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EBM of Neurosurgical Disease in Jepan

Randomized Controlled Trial on Malignant Brain Tumors

—Aciivities of the ]épan Clinical Oncology Group-Brain Tumor Study Group—

Soichire SHiBUI, M.D.

Neurosurgery Division, National Cancer Cenier Hospital, Tokyo

Abstract

The Japan Clinical Oncelogy Group (JGOG)-Brain Tumor Study Group was organized with the support of the Health and Labour Sciences
Research Grants of the Ministrg of Health, Labour and Welfare. The group is now preparing a multi-institutional randomized controlled

phase 11111 study of chemora

jotherapy using ACNU versus procarbazine and ACNU for astrocytoma grades 3 and 4. The overall

survival and response rates will be compared between the patients treated with ACNU and those treated with ACNU plus procarbazine.

This study, under the surveillance of the JCOG, aims to set a standard protocel for treatin

atients with malignant glioma. Moreover, the

study will establish a proper methodology for performing randomized studies in the Eie%tf of neuro-onceology.

Key words: Japan Clinical Oncology Group, randomized controlled trial, malignant glioma, ACNU, procarbazine,

O%-methylguanine deoxyribonucleic acid-methyltransferase

Introduction

The Japan Clinical Oncology Group {JCOG) is a
multi-institutional cooperative oncology group
conducting clinical research for cancer and related
problems.? JCOG consists of 13 oncology groups as
of 2003. The Brain Tumor Study Group (JCOG-
BTSG) was organized in April 2002 with support
from the Health and Labour Research Grants of the
Ministry of Health, Labour and Welfare in order to
establish a standard therapy for malignant brain
tumors.

This study describes a randomized controlled
phase II/III study of chemoradiotherapy using
ACNU versus procarbazine and ACNU for
astrocytoma grades 3 and 4.

Materials and Methods

Patients with newly  diagnosed supratentorial
astrocytoma grade 3 or 4 will be enrolled and ran-
domly divided into two groups. Patients in Group A
will be treated with ACNU (80 mg/m? iv) during the
postoperative radiotherapy (60 Gy local}, whereas
patients in Group B with procarbazine (80 mg/m? for
10 days per os) preceding and in addition to the
administration of ACNU. Each regimen will be
repeated every 8 weeks for 2 years if tolerated by the
patients, The primary endpoint is the overall sur-
vival rate and the secondary endpoints are the
response rate on magnetic resonance imaging and
the frequency of adverse events, This study starts as
a randomized phase Il trial and proceeds to the
phase IIl study if the efficacy of the Group B
regimen in phase II warrants a study continuation.

The study protocol was developed under guidance
of the JCOG and approved by the institutional
review board of the institution to which each JCOG-
BTSG member belongs. The study will be performed
under surveillance by the JCOG.

Results

This study starts at the beginning of 2004, The
expected number of patient enrollments is 310 in 5
years. The collected data will be monitored and
statistical analyses carried out by the JCOG Data
Center. The results will be evaluated by the Steering
Committee. :

Discussion

A standard therapy for malignant gliomas has not
been established and various trials have been carried
out. In most neurosurgical institutes in Japan,
nimustine hydrochloride {ACNU) is administered in
conjunction with conventional radiotherapy after
surgical removal of the tumor. However, this com-
mon treatment regimen has never been scientifically
justified by a randomized controlled study, and so
should be considered *community standard.”

The efficacy of ACNU in malignant glioma
patients was evaluated in a group who received post-
operative administration of ACNU in conjunction
with radiation therapy and another group was
received only radiation therapy.® This controlled
study revealed an improved response rate for the
patients treated with ACNU, however, no sig:
nificant difference in overall survival was observed
hetween the two groups,

ACNU is one of the most effective chemother-
apeutic agents to date for malignant gliomas. ACNU
passes through the intact blood-brain barrier and
alkylates deoxyribonucleic acid (DNA) causing the
anti-timor effect. Most malignant gliomas neverthe-
less recur after ACNU chemotherapy and radiother-
apy. Malignant gliomas frequently express high ac-
tivities of O5-methylguanine DNA-methyltransferase
(MGMT), a DNA repair enzyme, which is consi-
dered to be one of the causes of the chemoresistance
to ACNU. Procarbazine is another alkylating agent
that yields O°f-alkylguanine.® If procarbazine is
administered prior to ACNU as in our current

Correspondence to: -Seichiro Shibui, M.D., Neurosurgery Division, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo
104-0045, Japan. Tel: +81-3-3542-2511, Fax: +81-3-3542-3815, e-mail: sshibui@ncc.go.jp
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protocol, we expect the abundant Of-alkylguanine to
deprive MGMT, leading to increased efficacy of
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Gliomas are classified based mainly on microscopic resemblance to their presumed
glial origin such as astrocyte and oligodendrocyte. However, more objective diagnostic
criteria are indispensable for the precise treatment of patients. For instance, loss of the
short arm of chromosome 1 {1p) in oligodendrogliomas is recognized as an important
marker for better response to chemotherapy and longer survival of the patients. To gain
insight into their molecular biological background and to identify genes characterizing
each subgroup, we investigated gene expression profile of the 4 glioma subsets, oligo-
dendroglioma with and without 1p loss, diffuse astrocytoma and glioblastoma using
DNA microarray. Remarkably, most of the genes showing distinctive expression in
oligodendroglioma with 1p loss were also highly expressed in normal brain tissues and
had neuron-related function, which included MYTIL, INA, RIMS2, SNAP91 and SNCB.
Histological analysis also demonstrated that MYT7L, which were abundantly expressed
in normal neuron, were certainly present in tumor cells. These results suggest that oli-
godendroglioma, especially with Tp loss, has more or less neuronal characteristics al-
though oligodendroglioma is thought to originate form glial lineage cell. With further
pathological studies, those neuron-related genes might be good diagnostic markers

for oligodendroglioma of better prognosis as well.

INTRODUCTION

Gliomas are a major type of brain w-
mors, which constitute approximately one
third of all primary brain tumors (11).
Most gliomas have diffuse infiltrative trait,
rendering surgical cure impossible and re-
currence inevitable despite aggressive adju-
vant treatment including radiotherapy and
chemotherapy. Prognosis of each patient
is derermined primarily by the biclogical
characteristics of tumor cells including
response to trearment and rare of growth.
Prediction of such biological characteristics
of gliomas has been based on histological
diagnosis which mainly relied on the mor-
phological features of the wmor, and on
the classification referring to the presumed
origin of the tumor cells such as astrocytes,
oligodendrocytes and  ependymal cells.

Brain Pathol 2004;14:34-42.

However, recent development in molecu-
lar genetic analysis have shown that even
gliomas in a single histological entity can
be divided into different subsets and may
sometimes show different clinical fearures.
A prominent example is that allelic loss
of the short arm of chromosome 1 (1p),
which is found in 60% to 80% of oligo-
dendrogliomas, is closely associated with
the chemosensitivity and longer survival
(1, 8). Molecular biological background
of such differences should be imporcant
information to be investigated which po-
tentially leads to better management of
gliomas, and one of powerful tools to do so
is DNA microarray technology {5). Several
studies have successfully demonstrared sub-
type specific genes in diffuse gliomas based
on the expression profile analysis, and also
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showed that such molecular profiles could
indeed help accurare prediction of clinical
outcome (4, 6, 7, 17, 20, 21).

In a previous work, we have demonstrat-
ed that expression profiles of oligodendro-
gliomas with 1p loss are significantly dif-
ferent from other oligodendrogliomas, and
numerous genes presumed to be related to
neuronal cells are preferencially expressed
in this specific subser (16). In this study,
we asked whether this trait would still hold
within a wider range of gliomas including
astrocytic tumors; Such findings may not
only be of diagnostic significance, but also
would bring'a new insight into glioma clas-
sification based on gene expression.

MATERIALS AND METHODS

Sample preparation. Tumor samples and
paired bloed samples were obrained at sur-
gery after written informed consents. Con-
sensus histological diagnoses were made on
formalin-fixed paraffin-embedded tissues
by four independent neuropathologists fol-
lowing the WHO classification {11}. Loss
of heterozygosity (LOH) assay on chro-
mosomes 1p and 19q using microsarellite
markers were performed as described previ-
ously {24). The frozen tumor sample was
homogenizcd in Trizol (Invierogen, Corp.,
Carlsbad, Calif) and total RINA was iso-
lated following manufacturer’s instructions.
RNA was quantiraced by ultravioler absor-
bance at 260 and 280 nm and its quality
was assessed by agarose gel electrophoresis.



GeneChip experiment. In addition to 2
normal brains, 6 oligodendrogliomas with
1pLOH (4 WHO grade Il and 2 grade IIk
 cases), and 5 oligodendrogliomas wichout
1pLOH (4 grade Il and 1 grade I1I cases)
which were all reported in our previous
study (16), 6 diffuse astrocytomas (grade
- II) and 5 glicblastomas (grade 1V) were
subjected 10 gene expression profile analy-
sis. The high-density oligonucleotide arrays
(GeneChip Human U95A array, Affyme-
wix, Santa Clara, Calif), which conrzin
probe sets for approximately 12626 human
genes and ESTs, were used. Biotin-labeled
¢RNA was synthesized from aliquots (5
hg) of total RNA from each sample, and
hybridization, washing, and detection of
signals were carried out as described pre-
viousty (9, 16). The Microarray Analysis
Suire {MAS) 4.0 software (Affymetrix) was
used to calculace the gene expression levels.
The average background and noise (Raw
Q) value calculated by MAS 4.0 were less
than 241 (1992 26) and 7.13 (6.07 £+ 0.78),
tespectively under 100% PMT setring. To
allow comparison among multiple arrays,
gene expression levels were normalized
for each array by assigning the average of
overall expression levels to be 100. The sig-
nal values of B-actin as an internal control
showed <2-fold variation (4488+576).
The scaling factor used for all samples
was 0.68+0.18. The percentage of probe
sets scored as derected {“Present”) in each
sample ranged from 48+3% (42%-55%].
These mertrics demonstrate that the qualicy
of each array is comparable. A value of 10
was assigned to every expression value be-
low 10, because such low values are vulner-
able to noise and arrifacts.

Selection of subtype-specific genes. All
glioma samples analyzed by GeneChip
(N=22) fall into 4 groups: oligodendrog-
lial tumnors with 1pLOH (n=6), without
1pLOH (n=3), low-grade astrocytomas
(n=6), and glioblastomas (n=>5). An ideal
subtype-specific gene should have higher
expression in samples of this subgroup and
lower expression in samples of the other
3 types. For the selection of such genes,
we used public software called Significant
Analysis of Microarrays (SAM 1.21) {23),
which is one of che methods to solve the sta-
tistical problem occurring in the amalysis of
large numbers of genes with small numbers
of experiments. Basically, a score assigned

by SAM is signal-to-noise (S/N) ratio called
relative difference d(#), which is calculated
by [pl(i)-pu(i)}f{s(i)+so} when p (i) and
1, (¢} denote che average levels of expression
for genel() in group I and U, respecrively,
and s{?) is defined as the standard devia-
tion of repeated expression measurements.
Then, taking gene-specific fluctuations into
account, SAM estimates the percentage
of genes identified by chance as the false
discovery rate (FDR) using permutations
of the repeated- measurements. SAM also
identifies genes with statistically significant
changes and score g-value, which s similar
to the familiar “p-value.”

Before SAM was applied, the control
probes and genes called absent (not de-
tected) by the expression algorithm in
MAS 4.0 software or less than 100 in all 24
samples were excluded because of low con-
fidence of scarcely expressed genes, Then
by the pre-filtering, the 2756 probe sets
whose maximum and minimum expression
levels among 22 tumor samples differed by
more than 100, and had more than 5-fold
difference, were selected for the following
statistical analysis.

Comparison with normal brain tissue
data. To see expressions of the selected
genes in normal brain tissues, we used
Affymerrix U95A array expression data in
the Gene Expression Atlas on the website
of Genomics [nstitute of the Novardis Re-
search Foundarion (22), in addition to the
dara obtained from our two normal whole
brain samples. This darabase contains 2
whole brain, a cerebral cortex, 2 cerebel-
lum, 2 caudate nucleus, 2 amygdala, 2 thal-

- amus, 3 corpus callosum and 2 spinal cord.

These data were linearly scaled to the same
target signal (100) as in our own exptession
dara. After this conversion, the expression
levels of internal control genes such as
B-actin (4425+1122) in these normal tis-
sues were similar to our dara. The average
gene expression levels in our normal brains
and those in downloaded samples (whole
brain) were also well correlated (coefficient
r=0.88) among pre-filtered genes. Hierar-
chical clustering was carried out by the pro-
grams Cluster and TrecView using selecred
80 subtype-specific genes (3).

Quantitative real-time PCR. Quantita-
tive real-time PCR (qPCR) was performed
using iCycler (Bio-Rad, Hercules, Calif).

Expression of Neuronal Genes in Oligodendroglioma—Mukasa et al

—216—

¢DNA was synthesized with oligo-dT
primer from 2 pg total RNA using Super-
Script  Preamplification System (Invitro-
gen), The aliquot of cDNA were amplified
by Taq polymerase for 40 cycles, consisted
of 15 seconds of denaturing ar 94°C, 15
seconds of annealing at 63-70°C, and 30
seconds of extension at 72°C with monitor-
ing of the SYBR Green I dye intercalation
signal, Each PCR reaction was done in
triplicate. For each sample, relative expres-
sion of a gene to the expression in reference
¢DNA mixture of several cell lines and
tissues was calculated, and the expression
of each gene was then normalized using
B-acrin expression of the same sample as an
internal control. The following primer sets
and annealing temperature (Tm) were used:
forward (F) 5-AGAAG GAGAT CACTG
CCCTG GCACC-3, reverse (R) 5°-CCT-
GC TTGCT GATCC ACATC TGCTG-
3" and Tm 65°C for B-actin; F 57-AATTA
TTTCG GGGCT CTGCG GAACC-3,
R 5-GCACC TTGCT TCAGC TCTCA
AAACG-3" and T 67°C for MYTIL; F
5'-TACCA CCCGG TCCCC ACTIT
ATTGC-3", R 5-TTCGG GCCAC
CCCTA CTTCT TCTCC-3" and Tm
63°C for L1CAM; F 5'-CAGAC TCTGG
CAACA CCTGC AATGG-3", R 5"-CAC-
GG GCCCG GATGA TTTCT ACCTC-
3’ and Tm 70°C for RIMS2; F 5-GAAGT
GGCCC AGGAA GCTGC TGAAG-3’,
R 5-CAGGG ACAGA ATTGT GCIGC
TGGTG-3' and Tm 70°C for SNCB; F
5-GAGGA CCGTC ATCAG GCCGA
CATTG-3', R 5-GGCCA TCTCC
CACTT GGTGT TCCTC-3" and Tm
70°C for NEFH; F 5'-CCCTT TCCCC
AAAAG TAGCG TAACC-3", R 5-TT-
GAC AGGAC GGCGA CTGTG AGAC-
3’ and Tm 68°C for OLIG1. The specificity
of the amplification products was validared
using post-amplification melc curve analy-
sis. Differences of gene expression in
oligedendroglioma with 1pLOH and the
other gliomas were tested by Kruskal-Wallis
analysis.

In situ hybridization. Tumor samples
and adjacent normal brain tissue stored
ar -80°C were embedded into Tissue-Tek
OCT compound (Sakura Finewek, Tor-
rance, Calif) and cryosectioned (7-um
thick), and then fixed in 4% paraformalde-
hyde. For the detection of MY 77L mRNA,

the sections were treated with proteinase K
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Figure 1. A. The genes characterizing 4 subgroups of diffuse gliomas. Each column represents a sample and each row represents a gene. Expression of eachgene
in 22 gliomas, together with 18 normal brain tissues was demonstrated in color'gradation after normalization. Red indicates increased expression, and green
indicates decreased gene expression, The order of samples are oligodendroglioma with 1pLOH (1-6), without 1pLOH (1-5), astrocytoma (1-6), glioblastoma
{1-5), our whole brain 1, 2}, downloaded whole brain (3, 4), cerebral cortex (1), cerebellum (1, 2), caudate nucleus (1, 2), emygdala (1, 2), thalamus (1, 2), corpus
callosum (1-3) and spinal cord {1, 2}. Note that the genes showing higher expressicn in aligadendroglioma with 1pLOH were afso highly expressed in normal
brain, except for corpus callosum and spinal cord. B. The result of hierarchical clustering using selected 80 subtype-specific genes, The oligodendrogliomas
with 1pLOH were clustered into the same group with the normal brains, and were more similar to whole brain, cerebral cortex, cerebellum, caudate nucleus,
armyqdala and thalamus than corpus callosum and spinal cord. Two astrocytomas were clustered together with glioblastomas,

(code §3004; Dake, Glostrup, Denmark)
diluted to 1:5000 at room temperature
for 10 minutes, and 2 ng/pl of biotin-la-
beled oligonucleotide probe {antisense of
5-ACATG GCTGT CACTG GATTT
AGGCT TTCTG TCCTC C-3" and

sense of 5'-GGAGG ACAGA AAGCC
TAAAT CCAGT GACAG CCATG T-37)
was hybridized at 37°C overnight. A Gen-
Point catalyzed signat amplification system
(Dako) was used following manufacrurer’s
instructions, and DAB substrate (Dako)

was used to visualize amplified signal. The
tissues were counterstained with hematoxy-
lin. Furthermore, o test the qualicy of the
mRNA in samples, positive and negative
fluorescein-conjugated  peptide
acid (PNA} probes against glyceraldehyde

nucleic
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3-phosphate dehydrogenase, and PNA
in situ hybridization derection kit {code
K5201; Dako) were used according to the
manufacturer’s instruction,

Immunohistochemistry. Normal brain
slides prepared simultaneously for in siru
hybridization were immunolabeled. The
slides were pretreated with microwave for
zotal 20 minurtes in citrate buffer pH 6.0,
and then incubated with mouse anti-neu-
ronal nuclei (NeuN) monoclonal antibody
(Chemicon, Temecula, Calif) ar 1:100 di-
lution for one hour at reom temperature.
A LSAB kit and a DAB substrare (DAKO)
were used to visualize the antibody bid-
ing, and tissues were counterstained with
hemaroxylin. '

RESULTS

The subtype-specific genes. SAM identi-
fied 29, 0, 0, and 247 subtype-specific
genes with statistical significance of g-
value <1.25% for oligodendroglioma with
1pLOH, without 1pLOH, astrocytoma
and glioblastoma, respectively (highly ex-
pressed genes in oligodendroglioma with
1pLOH were listed in Table 1). Since SAM
is applied 4 times to each subtype, the over-
all statistical significance for these genes is
5% afrer Benjamini correction for mul-
tiple cesting. Then, we tried to select the
same number of genes from each subtype
of glioma for the subsequent clustering
analysis, though SAM identified different
number of genes as statistically significant.
In this manuscript, main focus of our
analysis was oligodendrogliomas wich
1pLOH, in which 29 genes were identified
as significantly highly expressed by SAM.
Cn the other hand, genes list more than
20 in oligodendrogliomas without 1pLOH
and astrocytoma had higher g-value and
EDR. Therefore, we decided 1o select each
20 genes, which were sufficiently specific
for oligodendroglioma with 1pLOH and
glioblastoma, and were still accepeable
for oligodendroglioma without 1pLOH
and astrocytoma. Accordingly, we selected
each 20 probe sets which showed lower q-
value in each subgroup, as subtype-specific
genes of oligodendroglioma with 1pLOH,
without 1pLOH, astrocytoma and glioblas-
toma, of which median FDR were within
1.2, 12.5, 19 and 1.9 %, respectively
(Figure 1A}. Some of those genes showed

consistency wich other studies, such as
insulin-like growth factor binding protein
2 (IGFBP2) whose higher expressions in
glioblastoma were reported in the previous
microarray studies (4, 20, 21).

Most of the genes that showed distinc-
tively higher expression in oligodendro-
glioma with 1pLOH also showed similarly
high expression in the normal brain, while
the genes showing higher expression in
other glioma subgroups did not have such a
trend (Table 1, Figure 1A). Notably, many
of those genes were considered to have
neurcn-related function. For example, my-
elin transcription factor 1-like (MYT1L)
is thought to be a neuron specific tran-
scription factor (10); internexin neuronal
intermediate filament protein & (INA)
may act as a neuron-specific intermediate
filament protein (15); regulating synaptic
membrane exocytosis 2 (RIMS2) and
synaptosomal-associated protein  91kDa
homolog (SNAP91) are supposed to be
synapse related molecules; B-synuclein
(SNCB) may play a role in neuronal plas-
tciy and abundant in  neurofibrillary
lesions (2). L1 cell adhesion molecule
(L1CAM), chromogranin B (CHGB),
ankyrin 3 (ANK3), wbulin B5 (TUBB3),
SH3-domain GRB2-like 3 (SH3GL3),
pleckstrin and Sec7 domein protein (PSD),
olfactomedin 1 {OLFM1), tegulator of
G-protein signaling 7 (RGS7), potassium
volrage-gated channels such as KCNQ2,
KCNAB1 and HCN2 are all thought to be
expressed in neuronal cells. Besides those
known genes, ESTs such as hypothetical
protein LOC157627 and clone 23695 also
seem to be abundantly expressed in the
brain and neural tissue according to the
public database such as UniGene, though
their funcrions in the nervous system are
fLOF yet proven.

Using these 80 subrype-specific genes
in toral, clustering analysis was performed
on the 22 tumors and 18 normal brain
and spinal cord tissues (Figure 1B). The
oligodendroglial tumors with 1pLOH were
cluscered - into che same group with the
normal brains, indicating their similaricy
in the expression pattern of the selecred
gencs. Furthermore, oligodendroglioma
with 1pLOH were more similar to whole
brain, cerebral cortex, cerebellum, caudarte
nucleus, amygdala and thalamus than
corpus callosum and spinal cord, possibly
because corpus callosum and spinal cord
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consist mostly of glial cells than neurons.
Two astrocytomas were clustered together
with glioblastomas.

The validation studies using quantita-
tive real-time PCR. Of the 29 genes that
showed significantly higher expression
in oligodendroglioma with 1pLOH, we
selected four known genes for further
validation study using qPCR. We also
analyzed a gene for neurofilament heavy
polypeptide (NEFH) which is known to
be expressed in normal brain, and OLIGI
gene that is reported to be expressed spe-
cifically in oligodendrogliomas (12, 14).
Forty-seven samples including 24 samples
used in the microarray experiment and 23
additional gliomas were analyzed. The rela-
tive expression levels in qPCR of each six
gene, MYTIL, L1 CAM, RIMS2, SNCB,
NEFH and OLIGI were shown in Figure
2. MYTIL, LICAM, RIMS2 and SNCB
showed significantly higher expression in
oligodendrogliomas with 1pLOH than
other gliomas (p<0.0001, <0.003, <0.0001
and <0.001, respectively), and normal
brains also had higher expression as ex-
pected from GeneChip data (Note that Y-
axis in Figure 2 represents the relative gene
expression level o the average expression
in normal brain). We recognized, however,
some exceptional cases (one of them was
indicared by circle in Figure 2) that had
higher expression of these genes in other
glioma subgroups. Including such cases,
gliomas showing higher expression in one
of the 4 genes usually had similarly higher
expression in other 3 genes as well. The
expression levels of NEFH in gliomas were
much lower than normal brain. OLIGI
were highly expressed in gliomas compar-
ing to normal brain, though it was not
specific to oligodendrogliomas.

The results of gPCR corresponded well
to the GeneChip data, and the correlation
berween the data from the qQPCR and the
GeneChip were 0.88 for MYTIL, 0.77 for
LICAM, 0.87 for RIMS2, and 0.98 for
SNCB respectively, using Pearson correla-
tion coeflicient.

The expression of meuron-related mol-
ecules in oligodendroglioma with 1pLOH.
To exclude the possibility of contaminated
normal neurons as the source of the higher
expression of neuronal genes in oligoden-
droglioma with 1pLOH, we pesformed in
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Figure 2. Quantitative real-time PCR analysis on oligodendrogliomas with 1pLOH {n=10), without 1pLOH (n=10), low-grade diffuse astrocytomas (n=9),
. anaplastic astrocytomas (n=7), giioblastomas (n=9) and normal brains (n =2). Note that Y-axis represents the relative gene expression level to the average
expression in normal brains, MYTIL, L1CAM, RIMS2 and SNCB showed significantly higher expression in oligodendrogliomas with 1pLOH than other gliomas
(p<0.0001, <0.005, <0.0001 and <0.001, respectively) using the Kruskal-wallis test. There were two exceptional cases; one oligodendrogliomas without 1p
loss (indicated by circle) and one astrocytoma showed higher expression in those four genes. NEFH showed consistent lower expression in ali glioma samples
comparing with normal brain (<20%). Most of glioma samples had higher OLIGT expressions. .

situ hybridization for MYTIL transcripts.
Eleven samples containing good quality of
mRNA confirmed by in situ hybridization
using PNA probe as a positive control were
evaluated; 2 normal brain tissues, 3 oligo-
dendrogliomas with 1pLOH, 3 oligoden-
drogliomas withour. 1pLOH, 2 astrocyto-
mas and 1 glioblastoma (Figure 3). MYT1L
expressions were detected in 2 normal
brain tissues and were highly expressed in
cells conraining large nuclei (Figure 34, C).
The cells conraining large nuclei were also
immunostained with anti-neuronal nuclei
(NeuN) antibody and were assumed to
be neurons (Figure 3A, inset). Expression
of MYTIL transcripts was clearly demon-
strated in 2 of 3 oligodendrogliomas with
1pLOH (Figure 3B, D), but not in oligo-
dendrogliomas without LOH (Figure 3E),
astrocyromas (Figure 3F) nor glioblastoma

(Figure 3G).

DISCUSSION

In this study, we demonstrated that some
of the genes showing higher expression in
oligodendroglioma with 1p loss compared
to the other major subtypes of gliomas were
funcrionally neuron-related genes, with the

expression at the similar levels in normal
neurons. Although it was rather unexpecred
that neuron-related genes were expressed in
gliomas, contamination of normal neurons
in the samples of oligodendroglioma with
1p loss was not likely, because i) allelic losses
observed on the microsatellite analysis were
almost complete in alf cases, indicating that
the examined tissues consisted mostly of tu-
mor eells, and #) our in situ hybridization
for MYT1L wanscriprs demonstrated chat
these genes were indeed expressed in the
tumor cells, Furthermore, #i) expressions
of other neuron specific genes expressed in
normal brain tissues, such as gene encoding
neurofilament subunit (NEFH, NEFM and
NEFL), were much lower in oligodendro-
gliomas with 1p loss than those in normal
brain. Therefore, the microarray analysis
represented expression profile of the tumor
cells, not normal neurons.

The qPCR analysis on several genes con-
firmed the microarray analysis results, and
validated them on additional 23 gliomas
samples. The resules were mostly consistent,
showing similar levels of higher expression
in oligodendrogliomas with 1p loss but not
in other gliomas. However, there were 2

exceptional cases; one oligodendroglioma
without lp loss and one astrocytoma
showed higher expression in those genes.
On re-reviewing the histology of those 2
tumors, we noticed that the oligodendro-
glioma case had occasional ependymoma-
like portion, but the astrocytoma case was
typical astrocytoma without any unusual
morphelogy. We consider that these excep-
tional cases may reflect the hererogeneity
of yet unknown background. To be noted
was that the changes of expression [evéls of
the genes were always to the same trend in
all gliomas including the exceptional cases,
suggesting a possible funcrional link among
those genes, _
We also compared WHO grade II {n=8)
and grade III (n=3) oligodendrogliomas
using Mann-Whitney test with cuc-off p--
values of 0.05, and 368 genes were derected
as differentially expressed by grade (whole

list of the selected genes would be available

on request).-Downregulated genes in grade
I1I tumors included genes for CD44, alpha
1 synuophin, connexind3 gap junction
protein, CCAAT /enhancer binding protein
delta, and chemokine receptor 4. Genes
upregulated in grade III tumors included
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Figure 3. In situ hybridization for MYTTL transcripts,
section. MYTIL expressions were strongly observed in neurons {arrowheads},
round nuclei which were putatively considered as oligodendrocytes (arrows) (C). The cell

. . .
» % ..

-
ﬂ" 'ﬂ‘:'_ - ?

with corresponding H&E staining of normal brain (A}
which contain large nuclei, comparing with the surrounding cells with small,
s containing large nuclei were also Immunostained with anti-neuronal

and oligodendrog|

R LY - .

ioma with 1pLOH (B} on frozen

nuclei {(NeuN) antibody (inset, A). Oligedendroglioma with 1pLOH actually expressed MYTIL transcripts (D), though oligedendroglioma without 1pLOH (E),
astrocytoma (F) and glioblastoma (G) did not. (Bar=50 um [A, B): 30 umiC, D, E.F. G]).

genes for myosin and interferon induced
proteins. These genes listed above were
concordant with previous report (25), sug-
gesting the consistency of this DNA array
analysis. However, further analysis of dif-
ferentially expressed genes by tumor grade
was not performed in this study, because
statistical confidence for this dara might
be limited by small number of our grade
I tumors.

Both Myt1 and its homologue Mytll are
zinc finger proteins of CCHC class that
are expressed in neurons at eaily stages of
differenciation. While Myt1 is expressed in
cells of glial lineage, Myt1l is not detected
in glial cells buc co-expressed with Tujl
in neurons around rerminal mitosis (10).
Therefore, Myt1l is supposed to play a
tole in the development of neurons. In our

study, MYT1L was also expressed in neuron
of normal adult human brain. The fact chac
oligodendroglioma with 1p loss express
a subset of neuron specific genes like
MYTIL would raise a question whether
these tumor originate from the same glial
progenitor cells as the other gliomas. Neu-
rocytic differentiation and variable degrees
of neuronal marker expression have been
reported in oligodendrogliomas (19, 26,
27), and neuron-like physiological proper-
ties of oligodendroglioma cells have been
observed as well (18). On the other hand,
OLIGI and OLIG2 genes, which are cru-
cial in macuration of oligodendrocyte and
its progenitor, were strongly expressed in
oligodendrogliomas as previously reported
12, 14), although the expression of those
2 genes were not specific to oligodendro-
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gliomas in our data, Therefore, these results
together may suggest thar oligodendro-
glioma with 1p loss have both neuronal
and glial differentiarion patterns at least on
a certain group of genes. In line with such a
still hypothetical proposition, recent stud-
ies indicated that some oligodendracytes
might share the same progenitor cells with
neurons (13, 28).

Since the era of Baily and Cushing’s
inaugural works, classification of gliomas
has been based upon hypochetical origins
of the tumor, which were assigned w each
tumor rype according to their morphologi-
cal fearures. With the rapid advancement
in developmental biology of nervous sys-
tem at the molecular level, such classifica-
tions could be reorganized using molecular
markers relared to neural development. Our



observations suggest that genetic subsets in
gliomas may well be one of the subjects for
such possible redefinition in the future. A
clinically important question is whether
these neuronal genes such as MYTIL could
be used to identify more favorable subser
of gliomas as diagnostic markers, indepen-
dently to 1p loss. A recent report showed
that in certain malignant gliomas, the
expression profiling using microarray was
successful in identifying a set of genes more
accurate in predicting prognosis of patients
than histological diagnosis (17). Notably, 2
patients of astrocytoma grade Il which were
clustered together with glioblastomas in
our series (Figure 1B), indeed showed the
clinical course equivalent to glioblastomas,
suggesting usefulness of microarray for
predicting patients’ prognosis. However, al-
most all oligodendroglioma patients in the
current study are still alive and therefore we
do not have sufficient prognostic data for
analysis at this point. Further investigarion
with more dara, both in number of cases
and length of follow-up, would certainly
answer such question in the future.
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Fig. 1 The catheter-electrode setting.
A-P and lateral X-ray views.

The electrode {arrows} is transcutaneously
inserted into the cervical epidural space as
high as the rostral edge of the second cervi-
cal spine.
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