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Recent Results of Glioma Therapy in Japan based on the Data of Brain Tumor Registry of Japan
by
Soichiro Shibui, M.D., and Kazuhiro Nomura, M.D.
Jfrom
Neurosurgery Division, National Cancer Center Hospital

Report of Brain Tumor Registry of Japan (1969~ 1993) 10th Edition was issued as a supplement of Neurclogia
medico-chirurgica, Vol. 40 in January, 2000. More than 80,000 cases of brain tumors were registered by 281 neuro-
surgical institutes all over Japan. According to the report the frequency of registered cases of gliomas has been
decreasing while that of the benign tumors such as meningiomas and pituitary adenomas has been increasing. The
frequency of meningiomas was 26% of all the primary brain tumors and that of gliomas was 24%. The five-year
survival rates of malignant astrocytomas and glioblastomas were only 23% and 6%, respectively, even for the cases
after 1991. Histological diagnosis, mode of surgery, preoperative performance status and age have been considered
to be the factors influencing the survival rates of gliomas. , '

The report demonstrated that the more tumors were removed, the longer survival rates were expected for any
kind of gliomas. The eldef patients over 70 years of age showed poor survival rates. Radiotherapy was beneficial to
the longer survival of malignant gliomas but did not always contribute to that of low grade gliomas. These data have
not resulted from the controlled studies but they represent the recent standard of neurosurgery in Japan.

Precise registration is essential in order to establish the reliability of the registry.
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Table 1 Frequency of primary brain tumors by age

(1984-1993)

Age
Tamor Al 5T <15 s
Glioma - 283%  251% 585%  28.0%
Meningioma 26.3 264 2.2 44.4
Neurinoma 10.8 12.3 1.5 6.9
Pituitary adenoma 174 20.2 14 9.0
Germinema 2.1 1.6 9.8 0.0
Oraniopharyngioma 34 32 89 15
Dermoid, epidermoid 1.7 1.8 1.3 0.6
Hemangioma 1.8 2 0.4 1.0
Sarcoma 0.2 0.2 0.5 0.1
Malignant lymphoma 2.7 2.5 G.4 6.0
Others 5.3 4.7 14.8 2.5
: T 100% 100% 100%  100%
otal

(n=38273) (n=30,803) (n=3,198} (n=4.272)

Table 2 Frequency of gliomas (%)

Histological type 1969-1983 1984~1993
Glioblastoma 28.7% 31.9%
Astrocytoma 30.3 28.1
Malignant astrocytoma 15.6. 176
Oligodendroglioma 59 3.8
Malignant oligodendroglioma 0.6 0.6
Ependymoma 4.8 3.0

. Malignant ependymorma 15 1.0
Mixed glioma _ 1.0 1.8
Medulloblasotma ‘ 7 4.3
QOthers 3.9 79

17
Total 100% 100%

(n=9,925) (n=10,834)
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TREE RO TS (Table 1), SNEFERBICHB L,
1970 4 A1 R R R BN I O 30% B b % glioma A3 &
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Table 3 Five-year cumulative survival rate of brain tumors (cases between 1981 and

1993)
n ly 2y 3y 4y Sy
Astrocytoma 788 88.0% 78.2% 72.9% 69.6% 66.2%
Malignant astrocytoma 534 704 448 33.7 27.0 22.7
Glioblastoma 982 54.2 200 116 8.6 6.3
Oligodendroglioma 76 91.9 90.5 89.1 84.0 81.7
Ependymoma 77 20.0 79.1 72.1 67.9 60.3
Medulloblastoma 103 89.0 755 64.4 57.8 57.8
Neurinoma 1,292 9.0 93.3 97.8 97.4 97.3
Meningioma 2,837 98.1 96.9 95.6 94.6 93.3
Germinoma 237 96.5 94.0 92.9 90.5 - 89.7
Pituitary adenoma 2,086 98.4 974 97.1 96.0 95.5
_Craniopharyngioma 38 %1 . 942 ... 925 .. 913 .. 904
All glioma 2,790 73.1 52.0 445 40.4 37.3
Malignant glioma 1,703 62.7 33.4 243 199 17.0
Metastatic tumors 2,280 42.1 24.6 17.5 14.8 12.9
n : number of cases y ¢ year(s)
Table 4 Cumulative survival rate of all glioma by age (1981-1993)
Age n 1y 2y 3y 4y Sy
0-4 687 80.7% 67.1% 60.5% 55.9% 54.5%
5-9 555 85.1 72.1 67.6 65.3 61.7
10-14 458 ~85.8 74.0 68.7 63.9 61.9
15-24 427 90.8 76.5 70.8 65.1 60.4
25-34 521 20.1 77.3 69.0 63.7 60.2
35-44 660 89.8 73.8 63.5 57.2 52.2
45-54 830 89.1 73.8 65.4 60.1 53.2
55-64 234 g3.1 65.0 56.4 49.8 45.1
65-T74 814 78.5 56.3 48.3 42.4 38.4
75-84 925 71.6 45.3 351 314 28.4
85-94 922 64.8 35.4 26.1 20.7 17.5
n : number of cases ¥y * year(s}
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Distinction in gene expression profiles of oligodendrogliomas with and

without alielic loss of 1p
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Oligodendrogliomas frequently, but not always show
sensitivity to chemotherapy and recent studies demon-
strated that allelic loss of chromosome 1p is highly
* associated with this chemosensitivity, To gain insight into
the molecular mechanism of such difference, we exam-
ined comprehensive gene expression profiles of 11
oligodendroglial tumers, six with and five without
1pLOH (loss of heterozygosity), and two normal brain
tissues using the oligonucleotide microarray (GeneChip).
Statisticaily significant numbers of genes were expressed
differentially between the two genetic subsets. Clustering
analysis separated the fumor subsets well. The tumors
with 1pLOH had similar expression profiles to the
normal brain for those differentially expressed genes.
Many genes showing higher expression in tumors with
1pLOH were presumed to have functions in nervous
tissues. Notably, the majority of the 123 genes showing
significant expression reduction in tumors with 1pLOH
were either on chromosome 1 (50%) or on 19 (10%),
and the average expression reduction ratio was about
50% (0.54+0.13) possibly reflecting the chromosomal
deletion. Thus, the biological difference between the
genetic subsets of oligodendroglioma was indeed reflected
to gene expression profile, which provided baseline
information for further studies to elucidate the mechan-
ism of chemosensitivity in gliomas.

Oncogene (2002) 21, 3961 ~3968. doi:10.1038/sj.0nc.
1205495

Keywords: oligodendroglioma; olwonucleotxde micro-
array; loss of heterozygosity

Introduction

Oligodendrogliomas are a major type of gliomas which
constitute approximately 5% of all primary brain
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tumors or 10 to 25% of all intracranial gliomas
(Kleihues and Cavenee, 2000). One of the important
recent findings in neuro-oncology was that those
oligodendrogliomas frequently showed remarkable
sensitivity to chemotherapy, especially to a regimen
using procarbazine, CCNU and vincristine (PCV
therapy) (Cairncross and Macdonald, 1988). However,
the response rate to PCV therapy remains 60-—80%,
and 20-30% of tumors are resistant to chemotherapy
and have worse prognosis. Therefore, within this
histologically indistinguishable entity, there apparently
exist subgroups showing different biological behavior.
Recent molecular genetic studies on oligodendroglio-
mas revealed that allelic loss of chromosome 1p, which
is found in 60-80% of oligodendrogliomas and often
accompanied with allelic loss of 19q (Smith ef af.,
1999), was highly associated with the treatment
responsiveness and also with a beiter prognosis
{Cairncross et af., 1998; Ino et al., 2001). Thus, it is
now being recognized that loss of chromosome Ip is a
marker separating oligodendrogliomas into subgroups
showing different biological behavior. In addition to its
important clinical implications, understanding of the
underlying molecular mechanisms of such a difference
may lead to a new treatment strategy for all gliomas.
Unfortunately, the putative tumor suppressor genes at
chromosomes lp and 19q, obvious keys to investigate
the molecular biologic features of the tumor cells, are
yet to be identified despite vigorous investigations.
Several attractive candidates on chromosome Ip
include TP73 (1p36.3) and CDKNZC (Ip32), but
neither has been shown to be altered in the majority
of oligodendrogliomas (Husemann et /., 1999; Mai et

-al., 1998). Although lp loss is also found in many

other neoplasms including neuroblastomas, the search
for the suppressor gene in such neoplasms has not been
successful either (Ohira ef al., 2000; Schwab et af.,
1996). To gain insight into the molecular basis of the
biclogical difference among oligedendrogliomas, we
turned to recently developed oligonucleotide micro-
array technofogy. By analysing comprehensive gene
expressions, several studies have now shown that the
expression profiles correlated well with the histology
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Gene expression profiles of oligodendrogliomas
A Mukasa ef al

3962
and clinical grades in human neoplasms including  test (P<0.01), indicating that these two subgroups
gliomas (Golub er al, 1999, Huang et af, 2000, indeed have significantly different gene expression
Watson et af., 2001). Therefore, we performed a  profiles. When Mann—Whitney test with cut-off P-
comparative study of the gene expression profiless  values of 0.05 and 0.01 were used, 288 and 123 genes
between the genetic subgroups of oligodendrogliomas  were detected as differentially expressed by the lp
based on the Ip status. status, and those numbers were higher than the
expected numbers in permutation test which were
115 and 33 in median, respectively. Of the 209 genes
Results selected by prediction value, more than 90% (192
genes) were also included in the 288 genes selected by
Genetic alterations in oligodendroglial tumor samples ?h: 222;?8& fic?ioifbytlf::[szm:wc\)m:;:::;)é J:Sti’nlnscél[giggg
Of 40 oligodendroglial tumors we could collect, we - differentially expressed genes. We used the 209 genes
selected six cases with IpLOH (loss of heterozygosity)  for further analysis,
and five cases without 1pLOH from which we could Clustering analysis was performed to classify all 13
obtain good quality RINA evaluable with the GeneChip  samples using Pearson correlation with these extracted
system (Affymetrix, Santa Clara, CA, USA). Histolo- 209 genes (Figure 1). The tumor subsets were
gical diagnoses and the results of molecular geneticc  separated well and the normal brain samples were
analysis are summarized in Table 1. There were seven  clustered into the same group with the tumors with
oligodendrogliomas, one oligoastrocytoma and three IpLOH. Among the five tumors without [pLOH,
anaplastic oligodendrogliomas. In all six tumors with  expression profiles were not markedly different be-
IpLOH, all of the informative lp markers showed  tween the tumors with and without TP53 mutation in
LOH, indicating that deletion involved the whole arm  this clustering analysis.
of chromosome [p (data not shown). Of the six cases
:::Sh ;g i%lt%rgraftii?eosnaljgagiﬁe?c}gc?i;:;cix?s.n?\?:zz Genes showing higher expression in tumors with 1pLOH
of the six tumors with 1pLOH had TP33 mutation,  Of the 86 genes selected by P-value, 24 genes whose
and three of the five tumors without 1pLOH had TP33  mean =average difference had more than threefold
mutation. No case had 10qLOH. difference between the two groups were listed in Table
: 2. The average differences of those genes in normal
S , , . brain RINA were close to those in tumors with [pLOH
g’/zelsratnsttzcaf analysis of genes differentially expressed as expected by the clustering analysis. Based gn the
V1P Status UniGene on National Center for Biotechnology
To select genes that were expressed differentially by lp  Information (NCBI), 14 of the 24 genes were
status, we used prediction value (P-value) in neighbor-  predominantly expressed in brain or neural tissues
hood analysis, which was recently described as useful  (K74A40985, RGS7, human clone 23695, INA,
for extracting genes expressed uniformly high in one  Kf4A0750, MYTIL, human clone 23560, FPTPRN,
group and low in the other (Golub et «f, 1999). We - SLCI42, HAPIP, SNCB, SNAP25, LICAM and
listed a total of 209 genes that had an absolute P- OLFMI), and were likely to have some function in
value of more than one, of which 86 genes showed the nervous system. In the normal brain samples, genes
higher expression and 123 genes showed lower  that are predominantly expressed in glial cells such as
expression in tumors with [pLOH. These numbers of  glial fibrillary acidic protein (GFAP) and myelin basic
the genes were significantly higher than expected in  protein (MBP) were also well expressed, indicating that
random grouping tested by 1000 times permutation  these samples contained many glial cells.
Table 1 Summary of oligodendroglial tumors used in GeneChip experiments
Tuntor no. Gender Age Histology IpLOH 19qLOH i0qLOH TP33 CDKN2A
1 F 47 AOG (+) (+) (=) Wt HD
2. F 23 oG (+) (+) (~) Wt Normal
3 M 44 oG (+) {(+) (-) Wt Normal
4 M 49 oG (+) (+) (=) Wt HD
5 F 22 OA (+} NI (=) Wt Normal
6 F 48 AQG (+) (+}) (=) Wt Normal
7 M - 44 oG (-} (-) (-) Mutation Normal
8 F 60 oG (=) {—) (- Mutation Normal
9 F 25 oG (-} (=) (- Mutation Normal
i0 M 67 AQG (=) (—) (=) Wt HD
Il F 27 QG (=) (-) (=) Wt Normal
OG: oligodendrogliomz, OA: oligoastrocytoma, AOG: anaplastic oligodendroglioma. LOH: loss of heterozygosity, NI: non-informative, Wt:
witd type, HD: homozygous deletion
Oncogene
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209 genes
#9 LOH(-) TPS3 mutation
# 7 LOH(-) TP53 mutation
#11 LOH(-)
#8 LOH(-) TP53 mutation
#10 LOH(-)
#2 LOH(+)
Normal brain
Normal brain
# 5 LOH(+)
# 6 LOH(+)
#3 LOH(+)
# 4 LOH(H)
# 1 LOH(t)
Figure 1 Hierarchical clustering of 11 cligodendroglial tumors and two normal brain samples using the 209 genes selected by P-value.
Each column represents a gene and each row represents a sample. Red indicates increased expression, and blue indicates decreased gene
expression. Expression of each geneis normalized toits medianin thisfigure, The dendrogram indicates the degree of similarity between their
expression profiles. Normal brain samples were clustered into the same group with the tumors with |pLOH. LOH: loss of heterozygosity
Table 2 List of genes showing higher expression in tumors with IpLOH
. ’ Expression levels
Accession - Normal
P-value number Gene Symbol IpLOH(+) IpLOH(—)  brain  Chromosome
3.02 L12350  Thrombospondin 2 THBS2 167436 4619 117426 6
2.1 AB023202 KIAA0985 protein ' KIAA0985 213477 65113 5194137 12
2.1 J32439  Regulator of G-protein signaling 7 RGS7 133+£32 43415 320+2 1g
1.86 U7928¢  Human clone 23695 72435 2242 18811 1q
1.83 878296 Internexin neuronal intermediate filament protein o INA 6224182 177154 825497 {V
1.57 AB02063% Estrogen-related receptor y ESRRG 6621 18+12 6844 lq
1.51 AB018293 KIAA0750 gene product KIAA0750 67459 613 630+ 54 il
1.42  AB029029 *Myelin transcription factor 1-like : MYTIL 125+70 948 303435 2
1.4 U79242  Human clone 23560 97433 17413 127£21 11
1.4 18983 *Protein tyrosine phosphatase, receptor type N PTPRN 99 %81 2+0 628+76 2
1.31 L39833 Potassium voltage-gated channel, shaker-refated subfamily KCNABL 81136 23+10 205429 3
1.25 U01824  Solute carrier family |, member 2 SLCLA2 524133 §+7 15+7 I
1.2 M25756  *Secretogranin [[ {Chromogranin C) SCG2 269+ 180 62435 354416 2
1.18 U94190  Huntingtin-associated protein interacting protein HAPIP 42455 240 319495 3
1.18 U78375  Phosphatidylinositol-4-phosphate 5-kinase, type Ia PIPSK 1A 116441 34420 22+6 Iq
1.08 AA021140 ¢DNA clone IMAGE 363856 50+46 341 85415 2
1.08 X95381 Ets variant gene 5 . ETV5 280+ 151 T77+38 224471 3
1.07 AF053136 *Synuclein f§ ' SNCB 145+ 147 6435 4l+174 5
1.07 D21267  Synaptosomal-associated protein, 25 kD SNAP25 5334301 169+ 117 2167+135 20
1.04 K03000  *Aldehyde dehydrogenase | family, member Al ALDHIAL 118457 16411 196+86 9
1.02 Usat12 *L,1 cell adhesion molecule LICAM 4794273 56+63 408 +58 X
1.02 U71364  Serine proteinase inhibitor, clade B, member 9 SERPENBY9  58+31 18421 59412 6
1.01 U72936  Alpha thalassemia/mental retardation syndrome X-linked ATRX 166132 55465 131449 X
1.01 082343  Olfactomedin | OLFMI 762+ 399 236+56 21094128 9
P-value: prediction value, which reflects the difference between two groups (the details are described in Materials and methods). Expression level
of each gene was demonstrated as a mean value and a s.d. of average differences in each subgroup. OF the 36 genes selected by P-value, 24 genes
whose mean average difference had more than threefold difference between the tumors with and without [pLOH are listed. The genes examined
by semi-quantitative RT-PCR are indicated by *
Cer wing lower expression in tumors with IpLOH
anec; ijrgj‘ochrfmosonml il'ocarion ? 2 to lp or lq) and 12 genes (10%) were mapped to
‘ chromosome 19 (11 to 19q, and 1 to 19p), while 50
Of the 123 genes selected by P-value, 61 genes (50%)  genes (41%) were mapped to other chromosomes.
were mapped to chromosome | (58 to 1p, 1 to'1q, and ~ When we focused on top 30 genes that had an absolute
Oncogt
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P-value of more than 1.5, 83% (25 genes) were mapped  some Ip arm. There also were many genes whose
to chromosome 1 or 19. Relative expressions of the 73 expressions were not decreased in IpLOH tumors,
genes, 61 on chiromosome | and 12 on chromosome 19,  which were also found in various chromosomal loci.
in tumors with 1pLOH compared to tumors without
IpLOH were 0.5410.13 in average. Of the 123 genes,
16 genes whose mean average difference had more than  Discussion
threefold difference between the two groups were listed
in Table 3 (whole list of the selected genes would be  Using the oligonucieotide microarray technology, we
available on request). could identify genes that were differentially expressed
between the subgroups of oligodendroglioma by the 1p
o . , o status. Results of semi-quantitative RT-PCR per-
The validation using semi-quantitative RT—- PCR formed on some of the identified genes were con-
Of the 24 higher expressed and 16 lower expressed  cordant with the chip analysis data, confirming the
genes in [pLOH tumors, semi-quantitative RT~PCR  fidelity of the system in general. Additional oligoden-
was performed on nine known genes whose differences  drogliomas studied by RT~PCR showed similar
were more than fourfold and also more than 40 in  expression pattern to the GeneChip cases according
mean average difference between the two groups  to their 1p status. Of the five tumors without 1pLOH
(indicated by * in Tables 2 and 3). The results of and without TP353 mutation, however, one additional
RT-PCR corresponded well to the GeneChip data  case was rather similar to the tumors with 1pLOH and
(Figure 2). The additional tumor samples showed  another additional case also showed some inconsis-
similar expression pattern to the same lp status cases  tency. Such variations of gene expression pattern
examined by GeneChip, although there were two cases  suggest heterogeneity in tumors without IpLOH and
(case 18 and 19) which showed exceptional expression  that more than two subgroups may exist in oligoden-
pattern. Those two cases neither had allelic loss on 1p/  droglial tumors, as reported recently (Ino ef al., 2001).
19q nor had TP53 mutation. The case 19 was rather  The numbers of cases analysed in our study were still
similar to the IpLOH tumors. Case 18 showed lower limited, and a [arger-scale study would enable detailed
expression in some of the genes that had higher  classification of oligodendroglial tumors based on gene
expression in other tumors without 1pLOH, expression profiles. Nonetheless, our data clearly
showed that oligodendrogliomas of different genetic
o ) subsets indeed had distinct gene expression pattern,
Expression of genes on chromosome 1p and could identify many differentially expressed genes.
The relative expressions of the genes on chromosome Five of 10 cases without 1pLOH had 7753
Ip (n=158) in tumors with 1pLOH against tumors  mutation, and the expression patterns of the genes
without 1pLOH were arranged on the chromosome  examined by RT—PCR were not significantly different
map to se¢ their relationship with chromosomal loci  between tumors with and without 7P53 mutation.
(Figure 3). Genes showing lower expression in tumors  There was no apparent difference in the expression
with 1pLOH were distributed over the whole chromo-  pattern of the 209 genes among five tumors without
Table 3 List of genes showing lower expression in tumors with 1pLOH
‘ Expression levels
. Accession Normal
P-value number Gene Symbol IpLOH(+) [pLOH(-) brain Chromosome
~1.96 J04i77  *Collagen type IX « | COLLLAL 13416 ° 230&£141l 2247 1p21
—194 M97388  Down-regulator of transcription [ DRI 23410 82+18 3145 1p22
—1.87 AB029000 KIAAIL077 protein KIAA1077 240 50439 240 8
—1.50 D49493 Growth differeatiation factor 10 GDFI10 240 37+49 2440 10
—1.49 . ABOILI73 KIAAOGD! protin KIAADG0L  47+38 225+79 25423 1p
—1.48 X74262 *Retinoblastoma-binding protein 4 (RbAp48) RBRBP4 19417 109 + 51 4941 lp
—131 ALLOY67I cDNA clone EUROIMAGE 29222 194325 103460 80+6 15q
—1.25 AI806222 Arachidonate 3-lipoxygenase-activating protein ALOX3AP T+12 42434 15413 13
~1.17 ABO028967 *Potassium voltage-gated channel, Shal-related subfamily KCND2 35+20 165468 3349 1q
—1.12 M59830  Heat shock 70 kD protein 1B HSPAIB 25422 90+35 119460 6p
— 112 AF056490 Phosphodiesterase 8A PDEZA 103 +38 318133 207+99 [3
=111 Jo4l1t v=jun avian sarcoma virus |7 oncogene homolog JUN 62+350 2264116 208 [p32p3l
—1.09 878203 - Solute carrier family 15, member 2 SLCLI3A2 240 31442 240 3
—[.08  AF104922 Growth differentiation factor 8 GDFR §+4 43437 240 2q
—-1.06 D1113} Endothelin receptor type A EDNRA 27422 94 +45 1t£2 4
=105 UB0055  Cystein dioxygenase type [ CDO1 28+24 97437 240 59
P-value: prediction value, which refiects the difference between two groups (the details are described in Materials and methods). Expression level
of cach gene was demonstrated as & mean value and 2 s.d. of average differences in each subgroup. OF the 123 genes selected by P-value, 16
genes whose mean average ditference had more than threefold difference between the fumors with and without [pLOH are listed, The genes
examined by semi-guantitative RT-PCR are indicated by *
Oncogene
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Figure 2 Resulis of semi-quantitative RT-PCR. Eleven tumors (#1-11) used in the GeneChip experiments (printéd in botdface);
nine additional tumors (#12-20), and two normal brajn tissues (#21, 22) were analysed. The upper six genes and the middle three
genes showed higher and lower expression in 1pLOH tumors in the GeneChip experiment, respectively. GAPDH was used as a
control ]
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Figore 3 The relative expressions of the genes on chromosome lp. Horizontal-axis represents the location of the examined 158
genes demonstrated from telomere (left) to centromere (right), Vertical-axis represents relative expressions with error bar, dividing
the mean expressions {average difference} of tumors with 1pLOH by those of tumors without 1pLOH. The value beyond 1.7 is not
shown in this figure
1pLOH examined by GeneChip, regzirclless of the TP33  that were expressed predominantly in normal brain or
mutation status {data not shown). Therefore, the listed  neural tissue, indicating that those genes are functional
genes were most likely extracted by the status of in the normal nervous system. Contamination of
1pLOH than that of TF53. normal tissue cells was not likely, because allelic losses
Of the genes showing higher expression in tumors  observed on the microsateilite analysis were almost
with 1pLOH (see Table 2), we noticed several genes  complete in all cases, indicating that the examined .
. Oncog
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tissues consisted mostly of tumor cells. For example,
MYT{L encodes a zinc finger protein which plays a
role in the development of neurons in the central
nervous system (Kim et al., 1997), and PTPRN, which
had especially similar expression pattern to MYTIL in
the RT-PCR analysis, is implicated in neurgendocrine
secretory processes. SNCB plays a role in neuronal
plasticity, SLCI42 is a glial high affinity glutamate
transporter, and HAPIP is also abundantly expressed
in the neural tissues. LI/CAM is an axonal glycoprotein
involved in neuronal migration and differentiation
(Kenwrick et al, 2000). In combination with the
results of clustering, these data may suggest that
tumors without IpLOH are more distant from normal
brain, possibly refleciing their differentiation status.
Anaiysis on the differentially expressed genes pro-
vided potentially interesting information on their
chromosomal locations. Of the top 123 genes whose
expressions were most significantly decreased in tumors
with LpLOH, nearly 60% were located either on
chromosome | or chromosome 19, with the ratio of
expression levels to tumors without IpLOH around
50%. It was reported that nearly all oligodendrogliomas
with lp and 19q LOH lose the entire arm of 1p and i9q
(Bigner et al., 1999; Nigro et al., 2001; Smith et af.,
1999), which was also confirmed by our microsatellite
analysis on lp. Therefore, reduced expression of genes
in a wide range of 1p is likely to be a consequence of
losing one copy of each gene, On the other hand, some
genes on chromosome 1Ip had higher expressions in
tumors with 1pLOH, suggesting that the expression
regulations of those genes were not simply dependent on
the copy number. In a few genes such as COLII4 [ and
RBBP4, the relative expressions were remarkably low
probably because of their overexpression in tumors
without [pLOH, rather than their expression rednction
in lp losing turnors (see Table 3). Despite the rather
comprehensive expression analysis, we still could not
pinpoint a particular gene that would affect the
chemosensitivity of oligodendrogliomas. None of the

genes previously suggested to be related with chemo-.

sensitivity, such as O%methylguanine-DNA methyl-
transferase (MGMT), multidrug resistance 1 (MDRI),
multidrug resistance-associated protein (MRP), glu-
tathione S-transpherase pi, metallothionein and topoi-
somerase [lo (Nutt et al., 2000; Tanaka ef al., 2000),
were detected as differentially expressed genes in our
study. On the other hand, we showed that significant
numbers of genes were differentially expressed between
oligodendroglioma subsets, including expression reduc-
tion of numerous genes in the chromosome lp. An
interesting question is whether about 50% reduction of
such numerous genes in the same chromosomal region
could have any biological effect on tumorigenesis or
chemosensitivity. Recent studies showed that loss of one
copy of a gene and subsequent reduction of its
expression level {s possibly related to tumorigenesis, a
phenomenon called haplo-insufficiency (Fero et al.,
1998; Gutmann et af., 1999). Whether similar phenom-
enon underiies the btolovlcal features of ol1codendro-
glioma remains to be investigated.

Oncogene

From a technological point of view, it could be an
important observation that the oligonucleotide micro-
array may be quantitative enough fo detect expression
reduction caused by the allelic loss in numerous genes.
cDNA microarray and serfal analysis of gene expres-
sion (SAGE) have been tried with some success to
detect increase or decrease of expressions of certain
genes which were altered by gene amplifications or
deletions (Caron et al., 2001; Pollack et al., 1999). Qur
data indicated that oligonucleotide microarray would
be a good system to identify such genes,

In summary, we showed that genetic subsets in
oligodendrogliomas by lp status were reflected in gene
expression profile. Some of the interesting genes
differentially expressed included genes implicated in
the function of nervous tissues, genes on chromosome
lp and 19q. Molecular mechanism of chemosensitivity
and chemoresistance may well be represented by those
differentially expressed genes, and our data would serve
as good baseline data for the future studies to solve
that clinically important guestion.

Materials and methods

Seinple preparation

Tumor samples pbtained at surgery were snap frozen in liquid
nitrogen and stored at —80°C until use. Histological diagnosis
was made on formalin-fixed paraffin-embedded tissues
processed separately. To minimize the notorious variability
of the histological diagnosis in oligodendroglial tumors, the
histology slides were reviewed by four independent peuro-
pathologists to make consensus diagnoses following the WHO
classification (Kleihues and Cavenee, 2000). Paired blood
samples were obtained after written informed consents, and
were subjected to DNA extraction for the microsatellite
analysis. Of 40 oligodendroglial tumors, six tumors with
lpLOH and five without 1pLOH were selected for expression
profiling using GeneChip system (Affymetrix), Total RNA
from normal whole brain was purchased from two different
providers (Clontech, Palo Alto, CA, USA and Life Technot-
ogies, Inc., Rockville, MD, USA), which were used to see the
expression profile of the normal neurons and glial cells,

Genetic analysis

LOH assay on chromosomes 1p, 19q and 10q to detect allelic
losses were performed using Genetic Analyzer 310 {Applied
Biosystems, Foster City, CA, USA) as previously described.
The following microsatellite markers located at the com-
monly deleted in gliomas were used: DI{8244, DI1S2734, and
D15402 for 1p (1p36), D195112, DI9S596, DI9§S412 and
D195210 for 19q (19ql3), DI0SI744, DI0Si680 and
D105383 for 10q (10g22-23) (Ueki ez o, 2000). For tumors
with IpLOH, four additional Ip markers were further
examined to see the range of the deletion: DIS7166 (1pl3),
DIS495 (1p22), D152835 (ipl2) and DIS2657 (1p34). The
SSCP assay for exons 5 to 8 of TP33 was performed using
previously published primer pairs (Fults et «/., 1992), again
using Genetic Analyzer 310. Exons showing migration shift
were PCR amplified again and were divectly sequenced using
BigDye Terminator Kit (Applied Biosystems) following the
manufacturer’s protocol. Established comparative multiplex
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PCR assays were used to detect homozygous deletion of
CDKN2A (Ueki et al., 1996). For RNA extraction, the [rozen
tumor sample was homogenized in [sogen (Nippon Gene,
Osaka, Japan) and total RNA was isolated following
manufacturer’s instructions.

Gene Chip experiment

Five pug of total RNA from each sample were used to
synthesize biotin-labeled cRNA, which was then hybridized
to the high-density oligonucleotide array (GeneChip Human
U95A array; Affymetrix) following the previcusly published
protocol with minor modifications (Ishii et af, 2000). Arrays
contain probe sets for approximately 12 626 human genes
and ESTs, which were sefected from Build 95 of the UniGene
Database (derived form GenBank 113, dbEST/10-02-99).
After washing, arrays were stained with streptavidin-
phycoerythrin (Molecular Probes, Inc., Eugene, OR, USA)
and analysed by a Hewlett-Packard Scanner to collect
primary data, The GeneChip 3.3 software (Affymetrix} was
used to calculate the average difference for each gene probe
on the array, which was shown as an intensity value of gene
expression defined by Affymetrix using their algorithm. The
average difference has been shown to quantitatively reflect the
abundance of a particular mRNA molecule in & population
(Ishii et al, 2000; Lockhart et o, 1996). To allow
comparison among multiple arrays, the average differences
were normalized for each array by assigning the average of
overall average difference values to be 100. A value of two
was assigned to every average difference below two. Of the
total 12 626 probe sets represented on the array, control
probes and genes scored as absent {not detected) by the
expression algorithm in GeneChip software (Affymetrix) or
less than 100.in all 13 samples were excluded from the
analysis because of low confidence of scarcely expressed
genes, and 5668 probe sets were left.

Selection of differentially expressed genes

For the selection of differentially expressed genes by Ip
status, we used prediction value (P-value) which refiects the
difference between two groups, given by (ul —u2)/(ol +0o2)
when (1!, ¢1) and (u2, 02) denote the means and standard
deviations of the log of the expression level of gene for the
sample in group 1 and group 2, respectively (Golub et af.,
1999). Pre-filtering was applied to select probe sets whose
maximum and minimum average difference among 11 tumor
samples differed by more than 100, and had more than two-
fold difference. For the remaining 3875 probe sets, the
prediction values were calculated. We also used Mana-
Whitney test, which measures whether the distribution of
gene expression level between two groups is overlapped.

Gene expression profiles of oligodendrogliomas
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Clustering analysis

The expression patterns of samples were statistically analysed
using GeneSpring 4.0 software (Silicon Genetics, Redwood
City, CA, USA). Average differences were converted into
logarithm, and hierarchical clustering was carried out using
Pearson correlation coefficient of 0.8 (Eisen et a/., 1998).

Semi-quantitative RT—PCR

Semi-quantitative RT—PCR was performed using 13 samples
used for GeneChip analysis and additional nine oligeden-
droglial tumors. Of the nine additional cases, four cases. had
combined lp and 19q LOH, while five cases had neither
genetic alteration, Two of the five additional cases without
1pLOH had TP53 mutation. cDNA was synthesized with
oligo-dT primer from 2 ug total RNA, using SuperScript
Preamplification System (Life Technologies, Inc.). The
concentration of the cDNA was equalized using the GAPDH
gene expression as a control. PCR was then performed with
2.l of ¢cDNA For 31-37 cycles, consisted of 30s of
denaturing at 94°C, 30 s of annealing at 63-70°C and
1 min of extension at 72°C. The primer sets used are listed in
Table 4. PCR products were separated by electrophoresis on
1.5% agarose gels and were visualized with ethidium bromide
staining. Numbers of PCR cycles were optimized to ensure
product intensity within the linear phase of amplification. For
each primer set, the amplicon was sequenced after subcloned
into pGEM-T Easy vector (Promega, Madison, WI, USA) to
confirm that the cotrect target gene was amplified.

ldentification of gene location

Chromosamal loci of the genes were identified using the locus
information from the web sites of GenBank, UniGene and
LocusLink on NCBI, by referring to the corresponding
GenBank accession number of each probe set.

Detailed chromosomal locations of 950 genes mapped on
1p were obtained from the web site of Map Viewer (Homo
sapiens build 26) on NCBI, in which the gene locations are
shown by distances from the .telomere of the short arm.
These 950 genes were matched to the probe sets on Human
U95A array by referring to the LocusLink ID, UniGene ID
and GenBank accession number, whicl identified 502 probe
sets represented on U9SA array. Genes with expressions
(average difference) scored as absent or less than 100 in
average of - 11 tumors were excluded because of low
confidence in evaluating genes with low expression. For the
158 genes remaining, we calculated relative expressions by
dividing the mean expressions in tumors with IpLOH by
those in tumors without IpLOH, which were then arranged
on the chromosome map.

Table 4 Primer pairs used in RT-PCR

Gene Sense (F—3'} Antisense (3 —=5')

MYTIL AAACAGCGGGCCAGCAACGGTATAG CAGCAGCAAARAACAAGAGGCATCC
PTPRN GTGGAGGATGGTGTCARGCAGTGTG GGCTGTCAGGGCARATTCAAACTGG
SCGr | GTTCTGCCAAGGCTCCCTTATGGTG GGATTTGCTTGGGGTGGGAGGAATG
SNCB ATGGACGTGTTCATGRAAGGGLCCTG GGACAGGGACAGAATTGTGCTGCT
ALDHIA] CCTCTGACCCCAGGAGTCACTCAA TTCATGGAAARCCGTACTCTCCCAG
LICAM TACCACCCGGTCCCCACTITATTGC ATGTTGTGTGGTGGGTACCGAAGGT
COLI1Al GCCAAAGGAGABACCAGGAAGTTGG CACAAAATGGGTTGGTGGCACCAAG
RBBP4 CCAAACCAAGCCACTCAGTTGATGC CCTTGTCCTTCTGGATCCACGCTTC
KCND2 TCGAGCCCTGGCTGTGARARAGAATC TTATTTGCACAGCCCACCATGGAAC
GAPDH CATGTGGGCCATGAGGTCCACCAC BATGCCTCCTGCACCACCAACTGC

X
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Surgical Removal of the Glioma at the Precentral Gyrus

by
Toshihiro Kumabe, M.D., Nobukazu Nakasato, M.D.*, Masaki Iwasaki, M.D.,
Ken-ichi Nagamatsu, M.D., Hiroaki Shimizu, M.D.”, and Takashi Yoshimoto, M.D.

from

Department of Neurosui‘gery, Tohoku University Graduate School of Medicine, and
" * Department of Neurosurgery, Kohnan Hospital

A 15-year-old female presented with a 10-month history of generalized epileptic activity. Neurological and
neuropsychological examination revealed no abnormalities.

Magnetic resonance imaging (MRI) demonstrated a slightly enhanced round expansive tumor, which
appeared identical on both T1- and T2-weighted imaging, in the left precentral gyrus medial to the precentral
knob. Magnetoencephalography, functional MR, surface anatomy scan with venography, and fiber mapping using
diffusion-weighted MRI disclosed that the tumor was located just before the leg motor cortex and had displaced the
corticospinal tract posterolaterally.

Surgery was performed with the patient under general anesthesia. Stimulation mapping techniques for localiza-
tion of the motor cortex and the descending motor pathway was applied under guidance from a nieuronavigation sys-
temn. Direct cortical stimulation of the anterior half of the precentral gyrus overlying the tumor did not evoke leg
motor movements. Thus, the cortex was resected up to the location of the leg motor cortex confirmed by the direct
cortical stimulation technique. The tumor was completely resected with preservation of the descending motor path-
way. The histological diagnosis was ganglioglioma. :

Postoperatively, the patient only had transient weakness of the right leg, and was discharged home 11 days
after the operation without neurological deficit.

The whole of the precentral gyrus does not correspond to primary motor area (area 4). If the patient has no
neurological deficit and the tumor has an expansive nature, as evaluated by MR imaging, gliomas at the anterior
side of the precentral gyrus can be resected without permanent motor deficit.

(Received September 8, 2001 ; accepted October 18, 2001)

Key words : brain mapping, descending motor pathway, glioma, precentral gyrus, primary motor cortex
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eloguent area JHEDHRBIEDOFMIIE, HTHTICHTH &
WEERIET 3 & LI X o TFMIE R T, FNEW
PREE L 28 W TEFR I FHE IR ThIihhroT
VB, FAE, BB R O BRI IE 2RI ES L,
BB & 2 DBRE R HERIT 5 T L2 D OFf
SCTEEE ko TE %, Yousry 57 »S$R& L7, (T
SEDHEFIZ, MRIOKEMIcBWTPLENBRT 2H
Qb LI e BEDHAD “precentral knob” KHEHET
%, v EsEl, SERFCABNMBREE A 2 MR
BirtoTEbd(EERLDTHS.

BB EET P REBEREHOEDF X DAT
BT, X0 EEOFEOEHTH o THT 2H#EHIC
R IR T B RIETEER A (T B 2 LS
ATH B LBEEINTERY ZNTRFHEOES
B DARLAOFLEIECFET BIERE, TR
B FREER S LT 2 2 L RT RO THE D
D, L [EEREICTHFE L, HBIRRERER O 2\ T BOER)
SR DR OBIE B S EFTE T B R E IR Bl
LT, fiifige v ¥ 22T, PLBEHEE2TE

WL, FREER S BRI BE < & - FofE B & fHHR
L= DTHRET 5.

AEGIZTR

B FE:15%, K

BRE - KR HEREE2 RO,

IRHE : 20004 1 AR OERPICE TR, 6BE 22
BRI TRIE L, ARORMENIA, 87, 10
B LR 4EIMEL, EECT MR % 15T S AR
BB Rd o, 11 17BN 2ok,

HIERRT R MEENREER RS b o T,

#BIRERT R ¢ magnetic resonance imaging (MRI) i
CAEMTEE TIAED®IC TEES, T2HBmEGICT
BEE, bThEEHRFTRTRENImOIERE
Bk, HETUAABER: 2EAEGOREESHZ
Sei—HLTek, KFEHMRIK X - TERIND
WOME L ORRD 5, IBEI TROERI %I
(EHFLTHLHEB IV 20RETREET S LEX
st (Fig. 1A~C),

IéREE (magnetoencephalography ; MEG) Ti&, IEF

Fig.1 Pre- (A~C) and postoperative {D~F) T2-weighted magnetic resonance
images

Arrows and arrowheads indicate the central sulcus and the inverted omega=-shaped sulcus,
respectively.
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WEMB L BB TR AR (somatosensory
evoked field; SEF) i#QEOBIMHIIC, HITHFRE
M X B SEF S 2T 5 & ) 2 TERR
HicREZ N (Fig 2),

pESEEIRE I & B functional MRI (IMRD) T, HEES
S O3 QAE B IRIESIR AR & il REEID
W KB AR k3 MR TIEE 0% F i RIEERL?
EZEh-ds, THUEMRIK & 5 RIEMAERS & U
MEG DB EMEHISIC X 5 SEF»5E LT, THE
SRR A RT b DTk LHIE hie (Fig 2).

MRIJEELREAER (diffusion-weighted image ; DWI)
Tl LTS ROEME %K, EEAAOMRMEE R, MIRE
BOBEETERD L IERLEY, JoBR, ET
HEICEFT 5 BT LS U H R BRI L -
THEEINTE ST, BEOBAH» S ML TET
LT3 T MR E e (Fig. 3A).

b3 B UR % B {8 L 7- surface anatomy scan (SAS} i£°T,
AR S OERNFT R, 6, BREAMRCRETSL
HOBOTHICZORLE LS, TEESFZETICHE
CFBELTWA I EBFEEANL (Fig.4).

HET A EES I OME ZTOEE e —2 — 2R
BLEE, —a—atES—varvyARFLHAICMRI
FREEL . 2000F2BI5EH A7+ -, T2V

AB

Fig.3 Pre- (A) and postoperative (B) coronal
diffusion-weighted images (DWIs)

The grayscale images using superior-inferior, left-
right, and anterior-posterior diffusion gradients were
first reversed in gradation, and then colored red, green,
and blue, respectively. These colored images were com-
bined into a single RGB color image. Thus, a nerve fiber
running superior-inferior, left-right, or anterior-poste-
rior appears as red, green, or blue, respectively. Mixed
colors indicate oblique orientation of the nerve fibers.
These DWIs demonstrated the descending motor path-
ways running just beside the tumor before the resection
and postoperative preservation.

Fig.2 Preoperative magnetoencephalograms (4, B.
and functional MR images (C, D)

The open circle and square indicate the estimated N20n
dipoles of the somatosensory evoked magnetic field:
caused by stimuli of the median nerve and the posterior tib
ial nerve, respectively. The bars indicate the orientation ¢
the dipole. The highest activation caused by opening an
closing of the right hand was located at the posterior ban!
of the precentral knob (C). The highest activation causer
by dorsiflexion and extension of the right ankle joint wa
located posterior to the tumor, and was anatomically identi
fied as the postcentral sulcus.

R ——
”"““"‘#ﬁ,{r‘ﬁj

A

Fig.4 Superficial venous image obtained by MR
using a three-dimensional phase contras
technique superimposed on the surface anatc
my scan (SAS) obtained by the multiple
slice SAS method (A) and an intraoperativ
photograph (B) :

The superficial venous image on the SAS is apparent.
identical to the initial intraoperative photograph. White ar
black arrows and arrowheads indicate the central sulcu
the precentral sulcus, and the middle bend, respectively.
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from a strip electrode crossing the thumb sensory cortex
White and black arrows indicate the central sulcus and the phase reversat of the
SEPs, respectively. -

F), ERTAV-2BRET I BN E T L
o, ABWMPESMRICX ey Err BT, g
Fo P —THMBEAOMRBELICEELTREI L%
TEEBL =5 2 TiFod, ’

FHAR Py THEIIZES e LT TEEEEE, b
fFEEZ LT, BBEFEESEAL R KFRIEL %
2EIRRLCIAEELAE, ma—vFFEFX~>ar
AT & (Viewscope, Leika) ZEEL %z, HERE=¥
Ve LT, LRI, ER=FE, BEES R
HIERITES, ERIENIES, KIEMEL, KB,
BIEEE, TRZEMHICHEENEREEREL -,

Za—BPES - sy P AT A TBEOMBE R
L, chERbEL L S AR ICEH IR TEE
Tok. BEBBEOMB A —2—0 74 —vavi R
FalTIEAL, MEET-%~. ,

M AR LA D P B\ C 7 S R A5 L TR
h 2R E IR oD, EREClEsizds L
PR TH ok, WEWIRETRRL L SASTESRIE, M
FOREL SO TERICFWMLTVE I LR
7: (Fig.4), —a—RFEF—LaviAFalkT, 1B
WOBEHEES LR vy E v Jiogn»Tiiaa
N BRERI R TERR L )2,

CORBCHIEAMNELIES LT REIL
. ¥ 7, MAMELCTIRIN, 2a—-ntEs -
L a v AFASTHER S A PO OIED B 2
FACHBRBEEZREL T, FHBEEEREEN
(somatosensory evoked poteatial ; SEP) Z#iMTET 3 &,

BRRR A B D AR D318 & 7 (Fig. 5).

v TR I ERERE L 2, MREBRBIC I
Smm BEOIEEREZ A\, W OERE % Bk
f10.3 msec, 60Hz T 1~2WREEFHRIN L 7, WHBEGE
Z4mAD 5 1mA T oLV, RERETHEHEBHEL
RWHFEE L, 4mAD S FEERTARIC X h BF
BRAIGENESRE NE, T ocAfo LR, TR (T
ZEIETD RT3 X 4 EF0EHE (Fig. 1), X612
OANTTRZARET 2L LE8 %) ELTiEemA
ICTERE L THIGESTEER E Nl (Fig. 6~8) 7=, B
BIOPHEREERTAILE LK,

FTPOLAMWEESETHBLL. CoBEoRLE)
EEEEPPERAMNER ERLTE Y, ETRiER
H5ILBFHSNE, BENREBSMEEM:, Bl
BhoRFIHH AL > THBERRREFS &,
Bk LR OY S L BT OEE T TROBEE
HEBEY, TREDIATIDEMEHRSE LRI 228
ML, 22T ORLEIERETOEERRELT
BEBHEEZIEELE,

BEZH2mmEE T2 LESHICHBEAE L EHED
Rz ARGV BN OB P L 7. REELT
BETCTREBTHEET 22 L, GEER TR TR
THETD & O B EF MM T S BB E DAL
TEIFTA L, PHIREGEESECEET 20000
RETRRODEDSHETT A LERLT, BELEE
BHEOME H & D2 HME L TIWEERL L (Fig. 8),

MRS, TERFRESIET Y, ZhFnom
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Fig. 6 A: Intraoperative direct cortical stimulation using a
bipolar electrode on the surface of the hand-arm motor
area :

B Recording of this site (cross—hairs) using the neuronavi-
gation system

C! Electromyographic recordings showing the responses from
the biceps brachii, the brachioradialis, the flexor carpi
ulnaris, and the abductor pollicis brevis

Fig.7 A : Intraoperative direct cortical stimulation
using a bipolar electrode on the surface of the leg
motor area -

B~D : Recording of this site (cross—hairs} using the
neuronavigation system (B! axial image, C: sagitta}
image, Dt coronal image) . .

Arrows and arrowheads indicate the central sulcus and
the terminal end of the cingulated sulcus, respectively.
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