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Summary

Purpose: Concerning primary central nervous syste
plasms, meningiomas demonstrate the most commo
in adults worldwide. Deregulation of apoptotic pathw
tumours - including meningiomas - is correlgted to c

purpose was to cotrelate caspase 3 ex:
pathological features.

Methods: Fifty meningio
comprising a broad spe
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tissue microarray
3 antibody and digital image
' unostained slides.

mon brain tumours and the most common intracra-
nial primary central nervous system (CNS) tumours
in adults. Recurrence of these tumours - especially
in higher grade meningiomas - is correlated with
an aggressive biological behaviour affecting the
response rates to surgery/radiation applied thera-

, Greece;
(NIMTS)
of Pathology,

ession of caspase 3 protein was observed
50 (34%) cases, whereas the rest of them (33/50-/66%)
d moderate to low levels of the molecule. Caspase 3
pression was significantly correlated to grade of the ex-
amined tumors and to mitotic index (p=0.002, p=0.001, respec-
ively). Interestingly, caspase 3 expression status was associated
also with the histotype of the examined meningiomas (p=0.010).

Conclusions: Caspase 3 aberrant expression is observed
in meningiomas associated with their differentiation grade,
mitotic activity and partially with specific histotypes. Agents
that could enhance caspase 3 expression - also modifying
its apoptotic activity - represent a very promising aspect in
oncology treatment regimens.
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peutic regimens [1]. Meningiomas’ histologic sub-
strate is the arachnoid cap cells of the meninges
on the periphery of the brain. Histopathologically,
meningiomas comprise a broad spectrum of histo-
pathologic subtypes (meningotheliomatous, psam-
momatus, transitional, fibrous, angiomatous, atypi-
cal and anaplastic) [2]. Brain tissue invasion is the
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most critical histopathologic evidence of aggres-
sive biological behavior of the tumor. Furthermore,
meningiomas’ extra-cranial metastatic potential is
low, and its metastatic activity and penetration is
extremely rare. Significant series of meningiomas
and detected gross chromosomal and specific gene
aberrations (rearrangements/intra- or inter- trans-
locations, gains, frame-shift deletions/insertions,
point-driver mutations, or in-frame fusions) also
show the significance of the grades of differentia-
tion (Grade I-III) [3-6]. Numerical imbalances affect
also other chromosomes besides chromosome 22.
Fragment deletions have been detected on chromo-
some 1p and 2q33-q35. Regional amplifications oc-
cur on chromosome 6p21-p22 and on chromosomes
13933, 17 and 19. In conjunction to chromosomal
and gene instability described above, meningiomas
are characterized by a broad spectrum of somatic
single nucleotide variants, demonstrating specific
single nucleotide polymorphism [7]. Interestingly,
there is limited evidence of viral implication in the
development of meningiomas, including human cy-
tomegalovirus (HCMYV), Epstein-Barr virus (EBV),
HSV 6/7, Human Papilloma Virus (HPV) and Hepa-
titis B Virus (HBV) [8].

In cancer tissues, programmed cell de
inhibited due to a deregulation in the expre
of apo- and anti-apoptotic proteins. ThlS ge
imbalance drives the cancer cell to4

For this reason, caspases and
mitochondria or not - depe

considered as important targets for specific target-
ed therapeutic strategies enhancing the apoptotic
levels of tumor cells [9, 10]. In the current study, we
explored the role of caspase 3 expression in men-
ingiomas and its potential impact on meningioma
pathologic features.

Methods
Study group

For the purposes of our study, 50,

6 transitional, 5 fibrous,
5 atypical, 5 anaplasti

d slides of the cor-responding sam-
for confirmation of histopathologic
ns were classified according to the

HO) including also conventional mitotic
mitoses per high power fields-HPF) [11,12].

ssue microarrays construction (TMA)

Areas of interest were identified on H&E-stained
lides by a conventional microscope (Olympus BX- 50).
The corresponding paraffin blocks were obtained for the

Figure 1. Caspase 3 high expression in a case of meningioma (transitional histo-type). A: A Tissue core immunostained
by caspase 3 (original magnification 40x). B: Caspase 3 diffuse cytoplasmic and sub-membranous staining pattern
(original magnification 100x). C: Digitized evaluation of caspase 3. Red/green areas represent different levels of protein
expression as staining intensity values.
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construction of one TMA block. Using TMArrayer- 100
(Chemicon International, USA). All of the source blocks
were cored and 1.5 mm diameter tissue cylindrical cores
were transferred from each conventional donor block
to the recipient block. The final constructed TMA block
contained 50 cylindrical tissue specimens. After 3 mm
microtome sectioning and H&E staining, we observed
microscopically that the final TMA density was 100%
(full tissue microarray core adequacy) (Figure 1a).

Immunohistochemistry assay (IHC)

Ready-to-use anti-caspase 3 antibody (monoclonal,
clone 3CSPO3-Neomarkers/LabVision, Fremont, CA,
USA) at dilution of 1: 50 was applied in the correspond-
ing cases. IHC for the antigen was carried out on a 4pm
tissue microarray section. The TMA slide was initially
deparaffinized in xylene and rehydrated via graded etha-
nol. Then the slide was immunostained for the marker
according to the EN Vision+ (Dako, Denmark) assay us-
ing an automated staining system (I 6000 - Biogenex,
USA) and according to the manufacturer’s instructions.
This specific assay is based on a soluble, dextran-poly-
mer system preventing endogenous biotin reaction and
increasing the quality of stained slides. Briefly, after
peroxidase blocking, the sections were incubated with
the primary antibody for 35 min at room temperature
and then incubated with Horseradish peroxidase labelled

Table 1. Clinicopathologic parameters and total Casp

polymer-HRP LP for 30 min. The antigen-antibody reac-
tion was visualized using 3-3, diaminobenzidine tetrahy-
drochloride (DAB) as a chromogen substrate. Finally, the
TMA section was slightly counterstained with hema-
toxylin for 30 sec, dehydrated and mounted. For nega-
tive control, the primary antibody was omitted in other
slides. Cytoplasmic predominantly and sub-membranous
staining was considered acceptable for caspase 3 (Figure
1b).

Digital image analysis assay (DIA)

Caspase 3 protein expression le

Melville, NY, USA, Digj 5,
dows XP/NIS-Elem Nikon Corp,

section were

an algorithm, normal tissue sections
ured independently and compared to

Clinicopathologic parameters Caspase 3 p value
MLE
33/50 (66%)
n (%)
Gender 0.382
Male 11 (22) 3/50 (6) 8/50 (16)
Female 0 (78) 14/50 (28) 25/50 (50)
Mitotic Index (HP,
0-4 33/80 (66) 2/50 (4) 31/50 (62) 0.001
>4>=19 10/50 (20) 8/50 (16) 2/50 (4)
>=20 7/50 (14) 7/50 (14) 0/50 (0)
0.002
36 (72) 7/50 (14) 29/50 (58)
8 (16) 5/50 (10) 3/50 (6)
6 (12) 5/50 (10) 1/50 (2)
0.016
5/50 (10) 3/50 (6) 2/50 (4)
anaplastic 5/50 (10) 5/50 (10) 0/50 (0)
papillary 1/50 (0.5) 0/50 (0) 1/50 (2)
meningotheliomatous 12/50 (24) 1/50 (2) 11/50 (22)
psammomatous 12/50 (24) 4/50 (8) 8/50 (16)
transitional 6/50 (12) 2/50 (4) 4/50 (8)
fibrous 5/50 (10) 2/50 (4) 3/50 (6)
angiomatous 2/50(4) 0/50 (0) 2/50 (4)
microcystic 2/50(4) 0/50 006) 2/50 (4)

OE: overexpression (high expression) staining intensity values < 130 at stained cells
MLE: moderate-low expression staining intensity values > 130 at < 160 at stained cells
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A broad spectrum of continuous grey scale values (0-
255) at the RedGreenBlue (RGB) analysis was available
for discriminating different protein expression levels
(Figure 1c). Immunostaining intensity values decreas-
ing to O represented a progressive overexpression of the
marker, whereas values increasing to 255 showed a pro-
gressive loss of its staining intensity. Total results and
DIA values are shown in Table 1.

Statistics

For statistical analyses, descriptive and inferential
techniques were applied. Quantitative variables were
presented as mean + standard deviation, while qualita-
tive variables were presented in frequency tables. Due
to the small number of subjects in each group, to evalu-
ate the relationship between qualitative and quantita-
tive variables, the nonparametric Mann-Whitney and
Kruskall-Wallis tests were applied. To evaluate the re-
lationship between independent qualitative variables,
where appropriate, control x? for linear trend and con-
trol Fisher test were applied. Statistical significance was
evaluated in pairs and differences < 0.05 were considered
statistically significant. Total IHC results and differences

(p values) are described in Table 1.

Results

According to digital expression analysi
examined immunostained meningioma tissu
croarray cores demonstrated different expres
levels of caspase 3. Overexpressio

sociated also
meningiom

d atypical (p=0.005). No statisti-
gnce was shown correlating caspase 3 to

Discussion

Apoptosis represents the genetically pro-
grammed cell death mediated by a complex of
proteins which influence positively or negatively
intrinsic and extrinsic pathways [13]. Two main
pathways are involved in the previously described
apoptotic procedure: intrinsic and extrinsic, respec-
tively. In both of them several proteins are charac-

terized as inducers or inhibitors of apoptosis. The
first uses mitochondrial proteins with prominent
the cytochrome c from the inter-membrane space of
the organelle. Its activity in the cytoplasm activates
caspases (especially caspase-9) complex under the
control of p53 and Bcl-2 (B-cell lymphoma-2) pro-
teins [14]. Caspases are significant proteins act-
ing as strong apoptotic death promoters. Caspases
(cysteine-aspartic proteases) represent a family of
enzymes that influence several fup crucial
for cell homeostasis such as in
tosis (a distinct aspect of prog
mediated by microbial infecfg

and development in
life [15]. They also

1, 16, and 19). The
oducts are initially inac-

reate the final functional hetero-
due to a cleavage process which

plication in the apoptotic pathways, caspas-
racterized as initiators and executioners,
spectively. In the first group inserted have been
caspase-2,-8,-9, and -10, whereas caspase-3,-6, and-7
elong to the second category [10].

In the current study we analyzed by IHC a
significant number of meningioma tissue cores
(TMA) including a variety of histologic subtypes
and grades. Caspase 3 expression was observed
in high, moderate, and low levels associated with
their differentiation grade, mitotic activity, and
partially with specific histotypes. Similar protein
and gene expression analyses focused on apoptotic
pathways including c-FLIP, XIAP, Bcl-2, caspase 3,
8 and 9, cytochrome c, APAF 1 and Smac/DIABLO
molecules detected low protein levels regarding
caspases. A study group observed a potential block-
ing of these apoptotic inducers mediated by c-FLIP
inhibition [17]. Similarly, overexpression of tumor
necrosis factor-related apoptosis-inducing ligand
R2 (TRAIL-R2) combined with low levels of caspase
8 has been also detected in a series of meningi-
omas [18]. In contrast to caspase 8, caspase 3 has
been found to be overexpressed more frequently in
meningiomas. A combined calpain and caspase-3
upregulation has been detected in a series of brain
tumors including transitional meningiomas [19].
It is also important to be mentioned that survivin,
an inhibitor of apoptosis that binds to caspases-3
and -7 external domains is overexpressed in men-
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ingiomas, downregulating their function [20]. An-
other molecule which interacts with caspase-3 is
the midkine, a heparin-binding growth factor that
acts as an inducer for growth, survival, migration,
and differentiation of various cells. A study group
co-analyzed their expression showing that midkine
reduced active caspase-3 levels, negatively affect-
ing the response rates to camptothecin-mediated
apoptotic cell death in meningioma cells in in vitro
cultures, leading to increased chemotherapeutic
regimens resistance [21]. Based on this increased
need for enhancing apoptotic rates in menin-
giomas, novel studies have focused on specific
agents. One of them is fenretinide. This is a syn-
thetic retinoid promoting apoptosis in tumor cell
cultures in several malignancies. A study group
reported significant levels of caspase activation
in meningiomas mediated by fenretinide. Inter-
estingly, the agent provided apoptosis in all three
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