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The extracellular matrix (ECM) plays a critical role in influencing the biological behavior of brain tumors and the
diagnostic detection of ECM components in ependymomas might be of prognostic value. In the present study we evaluated
immunohistochemically the expression of a spectrum of ECM glycoproteins (tenascin, vitronectin, fibronectin, laminin,
collagen types II, IV and VI) in a series of 36 pediatric intracranial ependymomas. The distribution of the ECM glycopro-
teins was evaluated both within the tumor tissue and at the tumor invasion front, and the prognostic value of the results was
tested in a survival analysis. The expression of most of the ECM glycoproteins was associated only with blood vessels.
Tenascin and vitronectin were found in a more diffuse pattern around the tumor cells and at the tumor invasion fronts of
several cases. The progression-free survival was significantly decreased for patients with tenascin positive tumors (in any of
the studied compartments) and for the tumors with vitronectin accumulation at their invasion fronts. In one ependymoma
containing foci of cartilage with metaplastic ossification we demonstrated that collagen types II and VI and tenascin were
present in ECM of both the cartilage and the ependymoma, and were accompanied by areas of necrosis and dystrophic
calcifications. We suggest, that the rare simultaneous production of the specific ECM components might lead to the
formation of chondroid areas in ependymomas.

An abundant production of some ECM glycoproteins (tenascin and vitronectin) is present in a proportion of ependy-

momas and its immunohistochemical detection is of prognostic relevance.
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The extracellular matrix (ECM) is an important compo-
nent of the microenvironment of the nervous tissue and it is
involved in both normal and pathological tissue remodeling
processes such as embryonal development or tissue repair
[24]. Because primary brain neoplasms have a marked pro-
pensity for an infiltrative growth, the matrix plays also a cri-
tical role in influencing their biological behavior. The tumor
cell invasion within the CNS is a complex process including
tumor cell receptor-ECM interaction, degradation of ECM
by proteolytic enzymes and subsequent tumor cell move-
ment [4, 9, 13]. Many ECM components such as fibronectin,
tenascin, laminin, vitronectin, hyaluronic acid and collagen
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of different types were proved to be produced by glioma
cells in tissue cultures and they were shown to be preferred
substrates for the adhesion and migration of glioma cells
(for review see ref. [4,10, 13,27]). It has also been suggested
that the ECM distribution is modified at the brain/tumor
confrontation zone [20, 35]. However, studies concerning
the expression and role of the tumoral ECM were concen-
trated on the most frequent primary brain tumors, astrocy-
tomas and glioblastomas, and mostly in studies on cultivated
glioma cells. Considerably less attention has been paid to
the characterization of the ECM composition of more
slowly but also infiltratively growing tumors — ependymo-
mas, which constitute up to 12% of all intracranial malig-
nancies in childhood [39]. Although detection of individual
ECM glycoproteins in tissue sections has been reported in
single cases or limited series of ependymomas previously
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[22, 23, 25, 37], the distribution of these ECM components
and the prognostic value of their detection have not been
studied systematically in a larger ependymomas series so
far.

Because the correlation between the histopathologic
grade of ependymomas and the clinical outcome of the pa-
tients remains poor [2,7, 30, 31, 40], there is a need to search
for specific prognostic markers. A recent demonstration of
an aggressive behavior of astrocytomas producing some of
the ECM glycoproteins (mainly tenascin) [14, 15, 18, 26]
gives us a clue that the ECM may have an impact on the
tumor behavior also in ependymomas.

In the present study we evaluated the expression of
a spectrum of ECM glycoproteins (tenascin, vitronectin,
fibronectin, laminin, collagen types II, IV and VI) by the
immunohistochemical method in tissue sections in a series
of 36 pediatric intracranial ependymomas. The distribution
of the ECM glycoproteins was evaluated both within the
tumor tissue and at the tumor invasion front. The ECM
expression was correlated with histological grade of the
ependymomas and with markers, which were recently de-
monstrated to mirror the more aggressive properties of
ependymomas, MIB-1 labeling index (LI) and expression
of the oncoprotein p53 [6, 16, 29, 34, 40]. The prognostic
value of immunohistochemical identification of ECM com-
ponents was tested in univariate and multivariate survival
analyses.

Material and methods

Patient characteristics. The tissue blocks of 36 intracranial
ependymoma cases included in the study were retrieved
from the Pediatric Tumor Registry of the Department of
Pathology and Molecular Medicine, Charles University,
2nd Medical School, Prague, Czech Republic. Specimens
were obtained only from children (age <18 years). The
age of the patients at the time of diagnosis ranged from 1
to 14 years (mean 4.9 years, median 5 years). There were 21
boys and 15 girls. The tumor location was supratentorial in
17 patients and infratentorial in the remaining cases. The
histological grade according to the WHO classification cri-
teria [39] has been evaluated independently by three obser-
vers. We graded each sample as an anaplastic (grade III) or
as alow-grade (grade IT) ependymoma, when the consensus
of at least two of the observers was achieved.

Progression-free survival (PFS) was defined as the time
from the initial surgery to the date of evidence of the tumor
progression confirmed radiologically or as the time to the
last follow-up appointment of the patients without the tu-
mor progression. The median PFS for the entire cohort of
patients was 27.5 months. The up to date follow-up revealed
that 15 (41.7% ) patients were alive with no evidence of the
disease within the period ranging from 73 to 176 months

after the operation (mean, 132 months; median, 149
months). Local tumor recurrence developed in 21 (58.3%)
cases with PFS time varying from 2 to 58 months (mean, 17.2
months; median 12 months). All of these patients died of
tumor with the interval between the surgery and death ran-
ging from 2 to 61 months (mean, 20.6 months; median 15
months).

Morphology and immunohistochemical analysis. All spe-
cimens were fixed in 10% neutral buffered formalin and
paraffin-embedded. All paraffin blocks containing viable
tumor tissue and the tumor borders were chosen for the
study. 4 um thick tissue sections were recut from the paraffin
blocks for hematoxylin and eosin staining (HE) and for
immunohistochemical studies. Tissue sections were depar-
affinized in xylene and rehydrated through decreasing con-
centrations of ethanol to water. Following cooling for 20
min and blocking of endogenous peroxidase activity, sec-
tions were incubated overnight at 4 °C with antibodies di-
rected against glycoproteins of the extracellular matrix
(tenascin, vitronectin, laminin, fibronectin and collagen
types II, IV, VI), antigen Ki-67 (MIB-1) and oncoprotein
pS3. In one case containing a cartilage in the tumor (see
bellow) immunohistochemical reactions against glial fibril-
lary acidic protein (GFAP) were also performed. The anti-
gen-antibody complexes were visualized using biotin-
streptavidin detection systems (LSAB2 System, HRP, Da-
koCytomation, cat. no. K0675; ChemMate Detection Kkit,
HRP, DakoCytomation, cat. no. K5001) and 3,3’-diamino-
benzidine (DAB, Fluka Chemie). Details concerning the
chemicals, dilutions and pretreatment methods used are in-
dicated in Table 1. To avoid background staining, the opti-
mal dilutions of the primary antibodies and tissue section
pretreatments were determined prior to the study by test
staining using checkerboard titrations on normal brain, kid-
ney and skin. Positive and negative controls were provided
with each assay.

The intensity of the immunohistochemical staining using
antibodies directed against ECM glycoproteins was evalu-
ated in the studied sections in three separate compartments:
a) in association with the blood vessels, b) in the extracel-
lular space surrounding the tumor cells and c) at the unin-
volved tissue-tumor confrontation zone (when available).
The results were expressed as absent or present accumula-
tion of the ECM glycoprotein. The focal or diffuse distribu-
tion of immunopositivities was also noted within the tumor
parenchyma. In the brain-tumor confrontation zone, the
presence of glycoprotein was evaluated separately on the
tumor-side and in the adjacent non-affected brain tissue.

The regions having the greatest number of immunoreac-
tive cells were chosen for counting the MIB-1 labeling index
(LI). At least 1000 cells in at least five HPFs (high-power
field, x400, area comprising 0.017 mm?) were counted. The
MIB-1 LI was defined as the percentage of immunoreactive
nuclei divided by the total number of the tumor cell nucleiin
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Table 1. Antibodies and detection Kits used for the inmunohistochemical study

Antigen (antibody) Source Dilution Pretreatment,
detection kit
Tenascin (MM, clone BC-24) Sigma Aldrich, Co. 1:500 MP"
Laminin (MM, clone LAM-89) Sigma Aldrich, Co. 1:500 EP”
Vitronectin (MM, clone BV2) Chemicon, Co. 1:100 MP"™
Fibronectin (MM, clone IST-4) Sigma Aldrich, Co. 1:50 EP,MP™"
Type 1II collagen (RP, NCL-COLL-IIp) Novocastra, Co. 1:20 EP’
Type IV collagen (MM, clone CIV 22) DakoCytomation 1:50 MP"
Type VI collagen (MM, clone VI-26) Chemicon, Co. 1:150 MP”
Glial Fibrillary Acidic Protein (MM, clone 6F2) DakoCytomation 1:1000 MP”
Ki-67 (MM, clone MIB-1) DakoCytomation 1:100 MP"
P53 (MM, clone DO-7) DakoCytomation 1:100 MP”

MM - mouse monoclonal antibody, RP — rabbit polyclonal antibody, MP — microwave pretreatment, EP — enzyme predigestion, "LSAB2 System HRP

detection kit; “"ChemMate Detection kit

the evaluated areas. The results of p53 protein immunor-
eactions were expressed semiquantitatively (absent or pre-
sent). To exclude evaluation of equivocal reactions the
staining was considered p53 positive if more than 1% of
the neoplastic cell nuclei were stained.

Statistical methods. Associations between categorical
variables were assessed via the Pearson’s chi-square test
(x*) and associations between categorical and numeric vari-
ables were assessed using the Mann-Whitney test. The de-
gree of dependence of nominal variables were assessed via
computing the contingency coefficient (C). Classification
and regression tree analysis was performed to identify the
value of MIB-1 LI (cut-off point) dividing the cohort of
patients into subgroups with most significant difference in
the clinical outcome.

The PFS was the primary endpoint of the analysis of
survival and prognostic relevance of the studied factors.
The PFS curves were plotted using the Kaplan-Meier meth-
od. Univariate analysis was performed using a log-rank test
to assess the strength of association between all subgroups
of patients and the outcome. Relative risks (hazard ratios)
were computed using univariate and multivariate Cox pro-
portional hazards regression analysis. In the multivariate
model, the variables were statistically selected by forward
stepwise inclusion. All analytical work was performed using
SPSS (version 10, SPSS Inc.) software. Probability (p) va-
lues <0.05 were considered significant. A confidence inter-
val (CI) was taken 95%.

Results

All 36 tumors were characterized by perivascular pseu-
dorosettes and presented histopathological features typical
of “classic” cellular ependymoma. Based on the recom-
mended histopathological criteria [39] 15 of them were eval-
uated as low-grade (grade II) and 21 as anaplastic (grade
III) ependymomas. The problematic reproducibility of the

current grading scheme was illustrated by the lack of inter-
personal agreement in more than one third of our cases: in
22 cases (61.1%) the consensus concerning the grade was
reached by all three observes, in the remaining 14 cases
(38.9%) by two observers only.

In one case of anaplastic ependymoma of the fourth ven-
tricle in one-year-old male, multiple foci of hyaline cartilage
with a progressive calcification and with a formation of me-
taplastic bone in central parts of cartilage nests resembling
that observed in enchondral ossification was found (Fig. 1)
both in the first specimen of an incompletely removed tu-
mor and at the autopsy 11 months later. The size of the foci
ranged from 2 to 9 mm and they had a typical structure of
a hyaline cartilage without any cellular atypia, and they
were completely encapsulated by a variably thick layer of
connective tissue. No other tissues suggesting a diagnosis of
teratoma were identified. Specific features of this particular
tumor were also areas of necrosis as well as calcifications.
Focal deposits of collagen were identified in HE sections in
this case and in further two posterior fossa ependymomas in
our series.

All ependymomas exhibited nuclear MIB-1 accumula-
tion (median MIB-1 LI, 8.7% ). Anaplastic tumors revealed
more prominent labeling indices of MIB-1 (medians, 13.2%
vs. 1.9%; Mann-Whitney test; p<0.0005). The nuclear posi-
tivity of p53 protein was observed in 14 (38.9% ) cases and it
was significantly prevalent in anaplastic tumors (1% p=0.02).

The presence and localization of ECM glycoproteins was
investigated in situ by immunoperoxidase method. The
ECM glycoproteins were distributed in the ependymomas
in the following pattern:

A. ECM glycoproteins associated with blood vessel walls.
The expression of laminin, fibronectin and type IV collagen
was associated strictly with basement membranes of all ves-
sels supplying both the tumor and the normal brain tissue.
Collagen types II and VI were co-expressed in the adventi-
tia of hyperplastic blood vessels of the tumor in 19 cases
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Figure 1. An anaplastic ependymoma of the fourth ventricle containing hya-  Figure 2. Ependymoma containing a cartilage: immunohistochemical demon-
line cartilage with a formation of metaplastic bone. Hematoxylin-eosin stain;  stration of type II collagen in the walls of hyperplastic blood vessels (A), in the
scale bar = 1000 ym. intersticial collagen bands (B) and in the cartilage (C). Scale bar = 100 ;m.

Figure 3. Ependymoma containing a cartilage: immunohistochemical de-  Figure 4. Inmunohistochemical demonstration of enhanced vitronectin accu-
monstration of tenascin accumulation in both the extracellular space of the ~ mulation at the border zones between the ependymoma and the surrounding
tumor (A) and in the cartilage (B). Scale bar = 75 ym. unaffected granular layer of cerebellum (scale bar = 100 ;m). Inset: Enhanced

tenascin accumulation at the tumor invasion front (scale bar = 100 xm).
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Table 2. The degree of dependence of the expression of ECM components
and factors displaying the aggressive biological behavior of ependymomas.
Contingency coefficient (C).

Grade3  MIB-1 p33+
LI>7%
ECM associated with vasculature
Tenascin C=0220 C=0470 C=0.391
NS p=0.002" p=0.019"
Collagen types II and VI C=0.082 C=0.243 C=0.084
NS NS NS
ECM in the intercellular spaces
Tenascin C=0220 C=0470 C=0.391
NS p=0.002"  p=0.019"
Vitronectin C=0.265 C=0.142 C=0.001
NS NS NS
Collagen types IT and VI C=0.083 C=0.091 C=0.092
NS NS NS
ECM at the tumor invasion front
Tenascin C=0.315 C=0412 C=0.425
p=0.049"  p=0.003" p=0.003"
Vitronectin C=0.252 C=0453 C=0.198
NS p=0.002" NS

ECM - extracellular matrix, LI - labeling index, NS — not significant, “statis-
tically significant

Table 3. Univariate survival analysis of variables displaying the distribution
of the ECM glycoproteins in ependymomas and of histological and immu-
nohistochemical prognostic factors by Cox proportional hazards modeling

PFS
Frequency (%) Riskratio(CI) p

Grade III 21(58.3%) 43(1.5-14.5) 0.025"

MIB-1 LI >7% 20(55.6%) 27.9(3.6-216.2) 0.001"

P53 positivity 14 (38.9%) 49(2.1-19.3)  0.002"
ECM associated with vasculature

Collagen types II and VI 19(52.8%) 1.2(04-3.7) NS

Hyaline vessels — collagen II ~ 5(13.9%) 1.4(0.3-6.2) NS

Tenascin 18(50%) 7.8(2.9-19.8)  0.002"
ECM in intercellular space

Tenascin 18(50%) 7.8(2.9-19.8)  0.002"

Vitronectin 8(22.2%) 12(0.4-54) NS

Collagen types II and VI 3(8.3%) 0.6(0.1-6.32) NS
ECM in tumor invasion front

Tenascin 13(43.3%) 5.0(1.5-16.7)  0.008"

Vitronectin 11(36.7%) 5.3(1.6-17.2)  0.005"

ECM - extracellular matrix, PFS — progression-free survival, CI - confidence
interval, LI — labeling index, NS — not significant, “statistically significant

(52.8%). Collagen type II was also present in the wall of
several hyalinized blood vessels of the tumors in 5 cases
(13.9%). The walls of blood vessels in 18 ependymomas
(50%) were diffusely positive for tenascin. No deposits of
vitronectin were observed in association with blood vessels.

B. ECM glycoproteins of the tumor parenchyma. We did
not identify any accumulation of laminin, fibronectin or
type IV collagen in the intercellular space outside the blood
vessel walls. Tenascin and vitronectin were the only ECM
glycoproteins that were found in a more diffuse pattern in
spaces around the tumor cells. In all 18 tenascin-positive
cases (50% ), the accumulation of the glycoprotein was ob-
served also in the wall of tumor-supplying blood vessels. In
six cases tenascin was observed only focally in the intercel-
lular spaces, the remaining twelve tumors showed mostly
diffuse fibrillary immunopositivities. Vitronectin was de-
tected in extracellular spaces in 8 cases (22.2% ) being only
focally distributed within the tumor parenchyma. In 5 cases
vitronectin was observed at the same time with tenascin
deposits. Collagen types II and VI were immunohisto-
chemically identified to be components of collagen fibrils
or bands observed in HE sections in the intersticium of the
three cases (8.3%) mentioned above. The hyperplastic
blood vessels of all these tumors were also collagen types
ITand VIpositive, but the extracellular deposits of collagens
were obviously independent on the vasculature. In the
ependymoma containing the cartilage, the collagen deposits
were observed simultaneously with a massive tenascin ac-
cumulation in both the intercellular compartment of the
tumor and in the walls of the blood vessels. Interestingly,
the extracellular matrix of the cartilage in that case con-
tained also collagen types II and VI and tenascin deposits
(Fig. 2, 3). The fibrous tissue surrounding the cartilage no-
dules was weakly positive in the immunohistochemical re-
action against these ECM glycoproteins. Although the anti-
GFAP immunohistochemical reaction stained the cell pro-
cesses of perivascular pseudorosettes of this ependymoma,
the cells of the cartilage were GFAP negative.

C. ECM glycoproteins in the tumor invasion front. Of the
36 cases, border zones between the tumor and the surround-
ing unaffected tissue were present in 30 cases (83.3% ). No
obvious enhanced accumulation of collagen types II, IV and
VI, laminin and fibronectin was noted at that site. Tenascin
was found to be present in an increased amount at the front
of the tumor in 13 (43.3%) cases, vitronectin in 11 (36.7%)
cases. The co-expression of tenascin and vitronectin at the
brain/tumor zone was observed in 4 cases (13.3% ). All these
ECM glycoproteins were present only at the tumor side of
the junction with tumor mass (Fig. 4).

Correlative and survival analyses. The relationships be-
tween the presence of the ECM components and factors
displaying the more aggressive biological behavior of the
tumors (histological grade 3, increased MIB-1 LI and p53
protein positivity) were statistically tested. Because there
was no statistically significant difference in survival between
the subgroups of focally and diffusely tenascin-positive tu-
mors (assessed via log rank test), the tumors entered the
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Figure 5. Graphs showing representative Kaplan-Meier survival curves of
the patients with ependymomas grouped according to the accumulation of a)
tenascin in the extracellular space (TEN); b) tenascin at the tumor invasion
front (TEN-F); ¢) vitronectin at the tumor invasion front (VITRO-F). P
values of log-rank testing.

statistical analyses as one subgroup. The MIB-1 LI of 7%
was designed as a cut-off point. The results of the analysis
are summarized in Table 2. The presence of tenascin in the
extracellular space, in association with blood vessels and in
the tumor invasion front of ependymomas was significantly
associated with both the p53 protein positivity and MIB-1
LI >7%. The presence of tenascin in the brain/tumor con-
frontation zone was further statistically associated with
grade 3 ependymomas, however, only at a low level of sig-
nificance. The presence of vitronectin in the tumor invasion
front was associated with MIB-1 LI >7%. No statistically
significant associations were observed among all other pos-
sible pairs of tested variables.

The results of univariate survival analysis (Cox propor-
tional hazard risk modeling) are given in Table 3. From all
studied variables displaying the ECM glycoproteins distri-
bution, the PFS was significantly decreased for the sub-
group of patients with tenascin positive tumors (in any of
the studied compartments) and for the tumors with vitro-
nectin accumulation at their invasion fronts. The relevant
survival curves plotted via Kaplan Meier method and as-
sessed via the log-rank testing are given in Figure 5.

The multivariate analysis of the entire cohort revealed
that decrease of PFS was significantly associated with MIB-
1 LI >7% and with presence of tenascin in intercellular
spaces and blood vessel walls. Risk ratios (CI) reached
10.3 (2.5-62.1) for MIB-1 LI >7% (p=0.002) and 3.8 (1.6
7.4) for the detection of tenascin (p=0.012).

Discussion

The ECM of glial tumors modulates a variety of cell func-
tions, such as cell attachment, migration and proliferation
[10]. Changes in glioma ECM composition have been inten-
sively studied in tissue cultures of glioma cell lines.
Although the capacity of cultured glioma cells to produce
laminin, fibronectin and type IV collagen into the extracel-
lular space was shown (reviewed in ref. [4, 10, 13, 27]), they
were associated strictly with vasculature of both non-af-
fected tissue and ependymomas in our in situ study, which
is in accordance with some previous observations [1, 23, 37].
Because an extensive clonal selection and transdifferentia-
tion to mesenchymal features with an extensive ECM pro-
duction arise in the cultures [28], the results obtained by the
tissue culture experiments do not necessarily reflect the
situation in vivo. Fibronectin deposition in extravascular
ECM, which was reported by OHNISHI et al [25] in a single
case of ependymoma, was not detected in any of our cases.
In contrast to HIGUCHI et al [15] and OZ et al [26], who
found a significant decrease in fibronectin and laminin ac-
cumulation in the tumor blood vessels with increasing tu-
mor grade of astrocytomas, the two glycoproteins were
present in our series in vascular basement membranes in
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all studied ependymomas irrespective of their biological
behavior. Moreover, MAHESPARAN et al [20] showed re-
cently in an experimental model that the production of la-
minin, fibronectin and type IV collagen is more likely
derived from preexisting blood vessels than from the tumor.
The detection of laminin in vascular basement membranes
in all of our cases contradicts the finding of a complete ab-
sence of that ECM glycoprotein in ependymomas reported
by FURNESS et al [8] and raises doubt on their recommen-
dation of laminin-immunohistochemistry for distinguishing
between ependymomas and choroid plexus neoplasms.

The association of type VI collagen with ependymoma’s
vasculature was reported previously in one case by
McCOMB et al [23] and it is now confirmed by the results
in our series. We have shown that this type of collagen is co-
localized with deposits of type II collagen, presence of which
has not been investigated in brain tumors so far. Rare cases
of abundant interstitial production of collagen were re-
ported previously [33, 36], particularly in spinal ependymo-
mas. In three of our intracranial cases the interstitial bands
of dense collagen were also observed and we demonstrated
that both types IT and VI collagens represent their structural
components.

From the spectrum of investigated ECM glycoproteins,
tenascin and vitronectin were observed to be accumulated
in a more diffuse pattern in the extracellular space of 18
(50% ) and 8 (22.2% ) cases, respectively, and based on spatial
relationships of their distribution, they seem to be produced
by the neoplastic ependymal cells. A correlation between
tenascin production and the malignancy or angiogenesis
was clearly demonstrated in astrocytomas [14, 15, 18, 26].
To our best knowledge, it were only KORSHUNOV et al [19]
who explored the expression of ECM (namely of tenascin) in
a larger series of patients with ependymomas. They showed
intercellular tenascin immunoreactivity in 52% of cases,
which is in accordance with our data. In a good correlation
with that study, tenascin-positive cases were more prevalent
in anaplastic ependymomas in our series, and we demon-
strated the usefulness of tenascin detection for prognostic
evaluation of ependymomas. Moreover, we identified the
accumulation of tenascin at tumor infiltration fronts in some
cases and we showed, that the detection of tenascin-immu-
noreactive tumor borders was also strongly associated with
reduced PFS in the survival analysis. We demonstrated a si-
milar phenomenon also in detection of vitronectin at the
brain/tumor confrontation zone. Although vitronectin de-
posits were detected in the extracellular space of some of
the most malignant astrocytic tumors [11, 12], there was no
evidence of correlation between the accumulation of this
ECM glycoprotein within the parenchyma of ependymomas
and the reduction of PFS in our series.

The presence of cartilage in neuroepithelial brain tu-
mors, which was also a feature of one case in our series,
was rarely reported in the literature and there are many

controversies concerning its origin. KEPES et al [17] ob-
served a smooth transition from glial to chondroid regions
of three astrocytomas and one mixed ependymoma-astro-
cytoma with a distinct GFAP positivity of both the tumor
cells and the chondrocyte-like cells of the cartilage, inter-
preting the cartilaginous islands as having their origin from
neoplastic astrocytes. Similarly to our case, such a transition
was not observed in several reported forth-ventricle epen-
dymomas with inclusions of cartilage nodules [21, 32]. The
cartilage was completely encapsulated by a fibrous tissue
resembling the perichondrium, the cells of the cartilage
had cytology features of typical chondrocytes and they were
GFAP-negative. The origin of the cartilage was ascribed in
these cases more likely to a metaplastic change of mesench-
ymal elements, as was once illustrated in the adventitia of
a tumor blood vessel [17]. However, based on our immuno-
histochemical analysis of ECM distribution we can specu-
late, that the mesenchymal cells share the origin of cartilage
with the tumor cells capable of manufacturing the ECM
components. We have demonstrated that the type II col-
lagen, which represents one of the major structural compo-
nents of a cartilage [5, 38], was accumulated in the cartilage
containing ependymoma in the wall of the tumor blood
vessels, in their adventitia as well as in the extracellular
space independently from the mesenchymal structures. A si-
milar observation was made in case of the other ECM gly-
coproteins, tenascin and type VI collagen, which were also
reported to be structural components of human cartilage
[3]- The abundant ECM production was in this particular
ependymoma accompanied by areas of necroses and dys-
trophic calcifications. This is in contrast to the other ECM
glycoproteins producing tumors in our series, in which the
chondroid metaplasia did not develop. In our opinion, arare
temporal-spatial coexistence of the specific conditions
might lead to the formation of chondroid areas even with
metaplastic ossification.

In conclusion, the distribution of major ECM glycopro-
teins in tissue sections of ependymomas was described in the
present study. In contrast to tissue culture studies of glioma
cell lines, most of the studied ECM glycoproteins were as-
sociated strictly with the vasculature of the ependymomas.
However, we have demonstrated that an abundant produc-
tion of some glycoproteins occurs in a proportion of cases
and their detection within the tumor parenchyma (tenascin)
or at the invasive fronts of the tumor (tenascin and vitro-
nectin) are of prognostic relevance. Furthermore, a simulta-
neous abundant production of certain ECM components by
both the neoplastic and mesenchymal cells may lead to the
formation of cartilage, even with a metaplastic ossification.

References

[1]  BELLON G, CAULET T, CAM Y, PLUOT M, POULIN G et al.
Immunohistochemical localisation of macromolecules of



THE EXTRACELLULAR MATRIX IN EPENDYMOMAS

221

2]

3]

[4]
(5]
[6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

18]

the basement membrane and extracellular matrix of human
gliomas and meningiomas. Acta Neuropathol (Berl) 1985;
66: 245-252.

BOUFFET E, PERILONGO G, CANETE A, MASSIMINO M. Intra-
cranial ependymomas in children: a critical review of prog-
nostic factors and a plea for cooperation. Med Pediatr Oncol
1998; 30: 319-329.

BUCKWALTER JA, MANKIN HJ. Articular cartilage: tissue de-
sign and chondrocyte-matrix interactions. Instr Course Lect
1998; 47: 477-486.

CHINTALA SK, RAO JK. Invasion of human glioma: Role of
extracellular matrix proteins. Front Biosci 1996; 1: 324-3309.
EYRED. Collagen of articular cartilage. Arthritis Res2002; 4:
30-35.

FIGARELLA-BRANGER D, CIVATTE M, BOUVIER-LABIT C,
GOUVERNET J, GAMBARELLI D et al. Prognostic factors in
intracranial ependymomas in children. J Neurosurg 2000;
93: 605-613.

FOREMAN NK, LOVE S, THORNE R. Intracranial ependymo-
mas: analysis of prognostic factors in a population-based
series. Pediatr Neurosurg 1996; 24: 119-125.

FURNESS PN, LOWE J, TARRANT GS. Subepithelial basement
membrane deposition and intermediate filament expression
in choroid plexus neoplasms and ependymomas. Histo-
pathology 1990; 16: 251-255.

GIESE A, WESTPHAL M. Glioma invasion in the central ner-
vous system. Neurosurgery 1996; 39: 235-250.

GLADSON CL. The extracellular matrix of gliomas: modula-
tion of cell function. J Neuropathol Exp Neurol 1999; 58:
1029-1040.

GLADSON CL, CHERESH DA. Glioblastoma expression of vi-
tronectin and the alpha v beta 3 integrin. Adhesion mechan-
ism for transformed glial cells. J Clin Invest 1991; 88: 1924—
1932.

GLADSON CL, WILCOX JN, SANDERS L, GILLESPIE GY, CHER-
ESH DA. Cerebral microenvironment influences expression
of the vitronectin gene in astrocytic tumors. J Cell Sci 1995;
108: 947-956.

GOLDBRUNNER RH, BERNSTEIN JJ, TONN JC. Cell-extracel-
lular matrix interaction in glioma invasion. Acta Neurochir
(Wien) 1999; 141: 295-305.

HEROLD-MENDE C,MUELLER MM, BONSANTO MM, SCHMITT
HP, KUNZE S, STEINER HH. Clinical impact and functional
aspects of tenascin-C expression during glioma progression.
Int J Cancer 2002; 98: 362-369.

HIGUCHI M, OHNISHI T, ARITA N, HIRAGA S, HAYAKAWA T.
Expression of tenascin in human gliomas: its relation to his-
tological malignancy, tumor dedifferentiation and angio-
genesis. Acta Neuropathol (Berl) 1993; 85: 481-487.

HO DM, HSU CY, WONG TT, CHIAN H. A clinicopathologic
study of 81 patients with ependymomas and proposal of
diagnostic criteria for anaplastic ependymoma. J Neuroon-
col 2001; 54: 77-85.

KEPESJJ,RUBINSTEIN LJ, CHIANG H. The role of astrocytes in
the formation of cartilage in gliomas. An immunohisto-
chemical study of four cases. Am J Pathol 1984; 117: 471-
483.

KIM CH, BAK KH, KIM YS, KIM JM, KO Y et al. Expression of
tenascin-C in astrocytic tumors: its relevance to proliferation

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

28]

[29]

[30]

[31]

32]

[33]

34]

[35]

and angiogenesis. Surg Neurol 2000; 54: 235-240.
KORSHUNOV A, GOLANOV A, TIMIRGAZ V. Immunohisto-
chemical markers for intracranial ependymoma recurrence.
An analysis of 88 cases. J Neurol Sci 2000; 177: 72-82.
MAHESPARAN R, READ TA, LUND-JOHANSEN M, SKAFTNES-
MO KO, BJERKVIG R,ENGEBRAATEN 0. Expression of extra-
cellular matrix components in a highly infiltrative in vivo
glioma model. Acta Neuropathol (Berl) 2003; 105: 49-57.
MATHEWS T, MOOSSY J. Gliomas containing bone and carti-
lage. J Neuropathol Exp Neurol 1974; 33: 456-471.
MCCOMB RD, BIGNER DD. Immunolocalization of laminin in
neoplasms of the central and peripheral nervous systems. J
Neuropathol Exp Neurol 1985; 44: 242-253.

MCCOMB RD, MOUL JM, BIGNER DD. Distribution of type VI
collagen in human gliomas: comparison with fibronectin and
glioma-mesenchymal matrix glycoprotein. J Neuropathol
Exp Neurol 1987; 46: 623-633.

NOVAK U, KAYE AH. Extracellular matrix and the brain:
components and function. J Clin Neurosci 2000; 7: 280-290.
OHNISHI T, HIRAGA S, IZUMOTO S, MATSUMURA H, KANE-
MURA Y et al. Role of fibronectin-stimulated tumor cell mi-
gration in glioma invasion in vivo: clinical significance of
fibronectin and fibronectin receptor expressed in human
glioma tissues. Clin Exp Metastasis 1998; 16: 729-741.

0Z B, KARAYEL FA, GAZIO NL, OZLEN F, BALCI K. The dis-
tribution of extracellular matrix proteins and CD44S ex-
pression in human astrocytomas. Pathol Oncol Res 2000;
6: 118-124.

PAULUS W. Brain extracellular matrix, adhesion molecules
and glioma invasion. In: Mikkelsen T, Bjerkvig R, Laerum
OD, Rosenblum ML, editors. Brain Tumor Invasion: Bio-
logical, Clinical and Therapeutic Considerations. New
York, Wiley-Liss, 1998, 301-322.

PAULUS W, HUETTNER C, TONN JC. Collagens, integrins and
the mesenchymal drift in glioblastomas: a comparison of
biopsy specimens, spheroid and early monolayer cultures.
Int J Cancer 1994; 58: 841-846.

PRAYSON RA. Clinicopathologic study of 61 patients with
ependymoma including MIB-1 immunohistochemistry.
Ann Diagn Pathol 1999; 3: 11-18.

ROBERTSON PL, ZELTZER PM, BOYETT JM, RORKE LB, AL-
LENJCet al. Survival and prognostic factors following radia-
tion therapy and chemotherapy for ependymomas in
children: a report of the Children’s Cancer Group. J Neuro-
surg 1998; 88: 695-703.

ROSS GW,RUBINSTEIN LJ. Lack of histopathological correla-
tion of malignant ependymomas with postoperative survi-
val. J Neurosurg 1989; 70: 31-36.

SIQUEIRA EB, BUCY PC. Case report. Chondroma arising
within a mixed glioma. J Neuropathol Exp Neurol 1966;
25: 667-673.

SOEUR M, MONSEU G, KETALBANT P, FLAMENT-DURAND J.
Intramedullary ependymoma producing collagen. A clinical
and pathological study. Acta Neuropathol (Berl) 1979; 47:
159-160.

SUZUKI S, OKA H, KAWANO N, TANAKA S, UTSUKI S, FUJII K.
Prognostic value of Ki-67 (MIB-1) and p53 in ependymo-
mas. Brain Tumor Pathol 2001; 18: 151-154.

TYSNES BB, MAHESPARAN R, THORSEN F, HAUGLAND HK,



222

ZAMECNIK, CHANOVA, TICHY, KODET

[36]

[37]

[38]

PORWOL T et al. Laminin expression by glial fibrillary acidic
protein positive cells in human gliomas. Int J Dev Neurosci
1999; 17: 531-539.

TAKAHASHI H, GOTO J, EMURA I, HONMA T, HASEGAWA K,
UCHIYAMA S. Lipidized (foamy) tumor cells in a spinal cord
ependymoma with collagenous metaplasia. Acta Neuro-
pathol 1998; 95: 421-425.

VEGE KD, GIANNINI C, SCHEITHAUER BW. The immunophe-
notype of ependymomas. Appl Immunohistochem Mol
Morphol 2000; 8: 25-31.

VEJE K, HYLLESTED-WINGE JL, OSTERGAARD K. Topo-
graphic and zonal distribution of tenascin in human articular

39]

[40]

cartilage from femoral heads: normal versus mild and severe
osteoarthritis. Osteoarthritis Cartilage 2003; 11: 217-227.
WIESTLER DO, SCHIFFER D, COONS SW, PRAYSON R A, RO-
SENBLUM MK. Ependymoma. Anaplastic ependymoma. In:
Kleihues P, Cavenee WK, editors. WHO Classification of
Tumours: Pathology and Genetics of Tumours of the Ner-
vous System. Lyon, IARC Press, 2000, 72-77.

ZAMECNIK J, SNUDERL M, ECKSCHLAGER T, CHANOVA M,
TICHY M, KODET R. Pediatric intracranial ependymomas:
prognostic relevance of histological, immunohistochemical
and flow cytometric factors. Mod Pathol 2003; 16: 980-991.





