcoma cells and malignant melanoma cell line A375 
(Fig. 2). These data demonstrated that the EMMPRIN/CD147 
was highly expressed in human osteosarcoma cells.

EMMPRIN/CD147 is expressed in human osteosarcoma tumor 
tissues. Next, we examined whether EMMPRIN/CD147 was 
expressed in spontaneously developed human osteosarcoma 
tissues. Specimens from 55 patients with osteosarcoma were 
collected and were defined as osteoblastic (25/55; Fig. 3A), 
chondroblastic (20/55; Fig. 3B), fibroblastic (9/55; Fig. 3C), 
and non‑specific osteosarcoma (1/55), based on histological 
examinations. The demographic and clinicopathogenic char-
acteristics are presented in Table I. Pathological classification 
identified those patients with osteosarcoma at stage IIA or 
above. These osteosarcomas were characterized by the pres-
ence of osteoid (bone formation) within the tumor tissues. 
The tumor cells were very polymorphic (anaplastic), similar 
to giant cells with numerous atypical mitoses or multinucle-
ated osteoclast‑like giant cells (Fig. 3A‑C), similar to those 
observed in previous reports (29,30).

Immunohistochemical analyses revealed that 45 of 
the 55 osteosarcoma tissue samples were positive for 
anti-EMMPRIN/CD147 staining (Fig. 4A-C), but negative in 
10 out of 55 osteosarcoma tissue samples and negative controls 
(Fig. 4D and E) as well as non-tumor rib bone tissue samples 
(Fig. 4F). The relative levels of EMMPRIN/CD147 expression 
in the osteosarcoma tissues were classified as negative/weak 
(25/55) or moderate/high (30/55), respectively (Table I). 
Furthermore, immunoreactivity against EMMPRIN/CD147 
was observed predominantly in the membrane and cytoplasm 
of osteosarcoma tumor cells, but not in the nucleus of tumor 

cells or in surrounding stromal cells (Fig. 4A-C). In addition, 
the intensity of anti-EMMPRIN/CD147 staining was notably 
higher in osteosarcoma cells than in the bone giant cell 
tumors and non‑cancerous adjacent tissues. Notably, stratifi-
cation of each measure indicated that the EMMPRIN/CD147 
immunostaining intensity was closely associated with the 
pathological degree. Indeed, 13 out of 17 or 20 patients 
with osteosarcoma at stage III or IIB had strong staining of 
anti-EMMPRIN/CD147, while only four out of 18 patients 
with osteosarcoma at stage IIA were strongly positive for 
anti-EMMPRIN/CD147 (P<0.05; Table I). However, the 
intensity of anti-EMMPRIN/CD147 staining was not associ-
ated with other parameters. Therefore, EMMPRIN/CD147 
was expressed in the majority of human osteosarcoma tissues 
and the relative levels of EMMPRIN/CD147 expression were 
associated positively with the pathogenic degree in human 
osteosarcoma.

High levels of EMMPRIN/CD147 expression are associ-
ated negatively with the survival period of osteosarcoma 
patients. We followed up all patients for a mean period of 
32 months (8‑72 months) and found that 42 patients (42/55) 
succumbed to the osteosarcoma without other evident 
diseases during the follow-up period. The mean survival 
time for the patients with osteosarcoma at stage IIB/III 

Figure 1. Western blot analysis of EMMPRIN/CD147 expression in osteo-
sarcoma cell lines. A375, Saos-2, MG-63 and U-2OS cells were harvested 
and lyzed. Subsequently, the relative levels of EMMPRIN/CD147 expression 
in individual cell lines were characterized by western blot analysis using 
the anti-EMMPRIN/CD147 and anti-GAPDH antibodies, respectively. Data 
shown are representative images of individual cell lines from three separate 
experiments. 

Figure 2. EMMPRIN/CD147 levels expressed by individual cell lines. Saos-2, 
U-2OS, MG-63, A375 and Hob cells were cultured and harvested when they 
reached confluency. The concentrations of cellular EMMPRIN/CD147 in 
individual cells were determined by ELISA using the EMMPRIN/CD147 
ELISA kit. Data are expressed as means ± SD of the EMMPRIN/CD147 
concentrations per mg wet cells of individual cell lines from three separate 
experiments.
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was 33 months, which was significantly shorter than that of 
patients with tumors at stage IIA (P<0.05). A multivariate 
analysis (Cox regression model) revealed that the tumor 
pathological degree (IIA vs. IIB/III) (P=0.001; 95% CI, 
5.004‑85.535) and EMMPRIN/CD147 expression (P=0.002; 
95% CI, 1.810‑13.238), but not gender, age, tumor location, 
treatment or histological subtype, were significantly associ-
ated with the overall survival (Fig. 5A; Table I). Notably, 
patients with osteosarcoma that had moderate/strong 
EMMPRIN/CD147 expression displayed significantly shorter 
periods of overall survival, compared with those with nega-
tive/weak EMMPRIN/CD147-expressing tumors (Fig. 5A; 
Table I; P<0.05). A similar pattern of event-free survival was 
observed in these two groups of patients (Fig. 5B). Therefore, 
the expression of EMMPRIN/CD147 is likely to be a negative 
prognostic factor for the survival of patients with osteosar-
coma.

Discussion

Osteosarcoma is the most common primary malignant bone 
tumor in children and adolescents, and has an extremely 
poor prognosis in patients due to fast metastasis and tumor 
recurrence (2‑6), although significant improvements in the 
prognosis of localized osteosarcoma have been noted over 
the past 30 years (3,6). We found that 42 out of 55 patients 
succumbed to osteosarcoma during the 5-year follow-up, 
supporting the notion that osteosarcoma has an extremely poor 
prognosis in patients. The value of currently used prognostic 
factors, including chemotherapy response, tumor volume, 
older age, gender and p-glycoprotein expression remains in 
debate. Our data demonstrated that EMMPRIN/CD147 was 
expressed in human osteosarcoma cell lines and osteosarcoma 
tissues. The relative levels of EMMPRIN/CD147 expression 
in human osteosarcoma tissues were positively correlated 

Figure 3. Histological characterization of osteosarcoma. Individual osteosarcoma specimens were characterized hisologically by hematoxylin and eosin 
staining. Data shown are representative images from each group of samples. (A) Osteoblastic, (B) Chondroblastic, (C) Fibroblastic.

Figure 4. Immunohistochemical analysis of EMMPRIN/CD147 expression in osteosarcoma tissues. Individual osteosarcoma tissue sections were subjected 
to immunohistochemistry analysis using anti‑EMMPRIN/CD147 and DAB. The intensity of anti‑EMMPRIN/CD147 staining was semi‑quantitatively 
analyzed. Data shown are representative images from each group of samples. (A‑C) The intensity of EMMPRIN/CD147 expression at (A) + , (B) ++ and 
(C) +++ in osteosarcoma. (D) Negative‑staining osteosarcoma. (E) Negative controls using PBS to replace the anti‑EMMPRIN/CD147 primary antibody.  
(F) Non-tumor rib bone. 

  A   B   C

  D   E   F

  A   B   C
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with the pathological degree, but negatively correlated with 
the survival period. Therefore, our findings suggest that the 
levels of EMMPRIN/CD147 expression may be used as one 
prognostic factor for estimating the survival of osteosarcoma 
patients in clinics.

EMMPRIN/CD147 is a highly glycosylated transmembrane 
protein belonging to the immunoglobulin superfamily 34 and 
is widely presented and/or overexpressed on the membrane 
surface of various malignant tumor cells (7,8,10‑17). Due to its 
close association with pathological classification and overall 
survival analysis, EMMPRIN/CD147 has been potentially 
suggested as a prognostic factor in certain types of malig-
nant tumors (7,8,10,12‑15,17,21‑24). In the present study, our 
results indicated that EMMPRIN/CD147 was expressed not 
only in all three human osteosarcoma cell lines, but also in 
the cell membrance and cytoplasm of osteosarcoma tissues 
from the majority of patients pathologically diagnosed with 
osteosarcoma at grade IIA or above. These results indicated 
that EMMPRIN/CD147 may be one of the prognostic factors 
for human osteosarcoma. In addition, our data indicated that 
the levels of EMMPRIN/CD147 expression were significantly 
associated with the pathological degree of osteosarcoma, but 
not with age, tumor size, location, gender, treatment or histo-
logical subtype. These findings are consistent with a recent 
study (33) and further support the notion that the pathological 

stage and EMMPRIN/CD147 expression may be ideal prog-
nostic factors for human osteosarcoma. 

Our f indings indicate that the expression of 
EMMPRIN/CD147 was closely associated with the pathological 
degree of osteosarcoma, suggesting that EMMPRIN/CD147 
may be significant in the development and progression of osteo-
sarcoma. Previous studies have shown that EMMPRIN/CD147, 
through multiple pathways and mechanisms, stimulates 
adjacent fibroblasts to produce matrix metalloproteinases, 
and thus promotes survival, invasion and metastasis of tumor 
cells (13,18‑23,36). Indeed, EMMPRIN/CD147 expression is 
correlated significantly with the stage of clinicopathology in 
thyroid carcinoma (9), adenocarcinomas (7), esophageal squa-
mous cell carcinomas (37) and prostate cancer (14). Furthermore, 
treatment with anti-EMMPRIN/CD147 antibody delays the 
formation of tumors in animal models (38). In addition, treat-
ment with EMMPRIN/CD147-specific RNA interference 
inhibits the tumorigenicity and metastasis of human lymphoid 
neoplasms, oral squamous carcinoma, prostate carcinoma and 
bladder carcinoma cells, increasing their sensitivity to chemo-
therapeutic drugs (8,39,40). These findings have indicated that 
RMMPRIN/CD147 may be an important molecule in tumor 
progression and an attractive target for antitumor treatment. 
Hence, EMMPRIN/CD147 may be one therapeutic candidate 
target for the treatment of osteosarcoma in clinics.

In conclusion, our data indicated that high levels of 
EMMPRIN/CD147 were expressed in human osteosarcoma 
cells and tissues. The levels of EMMPRIN/CD147 expression 
were positively correlated with the clinicopathological degree 
of osteosarcoma and negatively correlated with the survival 
of osteosarcoma patients. Therefore, EMMPRIN/CD147 
expression may be used as a potential prognostic marker and 
therapeutic target for the intervention of human osteosarcoma. 
We recognize the limitation of the small sample size used in 
the present study and advise that further studies of the dynamic 
expression of EMMPRIN/CD147 with a bigger population of 
osteosarcoma patients are warranted.
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