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Diversity of glial cell components in pilocytic astrocytoma.
Yuko Tanaka,’ Atsushi Sasaki,® Shogo Ishiuchi? and Yoichi Nakazato®
Departments of *Human Pathology and 2Neurosurgery, Gunma University Graduate School of Medicine, Gunma, Japan
To characterize the cellular density and proliferative activity of compact and microcystic areas, there are sometimes
glial fibrillary acidic protein (GFAP)-negative cells in pilocytic oligodendroglioma-like areas that closely resemble

oligodendrogliomas (ODs). Several previous studies elucidated
the immunohistochemical characterization of PA and there is little
doubt that many Olig2-positive cells are distributed in PA.Y? It is
also well known that a high number of microglia/macrophages are

astrocytoma (PA), surgically excised tissues of PAs (n=37) and
diffuse  astrocytomas (DAs) (n=11) were examined
morphologically and immunohistochemically using antibodies
against GFAP, Olig2, Ibal and Ki-67 (MIB-1). In PA, Olig2

immunoreactivity was significantly expressed in protoplasmic
astrocytes in  microcystic, loose areas and cells in
oligodendroglioma-like  areas. Ibal-positive, activated
microglia/macrophages were also commonly observed in
microcystic areas. In compact areas, a prominent reaction for
GFAP was observed, but for Olig2 and Ibal to a lesser degree.
On semiquantitative analysis, the number of Olig2-positive cells
was significantly higher in PAs (mean labeling index (LI) +
standard deviation (SD): 46.8 + 15.4%) than in DAs (13.3 +
7.8%) (P<0.001). Many lIbal-positive, microglia/macrophages
were observed in PAs (19.9 + 6.5%), similarly to DAs (20.9 +
9.9%). Re-immunostaining of PA demonstrated that most
Ki-67-positive, proliferating cells expressed Olig2, whereas
GFAP or Ibal expression in Ki-67-positive cells was less
frequent (14.7 + 13.7%, and 8.8 + 13.6%) in a double
immunostaining  study. Conversely, the percentage of
Olig2-positive, proliferating cells in total Olig2-positive cells
(7.2 £ 3.9%) was higher than that of Ibal-positive, proliferating
cells in total Ibal-positive cells (0.9 + 0.6%). In conclusion,
the present study found that PA consisted of numerous
GFAP-negative cells, including Olig2-positive cells with high
proliferation. Semiquantitative  analysis of  Olig2
immunohistochemistry in microcystic areas might therefore be
useful for the differential diagnosis of PA and DA.

Key words: pilocytic astrocytoma, diffuse astrocytoma, Olig2,
Ibal, immunohistochemistry

INTRODUCTION

Pilocytic astrocytoma (PA) is a histologically well-characterized
glial tumor. In addition to characteristic biphasic pattern, such as

consistently seen in gliomas.*® Sasaki et al.* found that PA often
contains high numbers of glucose transporter 5 (GLUT5)-positive
microglia/macrophages when compared to other astrocytic and
oligodendroglial tumors. In addition, Klein et al.° reported the
highest levels of proliferating microglia in PA among astrocytic
tumors. However, despite the pronounced existence of Olig2-
positive cells and microglia/macrophages in PA, there have been no
detailed semiquantitative analysis of their proportion and
proliferative activity.

Development of novel immunohistochemical markers such as
the oligodendroglial marker Olig2 and microglial marker Ibal has
been pivotal in the diagnosis and research of brain tumors. Olig2
is a transcription factor that regulates the phenotype specification
of cells of oligodendroglial lineage.”® Antibodies to Olig2 have
demonstrated utility in paraffin sections for recognizing normal
oligodendrocytes, oligodendrocytic tumors, and astrocytic tumors
to some extent.”*® lonized calcium binding adaptor molecule 1,
Ibal mediates calcium signals in the monocytic lineage,™ and its
antibody detects monocytic cells and macrophages including
microglia.  Ibal is expressed in both ramified and activated
microglia.’ Its antigenicity is preserved in paraffin-embedded
tissue sections after considerably long fixation.? Previous studies
have selected other microglial markers such as GLUTS5,* CD68
(Ki-M1p),"® major histocompatibility complex (MHC) class 11**;
Ibal has only been employed by a few studies.*

PA shows intense glial fibrillary acidic protein (GFAP)
positivity in compact areas, but less so in microcystic areas.
Furthermore, cells in oligodendroglioma-like area are not stained
with GFAP antibody at all.  To solve the underlying mechanism of
this heterogeneity, we elucidated the characteristics and distribution
of GFAP- negative cells in PA by immunohistochemistry using
Olig2 and Ibal antibodies, and the mean labeling index (LI) of PAs
was compared with that of diffuse astrocytomas (DAs), for which
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differential diagnosis is sometimes needed. In addition, we
examined the proliferative activity of GFAP-, Ibal-, or
Olig2-positive cells in PA by double or re-immunoperoxidase
staining. In a case with numerous Olig2-positive cells,
fluorescence in situ hybridization (FISH) analysis was performed to
exclude genetic changes frequently seen in OD. Finally, we
addressed tumor cell origin and growth mechanism in PA.

MATERIALS AND METHODS
Tissue specimens

Tissue specimens were obtained from 37 cases of PAs (0-66 years
old, mean age 24.2 +21.2 years, 15 males and 22 females, 9
supratentorial and 28 infratentorial) between 1980 and 2005 and 11
cases of DAs (27-79 years old, mean age 43.5 £14.5 years, 6 males
and 5 females) between 1995 and 2004. Informed consent was
obtained from all patients whose tumor materials were used, and
consent was also obtained from the local ethics committee.
Patients underwent craniotomy and were pathologically diagnosed,
having been identified from the pathology files of Gunma
University Hospital and an affiliated hospital. All histologic
materials were reviewed according to the World Health
Organization (WHO) classification,”®" and selected when there
were available paraffin blocks containing sufficient tissue for
analysis.

Immunohistochemistry

Single immunoperoxidase staining

Routine  immunohistochemical ~ examination  using  the
biotin-streptavidin  immunoperoxidase method (Histofine Kkit,
Nichirei, Tokyo, Japan) was performed in formalin-fixed, paraffin
embedded tissue sections. Anti-GFAP (polyclonal, our own,
1:5000)", anti-Olig2-C (Olig2, polyclonal, our own, 1:5000)°,
anti-Ibal (polyclonal, Wako pure chemical industries, Japan, 1:250),
and anti-Ki-67 (MIB-1, monoclonal, Dako, Glostrup, Denmark,
1:50) were used. For antigen retrieval before staining against
Olig2, Ibal, and Ki-67, sections were autoclaved (121°C, 5 min, in
phosphate buffered saline pH7.4). After visualization with
diaminobenzidine (DAB), tissue sections were briefly
counterstained with hematoxylin.

For semiquantitative analysis, LI of Olig2, Ibal, or Ki-67 was
calculated as the percentage of positive cells in the total number of
tumor cells in microscopic fields using the optical grid of a 40x
objective lens. We used sections where at least total 3000 cells
positive for Olig2 or lbal and 2000 cells for Ki-67 could be
counted, and LI was calculated in the area of maximal labeling.

Double immunoperoxidase staining and re-immunoperoxidase
staining

First, 2 arbitrarily selected PA cases were analyzed by double
immunostaining to examine the intracellular localization and the
possibility of colocalization of these antigens. Double
immunostaining was performed according to the method reported
previously * using DAB (brown) for the first antigen and
4-chloro-1-naphthol (dark purple) for the second antigen. The
combinations of antibodies were GFAP with Olig2, Olig2 with Ibal,
and Ibal with GFAP.

Second, double immunostaining for Ki-67 with GFAP, Ki-67
with Ibal, and re-immunostaining for Ki-67 with Olig2 were
performed in all PA cases to examine cellular proliferation. The
double immunostaining method was the same as mentioned above:
Ki-67 for the first antigen and GFAP or Ibal for the second antigen,
respectively. Briefly, for the re-immunostaining method,
immediately after the first step using Ki-67 with the 4- chloro- 1-
naphthol reaction, digital pictures were taken and saved on
computer. Thereafter, sections were treated with 0.1 M glycine-
HCI buffer following a peroxidase reaction with DAB for the
second antigen Olig2. Hematoxylin counterstaining was per-
formed on the re-stained sections, and they were compared with the
digital pictures of the same microscopic fields taken beforehand.

For semiquantitative analysis, the first approach was applied to
GFAP and Ibal antibodies. In sections where at least 100
Ki-67-positive nuclei could be counted, LI was calculated in a way
that the number of double-positive, proliferating cells was divided
by the estimated number of total Ki-67-positive nuclei, and
multiplied by 100. The second approach was applied to Ibal and
Olig2 antibodies.  In sections where least 1000 Ibal- or
Olig2-positive cells could be counted, LI was calculated in a way
that the number of double- or re-positive, proliferating cells were
divided by the estimated number of total Ibal- or Olig2-positive
cells, and multiplied by 100.

Fluorescence in situ hybridization (FISH)

In a case of PA with numerous Olig2-positive cells, dual-probe
hybridization was performed on paraffin-embedded 3-pum-thick
tissue sections using a previously published FISH protocol.?®  We
used the 1p probe (RP11-260113, 1p32) labeled with spectrum
green and the 1q probe(RP11-184E11, 1g42) labeled with spectrum
orange. Signals of one hundred nonoverlapping nuclei were
counted, and a ratio of green signals to orange signals of <0.8 was
considered to constitute an allelic loss of 1p, as described
previously.?

Statistical analysis

Mean Lls of PAs and DAs for Olig2-positive cells or Ibal-positive
cells were calculated, and the Mann-Whitney U-test using JMP-IN
5.1 software (SAS Institute Inc) was used to determine statistical
significance.
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RESULTS

Pilocytic astrocytoma
Immunoreactivity for GFAP, Olig2, and Ibal was detected in all 37

cases of PA. A biphasic pattern was seen in 34 cases (92.0%) (Fig.

1A). A prominent reaction for GFAP was observed in compact,
fiber-rich areas and only a weak reaction was observed in
microcystic, loose areas (Fig. 1B). Immunostaining for Olig2 was
confined to nuclei, and was consistently present in cells with small
nuclei and few flaccid processes in microcystic areas, but not
significant in compact areas (Fig. 1C). A large number of
Olig2-positive cells was observed in tumor areas with honeycomb
cells resembling OD (Fig. 1D). Immunostaining for Ibal was
predominantly cytoplasmic and weakly nuclear. Ibal-positive
cells were commonly observed in microcystic areas, whereas only a
minority of them was distributed in compact areas (Fig. 1E).
Ibal-positive cells were morphologically compatible with activated
microglia and macrophages (microglia/macrophages), including
unipolar cells. Ramified, resting microglia were scarcely seen in
the tumor tissues. Ki-67-positive cells were few and
predominantly distributed in microcystic areas (Fig. 1F). There

—

Fig. 1 Histological and immunohistochemical
findings in PA. Compact areas and microcystic
areas are marked with a single asterisk (*) and a
double asterisk (**), respectively. (A)
Characteristic biphasic pattern seen on HE staining.
(B) Long, bipolar tumor cells in the compact area
show strong immunoreactivity for GFAP. (C)
Tumor cells with ambiguous processes in the
microcystic area show strong reactivity for Olig2.
(D)  Nuclei of honeycomb cells in
oligodendroglioma-like area (***) show strong
immunoreactivity for Olig2. (E) Ibal-positive
microglia/macrophages are commonly distributed
in microcystic area. The inset shows a higher
magnification of Ibal-positive, activated microglia.
(F) A small number of Ki-67-positive proliferating
cells (arrow) was mainly distributed in microcystic
area. Bars=50um.

was no correlation between the number and intensity of
immunoreactivity and clinicopathological findings (patient age, sex
and tumor location, data not shown).

Double immunoperoxidase staining using combinations of two
antibodies between GFAP, Ibal, and Olig2 in a randomly selected
two cases of PA demonstrated that there was no double labeling and
that these antibodies were mutually exclusive (Fig. 2A-C).
Double immunostaining showed brown nuclear staining for Ki-67
with DAB and dark purple cytoplasmic staining for GFAP and Ibal
with 4-chloro-1 naphtol (Fig. 2D, E). In the re-immunoperoxidase
staining method, almost all Ki-67-positive nuclei were also stained
for Olig2 (Fig. 2F, G). Double-positive proliferating cells were
predominantly distributed in microcystic and oligodendroglioma
-like areas, and to a lesser degree in compact areas.

Semiquantitative analyses of Olig2- and Ibal- positive cells
were performed in 24 cases. Thirteen cases that were small
specimen without microcystic or oligodendroglioma-like areas
were excluded. The LI of GFAP-positive cells was not counted
because of the complex arrangement of counterstained nuclei and
GFAP-positive processes. As a result, the mean LI for Olig2 was
46.8 +£15.4% (SD) and the mean LI for lbal was 19.9 + 6.9% (Fig.
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3A).

Semiquantitative analyses of double immunostaining for GFAP
with Ki-67 or lbal with Ki-67 was performed in 8 cases. The
mean Ki-67 LI was 3.6 + 2.2% (Fig. 3B). The mean LI of
double-positive, proliferating cells in total Ki-67-positive,
proliferating cells was 8.8+ 13.6% for GFAP, and 14.7 + 13.7% for
Ibal, respectively (Fig. 3B).  The number of Ki-67-positive cells
in serial sections of double immunostaining with GFAP or Ibal was
almost equal in each section. However, the number of
Ki-67-positive cells was fewer in re-immunostaining with Ki-67
and Olig2 than in double immunostaining for GFAP or Ibal,
probably due to weak staining in the former. Thus, we could not
perform comparative analysis of Olig2-positive cells in total
proliferating cells.

Conversely, the mean LI of Ibal-positive, proliferating cells in
total Ibal-positive cells was 0.9 + 0.6% and that of Olig2-positive,
proliferating cells in total Olig2-positive cells was 7.2 + 4.0% (Fig.
3C). In each PA case, the individual LI of Olig2-positive, prolife-
rating cells in total Olig2-positive cells tended to be higher than

that of Ibal-positive, proliferating cells in total Ibal-positive cells.

Diffuse astrocytoma
Immunoreactivity for GFAP, Olig2, and lbal was detected in all 11
DA cases.  Corresponding to the many processes of neoplastic
astrocytes (Fig. 4A) the GFAP staining showed a diffuse, strong
reaction (Fig. 4B), whereas Olig2- and Ibal- positive cells were
also diffusely distributed but few in number (Fig. 4C, D). Ibal-
positive cells were morphologically compatible with microglia/
macrophages and almost all of them showed ramified, resting form.
All 11 DA cases had satisfactory tissue for semiquantitative
analysis. The mean LI of Olig2 was 13.8 + 7.8% and that of Ibal
was 20.9 + 9.9% (Fig. 3A).

Statistical analysis

For Olig2-positive cells, the mean LI in PA was significantly higher
than that in DA (P<0.001).
difference in the mean LI of lbal-positive cells between PAand DA
(Fig. 3A).

In contrast, there was no significant

FISH

In a case of PA with a high Olig2 LI (76.4%), 100 nuclei were

counted and almost all nuclei had both 2 green and 2 orange signals.

The ratio of green/orange signals was >0.8, and the case was
judged to show no evidence of allelic loss of 1p (Fig. 5).

F — Gy

Fig. 2 Double- or re-immunostaining in PA. (A-C) Comparative double
immunoperoxidase staining using GFAP (dark purple) with Olig2 (brown)
(A), Olig2 (brown) with Ibal (dark purple) (B), and Ibal (brown) with
GFAP (dark purple) (C) showed no double labeling. (D,E)
Double-positive, proliferating cells have brown nuclei for Ki-67 and dark
purple cytoplasm for GFAP (D) or lbal (E) (arrows). GFAP- negative,
proliferating cells had only Ki-67-positive nuclei (arrowhead). (F,G)
Re-immunostaining in the same section using 4-chloro-1 naphtol for
Ki-67(F) and DAB for Olig2 (G). Almost all Ki-67-positive, dark purple
nuclei were re-stained for Olig2 (arrows). In re-stained section,
Olig2-negative nuclei were counterstained with hematoxylin. Bars=20um.
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DISCUSSION

This study showed that Olig2-positive cells were the major cellular
component of PA and mainly distributed in two areas: microcystic,
textured loose areas and oligodendroglioma-like areas. Previous
reports™? have shown Olig2-positive cells in PA, however, this is
the first semiquantitative analysis of Olig2-positive cells. Our
results indicate that the morphology and immunophenotype of
Olig2-positive cells in oligodendroglioma-like areas were similar to
those of oligodendroglioma cells, and that Olig2-positive cells in
microcystic areas seemed to be compatible with so-called

protoplasmic astrocytes with small nuclei and few flaccid processes.

The mutual exclusivity of Olig2 and GFAP expression® supports
our finding that protoplasmic astrocytes with poor glial fibrils
expressed Olig2 but not GFAP.  Furthermore, the following might
explain Olig2 expression in protoplasmic astrocytes: (1) the
transcriptional factor Olig2 appears in the oligodendrocyte lineage
from oligodendrocyte precursors to adulthood, whereas it was
reported that astrocytic lineage cells enigmatically express Olig2 in
tumor environments,**° (2) Ohnishi et al.! recently demonstrated
that the proportion of Olig2-positive cells was high in protoplasmic
astrocytomas.

Our semiquantitative analysis of Olig2-positive cells
demonstrated a significant difference between PA and DA.
Cytogenetical assessment such as allelic loss at 1p and 19q in OD
is sometimes available for diagnosis of some gliomas. However,
PA is a clinicopathologically defined tumor, and cytogenetical
assessment is not so useful for diagnosis. For example, on
analysis of genetic alteration, 64% of PA showed a normal
karyotype, despite a tendency toward chromosomal gains, such as
chromosomes 5 and 7.%> In addition, PA lacks definite molecular
alterations® such as the mutation or deletion of the TP53 gene and
abnormal expression of EGFR observed in high grade glioma.?*
PA sometimes closely resembles DA and differential diagnosis is
difficult. Immunohistochemistry with glial markers such as GFAP
is not so useful in this situation. This study found high Olig2
expression in microcystic and oligodendroglioma-like areas in PA
and emphasizes the importance of semiquantitative analysis of
Olig2 immunostaining in differential diagnosis of low grade
astrocytomas.

We demonstrated that Olig2-positive cells constituted the main
proliferating population in PA and that Olig2-positive cells had
high proliferative potential. The proportion of Olig2-positive,
proliferating cells in total proliferating cells was estimated to be
75% when Lls of GFAP- and Ibal-positive, proliferating cells were
considered together. However exact comparison between GFAP-,
Ibal-, and Olig2-positive, proliferating cells in PA was impossible
due to the different methods of immunohistochemistry. Recently,
progenitor cells have been generally believed to be closely
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Fig. 3 Semiquantitative analysis of Lls using immunohistochemical
markers. (A) Lls of Olig2 and Ibal between PA and DA. The asterisk
(*) indicates a significant difference of p<0.001 for PA versus DA in the
immunostaining of Olig2. There was no significant difference for Ibal.
(B, C) G K, I, and O represent GFAP, Ki-67, lba-1, and Olig2,
respectively. (B) Mean LI of Ki-67 alone (left), and mean LI of GFAP-
(center), Ibal- (right), positive, proliferating cells in total Ki-67-positive,
proliferating cells. (C) Mean LI of Ibal-positive, proliferating cells in
total Ibal-positive cells (left), and Olig2-positive, proliferating cells in total
Olig2-positive cells (right). Values are expressed as mean + SD (%).
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Fig. 4 Histological and immunohistochemical findings in DA. (A)
Typical area of fibrillary astrocytoma. (B) A large number of processes of
the tumor cells are diffusely and strongly stained with GFAP. (C, D)
Olig2- (C) or Ibal-(D) positive cells are also diffusely distributed but the
number of positive cells is small.  Bars=50pm.

associated with tumorigenesis and proliferation of brain tumors.?®
As reported previously, the high expression of PEN5, a sulfated
polylactosamine carbohydrate epitope,”® and NG2 /PDGFaR” in
PA and OD indicate the possibility that both tumors are derived
from common progenitor cells, oligodendrocyte progenitor cells
(OPCs).
oligodendroglial

In addition, the strong expression of SOX10, an
specific transcriptional ~ factor®®, and the
expression pattern of proteolipid protein or peripheral myelin
protein(PMP)-22%° show some similarity between PA and
oligodendroglial lineages. Therefore, the Olig2-positive,
proliferating cells observed in this study may derive from OPCs.
In the present study, FISH analysis showed no LOH of 1p,
suggesting that PA is not cytogenetically identical to OD. As
Shoshan et al.?’ pointed out, both PA and OD can be neoplasms
generated from OPCs, and they can give rise to neoplasms of
clinically and pathologically distinctive phenotypes, probably as a
result of the following: different environmental influences within
the brain parenchyma, different acquired genetic alterations such as
1p and 19q, and differential factors such as tumor location and host
age.
Ibal-positive
component of PA, and they showed characteristic distribution and

microglia/macrophages were a  cellular
proliferative potential. They represented approximately 20% of
cells in PA, although the number of Ibal-positive cells was not

significantly higher in PA than in DA. Previous studies have

shown that microglia/macrophages are highly abundant in
gliomas,®* and Roggendorf et al.® suggested a direct correlation
between the grade of gliomas and the level of resident tumor
microglia/macrophages.
thought to be derived from various cells such as resident microglia,

Microglia/macrophages in gliomas are

perivascular macrophages and blood monocytes® that can be
stimulated by chemokines such as monocyte chemoattractant
protein-1.> In this study, Ibal-positive cells showed various
morphological shapes, including monocyte-like cells with round
cytoplasm and unipolar processes. Due to the breakdown of the
blood-brain barrier in gliomas, blood monocytes might be the most
potent candidate for the origin of activated microglia/macrophages.

Abundant microglia/macrophages may play a role in the
formation of the characteristic structure of PA. LI of
microglia/macrophages were not significantly higher in PA than
that in DA, however the state of microglia was different; in PA they
were distributed mainly in microcystic areas with a slightly
activated morphology, whereas in DA they showed ramified form.
In brain immune systems, the role of microglia/macrophages seems
to be complex.
neuroprotective/trophic or neurodestructive/toxic in inflammatory,
degenerative, 3233
Microglia/macrophages could be recruited to the glioma to produce
a number of cytokines, chemokines, and other mediators like
growth factors.’®*® These mediators might then contribute to
successful immune evasion, growth, and invasion of glioma cells.

For example, microglia/macrophages can be

vascular or infective situations.

For example, microglia activated by glioblastoma cells produce
metalloprotease-2, which supports tumor cell invasion into the
matrix.®* In another study using a glioma tumor model,®
microglia were a major source of prostaglandin E2 production
through the expression of cyclooxygenase-2, and they might
closely correlate with peritumoral edema in high grade glioma.
Therefore, the unique background structures in microcystic areas
(microcystic ~ degeneration, myxoid matrix, edema) and
macroscopic cystic formation in PA might be potentially caused by
activated microglia/macrophages in addition to increased fluid
transport by blood-brain barrier disturbance.*

The present study suggests that compact areas are long-standing
areas and microcystic areas are developing areas in PA.  Compact
areas mainly consisted of a population of piloid cells with strong
GFAP expression. These cells are a well-known characteristic
feature of PA. However, our results showed that this subset is a
minor component; the LI of GFAP-positive cells was
approximately 35%, as estimated from the Lls of Olig2 and Ibal.
In addition, GFAP-positive cells scarcely had any proliferative
activity.  This finding indicates that compact areas might be
neoplastic but formed over a long time course. This is supported
by the following evidences'®: (1) compact areas often include
Rosenthal fibers, which are observed in chronic reactive gliosis, (2)
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Fig. 5 Fluorescence in situ hybridization. In this case, almost all nuclei
had 2 red and 2 green signals, demonstrating no allelic loss of 1p.

hair-like piloid cells are similar to reactive astrocytes in chronic
pathologic lesions such as hypothalamus, cerebellum, or spinal
cord. On the other hand, we demonstrated that microcystic areas
contain  many  proliferating tumor cells and many
microglia/macrophages.  This result suggests that microcystic
areas are responsible for tumor expansion by cellular proliferation,
cystic change, and edema. Further studies are required to assess
the correlation between mature piloid cells of compact areas and
maturing Olig2-positive cells of microcystic areas.

In conclusion, PA is a unique tumor consisting of cells with
various glial immunophenotypes.  Olig2-positive cells which
represent protoplasmic astrocytes, oligodendroglioma-like cells,
and to some extent OPCs, are far more prevalent than
GFAP-positive, piloid cells. The numerical predominance and
high proliferative activity of Olig2-positive cells in microcystic
areas suggest their correlation with tumor development. This
study also suggests that Ibal-positive microglia/macrophages
might be involved in tumor growth and microenvironmental
formation.  Furthermore, semiquantitative analysis of Olig2
immunohistochemistry in microcystic areas could be helpful for
differential diagnosis of PA and DA when the histopathological

diagnosis is problematic.

ACKNOWLEDGMENTS

We thank Drs. Hideaki Yokoo and Sawako Kinjo for their help for
FISH analysis. This work was supported by Grants-in-Aid for
Scientific Research (B) (Y. N. no. 19300123), Grants-in-Aid for
Scientific Research (C) (A. S. no. 18500276), and Grants-in-Aid
for Exploratory Research (Y. N. no. 18650096) from the Ministry
of Education, Culture, Sports, Science and Technology, Japan.

10.

11.

12.

13.

14.

REFERENCES

Ohnishi A, Sawa H, Tsuda M, Sawamura Y, Itoh T, lwasaki Y,
Nagashima K. Expression of the oligodendroglial
lineage-associated markers Oligl and Olig2 in different types
of human gliomas. J Neuropathol Exp Neurol 2003; 62:
1052-1059.

Takei H, Yogeswaren ST, Wong KK et al. Expression of
oligodendroglial differentiation markers in pilocytic astro-
cytomas identifies two clinical subsets and shows a significant
correlation with proliferation index and progression free
survival. J Neurooncol 2007; Aug 10; [Epub ahead of print]
Roggendorf W, Strupp S, Paulus W. Distribution and
characterization of microglia/macrophages in human brain
tumors. Acta Neuropathol (Berl) 1996; 92: 288-293.

Sasaki A, Yamaguchi H, Horikoshi Y, Tanaka G Nakazato Y.
Expression of glucose transporter 5 by microglia in human
gliomas. Neuropathol Appl Neurobiol 2004; 30: 447-455.
Badie B, Schartner J. Role of microglia in glioma biology.
Microsc Res Tech 2001; 54: 106-113.

Klein R, Roggendorf W. Increased microglia proliferation
separates pilocytic astrocytomas from diffuse astrocytomas: a
double labeling study. Acta Neuropathol (Berl) 2001; 101:
245-248.

Zhou Q, Wang S, Anderson DJ. Identification of a novel
family of oligodendrocyte lineage-specific basic helix-
loop-helix transcription factors. Neuron 2000; 25: 331-343.

Lu QR, Park JK, Noll E et al. Oligodendrocyte lineage genes
(OLIG) as molecular markers for human glial brain tumors.
Proc Natl Acad Sci USA 2001; 98: 10851-10856.

Yokoo Y, Nobusawa S, Takebayashi H et al. Anti-human Olig2
antibody as a useful immunohistochemical marker of normal
oligodendrocytes and gliomas. Am J Pathol 2004; 164:
1717-1725.

Ligon KL, Alberta JA, Kho AT et al. The oligodendroglial
lineage marker OLIG2 is universally expressed in diffuse
gliomas. J Neuropathol Exp Neurol 2004; 63: 499-509.

Imai Y, Ibata I, Ito D, Ohsawa K, Kohsaka S. A novel gene
ibal in the major histocompatibility complex class Il region
encoding an EF hand protein expressed in a monocytic lineage.
Biochem Biophys Res Commun 1996; 224: 855-862.

Ito D, Imai Y, Ohsawa K, Nakajima K, Fukuuchi Y, Kohsaka S.
Microglia-specific localisation of a novel calcium binding
protein, Ibal. Brain Res Mol Brain Res 1998; 57: 1-9.

Paulus W, Roggendorf W, Kirchner T. Ki-M1P as a marker for
microglia and brain macrophages in routinely processed
human tissues. Acta Neuropathol (Berl) 1992; 84: 538-544.
Sasaki A, Nakazato Y. The identity of cells expressing MHC
class Il antigens in normal and pathological human brain.



Olig2 and Ibal in pilocytic astrocytoma

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Neuropathol Appl Neurobiol 1992; 18: 13-26.

Graeber MB, Scheithauer BW, Kreutzberg GW. Microglia in
brain tumors. Glia 2002; 40: 252-259.

Scheithauer BW, Hawkins C, Tihan T, VVandenBerg SR, Burger
PC. Pilocytic astrocytoma. In: Louis DN, Ohgaki H, Wiestler
OD, Cavenee WK (eds). World Health Organization
Classification of Tumour of the Central Nervous System. Lyon:
International Agency for Research on Cancer (IARC) Press,
2007; 14-21.

Deimling A, Burger PC, Nakazato Y, Ohgaki H, Kleihues P.
Diffuse Astrocytoma. In: Louis DN, Ohgaki H, Wiestler OD,
Cavenee WK (eds). World Health Organization Classification
of Tumour of the Central Nervous System. Lyon: International
Agency for Research on Cancer (IARC) Press, 2007; 25-29.
Nakazato Y, Ishizeki J, Takahashi K, Yamaguchi H, Kamei T,
Mori T. Localization of S-100 protein and glial fibrillary acidic
protein-related antigen in pleomorphic adenoma of the salivary
glands. Lab Invest 1982; 46: 621-626.

Sasaki A, Yamaguchi H, Ogawa A, Sugihara S, Nakazato Y.
Microglial activation in early stages of amyloid beta protein
deposition. Acta Neuropathol(Berl) 1997; 94: 316-322.

Yokoo H, Kinjo S, Hirato J, Nakazato Y. Formaline-fixed
paraffin embedded specimens. Fluorescence in situ hybrid-
dization targeted for chromosome 1p of oligo- dendrogliomas
(in Japanese). Rinsho Kensa 2006; 50: 761-766.

Smith JS, Tachibana I, Lee HK et al. Mapping of the
chromosome 19 g-arm glioma tumor suppressor gene using
fluorescence in situ hybridization and novel microsatellite
markers. Genes Chromosomes Cancer 2000; 29: 16-25.

Jones DT, Ichimura K, Liu L, Pearson DM, Plant K, Collins
VP. Genomic analysis of pilocytic astrocytomas at 0.97 Mb
resolution shows an increasing tendency toward chromosomal
copy number change with age. J Neuropathol Exp Neurol
2006; 65: 1049-1058.

Tada K, Kochi M, Saya H et al. Preliminary observations on
genetic alterations in pilocytic astrocytomas associated with
neurofibromatosis 1. Neuro Oncol 2003; 5: 228-234.

Miyanaga T, Hirato J, Nakazato Y. Amplification of the
epidermal growth factor receptor gene in glioblastoma: An
analysis of the relationship between genotype and phenotype
by CISH method. Neuropathology 2007; Nov 6; [Epub ahead
of print]

Singh SK, Clarke ID, Terasaki M et al. Identification of a

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

cancer stem cell in human brain tumors. Cancer Res 2003; 63:
5821-5828.

Figarella-Branger D, Daniel L, André P et al. The PEN5
epitope identifies an oligodendrocyte precursor cell population
and pilocytic astrocytomas. Am J Pathol 1999; 155:
1261-1269.

Shoshan Y, Nishiyama A, Chang A et al. Expression of
oligodendrocyte progenitor cell antigens by gliomas:
implications for the histogenesis of brain tumors. Proc Natl
Acad Sci USA 1999; 96: 10361-10366.

Bannykh SI, Stolt CC, Kim J, Perry A, Wegner M.
Oligodendroglial-specific transcriptional factor SOX10 is
ubiquitously expressed in human gliomas. J Neurooncol 2006;
76: 115-127.

Gutmann DH, Hedrick NM, Li J, Nagarajan R, Perry A,
Watson MA. Comparative gene expression profile analysis of
neurofibromatosis  1-associated and sporadic pilocytic
astrocytomas. Cancer Res 2002; 62: 2085-2091.

Watters JJ, Schartner JM, Badie B. Microglia function in brain
tumors. J Neurosci Res 2005; 81: 447-455.

Leung SY, Wong MP, Chung LP, Chan AS, Yuen ST.
Monocyte protein-1  expression
macrophage infiltration in gliomas. Acta Neuropathol (Berl)
1997; 93: 518-527.

Guillemin GJ, Brew BJ. Microglia, macrophages, perivascular
macrophages, and pericytes: a review of function and
identification. J Leukoc Biol 2004; 75: 388-397.

Li L, Lu J, Tay SS, Moochhala SM, He BP. The function of
microglia, neuroprotection or neurotoxicity, is
determined by the equilibrium among factors released from

chemoattractant and

either

activated microglia in vitro. Brain Res 2007; 1159: 8-17.
Markovic DS, Glass R, Synowitz M, Rooijen N, Kettenmann
H. Microglia stimulate the invasiveness of glioma cells by
increasing the activity of metalloprotease-2. J Neuropathol Exp
Neurol 2005; 64: 754-762.

Badie B, Schartner JM, Hagar AR et al. Microglia
cyclooxygenase-2 activity in experimental gliomas: possible
role in cerebral edema formation. Clin Cancer Res 2003; 9:
872-877.

Warth A, Simon P, Capper D et al. Expression pattern of the
water channel aquaporin-4 in human gliomas is associated
with blood-brain barrier disturbance but not with patient
survival. J Neurosci Res 2007; 85: 1336-1346.



