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Histopathological classification of gliomas is often clinically
inadequate due to the diversity of tumors that fall within the
same class. The goal of the present study was to identify prognostic
molecular features in diffusely infiltrating gliomas using gene
expression profiling. We selected 3456 genes expressed in gliomas,
including 3012 genes found in a gliomal expressed sequence tag
collection. The expression levels of these genes in 152 gliomas (100
glioblastomas, 21 anaplastic astrocytomas, 19 diffuse astrocytomas,
and 12 anaplastic oligodendrogliomas) were measured using adapter-
tagged competitive polymerase chain reaction, a high-throughput
reverse transcription–polymerase chain reaction technique. We
applied unsupervised and supervised principal component analyses
to elucidate the prognostic molecular features of the gliomas. The
gene expression data matrix was significantly correlated with the
histological grades, oligo-astro histology, and prognosis. Using 110
gliomas, we constructed a prediction model based on the expression
profile of 58 genes, resulting in a scheme that reliably classified
the glioblastomas into two distinct prognostic subgroups. The
model was then tested with another 42 tissues. Multivariate Cox
analysis of the glioblastoma patients using other clinical prognostic
factors, including age and the extent of surgical resection, indicated
that the gene expression profile was a strong and independent
prognostic parameter. The gene expression profiling identified
clinically informative prognostic molecular features in astrocytic and
oligodendroglial tumors that were more reliable than the traditional
histological classification scheme. (Cancer Sci 2009; 100: 165–172)

Despite being critical for treatment outcomes, precisely
assessing the risk of a glioma using histological classi-

fication fails to address the heterogeneity of responses to therapy
among patients within the same histological class, indicating
that the classification system is not an adequate predictor of the
clinical behavior of the tumor.(1) However, recent studies
suggest that molecular approaches are useful for identifying
prognostic markers. Genetic analyses have shown that allelic
loss of chromosomes 1p and 19q is a strong predictor of longer
survival in patients with oligodendroglial tumors.(2) Further-
more, MGMT promoter methylation was found to be an
independently favorable prognostic factor in GB patients.(3)

In addition to genomic changes in glioma cells, gene expression
profiling is expected to elucidate molecular features related to
clinical parameters. Application of this method to glioma patients
will not only help clinicians make an optimal clinical decision,
but also lead to possibilities for personalized, pathway-targeted
therapies in the future.

In the present report, we describe high-throughput RT-PCR-
based gene expression profiling of more than 150 gliomas.
Previously we established a molecular diagnostic system for AO
and GB, using part of the data matrix.(4) We extended the study,
and identified specific gene expression patterns that can be used

to classify GB into two distinct subgroups, which are strongly
predictive of prognosis.

Materials and Methods

Patient characteristics. We obtained 169 glioma specimens from
patients who underwent surgical resection at Kyoto University
Hospital or nearby regional hospitals between 1998 and 2005.
The majority of the patients were recruited from a phase II
clinical trial (the KNOG study).(5) The protocol for the present
study was approved by the Institutional Review Board of Kyoto
University. Written informed consent was obtained from each
of the patients.

The following samples were excluded from the study: samples
with evidence of previous chemoradiation therapy within the last
10 years (five samples), insufficient tumor content (four samples),
poor expression data quality (two samples), or the presence
of pilocytic astrocytoma (six samples). In total, 152 samples,
including 100 GB, 21 AA, 19 DA, and 12 AO, were eligible for
further analysis. The specimens were examined histologically at
the primary hospitals according to the World Health Organiza-
tion’s 2000 criteria.(6) The original slides were reviewed by the
Kyoto University Pathology Unit for the final diagnosis. The
samples were collected at the time of the initial surgery without any
prior treatment, except for one sample of recurrent AO collected
14 years after the initial treatment, which included radiotherapy.
The preoperative Karnofsky performance status score was at
least 50 for each of the cases. The extent of surgical resection was
classified into one of three categories according to postoperative
MRI carried out shortly after surgery: complete resection,
incomplete resection, or biopsy. Complete resection was defined
as no evidence of enhanced lesion or T1 abnormality in non-
enhanced tumors using postoperative MRI. All patients received
fractionated local radiotherapy with or without ACNU-based
chemotherapy, except for one case of diffuse astrocytoma that
was not treated with any adjuvant therapy, and one case of
recurrent AO that was treated with adjuvant chemotherapy
alone. Seventy-three of the 100 GB patients were treated accord-
ing to the regimen from the KNOG study. For tumor progres-
sion, the patients underwent a second operation if possible, and
received further chemotherapy for most of the cases.

RNA and DNA isolation. In all cases, tumor specimens were
dissected into two portions at surgery, one for histological
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diagnosis and the other for molecular experiments. The tumor
specimens for molecular research were immediately snap frozen
at surgical resection, and kept at –80°C until use. Total RNA was
extracted from 100 mg of the tumor specimen with Trizol reagent
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s
instructions. Tumor specimens containing 20% or more of non-
tumor or necrotic areas were excluded from further analysis.
Genomic DNA was isolated utilizing a QIAamp DNA Mini Kit
(Qiagen, Valencia, CA, Germany) according to the manufacturer’s
instructions.

Gene expression analysis. The expression of genes was measured
by ATAC-PCR. Selection of the genes examined was based on
an EST sequencing survey of the genes expressed in 12 glioma
tissues as described previously.(7) We identified 3012 unique
sequences from the EST collection, and prepared 3456 primers
for ATAC-PCR, including primers to survey an additional 444
genes selected from a literature survey. The ATAC-PCR
procedure has been described previously.(8) The complete list of
genes and expression data from the present study are shown in
a supporting file. The expression data will be deposited into
Center for Information Biology gene EXpression database
(CIBEX) at the DNA Data Bank of Japan.

Methylation-specific PCR. DNA methylation patterns in the
CpG islands of the MGMT gene were determined as described
previously.(3,9)

Statistical methods.
Survival data. OS and PFS were defined as the period from

surgery to death and that from surgery to radiological detection of
tumor progression, respectively. Tumor progression was evaluated
according to the criteria of the committee of the Brain Tumor
Registry (Japan): a 25% increase in tumor size, appearance of
new lesions, or obvious deterioration due to mass effects or
perifocal edema.(10) A radiological examination was carried out
every 2 or 3 months postoperatively in high-grade glioma patients,
and immediately after neurological deterioration was detected.

Data preparation and preprocessing. The raw expression data
were first adjusted to correct for variations due to different
sample mRNA concentrations by dividing each value by the
corresponding median value. Values less than 0.05 and more
than 20 were converted to 0.05 and 20, respectively. The entire
data matrix was then converted to a logarithmic scale. Genes for
which 20% of the data were missing were excluded from statistical
analysis after missing value imputation using BPCAfill.(11) The
gene expression levels were then normalized so that the genewise
mean for each sample became zero.

For the analysis with external data sets, we obtained data for
24 genes from the MGH data set(12) and 55 genes from the MDA
data set(13) for the profile of 58 genes. After a logarithmic con-
version, normalization was carried out so that the average gene
expression level for each gene was zero. Zero was used as the
value when data were not available.

Feature extraction. We used two feature-extraction methods to
obtain effective coordinate axes onto which each data vector
could be projected appropriately. Unsupervised principal
component analysis (PCA) was used to extract axes (principal axes)
representing variations in sample expression vectors. Because
the vector dimensionality (i.e. the number of genes) was larger than
the number of vectors (i.e. the number of patients), we carried
out singular value decomposition to obtain the principal axes.(14)

The second method was LDA, which searches for an axis on
which the signal-to-noise ratio between the projected data and
the biological and clinical labels of interest is maximized. In the
present study, LDA was carried out after the gene expression matrix
had been projected onto a two-dimensional principal component
space generated by unsupervised PCA. The combination of LDA
and PCA is also known as a principal component regression,
which rarely over-fits when dimensionality is reduced enough by

the PCA process. A low-dimensional relationship between the
samples and the biological and clinical labels was obtained.

Cox proportional hazards regression. To select genes for the
prognosis prediction model, for which the target was PFS (see
supervised PCA below), we evaluated the significance of the
correlation with PFS using univariate Cox tests (the log-rank test).

In addition, multivariate Cox proportional hazard regression
was used to calculate regression coefficients between possible
prognostic genes and PFS of the corresponding patients; the
obtained coefficient vector represented an axis with coordinates
that showed the strongest correlation with PFS. As with the
LDA, calculations were carried out after the application of PCA,
which extracted two-dimensional representations. Cox’s analy-
ses were done by our original Matlab 6.5 implementation that
mimicked Cox’s analysis modules in XploRe (http://www.
xplore-stat.de/), a web-based statistics software.

Among the GB patients, the significance of the final molecu-
lar classification compared to the other prognostic factors was
evaluated using multivariate Cox analysis. We included both the
training and test sets for the analyses.

Supervised PCA. When constructing the prognosis prediction
model whose target was PFS, we used supervised PCA, in
which genes correlated with a variable of interest (here, PFS)
were selected first. Supervised PCA was then carried out in the
subspace represented by the selected genes. The resulting PC1
score exhibited a strong correlation with the variable.(15) In the
present study, the genes correlated with PFS were selected using
Cox proportional hazards regression.

Results

We carried out survival analysis on 152 tissue samples (100 GB,
21 AA, 19 DA, and 12 AO). Because the survival benefits of
various chemotherapeutic regimens for glioma, especially GB,
are not distict,(16–19) with the exception of that associated with
temozolomide,(20,21) we included all of the cases in the survival
analysis irrespective of the chemotherapy treatment. After data
processing, we obtained a data matrix consisting of 3225 genes
from the 152 samples. We divided the data matrix into two –
one set consisted of 110 patients (the training set) and the other
contained 42 patients (the test set) – by selecting samples that
arrived at the laboratory at earlier dates for the training set.

The samples that were used as the training set consisted of 77
GB, 11 AA, 11 DA, and 11 AO. The median age at surgery of
the associated patients was 54 years (range 21–82 years). The
median follow-up period for the survivors with GB was
19.5 months (range 3–62 months). Among the 77 GB patients,
61 patients showed tumor progression and 48 patients died. The
median PFS and OS periods in the GB patients were 7 and
14 months, respectively. Data about OS is generally more accu-
rate than that for PFS. However, because the PFS data were
carefully obtained following the strict guidelines of the KNOG
study,(5) the quality of the PFS data was comparable to that of
the OS data. Because OS may be affected by treatment bias at
the time of tumor progression, such as a second operation, and
there was a good correlation between OS and PFS (correlation
coefficient 0.96), we adopted PFS as the clinical parameter that
most accurately represented the aggressiveness of the gliomas in
each patient.

Unsupervised PCA of the training data set revealed that the
cumulative contribution ratios of the top six principal com-
ponents were 0.9076, 0.9500, 0.9595, 0.9673, 0.9719, and 0.9773.
We plotted the samples on a plane constructed using the first
two components. The resulting scatter diagram demonstrated
that the sample distributions were related to the histological
classes, indicating a close correlation between the global gene
expression patterns and the histology of the samples, such as
malignancy grades and oligo-astrocytic characteristics. Interestingly,

http://www.xplore-stat.de/
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relatively favorable GB cases with PFS periods of 2 years or
more were located closer to the AO area (Fig. 1).

To further clarify the relationship between the gene expression
profiles and the histology or prognosis of the tumors, we drew
three axes (i.e. grade, oligo-astrocytic, and prognosis axes) in
the scatter diagram in the two-dimensional principal component
space (Fig. 1). The grade axis was determined by LDA, which
discriminated grade 4 (GB) from grade 2 and 3 astrocytic
tumors (DA and AA). The coordinate along the grade axis
represented the correlation between each sample and its histo-
logical grade. The oligo axis was similarly determined by LDA,
which discriminated between the oligodendroglial (AO) and
astrocytic tumors (DA, AA, and GB). The prognosis axis was
determined using multivariate Cox regression analysis. Because
the direction of the prognosis axis was different from that of the
grade axis, estimating the prognosis using gene expression
patterns is likely to be better than estimations obtained using the
histological grading.

We then constructed an outcome prediction model using a
supervised method. Our prediction model was based on super-
vised PCA with the genes that were found to correlate with PFS
using univariate Cox analysis. We evaluated the prediction
model using a fivefold crossvalidation, in which the objective
patients were left out of the supervised PCA process. We found
that the best result was achieved when we used the 58 top-ranked
genes (Fig. 2). The 58-gene model demonstrated a positive
correlation between the PC1 score and PFS in the training set
(Fig. 3a). When all of the training samples were divided into
two groups based on the simple criterion that the coordinate on
the PC1 score was positive or negative, a significant difference
in PFS was observed between the two groups (Fig. 3b). We did
not use any optimized thresholds either with the training or

test sets. Even when the analysis was restricted to only the GB
cases, PFS was significantly different between the two groups
(Fig. 3c). Survival data for individual GB and non-GB patients,
aligned based on the PC1 score, are shown in Figure 4a,b.

We selected 58 genes (listed in Table 1) using all of the training
data, and constructed a prognosis predictor based on the PC1
score. This model successfully classified patients in the test set
into good-prognosis and poor-prognosis groups (Fig. 3d,e,f).
Survival data for each patient are shown in Figure 4c.

We examined the methylation status of the MGMT promoter
in the GB patients. Among the 72 assessable cases (55 in the
training set), the MGMT promoter was methylated in 40 of the
cases (32 in the training set) (56%), and the methylation status
was not obviously correlated with our prognosis predictor
(Fisher’s exact test P = 0.3).

We evaluated the 58-gene profile with other prognostic factors.
First, we carried out Cox analysis with the 58-gene profile and
tumor grade (GB vs others). In the univariate Cox analysis for
PFS, we obtained P = 2.7e–15 and P = 1.0e–8 for the 58-gene profile
and tumor grade, respectively. Multivariate Cox analysis including
the 58-gene profile and tumor grade gave 1.0e–8 for the 58-gene
profile, and 0.84 for tumor grade. In the univariate Cox analysis
for OS, we obtained 6.0e–15 and 4.7e–9, for the 58-gene profile
and tumor grade, respectively. Multivariate Cox analysis gave
2.4e–6 for the 58-gene profile, and 0.03 for tumor grade. Thus,
the 58-gene profile is a strong prognostic factor independent of
tumor grade.

We then carried out univariate and multivariate Cox regression
analyses to evaluate the clinical parameters as potential predictors
of PFS and OS among GB patients (Table 2). Univariate analysis
revealed that the extent of resection, age, and the 58-gene profile
were significantly correlated with OS, whereas only the 58-gene
profile was significantly correlated with PFS. Multivariate analysis
using the three factors extent of resection, 58-gene profile, and
age showed that the extent of resection (P = 0.0011) and the 58-
gene profile (P = 0.0012) were prognostic factors of similar
strength (hazard ratio 3.1) for OS.

We checked the performance of our predictor using two
publicly availably data sets: the MGH data set(12) and the MDA
data set.(13) The correlation of the PC1 score to OS was evaluated
with Cox regression tests, resulting in P-values of 0.00051 and
0.0066 for the MDA and MGH data sets, respectively. Our pre-
dictor produced a stable performance without over-fitting our
data set. The results of Kaplan–Meier analysis are supplied as a
supporting figure.

Among the 58 selected predictor genes, the expression of 37
genes was upregulated in the poor-prognosis group. They
included IGFBP2, VEGF, TNC, FN14, TIMP1, HMOX1, LGALS1,
and UPAR, all of which are known to be involved in angiogenesis
or tumor-invasion processes. The remaining 21 genes showed

Fig. 1. Principal component analysis based on the expression of 3225
genes in 110 gliomas in the training set. Circles indicate tumor samples
with color representing histological classes. Glioblastoma (GB) samples
with progression-free survival of 2 years or longer (favorable) are
circled in blue, and those with overall survival shorter than 2 years
(unfavorable) are marked with a red ‘X’. AA, anaplastic astrocytoma;
AO, anaplastic oligodendroglioma; DA, diffuse astrocytoma; PC1, first
principal component; PC2, second principal component.

Fig. 2. Significance of the prediction model as a function of the
number of diagnostic genes. The vertical axis is the P-value determined
with the likelihood ratio test, whereas the horizontal axis is the
number of top-ranked genes used for the model, selected using
univariate Cox analysis.
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upregulated expression levels in the good-prognosis group. Six
of these genes (INA, HES6, RTN1, BRSK2, SYN1, and CPLX2)
have been implicated in neuron-related functions (Table 1).

Discussion

Molecular-based classification of high-grade gliomas is
expected to play an important role in predicting tumor prognosis,
but it has been difficult to achieve practical applicability. Two
gene expression profiling studies(13,22) constructed molecular
classification schemes that correlated with survival. However,
due to the lack of a proper comparison with other major
prognostic factors,(23) the clinical utility of these schemes is
unclear. In the present study, we enrolled patients mainly from a
phase II clinical trial.(5) The treatment and collection of clinical
information was carried out under strict guidelines, including
frequent follow up and centralized diagnosis of MRI films.
Using gene expression data obtained from high-throughput RT-
PCR, we constructed a prognosis predictor that is independent
of the primary prognostic factors. This prognosis predictor,
composed of a 58-gene profile, was effective both for GB and
non-GB cases. The system was a better predictor of PFS than
OS, probably because PFS more directly correlates with the
biological properties of gliomas.

Although our predictor was mainly based on the cases from
the KNOG study, the results with two external data sets support
the universal performance of the predictor irrespective of
chemotherapeutic regimen. Because survival benefit by chemo-
therapy was relatively small in most malignant gliomas,(19) it is
important to elucidate the differences in the intrinsic biological
characters of the tumors.

Because the diagnostic genes were selected for correlation
with prognosis, the prognostic predictor can be applied to any
glioma, irrespective of histological grade. In our 52 non-GB
cases, seven patients showed early progression within 6 months.
By means of our prediction scheme, six out of the seven cases
were classified into the poor-prognosis group, indicating good
prognostic predictability for non-GB cases as well as GB cases.

Feature extraction by PCA and other techniques uncovered
various molecular properties of the gliomas. AO localized to a
particular area of the two-dimensional principal component
space, indicating a distinct difference in the gene expression
profiles of oligodendroglial and astrocytic tumors. The direction
of the prognosis axis and the oligo axis indicated that different
gene sets contributed to the differences in malignancy and his-
tology. Differences in the directions of the prognosis and grade
axes indicated that the pathological grading was not necessarily
parallel to the refractoriness of the gliomas. Because the favorable
GB cases were located closer to the AO cases, we speculate that
deviation of the prognosis axis from the grade axis was due to
the AO-like gene expression signature. This also agrees with our
previous study on AO and GB classification:(4) 46 out of 168
diagnostic genes of the AO and GB classifier appeared among
the 58 genes of the prognostic predictor. Those genes were simply
selected by P-value-like scores for differential gene expression
between AO and GB.

In our analyses, the expression levels of genes related to
angiogenesis or invasion processes were higher in the poor-
prognosis group. The expression of these genes has been
reported to correlate with the malignant characteristics of
gliomas, and some of them may work cooperatively.(24–33) Among
the poor-prognosis markers reported by Phillips et al.,(13) VEGF,

Fig. 3. (a,d) Correlations between the first principal component (PC1) score and progression-free survival (PFS) from (a) 110 gliomas in the training
set, and from (d) 77 gliomas in the test set. Red circles and blue crosses denote the patients with tumor progression and the censored patients
without tumor progression, respectively. (b,c,e,f) Kaplan–Meier estimates of PFS ratios: (b) 110 gliomas or (c) 77 glioblastomas (GB) in the training
set; (e) 42 gliomas or (f) 23 GB in the test set.
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Fig. 4. Graphical representation of survival data for all of the patients sorted by the first principle component score. Explanatory notes are boxed.
(a) Glioblastoma (GB) patients in the training set. (b) Non-GB patients in the training set. (c) Patients in the test set. AA, anaplastic astrocytoma;
AO, anaplastic oligodendroglioma; DA, diffuse astrocytoma; MGMT, O6-methyl guanine methyltransferase; PC1, first principle component.
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VIM, and NES were included in our predictors. Another study
also indicated that angiogenic activity represented by
coexpression of VEGF and IGFBP2 distinguished primary GB
from secondary GB.(26) These genes and their protein products

could be potential therapeutic targets in patients from the poor-
prognosis group.

The good-prognosis group was characterized by upregulation
of the expression of neuron-related genes. Phillips et al. also

Table 1. List of the 58 genes

No. Coxβ CoxP GS number Gene symbol RefSeq ID Description

1 1.58897 5.99E-14 GS2482 IGFBP2 NM_000597 Insulin-like growth factor binding protein 2
2 1.65957 6.14E-13 GS3909 VMP1 NM_030938 Hypothetical protein DKFZp566I133
3 1.99214 7.54E-13 GS10556 MSN NM_002444 Moesin (MSN)
4 1.22527 9.07E-12 GS4923 TIMP1 NM_003254 Tissue inhibitor of metalloproteinase 1
5 1.78505 1.33E-11 GS1890 LGALS1 NM_002305 Lectin, galactoside-binding, soluble, 1 (galectin 1)
6 −1.39052 1.99E-11 GS12839 HMP19 NM_015980 HMP19 protein (HMP19)
7 −1.32313 9.28E-11 GS6687 CHGB NM_001819 Chromogranin B (secretogranin 1)
8 2.61673 1.24E-10 GS3240 CD63 NM_001780 CD63 antigen (melanoma 1 antigen)
9 2.15797 2.30E-10 GS13698 NES NM_006617 Nestin (NES)
10 1.62126 3.08E-10 GS2782 CLIC1 NM_001288 Chloride intracellular channel 1
11 −0.953909 3.10E-10 GS14040 INA NM_032727 Internexin neuronal intermediate filament protein
12 1.23347 5.97E-10 − TNC NM_002160 Tenascin C (hexabrachion) (TNC)
13 1.48203 6.01E-10 GS4168 TAGLN2 NM_003564 Transgelin 2 (TAGLN2)
14 −1.20606 7.09E-10 GS13019 HES6 NM_018645 Hairy and enhancer of split 6 (Drosophila)
15 1.03772 1.64E-09 − VEGF BC065522 Vascular endothelial growth factor
16 1.24957 1.86E-09 − VIM NM_003380 Vimentin (VIM)
17 1.82864 2.30E-09 GS475 LDHA NM_005566 Lactate dehydrogenase A
18 1.13676 2.47E-09 GS4232 TNC NM_002160 Tenascin C (hexabrachion)
19 −1.18854 2.58E-09 GS13275 RPIP8 AB209802 RaP2 interacting protein 8 variant protein
20 −1.0301 4.30E-09 GS12811 SCG3 NM_013243 Secretogranin III
21 −1.05624 4.58E-09 GS14085 GDAP1L1 NM_024034 Ganglioside-induced differentiation-associated protein 1-like 1
22 1.48913 7.70E-09 GS1683 IFITM3 NM_021034 Interferon induced transmembrane protein 3 (1-8U)
23 2.98416 7.79E-09 GS1949 PPIB NM_000942 Peptidylprolyl isomerase B (cyclophilin B)
24 2.53115 8.59E-09 GS421 TMSB4X NM_021109 Thymosin, β4, X-linked
25 −1.09751 9.31E-09 GS10002 ALDOC NM_005165 Aldolase C, fructose-bisphosphate
26 2.36402 9.99E-09 GS3483 ZYX NM_001010972 Zyxin (ZYX), transcript variant 2
27 −1.00798 1.08E-08 GS13065 ATP1A3 NM_152296 ATPase, Na+/K+ transporting, α3 polypeptide
28 −1.09385 1.15E-08 − ABCC8 NM_000352 ATP-binding cassette, sub-family C
29 0.982952 1.17E-08 GS6094 IGFBP3 NM_000598 Insulin-like growth factor binding protein 3, transcript variant 2
30 −1.33159 1.18E-08 GS13989 TUB NM_003320 Tubby homolog (mouse), transcript variant 1
31 1.2851 1.30E-08 GS208 IFI30 NM_006332 Interferon, γ-inducible protein 30
32 1.5316 1.35E-08 − FLNA NM_001456 Filamin A, α (actin binding protein 280) 
33 1.02419 1.52E-08 − UPAR NM_001005376 Plasminogen activator, urokinase receptor, transcript variant 2
34 1.50835 1.58E-08 GS13503 UPP1 NM_181597 Uridine phosphorylase 1 (UPP1), transcript variant 2
35 1.71108 1.59E-08 GS12786 LAMB2 NM_002292 Laminin, β2 (laminin S)
36 −0.989343 1.67E-08 GS13762 KIAA0927 AB023144 KIAA0927 protein
37 1.3664 1.68E-08 GS3760 AEBP1 NM_001129 AE binding protein 1
38 1.74194 1.84E-08 GS2836 EST AJ420423 Full-length insert cDNA clone EUROIMAGE 1287006.
39 −1.00213 2.00E-08 GS14024 RTN1 NM_206857 Reticulon 1, transcript variant 2
40 1.1111 3.23E-08 GS11665 HMOX1 NM_002133 Heme oxygenase (decycling) 1
41 1.18646 3.34E-08 − FN14 NM_016639 Tumor necrosis factor receptor superfamily, member 12A
42 −1.10155 3.71E-08 GS7227 DKFZp434J212 BC078676 Kinesin family member 21B
43 1.76858 4.94E-08 GS2958 GM2A NM_000405 GM2 ganglioside activator
44 1.34778 5.34E-08 GS242 S100A10 NM_002966 S100 calcium binding protein A10
45 −0.824638 5.66E-08 − PDE8B AB085826 Phosphodiesterase 8B3
46 −1.05329 5.78E-08 GS13667 BRSK2 NM_003957 BR serine-threonine kinase 2
47 −0.956703 7.13E-08 GS4155 SYN1 M58378 Synapsin I (SYN1)
48 1.2386 7.13E-08 GS1071 EST BX647603 cDNA DKFZp686L01105
49 −0.923475 7.67E-08 GS12884 CPLX2 NM_001008220 Complexin 2, transcript variant 2
50 1.50109 8.98E-08 GS1458 MRCL3 NM_006471 Myosin regulatory light chain MRCL3
51 1.92343 9.65E-08 GS2257 TMSB10 NM_021103 Thymosin, β10
52 −0.930736 1.20E-07 GS13880 JPH4 NM_032452 Junctophilin 4
53 −1.11747 1.26E-07 GS14607 FAIM2 NM_012306 Fas apoptotic inhibitory molecule 2
54 −0.909196 1.39E-07 GS11781 DKFZp761P2314 AL834342 cDNA DKFZp761P2314
55 1.23982 1.55E-07 GS6132 PLEKHA4 NM_020904 Pleckstrin homology domain containing, family A member 4
56 2.37577 1.67E-07 GS4131 GPX1 NM_000581 Glutathione peroxidase 1 transcript variant 1
57 1.15188 1.68E-07 GS2223 SOD2 NM_001024466 Superoxide dismutase 2, mitochondrial, transcript variant 3
58 1.93896 1.80E-07 GS7306 RHOC NM_175744 Homo sapiens ras homolog gene family, member C

Coxβ, regression coefficient; CoxP, P-value for univariate Cox analysis.
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described a correlation between neuronal markers and the favorable
subclasses.(13) Likewise, other investigators have reported that a
subset of neuronal genes was highly expressed in AO tumors
with better prognoses.(34,35) Taken together, these results indicate
that the expression of neuron-related genes is a marker of good
prognoses in patients with high-grade gliomas.

Among the 58 genes in the predictor model, IGFBP2 and
VEGF also appeared in the 44-gene classifier described by
Freije et al.,(22) whereas TIMP1 and SCG3 appeared in the 35-
gene signature developed by Phillips et al.(13) Although most of
the genes did not overlap, these three gene sets might have
similar prognostic value, because distinct but equally predictive
gene lists can be derived from the same data matrix.(36) It should
be noted, however, that the 35-gene signature was strongly
correlated with age (P < 0.005), making its clinical utility
uncertain.

Hegi et al. recently demonstrated that epigenetic silencing
of the MGMT gene serves as an independent prognostic
parameter in GB patients treated with temozolomide.(3) In our
analysis, the methylation status of the MGMT promoter did not
prove to be a significant prognostic factor. Kamiryo et al. found
that MGMT methylation was a significant prognostic factor
for both for OS and PFS in patients with grade III tumors,
but not for grade IV tumors.(37) Our result is consistent with this
report, suggesting that the effect of MGMT on ACNU-based
treatment is likely to be smaller than that on temozolomide in
GB patients.

Why is the extent of resection a significant prognostic factor
for OS but not for PFS? Extent of resection has been reported as
an independent prognostic factor to OS (e.g. Lacroix et al.(38)),
but even a stringently designed study reported insignificance
both for OS and PFS.(39) We carefully evaluated individual
patients and found that complete resection cases were more
accessible to second surgery and survival after progression was
extended. Due to careful follow up, tumor progression was
detected earlier than usual, and the number of complete resection
cases with second operation was increased. This explains the
discrepancy between OS and PFS.

Another concern is whether performance of the predictor for
OS would be improved if OS data were used for training. We
examined this possibility, but found that performance for PFS
was consistently better than that for OS, irrespective of the training
data. This also suggests a tight link between PFS and gene expres-
sion. The details of the analysis will be described elsewhere.

In conclusion, our profiling results will help to construct a
new classification scheme that assesses clinical malignancies
better than the conventional histological classification system.
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