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Abstract. Osteosarcoma, a common malignancy primarily 
affecting children, generally has a poor prognosis. Novel 
diagnostic, prognostic and therapeutic markers are required 
to ameliorate the negative outcomes of this disease. We inves-
tigated two potential markers, WNT-5a and ROR2, which 
are hypothesized to dysregulate WNT signaling pathways to 
promote tumorigenesis in other types of cancer. We investigated 
WNT-5a and ROR2 expression using immunohistochemistry 
in 42 osteosarcoma and 12 osteochondroma specimens, and 
compared the expression of these proteins with one another 
as well as with clinicopathological parameters. WNT-5a was 
detected in 34/42 (81.0%) cases and ROR2 was detected in 
31/42 (73.8%) cases, significantly higher than in osteochon-
droma (16.7 and 25.0%, respectively; both P<0.05). Expression 
of these proteins was positively correlated (r=0.552, P<0.05). 
Furthermore, expression of WNT-5a and ROR2 was both 
correlated with Enneking surgical stage and tumor metastasis 
(P<0.05), but not with patient gender, age or pathological type. 
Thus, WNT-5a and ROR2 were more highly expressed in more 
severe disease states, and therefore may play a coordinated 
role in the occurrence and progression of osteosarcoma.

Introduction 

Osteosarcoma is one of the most common primary bone 
malignancies, with an incidence of 0.3/100,000 (1). The 
disease affects adolescents, most often males, during their 
rapid bone growth stage (2). Tumors typically occur at the long 
bone metaphysis, with distal femur and proximal tibia and 
humerus as the most common sites; some lesions even occur 

around the knee. Unfortunately, prognosis in osteosarcoma 
is generally poor due to high degrees of malignancy, relapse 
and metastasis; the post-amputation 3 to 5-year survival rate is 
<30% (3). Recent treatment advances combining neoadjuvant 
chemotherapy with surgery and other clinical applications have 
allowed the 5-year survival rates to reach 50-70%; however, 
mortality and disability rates remain high (4). Continued 
research into potential diagnostic, prognostic and therapeutic 
targets may help to reduce the disability and mortality associ-
ated with this disease.

One family of genes, the WNT gene cluster, has been under 
investigation for its roles in cancer biology and as potential 
markers or therapeutic targets (5). These genes belong to 
a highly conserved signaling family found in a number of 
species from invertebrates to mammals, including humans (6). 
WNT proteins play a role in normal embryonic pattern forma-
tion and cell line differentiation, as well as tumorigenesis (7).

One of the most important members of this family, WNT-5a, 
has been linked to development of a variety of malignant 
tumors (8). However, this protein appears to exert different 
biological effects in various tumor types (9). In certain cases, 
WNT-5a acts as a tumor suppressor, reducing or delaying initi-
ation, invasion and metastasis of colon cancer (10) and other 
malignancies (11). By contrast, the majority of studies suggest 
that WNT-5a acts as an oncogene, which is highly expressed 
in gastric cancer (12) and other malignant tumors (13). This 
overexpression is not only significantly related to tumor cell 
invasion and metastasis, but is also associated with poor 
prognosis and shorter survival. Furthermore, reports show 
that a receptor tyrosine kinase, ROR2, is capable of binding 
to WNT-5a to activate non-classical WNT-5a/JNK signaling 
pathways through non-tyrosine kinase activity. In turn, this 
altered signaling promotes tumor invasion and metastasis (14). 
WNT-5a has not been directly studied in osteosarcomas, but 
Morioka et al (15), in an expression profile of these tumors, 
found that ROR2 is upregulated in the majority of cases. Thus, 
WNT-5a and ROR2 represent potentially important players 
in the formation of these aggressive and deadly tumors and 
warrant further investigation.

To determine the roles of WNT-5a and ROR2 in osteosar-
coma, we used immunohistochemistry to detect expression in 
42 osteosarcoma samples and 12 chondroma (benign cartilage 
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tumor) samples. We particularly investigated the correla-
tion between WNT-5a and ROR2 expression, as well as the 
correlation between their expression and clinicopathological 
parameters of the tumors. These studies provide a theoretical 
basis for the development of, and targeted therapy for, osteo-
sarcoma.

Materials and methods

Sample collection. Osteosarcoma specimens were collected 
from 42 patients undergoing surgical resection in the Second 
Affiliated Hospital of Xuzhou Medical College. All cases 
had detailed clinical data and none received preoperative 
chemotherapy or radiotherapy. The study population included 
34 males and 8 females ranging in age from 14 to 36 years (mean 
age, 21.6±6.0). Cases were classified according to pathology as 
follows: fibroblast (10 cases), chondroblast (11 cases), osteo-
plast (16 cases) or other (mixed, giant cell or intramedullary 
high differentiation type; 5 cases). Additionally, cases were 
classified according to Enneking surgical stage (16) as follows: 
stage I (7 cases), stage II (27 cases), or stage III (8 cases); and 
according to whether they had no lymph node metastasis 
(17 cases) or metastasis (18 cases). In addition, 12 chondroma 
specimens were used as controls.

Immunohistochemistry. Tissues were fixed in neutral formalin, 
dehydrated and embedded in paraffin by conventional methods. 
Samples were sectioned (4 µm) and collected on glass slides. 
Sections were then dewaxed with dimethylbenzene, rehydrated 
through an alcohol gradient, soaked, and heated for antigen 
retrieval. Upon cooling, 3% hydrogen peroxide solution was 
used to block endogenous peroxidase activity. Slides were 
sealed with non-specific serum, then placed in a wet box and 
incubated at room temperature. Primary antibodies against 
WNT-5a or ROR2 [rabbit anti-human polyclonal (WNT-5a) 
or monoclonal (ROR2) antibodies, Santa Cruz Biotechnology] 
were added to the wet box prior to overnight incubation at 4˚C. 
Slides were washed with phosphate-buffered saline (PBS) 
three times prior to the addition of biotinylated secondary 
antibodies and incubation at room temperature. Finally, slides 
were washed with PBS three times prior to the addition of 
streptococcus avidin-peroxidase (SP kit, Beijing Zhongshan-
Golden Bridge Biotechnology Co., Ltd) and incubation at 37˚C 
for 30 min. DAB (Zhongshan-Golden Bridge Biotechnology 
Co., Ltd) was used to develop staining. Sections were coun-
terstained with hematoxylin, dehydrated through an ethanol 
gradient and sealed with neutral gum. Known positive tissues 
were used as a positive control, and PBS was used in place of 
primary antibodies as a negative control. 

Staining of WNT-5a and ROR2 was detected mainly in the 
cytoplasm. Ten high-power fields per sample were selected 
for analysis. The staining degree was assigned as follows: 
0 for no staining detected, 1 for pale yellow staining, 2 for 
yellow and 3 for brown-yellow. Additionally, the percentage 
of positively stained cells out of the total number of tumor 
cells was determined and categorized as follows: ≤5% posi-
tive cells was scored as 0, 6-25% positive cells was scored 
as 1, 26-50% positive cells was scored as 2, 51-75% positive 
cells was scored as 3, and ≥76% positive cells was scored as 4. 
The total score for each case reflects the sum of scores from 

the staining degree and the proportion of positively stained 
cancer cells, with total scores of 0 noted as (-), 1-2 as (+), 3-5 
as (++) and 6-7 as (+++). 

Statistical methods. SPSS 17.0 statistical software was used for 
statistical analysis. The χ2 test was used to compare WNT-5a 
and ROR2 expression between groups, and Spearman rank 
correlation was used to analyze the relationship between 
WNT-5a and ROR2 expression. Analyses were two-sided, 
with an α level of 0.05 and p<0.05 considered to indicate a 
statistically significant difference.

Results

WNT-5a and ROR2 are highly expressed in osteosarcoma. 
WNT-5a was positively expressed in 81.0% of osteosarcoma 
samples, compared with just 16.7% of chondromas (Table I); 
this difference was statistically significant (χ2=18.643; 

Table I. Expression of WNT-5a in osteosarcoma and osteo-
chondroma [n (%)].

Groups n - + ++ +++

Osteosarcoma  42 8 (19.0) 10 (23.8) 11 (26.2) 13 (31.0)
Chondroma  12 10 (83.3) 2 (16.7) 0 0
Total 54 18 (33.3) 12 (22.2) 11 (20.4) 13 (24.1)

χ2=18.643, p=0.001.

Table II. Expression of ROR2 in osteosarcoma and osteochon-
droma [n (%)].

Groups n - + ++ +++

Osteosarcoma  42 11 (26.2) 8 (19.0) 12 (28.6) 11 (26.2)
Chondroma  12 9 (75.0) 3 (25.0) 0 0
Total 54 20 (37.0) 11 (20.4) 12 (22.2) 11 (20.4)

χ2=12.737, p=0.005.

Table III. Correlation between WNT-5a and ROR2 expression 
in osteosarcoma.

 ROR2 
 --------------------------------------------------------------------------------------
WNT-5a - +  ++ +++ Total

- 4 2 2   0   8
+ 3 3 3   1 10
++ 4 2 2   3 11
+++ 0 1 5   7 13
Total 11 8 12 11 42

r=0.546, p<0.01.
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P<0.05). Similarly, ROR2 was positively expressed in 73.8% of 
osteosarcoma samples and only 25.0% of chondroma samples 
(Table II); this difference was also statistically significant 
(χ2=12.737; P<0.05). Additionally, WNT-5a and ROR2 expres-
sion in osteosarcoma were positively correlated with one 
another (r=0.546, P<0.05; Table III). 

WNT-5a and ROR2 expression correlate with clinicopatho-
logical parameters. We investigated whether the changes 
in expression of WNT-5a and ROR2 may be related to the 
severity of osteosarcoma by analyzing various clinical and 
pathological parameters of the tumors. Expression of WNT-5a 
and ROR2 correlated with Enneking surgical stage and tumor 

Table IV. Correlation between expression of WNT-5a protein and clinicopathological parameters in osteosarcoma [n (%)].

Clinicopathological parameters n - + ++ +++ χ2 P

Gender       
  Male 34 6 (17.6) 7 (20.6) 10 (29.4) 11 (32.4) 1.782 0.619
  Female 8 2 (25.0) 3 (37.5) 1 (12.5) 2 (25.0)  
Age       
  ≤20 years 25 2 (8.0) 7 (28.0) 6 (24.0) 10 (40.0) 6.160 0.104
  >20 years 17 6 (35.3) 3 (17.6) 5 (29.4) 3 (17.6)  
Pathological type       
  Fibroblast  10 1 (10.0) 5 (50.0) 4 (40.0) 0 12.605 0.181
  Chondroblast 11 3 (27.3) 2 (18.2) 1 (9.1) 5 (45.5)  
  Osteoplast 16 3 (18.8) 3 (18.8) 5 (31.3) 5 (31.3)  
  Other 5 1 (20.0) 0 1 (20.0) 3 (60.0)  
Enneking surgical stage       
  I 7 5 (71.4) 1 (14.3) 1 (14.3) 0 23.607 0.001
  II 27 3 (11.1) 9 (33.3) 8 (29.6) 7 (25.9)  
  III 8 0 0 2 (25.0) 6 (75.0)  
Tumor metastasis       
  Yes  34 8 (23.5) 10 (29.4) 9 (26.5) 7 (20.6) 10.435 0.015
  No  8 0 0 1 (25.0) 6 (75.0)  

Table V. Correlation between expression of ROR2 and clinicopathological parameters in osteosarcoma [n (%)].

Clinicopathological parameters n - + ++ +++ χ2 P

Gender       
  Male 34 9 (26.5) 7 (20.6) 8 (23.5) 10 (29.4) 2.523 0.471
  Female 8 2 (25.0) 1 (12.5) 4 (50.0) 1 (12.5)  
Age       
  ≤20 years 25 5 (20.0) 5 (20.0) 7 (28.0) 8 (32.0) 1.736 0.629
  >20 years 17 6 (35.3) 3 (17.6) 5 (29.4) 3 (17.6)  
Pathological type       
  Fibroblast 10 3 (30.0) 3 (30.0) 3 (30.0) 1 (10.0) 4.421 0.882
  Chondroblast 11 2 (18.2) 2 (18.2) 4 (36.4) 3 (27.3)  
  Osteoplast 16 5 (31.3) 2 (12.5) 3 (18.8) 6 (37.5)  
  Other 5 1 (20.0) 1 (20.0) 2 (40.0) 1 (20.0)  
Enneking surgical stage       
  I 7 5 (71.4) 1 (14.3) 1 (14.3) 0 20.472 0.002
  II 27 6 (22.2) 7 (25.9) 9 (33.3) 5 (18.5)  
  III 8 0 0 2 (25.0) 6 (75.0)  
Tumor metastasis       
  Yes  34 11 (32.4) 8 (23.5) 10 (29.4) 5 (14.7) 13.504 0.004
  No  8 0 0 2 (25.0) 6 (75.0)  
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metastasis (both P<0.05; Tables IV and V), but not with gender, 
age or pathological type. 

Discussion

Changes in the WNT signaling pathway have been associated 
with tumorigenesis (8). Given previous findings of upregu-
lated Ror2 (15), the product of which binds to WNT-5a (14) 
in osteosarcoma, we hypothesized that upregulation of this 
pathway promotes tumor formation and progression. Using 
immunohistochemistry to detect WNT-5a and ROR2 in 
osteosarcoma samples, we found that both proteins are more 
commonly expressed in the tumors, suggesting a dysregula-
tion of the signaling pathway. Furthermore, the expression 
of these proteins was correlated to one another within the 
samples, supporting the data that indicate that ROR2 acts as a 
coreceptor for WNT-5a. Most notably, the expression of these 
proteins correlated with Enneking surgical stage and tumor 
metastasis, with higher expression corresponding to greater 
disease severity. These findings indicate that the WNT-5a 
signaling pathway was upregulated during osteosarcoma 
genesis. WNT-5a, then, acts as an oncogene in the develop-
ment and progression of osteosarcoma, similar to its role in 
other malignancies (17,18). 

ROR2, as a receptor tyrosine kinase, is very important in 
regulating the cell cycle, migration, proliferation and differen-
tiation (19). Misfolding of ROR2 is associated with a number 
of human diseases, for example, dominant brachydactylia and 
recessive Robinow (20). Mikels and Nusse (21) speculated that 
ROR2/WNT-5a binding may trigger ROR2-mediated non-
classical WNT-5a/JNK signaling pathways to promote tumor 
invasion and metastasis. However, few studies have demon-
strated any correlation between ROR2 and tumorigenesis, 
particularly osteosarcoma. Thus, our results support the hypoth-
esis that ROR2 binds WNT-5a to promote tumor formation and 
metastasis, likely through non-classical signaling pathways.

In conclusion, WNT-5a and ROR2 expression are signifi-
cantly increased in osteosarcoma and promote formation and 
progression of these tumors. Thus, WNT-5a and ROR2 repre-
sent novel reference markers for evaluating osteosarcomas, 
and may serve as important tools in determining prognosis 
and treating patients with these tumors.
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