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IN GENE EXPRESSION ANALYSIS
OF HUMAN GLIOBLASTOMA

L]

To enhance glioblasioma (G8) marker discovery we compared
gene expression in GB with human normal brain {NB) by access-
ing SAGE Genie web site and compared obtained results with pub-
lished data. Nine GB and five NB SAGE-librarfes were analyzed
using the Digital Gene Expression Displayer { INGED), the results
af DGED were tested by Northern blor analysis and RT-PCR of
arbitrary selected genes. Review of available data from the articles
an pene expression profiling by microarray-based hybridizarion
showed as few as 35 overlapped genes with increased expression in
(8. Some of them were identiffed in four articles, bur most penes
in three or even in two investigations. There was found also some
differences berween SAGE results of GB analysis. Digital Gene
Expression Displaver approach revealed 676 genes differentially
expressed in GB vs. NB with cur-aff ravio; twofold change and P <
£ (1.05, Differential expression af selected genes oltained by DGED
was confirmed by Northern analysts and RT-PCR. Altogether,
only 105 of 955 genes presented in published investigations were
among the genes obtained by DGED. Comparison of the results
obtained by microarrays and SAGE s very complicated becouse
authors present enly the most prominent differentially expressed
genes. However, even available data give quite poor overlapping of
penes revealed by microarrays. Some differences between results
obtained by SAGE in different investizations can be explained by
high dependence on the statistical methods used. As for how, the
best solution fo search for malecular twmor markers is lo compare
all available results and to select only those genes, which signifi-
canf expression in fumor combined with very low expression in
normal fissues was reproduced in several articles. 105 differential-
Iy expressed genes, commaon fo borh methods, can be included in
the list of candidates for the molecular tiping of GBs. Seme genes,
encoded cell surface or extra-cellular proteins may be useful for
targeting glivmas with antibody-based therapy.
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Introduction. Two newly developed high-thro-
ughput gene expression profiling technologies,
microarray-based hybridization [1—3] and Serial
Analysis of Gene Expression (SAGE) [4—6] have
dramatically reshaped the biomedical research on
elucidating the role of genes in cancer. However,
despite the power of microarray-based hybridisa-
tion and Serial Analysis of Gene Expression
{SAGE) in the search for new molecular markers
of human tumors, longstanding doubts persist as to
the worth of the torrent of data that microarrays
produce. Experiments have proved difficult to
reproduce, and the lists of genes found in similar
studies often have only limited overlap. The SAGE
method also has its own problems: certain genes
have no reliable tags; some tags have multiple mat-
ches against the EST databases. Also, sequencing
errors could inflate the number of different tags.
Alternative splicing of transcripts and sequence
polymorphisms make the evaluation of results even
more complicated, because multiple gene tags wo-
uld correspond to a single gene.

To investigate the correlation and reproducibil-
ity between these currently often used approaches,
we compared the available data obtained by mic-
roarray analysis and SAGE on changes of gene
expression in glioblastoma, the most aggressive
brain tumor that was the topic of our recent publi-
cations [7—9]. The practical aim of this study was
to identify the changes of gene expression by com-
parison of results obtained by different approaches
and described in different articles that might be
helpful as molecular markers of glial tumors.

Materials and methods, PubMed search with
different combinations of keywords was performed
to find the publications cited oligonucleotide and
cDMNA microarrays analysis for gene expression
profiles in glioblastomas.

Nine SAGE-libraries of glioblastoma (GB,
WHO grade IV astrocytoma) and five normal adult
human brain (NB) SAGE-libraries were analyzed
to compare gene expression by accessing NCI
CGAP web site (htip://cgap.nci.nih.gov/SAGE)
and using the search tool of Digital Gene Expres-
sion Displaver (DGED) provided by the SAGE
Genie database. SAGE-library GBM1062, also
available in this database, prepared from tissue of
4-month-old child, has a big difference in gene
expression profile as compared to adult tissue. For
example, tag counts for C1QA, CD74, CHI3LI,
COLI1AIL, GFAP, IGFBFP7, and IGHG] genes were
very low in this library (8 tags for IGFBP7 gene, 18
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tags for CD74 gene and only one tag for other 5
genes) in comparison with several hundred tags for
each gene in adult GB tumors. Only SAGE-lib-
raries of normal adult cortex, adult cerebellum and
adult thalamus have been chosen for the compari-
son. Available SAGE_Brain_fetal normal B _S1
and AGE_Brain_normal_peds_cortex_B_HI1571
libraries, prepared from fetal brain and brain of 15-
month-old child, correspondingly, differed also
very much in gene expression profile as compared
to adult NB libraries (data not shown). SAGE_
Brain_ normal_leptomeninges_B_AL2 library was
originated from the tissue of non-glial origin, and
SAGE _ Brain_normal_substantia_nigra_B_1 lib-
rary was from substantia nigra, which is not the
place of glioma arising. The analysis was carried
out under two different cutoff ratio (5-fold change
and twofold change of gene expression) and signif-
icance filter P < 0.05. The UniGene database of
NCBI was searched to obtain the expressed se-
quence tags (ESTs) containing coding regions of
corresponding mRNA. The selected cDMNA clones
were obtained from German Resource Center for
Genome Research (RZPD).

Brain tumor tissue samples were collected from
A.P. Romodanov Institute of Neurosurgery (Kyiv)
under the approval of the [nstitute Review Board.
Surgical specimens of histologically normal brain
tissue adjacent to tumors were used as a source of
normal adult human brain RNA. Northern analy-
sis was performed as described in our previous
works [8, 9] with following probes for hybridiza-
tion: Annexin Al (ANXAIl) cDNA, clone
IMAGpY98L168452; Beta-2-microglobulin (B2M)
cDMNA, clone IMAGP9981211214; CD74 antigen,
invariant polypeptide of major histocompatibility
complex, class Il antigen-associated (CD74)
cDNA, clone IMAGp998P143584; Complement
component 1, g subcomponent, alpha polypeptide
(C1QA) cDNA, clone IMAGp958J19169; HC gp-
39, human cartilage glycoprotein-39 (CHI3LI)
cDNA, clone IMAGpY98P09248; galectin 3
(LGALS3) cDNA, clone IMAGp998A089671;
Sec6l gamma subunit (SEC61G) cDNA, clone
IMAGp998G024700; Secreted protein, acidic, cys-
teine-rich (osteonectin) (SPARC) cDNA, clone
IMAGp998E214660; Serine (or cysteine) pro-
teinase inhibitor, clade A (alpha-1 antiproteinase,
antitrypsin), member 3 (SERPINA3) cDNA, clo-
ne IMAGpP958K06246; and 500 bp long RT-PCR
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product of f-actin mRNA. Hybridization bands
were normalized to B-actin and compared by den-
sitometric analysis of hybridization signals using
the Scion Image 1.62¢c program.

Semi-guantitative RT-PCR with gene-specific
primers was performed on normal brain and brain
tumor RNA samples as described by Rae et al [10].
Equal amounts of total cellular RNA (10 pg each)
were transcribed into cDNA with an oligo(dT)
primer. PCR was performed in 20 pl reaction mix-
ture with cDNA synthesized from 0.5 pg of total
RNA, 2 U Tag-polymerase, 1XPCR buffer, 0.2
mM dNTPs, and 1 pM gene-specific primers;
ABCC3 (for TGTCCCACCTGCACACGTTTG,
rev CGTGTCATTCACCACTTGGGG), COLIAL
(for GTGAACAAGGTCCCTCTGGA, rev CGC-
CATACTCGAACTGGAAT), COL3AI (for TTG-
ACCCTAACCAAGGATGC, rev GTGTGTTTC-
GTGCAACCATC), EGFR (for TGAAAACAGC-
TGCAAGGCCACA, rev ATGGCACAGGTG-
GACACATGG), FMOD (for CCTCCAAGGCA-
ATAGGATCAAT, rev TGCCCATGCCACTTTT-
GAAGTT), MFAP2 (for GTCCAACAGGAAGT-
CATCCCAG, rev GGGGGACTGTCTGTCCTC-
AAAA), CHI3L2 (for GCAGGAACCAGGAAA-
ATTCAC, rev AGGCTTCTCTTGACTGCTTGG).
Thermal cycling parameters were; denaturation at
94 °C, 30 sec; annealing at appropriate tempera-
ture for each primer pair, 1 min; synthesis at 72 °C,
1 min for 30 cycles, followed by a further 7 min at
72 #C. The number of cycles was then decreased
until the PCR product amplification rate was in
the linear phase (27 cycles). Amplified products
were electrophoresed in a 2 % agarose gel.

Results and discussion. Comparison of the pub-
lished results of glioblastoma analysis by ¢ DNA and
oligonucleotide microchips. On May 1, 2006, we car-
ried out a PubMed search and found 73 publica-
tions using the combination of words «microarray
glioblastomas, 87 on sglioblastoma cDNA mic-
roarray», 54 on eglioblastoma gene expression
microarray», and 82 on «glioblastoma oligonucle-
otide microarraye=. After removing redundancies
and irrelevant publications, only 17 of 117 articles
on gene expression profiling in glioblastoma by
microarrays technique where authors compared
gene expression profiles of native GBs and normal
brain or lower grade gliomas and gave the names of
differentially expressed genes, were remained for
further analysis (Table 1).
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Tahle 1
Results of gene expression analysis in glioblastoma by microarray method
At Year of : Type -IJf O-tyof | Q-ty of genes Q—t]: of Cnmpari;u‘ln of
[Reference] putll-]ica- Mame of microchip® mi:cmchu;_! genes on tl'l":l_!:‘kpl‘:!&d described | GB lﬂ‘f‘hu.‘h
tion {cDMNA or oligo) chip inGHB Zencs other tissue
Fuller et al. 1999  Human Atlas cDMNA Expression cDMNA 388 . [ Mormal brain
(1] Array Blot I, Clontech Laboratories
Ing., Palo Alto, CA, USA
Sallinenetal. 2000  Atlas Human Cancer cDNA cDMNA 5BR 17 49 Mormal brain
[12] Expression Array, Clontech Labo-
ratories Inc., Palo Alto
Kimetal [13] 2002 Human Atlas cDNA Expression cDNA 397 " 1 Mormal brain
Array Blots, Clontech Laboratories
Inc., Palo Alto
Razactal. [14] 2004 Human Atlas cDMNA Expression cDNA 388 26 26 GBs with vary-
Array Blots, Clontech Laboratories ing degrees of
Inc., Palo Alto NEecrnsis
Godard etal, 2003 Atlas Human Cancer 1.2 Array, cDMA 1176 239 14 Low grade
[15] Clontech astrocytoma
Somasunda- 005 GeneMap Human Cancer Array, cDMA 1152 s 9 Mormal brain
ram et al, [16] Genomic Solutions Inc.
Rickman «t al. 2001 Hub6800 GeneChip, Affymetrix, oligo GE0D 167 49 Low grade
[17] (Santa Clara, CA) astrocyloma
703 Mormal brain
Markerfetal, 2001 HUGeneFL Array, Affymetrix, oligo 6800 155 355  MNormal brain
[18] {Santa Clara, CA)
Van den Boom 2003 HuGeneFL, Affymetrix, {Santa oligo GRG0 66 dif. 7 Low grade
et al. [19] Clara, CA) expressed astrocytoma
Ljubimova et 2001  UniGEM™V gene microarray, In- cDMA 1 1004 2345 14 Mormal brain
al. [20] cyte Genomics, St. Louis, MO
Tanwar et al, 2002  Human ¥ cDMNA microarray Incyte cDMNA 10000 * 36 Mormal brain
[21] Genomics, St. Louis, MO
Mischel et al. 2003  U95Av2, Affymetrix, (Santa Clara, oligo 10000 90 dif. 3l EGFR+ vs
[22] CA) expressed (EGFR-) GB
Mutt et al. [23] 2003  U95Av2 GeneChip, Affymetrix, oligo | 2600 * 19 Anaplastic Oli-
{Santa Clara, TA) godendroglio-
ma
Migro et al. 2005 U95Av2, Affymetrix, (Santa Clara, oligo | Q000 53 53 Mormal brain
[24] CA)
Freije et al. 2004 HG U335 set, Affymetrix, (Santa oligo 30000 % a4 Between grade
[25] Clara, CA) 1T and IV glio-
mas
Yokota et al. 2006 Homemade array cDNA 25344 54 99 Mormal brain
[26]
Liaw et al. [27] 2000 Homemade array cDNA 26 " L] Mormal brain

N ot e, 2All data are given as they are presented in the original anticles. * Not available from the article.

In spite of different protocols and platforms
used in microarray studies, we made an attempt to
compare the described data and to reveal common
genes with significantly changed expression in
glioblastoma. Table 1 summarizes the characteris-
tics of microchips, total quantity of overexpressed
genes, quantity of described genes, and tissues,
which were compared in these studies.
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Unfortunately, authors present in their articles
only the most prominent differentially expressed
genes, however even comparison of available data
shows quite poor overlapping of genes revealed by
microarrays as it is possible to see in Table 2. Only
limited number of 849 described differentially
expressed in GB genes was identified at least in 4 of
17 investigations with microarray approach, other
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Commaon differentially expressed genes revealed by cDINA-array or oligonucleotide microarray

Gene Fold change of gene expression in GB as compared to NB
ReferencesFull name
symbol pp [z [oan [ost [ oer [ oomn [ sy | sy | r20p ] q2ng | g
AQPI Aquaporin | fwater transport, fon 5.2
channel
CD44 CD44 antigen 2=10
CD74 CD74 antigen Inc
CDK4  Cyelin-dependent kinase 4 =242 »6.2 =5
CDKM3 Cyclin-dependent kinas2 inhibitor >1.6
J (CDK2-associated dual speci-
ficity phosphatase)
CENPF Centromere protein F, 350/400ka >5.7
(mitosin)
CH3L] Canilage glycoprotein-39 »>10 Inc
(HC gp-39)
COL4A1 Collagen, type IV, alpha 1 >746 232  Inc
COL4A2 Collagen, type IV, alpha 2 >11.05
COL6A3 Caollagen, type VI, alpha 3 Inc
EGFR  Epidermal growth factor receptor »3.51 >T8 In
FCGRIA Fo fragment of [gG, low affinity Inc
[1Ta, receplor (CD16a)
FLMA  Filamin A, alpha (actin binding >4 2210
protein 280)
FNI Fibronectin-1 »14.8 »5.16 >114 Inc
GRM Granufin 2210
HLA- Major histocompatibility >295 >1.5
DRA Complex, class I1, DR alpha
HLA- MHC Class [I HLA DE- beta =1.1
DEBI
IGF-1T  Insulin-like growth factor 2 >1.0 >10.3
IGFBP2 Insulin-like growth factor binding Inc  >244 Inc Inc >12.7
protein 2
IGFBP3 Insulin-like growth factor binding 9.6 Inc >1.8 >34
protein 3
IGFBP4 Insulin-like growth factor binding >27
protein 4
IGFBPS Insulin-like growth factor binding 4.6 »1.8 =53
protein 3
IGFBPG Insulin-like growth factor binding >2.9 =210
protein 6
MGP Matrix Gla protein /cartilage con- >3.60

densation, ossification, extra-
cellular
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Continue of fable 2

>4.5
>6.9
>50
»2.4

»2.0

>>10
>>10
<1.3

<<10

»02

Fald change of gene expression in GB as compared to MB and probability
Inc

o | ozl [ st [oosp [ooen [ Joosy [ oosn | 2o [ or2ep | r22) | 231 | 241 [ i2s1 | 1261 | 127]

Inc
>2.99

»2.0
»4.8
>1.6

ReferencesFull name
Transforming growth factor, beta |

TIMP-1 TIMP metallopeptidase inhibitor 1

THNC

Macrophage migration inhibitory
factor (glycosylation-inhibiting

factor)

NMMT Nicotinamide N-methyltransferase

SPARC Osteonectin
Tenascin C (hexabrachion)

symibol

Gene

TGFBI

MIF

E.M. Kavsan, V.V, Dmitrenko, K.0. Shostak et al. ]

overlapped genes were described only in three or
even in two different articles. The poor overlapping
of the results obtained by microarray approach can
be partially explained by different number of genes
analyzed in different works. In particular, the first
Clontech cDNA arrays contained too small sets of
genes. However, even the studies with the same
type of microchips did not show significant repro-
ducibility. For example, Hu6800 GeneChip was
used in three works [17—19] but only one of desc-
ribed genes, TOP2A, was found as common bet-
ween [17] and [19] and other gene, IGFBP4, was
commaon for [ 18] and [19]. The explanation of such
significant differences in obtained results was given
in four recently appeared independent studies
[28—31], which confirmed three persistent cri-
ticisms of the method: that the bewildering array of
platforms and research protocols available can ma-
ke results from different studies hard to compare;
that, in the hands of less experienced labs, home-
made arrays are less dependable than commercial
chips; and that different labs doing the same study
can often get very different results [32].
Determination of glioblastoma-associated genes by
DGED analysis and comparison with published dara
obtained by microarray technigues. SAGE tag fre-
quencies depend largely on the total number of
tags counted [33, 34]. If more tags were counted,
then the tag frequency for each gene would be
higher. In our previous work [8], the comparison of
five GB SAGE libraries with two NB SAGE lib-
raries, which were available that time, has revealed
117 genes with more than 5-fold difference at the
P < 0.05 level. Of these 117 genes, 24 increased
their expression in GBs. Four new GB SAGE
libraries have appeared recently in the SAGE
Genie database., Comparing all nine GB tumor
SAGE libraries with five NB SAGE libraries (cut-
off ratio: 5-fold change, P = .05}, the number of
tags was 129, when gene tags that had no reliable
matches in UniGene clusters, mitochondrial ge-
nes, ESTs, and the lower ranked tag (if more than
one gene tag corresponded to the same UniGene
cluster) were excluded from the list. 44 genes met
the criteria for genes overexpressed and 85 genes
met the criteria for genes down-regulated in tu-
mors (Supplementary Table 1). In this table, the fi-
nal column gives, for each gene (i.e., tag) the over-
all ratio for all of the GB samples, taken together
as a group, to all of the NB samples, at a signifi-

>4.3
Dec

Ine
Ine

w45
=50

»2.55 >49

In
Inc

»2.3
5.4

>B.8
»17.8

Ine

»2.94
Inc

>11L.8
»2.7

Inc

Vascular endothelial growth factor

Vimentin

Sarcin

=22
Synuclein, alpha <0.2
Mote, » — increase of expression, < — decrease of expression, > > 10 — increase of expression more than 10-fold, << — decrease of expression more than 10-fold, Inc —

increased expression in GB compared to WB, Dec — decreased expression in GB compared to NB.

TOF2A  Topoisomerase 11 alpha (170 kD

VEGF
SMNCA

¥im
SRI
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Table 3
Common differentially expressed genes deseribed by Markert et al. [18)] and found by SAGE DGED
Genes found by microarray technigue Same genes revealed by SAGE DGED
Fold of gene
Ideniificr, Ciene name (as il was shown ko oy chan- SAGE Unigene | Gene symbal and T:E
mmh;i by Markert et al. [ 18]} 'ﬁ;"_ﬁi":::cﬂ tag sequence cluster official name Wié;ﬁﬂf .
(D) — decrease
MB95178 Actinin, alpha- (non-muscle) L5 TCCTTCTCCA Hs. 119000 ACTMI Actinin, 697  0.00
P=0.778 alpha 1
D14874 Adrenomedullin 1,7¢1) AAGAGAAAG  Hs. 441047 ADM adrenome- 12,30 0.00
P=0,615 dulin
Uo1691 Annexin V 45l ATACTTTAAT Hs. 145741 ANXAS annexin 927  0.00
P=0.093 A5
U415318 AQP-1 32(D AGCTTTGAAG Hs 76152 AQP] aguaporin = NaMN**  0.00
P=0,339 | {channel-for-
ming integral pro-
tein, 28 kDa)
JO0105  Microglobulin, betal- 2,2(D TTTGATGTAT Hs.534255 B2M Beta 2 mic- 10,40 0.00
P=0203 roglobulin
L21934 Peripheral benzodiazepine receptor > 10(I) GOGOGACGGOG Hs 202 BZRFP Benzodia- 630 000
P=0,047 Zapinge receptor
{peripheral)
M94345 Macrophage capping faclor =104 CTCCCCTGCC Hs.516155 CAPG Capping 1298 (.00
P=0),439 protein (actin
filament}, gel-
solin like
ME36ET MF-IL6-beta 7.3 GCCGCCGTGC Hs 440829 CEBPD CCAAT/ 410 001
P=0,335 enhancer binding
proiein (C/EBP),
delta
Y08374 GP-39 cartilage protein (CHIZLI)  >104(1) GTATGGGOCC Hs 382202 CHIILI Chitinase 66,68 0.00
P=0,038 3-like | {cartilage
glvcoprotein-39)
580562  Acidic calponin 54 ATCAGTGTGA Hs 483454 CNN3 Calponin 1.33 (.00
P=0,09 3, acidic
L47738 Inducible protein 9.0() CTGGTTTCTC Hs. 519702 CYFIP2 Cyto- 013 0.00
P=0,077 plasmic FMRI
interacting pro-
tein 2
X02761  Fibronectin { FM precumsaor) 1L2{l) P=0862 ATCTTGTTAC Hs. 418138 FNI fibronectin 1 2153 0.00
V512 c-fos 1,2(D) P=0846 TGGAAAGTGA Hs.25647 FOS Vios FRI 298 0.00
murine osfeosar-
coma viral onco-
gene homolog
M37400 Cytosolic aspartate aminotransfe-  >10 (D) CACGGACACG Hs.500756 GOTI Glutamic 014 0.0
rase P=0,552 oxaloacetic trans-
aminase |, solub-
le {aspartate ami-
notransferase 1)
Li3266 NMDA receptor | (NRI-1) =10 (D) CCTCGGTCAG Hs 495496 GRINI Glutama- 0 0.00
P=0,006& te receptor, iono-
tropic, N methyl
D aspartate |
L76224 NMDA receptor 2C (GRIN 2C) 1,2 (D) GTGAGGGCTG Hs 436980 GRINIC Gluta- 005 0.00
P=0 R&5 fiate receplor,
[SSN 0564=3783. Humonoeun u zenemurca. 2007 No | 41
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Confinue of table 3
CGenes found by microarmy technigue Same genes revealed by SAGE DGED
Fold of gene
Identifier, Giene name {as it was shown mEL Al SAGE Unigene | Gene symbol and Tag
Accession by Markert et al. [18]) Eﬁ;“j‘lg';:gn Iag sequencs claster official name Ud':::éf Bf| P
(D} — decrease
ionotropic, M me-
thyl Ir aspartate
2C
X62320 Epithelin | & 2 {granulin) =104 P=0,235 GGAGGTGGGG He 514220 GRN Granulin 3198 0.
X00274 HLA-DR alpha heavy chain L5 GGGCATCTCT Hs. 409805 HLA-DRA Ma- 1240  0.00
{MHC class 1) P=0,533 jor histocompa-
tibity complex,
: class 11 DR alpha
M62403 IGFBP-4 2.7 CTGGATTCAC Hs. 1516 IGFBP4 Insulin- 2836 0.00
P=0414 like growth factor
binding protein 4
L27560 IGFBP-5 38 () GATAGCACAG Hs. 369982 IGFBPS Insulin 372 0.00
P=0,151 like growth facto-
rhinding protein
J04111  c-jun proto onco (JUN) clone hCI-1 1.7 TGCTGTGACC Hz525704 JUN Vjun sar- 475 0.00
P=({1,0{2 coma virus 17
ancogene homo-
log (avian)
X5396]1 Lactoferrin =10 (1) P=0,106 GCAAAACAAC Hs.529517 LTF Lactolransferrin NaN*  0.00
X14474 Microtubule-associated tau protein >0 (D) GTAGACTCGC Hs 101174 MAPT Microtu- 0.07 000
p=0,322 bule-associated
protein tau
M 13577 Myelin basic protein (M BF) 10D TCTATTAATA Hs.501262 MBP Myelin ba- 0.04  0.00
P=0,011 sic protein
M55131 CFTR (cystic fibrosis transmemb 1,6 (D) GCCACAAGCA Hs.276808 MGAT3I Manno- 0.1 0.0
conduct reg) P=0,76 syl (beta 1,4 ) gly-
coprotein beta
1,4 M acetyl-
glucosaminyl-
transferase
HG 351 3- Meromyosin, light 1,0(1) P=099 GGTTTACAGA Hs. 190086 MRCL3 Myosin 1401 0.00
HT3707 regulatory light
chain MRCL2
X15306 NF-H I nevrofilament protein 0Dy  GTOGGCGGTGE Hs 198760 NEFH MNeuro- 0.03 001
P=0,005 filament, heavy
palypeptide
200k Da
UD8ED21  Nicotinamide N-methyltransferase =100 GCCAACAACG Hs 503911 NNMT MNicotin- M 0
(NMNMT) P=0,061 amide M methyl-
transferase
U61849 Meuronal pentraxin | (NPTXI) 24 (D) TGGTTCACAT Hs514556 NPTX1 Mewronal  0.03  0.00
P=0,663 pentraxin I
U02020 Pre-B cell enhancing factor (PBEF) =100 GCCTTAACAA Hs489615 FBEFI Pre B cell 1093 0.0
P=0,12 colony enhancing
factor |
X06318  PKC beta-1 =10 (1) TCTGTTATGT Hs460355 PRKCBI Protein 0.03 001
P=0,104 kinase C, beta |
M16447 Dihydropteridine reductase 6.4 (D) GATTGCTGGA Hs.75438 QDPR Quinoid 027 0.00
(hDHPR) P=0,098 dihydroperidine
reductase
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Coniinue of table 3
CGienes found by microarray technigue Same genes revealed by SAGE DGED
Fold of gene
denif/ Ge;: name (s i :alsm{;wa “:g"l';ﬁ:]";";hﬁ'g _ SAGE Unigene | Gene symbol and | o JEE‘GB o
' A 15— it AR soquence cluster icial name NB)
(D) — decreass
DET074  K1AAD237 >10(D) ATTAAAGTCA Hs434924 RIMS3 Regulating (IR} .00
P=0,059 synaptic mem-
brane exocytosis 3
M38591 Cellular ligand of annexin 11 (pl1)  >10(D) AGGACACTTA Hs. 143873 S100A10 5100 1225 0.00
P=0,083 calcium binding
protein A10 (an-
nexin 11 ligand,
calpactin 1, light
palypep-lide (pl1))
J03474  Serum amyloid A (SAA) =10 () CTCOGGGGGAA Hs 332053 5AA1 Scrum MaM*  0.00
P=0,001 amyloid Al
L10338 Ma+ channel beta-| subunit 1,7{D) AAATAAAGAC Hs 436646 SCNIB Sodium 013 0.00
(SCNI1B) P=0.471 channel, voltage-
gated, type I, beta
UT6010  Zine transporter £nT-3 1,9{D) TGTCTGTTTG Hs467981 SLCI0AS Solute 003 001
P=0,233 carrier family 30
(zinc transporter),
member 3
X54673 GATI, GABA transporier Very low level  GTCCAGCCCA Hs443874 SLCEA] Solute 0.07  0.00
exXpression carrier family &
{neura-transmit-
ter transporter,
GABA), member |
D21267 SMNAP25, highly expressed protein - > 10({D) TAATATTAAA Hs 167317 SMNAP2S Synap- 009  0.00
P=0,052 tosomal-associa-
ted pratein, 25kDa
J03040  SPARC {osteonectin 1,3{D) ATGTGAAGAG Hs. 111779 SPARC Secreted 858 0.00
P=0,762 protein, acidic,
cysteine-rich
{osteonectin}
U20758  Osteopontin idn AATAGAAATT Hs.313 SPPI Secreted 14.11  0.00
P=0,06 phosphoprotein
1 {osteopontin,
bone sialoprotein
I, early T-lym-
phocyte activa-
tion 1)
DR7433 KIAAD246 10 (1) P=0,001 CACAGGGAGG Hs 301989 STABI Stabilin 1 292 0.00
SH2024 SCGI0 (neuron-specific growth- 6,5() CTGCGGAGGT Hs. 521651 STMMN2 Stath- 010 0.0
associated prot/ stathmin) P=0,067 min-like 2
L37792 Syntaxin 1A 2,0(D) CAGCAGGGGA Hs 4BR6EI STXIA Symtaxin 0.11  0.00
P=0,351 I A {brain)
D635 UNC-I18 homolog (secl) 2LE{(D) CTTCAGGACC Hs. 288229 S5TXBPI Syntaxin 0.07 0.00
F=0,167 binding protein 1
X06389  Synaptophysin/p3s Mery low level  GTGCAGTGAA Hs 75667 5YP Synapto- 0.02  0.00
CXpression physin
M55047 Synaptotagmin 4.5(D) TTCAGTCTTC Hs.310545 SYTI Synapto- 009 0.00
P=0,07% tagmin |
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Continue of table 3
Genes found by microarray technique Same genes revealed by SAGE DGED
Fold of gene
, " ion chan- . T:
Identificr, Gene name (as it was shown s SAGE Unigene | Gene symbol and fg
Accession by Marker et al. [18]) !‘t':lin_t::;:;:f iag sequemnce cluster official name Gdd:léfﬁr’ P
(D) — decrease
L10373 Clone CCG-B7 sequence =10(D) CCAACAAGAA Hsd41664 TM45F2 Trans- 031 000
P=0,024 membranc 4 su-
perfamily mem-
ber 2
LI49869 LUbiguitin L& (D AAATTCTCTA Hs 356190 UBB Ubigquitin B 14.86 0.00
P=0,149
M27281 Vascular permeability factor 1.9(I) CAGATTATGC Hs. 73793 VEGF vascular 63 000
P=0 642 endothelial
growth facter
D76435 Zic, zine finger prolein >0 (D) TTACAGCTCT Hz41154  ZICH Zic family 0.24  0.01
P=0,0%6 member | {odd
paired homaolog,
Dirosophila)

* The odds ratio uses a simple mathematical formula to provide a measure of the relative amount of a tag in pool of GB SAGE-
libraries to pool of MB SAGE-libraries. **NaN — stands for «not a numbers and occurs when the denominator of the equation is

0, i.e., there are no sequences of a gene in pool NB.

cance of P = 0.05. In the most cases, genes were
overexpressed by more than 10-fold.

Two main questions are critical in such investiga-
tions: above which threshold has the overexpression
of a particular gene to be considered as significant
and relevant and what are the diagnostic, patho-
physiological and therapeutical consequences of
such overexpression? While there is no answer on the
second question for any particular gene, every group
of authors make their own decision. For example,
Lal et al. [34] investigated genes that were differen-
tially expressed by more than 5-fold with P = 0.001;
Loging et al. [35] used the same approach and inves-
tigated genes that changed their expression 10-fold
with P = 0.001. Markert et al. | 18] discussed the pos-
sible participation in tumor initiation and progres-
sion even for those genes that differentially expressed
less than 2-fold with P < 0,05, although they focused
on genes with 5-fold change in expression.
Ljubimova et al. [20] detected by GEM array a total
of about 3,000 genes with changed expression in
GBs. Of these genes, 14 were significantly (with
ratios of = 2) up-regulated and 12 genes were down-
regulated. Selecting a cutoff ratio of less than 5-fold
change would lead to obtain more overexpressed
genes, however, genes exhibiting the high differences
in expression are likely more biologically relevant.
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To compare SAGE results on genes, which chan-
ged their expression in GB with those obtained by
microarray technique, the expression factor 2 and sig-
nificance filter P = 0.05 were chosen because these
parameters were used mostly in the microarray analy-
ses. The comparison of the pools of 9 GB SAGE-
libraries and 5-NB SAGE libraries has revealed 1,303
tags. Most part of the matching transcripts corre-
sponded to characterized mRNA sequence entries,
whereas 253 tags matched uncharacterised ESTs.
When genes with no tags and tags that matched mul-
tiple genes were excluded, more than 2-fold differ-
ences of the expression were shown for 676 genes,
of which 316 genes were determined as overex-
pressed.

The most detailed description of data, obtained
by microarray analysis, was given by Markert et al.
[18]. We compared their data with our SAGE
results and revealed 51 common genes (Table 3).
Conversion from gene names to tags, or from tags
to genes was performed at the SAGEmap site
{(http://www.ncbi.nlm.nih.gov/SAGE/). To col-
late SAGE tags with GeneChip probe sets repre-
senting GenBank accession numbers, GenBank
accession numbers were converted into UniGene
clusters. Several genes had a good reproducibility
by both methods. For example, expression of
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human cartilage glicoprotein (HC gp-39) gene was
increased more than 10-fold (P = 0.038) according
microarray analysis and tag odds was 70.92
according SAGE. However, probability level P =
= (1.05 was obtained by Markert et al. [18] only for 10
of these 51 genes and there was no good correla-
tion for several other genes with P > 0.05 between
two methods. For example, tag odds for FN1 gene
was 21.96, but in microarray analysis, its expres-
sion level was increased only in 1.2-folds (P =
= (1.862). Moreover, for several genes (PKC beta-
I, SPARC and UBB) the results of microarray
analysis are in contrary to SAGE: decreasing of the
expression instead of increasing and vice versa.
Comparison of our SAGE results on overex-
pressed in GB genes shows only 3 common genes
of 6 genes described by Fulleret al. [11], 8 of 49 by
Sallinenetal. [12], 1 of 10 by Kim et al. [13], 12 of
34 by Godard et al. [15], 3 of 6 by Somasundaram
et al. [16], 10 of 49 by Rickman et al. [17], 51 of
3155 by Markert et al. [18], 6 of 7 by Van den Boom
etal. [19], 12 of 14 by Ljubimova et al. [20], 4 of 36
by Tanwar et al. [21], 12 of 3] by Mischel et al.
[22], 2 of 19 by Nutt et al. [23], 27 of 53 by Nigro
et al. [24], 19 of 44 by Freije et al. [25], 11 of 99
genes described by Yokota et al. [26], and 2 of § by
Liau et al. [27]. Alltogether, 105 of 849 described
genes were overlapping in comparison with our
results obtained by SAGE (Table 4). As it is possi-
ble to see, the main problem in evaluation of
results obtained by comparison of gene expression
in glioblastomas and normal brain samples is the
lack of available data from each paper. The reason
of poor overlapping of genes revealed by microar-
rays apparently is due to methodological artefacts
(e.g. different gene numbers placed onto chips,
poor quality of synthesised total cDNA probes or
high background of hybridization patterns, prob-
lems with house-keeping gene controls, etc.) as
well as to biological reasons (e.g. heterogeneity of
molecular mechanisms of glioblastoma forma-
tion). A very big problem is the obtaining of nor-
mal brain samples. Mostly often, surgical speci-
mens of histologically normal brain, adjacent to
the tumor, are used as the source of NB RNA,
however they can be considered as a normal con-
trol only with seme precautions: gliomas are infil-
trating tumors and scattered tumor cells are pres-
ent far away from the dense tumor area removed

during surgery.
[5SN 0564—3783. Humonozus u sewemuxa. 2007 M [
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Table 4

Common differentially expressed genes found in this work and
by microarray analysis or SAGE (published data)

Gene , Tag Odds References
symbal SALHE {GB/NB) | Microarray | SAGE
ABLIMI CTTGTGTGTA 0.21 19
ANXAL*Y  AGAAAGATGT 21.43 24 34, 35
AMNXAS ATACTTTAAT 835 18, 24
APOCI* TGGCCCCAGG 960 M
ADPI ACTGTCGCCA MaN 18, 24
B2M* GTTGTGGTTA 10.235 18, 26
BASPI TCCGTGGTTG 016 22
BZRP GAATTTTATA 6.37 I8
CA2 ATTTCAAGAT MaM 17
CAPG CTCCCCTGCC 13.72 I8 34
CCNDI AAAGTCTAGA 5.83 22
CCND2 ATATAGTCAG 4.05 22
C44 AAGATTGGGG I1.4% 24
CD74* GTTCACATTA 10.29 23 4
CDa9* GOATGTGAAA .78 22
CDE4 GAAGGAAGAA 6.86 17, 22
CEBPD GCCOGCOGTGO 4.12 18 34
CHI3L]* GTATGGGCCC  T70.92 I8, 21, 24 34, 36
CHI3L2** TGGGATTCCC MaMN 15 34, 36
CHNNMN3 ATCAGTGTGA 742 I8
COLIAZ GTTCCACAGA 38.09 24
COL3AI** GATCAGGCCA NaMN 24
COL4Al GACCGCAGGA 4,35 19,20, 21 37
COLeAl TTGCTOGACTT T.26 ]
COL6A3 ACTTTAGATG MaM 21,25
CTGF TTTGCACCTT 2.95 20
CYFIP2 CTGGTTTCTC 013 I8
DM ACTTATTATG 9.26 25
EGFR** AGTACCTTAT 5536 15,20,22, 24
EMP3 COACGAGGAG 4.77 24
FCGR2A TAAGTCTATA MNaM 24
FCGR3B GTAATAAAAT 11.32 24
FCGRT CTGTGAGACC 6.52 15
ENI ATCTTGTTAC 2196 12,15, 18, 34,
M0,21,24,25 36
GBP1 GGCAGGAGTA  NaN 24
GIAL TGTTCTGGAG 368 19
GOTI1 CACGGACACG 014 I8 34
GRIMI GCCOCAGCTG 0.01 I8 4
GRN GOAGGTOOGOGO . 4.09 18, 27
HLA-DRA* GGGCATCTCT 12.71 i4, 16
HMOXI COGTGGOTGGG 853 27
IGFBP?* GCCTGTACAA  7.72  11,1213,15,
17, 24, 25
IGFBP4 ATGTCTTTTC 29.16 18, 19,25
IGFBPS* GATAGCACAG 4.08 12, 18, 20
JUN CCTTTGTAAG 4.80 15, I8
LGALS3* TTCACTGTGA 12.04 24, 25
" LOX TATGTATTTC” NaN 25
LTF* GCAAAACAAC MNaM 3 34
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™ V.M. Kavsan, V.V, Dmitrenko, K.0, Shostak et al. s
Continue of table 4 Continue of toble 4
References Gene Tag Odds |  References
S}G'n‘:gl SAGEE tre :;aasﬁ?h}; Microarray | SAGE symbol SAGE tig (GB/NB) Microarsay | SAGE
MAL2  ATGAAAAGAA 0.9 25 18, 20, 22,
m:};? ;ﬁfggggg g:? :: VIM*  TCCAAATCGA 593 12 152?5,2245} 23,24
MBP* TCTATTAATA 005 18,22, 26 VSNLI  TGAAAAGTAA  0.12 25
MDK  CCCTGCCTTG 2573 17 kot b o o i o M
MEST  CTGAATGTAC 2505 17 ZIC1 TTACAGCTCT 026 18
MGP GTTTATGGAT 1287 19,25 36 N GIGCEANORT, a3 12
MOBP CAAAAMAGTTA 0.04 20
NEFH CCGAATGCCA 0.06 18 Note. Parameters of DGEG analysis: total tags in Pool GB:
NNMT GOCAACAACG 2625 18,24 34,35 791621, total tags in Pool NB:271584. F (expression factor):
NPTX1 AATTGTTGAG 0.04 18 34 X, P (significance filter): < 0,05, NaN stands for «not a num-
NRGN* TGACTGTGCT .04 17, 26 bers and occurs when the denominater of the equation is 0,
NTREK?Z GAAAGTCTCT 0.05 75 i.e., there are no sequences of a gene in pool NB. Genes, ana-
PACSINI  ATTGTGTAAT 0.01 25 lyzed by Morthern, marked by *, analyzed by RT-PCR —
PBEFI  GCCTTAACAA  10.18 18, 24 marked by **.
PLPI CATACATACA 0.28 20, 22
5‘?’?&21 %mﬁgc gg‘: 232 4 Comparison with published results obtained by
QDPR GATTGCTGGA™ 0.7 18, 76 SAGE. As of May 2006, using the combination of
RIMS3  ATTAAAGTCA 0.11 I8 words «SAGE and glioblastomas we found only 10
RPL27A  GAGGGAGTTT  2.34 a7 publications. Evidently, the application of SAGE
RPL39  TTACCATATC 5.98 2 to the field of gene expression profiles for glioblas-
g}ﬁﬂ?‘ :fg.?g?:fgg ﬁasj ;g toma tumor and glioblastoma cell-culture is just a
SAA] ATGTGTAACG  NaN I8 % beginning. The first SAGE analysis of GB com-
SAT TITGAAATGA 211 2% pared two GB SAGE libraries vs. two NB SAGE
SEC61G* GCAACAGCAA 1648 24 353 libraries and showed that 1.0 % (471) of the tran-
SEPT4 CCGGCCCCTC  0.06 20 scripts had more than a 5-fold (P < 0.001) of the
SNAP2S  TAATATTAAA 0.08 18 47,174 unique transcripts expressed in these two
SNCA AMACTATGCA 0.14 25 . 7
SNCB AATAAAGCTA 0.06 25 tissues [34]. Soon after this work, SAGEmap data-
S04 TCAAGTTCAC 5.97 24 base was chosen by Loging et al. [35], who revealed
SPARC* ATGTGAAGAG £.35 12,18 34,35 76 genes (0.16 %) as overexpressed in glioblas-
5PPI AATAGAAATT 13.67 18,27 34 tomas to the order of 10-fold or more and with P
STABI ~ TCACCAAAAA  20.85 18 36 values <0.001. Again, authors mention only select-
g&'}gﬁ gprgm% g' En; , 3' 31 " ed genes with a distinct difference in transcript lev-
SYTI TACCCTTCTG 0.00 |3:25 34 els between NB and GB samples. Three of dis-
SYT5 .+ CTGGCCAACC  0.03 2% cussed genes were described previously by Lal et al.
TGFBI GTGTGTTTGT 570 17, 24 [34]. Using the search tool DGED provided by the
TIMP2 TCTCTGATGC 280 12 SAGE Genie database and the same 5-fold cutoff
TMSB4X  TTGGTGAAAG  20.24 27 ratio for the comparisons of each gene, with a con-
iﬁéﬂ 2 ﬁ?ﬁ%ﬁﬁ |U|:|-|3321 IS! E:;ﬂzf’? . comitant statistical likelihood of P = 0.05, we
TNFRSFIA TTACACTAAT 1184 12 : found only 33 differentially expressed trancripts
TOP2A GTGCGGAGGA  NaN 17,25 36 when comparing pools of the same GB and NB
TPTI TAGGTTGTICT 231 27 SAGE libraries used by Lal et al. [34] and Lodging
TYMS ATGTAGAGTG ~ NaN 17 36 et al. [35]. Such large discrepancy in the number of
TYROBP AAGCACAAAA 6.47 15 genes that are over- or underexpressed in one sam-
‘?éfMI g$:£%igﬁ Eﬂﬁ tg ple relative to another at a given significance level
can be explained by a very high dependence on the
statistical methods used.
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Fig. 1. Analvsis of ANXATL B2ZM, CI10QA, and SEC61G genes expression in glial tumors. Northern hybridization of RNA
panel with ¥P-labelled ANXAIT {A), B2M (B), C1QA (C), SEC61G (D), and control B-actin (E) cDNA probes. Tissue and
tumaor types are indicated above each lane of the blot, numbers are the conditional numbers of RNA samples, GB — glioblas-
toma, AA — anaplastic astrocytoma, A — astrocytoma, OA — oligoastrocytoma, AQ — anaplastic astrocytoma, NB — human

normal brain. (F) — ethidium bromide stained agarose gel. (G)

Boon et al. [36] selected tags with at least a ten-
fold overexpression in gliomas, Despite the high
heterogeneity among tumors, a small set of genes
was consistently observed at high levels in more
than a third of each grade of astrocytoma. Authors
presented the list of |8 selected highly expressed

ISSN 05643783, Humonoeun u eenemura, 2007 No |
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— bar graph showing relative expression level of genes

genes in GB, only six of them were described pre-
viously by Lal et al. [34], and one gene (SEC61G)
was described by Loging et al. [35]. Using Long
SAGE libraries that contain 17 bp tags, Madden et
al. [37] revealed 122 genes, which were induced
{4-fold induction ratio) in the glioma endothelial
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Fig. 2. Analysis of HC gp-39 and CID74 genes expression in glial turmors. Monhern hybridization of RNA panel with 2P-
labelled HC gp-39 (A), CD74 (B), cDNA, and control f-actin (C) cDNA probes. Tissue and tumor types are indicated
above each lane of the blot, numbers are the conditional numbers of RNA samples. GB — glioblastoma, AA — anaplastic

asirocytoma, A — astrocytoma, MB — human normal brain. { ) — ethidium bromide stained agarose gel. (E) —

showing relative expression level of genes

cells. These 122 genes were narrowed to 14 by ap-
plying additional statistical filters. Authors analy-
sed gene expression in endothelial cells that may
be an explanation, why only one gene (COL6AZ)
was common with SAGE data of other authors.
Comparison of 74 genes obtained by SAGE and
described in four cited articles [34—37] with
results of DGED analysis, which we performed on
9 GB and 5 NB SAGE libraries from SAGE Genie
showed 32 common genes for F (expression fac-
tor): 5X and P (significance filter): 0.05, and 54
common genes for F; 2X and P: 0.05. The fact that
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bar graph

not all 74 mentioned genes were revealed by DGED
can be explained by different sets of libraries ana-
lysed in different works: Lal et al. [34] and Loging
et al. [35] analyzed two GB and two NB SAGE
libraries, Boon et al. [36] compared the pool of
same GB SAGE libraries as we did, but to the pool
of 5 NB SAGE libraries they added libraries of
substantia nigra, pediatric cortex, and normal
leukocytes. Loging et al. [35] and Boon et al. [36]
gave genes only with increased expression in GB
but did not discuss genes with down-regulated
expression. In addition, the obtained differences
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Fig. 3. Analysis of LGALS3 gene expression in glial tumors. Northern hybridization of RNA panel with P-labelled
LGALSI cDNA (A) and control B-actin (B) cDNA probes. Tissue and tumor types are indicated above each lane of the
blot, numbers are the conditional numbers of RNA samples. MB — human normal brain, A — astrocytoma, AA — anaplas-
tic astrocytoma, GB — glioblastoma. (C) — ethidium bromide stained agarose gel. (D) — bar graph showing relative

expression level of gene

may be explained by high dependence on the sta-
tistical methods used.

Apparently, the best solution of the problem is
to compare all available data and to select only
those genes, which significant expression in tumor
combined with no detectable expression in normal
tissues was reproduced in several articles. Because
of the potential problems with normalization and
other possible errors, it is best to base the decision
to proceed with investigating a candidate tumor
marker only on absolute differences in expression
between tumor and normal tissues and not on
small ratios of change | 36]. After a gene expression
profile has been obtained on a set of RNA samples
the expression differences need to be confirmed
and it is often useful to determine if the observa-
tion is repeatable in independent samples [38].
Morthern blotting has been the gold standard for
gene expression analysis for many years. To assess
the reliability of expression patterns, we arbitrarily
selected ten differentially expressed transcripts and

TSN 564—3783. Humoaoeun u cenemuca, 2007, Ne |
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evaluated them by MNorthern blot analysis, also
allowing detection of alternative transcripts when
their expression level was sufficient. Expression
patterns were usually reproducible between differ-
ent samples of independent set of tumors and nor-
mal tissue: genes with elevated expression in
glioblastoma relative to normal brain as deter-
mined by SAGE, were detected in the most of GB
samples and were expressed at considerably lower
levels in the most samples of normal brain (Fig.
1—6). Differences in expression between individ-
val tumors, exhibiting either high or low amounts
of individual transcripts, undoubtedly contribute
to the observed heterogeneity in the biological
properties of glioblastomas.

When gene expression levels were too low to
detect by Northern analysis, we used semiguanti-
tative RT-PCR and confirmed increased expres-
sion of ABCC3, COLIAI, COL3Al, EGFR,
CHI3L2, FMOD and MFAP2 genes in 30-80 %
GBs (Fig. 7). In other investigations, real-time
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Fig. 4. Analysis of SERPINAJ gene expression in glial tumors. Northern hybridization of RNA panel with *P-labelled
SERPINAI cDNA (A) and control f-actin (B) cDNA probes. Tissue and tumor types are indicated above each lane of the
blot, numbers are the conditional numbers of tumor or normal tissue samples, NB — human normal brain, A — astrocy-
toma, AA — anaplastic astrocyloma, GB — glioblastoma, NRB — neurolastoma. (C) — ethidium bromide stained agarose

gel. (D) — bar graph showing relative expression level of gene

PCR was used to confirm the results obtained by
microarray analysis for BMP2, DLL3, HDAC4,
EDNREB, IP3K, RGS4, SYTI1, VSNLI, MET,
TOP2A, IGF2, CDC2, COL6A3, IGFBP4, LOX,
THBSIgenes [25] and SAGE results for ABCC3,
ANXAI|, GPNMB, NMB, NNMT, SEC61G [35],
AQP1, TYMS, TOP2A, ABCC3, SAAL, CHI3L2,
NMB, and MGP genes [36].

The confirmation of microarray or SAGE
results on the protein level is advantageous, when
the endpoint is knowledge of protein levels rather
than mRNA levels. Unfortunately, expression
changes on protein level were analyzed in reviewed
publications with SAGE only for 3 genes. TOP2A
and AQP1 were revealed in more than a half of
GBs by immunohistochemistry [36]. Elevation of
YKL-40 (CHI3L1) in 65 GBs was shown by
Western blotting and as detected by ELISA analy-
s5is, YKL-40 was on substantially higher levels in
serum of many GB patients [21]. We compared the
production of YKL-40 protein in GB and NB by
Western blotting and found much more higher
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level of the expression of YKL-40 in GB than in
oligoastrocytoma, adult NB, fetal brain and fetal
liver (Fig. 8).

Besides, we revealed larger sizes of YKL-40
bands in all three GBs analyzed in addition to 39
kDa protein described for the chondrocytes and
synovial cells [39].

Conclusions. In this work we intended to find
the overlapping genes with significantly enhanced
expression in glioblastoma comparing the results
of different scientific groups and obtained by two
modern techniques — microarray-based hybridi-
zation and SAGE.

Unfortunately, authors present only the most
prominent differentially expressed genes as com-
pared to normal brain, but even comparison of
available data shows quite poor overlapping of
genes revealed by microarrays. The comparison of
microarray analysis with SAGE showed more
overlapping genes changing their expression in GB
than between results obtained by microarrays due
to the higher sensitivity of SAGE that permits to
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Fig. 5. Analysis of SPARC gene expression in glial tumors. Nonhern hybridization of RNA panel with YP-labelled SPARC cDNA
(A) and control B-actin (B) cDNA probes. Tissue and tumor types are indicated above each lane of the blot, numbers are the con-
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reveal the differences even for rare transcripts.
However, even the results of SAGE described in
different articles are not completely reproducible
that can be explained at least partially, by a high
dependence on the statistical methods used.
Apparently, the best solution of the problem in
searching GB markers is to compare all available
results and to select only those genes, which signif-
icant expression in tumor combined with no
detectable or very low expression in normal tissues
was reproduced in several articles. 105 differential-
ly expressed genes, common to both methods, can
be included in the list of candidates for the molec-
ular typing of GB. Northern analysis and semi-
quantitative RT-PCR of arbitrarily selected differ-
entially expressed transcripts confirmed this result.
Some genes, encoded cell surface or extra-cellular
proteins may be useful for targeting gliomas with
antibody-based therapw.
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PEIROME. Ins BMABIGHHA MapeepiB raioGnacToMH
MH MOPIBHANTH CKCMPECci NeHIB B riobnacToMi 1 Hop-
MATBHOMY [MONOBHOMY MO3KY, BHKOPHCTOBYOMH Bel-caliT
SAGE Genie, i cniscTaBHid OTpMMAHI pEIVNLTATH 3
onvonikosaHumMr ganumu. Jdesnte SAGE-DibnioTex
rniobnacrom # n'AaTe SAGE-GiGnioTek HOPMANBHOTO -
MOBHOID MO3KY D¥IH NpoaHanizoBaHl 3 BHKOPHCTAHHAM
nporpamu Digital Gene Expression Displayer (DGED),
pesynsTatH DGED Gynu nepesipeHi HO3epH-riGpuag-
sauieto | 3IT-TUIP aopinkHo piniGpannx renie. Obzop Ha-
SBHHX JaHMX i3 cratell no npodimoBaHHK eKcnpecii
reHis riGpHAM3ALIEID MHKPOYHTIB NokKa3an 33 saransinx
redin i3 ninuiieHoo ekcnpecieto B rnioGractomi. Jdesxi 3
HHX OYNH BHABIEHI B YOTHPEOX poDOTax, ooHAK
GiablicTs reHip aHAHAEHO TINLKKW B TPLOX abo HaBiThH B
ABOX AOCAIMEeHHAX. € BIOMIHHOCTI | B PE3yABTATAX
AOCHiI#eHE 3 BUKOPHCTAHHAM TexHikm SAGE. Merton
DGED pusignp 676 nadepeHuifiHO eKCNpecynyHx reHin
3 MOHAL ABOKPATHOW 3MIHOW ekcnpecii B rniobaacTomi Ta
P = 0.05, Juepenuiiiva exkcnpecia minibpanux renis,
suasneHny DGED, Gyna ninTeepmxena HoZepH-ribpHIm-
sauiew i 3T-IJP Beworo Tineko 105 3 955 rewis, npenc-
TAEAEHWX B onyGnikosaHux poborax, OynM cepel redie,
anaitacHux DGED. lMopignaHda pesynwTatis adanisy
Mikpounnie i SAGE yrpviHeHe THM, WO ABTOPH NOKATY-
HOTh TUIbKH HAHDUIbIL penpeIcHTATHBHI MeHl, o nHdge-
PEHILIHHO EKCIPECYIOTECA, OIHAK HABITE HAAEBHI 1aHi No
aHaniay MiKpouMnie Noraso NepexpHBANTLCA MiM Co-
Bow. Jeakl BIAMIHHOCT] MK PEIVABTATAMM, OTPHMAHHMH
SAGE B pizHHX DOCNiIMEHHAX, MOXYTE OVTH NOSCHCHI
BHCOKOK JAIEKHICTIO Bl CTATHCTHYHMX PO3IpaxyHKIB,
110 BHEOPHCTOBYIOTHCA. Hafainmwmum pilleHHAM NpH no-
WYKY MOTMEKYTAPHHY NYXTHHHAX MapKepiB 3apail Moxe
BYTH cNIBCTARNEHHA BCIN HAABHMX 1AHUX TA BiNOIp TiNbKH
THX TecHIB, ICTOTHA CKCMOpEecia SKHX B NOyXIMHax
KOMBIHVETECA 3 AYAE HH3LKHM piBHEM eKcrpecil B Hop-
MANLHIA THKAHHHI | PENPOIYKVETRCA B KUIBKOX podoTax.
JaransHi WA Apox MeTodin 105 reHis Mo®YTE GYTH BKIO-
YeHI B CNHCOK KAHOMIATIE 1A MONEKYNAPHOTO THITYBAH-
Ha rnicbnactom. [eski rewn, wo xoaywore Ginkn no-
BEPXHI KNITHH ab0 eKCTPaKAITHHHI BLIKH, MOXYTE BYyTH
MILIEHAMH NPH IMYHOTEPAMIT FTIoM.

PEIFOME. [Ing BLIABNEHHA MAPKEPOB MHOGIACTOME
Mbl CPABHIIH SKCT PECCHIO NEHOR B TIHOGNACTOME W HOD-
MAJLHOM TONOBHOM MO3rE, Hononbdys BaG-cait SAGE
(Genie, H CONOCTABHAH NONYYEeHHEE PeIVILETATH C OMyD-
IHKoBAHHEMH ganHsiMi, Jesare SAGE-oubnmoTex rnu-
obaacToM W naTk SAG E-GHDNMOTEX HOPMATEHOTD FON0E-
HOMD MO3Ta BEITH NPOAHATHIHPOBAHB C HCTIONBIOBAHMEM
nporpammel Digital Gene Expression Displayer (DGED),
pesyneTatet DGED Guinm nposepeHBl HOZCPH-THOpHIK-
saumeil w OT-TIUP npouisoneno oTobpaHHBIX TEHOB.
OGSOD HMEKMIIHXCA JAHHKX W3 CTATEH MO npﬂthHﬂHpDBﬂ-
HHK JIKCMPpecCHW FeHOB Nﬁplﬂl“mlﬂlﬂﬁ' MHEKPOYHMTOR
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Comparison of microarray and sage tecknigues in gene expression analysis of hurman gliohlastoma ad

nokaian 35 oDl reHon © NoBRIEHHOH 3KCTpeccHell B
ranobnacToMe, HekoTopbie H3 HHX OLUTH BLIABIEHH B Ye-
Thipex palfoTax, onHako GONBIIHHCTED reHoB obHapyke-
HO TONBKO B TPEX MM 1aXe B 1BYVX MccienopaHuax, Hwe-
FOTCA PamiH4YMA W B Pe3yasTaTax HccneloBaHHil
HCHOAb3oBAHKEM TexHHKH SAGE. Meton DGED Bwia-
BHA 676 ardubepeHUIHATEHG IKCNPECCHPYIDUIHXCA TEHOR
¢ Bonee 4em NBYKPATHBIM MIMEHEHHEM IKCTIPECCHMH B
rawobnacroMe W P < 0.035. dudupeperunantHan akcnpec-
cHA oToDpaHHBIX TeHOB, BLABNeHHHX DGED, Gwmna
NOATEEpAIEHA HoZepH-THOpHIHaaunel 0 OT-TTLLP. Bee-
ro TonsEo 105 ua 935 revor, npeacTapneHHBX B ONyGoaH-
KOBAHHLIX palorax, OMAW cpemd reHob, ODHApYAEeHHbIX
DGED. Cpasxenne pesvisTaToR aHATHIA MHKPOYMIOR H
SAGE 3aTpynHeHO TeM, 4TO ARTORLI MOKAILIBAKT TONLKO
HauboIee NPEICTABMTENLHEE AHKDePEHIIHANEHO JKCTIPeC-
CHPYIOMUHECH IMNEHE, OIHAKD MaXEe HMCKLIIHECH DaAHHBIE
MO AHANHIY MHEPOUMINOB NAOX0 NEPEKPBIBAKTCA MERIY
coboil, HekoTophie paziiiMA MeXy PezyibTaTAMH, No-
aydeHHEIMH SAGE B paznduHpx HCCHEIOBAHHAX, MOTYT
GBITE 00BACHEHE] BRICOKOH 3IARHCHMOCTRID OT HCMONBYYe-
MBIX CTATHCTHYECKHX DACYETOR. HE.I-'LI'I}"-IIJ.!]-'IM PEIUEHHEM
NPH NOHCKE MONEKYIHPHEX ONYXOIEERX MApKepos ceii-
HAC MOKET ﬁHTb CPABHEHHE BCCX HMERLLIMXCH JAHHBIX H
oTOOP TONBKO TEX TEHOR, CYILECTBEHHAA IKCTIPECCHA KO-
TOPRIX B ONYXOAAX KOMOWHHPYETCA ¢ OMEHB HH3IKHM
YPOBHEM IKCIPECCHE B HOPMANEHOH TKAHK W peEnpoay-
LUMpYeTcH B Heckonkkux pabotax. OGUHe 08 ABYX MeTO-
pos 105 reHoB MOryT DRITE BEIIOYCHE B CITHCOK KaHIMIa-
TOB LA MOJCKYNAPHOIO THNHPOBAHWA I'J'!HII'.'Iﬁ.I'Iﬂ.ETDM.
HekoTopre reHbl, KOOAHPYIOUIHE GenkM NOBEPXHOCTH
KAETOK HIH IKCTPAKNETOMHBIE BENKH, MOTYT BhITh MHILIE-
HAMH MPH HMMYHOTEDATIHH FAHOM.
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