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A B S T R A C T 

Introduction: Osteoblastoma (OB) and osteosarcoma (OS) are primary bone forming tumors with different 
clinical behavior and radiological/pathological features. In the majority of cases the two entities may easily 
be separated. Occasionally, however OB may resemble OS histologically, and the differential diagnosis 
between aggressive variant OB and low grade OS may be very difficult or even impossible on a small biopsy 
sample. 
Aim of the Work: To study Ki-67 and COX-2 immunoexpression in OB and OS, and to assess their utility in 
the differentiation between aggressive variant OB and low grade OS.
Patients and Methods: A total of 39 patients (27 males and 12 females) with age range from 10 to 58 
years were enrolled in this study. They were 9 OB and 30 OS; of them 27/30 were osteoblastic OS (20 high 
grade and 7 low grade), 2/30 chondroblastic and 1/30 fibroblastic OS. These patients were presented with 
a swelling or mass and/or an osteolytic bone lesion. Their proliferation indexes assessed by Ki-67-LI and 
COX-2 immunoexpression were studied. 
Results: There was gradual increase in Ki-67-LI from OB, low grade OS, to high grade OS (p<0.01). COX-2 
expression was higher in OB than in OS (p<0.002). There was marked decrease in COX-2 immunostaining in 
low grade OS compared to OB (p<0.001). However, there was an increase in COX-2 immunostaining in high 
grade OS compared to low grade osteoblastic OS (p<0.01). Aggressive variant OB shows lower Ki-67-LI and 
higher COX-2 expression compared to low grade OS (p<0.001 and p<0.01, respectively).
Conclusion: Ki-67 was increased ongoing from OB through low grade OS, to high grade OS. Negative 
COX-2 expression in low grade OS could differentiate it from aggressive variant OB which is always COX-2 
positive. COX-2 positivity in OS starts with increasing tumor grade which is closely correlated with higher 
tumor stage and poor prognosis. 
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woven bone trabeculae and rich vascular fibrous 
stroma (Park et al. 2007). These neoplastic 
osteoblasts may occasionally have atypical features, 
with high cellularity and epithelioid appearances 
(Kawaguchi et al. 2000), making its distinction 
from osteosarcoma and other bone tumors difficult 
(Stenzel   et al. 1996). It is important to examine the 
edges of an osteoblastoma because the tumor does 
not infiltrate and isolate pre-existing lamellar bone 
structures as osteosarcoma does. In addition, no 
sheets of spindle cells are seen in osteoblastomas. 
The osteoblasts may show some mitoses but they 
are not atypical (Jambhekar et al. 2006). 

INTRODUCTION                                                             

Osteoblastoma is an uncommon benign bone 
forming tumor, most frequently occurring in the 
vertebral column and long bones of patients aged 
less than 30 years (Moon et al. 2006). It has a 
distinctive predilection for metaphysis and diaphysis. 
Epiphyseal location is rare (Zhang et al. 2003). A 
morphological spectrum between conventional OB 
and OS such as pseudo-malignant OB, aggressive 
variant OB or malignant OB do exist (Baker et al. 
2010). 

Microscopically, osteoblastoma is composed of 
proliferating osteoblasts along with anastomosing 
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Aggressive variant OB has to be recognized by 
the pathologist to achieve the right treatment which 
is wide surgical procedure. Differential diagnosis 
may be very difficult or even impossible on a small 
biopsy (Chow et al. 2005). Unlike OB, treatment 
of OS needs a multimodality approach including 
systemic chemotherapy, radiotherapy and local 
wide resection to sometimes mutilating en bloc 
resection of the tumor (Hosono et al. 2007). 

Osteosarcoma is the most common primary 
non-hematopoietic bone tumor generally affecting 
children and adolescents under the age of 20 years 
(Klein and Siegal, 2006). It is a highly malignant 
tumor with an unfavorable clinical course and a high 
metastatic potential (Bacci et al. 2006). OS occurs 
usually in long bones such as the femur, tibia and 
humerus near metaphyseal growth plates (Lee et al. 
2007). OS arising in bones distal to the wrists and 
ankles is extremely unusual (Haque et al. 2006). 

Within its strict histological definition, OS comprises 
a family of lesions with considerable diversity in 
histological features and grade (Klein and Siegal, 
2006). Variants of OS include conventional variants 
(i.e., osteoblastic, chondroblastic, fibroblastic), 
telangiectatic, multifocal, parosteal and periosteal 
variants. Classic or conventional OS represents the 
most common variant, accounting for approximately 
75% of all OS (Murphey et al. 2004).

OB-like OS is a low-grade OS with characteristic 
histopathological features. It resembles OB 
histologically in that it produces microtrabecular bone 
lined by osteoblasts as OB does. The radiographic 
appearance often suggests malignancy, but this may 
not be completely helpful because OB occasionally 
has radiographic signs of malignancy (Abramovici  et 
al. 2002 and Bonar et al. 2004). The most important 
histological parameters for malignancy in OS include 
permeation of architecturally normal bone at its 
interface with tumor and aneuploid mitotic activity. 
On the other hand benign osteoblastic tumors tend 
to show maturation that helps to make their correct 
diagnosis (Bertoni et al. 1993 and Lucas, 2010). 

COX-1 and COX-2 are prostaglandin (PG) 
synthases which catalyze sequential synthesis 
of prostaglandin G2; PGG2 and PGH2 from 
arachidonic acid by virtue of intrinsic cyclooxygenase 
and peroxidase activities. Whereas COX-1 is 
constitutively expressed in normal tissue, COX_2 
expression is increased in Inflammatory tissues 
and in various tumors (Dubois et al. 1998 and Cao 
and Prescott, 2002). COX-2 may inhibit apoptosis 
(Tsujii and DuBois, 1995), stimulate angiogenesis 
(Chow et al. 2005) and increase tumor invasion and 
metastasis (Kakiuchi et al. 2002). 

Although COX-2 was expressed in benign bone 
tumors such as osteoid osteoma (Mungo et al.  
2002), a little about COX-2 expression in OB is 
known. COX-2 expression has been reported in 
a small series of OS (Rodriguez 2008), however 
its distribution has not been fully elucidated. Only 
one study showed that COX-2 expression in tumor 
cells supports the diagnosis of OB and aids in its 
distinction from OS (Calabrese et al. 2007).

The Ki-67 antigen is a cell proliferation-related non-
histone nuclear protein. The antigen is expressed in 
the nuclei of cells in active phases of cell cycle (G1, 
S, G2 and M) except the resting phase (G0). High Ki-
67 index is an excellent marker to recognize rapidly 
proliferating cells that would indicate malignancy 
and might affect recurrence rate and survival but 
cannot be detected in senescent cells (Stenzel et al. 
1996 and van Oijen et al. 1998). The percentage of 
Ki-67 positive cells is usually low in benign lesions 
but increases in malignant tumors (Sawaoka et al. 
1998). 

Ki-67 is involved in growth and local invasion of 
OS. The recurrence of OS was associated with the 
proliferative rate of tumor cells. Whether there were 
early lung metastasis or not was affected by the 
amount of proliferative rate of the tumor cells (Peng 
et al. 2002). However, to the best of our knowledge 
the expression of Ki-67 in OB was not previously 
studied.

AIM OF THE WORK                                                     

To differentiate OB from OS accurately is 
of clinical importance because prognosis and 
treatment of the two tumor forms differ. Since 
there is no single immunohistochemical stain could 
differentiate between OB and OS with certainty. 
So, this study was designed to investigate the 
immunohistochemical expression profile of COX-
2 and Ki-67 in the two tumor forms, in addition to 
assessing their utility in the differential diagnosis 
between them.

PATIENTS AND METHODS                                    

This study included the excisional and incisional 
biopsies sent to the Pathology Laboratories from 
the Orthopedic Departments of Sohag and Assiut 
Universities Hospitals through the period from 
January 2003 to June 2006. Cases include 9 OB and 
30 OS; 27 osteoblastic OS (20 high grade and 7 low 
grade), two chondroblastic and one fibroblastic OS. 
All patients were informed about the study and the 
study was approved by the Local Ethics Committee 
of Scientific Research. 
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H&E Staining: Five-micron tissue sections 
were prepared from the formalin-fixed, paraffin-
embedded tissues, stained with Hematoxylin and 
Eosin (H&E) and examined using light microscope. 
Grading of OS was classified using a 2-tiered 
system, adapted from previously reported systems. 
This is because in bone and soft tissue the staging 
depends on whether the tumor is high or low grade 
(Kirpensteijn et al. 2002). Aggressive variant of 
OB was separated using the criteria mentioned by 
Lucas (2010).

Immunohistochemistry: Immunostaining using 
peroxidase-labelled strepavidin-biotin technique 
to detect Ki-67 and COX-2 was done for all cases. 
The following primary antibodies were used: Rabbit 
polyclonal antibody against human Ki-67 gene 
product (Cat # RB-9043-P0, 0.1ml, LABVISION 
Corporation) and rabbit polyclonal antibody against 
human COX-2 (Cat # RB-9072-P0, 0.1ml, LabVision 
Corporation).

Staining Procedure: Five-micron tissue 
sections mounted on Poly-Lysine coated slides, 
deparaffinized and rehydrated. Endogenous 
peroxidase activity was blocked using peroxidase 
blocking reagent (Cat # TP-012-HD, LabVision 
Corporation). Unmask the antigen sites by 
immersing the slides in sufficient amounts of antigen 
retrieval solution (10 mmol sodium citrate buffer, pH 
6.0) was done. Sections were microwaved for 10-
15 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 the nonspecific 
interactions. 

Tissue sections were incubated for half hour at 
room temperature with 1/200 COX-2 antibody and 
overnight at 4°C in a humid chamber with 1/150 
Ki-67 antibody. The resulting immune-complex 
was detected by a universal staining kit (Cat # TP-
012-HD, LabVision Corporation). Tissue sections 
were treated with biotinylated goat anti-polyvalent, 
and 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 were prepared from previously 
diagnosed breast and colon carcinoma for detection 
of Ki-67 and COX-2 staining respectively. Negative 
controls were done by omitting the primary antibody 
from the staining procedure. The positive and 

negative controls were consistently immunoreactive 
and lacking reactivity. This confirms the validity of 
staining results.

Evaluation of Immunostaining: Sections were 
examined histologically by bright field microscope 
at low power magnification (X40 and X100) to 
detect the sites of antibody positivity, then by higher 
power magnification (X200 and X400) to assess the 
immunostaining. 

For quantitative evaluation of Ki-67 
immunoreactivity, the number of Ki-67 positive 
nuclei in relation to the total number of tumor cells 
was counted in three different high power fields 
and the average was calculated. The Ki-67 LI was 
defined as the ratio of Ki-67 positive nuclei to the 
total number of tumor cells and was expressed as 
a percentage according to Calabrese et al. (2007).

COX-2 positivity was expressed as the mean 
percentage (%) of positive cells and the staining 
intensity in at least three different fields. Cells positive 
for COX-2 were identified by the presence of both 
membranous and cytoplasmic brownish staining. 
Semi-quantitation of COX-2 immunoreactivities 
were calculated with a 12-point weighted score 
system (Chan et al. 2000). 

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%. 

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

3. Then, the average weighted score (AWS) for 
each area was calculated by multiplying PP by 
SI. The results were scored as negative (0-1), 
weak (2-3), moderate (4-6) and strong (8-12) 
according to Hussein et al. (2004).

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 significance of 
the relationships of Ki-67 and COX-2 expression in 
OB and OS. 

RESULTS                                                                    

Clinical Features: The study group consisted of 39 
patients (27 male and 12 female) with age range 
from 10 to 58 years. Patients were presented with a 
swelling or mass and/or an osteolytic bone lesion. 
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27 osteoblastic OS (20 high-grade and 7 low-grade), 
two chondroblastic and one fibroblastic OS. Cases 
of OB showed mild to moderate pleomorphism with 
minimal or no hyperchromatism. The histological 
subvariants of OB as conventional and aggressive 
variants were separated (Figure1, A-C).  

Immunohistochemical Features
Ki-67 Expression: The proliferation index as 
assessed by Ki-67-LI of the 9 cases of OB ranged 
from 1% to 58%, with a mean of 23.7% (Figure 2 
A-F). Ki-67-LI of the 30 cases of OS ranged from 
44% to 90%, with a mean of 69.6%. The 10 cases 
of low grade OS (including two chondroblastic and 
one fibroblastic ones) showed a mean Ki-67-LI of 
58.8%, whereas the mean Ki-67-LI of the 20 cases 
of high grade OS was 74.9% (Table 1 & Histogram 
1). There was a steady significant increase (p<0.01) 
in the Ki-67-LI from OB, through low-grade OS, to 
high-grade OS. There was also significant difference 
(p<0.001) in proliferation index between aggressive 
variant OB and low-grade OS (Table 2). 

COX-2 Expression: Tumor cells of all OB showed 
diffuse cytoplasmic and membranous COX-2 
expression with varying degrees of immunoreactivity; 
strong in 3/ 9 (33%), moderate in 4/9 (45%) and 
weak in 2/9 (22%) cases. 
All low-grade OS were negative for COX-2. Positive 
COX-2 immunoexpression was observed in 11/20 
(55%) high-grade OS and the two chondroblastic 
OS, with most of these positive cases (8/13, 
61.5%) showing weak immunoreactivity. COX-
2 immunoexpression was higher (p<0.002) in OB 
(100%) than in OS (43%). The osteoid matrix in 
both OB and OS was COX-2 negative, whereas the 
osteoclast-like giant cells in both OB and COX-2 
positive osteosarccomas were COX-2 positive as 
shown in Table (3), Histogram (2) & Figure (3 A-E). 

H&E Staining: Examination of H&E stained 
sections revealed the presence of marked nuclear 
pleomorphism and hyperchromatism in 90% of OS. 
Mitotic activity was prominent, with abnormal mitoses 
in 73% and moderate to large areas of necrosis in 
47% of OS. Many tumor giant cells were present in 
43% of cases of OS. Cases of OS were classified as 

Figure 1: Histological features of OB; proliferating benign-appearing osteoblasts with osteoid production (A), OS; highly pleomorphic 
neoplastic cells with areas of osteoid production (B), and aggressive variant OB; large plump osteoblasts with bizarre hyperchromatic 
nuclei (C).  H&E stain, X200 (A) and X400 (B and C).
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Figure 2: Expression of the proliferative marker, Ki-67 was low in OB (A), moderate in OB (B), in aggressive variant OB (D), in low grade 
OS (E) and strong in most tumor cells of OS (C and F). Magnification is X400.

Table 1: Ki-67-LI in OB and in OS.

OB     n = 9 Low-grade OS
n = 10

High-grade OS
n = 20

Mean Labeling index (± SD) 23.7 (± 19.4) 58.8 (± 8.5) 74.9 (± 10.9)

p<0.01



146

USE OF CYCLO-OXYGENASE (COX)-2 EXPRESSION AND KI-67-LABEL INDEX (LI) ...

Table 2 : Proliferation index in aggressive variant OB & low-grade OS

Aggressive variant OB
n = 3

Low-grade osteoblastic OS
n = 7

Mean Proliferation index (± SD) 10 (± 11.5) 56 (± 6.9)

P < 0.001

Table 3: COX-2 expression in OS and OB.

OB
n = 9

Low-grade OS
n = 10

High-grade OS
n = 20

Staining intensity:
  0   (Negative)
  1   (Mild)
  2   (Moderate)
  3   (Strong)

-
2/9 (22%)
4/9 (44%)
3/9 (33%)

6/10 (60%)
4/10 (40%)

-
-

7/20 (35%)
5/20 (25%)
6/20 (30%)
2/20 (10%)

% of positive cells:
  0   (0-5%)
  1   (5-25%)
  2   (25-50%)
  3   (50-75%)
  4   (>75%)

-
1/9 (11%)
3/9 (33%)
1/9 (11%)
4/9 (44%)

6/10 (60%)
2/10 (20%)
1/10 (10%)
1/10 (10%)

-

7/20 (35%)
6/20 (30%)
3/20 (15%)
2/20 (10%)
2/20 (10%)

Weighted score:
  0-1   (negative)
  2-3   (weak)
  4-6   (moderate)
  8-12 (strong)

-
2/9 (22%)
4/9 (44%)
3/9 (33%)

8/10 (80%)
2/10 (20%)

-
-

9/20 (45%)
6/20 (30%)
4/20 (20%)
1/20 (5%)

p<0.002

Histogram 1: Ki-67-LI in OS and in OB.
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Histogram 2: Histogram showing COX-2 expression in OS and in OB.

Figure 3: Expression of COX2 was strong in neoplastic cells of 
OB (A) in aggressive variant OB (B) and in osteoclast like giant 
cells of OB (E). COX2 immunoreactivity was negative in low 
grade OS (C) and focally positive in high grade OS. Magnification 
is X200 (A) and X400 (B, C, D and E).
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Histogram 3: COX-2 in OB and in low grade osteoblastic OS.

COX-2 expression was significantly higher 
(p<0.001) in OB (100%) than in low-grade 
osteoblastic OS (0%) as shown in Table (4) & 
Histogram (3). COX-2 expression was higher 
(p<0.01) in high grade OS (55%) than in low-grade 
osteoblastic OS (0%) as shown in Table (5) & 

Histogram (4). All aggressive variant OB (3 cases) 
were COX-2 immunoreactive. COX-2 expression 
was significantly higher in aggressive variant OB 
than in osteoblastic low-grade OS (p<0.01) as 
illustrated in Table (6).

Table 5: COX-2 in low- and high-grade OS.
Low-grade osteoblastic  OS

n = 7
High-grade OS

n = 20
Staining intensity:
  0   (Negative)
  1   (Mild)
  2   (Moderate)
  3   (Strong)

6/7 (86%)
1/7 (14%)

-
-

7/20 (35%)
5/20 (25%)
6/20 (30%)
2/20 (10%)

% of positive cells:
  0   (0-5%)
  1   (5-25%)
  2   (25-50%)
  3   (50-75%)
  4   (>75%)

6/7 (86%)
1/7 (14%)

-
-
-

7/20 (35%)
6/20 (30%)
3/20 (15%)
2/20 (10%)
2/20 (10%)

Weighted score:
  0-1   (negative)
  2-3   (weak)
  4-6   (moderate)
  8-12 (strong)

7/7 (100%)
-
-
-

9/20 (45%)
6/20 (30%)
4/20 (20%)
1/20 (5%)

p<0.01

Table  4: COX-2 in OB and in low-grade osteoblastic OS

OB
n = 9

Low grade osteoblastic  OS
n = 7

Staining intensity:
  0   (Negative)
  1   (Mild)
  2   (Moderate)
  3   (Strong)

-
2/9 (22%)
4/9 (44%)
3/9 (33%)

6/7 (86%)
1/7 (14%)

-
-

% of positive cells:
  0   (0-5%)
  1   (5-25%)
  2   (25-50%)
  3   (50-75%)
  4   (>75%)

-
1/9 (11%)
3/9 (33%)
1/9 (11%)
4/9 (44%)

6/7 (86%)
1/7 (14%)

-
-
-

Weighted score:
  0-1   (negative)
  2-3   (weak)
  4-6   (moderate)
  8-12 (strong)

-
2/9 (22%)
4/9 (44%)
3/9 (33%)

7/7 (100%)
-
-
-

p<0.001



149

MUHAMMAD ET  AL.

DISCUSSION                                                                   

It is often difficult to distinguish OB from OS 
histologically and sometimes it is impossible 
especially with insufficient material from a needle 
biopsy or even with adequate tissue samples. 
Although clinicoradiological findings are sometimes 
helpful, appropriate immunohistochemical markers 
are still not confirmative for the differential diagnosis 
between the two tumor forms (Hosono et al. 2007). 

Our study revealed that the tumor cells of all 
OB (9 cases) showed diffuse cytoplasmic and 
membranous COX-2 expression with strong to 
moderate staining in 77% of cases, consistent with 
Kawaguchi et al. (2000). Also, this finding came in 
agreement with Hosono et al. (2007) where tumor 
cells from all OB (11 cases) unequivocally showed 
diffuse, intense and cytoplasmic immunoreactivity 
for COX-2. 

Histogram 4: COX-2 in high-grade OS and low-grade 
osteoblastic OS.

Table 6: COX-2 expression in low-grade osteoblastic OS and aggressive variant of OB.

Low-grade osteoblastic OS
n = 7

Aggressive variant OB
n = 3

Staining intensity:
  0   (Negative)
  1   (Mild)
  2   (Moderate)
  3   (Strong)

7/7 (100%)
-
-
- 

-
1/3 (33%)
1/3 (33%)
1/3 (33%)

% of positive cells
  0   (0-5%)
  1   (5-25%)
  2   (25-50%)
  3   (50-75%)
  4   (>75%)

7/7 (100%)
-
-
-
- 

-
1/3 (33%)

-
-

2/3 (67%)

Weighted score:
  0-1   (negative)
  2-3   (weak)
  4-6   (moderate)
  8-12 (strong)

7/7 (100%)
-
-
-

-
1/3 (33%)
1/3 (33%)
1/3 (33%)

p<0.01

While COX-2 is known to be closely associated 
with tumor growth and metastasis in several 
kinds of human tumors, the function of COX-2 in 
OS is unclear (Lee et al. 2007). Previous studies 
reported increased COX-2 expression in OS 
(Dickens et al. 2003), but the staining patterns and 
histological variants were not specified. By contrast, 
cytogenetic studies showed that COX-2 expression 
was detected in a limited number of OS cell lines 
(Naruse et al. 2006), but their histological variants 
was not described in details. 

Heterogeneous COX-2 expression was only 
observed in a limited number of chondroblastic 
OS and in the chondroblastic component in 
some conventional OS in the series of  Hosono 
et al. (2007). COX-2 was also expressed in the 
chondroblastic cells of chondroblastoma (Tsujii and 
DuBois, 1995) and chondrosarcoma (Sutton et al.  
2004). 
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In the current study, COX-2 was expressed in 
43% of all OS. The seven studied cases of low-
grade osteoblastic OS were COX-2 negative, in 
agreement with Hosono et al. (2007) who reported 
negative COX-2 immunostaining in the four 
studied cases of low-grade OS. In contrast, COX-
2 immunoreactivity was restricted to high-grade OS 
(55%) with 61.5% of these positive cases showing 
weak immunoreactivity in the current study. These 
results came in concordance with Masi et al. (2007) 
whereas COX-2 was expressed at high levels in 
high grade OS. COX-2 expression in the current 
study was higher than previously reported by 
Hosono et al. (2007), who found strong cytoplasmic 
expression of COX-2 in 19% high-grade OS. 

The two studied chondroblastic OS in the current 
study also revealed positive COX-2 expression, 
consistent with Hosono et al. (2007), who reported 
strong cytoplasmic COX-2 expression in all 
chondroblastic OS. They reported also that COX-
2 was expressed in the chondroblastic component 
of one osteoblastic-variant OS but this tumor was 
considered to be COX-2 negative.  

This study showed COX-2 immunoreactivity in 
the osteoclast-like giant cells in both OB and COX-
2 positive OS which was strong in the former and 
weak in the later. Our results was partially agreed 
with Kawaguchi et al. (2000) who found diffuse and 
strong COX-2 immunoreactivity in osteoclast-like 
tumor cells in all cases of osteoid osteoma. Hosono 
et al. (2007) reported also that osteoclast like giant 
cells were weakly positive in some cases of OS.  

In concordance with Naruse et al. (2006) and 
Calabrese et al. (2007), COX-2 immunoexpression 
in the current study was significantly higher in OB 
(100%) than in OS (43%), in OB (100%) than in 
low-grade osteoblastic OS (0%) and lastly in high 
grade OS (55%) than in low grade osteoblastic 
OS (0%) with p values less than 0.002, 0.001 and 
0.01 respectively. Thus, we conclude that COX-2 
is a valuable diagnostic marker in the distinction 
between OB and OS. 

To the best of our knowledge, this is the first 
study that correlating COX-2 expression in low-
grade osteoblastic OS and aggressive variant 
osteobastomas. We found that, in contrast to 
low-grade osteoblastic OS, all aggressive variant 
osteobastomas (3 cases) showed COX-2 positivity 
and this difference was statistically significant 
(p<0.01). Current study proved that COX-2 
immunostaining could confirm the diagnosis of OB. 
Further studies are needed on a larger number of 
cases to confirm these results. 

Histological grading of OS is important for 
oncologic staging of the tumor and for determining 
adjuvant treatment as well as surgery (Klein and 
Siegal 2006). Besides, the results obtained by Masi 
et al. (2007) indicating that COX-2 was expressed 
at high levels in high-grade OS, which support the 
use of COX-2 inhibitors to improve both the tumor 
response to chemotherapy and the outcome of 
OS patients. They also reported that low COX-
2 expression was always associated with a good 
response to chemotherapy. 

Rodriguez et al. (2008) reported that COX-2 
expression correlated inversely with disease-free 
survival in patients with OS presented by lung 
metastases. They found that the disease free 
survival was inversely correlated with the intensity 
of COX-2 expression. 

In agreement with the prior study (Rodriguez et 
al. 2008), our study showed that COX-2 expression 
increased with increasing the grade of OS which 
is correlated closely to bad prognosis and distant 
metastasis. On the contrary, no evidence that COX-
2 expression in a primary tumor correlates with the 
clinical outcome in OS in the study of Urakawa et 
al. (2009).

Peng et al. (2002) and Ohta et al. (2004) found 
that the positive rate Ki-67 in OS were 35.5% and 
29.5%, respectively. The positive rate of Ki-67 in 
recurrent OS in the former study (Peng et al. 2002) 
was 81.8%, which was significantly higher than that 
in the primary tumor. They also reported that Ki-67 
positive rate was 66.7% in OS with lung metastasis, 
which was significantly higher than that in OS 
without lung metastasis. 

In the current study, the mean Ki-67-LI was 23.7% 
in OB, 58.8% in low-grade OS (including the two 
chondroblastic and the one fibroblastic ones) and 
74.9%  in high-grade OS which was higher than 
previously reported by the prior studies (Peng et al. 
2002 and Ohta et al. 2004). 

In addition, our study showed gradual significant 
increase (p<0.01) in the mean Ki-67-LI from OB, 
to low-grade OS, to high-grade OS in agreement 
with Okada et al. (2000) who reported a significantly 
higher rate of proliferation among high grade OS 
in comparison to low-grade OS and other benign 
intraosseus bone tumors. So these findings 
supposed that Ki-67-LI may be very useful in the 
distinction between high-grade and low-grade OS. 

High grade OS was associated with worse 
prognosis (Scotlandi et al. 1995). In context, Okada 
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et al. (2000) found that high grade OS (G3 and G4) 
were associated with higher proliferative activities 
compared with low grade tumors (G1 and G2). 

Previous researches by Stefanou et al. (1998) and 
Hernández-Rodríguez et al. (2001) revealed that Ki-
67 (MIB-1) expression was correlated with reduced 
survival (p<0.05) and higher mortality (P<0.000). 
Noteworthy, the proliferating cell nuclear antigen 
labeling index (PCNA-LI) which is correlated closely 
to Ki-67 LI may be a useful predictor of recurrence 
(Oliveira et al. 2007).  Liao et al. (1998) and 
Hernández-Rodríguez et al., (2001) reported that 
in OS high Ki-67 may help to predict the possibility 
of early and increased frequency of metastases 
(P<0.000). 

However, Park and Park (1995) reported that 
expression of Ki-67 was not correlated with clinical 
or pathological parameters in OS. Jong et al. (2000) 
stated that the proliferative index did not appear to 
predict either disease-free or overall survival and 
did not appear to be of prognostic significance for 
high grade OS.  

In contrast to Oliveira et al. (2007) who found 
that atypical OB as an entity, had proliferation 
cell nuclear antigen (PCNA) immuno-expression 
closer to that of OS than of classical OB, we 
found significant difference in Ki-67-LI between 
aggressive variant OB and low grade OS (p<0.01).  
However, distinguishing low-grade OS from benign 
bone tumors remains highly dependent on clinical, 
radiological and histopathological features. As well, 
distinguishing low-grade OS from OB by determining 
only the rate of proliferation was not possible.

CONCLUSION                                                            

It is concluded that there is a gradual increase 
in the Ki-67 immunoexpression ongoing from OB 
through low-grade OS to high-grade OS. Absence of 
COX-2 expression could differentiate the low-grade 
OS from OB. Expression of COX-2 would confirm 
the diagnosis of aggressive variant OB versus low-
grade OS. Positive COX-2 expression starts with 
increasing grade of OS which is correlated closely 
with metastasis and poorer outcome. 

ABBREVIATIONS                                                               

 Cyclo-oxygenase (COX)-2, Ki-67-label index (LI), 
osteoblastoma (OB) and osteosarcoma (OS), 
hematoxylin and eosin (H&E), normal goat serum 
(NGS), percentage of positive cells (PP), staining 
intensity (SI), average weighted score (AWS).
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ملخص البحث
 

دور تعبيرالسيكلو-أوكسيجيناز-٢ وكي- ٦٧ الهستوكيميائي المناعى في التفرقة 

بين ورم بانيات العظم وسركوما العظم 

إيمان محمد صالح الدين محمد١، زينب حمدي البدوي٢، حسان حمدي عبدالرحمن نعمان٣ 
اقسام الباثولوجيا٢،١ وطب وجراحة العظام٣ بكلية الطب بسوهاج١-٣

 
 / واإلشعاعية  االكلينيكية  االعراض  في  اختالفا  تبين  التي  األولية  العظام  أورام  هي  العظم  العظم وسركوما  بانيات  ورم  الخلفية: 
العظم وقد يكون من الصعب جدا بل من  العظم تشريحيا سركوما  بانيات  المختلفة. وقد يشبه ورم  الباثولوجية  والمالمح المرضية 

المستحيل التشخيص التفريقي بين ورم بانيات العظم العدوانية وسركوما العظم ذات الدرجة المنخفضة في عينة خزعة صغيرة.

 األهداف: تقييم الفائدة من دراسة تعبيرالسيكلو-أوكسيجيناز-٢ ومؤشر كي- ٦٧ الهستوكيميائي المناعى ودراسة جدواها في التشخيص 
التفريقي بين ورم بانيات العظم العدوانية وسركوما العظم ذات الدرجة المنخفضة. 

المناعى في تسع حاالت من  الهستوكيميائي  التكاثر كي- ٦٧ وتعبيرالسيكلو-أوكسيجيناز-٢  الطرق والوسائل: تمت دراسة مؤشر 
ورم بانيات العظم وثالثين حالة من سركوما العظم )٢٠حالة ذات درجة عالية و١٠ حاالت ذات درجة منخفضة( وتشمل ٢٧ حالة 

سركوما العظم البانية للعظم. 

النتائج: أظهرت النتائج زيادة تدريجية ذات داللة احصائية في مؤشر كي- ٦٧ مرورا من حاالت ورم بانيات العظم الى سركوما 
العظم ذات الدرجة المنخفضة ثم سركوما العظم ذات الدرجة العالية. وكان تعبير السيكلو-أوكسيجيناز-٢ اعلى احصائيا في ورم بانيات 
العظم عنه في ورم سركوما العظم. وكان هناك انخفاضا احصائيا كبيرا للتعبير المناعى للسيكلو-أوكسيجيناز-٢ في ورم سركوما 
العظم  ذو الدرجة المنخفضة عنه في ورم بانيات العظم ولكن كانت هناك زيادة في تعبير السيكلو-أوكسيجيناز-٢ في سركوما العظم 
ذات الدرجة العالية عنه في سركوما العظم ذات الدرجة المنخفضة. و بين ورم بانيات العظم العدوانية وانخفاضا في مؤشر كي- ٦٧ 

وزيادة في تعبير السيكلو-أوكسيجيناز-٢ ذوا داللة احصائية في تعبير السيكلو-أوكسيجيناز-٢ عنه في حاالت سركوما العظم. 

المنخفضة ثم سركوما  الدرجة  العظم ذات  الى سركوما  العظم  بانيات  اإلستنتاجات: يزيد مؤشر كي- ٦٧ مرورا من حاالت ورم 
العظم ذات الدرجة العالية. يمكن لسلبية تعبيرالسيكلو-أوكسيجيناز-٢ في سركوما العظم ذات الدرجة المنخفضة ان تميز بينها وبين 
ورم بانيات العظم العدوانية التي هي دائما إيجابية لتعبيرالسيكلو-أوكسيجيناز-٢. وقد كانت إيجابية لتعبيرالسيكلو-أوكسيجيناز-٢ وتبدأ 

زيادة السيكلو-أوكسيجيناز-٢ مع زيادة درجة الورم التي ترتبط ارتباطا وثيقا مع المراحل األعلى والمضاعفات األخطر.


