THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

Immunocytochemical Analysis of
Intermediate Filaments in Human
Ependymal Tumors

D. Izukawa and B. Lach

ABSTRACT: The peroxidase anti-peroxidase technique was used for localization of glial fibrillary acidic protein
(GFAP) and vimentin (VM) in 19 ependymal tumors in order to determine if a unique pattern of intermediate filament
(IF) expression could be demonstrated. Cytokeratin (CK) immunoreactivity was examined in a subgroup of 7 tumors
with papillary pattern. Nineteen non-ependymal neuroectodermal tumors were used as controls. Ependymomas,
subependymomas and astrocytomas were positive for both IF. Oligodendrogliomas, oligodendroglial portions of
mixed gliomas and the majority of medulloblastomas were negative for GFAP and VM. Areas of poor differentiation
in all tumors demonstrated little expression of any IF. A composite ependymoma/choroid plexus papilloma showed
the presence of GFAP, VM and CK in the papillomatous portion only. Four papillary ependymomas were negative for
CK. This study emphasizes the parallel distribution of GFAP and VM in well differentiated ependymomas and other
glial tumors and casts doubt upon the concept of VM as a marker for de-differentiation in neuroectodermal neoplasia.

RESUME: Analyse inmunocytochimique des filaments interédiaires dans les tumeurs de I’épendyme chez ’homme Nous
avons utilisé la technique peroxidase anti-peroxidase pour localiser la protéine gliofibrillaire acide (PGFA) et la
vimentine (VM) dans 19 tumeurs de I’ependyme afin de déterminer si nous pouvions mettre en évidence un type
particulier d’expression du filament intermédiaire (FI). Nous avons examiné I’'immunoréactivité de la cytokératine
(CK) dans un sous-groupe de 7 tumeurs présentant une disposition papillaire. Nous avons utilisé dix-neuf tumeurs
neuro-ectodermiques comme controles. Les épendymomes, les subépendymomes et les astrocytomes étaient positifs
pour les deux Fl. Les oligodendrogliomes, les zones oligodendrogliales des gliomes mixtes et la majorité des
médulloblastomes étaient négatifs pour la PGFA et la VM. Les zones peu différentiées de toutes les tumeurs
présentaient peu ou pas d’expression de Fl. Un papillome composite épendymome/plexus choroide contenait de la
PGFA, de la VM et de la CK seulement dans la zone papillomateuse. Quatre épendymomes étaient négatifs pour la
CK. Cette étude souligne la distribution parallele de la PGFA et de l]a VM dans les épendymomes bien différentiés et
les autres tumeurs gliales et met en doute le concept que la VM est un marqueur de la dédifférentiation dans les
néoplasies neuro-ectodermiques.
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Intermediate filaments (IF’s) with diameters of 7-1 Inm. form 10.11

amajor component of the vertebrate cell cytoskeleton. Vimentin
(VM) is the first IF protein detectable in immature glia! but is
largely replaced by glial fibrillary acidic protein (GFAP) in

detected in mature human choroid plexus and in choroid
plexus tumors.'"'> Mature ependymal cells do not show CK
immunoreactivity.'®!!

GFAP has been demonstrated transiently in embryonic epen-

differentiated astrocytes. Co-expression of VM with GFAP has
been shown in mature neuroglia in experimental animals®? and
man.* The presence of both IF markers is also well documented
in human astrocytomas.>%"-%

The cytokeratin (CK) proteins form a complex family of
polypeptides ranging in molecular weight from 40 to 68 kD. A
specific pattern of CK components characterizes a given type
of epithelium and its corresponding tumors.’ CK has been

dyma'? but not in mature ependymal lining, despite electron-
microscopic illustration of prominent cytoplasmic IF's." These
filaments likely represent VM as shown immuno-cytochemically
in adult rats,?, adult mice® and normal human ependyma.”'

These observations prompted us to analyze VM, CK and
GFAP localization in human ependymal tumors in an attempt
to define a unique pattern of expression in formalin fixed,
paraffin embedded material.
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MATERIAL AND METHODS

The material included thirty-eight tumors from the files of the
Ottawa Civic Hospital, collected between 1972 and 1985. The
following tumors were examined: ependymomas (12), subepen-
dymomas (6), composite ependymoma/choroid plexus papil-
loma (1), astrocytomas Grade I to IV (5), oligodendrogliomas
(2), mixed astro-oligodendrogliomas (4), medulloblastomas (6),
and choroid plexus papilloma and choroid plexus carcinoma
(one of each). Tissues were fixed in 10% buffered formalin and
submitted for routine paraffin embedding. Sections were cut at

Figure | — Well differentiated ependymoma. Pap for Vimentin
(A) and GFAP (B) show very strong reaction in the same
population of cells. Magn. 120 X.

Volume 15, No. 2 — May 1988

https://doi.org/10.1017/50317167100027451 Published online by Cambridge University Press

5to 6 microns and processed for the peroxidase anti-peroxidase
(PAP) method of Sternberger.' The following dilutions of pri-
mary antisera were used: 1) Rabbit anti-GFAP (Dako, 1:200); 2)
Monoclonal mouse antibodies against GFAP (kindly supplied
by Dr. B. Liwnicz, University of Cincinnatti Medical Center,
USA, 1:80) - only on ependymomas selected for double
immunoreactions; 3) Rabbit anti-VM (Eurodiagnostics, 1:200);
4) Monoclonal mouse anti-CK antibodies (44-64 kD, Lab Systems,
1:100).

The incubation of the first antibody layer was carried out
overnight at 40°C. For polyclonal primary antisera, the second
layer consisted of swine anti-rabbit immunoglobulins (Dako,
1:50), applied at 37°C for 30 minutes. Subsequent incubation
was carried out with PAP complex (1:100) according to the
standard method of Sternberger.'’

For monoclonal antibodies, the Avidin-Biotin-PAP method
was used'® (commercially available kit from Vector Laboratories,
Burlington, Ca., USA).

Double Immunoreactions Six tumors with the strongest PAP
reaction for intermediate filaments were examined by combin-
ing PAP and alkaline phosphatase immunolabelling on the same
section.!”!® The first layer of antibodies against either GFAP
or VM was followed by the PAP method as described above.
Next, rabbit anti-serum against the other intermediate fila-
ments was applied to the same section (40°C/overnight) and
goat anti-rabbit IgG labelled with alkaline phosphatase (Kappel
Laboratories, Malvern, Pa. USA), (37°C/45 minutes), was uti-
lized as the second marker. Control sections for double reac-
tions consisted of serially cut slides ‘*immunostained’’ by either
PAP or alkaline phosphatase method alone. Double immuno-
staining was carried out with various combinations of antibod-
ies and color reactions developed as the first and second layers.
After the first reaction, selected microscopic fields were photo-
graphed for color transparencies, marked and rephotographed
following the second immunoreaction. Subsequently, color trans-
parencies and tissue sections were analyzed simultaneously.

Ten ependymomas were studied ultrastructurally, primarily
for confirmation of diagnosis. The tissue for electronmicroscopy
was gluteraldehyde fixed, prepared according to routine method "’
and examined in the Philips 200 microscope.

RESULTS

Ependymomas Eleven of twelve ependymomas showed paral-
lel expression of GFAP and VM in tumor cells forming rosettes,
perivascular pseudo-rosettes and papillae (Figure la, b). Nei-
ther protein was detected in one poorly differentiated epen-
dymoma or in compact, less differentiated cellular areas of the
other eleven tumors. The relative proportion of VM-positive
and GFAP-positive cells varied from tumor to tumor and could
not be correlated with any morphological type of ependymoma.
Neitherfilament protein showed preferential expression in peri-
karya or processes. Vessel wall elements were consistently
VM-positive and GFAP-negative. In one unique case of
ependymoma with pleomorphic features, VM was present with-
out GFAP in rounded cells loosely arranged in a myxoid stroma
(Figure 2a, b). The same tumor showed both VM and GFAP in
foci of spindle-shaped cells and perivascular pseudo-rosettes.
Electronmicroscopic examination of the rounded cells con-
firmed their ependymal nature but revealed very few intermedi-
ate filaments (Figure 2c).
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Double labelling confirmed the co-existence of both IF pro-
teins within the majority of tumor cells in all eleven cases. This
was most evident in rosettes, pseudo-rosettes and papillary
formations. However, separate expression of each filament
type was shown by complete dissociation of GFAP reactivity
from that of VM in some processes or perikarya.

CK was not detected in any of the ependymomas with a
papillary pattern of differentiation.

Subependymomas Expression of VM and GFAP was seen in
similar populations of cells in all six tumors. The cells positive
for both IF most often show features of small astrocytes. Dou-
ble immunostaining was not carried out on these neoplasms.

Composite Ependymoma/Choroid Plexus Papilloma One IVth
ventricle tumor comprised large areas of choroid plexus papil-
loma (CPP) while other sections of the same lesion clearly

Figure 2 — Ependymomawithstrong reactionfor Vimentin
and GFAP in separate cell types. GFAP is positive
only in perivascular spindle cells (A), while Vimentin
is positive in round cells (B). Magn. 120X (A), 180X
(B). The same rounded cells in electronmicroscopy
(C) show well developed RER and a relatively small
number of intermediate filaments, considering the
intense PAP reaction for Vimentin shown in (B).
Abortive cilia (arrows) and basal bodies suggest
ependymal differentiation. Magn. 13000 X.
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composite tumor with many cells positive for GFAP (A) and cytokeratin (B). Magn.180 X . The same
tumor in other fields shows features of typical ependymoma (C) negative for examined intermediate filaments (H&E, Magn. 140 X).
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demonstrated ependymal differentiation, confirmed ultrastruc-
turally. The CPP portion showed GFAP, CK and VM in the
epithelial cells (Figure 3), and only VM in the connective tissue
stroma. Solid ependymal areas of this neoplasm were negative
for IF protein.

Control Tumors Well differentiated astrocytomas and astro-
cytic components of mixed gliomas showed strong reaction for
GFAP and VM. Conversely, poorly differentiated areas of
these tumors contained very few cells expressing either IF
protein. Neither filament was demonstrable in oligodendrogliomas
or oligodendroglial portions of mixed tumors. One of six
medulloblastomas showed occasional foci of GFAP-positive
tumor cells. Almost all neuroepithelial cells of the CPP were
strongly positive for CK while GFAP was present in a few foci.
The fibrovascular core of each papilla was VM-positive. Cho-
roid plexus carcinoma showed no reaction with any of the
antisera.

DISCUSSION

Vimentin is the first intermediate filament protein expressed
during embryological development regardless of cell type. Except
in mesenchymal cells, it is later replaced by IF protein specific
for each cell line.?® During neoplastic transformation, cell type
specificity of IF expression is conserved to a large extent (21),
forming the basis for immunocytochemical IF protein analysis
as a histo-diagnostic tool.

Immunocytochemical techniques have shown the simul-
taneous presence of both GFAP and VM in human astro-
cytomas.” %" Previous analysis of the co-expression of these
IF proteins in ependymal tumors has been limited to a small
number of cases included in larger series of various neuroecto-
dermal tumors of the central nervous system.®”:''"22 Duffy
and co-workers?? described the distribution of GFAP in ten
ependymomas. Reaction was most intense in perivascular cells
and in ‘‘cuboidal’’ cells forming tubules or cavities. We have
confirmed these results and have demonstrated co-expression
of VM in a virtually identical cell population. Qur findings in the
group of control tumors were in agreement with previous stud-
ies®? and further emphasized the parallel distribution of VM
and GFAP in most neuroglial neoplasms.

Based on the finding that VM synthesis precedes that of
GFAP during maturation of neuroglia in experimental animals,'
some authors have contended that VM may represent a marker
for de-differentiation in glial neoplasia.>® QOur results argue
against this conclusion in that: 1) Expression of VM and GFAP
predominantly in the ependymal cells forming rosettes and
pseudo-rosettes, and in the large mature astrocytes, indicates a
high degree of correlation between the morphological signs of
differentiation of these cell types and expression of both IF
antigens. 2) VM was absent from medulloblastomas and
de-differentiated cellular areas of ependymomas. 3) VM was
present with GFAP in well differentiated slow-growing sub-
ependymomas.

Herpers et al® showed preferential localization of VM at
juxta-nuclear sites in neoplastic astrocytes, whereas GFAP
was found in both perikarya and processes. They cited this
finding as evidence for the existence of two distinct IF systems
in astroglia. We have not been able to demonstrate analogous
distribution of filaments in neoplastic ependymoglia. The close
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parallel distribution of GFAP and Vimentin in ependymomas
suggests an elaborate network of co-existing IF’s in cell bodies
and processes. This contention is supported by demonstrations
of GFAP and VM co-polymerization in single filaments in
cultured human glioma cells.?* As well, our double immuno-
histochemical reactions show co-expression of GFAP and VM
within many individual ependymocytes. That this phenomenon
is not merely an artifact of cross reaction of antisera is con-
firmed by the complete dissociation of GFAP and VM immuno-
reactivity in some cells in the same sections.

The ependymoma with a large number of VM-positive rounded
cells in a myxoid stroma showed a disproportionately small
number of 1F’s on electronmicroscopic examination, relative
to the intensity of the immuno-histochemical reaction for VM.
The discrepancy between PAP reactivity and ultrastructural
demonstration of IF suggests that a pool of VM-specific protein
may be produced prior to assembly of structural VM filaments
in neoplastic ependymal cells. Another unusual finding in this
ependymoma was the extraordinary richness of rough endoplas-
micreticulum. Thisfeature, together with strong VM-reactivity,
the presence of a continuous basal lamina around some cells
and an abundance of myxoid stroma, may herald an early stage
of mesenchymal metaplasia in this tumor, as has been demon-
strated in other neuroectodermal neoplasms.® However, previ-
ous studies on bone and cartilage formation in glial tumors with
ependymal differentiation have indicated that metaplastic trans-
formation arises in the connective tissue stroma.?® Whether a
direct transformation of ependymal cells to mesenchymal cells
may take place in human ependymomas is not known. There-
fore confirmation of this hypothesis must await further ultra-
structural and immunocytochemical studies on ependymomas
with a distinct mesenchymal component.

Several authors?’?® have suggested that focal GFAP positiv-
ity in choroid plexus papilloma (CPP) represents ‘‘divergent
ependymaldifferentiation’’. Certainly the histological and immu-
nocytochemical characteristics of our composite tumor sup-
port this concept. This neoplasm demonstrated differentiation
along both ependymal and choroid plexus cell lines. A control
CPP showed an immunocytochemical profile identical to that
of the CPP portion of the composite tumor. An equally plausi-
ble explanation for this unique tumor morphology would invoke
differentiation towards choroid plexus papilloma in an ependy-
moma. The lack of CK immuno-reactivity in other papillary
ependymomas in our series does not disprove this hypothesis
and analysis of CK content in a larger series of such tumors is
warranted.
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