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Background: Meningioma is among the most common slow growing central nerv-
ous neoplasms, which recurs locally despite the benign histologic features. The aim 
of this study was to evaluate osteopontin and ki67 expressions in different histologic 
grades of meningioma in a group of Iranian people.

Methods: In this cross-sectional study, first, the paraffin blocks with the definite 
pathological diagnosis of meningioma in 70 patients were cut by microtome, in 4-5 
micron sizes and stained for immunohistochemical markers of osteopontin and ki67. 
Then, all samples were evaluated for positive immunoreactivity and contributing fac-
tors.

Results: Among 70 pateints studied, the mean for the Ki67 level was 8.6±12.3 and 
the mean for the osteopontinm IHC score was 45.2±77.9. There was a high correlation 
between markers, tumor recurrence and grade (P<0.001). In addition, there was a sig-
nificant direct correlation between ki67 and osteopontin levels (P<0.001, r=0.760). In 
other words, as OPN and ki67 expressions increased, the chance of tumor recurrence 
increased.

Conclusion: ki67 and osteopontin expressions in patients with meningioma can be 
used as good prognostic markers for tumor recurrence and for distinguishing the grade 
of meningiomas.
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Introduction

Meningioma is a common tumor of central 
nervous system, seen in 15% of cases. Its origin 
may be arachnoidal specialized cells. The most 
important contributing factor of tumor progression 
is histological grade defined according to WHO 
criteria (1-3). However, surgical treatment of 
these tumors, despite bone and dura matter 
involvement, may completely suppress the 

recurrence of tumors; but in some cases of low-
grade tumors unexpected recurrence are seen that 
may be present in 20% of cases with complete 
surgical removal and 80% of incomplete surgical 
removal (4).

This matter has led to study of contributing 
factors of recurrence in meningioma as reported 
in different investigations (5-7). Among these 
markers are osteopontin (OPN) that bind 
to integrin and may be involved in tumor 
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progression via apoptosis and production, 
adhesion, and migration of tumoral cells. The 
role of this marker on other cancers such as 
breast cancer has been evaluated. Osteopontin 
induces oncogenic and metastatic potential of 
several cancers by upregulating various signaling 
cascades.Osteopontin via integrin activitates 
PI3K/AKT signalling that confers cytoprotection 
and promotes cancer cell survival. Howerver, 
there is little knowledge about its involvement in 
progressioin of meningioma.On the other hand; 
Ki-67 is a nuclear marker responsible for cellular 
proliferation. It has been used for grading of 
meningioma and has association with different 
histological grades of meningioma; showing 
more proliferative activity in malignant cases 
rather than benign tumors (8-10).

In this study, we investigated the OPN 
expression for meningioma in different histologic 
grades, correlation with ki67 and its role for 
predicting the tumor recurrence.

Methods and Materials

In this cross-sectional study in two academic 
hospitals of Rasoul Akram and Firouzgar, 
during 2006-2010, 70 consecutive cases of 
meningioma with different histologic grades 
were enrolled and their medical documents were 
evaluated. The insufficient samples, the patients 
with simultaneous tumors and impossibility of 
following up the patients, were exclusion criteria.
Initially the paraffin blocks and slides of those 
with diagnosis of meningioma were selected 
and reevaluated. Then some 4-5 micron slices 
were developed by microtome and were stained 
immunohistochemically for osteopontin and 
ki-67. In all slides, the intensity and extent of 
immunoreactivity were explored as stained 
cells percent. Mouse monoclonal antibody 
Anti-OPN (ab53) catalog number, 69498 with 
1:1000 dilution from ABCAM Company and 
monoclonal antibody Ki-67catalog number, 7240 
with 1:100 dilution from Dako Company were 

used by complex of biotin-avidin-peroxidase 
under manufacturer instructions.

For osteopontin staining, it was performed 
by hand in room temperature. Endogenous 
peroxidase and non-selective background was 
blocked by incubation slides with hydrogen 
peroxide 10%. After washing with phosphate 
buffer saline for 5 min, the slides were washed 
by normal saline for 20 min. The slides were 
incubated with Anti-OPN for 60 min. After 
washing with phosphate saline buffer for 5 min, 
the biotinalated secondary antibody was used for 
incubation with 20 min duration. Again, after 
washing with phosphate buffer saline for 5 min, 
the slides were incubated with avidin-biotin 
complex for 30 min and rewashed. Chromogen 
dilution was performed with mixing the 3, 3 
DABTHC in tris buffer for two minutes. All 
samples were counterstained by hematoxyline 
for 30 seconds. The psammomatos meningioma 
was considered as positive control of staining 
due to presence of psammoma body. The 
intensity grading for osteopontin was rated from 
0 to 4 (cytoplasmic reaction from none to srong 
reaction) and for more accuracy the percent of 
positive cells were also calculated and IHC score 

reported from zero to 400 (Fig. 1, 2, 3). For Ki-
67 also the percent was used for expression of 
nuclear staining of cells.

Data analysis was performed by SPSS, 

Fig. 1
Weak osteopontin cytoplasmic staining (×400) 
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(version16) software [Statistical Procedures 
for Social Sciences; Chicago, Illinois, USA]. 

Independent-sample t and ANOVA tests were 
used for comparisons and were considered 
statistically significant at P values less than 0.05.

Results

Among 70 patients studied, the mean age was 
48.8 ± 10.28 yr. Twenty-two patients (31.4%) 
were male. Twenty-seven patients (38.6%) had 
short-term recurrence (average 34 months). 
Among the cases, 75.7% were grade I, 20% 
atypical and 4.3% anaplastic. Between grade I, 

36 (67.9%) were classic meningothelial type, 
6 (11.3%), fibroblastic, and 11 (20.8%) were 
transitional. The mean Ki-67 and osteopontin 
IHC score were 8.6 ± 12.3 and 45.2 ± 77.9, 
respectively. The mean ki67 index and IHC score 
of different grades of meningioma are shown 

(Table 1).
Both Ki-67 index and osteopontin IHC 

score were significantly higher in atypical and 

anaplastic meningiomas than in bening ones 

Fig. 2
Weak to moderate osteopontin cytoplasmic staining (×400)

Fig. 3
Moderate to strong osteopontin cytoplasmic staining 
(×400)

Parameteres Ki67 Osteopontin

Mean 8.6143 42.2429

Median 2.0000 8.0000

Std.deviation 12.31741 77.92814

Minimum 0.00 0.00

Maximum 50.00 320.00

Percentile

25 1.0000 0.0000

50 2.0000 8.0000

75 12.7500 60.0000

90 30.0000 156.0000

Table 1
Mean Ki-67 and Osteopontin in different grades of 
meningioma

Recurrence Mean Std.deviation

Osteopontin
Present 94.63689 94.63689

Absent 19.07730 19.07730

Ki67
Present 14.56413 14.56413

Absent 5.00255 5.00255

Table 2
Mean Ki67 and Osteopontin in recurrent and non recurrent 
cases
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(P<0.001). In addition, the recurrent cases had 
higher osteopontin IHC score and Ki-67index 
(Table 2).

There was no association between Ki-67 
index and gender (P > 0.05); but the osteopontin 
level was significantly higher in female subjects 
(P=0.003). Additional and interesting finding was 
that, the pathological type of tumors in grade I, 
had no association with levels of Ki-67 index and 
osteopontin IHC score (P > 0.05). However, the 
age was not related to none of them (P > 0.05). 
Discriminant analysis, found that, Ki-67 index 
and osteopontin IHC score were interrelated.
(P<0.001, r=0.760)

Discussion

Although, grading the meningioma according 
to WHO criteria, usually easy, some times we 
encounter the unusual cases, difficult to grade; 
especially in tumors seem to be grade I, do not 
fulfill criteria for higher grades, but behave 
in aggressive fashion and recur more than the 
other benign meningiomas.Till now; many 
factors among proliferating markers are being 
investigated in meningioma.

Tseng et al. similarly reported association of 
recurrence and osteopontin level (1). Besides 
Takei et al. reported that Ki-67 was related to 
higher recurrence rate (4) as well as our study. 
Higher level of Ki-67 was associated with higher 
grade and also recurrence but not pathological 
type of tumor (11). A review study by Abry et al. 
reported significant association between Ki-67 
level with recurrence and grade of meningioma 
as well our study (12).

Kolles et al. similarly demonstrated non-
significant association between pathological type 
of tumor with Ki-67 but significant with grade 
(13). This matter was also reported by Akyildiz 
et al. (14). The association of Ki-67 level with 
recurrence and survival of meningioma patients 
is also shown by Bruna et al. (15). 

However, according to our knowledge, there is 

no clear cut off point for ki67 index suggested for 
meningioma, which is sutibale for predicting its 
behavior. In this study, we investigated the OPN 
expression and correlation with ki67, as widely 
accepted marker for tumor recurrence. These two 
markers were interrelated but age and gender had 
no significant association with them. Pavelin et 
al. demonstrated the association of Ki-67 and 
P53 with tumor grade that this matter was true in 
our study about Ki-67 and osteopontin (16).

In our study, we investigated whether OPN 
expression was effective predictor of tumor 
recurrence in different histologic grades of 
meninigioma, not just for meningioma grade I, 
reported by Arıkök et al. (17).The more expressed 
OPN, the more posssibilty of tumor recurrence 
even in high-grade tumors. There was also no 
significant difference between OPN expressions 
in different subtypes of meningioma grade I. It 
seems that other factors are responsible for the 
progression of these tumors.

Conclusion

ki67 and osteopontin levels in patients with 
meningioma of different grades may be good 
prognostic markers for tumor recurrence and 
also are related to grade of tumors. Therefore, 
these findings let us suppose these markers 
for grading meninigioma as parallel as WHO 
criteria, although more comprehensive studies 
with larger samples including more high grade 
tumors as well, seems mandatory.
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