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     Meningiomas account for approximately 24-30% of primary
intracranial neoplasms. They arise from arachnoidal cap cells,
and are associated with cytogenetic alterations involving
deletion of chromosome 221. Meningiomas usually occur in
aged women, with a female to male ratio of 1.7:1, possibly due
to sex hormones2. According to the 2007 World Health
Organization (WHO) classification system, meningiomas can be
divided into WHO grades I, II, and III by their histopathological
appearance. Brain-invasive meningiomas are prognostically
considered WHO grade II3. The prognosis for meningiomas is
commonly dependent upon histopathologic grade and degree of
resection. Although the majority of meningiomas are classified
as WHO grade I, recurrence can occur despite complete excision
of the tumor. There are few known prognostic biomarkers for
meningiomas. Therefore, the goal of our study was to investigate
the expression levels of secreted protein acidic and rich in
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ORIGINAL ARTICLE

cysteine (SPARC), the guanine nucleotide exchange factor Vav3,
phosphorylated Akt (p-Akt), cyclin D1, and Ki-67, a cellular
marker for proliferation, in all meningiomas, and determine its
correlation with invasiveness, recurrence, and progression. 
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PATIENTS AND METHODS
Patients
     Specimens were collected from patients diagnosed with
meningiomas who were operated on at The Neurosurgical
Department of the First Affiliated Hospital of Harbin Medical
University (China) between 2003 and 2009. All patients gave
informed consent prior to their participation in the study. All
WHO grade II (139) and grade III (13) cases, but only 135 grade
I cases (diagnosed from 2003 to 2004 with non-recurrent, non-
invasive, completely resected meningioma), and an additional 27
recurrent cases (WHO grade I) were collected. Only the tongues
of meningioma cohesive cells infiltrating the cortex with benign
histopathology were classified as brain-invasive. The few
observed cases of secretory, lymphoplasmacyte-rich, metaplastic
meningiomas were classified as ‘mixed’. 

Immunohistochemistry 
     Paraffin sections (4 mm) were mounted onto glass slides. The
slides were deparaffanized at 60°C for one hour (h), and then
dewaxed in xylene. Antigen retrieval was achieved by
immersing the slides in citrate buffer or EDTA in an autoclave
for 2 or 2.5 minutes (min). The samples were incubated with
primary antibody for 20 min in a water bath at 37°C, followed by
incubation with secondary antibody for 20 min. The following
primary antibodies were used: 1:300 dilution of Vav3 (ab21208,
goat polyclonal, abcam; Cambridge, UK), 1:100 dilution of
SPARC (ab89739, abcam; mouse monoclonal), 1:50 dilution of
p-Akt (4060s, rabbit polyclonal; Cell Signaling Technology,
Beverly, MA, USA), 1:30 dilution of cyclin D1 (ERR2241,
rabbit monoclonal; Biogenex, Fremont, CA, USA), and a 1:100
dilution of Ki-67 (BGX-Ki-67, mouse monoclonal; Biogenex,
Fremont, CA, USA). Antibodies were visualized with 3,3-
diaminobenzidine (DAB). Control slides were prepared by
following the same procedures without applying primary
antibody.

Evaluation of immunostaining
     Immunohistochemical staining was independently evaluated
by two neuropathologists who were blinded to WHO grade and
recurrence status. The interobserver variation and intraobserver
reliability of the selected factors did not have statistical
significance (p>0.05). Positive SPARC cytoplasmic staining was
observed. Staining was scored as: 0 (no staining), +1 (weak
staining; <20%), +2 to +3 (moderate staining; 20–50%), or +4 to
+5 (strong staining; >50%). A numerical value from 0 to 3 was
used for further analysis4. The percentage of cells expressing Ki-
67 and cyclin D1 were obtained from cells with the highest
staining intensity in 10 high-power fields (HPF). The percentage
of labeled cells = number of labeled cells/total counted cells
×1005. The intensity and extent of positive Vav3 cytoplasmic
labeling were semi-quantitatively assessed and scored as 0 (no
staining), +1 (weak and focal staining in <25% of tissue), +2
(moderate intensity in 25–50% of tissue), +3 (moderate intensity
in >50% of tissue), and +4 (strong and diffuse staining in >50%
of tissue6. Immunostaining for p-Akt showed cytoplasmic
expression, and was designated 0, +1, +2, and +3, which
represented no cell staining, 20% cell staining (weak), 20–50%
cell staining (moderate), and >50% cell staining (strong),
respectively7.

Statistical analysis
     All analyses were carried out with SPSS statistical software,
version 19.0. Descriptive statistical methods of mean, frequency,
and standard deviation were applied. Quantitative variables (F
and T test) or qualitative variables (chi-squared tests) were used
to determine the significance of difference between groups.
Spearman’s rank correlation coefficient was used to determine
the relationship between factors.

RESULTS
Clinicopathological data
     A total of 287 patients (not including the 27 recurrent cases)
were included in our study. Most patients (84%) were at least 40

The mean difference is significant at the 0.05 level. acompared with Ki-67 Grade I;
bcompared with Cyclin D1 Grade I
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Ki-67 I 135 0.87±0.12 

 II 139 4.27±0.45a 

 III 13 13.00±0.73 a 

 recurrence 27 3.44±0.37a 

 Brain invasive 56 3.00±0.02a 

Cyclin D1 I 135 32.37±1.74 

 II 139 47.16±1.81b 

 III 13 54.62±2.61 b 

 recurrent 27 18.74±2.03 b 

 Brain invasive 56 45.09±1.98b 

Table 1: Immunoexpression of Ki-67 and Cyclin D1 in all grade
meningiomas
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years of age. Half of the females (50.2%) had grade I
meningiomas, and 59.0% of the male cases were grade II
meningiomas. Meningiomas located over the convexity of the
brain comprised 60.6% of all cases. Brain-invasive (40.3%),
atypical (32.4%), chordoid (4.3%), and clear cell (23.0%)
meningiomas were classified as WHO grade II. 

Ki-67 and cyclin D1 expression in meningiomas
     Positive nuclear staining of Ki-67 was observed in the
meningiomas, and many cases showed patterns of diffuse
cytoplasmic and nuclear cyclin D1 staining (Figure). The
expression levels of Ki-67 and cyclin D1 were significantly
higher in grade II and grade III meningiomas compared to grade
I meningiomas (p<0.01; Table 1). Furthermore, there was
increased Ki-67 and cyclin D1 expression in brain-invasive
meningiomas compared to non-invasive meningiomas (WHO
grade I) (p<0.05). The expression of Ki-67 was significantly
higher in recurrent meningiomas compared to non-recurrent
meningiomas (WHO grade I) (p<0.01). There was a statistically
significant positive correlation between Ki-67 and cyclin D1
expression according to Spearman’s rank-order correlation
(Table 2). 

Expression of SPARC and p-Akt in meningiomas
     The expression of SPARC was significantly higher in grade II
and III meningiomas compared to grade I meningiomas (p<0.01)
(Table 3). A statistically significant difference in p-Akt
expression was detected in grade II and III meningiomas
(p<0.01) (Table 3). Although positive cytoplasmic expression of
p-Akt was found in a few grade I meningiomas, most grade II
and III meningiomas had both cytoplasmic and nuclear p-Akt
expression (Figure). There was a statistically significant positive
correlation between Ki-67 and SPARC expression, and between
SPARC and p-Akt expression according to Spearman’s rank-
order correlation (Table 2). In addition, SPARC and p-Akt
expression was higher in brain-invasive meningiomas compared
to grade I meningiomas (p<0.01) (Table 3). Interestingly, there
was higher p-Akt expression in the tumor-brain border of three
brain-invasive meningiomas compared to the tumor itself. In
addition, p-Akt expression was higher in recurrent meningiomas
compared to grade I meningiomas (p<0.05). 

Vav3 expression in meningiomas
     The expression levels of Vav3 were significantly higher in
grade II and III meningiomas compared to grade I meningiomas
(p<0.01; Table 3). A positive correlation was found between Ki-
67 and Vav3 expression, and between Vav3 and p-Akt

Figure: The expression of factors in all grade meningiomas(×40)  a)
Cyclin D1 grade I, b) Cyclin D1 grade II, c) Cyclin D1 grade III, d) Ki67
grade I, e) Ki67 grade II, f) Ki67 grade III, g) SPARC grade I, h) SPARC
grade II, i) SPARC grade III, j) p-Akt grade I, k) p-Akt grade II, l) p-Akt
grade III, m) Vav3 grade I, n) Vav3 grade II, o) Vav3 grade III.

**In the credibility of 0.01(two-tailed), the correlation is significant. *In the credibility of
0.05(two-tailed), the correlation is significant.
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Cyclin D1 Spearman r 1.000 0.356** 0.162* 0.298** 0.162** .422** 
 Sig.(2-tailed) . 0.000 0.006 0.000 0.006 0.000 
Ki-67 Spearman r 0.356** 1.000 0.203** 0.397** 0.228** 0.590** 
 Sig.(2-tailed) 0.000 . 0.001 0.000 0.000 0.000 
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 Sig.(2-tailed) 0.006 0.001 . 0.000 0.000 0.000 
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 Sig.(2-tailed) 0.000 0.000 0.000 . 0.000 0.000 
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 Sig.(2-tailed) 0.006 0.000 0.000 0.000 . 0.000 
grade Spearman r .422** 0.590** 0.369** 0.701** 0.358** 1.000 
 Sig.(2-tailed) 0.000 0.000 0.000 0.0000. 0.000 . 

 
         

         
 
 
 

Table 2: Spearman’s analysis of the correlation between immunoexpression of
factors in all grade meningiomas
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expression according to Spearman’s rank-order correlation
(Table 2). Expression of Vav3 was significantly higher in brain-
invasive and recurrent meningiomas compared to grade I
meningiomas (p<0.05). 

DISCUSSION
     Extensive research has been carried out to identify markers
that predict meningioma prognosis; however, there remains a
lack of reliable biological prognostic markers. This study was
carried out to investigate Vav3, SPARC, p-Akt, cyclin D1, and
Ki-67 expression in a relatively large number of meningioma
cases, particularly in grade II meningiomas. Few studies have
shown significant changes in SPARC, p-Akt, and cyclin D1
expression in meningiomas, and to date, no studies have
investigated Vav3 expression in meningiomas. 
     The Ki-67/MIB-1 proliferation index is related to the grade of
meningioma; Ki-67 expression is the only factor that can
independently indicate both recurrence and overall survival8.
Cyclin D1 is an essential nuclear protein, that allows cells to
move through the G1 phase of the cell cycle. The expression of
cyclin D1 and proliferating cell nuclear antigen is increased in
grade II and III meningiomas9. Our findings are consistent with
this study, as we found an increase in cyclin D1 expression in
brain-invasive meningiomas compared to grade I meningiomas.
These data indicate that cyclin D1 is associated with tumor
progression and invasiveness. In addition, we found diffuse
cytoplasmic and nuclear cyclin D1 staining, although the
significance of these different expression patterns is unclear. The
expression of Cyclin D1 in combination with Ki-67 expression,
might be related to the proliferation, invasion, and progression of
meningiomas.
     The expression of SPARC increases in some tumors, and
decreases in others10. Matrix-associated staining of SPARC in
our study was consistent with the features of SPARC as a
secreted protein. SPARC was originally thought to be a potential
marker of brain-invasive meningiomas4; however, this finding
has been controversial. Positive cells were found in both

invasive and non-invasive tumors, and disruption of the pial-
glial basement membrane was associated with grade of
meningioma malignancy11. Higher SPARC expression was
detected in atypical and anaplastic meningiomas, as well as in
recurrent meningiomas12. There was higher SPARC and p-Akt
expression in grade II and III meningiomas compared to grade I
meningiomas in our study. The expression of SPARC and p-Akt
was significantly higher in brain–invasive meningiomas, and p-
Akt expression was significantly higher in recurrent
meningiomas. The data from our study suggest that SPARC and
p-Akt expression might be associated with tumor invasion,
progression, and recurrence. 
     The main signaling pathway in meningioma is the PI3K-Akt
pathway. Previous studies have demonstrated increased p-Akt
expression in atypical and malignant meningiomas compared to
benign meningiomas, and the PI3K inhibitor, wortmannin, was
able to inhibit tumor cell proliferation13. Our study showed a
positive correlation between SPARC and p-Akt expression
according to Spearman’s rank-order correlation, suggesting that
SPARC might function through the PI3K-Akt pathway in
meningiomas. Cytoplasmic staining of p-Akt was observed in
grade I meningiomas, and mostly nuclear p-Akt immuno-
reactivity in grade II and III meningiomas, combined with a poor
disease prognosis. Higher p-Akt expression in grade II and III
meningiomas indicate that the PI3K/Akt signaling pathway
might be a potential target for meningioma therapy. The role of
SPARC in some tumors might be associated with alterations in
the methylation state of the SPARC promoter; thus, targeting
SPARC may be an effective tumor therapy14.
     Vav3 is a guanine nucleotide exchange factor for Rho family
GTPases. Overexpression of Vav3 has been found in human
prostate cancer, and may activate the androgen receptor axis
through the PI3K/Akt pathway to promote cell growth6. Lee et al
found that majority of breast cancers overexpress Vav3, which
can stimulate breast cancer cell growth through the PI3K/Akt
pathway15. In our study, Vav3 was expressed in meningiomas,
and its expression increased with meningioma grade. In addition,

The mean difference is significant at the 0.05 level. acompared with SPARC grade I;
bcompared with Vav3 grade I; ccompared with SPARC grade I
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 brain-invasive 0 0 42 14 56 0.000 c 
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Table 3: Comparison of SPARC, Vav3 and p-Akt immunohistochemical
expression in all grade meningiomas
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there was a positive correlation between the expression of Vav3
and p-Akt according to Spearman’s rank-order correlation. This
suggests that Vav3 might function through the PI3K-Akt
pathway in meningiomas. Vav3 expression was significantly
higher in brain-invasive meningiomas, and also increased in
recurrent cases, suggesting that Vav3 might be related to
histopathology grade, invasiveness, and recurrence of
meningioma. 
     According to the WHO system, brain-invasive meningiomas
should prognostically be considered WHO grade II. In our study,
the expression of SPARC, p-Akt, Vav3, Ki-67, and cyclin D1
were significantly higher in brain–invasive meningiomas
compared to non-invasive meningiomas, and brain-invasive
meningiomas appeared to have a poor prognosis. In grade II
meningiomas, Ki-67 expression was higher in the atypical
subtype compared to the brain-invasive and clear cell subtypes,
and SPARC expression was higher in the brain-invasive subtype
compared to atypical and clear cell subtypes(data not shown). 
     By examining a large number of meningioma cases, we found
that the expression of Vav3, SPARC, p-Akt, cyclin D1, and Ki-
67 might be associated with meningioma progression,
invasiveness, and recurrence. In addition, our data suggest that
Vav3 and SPARC might function through the PI3/Akt pathway in
meningiomas.
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