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Role of immunohistochemical cyclo-oxygenase-2 (COX-2) and
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Abstract

Background/Aims: Differential diagnosis between aggressive osteoblastoma and low grade 
osteosarcoma may be very diffi cult or even impossible on a small biopsy. This study was designed 
to assess the usefulness of immunoexpression of COX-2 and osteocalcin in the differential diagnosis 
of the two tumour types. Methods: Immunostaining of COX 2 and osteocalcin were studied in 9 
osteoblastomas and 30 osteosarcomas.  Results: All osteoblastomas and 11/20 (55%) high-grade 
osteosarcomas showed COX-2 immunoreactivity.  All low grade osteosarcomas were COX-2 negative. 
COX-2 was signifi cantly higher (p<0.002) in osteoblastomas 9/9 (100%) than in osteosarcomas 13/30 
(43%) and in aggressive osteoblastomas versus low grade osteosarcomas (p<0.01). Osteocalcin was 
found in tumour cells of all osteosarcomas and osteoblastomas and in the osteoid matrix of 84% of 
osteosarcomas and 78% of osteoblastomas.  Strong osteocalcin was signifi cantly higher (p<0.02) in 
osteoblastomas (78%) than in osteosarcomas (27%).  Conclusion: COX-2 is a valuable marker in 
distinction between osteosarcoma and osteoblastoma. Negative COX-2 could confi rm the diagnosis 
of low grade osteosarcoma versus aggressive osteoblastoma. Intensity and distribution of osteocalcin 
may indicate the degree of osteoblastic differentiation. 
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ORIGINAL ARTICLE

INTRODUCTION

Osteoblastoma and osteosarcoma are primary bone 
tumours of osteoblastic origin. Osteoblastoma is 
an uncommon neoplasm accounting for about 1% 
of all primary bone tumours.1,2  It usually affects 
young patients in the age range of 10-30 years.3 
The most common sites for osteoblastoma are 
the vertebral column and long bones.4 It has a 
distinctive predilection for the metaphysis and 
diaphysis.  Epiphyseal location is rare.5  
 Microscopically, osteoblastoma is composed of 
proliferating osteoblasts along with anastomosing 
woven bone trabeculae and rich vascular fi brous 
stroma.6 It is important to examine the edges of 
an osteoblastoma because the tumour does not 
infi ltrate and isolate pre-existing lamellar bone 
structures as does osteosarcoma. In addition, no 
sheets of spindle cells are seen in osteoblastomas. 
The osteoblasts may show some mitoses but they 
are not atypical.7 
 Osteoblastomas may be misdiagnosed as 

an osteosarcoma if correlation of clinical 
history, radiology, and histology is not carefully 
considered or if the several variants of 
osteoblastoma are not recognized. These variants 
lie on a morphological spectrum between 
conventional osteoblastoma and osteosarcoma. 
Aggressive osteoblastoma is one such subtype. 
As the name implies, the histological features of 
aggressive osteoblastoma may appear malignant, 
and its biological behaviour may separate it 
from conventional osteoblastoma.8  Aggressive 
osteoblastoma is a rare bone-forming neoplasm 
composed of large plump osteoblasts, with bizarre 
hyperchromatic nuclei and prominent nucleoli. It 
demonstrates locally invasive growth with a high 
rate of recurrence but no metastatic potential. 9, 10 
 On the other hand, osteosarcoma is the 
commonest, non-hematopoietic, malignant 
primary tumour of bone.11 Its incidence peaks 
in those aged 10-20 years. A second small 
peak is seen in those older than 60 years.12 
Osteosarcoma arising in bones distal to the wrists 
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and ankles is extremely unusual.13,14  Variants 
of osteosarcoma include conventional types 
(i.e. osteoblastic, chondroblastic, fi broblastic) 
and telangiectatic, multifocal, parosteal, and 
periosteal types.  Classic, or conventional, 
osteosarcoma represents the most common 
variant, accounting for approximately 75% of 
all osteosarcomas.15

 Conventional osteosarcoma is composed of 
pleomorphic tumor cells that may be spindle 
shaped, epithelioid, plasmacytoid, fusiform, 
ovoid, or rounded.  Giant cells may also be 
present, and these may be mononucleated or 
multinucleated. Osteoid material is usually 
present, which appears as a lacelike, dense, pink, 
amorphous intercellular material.16, 17 
 Osteoblastoma-like osteosarcoma is a 
low-grade osteosarcoma with characteristic 
histopathological features.16,17 It has to be 
recognized by the pathologist to achieve the 
right treatment which is wide surgical excision 
Differential diagnosis may be very diffi cult or 
even impossible on a small biopsy.18, 19

 To date, no single immunohistochemical 
stain can differentiate between aggressive 
osteoblastoma and osteosarcoma with 
certainty. However, one study showed that 
immunohistochemical detection of COX-2 
in tumour cells supports the diagnosis of 
osteoblastoma and aids in distinguishing it from 
osteosarcoma.20

 We aimed to study the immunohistochemical 
expression of COX-2 and osteocalcin in 
osteoblastoma and osteosarcoma and evaluating 
their utility in differentiation between aggressive 
osteoblastoma and osteosarcoma.

PATIENTS AND METHODS

This study included excisional and incisional 
biopsies of osteoblastoma and osteosarcoma 
sent to the Pathology Laboratories from the 
Orthopaedic Departments of Sohag and Assiut 
Universities Hospitals through the period from 
January 2003 to June 2006. 

H&E staining 
Five-micron tissue sections were prepared 
from the formalin-fi xed, paraffi n-embedded 
tissues of the tumour biopsies, stained 
with Hematoxylin and Eosin (H&E) and 
examined using light microscopy. Histological 
subtypes of osteosarcomas were categorised 
as osteoblastic, chondroblastic, or fi broblastic 
and histological subtypes of osteoblastomas as 
conventional and aggressive subtypes. Grading of 

osteosarcomas was done using a predetermined 
classifi cation system, adapted from previously 
reported systems.11, 21 Aggressive variant of 
osteoblastomas was separated using the criteria 
mentioned by Bonar et al.17 

Immunohistochemistry 
Immunostaining using peroxidase-labelled 
strepavidin-biotin technique to detect COX-2 and 
osteocalcin was done for all cases. The following 
primary antibodies were used: rabbit polyclonal 
antibody against human COX-2 (Catalogue # 
RB-9072-P0, 0.1ml, LabVision Corporation) 
and mouse monoclonal antibodies to Human/
Bovine osteocalcin (Clone BD1152, Catalogue 
# H95152M, 0.1ml, BioDesign Corporation).

Staining procedure 
Five-micron tissue sections were mounted on 
Poly-Lysine coated slides, deparaffi nized and 
rehydrated. Endogenous peroxidase activity 
was blocked using peroxidase blocking 
reagent (Catalogue # TP-012-HD, LabVision 
Corporation). The antigen sites were unmasked 
by immersing the slides in suffi cient amounts of 
antigen retrieval solution (10 mmol sodium citrate 
buffer, pH 6.0).  Sections were microwaved for 
10-15 minutes (min), allowed to cool down for 20 
min, washed in distilled water, then in phosphate 
buffered saline (PBS, pH 6.0). Tissue sections 
were incubated in normal goat serum (NGS) to 
block non-specifi c interactions. 
 Tissue sections were incubated for half hour 
at room temperature with 1/200 COX-2 and 
overnight at 4 C° in a humid chamber with 1/75 
osteocalcin. The resulting immune-complex was 
detected by a universal staining kit (Catalogue 
# TP-012-HD, LabVision Corporation). Tissue 
sections were treated with biotinylated goat 
anti-polyvalent, then peroxidase-labelled 
streptavidin was applied for 10-15 min at room 
temperature, rinsed in PBS, incubated with 14-
diaminobenzidine and 0.06% H2O2 for 5 min 
and counter-stained in Myer’s Hematoxylin. 
Tissue sections were washed in tap water, 
dehydrated in alcohol, cleared in xylene, left 
to dry, then mounted with Canada balsam, and 
cover slipped.

Positive controls: Positive control slides were 
prepared from previously diagnosed colon 
carcinoma and normal bone tissue for detection 
of COX-2 and osteocalcin staining respectively. 
Negative controls: Negative control was achieved 
by omitting the primary antibody from the 
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staining procedure. The positive and negative 
controls were consistently immunoreactive and 
lacking reactivity respectively. These fi ndings 
therefore confi rmed the validity of our staining 
results.

Evaluation of immunostaining 
Sections were histologically examined by bright 
fi eld microscopy at low magnifi cation (X40 and 
X100) to detect the sites of antibody positivity, 
then by higher power magnifi cation (X200 and 
X400) to evaluate immunostaining. 

 COX-2 and osteocalcin positivity was 
expressed as the mean percentage (%) of positive 
cells and the staining intensity in at least three 
different fi elds. Cells positive for COX-2 were 
identifi ed by the presence of both membranous 
and cytoplasmic brownish staining. Positive 
osteocalcin immunoreactivity was present as 
brownish staining in both the cytoplasm of bone 
cells and osteoid matrix. Semi-quantitation of 
COX-2 and osteocalcin immunoreactivities were 
calculated with a 12-point weighted score system 
as follows: 
1. First, the percentage of positive cells (PP) in 

each area was scored with a 5-point scale: 0 
for <5%, 1 for 5-25%, 2 for >25-50%, 3 for 
>50-75%, and 4 for over 75%.22 

2. Second, the staining intensity (SI) of positive 
staining was scored with a 3-point scale: 0 
for negative, 1 for weak, 2 for medium, and 
3 for intense staining.23-25 

3. Then, the average weighted score (AWS) for 
each area was calculated by multiplying PP 
by the SI. The results were scored as negative 
(0-1), weak (2-3), moderate (4-6) and strong 
(8-12).22, 26

Statistical analysis 
Results were statistically analyzed using 
Statistical Package for Social Sciences (SPSS) for 
windows. Chi Square Test and ANOVA (Analysis 
of Variance) were used to assess the statistical 
signifi cance of the relationships of COX-2 and 
osteocalcin expression in osteoblastomas and 
osteosarcomas. 

RESULTS

Clinical features
The study group consisted of 39 patients, 
including 27/39 (69%) males and 12/39 (31%) 
females, ranging in age from 10 to 58 years.  
Patients presented with a swelling or mass and/

or an osteolytic bone lesion.  All patients were 
informed about the study and the study was 
approved by the local ethics committee. 

H&E review
Cases included 9 osteoblastomas and 30 
osteosarcomas, of which 27 were osteoblastic 
osteosarcomas (20 high grade and 7 low 
grade), two chondroblastic and one fi broblastic 
osteosarcoma. Figures 1A-C illustrate 
examples.

Immunohistochemical features

COX-2 expression
Tumour cells of all osteoblastomas showed diffuse 
cytoplasmic and membranous COX-2 expression 
with varying degrees of immunoreactivity. 
COX-2 was strong in 3/9 (33%), moderate 
in 4/9 (45%) and weak in 2/9 (22%) cases of 
osteoblastomas (Table 1 & Figures 2 A-B). All 
aggressive type of osteoblastomas (3 cases) were 
COX-2 immunoreactive (100%). COX-2 was also 
expressed in the osteoclasts of osteoblastomas 
(Table 2 & Figure 2 C). 
 All osteoblastic low grade osteosarcomas (7 
cases) were COX-2 negative (Table 2). Positive 
COX-2 immunoreactivity was observed in 11/20 
(55%) of high-grade osteosarcomas and in the 
two chondroblastic osteosarcomas, with most of 
these positive cases (8/13; 62%) showing weak 
immunoreactivity (Table 1 & Figures 2 D-E). 
COX-2 immunoexpression was signifi cantly 
higher (p<0.002) in osteoblastomas (100%) than 
in osteosarcomas (43%). 
 The expression of COX-2 was signifi cantly 
higher in aggressive osteoblastomas than in 
osteoblastic low grade osteosarcomas (p<0.01). 
The osteoid matrix in both osteoblastoms and 
osteosarcomas was COX-2 negative.

Osteocalcin expression
All cases of osteosarcoma showed positive 
osteocalcin in the cytoplasm of malignant 
osteoblasts ,  with varying degrees of 
immunoreactivity; strong in 27%, moderate 
in 43% and weak in 30% of cases (Table 3 & 
Figure 3 A). Most of the osteocalcin-positive 
cells are the relatively well-differentiated 
osteoblasts that are rimming and surrounding 
the areas of osteoid production in a case 
of osteosarcoma (Figure 3 B). Osteocalcin 
expression in the osteoid matrix was strong in 
47%, mild to moderate in 37% and negative in 
16% of cases of osteosarcomas (Figure 3 A).
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TABLE 1: COX-2 expression in osteosarcoma and osteoblastoma

   Osteosarcoma Osteoblastoma
   n = 30 n = 9

Staining intensity:
 0   (Negative) 17/30 (57%) -
   1   (Mild) 6/30 (20%) 2/9 (22%)
   2   (Moderate) 5/30 (17%) 4/9 (44%)
   3   (Strong) 2/30 (6%)  3/9 (33%) 

% of positive cells:
   0   (0-5%) 17/30 (57%) -
   1   (5-25%) 5/30 (17%) 1/9 (11%)
   2   (25-50%) 3/30 (10%) 3/9 (33%)
   3   (50-75%) 3/30 (10%) 1/9 (11%)
   4   (>75%) 2/30 (6%) 4/9 (44%) 

Weighted score:
   0-1   (negative) 17/30 (57%) -
   2-3   (weak) 8/30 (27%) 2/9 (22%) 
   4-6   (moderate) 4/30 (13%) 4/9 (44%)
   8-12 (strong) 1/30 (3%) 3/9 (33%)

TABLE 2: COX-2 expression in low grade osteoblastic osteosarcomas and aggressive 
osteoblastomas

   Low grade osteoblastic Aggressive 
   osteosarcoma osteoblastoma
   n = 7 n = 3

 Staining intensity: 
    0   (Negative) 7/7 (100%) -
    1   (Mild) - 1/3 (33%)
    2   (Moderate) - 1/3 (33%)
    3   (Strong) - 1/3 (33%) 

 Percentage of positive cells:
  0   (0-5%) 7/7 (100%) -
    1   (5-25%) - 1/3 (33%)
    2   (25-50%) - -
    3   (50-75%) - -
    4   (>75%) - 2/3 (67%)  

 Weighted score:
    0-1   (negative) 7/7 (100%) -
    2-3   (weak) - 1/3 (33%)
    4-6   (moderate) - 1/3 (33%)
    8-12 (strong) - 1/3 (33%)
 

 All osteoblastomas showed positive 
osteocalcin expression in the cytoplasm of 
neoplastic osteoblasts with varying degrees of 
immunoreactivity; strong in 78%, moderate in 
a single case (11%) and weak in another single 

case (11%) as shown in Table 3 and Figure 3 
C . Osteocalcin staining in the osteoid was also 
variable; strong in 33%, mild to moderate in 45%, 
and negative in 22% of cases of osteoblastomas 
Figure 3D.
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FIG. 1: H&E stain (A) Osteoblastoma showing proliferating benign-appearing osteoblasts with osteoid production 
(X200), (B) Aggressive osteoblastoma showing large plump osteoblasts, with bizarre hyperchromatic 
nuclei (X400), (C) Osteosarcoma showing highly pleomorphic neoplastic cells with areas of osteoid 
production (X400). 

TABLE 3: Osteocalcin expression in osteosarcoma and osteoblastoma

   Osteosarcoma Osteoblastoma
   n = 30 n = 9

 Staining intensity:
    0   (Negative) - -
    1   (Mild) 10/30 (33%) 1/9 (11%)
    2   (Moderate) 14/30 (47%)  3/9 (33%)  
  3   (Strong) 6/30 (20%)  5/9 (56%)

 % of positive cells:
    0   (0-5%) - -
    1   (5-25%) 1/30 (3%) -
    2   (25-50%) 6/30 (20%) 1/9 (11%)
    3   (50-75%) 15/30 (50%) 2/9 (22%)
    4   (>75%) 8/30 (27%) 6/9 (67%)

 Weighted score:
    0-1   (negative) - -
    2-3   (weak) 9/30 (30%) 1/9 (11%)
    4-6   (moderate) 13/30 (43%) 1/9 (11%)
    8-12 (strong) 8/30 (27%) 7/9 (78%) 

 n: number.
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FIG. 2: COX-2 stain. (A) Osteoblastoma revealed strong COX-2 expression in the neoplastic osteoblasts (X200), 
(B) Aggressive osteoblastoma showing strong COX-2 immunoreactivity in the neoplastic osteoblasts 
(X400), (C) Osteoblastoma showing osteoclast-like giant cell positive for COX-2 (X400), (D) Negative 
COX-2 immunostaining in the neoplastic osteoblasts of osteosarcoma (X400), (E) Osteosarcoma showing 
focal COX-2 immunoreactivity in the neoplastic osteoblasts (X400).

 In addition, the percentage of cases having 
strong immunoexpression for osteocalcin was 
signifi cantly higher (p<0.02) in osteoblastoma 
(78% of cases) than in osteosarcoma (27% of 
cases). 

DISCUSSION

Osteoblastoma is a benign tumor that is 
composed of proliferating osteoblasts along with 
small trabeculae of woven bone and rich vascular 
fi brous stroma.6,27 These neoplastic osteoblasts 
may occasionally have atypical features, with 
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FIG. 3:  Osteocalcin stain. (A) Osteosarcoma showing strong positive osteocalcin in both cytoplasm of the 
osteoblasts and the osteoid tissue (X400), (B) Lower power view showing osteocalcin-positive cells 
rimming and surrounding the areas of osteoid production in a case of osteosarcoma (X200), (C) 
Osteoblastoma revealed strong osteocalcin immunostaining in the cytoplasm of neoplastic osteoblasts 
(X200), (D) Osteoblastoma showing positive osteocalcin expression in areas of osteoid production (X200). 

high cellularity and epithelioid appearances,28 
making its distinction from osteosarcoma and 
other bone tumours diffi cult. 7, 27 
 In this study, it was hypothesized that the 
evaluation of COX-2 and osteocalcin expressions 
in osteoblastomas and osteosarcomas may be 
of practical value in their accurate diagnosis, 
and in the differentiation between them. To test 
this hypothesis, a total of 39 cases representing 
different types of bone forming tumours were 
examined for detection of COX-2 and osteocalcin 
expression.
 Consistent with other studies, COX-2 was 
positive in all cases of osteoblastomas, with 
strong to moderate staining in 77% of cases. 20, 29

In contrast to osteoblastomas, the majority 
(57%) of osteosarcomas were COX-2 negative 
and most of those positive cases showed weak 
COX-2 immunoreactivity (62%). COX-2 
immunoreactivity was restricted to high grade 
osteosarcomas, with negative reactivity in all 
osteoblastic low grade cases (seven cases) in 

agreement with Masi et al. 30 Chondroblastic 
osteosarcomas (two cases) expressed COX-2, 
consistent with Hosono et al.20 These results 
suggest that COX-2 may be of considerable value 
in the differentiation between osteoblastomas 
and osteosarcomas especially in cases with small 
sample size.
 To the best of our knowledge, this is the 
fi rst study correlating COX-2 expression in low 
grade osteoblastic osteosarcomas and aggressive 
osteoblastomas. We found that, in contrast to low 
grade osteoblastic osteosarcomas, all aggressive 
osteobastomas (three cases) showed COX-2 
positivity and this difference is statistically 
signifi cant (p<0.01). These fi ndings suggest that 
COX-2 expression would confi rm the diagnosis 
of aggressive osteoblatomas versus low grade 
osteosarcomas. Further studies are recommended 
on a large number of cases to confi rm these 
results. 
 Consistent with many studies that demonstrate 
the high specifi city and sensitivity of osteocalcin 
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for osteoblasts,31,32 all cases of osteosarcoma 
and osteoblastoma in the current study showed 
positive osteocalcin immunostaining with 
varying degrees of immunoreactivity. 
 The staining intensity of osteocalcin in the 
osteoid was variable in both osteosarcomas 
and osteoblastomas, with positive osteocalcin 
immunoreactivity in the osteoid of most of 
cases (81%). This is in agreement with others 
who demonstrate high expression of osteocalcin 
in both the tumour cells and osteoid tissue in 
osteogenic bone tumours; osteosarcoma and 
osteoblastoma. 33 
 In the current study, the percentage of cases 
having strong osteocalcin immunoexpression was 
signifi cantly higher (p<0.02) in osteoblastoma 
(78%) than in osteosarcoma (27%). This fi nding 
suggests that osteocalcin is more expressed in the 
well-differentiated osteoblasts of osteoblastoma 
than in the less differentiated osteoblasts of 
osteosarcoma. In addition, it was found that most 
of the osteocalcin-positive cells of osteosarcoma 
were the relatively well-differentiated osteoblasts 
that are rimming and surrounding areas of osteoid 
production. This suggestion is supported by the 
fact that osteocalcin is a marker of late osteoblast 

differentiation and is induced only after the 
expression of other osteoblastic markers such 
as alkaline phosphatase and type I collagen.34, 

35 Many authors considered osteocalcin as 
an osteoblast differentiation marker.36-39  It is 
suggested that the intensity and distribution of 
osteocalcin immunostaining may give a clue to 
the degree of differentiation of the tumour cells 
(osteoblasts), and hence whether it is benign 
(osteoblastoma) or malignant (osteosarcoma). 
 It is concluded that the immunohistochemical 
analysis of COX-2 may be a valuable marker 
in the distinction between osteosarcomas and 
osteoblastomas. Negative COX-2 expression 
could confirm the diagnosis of low grade 
osteosarcoma versus aggressive osteoblastoma. 
The intensity and distribution of osteocalcin 
immunostaining may indicate the degree of 
osteoblastic differentiation. 

REFERENCES

 1. Bilkay U, Erdem O, Ozek C, et al. A rare location 
of benign osteoblastoma: Review of the literature 
and report of a case. J Craniofac Surg 2004; 15 (2): 
222-5.

 2. Saghieh S, Rameh C, Birjawi G, Lakkis S. Sacral 
osteoblastoma presenting as a L5-S1 disc herniation. 
Int Surg 2005; 90 (5): 289-92.

 3. Lee EJ, Park CS, Song SY, Park NH, Kim MS. 
Osteoblastoma arising from the ethmoidal sinus. 

AJR Am J Roentgenol 2004; 182 (5): 1343-4.
 4. Moon KS, Jung S, Lee JH, et al. Benign 

osteoblastoma of the occipital bone: case report 
and literature review. Neuropathology 2006; 26 
(2): 141-6.

 5. Zhang X, Bukata SV, Healey JH, Huvos 
AG. Epiphyseal osteoblastoma of tibia with 
xanthomatous stromal reaction. Ann Diagn Pathol 
2003; 7 (6): 360-4.

 6. Park YK, Kim EJ, Kim SW. Osteoblastoma of 
the ethmoid sinus. Skeletal Radiol 2007; 36 (5): 
463-7.

 7. Jambhekar NA, Desai S, Khapake D. Osteoblastoma: 
a study of 12 cases. Indian J Pathol Microbiol 2006; 
49 (4): 487-90.

 8. Baker AC, Rezeanu L, Klein MJ, et al. Aggressive 
osteoblastoma: a case report involving a unique 
chromosomal aberration. Int J Surg Pathol 2010; 
18 (3): 219-24

 9. Vigneswaran N, Fernandes R, Rodu B, Baughman 
RA, Siegal GP. Aggressive osteoblastoma of the 
mandible closely simulating calcifying epithelial 
odontogenic tumor. Report of two cases with unusual 
histopathologic fi ndings. Pathol Res Pract 2001; 
197 (8): 569-76.

 10. Harrington C, Accurso BT, Kalmar JR, et al. 
Aggressive osteoblastoma of the maxilla: a case 
report and review of the literature. Head Neck 
Pathol 2011; 5 (2): 165-70.

 11. Klein MJ, Siegal GP. Osteosarcoma: anatomic and 
histologic variants. Am J Clin Pathol 2006; 125 (4): 
555-81.

 12. Mills HJ, Horne G, Devane P. Osteosarcoma in New 
Zealand 1981-7: an overview. N Z Med J 1995 108 
(1011): 458-459. 

 13. Daecke W, Bielack S, Martini AK, et al. 
Osteosarcoma of the hand and forearm: experience 
of the Cooperative Osteosarcoma Study Group. Ann 
Surg Oncol 2005; 12 (4): 322-31.

 14. Haque F, Fazal ST, Ahmad SA, Abbas SZ, Naseem 
S. Primary osteosarcoma of the skull. Australas 
Radiol 2006; 50(1): 63-5.

 15. Murphey MD, Jelinek JS, Temple HT, Flemming DJ, 
Gannon FH. Imaging of periosteal osteosarcoma: 
radiologic-pathologic comparison. Radiology 2004; 
233 (1): 129-38.

 16. Abramovici L, Kenan S, Hytiroglou P, Rafi i M, 
Steiner GC. Osteoblastoma-like osteosarcoma of the 
distal tibia. Skeletal Radiol 2002; 31(3): 179-82.

 17. Bonar SF, McCarthy S, Stalley P, Schatz J, Soper 
J, Scolyer R, Barrett I. Epiphyseal osteoblastoma-
like osteosarcoma. Skeletal Radiol 2004; 33 (1): 
46-50.

 18. Bertoni F, Bacchini P, Donati D, Martini A, Picci P, 
Campanacci M. Osteoblastoma-like osteosarcoma. 
The Rizzoli Institute experience. Mod Pathol 1993; 
6 (6): 707-16.

 19. Lucas DR. Osteoblastoma. Arch Pathol Lab Med 
2010; 134 (10): 1460-6.

 20. Hosono A, Yamaguchi U, Makimoto A, et al. 
Utility of immunohistochemical analysis for 
cyclo-oxygenase-2 in the differential diagnosis 
of osteoblastoma and osteosarcoma. J Clin Pathol 
2007; 60 (10): 410-14



23

COX-2 IN OSTEOBLASTOMA AND OSTEOSARCOMA

 21. Kirpensteijn J, Kik M, Rutteman, GR, Teske E. 
Prognostic signifi cance of a new histologic grading 
system for canine osteosarcoma. Vet Pathol 2002; 
39(2): 240-6

 22. Chan WY, Cheung KK, Schorge JO, et al. Bcl-2 
and p53 protein expression, apoptosis, and p53 
mutation in human epithelial ovarian cancers. Am 
J Pathol 2000; 156 (2): 409-17.

 23. Linderoth J, Jerkeman M, Cavallin-Stahl E, Kvaloy 
S, Torlakovic E. Immunohistochemical expression 
of CD23 and CD40 may identify prognostically 
favorable subgroups of diffuse large B-cell 
lymphoma: a Nordic Lymphoma Group Study. Clin 
Cancer Res 2003; 9 (2): 722-8.

 24. Tassone P, Goldmacher VS, Neri P, et al. Cytotoxic 
activity of the maytansinoid immunoconjugate 
B-B4-DM1 against CD138+ multiple myeloma 
cells. Blood 2004; 104 (12): 3688-96.

 25. Hartel PH, Jackson J, Ducatman BS, Zhang P. 
CD99 immunoreactivity in atypical fi broxanthoma 
and pleomorphic malignant fi brous histiocytoma: a 
useful diagnostic marker. J Cutan Pathol 2006; 33 
(2): 24-8. 

 26. Hussein MR, Al-Badaiwy ZH, Guirguis MN. 
Analysis of p53 and bcl-2 protein expression in the 
non-tumorigenic, pretumorigenic, and tumorigenic 
keratinocytic hyperproliferative lesions. J Cutan 
Pathol 2004; 31(10): 643-51.

 27. Zon Filippi R, Swee RG, Krishnan Unni 
K. Epithelioid multinodular osteoblastoma: a 
clinicopathologic analysis of 26 cases. Am J Surg 
Pathol 2007; 31(8): 1265-8.

 28. de Oliveira CR, Mendonca BB, de Camargo OP, et 
al. Classical osteoblastoma, atypical osteoblastoma, 
and osteosarcoma: a comparative study based on 
clinical, histological, and biological parameters. 
Clinics 2007; 62 (2): 167-174.

 29. Kawaguchi Y, Sato C, Hasegawa T, Oka S, 
Kuwahara H, Norimatsu H. Intra-articular osteoid 
osteoma associated with synovitis: a possible role 
of cyclooxygenase-2 expression by osteoblasts in 
the nidus. Mod Pathol 2000; 13 (10): 1086-91.

 30. Masi L, Recenti R, Silvestri S, et al. Expression of 
cyclooxygenase-2 in osteosarcoma of bone. Appl 
Immunohistochem Mol Morphol 2007; 15(1): 
70-6.

 31. Wada S, Kamiya S. Bone and bone related 
biochemical examinations. Bone and collagen 
related metabolites. Osteocalcin (OC). Clin Calcium 
2006; 16(6): 1017-21.

 32. Cai X, Lin Y, Ou G, et al. Ectopic osteogenesis 
and chondrogenesis of bone marrow stromal stem 
cells in alginate system. Cell Biol Int 2007; 31(8): 
776-83.

 33. Sirikulchayanonta V, Jaovisidha S. Soft tissue 
telangiectatic osteosarcoma in a young patient: 
imaging and immunostains. Skeletal Radiol 2005; 
34(5): 295-8.

 34. Bellows CG, Reimers SM, Heersche JN. Expression 
of mRNAs for type-I collagen, bone sialoprotein, 
osteocalcin, and osteopontin at different stages of 
osteoblastic differentiation and their regulation by 
1,25 dihydroxyvitamin D3. Cell Tissue Res 1999; 
297(2): 249-59.

 35. Takahashi K, van den Beucken JJ, Wolke JG, 
Hayakawa T, Nishiyama N, Jansen JA. Character-
ization and in vitro evaluation of biphasic calcium 
pyrophosphate-tricalciumphosphate radio frequency 
magnetron sputter coatings. J Biomed Mater Res 
2008; A 84(3): 682-90.

 36. Leon ER, Iwasaki K, Komaki M, Kojima T, Ishikawa 
I. Osteogenic effect of interleukin-11 and synergism 
with ascorbic acid in human periodontal ligament 
cells. J Periodontal Res 2007; 42(6): 527-35.

 37. Niger C, Geneau G, Fiorini C, et al. Endothelin-1 
inhibits human osteoblastic cell differentiation: 
Infl uence of connexin-43 expression level. J Cell 
Biochem 2008; 103(1): 110-22.

 38. Ponader S, Vairaktaris E, Heinl P, et al. Effects 
of topographical surface modifi cations of electron 
beam melted Ti-6Al-4V titanium on human fetal 
osteoblasts. J Biomed Mater Res A 2008; 84(4): 
1111-9. 

 39. Zhu ED, Demay MB, Gori F. Wdr5 is essential 
for osteoblast differentiation. J Biol Chem 2008; 
283(12): 7361-7.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


