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Abstract: Hemangiopericytoma (HPC) and meningioma, for their morphology immunohistochemical markers simi-
larity, were usually confused especially before surgery. This study aimed to develop a panel of biomarkers to dif-
ferentiate HPC from meningioma. Real-time PCR and immunohistochemical staining were employed to determine 
the levels of p53, bcl-2, c-myc, vimentin, CD34, FVIIIa, MGMT and reticular fiber in 15 meningiomas, HPCs and their 
normal controls. We found that, in the mRNA expression level, both Bcl-2 and c-myc were high in HPC and menin-
giomas, but bcl-2 was higher in HPC than in meningiomas, c-myc was lower in HPC than in meningiomas. In protein 
expression level, reticular fibers were around most HPC tumor cells but observed null in meningiomas; CD34 and 
FVIIIa were both found positive in HPCs but negative in meningiomas; MGMT was weak focal in HPC but strong dif-
fuse in meningiomas. In conclusion, bcl-2, c-myc, and MGMT could be employed as the new panels of biomarkers 
for distinguishing HPC from meningiomas.
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Introduction

Meningiomas originated from the meningothe-
lial (arachnoidal) cells, which accounts for 
about 24-30% of primary intracranial neo-
plasms [1, 2]. Meningeal hemangiopericytoma 
(HPC), once classified as ‘angioblastic’ variant 
of meningioma and divided from the meningio-
ma by WHO in 1993, is now recognized as men-
ingeal interstitial source tumor and located 
mostly in the musculoskeletal system and the 
skin, while intracranial localization is rare, rep-
resenting 2% to 4% of large series of meningeal 
tumors and accounts for less than 1% of all 
intracranial tumors. The WHO classification 
(2000) of Central Nervous System tumors dis-
tinguishes HPC as an entity of its own, and clas-
sified it into the group of “mesenchymal, non-
meningothelial tumors” [3-5].

Meningiomas and HPC are two tumors with 
characteristic histological patterns that can be 
distinguished clearly in classical way. HPCs 
tend to recur and metastasize where the local 
recurrence and extraneural metastasis rates 

were 48.2% and 6%, respectively. However, 
occasional cases display sufficient morphologic 
overlap so that ancillary tests are necessary to 
distinguish between them. Histological and 
immunohistochemical examinations are impor-
tant for diagnosis of intracranial HPCs. HPCs is 
distinguished from meningiomas by the 
absence of whorl or syncytium formation, which 
are characteristic of meningiomas. Imm- 
unohistochemically, HPCs are positive for 
CD34, and negative for EMA and S-100 protein, 
for which meningiomas are positive. Currently, 
the most useful immunohistochemical and his-
tochemical stains to distinguish them are as fol-
lows: (1) epithelial membrane antigen (EMA) 
[6-8], which is typically positive in meningiomas 
and usually negative in HPCs; (2) a characteris-
tic individual cell FVIIIa staining pattern seen in 
HPCs and not in benign meningiomas [9, 10]; 
(3) reticulin, which shows a dense network of 
intercellular deposition in HPCs, with most 
meningiomas being relatively reticulin poor. 
CD34 was initially considered to be specific for 
HPCs [11], but there were also some opposite 
theories [12, 13] and studies have shown that 
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in contrast to the strong diffuse staining seen 
in solitary fibrous tumors, with 60% of meningi-
omas being similarly positive [9, 10]. In con-
trast to meningiomas, HPCs currently do not 
have any well-characterized or signature genet-
ic alterations. So, we explored the issue in 
these two tumor types, adding several recently 
developed biomarkers such as MGMT and bcl-
2. MGMT has been reported to be frequently 
positive in HPCs, and bcl-2 is strongly positive 
in the closely related solitary fibrous tumor 
(SFT) [9, 14].

Materials and methods

Patients and tissue samples

15 paired surgical specimens of HPC (1999 to 
2012), meningiomas and normal tissues 
(2012) from patients suffered from brain trau-
ma and decompression of the cerebral hemor-
rhage were obtained from patients who had 
undergone curative surgical treatment in 
Nanjing Brain Hospital affiliated to Nanjing 
Medical University. Each tissue specimen was 
divided into two parts after resection. For total 
RNA extraction, samples was immediately fro-
zen in liquid nitrogen and stored at -80°C until 
extraction. The other parts were processed for 
pathological examination.

HPC patients were 7 females and 8 males 
whose case histories were 2 days to 2 years. 
The age of patients varied from 37 to 73 (mean 
age=56.2 years). Meningiomas patients were 6 
females and 9 males, case histories were 1 
week to 3 years. The age of patients varied 
from 36 to 74 (mean age=54.4 years). Normal 
tissues were 6 females and 9 males, with the 
case history from 1 h to 7days. The age of 

the manufacturer’s protocol. Reverse transcrip-
tion was performed using the Superscript III RT 
kit (Invitrogen, NY 14072, USA) according to the 
manufacturer’s protocols. Real-time PCR ampli-
fication was performed using the SYBR Green 
master mix (Applied Biosystems, Foster City 
CA, 94404 United States) and the Prism 7500 
Real-time PCR Detection System (Applied 
Biosystems, Foster City CA, 94404 United 
States). Cycling conditions were 95°C for 10 
min followed by 40 cycles of 95°C for 15 s and 
60°C for 1 min. Primers for Real-time PCR were 
designed by Primer3 software and synthesized 
at the University of Utah (Table 2). Relative 
amounts of mRNA were normalized by GAPDH 
and calculated using the delta-delta method 
from threshold cycle numbers.

Immunohistochemistry

Immunohistochemistry was performed in order 
to establish the levels of expression and cellu-
lar localization of bcl-2 (Anti-bcl-2, Santa Cruz 
Biotechnology, CA. 95060, USA), vimentin (Anti-
vimentin, Santa Cruz Biotechnology, CA. 
95060, USA), CD34 (Anti-CD34, Biogenics, 
USA), FVIIIa (Anti-FVIIIa, Calbiochem, USA) and 
MGMT (Anti-MGMT, Santa Cruz Biotechnology, 
CA. 95060, US) proteins. The samples were for-
malin fixed, paraffin embedded, and 4-um thick 
sections were placed on capillary gap micro-
scope slides (DakoCytomation, Denmark). 
Deparaffinized and rehydrated sections were 
microwaved in Dako Target Retrieval Solution 
(Dako Corporation, USA) thrice for 5 min at 800 
W to unmask epitopes. To block endogenous 
peroxidase activity, cells were fixed in methanol 
containing 3% H2O2. Nonspecific binding was 
blocked by incubating it in normal mouse serum 
for 30 min in a humid chamber. Slides were 

Table 1. Patient’s information
Class Number Male Female Age Mean age Develop Therapy
HPC 15 7 8 37-73 56.2 2 d-2 y Operation
Meningiomas 15 6 9 36-74 54.4 1 w-3 y Operation
Normal 15 6 9 35-75 53.3 1 h-7 d Operation

Table 2. Primers for real-time PCR
Gene Accession No. Forward primer (5’-3’) Reverse primer (5’-3’)
c-myc NM_002467.4 GTCACCACCCAAATCCTTAT ATCTACTGCCTGGAGACCTT
Bcl-2 NM_000633.2 CCGAGGTGGTTTTCATCTGT CGAGGTCTTTTTGGTTTTCC
P53 NM_000546.5 GGGAATGGGACAAAAAGACA CTTCAGGGGCAACACGAA

patients varied from 35 to 
75 (mean age=53.3 years) 
(Table 1). All procedures 
mentioned above have 
been approved by the local 
Ethical Committee and the 
patients.

RT-PCR and real-time RT-
PCR 

Total RNA was isolated 
using TRIzol Total RNA 
Isolation kit (Invitrogen, NY 
14072, USA) according to 
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blotted and primary antibodies at optimized 
dilutions were applied for 30 min at room tem-
perature. After incubation, the slides were 
washed thrice in phosphate-buffered saline/
goat serum and incubated in secondary anti-
body for 25 min. The washing was repeated, 
and the slides were incubated with streptavidin 
horseradish peroxidase for 25 min. Negative 
controls were samples that underwent same 

staining procedure with the exclusion of the pri-
mary antibodies. The analysis of the labeling 
was performed by two independent observers, 
i.e. blinded pathologists.

Statistical analysis

All data were presented as means ± SE. 
Statistical analysis was performed using one-

Figure 1. Representative hematoxylin and eosin staining showed Hemangiopericytoma with identical monomorphic 
cells and a single dilated “staghorn” vessel. (original magnification, A 100×, B 400×).

Figure 2. A. P53 was 0.613, 0.825 times higher 
than the control in meningioma and HPC, re-
spectively. B. Bcl-2 was 3.44, 8.81 times high-
er than the control in meningioma and HPC, 
respectively. C. C-myc was 10.59, 3.49 times 
higher than the control in meningioma and HPC, 
respectively. *P<0.05 versus control.
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way ANOVA followed by Bonferroni’s test with 
the SPSS 11.5 software. P<0.05 was consid-
ered as statistically significant.

Results

Morphology of HPCs and meningiomas

Microscopically, the meningomas fulfilled WHO 
criteria [10] -tumor cells was the same size and 
arranged lobulatedly with a few of collagen fiber 
at interval with the key characteristic feature of 
arachnoid string. The HPCs contained mono-
morphic oval to spindled cells arranged as 
dense hypercellular sheets, often interrupted 
by pale hypocellular islands, as well as abun-
dant thin-walled, gaping vessels, some with the 
characteristic arborizing (“staghorn”) pattern 
(Figure 1).

Gene expression levels of selected biomarkers 
in HPCs and meningiomas

Genetically, p53 expression was decreased in 
both meningomas and HPC, especially in the 
former ones. Bcl-2 and c-myc expression levels 

were both increased in meningomas and HPC. 
The levels of Bcl-2 were higher in HPC than in 
meningiomas, which suggest that bcl-2 related 
apoptosis might involve in HPC progression. 
However, the levels of c-myc in HPC were lower 
than in meningiomas, which may due to the 
amount of tumor samples were small (Figure 
2).

Protein expression levels of selected biomark-
ers in HPCs and meningiomas

Reticular fiber staining showed reticular fibers 
were around most tumor cells in HPCs while 
absent in meningiomas (Figure 3). MGMT was 
locally positive from 10%-95%, and Bcl-2 was 
positive in a few tumor tissues which were con-
trary to the RT-PCR analysis (Figure 4). CD34, 
vimentin and FVIIIa were positive in all HPC tis-
sues (Figure 5). We analyzed that our samples 
were only 15 and the variation between the 
same groups of samples. In meningomas, vim-
netin and MGMT were positive; CD34, FVIIIa 
and bcl-2 were negative in almost all tissues 
(Figure 6). The detail information was showed 
in Table 3.

Figure 3. Reticular fiber staining showed reticular fibers were around most tumor cells in HPCs while not in menin-
giomas (A, C 100×, B, D 400×).
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Discussion

Genetic variation and its relationship with 
tumor have attracted more and more attention 
in the occurrence and development of HPC. 
Proto-oncogenes, code for proteins that help to 
regulate cell growth and differentiation, are 
often involved in signal transduction and exe-
cution of mitogenic signals, usually through 
their protein products. Upon activation, a proto-
oncogene (or its product) becomes a tumor-
inducing agent, an oncogene C-myc is such an 
example oncogene. C-myc is activated mainly 
by amplification and chromosome transloca-
tion and rearrangement [15]. Previous studies 
have suggested that c-myc gene expression is 
as high as 63% in meningiomas, and five times 
higher than that in normal brain tissue, which 
may interact with other onco-factors and play 
an important role in the formation and develop-
ment of meingiomas. However, Durand A et al. 
[16], showed that c-myc had no direct relation 
with high degree of malignant meningiomas 
but with the prognosis of low degree ones 
which reminds us that it may be regarded as a 
predictor of recurrence of benign meningioma 
after surgery. Our study found out that it was 
also higher in HPCs than normal but lower than 

meningiomas. Whether it plays a role in HPC 
development needs to be further studied.

Bcl-2 is an anti-apoptosis gene and is located 
on mitochondria, endoplasmic reticulum and 
nuclear membrane. It prolongs cell life span 
and cell accumulation by inhibiting apoptosis. It 
had been confirmed that bcl-2 could block 
p53-mediated apoptosis but p53 translocation 
and p53-mediated growth retardation which 
may be explained by that bcl-2 blocks activated 
apoptosis signaling. Uzum et al. [17] found that 
bcl-2 gene was expressed widely in meningio-
ma and related with malignant degree, and the 
mechanisms involved has not been defined. 
We found bcl-2 expression was nearly 9 times 
higher than the control which was higher than 
in meningiomas. Thus, we could explore bcl-2 
related apoptosis in HPC development in the 
future.

TP53, an important tumor suppressor, could 
inhibit cell proliferation, induce cell apoptosis 
and maintain genome stability. TP53 gene 
mutation is correlated with tumor formation 
and development. More than 50% of tumor has 
p53 mutation which leads to its inactivation. 
Kheirollahi M et.al. [18] showed that p53 
expressed significantly different. Additionally, it 

Figure 4. Bcl-2 was positive in little tumor tissue (original magnification, A 100×, B 400×); MGMT was 95% positive 
in one HPC tissue (original magnification, C 100×, D 400×).
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was thought that p53 could be an indicator to 
estimate the meningioma malignant degree in 
Ohba S [19] and Kantha R [20] studies. 
Consistently, we also found the expression of 
p53 gene was lower in meningioma than that in 
normal tissue, but with no difference with that 
in HPC which may due to the variation between 
the same groups of samples.

Pathology is the golden criteria to discriminate 
meningioma from HPC. In our research, we not 
only detected classical HPC immunohistochem-
ical markers: CD34, vimentin and FVIIIa [21-
23], but also explored some probable markers, 
such as bcl-2 and MGMT. Immunohistochemical 
examination demonstrated that tumor cells 
were positive for vimentin staining, a mesen-
chymal marker, and CD34, which stained the 

vascular endothelium in HPC which showed 
negative in some studies [24]. CD34 is expect-
ed to be positive in both neoplastic cells and 
endothelial cells with vimentin and factor FVIIIa 
immunoreactivity in HPC and it is also a marker 
that usually positive in SFTs, and is expressed 
in up to 60% of fibrous meningiomas [25]. 
Angiogenesis seems to be significantly associ-
ated with a high growth fraction, development 
of recurrences and shorter overall survival of 
meningiomas, Neoangiogenesis can be quanti-
fied in tissues by the evaluation of micro-vessel 
density (MVD). Methodological differences in 
the assessment of MVD may involve the differ-
ent sensitivities of the endothelial marker (fac-
tor VIII, CD31, CD34 and endoglin) used for ves-
sel identification, the different cutoff values as 

Figure 5. CD34 (original magnification, A 100×, B 400×), vimentin (Original magnification, C 100×, D 400×), FVIIIa 
(original magnification, E 100×, F 400×) were positive in all HPC tissues.
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well as microvessel counting techniques. In 
most studies concerning meningiomas, MVD 
has been evaluated by using pan-endothelial 
markers, such as factor VIII, CD31 or CD34 [26, 

27]; Nevertheless, the expression of these 
markers is not restricted to the newly formed 
vessels, but also presented in the endothelial 
cells of pre-existing vessels. Additionally, the 

Figure 6. CD34 (original magnification, A 100×, B 400×) was positive in vessels but not in tumor cells in meningio-
mas, vimentin (original magnification, C 100×, D 400×), MGMT (original magnification, E 100×, F 400×) were posi-
tive in all meningioma tissues, FVIIIa (original magnification, G 100×), bcl-2 (original magnification, H 100×) were 
negative in almost meningiomas tissues.
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DNA-repair enzyme O6-methylguanine-DNA 
methyltransferase (MGMT) is a key factor in 
resistance to alkylating agents [28]. MGMT pro-
moter methylation has been investigated as an 
independent favorable prognostic factor for 
glioblastoma [29]. In this study, we found that 
MGMT was all locally positive in HPC and 
prompted us to confirm our hypothesis. 
However, bcl-2 gene expression was contrary to 
the immunohistochemical staining. Bcl-2 
expression has been previously reported in pro-
liferative phase and late secretory phase endo-
metrial stroma, ectopic endometriumand ade-
nomyosis but, to our knowledge, never been 
reported in endometrial stromal sarcoma [30, 
31]. As reported the HPC in some study were 
diffusely positive with bcl-2 [32], which may 
suggest an etiologic role for this anti-apoptotic 
gene in tumor progression.

In conclusion, we found that the gene alteration 
in bcl-2 especially its relation to apoptosis may 
be involved in HPC prophase molecular mecha-
nism but the samples amount was small and 
the subtype of HPC might affect the results.
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