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Abstract. Osteosarcoma is the most common primary 
malignant tumor of the skeletal system and is characterized 
by an aggressive clinical course and high metastatic poten-
tial. Regulated upon Activation Normal T cell Expressed and 
Secreted, also termed C‑C motif chemokine ligand 5 (CCL5), 
is associated with metastasis and poor prognosis in various 
types of cancer. The aim of the current study was to investigate 
the association between CCL5 expression and clinicopatho-
logical features and prognosis in patients with osteosarcoma. 
Tissue microarrays and reverse transcription‑quantitative 
polymerase chain reaction and immunohistochemistry were 
used to examine the expression of CCL5 in human osteosar-
coma tissues. The prognostic value of CCL5 expression was 
evaluated by the Kaplan‑Meier method and Cox proportional 
hazards regression model. The rate of high CCL5 expression 
was significantly higher in metastatic osteosarcomas than in 
osteosarcomas without metastases. The overall survival rates 
(P=0.001) and the metastasis‑free survival rates (P<0.001) 
of the low CCL5 expression group were significantly higher 
than the CCL5 high expression group. Multivariate Cox 
regression analysis indicated that CCL5 expression had inde-
pendent predictive value for the prognosis of patients with 
osteosarcoma. In conclusion, the data of the current study 
indicated that CCL5 may serve as a biomarker for prognosis 
of osteosarcoma, and may be a potential molecular target for 
osteosarcoma therapy.

Introduction

Osteosarcoma is the most common primary sarcoma of the 
skeletal system in adolescents and young adults (1). It is a 
major death‑causing disease in adolescence, due to its rapid 
progression and poor prognosis. The major causes of death 
are distant metastasis, particularly pulmonary metastases. 
Due to lack of effective and efficient tumor biomarkers for 
early diagnosis, despite the rapid development in therapeutic 
methods, including surgery, chemotherapy, and radiation 
therapy, there has been minimal change for patients with 
metastatic disease and their long‑term survival rate  
remains at 25‑30%  (2), the prognosis remains poor 
and the majority of patients die at the advanced stages. 
Although many immunohistochemical markers and genetic  
proteins have been studied, there is an urgent need to develop 
new targets for the diagnosis, treatment and prognosis of 
osteosarcoma.

Regulated upon Activation Normal T cell Expressed and 
Secreted also termed C‑C motif chemokine ligand 5 (CCL5), 
was initially described for its role in inflammatory diseases; 
mediating chemotactic activity in T cells, natural killer cells, 
monocytes, dendritic cells, eosinophils and basophils (3‑8). 
CCL5 is associated with chronic inflammatory disease and 
cancer  (9). The association between CCL5 expression and 
cancer has been reported in lung and prostate cancer (10,11). 
CCL5 is a marker of poor outcomes in patients with  
breast, cervical, prostate, gastric or pancreatic cancer (11‑15). 
Certain studies have indicated that CCL5 is associated  
with cell migration and invasion in several cancer cell 
lines (9,16).

However, the expression of CCL5 in human osteosar-
coma, and its clinicopathological and prognostic significance 
has not been established. In the present study, reverse tran-
scription‑quantitative polymerase chain reaction (RT‑qPCR) 
and immunohistochemistry (IHC) were used to examine the 
expression of CCL5 in human osteosarcoma tissues. The 
correlations between CCL5 expression and patient clini-
copathologic and prognostic significance were assessed to 
determine whether the expression of CCL5 could be used 
as a metastasis or prognostic biomarker for patients with 
osteosarcoma.
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Materials and methods

Patients and tissue specimens. The study was approved by the 
ethics committee of Renmin Hospital of Wuhan University 
(Wuhan, China). Written informed consent was obtained from 
all patients prior to enrollment in the present study. From 
January 2012 to January 2014, 28 fresh osteosarcoma tissue 
samples were obtained from 15 patients with primary osteo-
sarcoma with no metastases and 13 patients with metastases in 
Renmin Hospital of Wuhan University. No patients had received 
anticancer treatment prior to surgery. Paraffin‑embedded path-
ological specimens taken from 90 patients with osteosarcoma 
between January 2003 to January 2015 were obtained from 
the Department of Orthopedics, Renmin Hospital of Wuhan 
University. Clinicopathological characteristics for these 
patients, including gender, age, histological subtype, Enneking 
staging and metastasis are described in Table I. No patient had 
received radiotherapy or chemotherapy before surgery.

RT‑qPCR. Total RNA was extracted using TRIzol (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) following 
the standard protocol and purified with the RNeasy Plus Mini 
kit (Qiagen Gmbh, Hilden, Germany). SuperScript III kit 
(Invitrogen; Thermo Fisher Scientific, Inc.) was used to reverse 
transcribe cDNA. qPCR was performed using SYBR Green 
Reaction Mix (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) and the StepOnePlus thermocycler (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The CCL5 primer sequences 
used are as follows: Forward, 5'‑TGC​CCA​CAT​CAA​GGA​GTA​
TTT‑3'; and reverse, 5'‑GAT​GTA​CTC​CCG​AAC​CCA​TTT‑3'. 
The transcript level of 18S rRNA was used as endogenous 
reference gene, with the primer sequences as follows: Forward, 
5'‑GTA​ACC​CGT​TGA​ACC​CCATT‑3'; and reverse, 5'‑CCA​
TCC​AAT​CGG​TAG​TAGCG‑3'. Gene expression was analyzed 
by the comparative Cq method (17).

Tissue microarray (TMA). Tumor tissue samples from the 
90 patients with osteosarcoma were collected, fixed in formalin, 
and embedded in paraffin. Hematoxylin and eosin‑stained 
sections were used to define representative tumor regions without 
spontaneous necrosis. The formalin‑fixed, paraffin‑embedded 
two targeted core samples of each specimen were obtained from 
these representative regions using a tissue array instrument 
(MiniCore; ALPHELYS, Plaisir, France). Tissue cylinders with 
a diameter of 1.5 mm were punched and arrayed on a recipient 
paraffin block. Sections (5 µm) of the tissue array (recipient) 
block were cut and placed on glass slides.

IHC. The tissue sections were deparaffinized in xylene and 
rehydrated in a series of graded alcohols. Hydrogen peroxide 
(3%) was used to block endogenous peroxidase activity for 
10 min. Slides were boiled in EDTA buffer (pH 8.0) in a pres-
sure cooker for 15 min for antigen retrieval, and then blocked 
with 10% normal goat serum for 30 min at room temperature. 
Subsequently, the sections were immunostained with CCL5 
primary antibody (1:100 dilution; cat no.  ab9679; Abcam, 
Cambridge, MA, USA) and incubated at 4˚C overnight. After 
rinsing with PBS three times for 5 min each, the sections were 
incubated in goat anti‑rabbit horseradish peroxidase‑conju-
gated secondary antibody (1:2,000 dilution; cat no. ab205718; 

Abcam) for 30 min at room temperature and stained with 
diaminobenzidine.

The staining results were determined using a semi‑quan-
titative method by assessing the intensity of staining and the 
percentage of CCL5‑positive cells. Staining intensity was 
categorized as follows: Negative, 0; weak, 1, moderate, 2; and 
strong, 3. The percentage of staining was scored as follows: 
0, 0% positive cells; 1, 1‑25% positive cells; 2, 26‑50% posi-
tive cells; 3, 51‑75% positive cells; or 4, >75% positive cells; 
according to the percentages of positively stained areas in rela-
tion to the whole carcinoma area (or entire section for normal 
samples). The sum of the staining intensity and extent scores 
was used as the final staining scores (0‑7). Tumors with a final 
staining score of >3 were considered to be CCL5‑positive. 
Cells were evaluated using an Olympus CKX41 inverted 
microscope under x200 magnification (Olympus Corporation, 
Tokyo, Japan). Expression for CCL5 was scored by two inde-
pendent pathologists blinded to the clinicopathological data.

Statistical analysis. SPSS version 13.0 (SPSS, Inc., Chicago, 
IL, USA) was used for the analyses. The difference in CCL5 
mRNA expression levels between metastatic osteosarcoma 
group and non‑metastatic osteosarcoma group was analyzed 
using Student's t‑test. The correlation of CCL5 expression and 
clinicopathological was evaluated by χ2 test. Univariate and 
multivariate analyses were performed with the Cox propor-
tional hazard regression model to determine associations 
between clinicopathological variables and cancer‑associated 
mortality. Kaplan‑Meier method and log‑rank test were used 
for survival analysis. P<0.05 was considered to indicate a 
statistically significant difference.

Results

RT‑qPCR analysis of CCL5 expression in osteosarcoma. 
RT‑qPCR analysis revealed that the gene expression level of 
CCL5 was significantly increased in metastatic osteosarcoma 
group compared with the non‑metastatic osteosarcoma group, 
indicating that CCL5 is highly active in osteosarcomas with 
metastases (P<0.05; Fig. 1).

Association between CCL5 expression and poor prognosis 
in patients with osteosarcoma. Immunohistochemistry was 
used to evaluate CCL5 expression in all 90 samples within 
the osteosarcoma TMA. Expression of CCL5 was predomi-
nantly localized to the cytoplasm and the membrane of cancer 
cells (Fig. 2). The high CCL5 expression rate in metastatic 
osteosarcomas (80%; 24/30) was significantly higher than the 
high CCL5 expression rate in non‑metastatic osteosarcomas 
(26.7%; 16/60; P<0.001). The high CCL5 expression rate in 
patients with Enneking staging I, II (58.8%; 30/51) was signifi-
cantly higher than the high CCL5 expression rate in Enneking 
staging III (25.6%; 10/39; P<0.05). There were no significant 
associations between the expression of CCL5 and gender, age 
or histological subtype (Table I).

Univariate analysis was performed to evaluate associations 
between patient prognosis and several clinicopathological 
factors including CCL5 expression, gender, age, histological 
subtype (conventional: Osteoblastic, chondroblastic, fibro-
blastic osteosarcomas), Enneking staging and metastasis. The 
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results indicated that CCL5 expression, Enneking staging and 
metastasis were significantly associated with poorer prognosis 
(Table II).

Subsequently, multivariate analysis was performed to 
further understand the association between the clinico-
pathological factors and prognosis, indicated that CCL5 
expression (P=0.001) was found to be statistically significant 
independent of Enneking staging and metastasisfor patients 

Figure 1. CCL5 expression in metastatic osteosarcoma group and non‑meta-
static osteosarcoma group. CCL5 mRNA levels were determined by reverse 
transcription‑quantitative polymerase chain reaction. *P<0.05, as indicated. 
CCL5, C‑C motif chemokine ligand 5.

Table I. Association of CCL5 expression with patient clinicopathological features in osteosarcoma.

	 Total	 CCL5 low	 CCL5 high
Feature	 (n=90)	 expression (n=50) (%)	 expression (n=40) (%)	 P‑value

Gender						     0.064
  Male	 51	 24 (47.1)	 27 (52.9)
  Female	 39	 26 (66.7)	 13 (33.3)
Age						     0.13
  <20 years	 46	 22 (47.8)	 24 (52.2)
  ≥20 years	 44	 28 (63.6)	 16 (36.4)
Histological subtype						     0.116
  Special	 51	 32 (62.7)	 19 (37.3)
  Conventional	 39	 18 (46.2)	 21 (53.8)
Enneking staging						     0.002
  I,II	 39	 29 (74.4)	 10 (25.6)
  III	 51	 21 (41.2)	 30 (58.8)
Metastasis						     <0.001
  No	 60	 44 (73.3)	 16 (26.7)
  Yes	 30	 6 (20)	 24 (80)

CCL5, C‑C motif chemokine ligand 5.

Figure 2. Representative immunohistochemical staining samples for nega-
tive, weak, moderate, strong CCL5 expression in osteosarcoma tissues. 
Upper panels: x40 magnification of tissue sections at staining intensity 
levels of (A) 0, (B) 1, (C) 2, and (D) 3. Lower panels, x200 magnification at 
staining intensity levels of (E) 0, (F) 1, (G) 2, and (H) 3. The boxed area in 
the upper x40 panels are shown at x200 in the lower panels. CCL5, C‑C motif 
chemokine ligand 5.
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with osteosarcoma (Table  II). The outcome indicated that 
CCL5 is a potential biomarker for evaluation of the prognoses 
of patients with osteosarcoma.

The overall survival (P=0.001) and the metastasis‑free 
survival (P<0.001) rates of the CCL5 low expression group 
were significantly higher than the CCL5 high expression 
group, as demonstrated by Kaplan‑Meier analyses and the 
log‑rank test (Fig. 3).

Discussion

Osteosarcoma is the most common primary malignant tumor of 
the skeletal system and is characterized by aggressive clinical 
development and the high capacity for metastatic potential, a 
major cause of mortality (18). Improvements in chemotherapy 
and surgical advances have increased the 5‑year overall 
survival rate of patients with localized disease to between 
60 and 70%; however, the prognosis remains generally poor, 
particularly for patients with metastasis, with the survival rate 
ranging from 11‑20%. The patients with metastasis have <20% 
chance of long‑term survival despite the use of advanced 
chemotherapeutic drugs (2). The clinical improvement appears 
to have reached a bottleneck. Therefore, it is urgent to find 
suitable metastasis and prognosis‑associated biomarkers to 
evaluate the prognoses of patients with osteosarcoma.

CCL5 is a chemokine, and the primary role has been defined 
as a chemoattractant for immune cells. CCL5 was previously 
observed to have a significant effect on migration of numerous 
tumor types, and an important role in oncogenic processes (19). 
In prostate cancer, CCL5 may be part of an autocrine loop to 
produce multiple signals that affect cancer cell invasion and 
proliferation (11). In breast cancer, high CCL5 expression has 
been demonstrated to be demonstrated to have a role in poor 
prognosis (12). In lung cancer, a study suggested that CCL5 
acts via phosphoinositide 3‑kinase (PI3K)/Akt serine/threonine 
kinase, resulting in the activation of αvβ3 integrin and facilitating 

the migration of human lung cancer cells (20). Other research 
has indicated that CCL5 is released by osteosarcoma cells and 
promotes tumor cells proliferation, invasion and migration (21). 

Table II. Cox proportional hazards model analysis of prognostic factors in patients with osteosarcoma.

Feature	 HR	 95% CI	 Unfavorable/favorable	 P‑value

Univariate analysis
  CCL5	 2.894	 1.504‑5.571	 High/low	 0.001
  Gender	 1.027	 0.546‑1.931	 Male/female	 0.934
  Age,	 0.756	 0.402‑1.423	 ≥20/<20 years	 0.386
  Histological subtype	 0.826	 0.436‑1.565	 Conventional/special	 0.558
  Enneking staging	 2.245	 1.130‑4.461	 III/I,II	 0.021
  Metastasis	 2.46	 1.287‑4.701	 Yes/no	 0.006
Multivariate analysis
  CCL5	 3.18	 1.650‑6.672	 High/low	 0.001
  Gender	 1.589	 0.808‑3.127	 Male/female	 0.18
  Age	 0.764	 0.404‑1.444	 ≥20/<20 years	 0.40
  Histologic subtype	 0.810	 0.404‑1.625	 Conventional/special	 0.55
  Enneking staging	 1.611	 0.742‑3.498	 III/I,II	 0.228
  Metastasis	 1.421	 0.615‑3.285	 Yes/no	 0.411

HR, hazard ratio; CI, confidence interval; CCL5, C‑C motif chemokine ligand 5.

Figure 3. (A) Kaplan‑Meier analysis of overall survival with high or low 
CCL5 expression (P=0.001, log‑rank test). (B)  Kaplan‑Meier analysis 
of metastasis‑free survival with high or low CCL5 expression (P<0.001, 
log‑rank test). CCL5, C‑C motif chemokine ligand 5.
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Wang et al (22) reported that there is a positive association 
between the expression of CCL5 and vascular endothelial 
growth factor (VEGF) in human osteosarcoma tissues, and the 
high level of CCL5 expression is correlated strongly with VEGF 
expression and tumor stage. The result of the previous study 
suggested that CCL5 may have important role in promoting 
VEGF‑mediated tumor angiogenesis and metastatic progression 
of human osteosarcoma. Additionally, Wang et al (23) reported 
that PI3K and Akt are involved in CCL5‑induced cell migration 
in osteosarcoma cells and that CCL5 can enhance cell migration 
in human osteosarcoma cell lines; the mechanisms involved an 
increase the expression of αvβ3 integrin and activation of CCR5 
receptor via MEK, extracellular signal‑regulated kinase and 
nuclear factor‑κB pathways. Matrix metalloproteinases (MMPs) 
are correlated with metastasis; Stormes et al (24) indicated that 
inhibition of tumor‑derived CCL5 correlates with inhibition of 
metastasis and protease gene expression. The results indicated 
that CCL5 promotes MMP production in tumor cells, and 
tumor‑derived CCL5 contributes to the metastatic potential. 
Therefore, the metastasis of tumor can be considered to be a 
final outcome of the cross linking of multiple factors.

The present study used RT‑qPCR to examine the expression 
levels of CCL5 mRNA in metastatic osteosarcoma tissue and 
non‑metastatic osteosarcoma samples. The results indicated 
that CCL5 mRNA expression was increased in the metastatic 
osteosarcoma tissue when compared with non‑metastatic osteo-
sarcoma tissue. A TMA of osteosarcoma tissues was used to 
investigate the correlation of CCL5 protein expression and clini-
copathological features by IHC. The IHC results demonstrated 
that the expression of CCL5 in non‑metastatic osteosarcoma 
tissue was either absent or at low levels; however, metastatic 
osteosarcoma tissues frequently exhibited high expression 
of CCL5. The overall survival rates and the metastasis‑free 
survival rates in the CCL5 high expression group were signifi-
cantly lower than the CCL5 low expression group. The current 
data demonstrates that high expression of CCL5 was associated 
with metastatic potential of osteosarcoma and is an indepen-
dent predictor of poor prognosis. These results suggest that 
CCL5 may have an important role in the malignant behavior of 
osteosarcoma; however, the specific functional and molecular 
mechanisms require further investigation. CCL5 may be useful 
as a biomarker for osteosarcoma prognosis, and maybe a poten-
tial molecular target for osteosarcoma therapy.
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