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[CANCER RESEARCH 60, 6617-6622, December 1, 2000]

Identification of Differentially Expressed Genes in Human Gliomas by DNA
Microarray and Tissue Chip Techniques

Satu-Leena Sallinen, Pauli K. Sallinen, Hannu K. Haapasalo, Heikki J. Helin, Pauli T. Helén, Peter Schraml,
Olli-P. Kallioniemi, and Juha Kononen*

Department of Pathology [S-L.S., P.K.S., H. K. H., H.J. H], Laboratory of Molecular Pathology [S-L.S., P.K.S.], and Department of Neurosurgery [P.T.H.], Tampere
University Hospital, FIN-33521, Tampere, Finland; Institute of Pathology, University of Basel, Basel 4003, Switzerland [P. S.]; and Laboratory of Cancer Genetics, National
Human Genome Research Institute, NIH, Bethesda, Maryland 20892-4470 [O-P. K., J. K.]

ABSTRACT to complete. To facilitate translational research in a large-scale man-
) ) ] ner, recently we developed technology for making high-density arrays
New genomic large-scale screening techniques have made the task ofyt isqe specimens (tissue microarrays, tissue chips; Ref. 3). These

tablishing an rate molecular fingerprint of cancer cells feasible. L f
establishing an accurate molecular fingerp Of cancer cets teas ble arrays can be used for rapiid situ evaluation of gene copy number
Here, we have used a two-phase strategy for identification of molecular . . .
and expression simultaneously in thousands of tumors.

alterations in gliomas. First, cDNA microarrays (Clontech Laboratories, . . ; .
Inc., Research Genetics) were used to pinpoint differentially expressed Here, we have combined DNA-microarray and tissue-chip tech-

genes between normal brain and diffuse astrocytomas (grades I1-1v), and Niques in a rapid two-step screening approach for the identification of
between a primary tumor and a later tumor reoccurrence in the same differentially expressed genes in human gliomas. Hybridization of
patient. More than 200 gene expression alterations were detected from labeled cDNAs from tumor samples to cDNA arrays was used for the
glioblastomas, whereas relatively few changes were seen in grade Il and detection of differences in gene expression between grades -1V
grade Il tumors. The most distinct progression-related expression change  diffusely infiltrating astrocytomas and between the original and the
was the up-regulation of theinsulin-like growth factor binding protein 2 recyrrent astrocytoma. Subsequently, a tissue microarray of hundreds
(IGFBP2) gene. Second, a high-density tissue microarray of 418 brain ¢ b-ain tymors, mainly of astrocytic origin, was used for the valida-

tumors was constructed aﬂd used for clinical Va"dat'(?n °fgeﬂe EXPression 44, and additional characterization of the aberrant gene expression
changes. Strong expression of IGFBP2 was associated with progressmnpa,[t(_}mS

and poor patient survival in diffuse astrocytomas (P < 0.0001). Third,
comparisons of the data between (a) multiple spots retrieved from one
predefined tumor region (IGFBP2 and vimentin immunohistochemistry,
20 tumors) or between (b) standard slides and arrayed tissues (p53 im-
munohistochemistry, 42 tumors) revealed very little variation. In conclu-
sion, the combined use of DNA microarrays and tissue microarrays offers
a powerful strategy for rapid identification and thorough characterization

of differentially expressed genes in gliomas.

MATERIALS AND METHODS

The brain tumor samples were obtained from patients who underwent
surgery at the Tampere University Hospital, Tampere, Finland, during 1983—
1998. One neuropathologist (H. H.) evaluated all of the tumors, and the
histopathological typing and malignancy grading were done according to the
criteria presented by WHO in 1993 (4). In the present context, the term
“diffuse” (diffusely infiltrating) astrocytoma refers to grades II-IV astrocyto-
INTRODUCTION mas [WHO grade Il corresponding to grade 2 by the St. Anne-Mayo method,

Several genetic aberrations and gene expression changes have réigﬁ lll (anaplastic) to grade 3, and grade IV (glioblastoma) to grade 4,

. . . respectively]. Diffuse astrocytomas exclude the more circumscribed pilocytic
shown to occur during malignant transformation, development, ap rocytomas (grade I).
progression of gliomas (1). Characterization and cataloging of the
genetic alterations and molecular markers that correlate with thgna Microarray
clinical behavior of gliomas are needed to establish the comprehen-
sive molecular fingerprint of these tumors. Such molecular profiling Seven primary astrocytomas [two grade Il astrocytomas, two grade Il

of gliomas may eventually lead to targeted therapeutic approaches fi#focytomas, and three glioblastomas (grade 1V)] were collected during sur-
could improve the clinical outcome for patients gery. In addition, two samples from one patient were collected, the first one

i . - from the original occurrence (grade 1l astrocytoma) and the other sample from
New genomic high-throughput technologies, such as DNA mlcroathe regrowth of the tumor 8 months later (also grade Il astrocytoma). All of

rays, may facilitate considerably the molecular profll_lng Of_ humaﬁﬁ_e samples were freshly frozen in liquid nitrogen and stored #&°C until
tumors. Thousands of genes can now be analyzed in a simple ¥&. Total cellular RNA was extracted from the tumor samples using an
croarray hybridization. Low-density nucleic acid arrays (cDNA arrNeasy Tissue Kit (Qiagen GmbH, Hilden, Germany) according to the man-
rays) have already been used for gene expression analyses of af@isturer's instructions. For analysis reference, pooled total RNA from normal
glioma samples (2). The expression profile from a single tumauman brain was used (Clontech Laboratories, Inc., Palo Alto, CA).
reflects the state of events of an individual malignancy at a certaincDNA Microarray Hybridization with a Membrane of 588 Individual

time point. To generalize the findings and provide conclusive e§PNA Clones as Targets.Equal amounts of total RNA from both of the
dence for the involvement of a molecular alteration, it is often neflimary grade Il astrocytomas were pooled (% total) for the cDNA
essary to analyze several hundred tumors. Using traditional molecuUligroarray analysis with a commercially available membrane (Atlas Human

o ancer cDNA Expression Array 7742-1; Clontech Laboratories, Inc.). The two
pathology, such verification could take several months, or even year :
prifmary anaplastic astrocytomas were also pooled together as well as two of

the glioblastomas. Additional samples of the original grade Ill astrocytoma and
Received 4/14/00; accepted 10/3/00. ) the recurrent tumor from the same patient were analyzed separately (Atlas
The costs of publication of this article were defrayed in part by the payment of PR man cDNA Expression Array 7740-1, Clontech Laboratories, Inc.). Single-
charges. This article must therefore be hereby maddertisemenin accordance with A . ! o
18 U.S.C. Section 1734 solely to indicate this fact. pass reverse-transcription reaction was used for the preparation of labeled
1 To whom requests for reprints should be addressed, at Laboratory of Cancer GeaBINA from the sample RNAs using SuperScript Il reverse transcriptase (Life
ics, National Human Genome Research Institute, NIH, 49 Convent Drive, MSC 447flgchnologies, Inc., Gaithersburg, MDu-f2P]JdCTP was used as a labeled
Room 4A24, Bethesda, MD 20892-4470. Fax: (301)402-3241; Email: ]konon@ucleotide. The probes were purified by gel chromatography (BioSpin 6,

nhgri.nih.gov. . . . .
2|GFBP, insulin-like growth factor binding protein; VEGF, vascular endotheliaPio-Rad, Hercules, CA). The residual RNA was degraded with alkaline hy-
growth factor. drolysis (1M sodium hydroxide at 68°C for 20 min), after which the probes
6617
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' . ing spot in the tumor membrane. A similar comparison was made between the
[(J FBP2 \Y| ac l\/[ a ]'CkS hybridization results of the original tumor case and its reoccurrence in the same
patient. From this experiment, one down-regulated (MacMarcks) and one
up-regulated (IGFBP2 gene target in the primary tumor were validated by
Northern hybridization (Fig. 1).

cDNA Microarray Hybridization with a Membrane of 5760 Individ-
ual cDNA Clones as Targets.Equal amounts of total RNA from the three
glioblastomas were pooled (5259 total) for another cDNA microarray
analysis with a commercially available membrane (Human GeneFilter,
Release 1, GF200; Research Genetics, Inc., Huntsville, AL). A similar
amount of pooled total RNA from normal human brain was used as an
analysis reference (Clontech Laboratories, Inc.). The cDNA microarray
hybridization was done as described above, with some modifications.
[a-**P]dCTP was used as a labeled nucleotide. Hybridization and washings
were performed at 60°C. The membranes were exposed to phosphorimager
plates for 24 h, scanned with a phosphorimager at aB0resolution and

Fig. 1. Northern hybridization analysis demonstrated a significant difference in ehalyzed using Pathways software (Research Genetics, Inc.). Images were
pression olGFBP2 and MacMarcksgenes between a primary astrocytic tumor (1.) ancnormalized using all spots on the membrane as reference points. Cutoff
its later reoccurrence (2.) with similar phenotypic appearance. points for up-regulated and down-regulated genes were determined from a
histogram analysis of the intensity ratios for all of the spots on the

. . . membrane (cutoff, intensity ratie- 1.8).
were neutralized with &1 NaH,PO, at 68°C for 20 min. The membranes were

prehybridized at 68°C for 2 h in an Express Hybrid solution (ClontecBain Tumor Tissue Microarray

Laboratories, Inc.) containing 1Q0y/ml freshly cooked shared salmon sperm

DNA, after which the cDNA probes were hybridized onto the membranes at The tissue microarray block of 418 formalin-fixed and paraffin-embedded

68°C overnight. Cot-1 DNA was used for blocking of unspecific hybridizatiotumor samples of the central nervous system is shown in Fig. 2. A neuropa-
(Clontech Laboratories, Inc.). The membranes were washed four times in ldwlogist (H. K. H.) evaluated the tumors using H&E-stained standard slides
stringency wash buffer (X SSC-1% SDS) and twice in high stringency washand pinpointed one histologically representative tumor region in each case
buffer (0.1X SSC-0.5% SDS) at 68°C for 20 min each. The membranes werem which a sample was included in the block. The microarray block was

exposed to phosphorimager plates (Phosphoimager 2 SI; Molecular Dynamazs)structed with a custom-built instrument (Beecher Instruments, Silver

Sunnyvale, CA) for 48 h. Then the plates were scanned with a phosphorimagering, MD) as described earlier (3). The sample diameter wagu690and

at a 50um resolution and analyzed with Image Quant software from the sarttee spacing between adjacent specimens wasut0

manufacturer. In addition, a semiquantitative inspection of the hybridization The tissue microarray included 364 gliomas and 54 other types of brain

results was performed for: (a) no signal; (b) a visible signal; and (c) tamors (mainly meningiomas and neuronal or mixed neuronal-glial tumors). In

strong-intensity signal. A gene was regarded as overexpressed if the inten®@yrandomly selected tumor cases, multiple samples were collected from
of the subjectively visible signal in the tumor membrane wak8X higher different sites of the subjectively most representative tumor region (see above)
than the signal of the corresponding spot in the normal brain membranetd evaluate intratumor heterogeneity within one selected tumor area. The
gene was regarded as down-regulated if the intensity of the visible signal in fimmas of the tissue microarray (Table 1) comprised 256 primary and 88

normal brain membrane was1.8X higher than the signal of the correspond-recurrent tumors.

Grade III astrocytoma

Fig. 2. The applicability of a combined high-
throughput analysis of gene expression alteration{
in gliomas. A glioblastoma gene expression profile
has been compared with that of normal brain tissug
by cDNA microarray hybridization analysis of
5760 individual targets (top leftred dots, up-
regulated genes;green dots, down-regulated
genes). A tissue microarray of 418 brain tumors
(top right) was used for a rapid immunohistochem-
ical characterization of the observed aberrant ex
pression patterns of IGFBP2 (X,200) and vimen-
tin (B, X200), as well as for p53 immunoreactivity
(C, X200).

ede 83°8882
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Table 1 Gliomas in the tissue microarray block RESULTS

Primary tumors cDNA Microarray Analyses

IGFBPZ  Vimentin

Tumor type N n (%) (%) Clontech Laboratories, Inc. (588 Individual Targets). Subjec-
Astrocytic tumorspn = 259 tive evaluation of the cDNA microarray hybridization results of
ﬁiﬁgfgéﬁ?igﬁé‘iﬂfoﬂqa grade 1 3229 21‘6 2;3 1;’30 pooled samples revealed visible or strong-intensity signals (up-regu-
Glioblastoma, grade IV’ 171 129 88 og lated genes) in 55 spots in the normal brain, in 74 spots in grade I
Pilocytic astrocytoma, grade | 22 18 28 100 astrocytoma, in 77 spots in grade Il astrocytoma, and in 149 spots in
By e e oot el > % ‘Mo ‘too dlioblastoma. The combined visual inspection and quantitative anal-
Oligodendroglial tumorsn = 42 ysis of the grade Il astrocytoma resulted in 38 overexpressed and 12
gr']'gggesrt‘i‘irgﬁggg‘; dgrﬁ% r']'qa’ grade Il o= *0  down-regulated genes when compared with the normal brain. Analo-
Ependymal tumorsp = 27 gous evaluation of the grade Il astrocytoma revealed 32 overex-
ﬁgg;%{i‘g’:‘?é r?é;gweo&a arade I 205 135 8755 11%% pressed and 10 down-regulated genes. The glioblastoma analysis
Myxopapillary ependymoma, grade | 2> 2 100 100 revealed 117 genes that were regarded as overexpressed and 24 that
Mixed gliomas,n = 30 were regarded as down-regulated. Of the 38 overexpressed genes in
gggglgjﬁ?f)f;?;t%i%;a grade I 1153 78 ‘230 8765 grade Il astrocytoma, 16 genes were found to be overexpressed also in
Others 2 1 100 100 grade Il astrocytoma, and 30 genes were found to be overexpressed
Chotoid plexis tumorss = & e s 5 a0 100 inglioblastoma. Twenty-six of the 32 overexpressed genes in grade Ill
Choroid zlexus (F:)afcinoma‘,ggrade 1 11 100 100 astrocytoma were found to be overexpressed also in glioblastoma. Of
a|GFBP-2- and vimentin-immunopositive cases are presented as a percentage offie 12 down-regulated genes in grade Il astrocytoma, 7 genes were
primary tumors. found to be down-regulated also in grade Il astrocytoma, and 7 genes

were found to be down-regulated also in glioblastoma. These results
have been summarized in Table 2 with respect to the 40 most strongly
Five-um tissue microarray sections were cut using an adhesive-coated taperexpressed and 10 down-regulated genes detected in glioblastoma.
system (Instrumedics, Hackensack, NJ). H&E-stained slides were used forThiee comparison of the recurrent grade Il astrocytoma with the

visual control of the histology in the tissue microarray samples. original occurrence of the same brain tumor patient is presented in
Table 3.
Immunohistochemistry Research Genetics (5760 Individual Targets)The analysis of

IGFBP2. Antigen retrieval was performed by treatment in a pressur@OOIed glioblastoma samples revealed 107 genes that were re-
cooker for 5 min. Standard indirect immunoperoxidase procedures were ug@jded as overexpressed and 111 that were regarded as down-
for immunohistochemistry (ABC-Elite; Vector Laboratories, Burlingamel€gulated when compared with the analysis results of the normal
CA). A goat polyclonal antibody C-18 (1:1000; Santa Cruz Biotechnolograin (Fig. 2).

Inc., CA) was used for detection of IGFBP2. The brain tumor tissue microarray
section was counterstained with hematoxylin. Tissue Microarray Analyses

Vimentin. An anti-vimentin monoclonal antibody was used at a 1:160 ) o ) )
dilution (Boehringer Mannheim, Mannheim, Germany). The immunoperoxi- The IGFBP2 immunostaining was technically successful in 95%

dase reaction was visualized with 3.8faminobenzidine. The section was (346 of 364) and vimentin in 99% (359 of 364) of the gliomas in the
counterstained with hematoxylin. array. Analysis of the cases sampled more than once did not show
The results of the IGFBP2 and vimentin immunohistochemistry were evavidence for intratumor heterogeneity within the selected tumor re-
uated semiquantitatively. Three observers (P. S., S-L. S., and H. H.) placeddfign in either IGFBP2 or vimentin stainings; none of the duplicate
tumors into categories of negative (no staining or weakly positive tumor areg%mmes differed in staining intensity. One duplicate case was ex-
or strongly positive (intense staining covering the majority of the neoplast&uded because of the destruction of the sample spot in the array. The

cells) immunostaining. . . . . S
p53 Antigen. The p53 immunostaining protocol differed slightly from results of the IQFBPZ and vimentin immunohistochemistry in gliomas
are presented in Table 1.

that described previously by us for standard slides (5); the dilution for . . o .
DO-7 monoclonal antibody (Novocastra Laboratories, Newcastle, United Of the primary tumors, strong IGFBPZ immunopositivity was sig-

Kingdom) was 1:40 without enhancement, and methyl green was used fpificantly associated with the established histopathological malig-

counterstaining. Two observers (P. S., H. H.) evaluated the staining resth@cy grade of diffuse (grade I1-1V) astrocytom&s< 0.0001; x*
and placed tumors into two categories. Tumors with none or fe®% of  test). A strong immunoexpression of the IGFBP2 was associated with

the neoplastic cells) p53 immunoreactive nuclei were regarded as negatippeor patient survival of astrocytomaP  0.0001; log-rank test).
p53-positive tumors had distinct, nuclear immunoreactivity=is% of the Those patients with IGFBP2-negative tumors had a mean survival of
neoplastic cells. In the tissue microarray, samples of 42 tumors had begn months (95% confidence interval for mean survival: 52-97
analyzed by us earlier for p53 immunoreactivity from deparaffinized Who'ﬁlonths), and patients with tumors of strong immunopositivity had a

sections. mean survival of 23 months (95% confidence interval for mean
survival: 15-31 months). A tendency of IGFBP2 to correlate with
Statistical Methods poor survival was observed within the grade Ill astrocytoma category

The association of the results of immunohistochemical stainings with tlglg = 0.081;n : 1_6)' and the _unlvarlate survival analysis of the
established histopathological malignancy grade was assessed  test. |GFBP expression in the combined group of grade Il astrocytomas

The statistical association of the IGFBP2 immunostatus with patient surviv@iid glioblastomas (88% positive; Table 1) gained statistical signifi-

after the first operation was estimated using the univariate survival analy§@nce (P= 0.0068).

(log-rank). All of the statistical analyses were performed using the SPSS forlmmunohistochemical staining of the p53 protein (negatigesus

Windows software (SPSS, Inc., Chicago, IL). positive) showed a strong correlation with tumor malignancy grade of
6619
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Table 2 cDNA microarray analysis of 588 targétin normal brain, diffusely infiltrating grade Il and grade Ill astrocytoma and glioblastoma

Expressiof
cDNA expression array: Geres Normal brain Grade I Grade Il GBM GBMs. normal
Cell cycle and growth regulators
Growth-arrest-specific gene-1 (GAS-1) . 2.7
Growth factor receptor binding protein (Grb-IR/Grb10) . 2.0
Cyclin-dependent kinase 4 inhibitor D (p19INK4d) X (%) %) %) 0.18
Serine/threonine protein kinase PCTAIRE-3 X X X %) 0.23
Cell division cycle 2 related protein kinase (PITALRE) X X X %] 0.23
Serine/threonine protein kinase PCTAIRE-1 X X X %) 0.34
Intermediate filament markers
Vimentin . . . 2.7
Apoptosis
p53-induced gene-10 (PIG10) X X (%) %] 0.08
Secreted apoptosis related protein 1 (SARP1) X X X %] 0.20
Oncogenes and tumor suppressors
MET proto-oncogene . . 2.8
C-FMS proto-oncogene . 2.6
Receptor tyrosine kinase (SKY) X (%) %) %) 0.10
Tyrosine kinase ARG X X X %] 0.35
DNA damage response
Activator 1 40 kD subunit (RFC40) . . 17.0
Receptors
IGFBP2 X X . 244
IGFBP3 . 9.6
IGFBP5 X X X . 4.6
Tumor necrosis factor receptor 1 . . 3.2
IGFBP6 . 2.9
Tumor necrosis factor receptor 2 . 2.3
Cell adhesion, motility and invasion
Fibronectin . 14.8
Integrina 3 . 5.8
Caveolin-1 . . . 5.2
SPARC X . . . 4.8
Paxillin . 3.6
Laminin B2 . 34
Chondroitin/dermatan sulfate proteoglycan core protein .
Heparan sulfate proteoglycan (HSPG2) . 3.0
Integrina 6 . . . 2.9
Zyxin & Zyxin-2 . 2.7
Biglycan . . 2.7
Laminin B1 . 2.6
Nidogen . . 2.6
Integrina 7B . . . 2.2
Integrin B 8 . . . 2.2
Invasion regulators
Plasminogen activator inhibitor-1 (PAI-1) . 20
Membrane type matrix metalloproteinase (MMP-14) . 45
Tissue inhibitor of metalloproteinase-1 (TIMP-1) X X X . 3.6
Nucleoside-diphosphate kinase (nm23-H4) . 2.6
c-myc purine-binding transcription factor (hnm23-H2) X X X . 25
Tissue inhibitor of metalloproteinase-2 (TIMP-2) . 2.2
Rho family
T-lymphoma invasion and metastasis inducing TIAM1 X %] %] %] 0.18
Cell to cell interactions
Ephrin type-B receptor 2 precursor . 2.7
Neuroendocrine Drosophila discs large (NE-dlg) X %] %] %] 0.10
Growth factors and cytokines
VEGF . 11.8
Transforming growth factor induced geng ig-h3) . 7.8
Leukemia inhibitory factor (LIF) . 4.1
Nerve growth factor (HBNF-1) X . X . 2.9
Neurite promoting factor (Nexin) . 2.2
Migration inhibitory factor (MIF) . 2.0

a Atlas Human Cancer; Clontech Laboratories, Inc.

P Overexpressed genes are presented in roman type and down-regulated genes in italic.

¢Blank, no signal;X, visible signal;-, overexpressed?, downregulated. GBMersusBrain shows the intensity ratio of the correspondent signals between the glioblastoma and
normal brain.

primary astrocytic tumors in the tissue microarray (gradesvetsus DISCUSSION

grades llI-IV; P < 0.001; x* test). Good agreement was found

between the p53 analysis data of arrayed samples and standard slidé§e development of novel biochip technologies has opened up

in 33 (79%) of 42 cases (R 0.001; x? test). Both strongly p53- new possibilities for the high-throughput molecular profiling of

positive tumors in the standard slide analysis (distinct immunoredodsman tumors. Microarrays of cDNAs (6) have been introduced

tivity in more than 20% of neoplastic cells) showed an accumulatiorcently for gene-expression fingerprinting, and the technique has

of p53-positive cells (>20%) in the tissue microarray, whereas oeen used for defining differentially expressed genes in melanomas

p53-immunonegative diffuse astrocytoma in the array had earlier be@), rhabdomyosarcomas (8), breast cancer (9), and, recently, in

regarded as p53-positive. gliomas (2). In this study, we used a series of cDNA microarray
6620
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Table 3 The ten most strongly down- and up-regulated genes, by cDNA microarray analysis of 588 targets in a recurrent grade Il astrocytoma when compared with the original
occurrence (grade I11) of the same brain tumor

Expression
Down-regulated Up-regulated
cDNA expression array: Genes Original vs. recurrent Recurrentvs. original
Recurrent grade Il astrocytoma
Platelet-derived growth factor recepter 8.5
MacMarcks 6.4
Receptor tyrosine kinase ligand LERK-4 6.4
RAS-related protein RAB-3B 6.1
Tyrosine-protein kinase SYK (activated p21cdc42Hs kinase) 6.0
Tyrosine kinase ligand (Fms-related tyrosine kinase 3 ligand) 5.5
FASL receptor 5.2
Replication factor C 4.9
Protein-tyrosine phosphatase ZETA 4.5
Macrophage inflammatory proteirngl 4.4
Heat shock 70 kD protein 1 4.8
Tumor necrosis factor receptor 2 4.6
Thymosing-10 4.5
Glutathione peroxidase 4.3
MAS proto-oncogene 3.7
Proto-oncogene tyrosine-protein kinase receptor RET (Papillary thyroid carcinoma-encoded protein) 3.4
IGFBP2 3.1
Probable G protein-coupled receptor LCR1 homolog (Hm89) 3.1
VEGF 3.0
ICH-2 protease 2.7

2 Atlas Human Cancer; Clontech Laboratories, Inc.

hybridizations for screening thousands of genes for their potentialEfforts to perform high-throughput gene-expression monitoring in
involvement in the formation and progression of astrocytic nedrain tumors have been initiated, and results from the Clontech Atlas
plasms. We further investigated the protein expression patternasfay survey (2) as well as serial analysis of gene expression tag
two highly expressed gene$GGFBP2 and vimentin, in a tissue monitoring have been published recerthGFBP2is highly overex-
microarray of 364 gliomas. This study demonstrates a powerfgtessed in glioblastomas based on our survey of approximately 6000
new strategy in which two recently developed microarray teclgenes, as well as based on serial analysis of gene expression tags and
niques have been combined for the molecular genetic analysistigé cDNA array study by Fulleet al. (2). Therefore, this gene was
gliomas. selected for immunohistochemical validation and characterization of
We used a commercially available cDNA microarray techniqugs expression pattern in a large clinical brain tumor material contain-
with 588 universally cancer-related targets for a reciprocal compairri,-g 259 astrocytic tumors and 105 other gliomas. Our brain tumor
son of gene expression profiles in the three malignancy categori@gue microarray analysis showed a significant difference in the
(grades _II—I_V) of diffusely infiltrating astrocytomas .With normal hu'expression pattern of IGFBP2 between low-grade astrocytomas (in-
man brain tissue. Another_cDNA_ microarray anaIyS|s_ W|th_588 h“m%rlhding pilocytic and grade Il diffuse astrocytomas) and high-malig-
genes was pe_rformed to investigale gene-expression dlfferences_r%cy (grades 111-1V) tumors. The finding was reflected in a strong
tween an original grade Il astrocytoma and its later regrowth withy, e se relationship of the IGFBP2 immunoexpression status to pa-

hlstologlcal_br/] Z';%'Bar_ 3992”?”06 (grade 1II). L’hfe third cDNA Mitient outcome. Furthermore, the reciprocal comparison of cDNA mi-
croarray wit Individual targets was used for a more compr, roarray profiles between the original tumor and the recurrent tumor,

hensive gene expression analysis of pooled glioblastoma samp Soth expressing similar grade Il astrocytoma histology, revealed an

M!croarray hybrldlzatlons_ correctly |der_1t|f|e'd gene expression altea[fctivation of thdGFBP2gene after the first tumor operation. Vimen-
ations known to have an important role in glioma progression, such as . : .
tin, another highly overexpressed gene in cDNA microarray analyses,

up-regulation oVEGFin glioblastomas (10). We observed relatively, . ; )
- : s a member of a heterogeneous group of intermediate filament
few differences between normal brain and grade Il astrocytoma, or

between the latter and grade Il astrocytoma. However, a large nu%gtelns exhibiting tissue-specific expression patterns, and our find-

ber of gene expression alterations occurred only in glioblastomé{l‘c.]s are in perfect agreement with the previous knowledge of the

Nearly all gene expression changes in the grade Il or grade rﬁptigen imml_moreactivit_y in gliomas (12). Nearly all astroc_ytic tu-
astrocytomas were detected in glioblastomas, and the expressiof"gFS (€xcluding a few glioblastomas), ependymal, and choroid plexus
some genes followed an increasing expression pattern along WHIOrS showed strong vimentin immunopositivity. A large variation
higher astrocytoma malignancy. One such gene wasstuzeted the _antlgen expression was ops_ervec_i in ohgodendroghomag and
protein acidic and rich in cysteinfSPARC), a highly conserved Vimentin-negative or weakly -.posmve mixed gliomas (mlxed qllgo-
metal-binding extracellular matrix glycoprotein, the overexpression 8ftrocytomas) were characterized rather by the predominant oligoden-
which has been recently suggested to have a role in early neopladfedlial than by the astrocytic component. Together, the present
astrocytic transformation, neovascularization, and tumor invasi$aFBP2 and vimentin experiments demonstrate the capacity of tissue
(11). Rapid detection of hundreds of differentially expressed gen@ips in the rapid screening of specific molecular markers in a
and expressed sequence tags in this study, with DNA-arrays that cd@ége-scale manner.
only about 5% of the genome, demonstrates both the potential and th&lioblastomas, especially, may show marked variation in his-
difficulties associated with DNA chip-based cancer gene categoriz@pathological malignancy between different regions of the tumor
tion approaches. It is likely that cancer-classification DNA chips cagample, and focal expression of potential molecular markers is a
be built, but large-scale microarray gene expression data first needpa@tential problem in constructing tissue microarrays (13). Thus, one
be sorted, validated, and characterized further in clinical materials_to
establish cancer markers that distinguish specific tumor subtypes. 2 internet address: http://www.ncbi.nim.nih.gov/CGAP!.
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