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Fig.2 A Stage 1 glioma. A T1-weighted MR image with Gd-DTPA showed that the tumor was located within one

B

C
D:
E

gyrus in the non-eloquent area.

: Stage 2 glioma. A T1-weighted MR image with Gd-DTPA showed that the tumor (2cm) was located in the right

frontal lobe.

: Stage 3 glioma. A T1-weighted MR image with Gd-DTPA showed that the tumor {5cm) was located in the right

frontal Jobe.
Stage 4 glioma. A Ti-weighted MR image with Gd-DTPA showed that the tumor (3cm) was located in the right
fronto~-parietal lobe. The tumor was beyond the eloquent area.

: Stage 5 glioma. A T1-weighted MR image with G4-DTPA showed that the tumor (4 cm)was located in the left fronto-

temporal lobe. The tumor was beyond the sylvian fissure and extended to the basal ganglia.

Table 2 Surgical staging for glioma b, ZERS IS motor area ISTRFE L TV fESIE 9 41 (30%)

Stage 1: T size {=1cm) or within one gyrus THot. RFHAEOMAERIBAL TOARDI L
Stage 27 Stage 1 (+1) or T size (1<T<3cm) DA B, [EESHAEIRIC Ao T d &I KR ADIE

Stage 3: Stage 2 (+1) or T size (>3cm)
Stage 4: Stage 3 (+1) or Stage2 (+1+1)

#l 4, diffusion tensor MR image T, $#E#RE&A% intact (2

Stage5: Stage 3 (+1+1) or Stage2 (+1+1-+1) or WHENB L pHB (Fig10), FRRZ D &) 2EN
Multiple lesions, Disseminated lesions, TRABEOBRE LR Z L% <, FEH L BIFLH
Extra CNS Jesions , L, BREONEZBY, #i#%0 tensor image T b HEHFH
+1* Eloquent area {motor, speech, visual) e e - s s
Thalamus, Basal ganglia, Bilateral Jesions BN TeR (Fig1D). O X5 ICFHMlRE 21T
Sylvian fissure (insular cortex) v, eloquentarea #ET B I LVMETH B,
T: tumor, CNS  central nervous system 3) Remova) rate DT 3%

12, CT . motor area MHIKIEEVHEET S L IR

IR 2 ld, Wits, WUBEMEIT 2-0DZD
FflikTch b, MRUZHEOHETH D, 22 benign

A
T %, MRI % % V33 magnetoencephalography (MEG) & enhancement % BT B 72 & 12, T4 72 W LA PO IS R {R

450

IAsEE 13%6% 200446 H
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THIEHEELWY,

B FHRF—IDEDOIER

FROMBR 2L EALNORT—PHREMREL

Fo ETIBBEOKRE Eh 6, Stage 1~3 1B L 72 (Table
2), eloquent area (motor, speech, visual), #HE, HEE
BIEET 2%, sylvian fissure £ A (insular cortex
FaR) ERTZHE, corpus callosum % #8 2 Wl
BLABREICEHL T Stage 2 1B EIFA L EL
fo. FRHRME, MEAEE, BEEAEBNHLILO
st E L, K& ZICBIfRA { Stages & L7z BlE%
ELDHBE Table2 DL ) I,

KEDAT - HEOFENT B,

fER] 1:12 7, XK. left occipital pleomorphic xantho-
astrocytoma. '

tumor size 1¥ 12D gyrus KRB L THE Y, non-elo-
quent area IZZERE L Tl (Fig. 24), Stage 1 &HBIL,
EBEEemtIni,

fEBY 2: 24 %, ZE. right frontal astrocytoma,

tumor size {4 1~3 cm “C, non-eloquent area IZFFEL
Tvy7: (Fig. 2B). Stage2 L#HiL, BEEEILMtHENn
7e. . .

fESY 3:45 K%, Bk, right frontal glioblastoma,

tumor size t& 3 cm BA_L T, non-eloquent avea IZFFEL
Twafz (Fig. 2C), Stage 3 LHIBIL, MEEI &Mt
7=,
FERF 451 8%, &tk left fronto-parietal astrocytoma.
tumor size i¥ 3 cm W_2TH % 33, eloquent area (motor
area) WHEIEL TVvi7: (Fig.2D), Stage 4 LHIEL, ¥
SR L ¥R o7,

fEM 5: 58 i, BHE. left fronto-temporal glioblastoma

tumor size & 3cm Bl _EC, eloguent area > - sylvian
fissure 24X TH D Stage 5 & H%E, biopsy Z1Tv, #
Wi aREEL 7. (Fig. 2E)

IO BHEERI O LY, B A TR,
BEEBEOFRENET 2 -0 DRERIIBHEOH
M RIFAHA, RN AIFELEL T 22 lERICA T —
COERKEL, BMERICEOTETOMETS N 390
Flo7 ) —<kBLT, FMHAF— o EHHRD

BRI L, BEFCEESD overall survival 2551t
OETF & 27— TEOLERMEN £ Tv>, Hazard ratio
BEIEL.

Stage 1

Stage 2

Stage 3

Stage 4

Stage 5

150

Number of cases

Fig.3 Bar graph showing the number of cases for
each stage

Table 3 Survival (multivariate analysis)

Sex "~ p=03173 Hazard ratio  0.859
Age $<0.0001 1.025
AA $=0.0462 1.760
GBM £<0.0001 4,500
Partial $=0.0185 0.629
Subtotal $»=0.0153 0.492
Total $=0.0004 0.446
Stage »=0.0003 '1.424

AA Ianaplastic astrocytoma
GBM : glioblastoma multiforme

B R

& Stage ISR DEHAM LHHEOREEE Fig. 3 KT
7, Stage 3 MR LE L, 150 Al (38%) R &Hf, BT
Stage 4 %% 103 {8 (26%), Stage 5 #% 71 fil (18%), Stage
223614 (16%) DIETH YD, Stage LIz 5Pl &L EHd
THTh-o7, BEUHSMERCcELTHERCHES
a7z (Fig. 3). % Stage TOWIEZII Stage
1~3 £Tl, #60% DEHIT subtotal removal Bl AT
BeTH-ot, —H T, Stage 4 Tl subtotal removal B
DRI 28%, Stage 5 TIE£H! partial removal SLT @
ML CH -7, ERSEERTOBRTIIER, B
SR, WMHBELZEORELSREEN TS FE
FREEFCWA, FHRF—IHED Stage D/ LD
Y, FRPRTHBHERMBT SN (Table 3),

Z =

TR DRI S BB L T, MIBERR I & Ak
UICC (Internationa} Union Against Cancer) i & % TMN 4y
AR RN, L Lads N ETFMEG L &0l
DI E LT HED S, —HINCER L b ot
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R TERGNRE, TEmENREL CoRERAEEIHL
T3, BEODENZNEIBIEI N TN,

—H, S A-eHOREENIEREICB T HEMA
F-INBOPRAIIHEEE g A -2, BESY
A —2TROLENTLEE, —BMLERDI ) —=
KBOLTHAT-YHERAD T8 2g)
BRELT, VA REBRCFEET S LOELHL
5 tumorbulk ZMET % < & 45, CTE{ I XA T
BHoth5THS, Bugar? OMEICINIL, SV A—=
W CTTHEEINIEBORL3cm 2 CEMLCW 3
EERTS, LadoT CT OEHERL hHEEH
LHEERE, FREOBENH S L WIRERFAIN
5500, EHGHHEZRBRL TV 3 L0tk
oic®, L L MRI HR%, 2 0B BEomEL
Ebiz, REAS)F—2 LAY, $5EBE Tumor
bulk DEEHHEEI o7, 22 Thitbiud, Tumor
buk #RAELE 23, VU A —= 0480T Tumer
bulk DEIED MRI LTEETH 2 Z Do ? &
BEEVSEOEMAF—COEEAMEICLLLEATY
.5,

&E, ZELES)VF—OFHAT—-UHEL Fif
RO » S, KELSTNIE Stage 3 LT iI3-27H
WHEEETH D, Stage 4 LRI 2FEHSEBETHS &
Y EWBFRBENS, Tk 5E AT Stage 3 LT T
SRBE T o EALBEN T2 L, ROkt
BREKZ>Tw3 EEAonk, ¥, BEENT
biopsy Z{ToTw BEFICEE L Tix, BITHR» B
TEBZLOEEZ SN, I non-eloquent area K
L, IEFAYICIX subtotal removal DL -IZ T RETIZ S B A
partial removal K2 % 2 Th> 2 fEH D%, Stage 2 T 10 #
(50%), Stage 3 T34ff (55%) FEL®:, ZHIBIL
Tid, eloguent area EFTH o TWHER L TR
BEEAEL D, SBROMEOMRENH L. F7-, eloquent
area WIFFE L 2935, total removal & 7% T BAEFIAS
Stage 3 T 258 (3%), Stage 4 iZ B VT 11 H (73%)
FELRE, THRICBEIL Tl eloguent area DEBRME L A
ERENTORVAMES B 548, S, HESENEYE
FE, fEGloy KPS 7 &, HIERMICR T 2 HBEAHOE
REDEB LT 6k,

FHMiAF - HBETFRICHEEYH 2 L3 EERR
ORI, FHAT-CORAOLMORNEIRELRS
LbDTHBN, SHT)F—vOBBEFEERGTES
AT, AF—VREPEELRETICR - T { AHHE
ST & 4t

SROFHAF—CHEIZ, FHONBECHEFKTS

152 Biskst 13% 6%
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EBM of Neurosurgical Disease in Japan

Randomized Controlled Trial on Malignant Brain Tumors

—Activities of the Japan Clinical Oncolegy Group-Brain Tumer Study Group—

Soichiro Suisul, M.D.

Neurosurgery Division, National Cancer Center Hospital, Tokyo

Abstract
The Japan Clinical Oncology Group (JCOG)-Brain Tumnor Study Group was organized with the supliort of the Health and Labour Sciences

Research Grants of the Ministry of Health, Labour and Welfare. The group is now preparing a mu

ti-institutional randomized controlled

phase 111 study of chemoradiotherapy 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 protocol for treatin% é:ratients with malignant glioma, Moreover, the

study will establish a proper methodology for performing randomized studies in the fie

of neuro-oncology.

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

Of-methylguanine deoxyribonucleic acid-methyliransferase

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/IIT 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 é)rimary endpoint is the overall sur-
vival rate and the secondary endpoints are the
response rate on magnefic resonance imaging and
the frequency of adverse events. This study starts as
a randomized phase II trial and proceeds to the
phase ITI study if the efficacy of the Group B
regimen in phase Il 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
between 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-tumor effect. Most malignant gliomas neverthe-
less recur after ACNU chemotherapy and radiother-
apy. Malignant gliomas frequently express high ac-
tivities of O%-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%-alkylguanine® If procarbazine is
administered prior to ACNU as in our current

Correspondence to: Soichiro Shibui, M.D., Neurosurgery Division, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo
104-0045, Japan. Tel: +§1-3-3542-2511, Fax: +81-3-3542-3815, e-mail: sshibui@ncc.go.jp
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protocol, we expect the abundant Ot-alkylguanine to
deprive MGMT, leading to increased efficacy of

EBM of Neurosurgical Disease in Japan
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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 cligodendrogliomas 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 resuits suggest that ofi-
godendroglioma, especially with 1p 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 tu-
mors, which constitute approximately one
third of all primary brain tumors {11}
Most gliomas have diffuse infilerarive traie,
rendering surgical cure impossible and re-
currence inevitable despite aggressive adju-
vant treatment including radiotherapy and
chemorherapy. Prognosis of each patient
is derermined primarily by the biological
characteristics of tumor cells including
" response to treatment and rate 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 tumor, and on
the classification referring to the presumed
origin of the tumor cells such as astrocytes,
oligodendrocyres 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 features.
A prominent example is thac allelic loss
of the short arm of chromosome 1 (1p),
which is found in 60% to 80% of olige-
dendrogliomas, is clasely associated with
the chemosensitivity and longer survival
(1, 8). Molecular bioclogical background
of such differences should be imporrant
information ra be investigated which po-
tentially leads to betrer management of
gliomas, and one of powerful rools to do so
is DNA microarray technology {3). Several
studies have successfully demonstraced sub-
type specific genes in diffuse gliomas based
on the expression profile analysis, and also
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showed thac such molecular profiles could
indeed help accurate prediction of clinical
ourcome (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 preferendially expressed
in this specific subser (16). In this study,
we asked whether this crait would still hold
within 2 wider range of gliomas including
astrocytic warnors. Such findings may noe
only be of diagnostic significance, bur 2lso
would bring a new insight into gliorna clas-
sification based on gene expression.

MATERIALS AND METHODS

Sample preparation, Tumor samples and
paired blood samples were obtained ac sur-
gery after written informed consents. Con-
sensus histological diagnoses were made on
formalin-fixed parafin-embedded rissues
by four independent neuropathalogists fol-
lowing the WHO classification (11). Loss
of heterozygosity (LOH} assay on chro-
mosomes 1p and 19q using microsatellice
markers were performed as described previ-
ously (24). The frozen tumor sample was
homogenized in Trizol (Invitrogen, Corp.,
Carlsbad, Calif) and rtotal RNA was iso-
lated following manufacturer’s instructions.
RINA was quantitated by ultravioler absor-
bance ar 260 and 280 nm and its qualicy
was assessed by agarose gel electrophoresis.



GeneChip experiment, In addition to 2
normal brains, 6 oligodendrogliomas with
1pLOH (4 WHO grade IT and 2 grade Il
cases), and 5 oligodendrogliomas without
1pLOH (4 grade II and 1 grade IIT cases)
which were all reported in our previous
study (16), 6 diffuse astrocytomas (grade

1) and 5 glioblastomas (grade IV} were
subjected to gene expression profile analy-
sis. The high-density oligonucleotide arrays
(GeneChip Human U95A array, Affyme-
trix, Santa Clara, Calif), which conrain
probe sets for approximately 12626 human
genes and ESTs, were used. Biotin-labeled
cRINA was synthesized from aliquots (5
pg) of toral RNA from each sample, and
hybridizacion, washing, and detection of
signals were carried out as described pre-
viously {9, 16). The Microarray Analysis
Suite (MAS) 4.0 software (Affymetrix) was
used o calculare the gene expression levels.
The average background and noise (Raw
Q) value caleulated by MAS 4.0 were less
than 241 (199+26) and 7.13 (6.07 20.78),
respectively under 100% PMT setting. 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 +5706).
The scaling factor used for all samples
was 0.6820.18. The percentage of probe
sets scored as derecred (“Present™) in each
sample ranged from 48+3% (42%-55%).
These metrics demonstrate thar the quality
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 artifacts.

Selection of subrype-specific genes. All
glioma samples analyzed by GeneChip
(N=22) fall into 4 groups: oligodendrog-
lia] rumors with 1pLOH (n=6), without
1pLOH (n=5), low-grade astrocytomas
(n=6), and glioblastomas {n=35). 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 cailed Significant
Analysis of Microarrays (SAM 1.21) (23),
which is one of the methods to solve the sta-
tistical problem occurring in che analysis of
large numbers of genes with small numbers
of experiments. Basically, & score assigned

by SAM is signal-to-noise (S/N) ratio called
refative difference d(s), which is calculared
by {u(d-u, (0} {s(des)} when p() and
p, (9} denote che average levels of expression
for gene(i) in group I and U, respectively,
and s(?) is defined as the standard devia-
tion of repeated expression measurements.
Then, taking gene-specific flucruations inro
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 q-value, which is 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 sofrware or less than 100 in all 24
samples were excluded because of low con-
fidence of scarcely expressed genes. Then
by cthe pre-filtering, the 2756 probe sets
whose maximum and minimum expression
ievels 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 dara in
the Gene Expression Atlas on the website
of Genomics Institute of the Novartis Re-
search Foundation (22), in addition to the
dara obzained from our two normal whole
brain samples. This database conrains 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 expression
data. 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
t=0.88) among pre-filtered genes. Hierar-
chical clustering was carried out by the pro-
grams Cluster and TreeView using selected
80 subtype-specific genes (3).

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

cDNA was synthesized with oligo-dT
primer from 2 ug tocal RNA using Super-
Seript  Preamplificarion System (Invitro-
gen). The aliquot of cDNA were amplified
by Taq polymerase for 40 cycles, consisted
of 15 seconds of denaturing at 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-actin 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-37, reverse (R) 5°-CCT-
GC TTGCT GATCC ACATC TGCTG-
37 and Tm 65°C for B-actim F 5-AATTA
TTTCG GGGCT CTGCG GAACC-37,
R 5"-GCACC TTGCT TCAGC TCTCA
AAACG-3" and T 67°C for MYTIL; F
5-TACCA CCCGG TCCCC ACTTT
ATTGC-3", R 5~-TTCGG GCCAC
CCCTA CTTCT TCTCC-3' and Tm
63'C for LICAM; 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 GCTGC
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 far OLIG Y, The specificicy
of the amplification products was validared
using post-amplification melt curve analy-
sis. Differences of gene expression in
oligodendroglioma with 1pLOH and the
other gliomas were rested by Kruskal-Wallis
analysis.

In situ hybridization. Tumor sampies
and adjacent normal brain tissue stored
at -80°C ‘were embedded into Tissue-Tek
OCT compound (Sekura Finetek, Tor-
rance, Calif} and cryosectioned (7-pum
thick), and then fixed in 4% paraformalde-
hyde. For the detection of MYTIL 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 each gene
in 22 gliomas, together with 18 normal brain tissues was demonstrated in color gradation after normatization. Red indicates increased expression, and green
indicates decreased gene expression. The order of samples are oligodendroglioma with 1ptOH (1-6}, without 1pLOH (1-5), astrocytoma (1-6), glioblastoma
(1-5), out whole brain (1, 2), downloaded whole brain (3, 4), cerebral cortex {1}, cerebellum (1, 2), caudate nucleus {1, 2}, amygdala (7, 2), thatamus (1, 2), corpus
callosum {1-3) and spinal cord (1, 2). Note that the genes showing higher expression in cligodendroglioma with 1pLOH were also 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 IpLOH were clustered into the same group with the normal brains, and were more similar to whole brain, cerebral cortex, cerebellum, caudate nucleus,
amygdala and thalamus than corpus callesum and spinal cord, Two astrocytomas were clustered together with glioblastomas.

(code §3004; Dako, Glostrup, Denmark)
diluted to 1:5000 at room temperature
for 10 minutes, and 2 ng/pl of biorin-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 signal amplification systerm
(Dako} was used following manufacturer’s
instructions, and DAB subscrate (Dako)

was used to visualize amplified signal. The
tissues were counterstained with hematoxy—
lin. Furthermore, to test the quality of the
mRNA in samples, positive 2nd negative
Auorescein-conjugated  peptide nucleic
acid (PNA) probes against glyceraldehyde
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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 situ
hybridization wete immunolabeled. The
slides were pretreated with microwave for
rotal 20 miputes in citrate buffer pH 6.0,
and then incubated with mouse anti-neu-
ronal nuclei (NeuN) maonoclonal antibody
(Chemicon, Temecula, Calif) ar 1:100 di-
lution for one hour at room temperature.
A LSAB kit and a DAB substrate (DAKO)
were used ro visualize the antibody bid-
ing, and tissues were counterstained with
hematoxylin.

RESULTS

The subtype-specific genes. SAM identi-
fied 29, 0, 0, and 247 subrype-specific
genes with statistical significance of g-
value <1.25% for oligodendroglioma wich
1pLOH, withour 1pLOH, astrocyroma
and glioblastoma, respectively (highly ex-
pressed genes in oligodendroglioma with
1pLOH were listed in Table 1). Since SAM
is applied 4 times to cach subtype, the over-
all staristical significance for these genes is
5% after Benjamini correction for mul-
tiple testing. Then, we wied to select the
same number of genes from each subrype
of glioma for the subsequent clustering
analysis, though SAM identified different
number of genes as staristically significant.
In this manuscript, main focus of our
‘analysis was oligodendrogliomas  with
1pLOH, in which 29 genes were identified
as significanty highly expressed by SAM.
On the other hand, genes list more than
20 in oligodendrogliomas without 1pLOH
and astrocytoma had higher q-value and
EDR. Therefore, we decided to select each
20 genes, which were sufficiently specific
for oligodendroglioma with IpLOH and
glioblastoma, and were still acceprable
for oligadendroglioma withour 1pLOH
and ‘ascrocytoma. Accordingly, we selecred
each 20 probe sets which showed lower g-
value in each subgroup, as subrype-specific
genes of oligodendroglioma with 1pLOH,
withour 1pLOH, astrocyroma and glioblas-

toma, of which rnedian FDR were within -

1.2, 12.5, 19 and 1.9 %, respectively
(Figure 1A). Some of rhose genes showed

consistency with other studies, such as
insulin-like growth factor binding protein
2 (/GFBP2) whose higher expressions in
glioblastorna were reported in the previous
microarray studies (4, 20, 21).

Most of the genes that showed distine-
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
neuron-related funcrion. For example, my-
elin transcription factor 1-like (MYTIL)
is thought to be a neuron specific tran-
scription factor (10); internexin neuronal
intermediate flament protein a (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  role in neuronal plas-
ticiy and abundant in neurofibrillary
lesions (2). L1 cell adhesion molecule
(L1ICAM), chromogranin B (CHGB),
ankyrin 3 (ANK3), wbulin g5 (TUBBS),
SH3-domain GRB2-like 3 (SH3GL3},
pleckstrin and Sec7 domein protein (PSD),
olfactomedin 1 (OLFM1), regulator of
G-protein signaling 7 (RGS7), potassium
voltage-gated channels such as KCNQ2,
KCNABI and HCN2 are all thought ro be
expressed in neuronal cells. Besides those
known genes, ESTs such as hypothetical
prorein 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
riot yet proven.

Using these 80 subtype-specific genes
in toral, clustering analysis was performed
on the 22 wmors and 18 normal brain
and spinal cord tissues (Figure iB). The
oligodendroglial cumors with 1pLOH were
clustered into the same group with the
normal brains, indicating their similarity
in the expression pattern of the selected
genes. Furthermore, oligodendroglioma
with 1pLOH were more similar to whole
brain, cerebral cortex, cerebellum, caudate
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 neurens.
Two astrocytomas were clustered. togesher
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
sclected four known genes for further
validation study using qPCR. We also
analyzed a gene for neurofilament heavy
polypepride (NEFH) which is known to
be expressed in normal brain, and OLIG1
gene that is reported to be expressed spe-
cifically in oligodendrogliomas (12, 14).
Forty-seven samples including 24 samiples
used in the microarray experiment and 23
additional gliomas were analyzed, The rela-
tive expression levels in qPCR of each six
gene, MYTIL, LICAM, RIMS2, SNCB,
NEFH and OLIGI were shown in Figure
2. 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), and normal
brains also had higher expression as ex-
pected from GeneChip dara (Note thar Y-
axis in Figure 2 represents the relative gene
expression level to the average expression
in normal brain). We recognized, however,
some exceptional cases {one of them was
indicated 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. OLIG!
were highly expressed in gliomas compar-
ing 1o normal brain, though it was not
specific 1o oligodendrogliomas.

The results of qQPCR corresponded well
to the GeneChip darz, and the correlation
between the data from the qPCR 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 coefficient.

The expression of neuron-related wmol-
ecules in oligodendroglioma with IpLOH.
To exclude the possibility of contaminated
normal neurons as the source of the higher
expression of neuronal genes in oligoden-
droglioma with 1pLOH, we performed in
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Figure 2, Quantitative real-time PCR analysis on ofigodendrogliomas with 1pLOH {n=10), without 1pLOH (n=10), low-grade diffuse astrocytomas (n=9),
anaplastic astrocytomas {n=7}, glioblastomas (n=9) and normal brains (n =2}. Note that Y-axis represents the relative gene expression level to the average
expression in normal brains. MYTTL, LICAM, RIMS2 and SNCB showed significantly higher expression in oligodendrogliomas with 1pLOM 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 ip
loss (indicated by circle} and one astrocytoma showed higher expression in those four genes. NEFH showed c¢onsistent lower expression in all glioma samples
comparing with normal brain {<20%), Most of glioma samples had higher OLIGT expressions.

situ hybridization for MYTIL transcripts.
Eleven samples conraining good quality of
mRNA confirmed by in situ hybridization
using PINA probe as 2 positive control were
evaluated; 2 normal brain tissues, 3 oligo-
dendrogiiomas with 1pLOH, 3 oligoden-
drogliomas withour 1pLOH, 2 astrocyto-
mas and 1 glioblastoma {Figure 3). MYTIL
expressions were detected in 2 normal
brain tissues and were highly expressed in
cells containing large nuclei (Figure 3A, C).
The cells conaining large nuclei were also
immunostained wich anti-neuronal nuclei
(NeuN) antibody and were assumed w
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 olige-
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
functionally neuron-related genes, with the

expression at the similar levels in normal
neurons. Although it was rather unexpected
that neuron-related genes were expressed in
gliomas, contaminartion of normal neurons
in the samples of oligodendroglioma with
1p loss was not likely, because i) ailelic losses
observed on the microsatellite analysis were
almost complete in all cases, indicating chat
the examined tissues consisted mosely of tu-
mor cells, and #) our in sitw hybridizarion
for MYTIL transcripts demonstrated that
these genes were indeed expressed in the
tumor cells. Furthermore, #) 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 wich 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 resuics, and
validared them on additional 23 gliomas
samples. The results were mostly consistent,
showing similar levels of higher expressian
in oligodendrogliomas with 1p loss but not
in other glionias. However, there were 2
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exceptional cases; one oligodendroglioma
without 1p 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
morphology. We consider that these excep-
tional cases may reflect the heterogeneicy
of yet unknown background. To be noted
was that the changes of expression levels of
the genes were always to the same trend in
all gliomas including the exceptional cases,
suggesting a possible functional link among
those genes.

We also compared WHO grade Il (n=8)
and grade III {n=3) oligodendrogliomas
using Mann-Whitney tesc with cut-off p-
values of 0.03, and 368 genes were detected
as differentially expressed by grade (whole
list of che selected genes would be available
on request). Downregulared genes in grade
11 tumors included genes for CD44, alpha
I syntrophin, connexind3 gap junction
protein, CCAAT /enhancer binding protein
delta, and chemokine recepror 4. Genes
upregulated in grade I tumors included
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Figure 3. in situ hybridization for MYT1L transcripts, with corresponding H&E staining of normal brain (A}

and aligodendroglioma with 1pLOH (B) on frozen

section. MYTIL expressions were strongly observed in neurons (arrowheads), which contain large nuclei, comparing with the surrounding cells with small,
round nuclei which were putatively considered a5 oligodendrocytes (arrows) (C). The celis containing farge nuclei were also immunostained with anti-neuronal
nuclei {NeuN) antibody {inset, A). Oligodendroglioma with 1pLOH actually expressed MYTIL transcripts (D), though oligodendraglioma without 1pLCH (E),
astrocytoma {F) and glioblastomna (G) did not. (Bar=50 um [A, B]; 30 pm [C,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 DINA array
analysts. However, further analysis of dif-
ferencially expressed genes by tumor grade
was noc performed in this srudy, because
stacistical confidence for this data mighe
be limited by small number of our grade
111 tumors.

Both Myrl and its homologue Myt1l are
zine. finger proteins of CCHC class chat
are expressed in neurons ac carly stages of
differentiation. While Mytl is expressed in
cells of glial lineage, Mytl! is not derected
in glial cells but co-expressed with Tujl
in neurons around terminal mitosis {10).
Therefore, Mytll s supposed ro play a
role in the development of neurons. In our

study, MY T 1L was also expressed in neuron
of normal adult human brain. The fact that
oligodendroglioma with 1p loss express
a subser 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 OLIGZ2 genes, which are cru-
cial in maturation of oligodendrocyte and
its progenitor, were strongly expressed in
oligodendrogliomas as previously reporced
12, 14), although the expression of those
2 genes were not specific to oligodendro-
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gliomas in our darta, Therefore, these results
together may suggest that oligodendro-
glioma with 1p loss have both neuronal
and glial differentiation patrerns at least on
a certain group of genes, In line with such 2
still hypothetical proposition, recent stud-
ies indicared that some oligodendrocytes
might share the same progenitor cells with
neurons (13, 28).

Since the era of Baily and Cushings
inaugural works, classificacion of gliomas
has been based upon hypothetical origins
of the tumor, which were assigned 1o each
tumor eype according to their morphologi-
cal features. With the rapid advancement
in developmental biology of nervous sys-
tem at the molecular level, such classifica-
tions could be reorganized using molecular
markers related to neural development, Qur



observariois suggest that genetic subsets in
gliomas may well be one of the subjects for
such possible redefinition in the furure. A
clinically important question is whecher
chese neuronal genes such as MYT!L could
be used to identify more favorable subset
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 parients
than histological diagnosis (17). Notably, 2
patients of astrocytoma grade [T 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 investigation
with more data, both in number of cases
and length of follow-up, would certainly
answer such question in the future.
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