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Pub lic da ta base of Se rial Anal y sis of Gene Ex pres sion (SAGE) was used for iden ti fi ca tion of po ten tial hu man astrocytic
glioma mo lec u lar mark ers. The com par i son of nine glioblastoma SAGE-li brar ies, eleven anaplastic astrocytoma SAGE-li -
brar ies, eight dif fu sive astrocytoma SAGE-li brar ies, and five nor mal hu man brain SAGE-li brar ies re vealed 57 genes with
more than 5-fold in crease of ex pres sion in astrocytic gliomas (P#0.05) com par ing to the nor mal hu man brain. Be sides the
genes ex pres sion changes which oc cur at the early stage of astrocytomas for ma tions and are re vealed also dur ing the sub se -
quent stages of pro gres sion, some changes are char ac ter is tic only of highly ma lig nant stages of tu mor de vel op ment while
they are ab sent in the tu mors of low stage of ma lig nancy. The anal y sis of re vealed genes ex pres sion can be used for glial tu -
mor mo lec u lar clas si fi ca tion, di ag no sis, prog nos tic eval u a tion and de ter mi na tion of po ten tial tar gets for anticancer
therapy.

Key words: SAGE, dif fer en tial ex pres sion, astrocytic glioma, mo lec u lar mark ers.

In tro duc tion. Ma lig nant gliomas, the most widely spread
pri mary tu mors of a hu man brain, are char ac ter ized by
their con sid er able aggressivity, high in va sion, and neu ro -
log i cal de struc tion. The ma jor ity of gliomas (up to the half
of all intracranial tu mors) is com prised of astrocytic
gliomas, hu man brain macroglia neoplasms. The tu mors

prog ress through the stages of in creas ing ma lig nancy, as so -
ci ated with ge netic anom a lies ac cu mu la tion on dif fer ent
chro mo somes and gene ex pres sion changes. WHO [1]
clas si fi ca tion is based on cer tain histological tu mor cell
prop er ties and histological di ag no sis is a ba sic cri te rion for
prog nos tic eval u a tion and ther apy. The ef forts di rected to -
wards es tab lish ing cor re la tion be tween a ge no type and a
phe no type of glial tu mors did not come to uni va lent re -
sults. For ex am ple, gene p53 mu ta tions (a dis tin guish ing
fea ture of dif fu sive astrocytomas, che mo ther apy sta ble)
and the loss of heterozygosity (LOH) on 1p and 19q chro -
mo somes (dis tin guish ing fea tures of oligodendrogliomas,

38

ISSN 0233-7657. BIOPOLYMERS AND CELL, 2006, VOL. 22, ISS. 1. TRANS LATED FROM UKRAI NIAN

Ó V. V. DMYTRENKO, O. I. BOYKO, C. O. SHOSTAK, O. E.  

SYMYRENKO, T. V. BUKREYEVA, V. D. ROZUMENKO, T. A.

MALYSHEVA,   M. I.
 
SHAMAEV, Y. P.

 
ZOZULYA

1
, V. M.

 
KAVSAN,

2006

BIOMEDICINE



which are as so ci ated with their sen si tiv ity to che mo ther apy 
and better prog no sis) were dis cov ered in astrocytomas, as
well as in oligodendrogliomas [2]. The con clu sion of an -
other work based on astrocytomas and oligodendrogliomas 
ge netic anal y sis was that ge netic changes (p53 gene mu ta -
tion and LOH on 1p and 19q chro mo somes) can not be ac -
cepted as trust wor thy prog nos tic fac tors.

With the ad vent of cDNA-microarrays,
oligonucleotide chips, Dig i tal Dif fer en tial Dis play
(DDD), and Se rial Anal y sis of Gene Ex pres sion (SAGE) it 
be came pos si ble to iden tify genes, whose ex pres sion is
chang ing at var i ous dis eases. These tech nol o gies al low
iden ti fy ing not only sin gle genes but gene clus ters that
char ac ter ize gene ex pres sion pro files in norm as well as in
dis ease. The dif fer ences in gene ex pres sion lev els may be
used not only for tu mor clas si fi ca tion and prog no sis of
med i cal treat ment re sponse but also for mul ti ple mark ers
iden ti fi ca tion for early can cer di ag nos tics [4].

There fore, mo lec u lar astrocytoma and
oligodendroglioma sub types of the 2nd-4th ma lig nancy de -
grees, pos sess ing sim i lar LOH 1p and 19q sta tus, but dif fer -
ent in gene ex pres sion pro files which cor re late with cer tain
clin i cal fea tures of these tu mors, were iden ti fied in works
on glioma gene ex pres sion pro fil ing with dif fer en tial hy -
brid iza tion cDNA-microarrays[5] and oligonucleotide
microarrays[6].

It was also es tab lished that the ex pres sion of a rel a tively 
small quan tity of genes was dif fer ent in ma lig nant and nor -
mal tis sues. The dif fer ences in these genes ex pres sion can
re flect the im por tant changes in such crit i cal pro cesses as
cell pro lif er a tion, proteasomal func tion, en ergy me tab o -
lism and sig nal transduction. How ever, con sid er able het -
er o ge ne ity of glial tu mors and a great num ber of ways of
their de vel op ment de mand fur ther in ves ti ga tion. We have
an a lyzed gene ex pres sion in astrocytic gliomas of the 2nd-4th

ma lig nancy de grees and nor mal hu man brain us ing SAGE
to iden tify genes that may be used as glial tu mors mo lec u lar 
mark ers. The fol low ing re sults dem on strate that ap prox i -
mately 60 genes are ex pressed on a sig nif i cantly higher level 
in astrocytic gliomas in com par i son with nor mal hu man
brain. Dis cov ered genes are po ten tial mark ers for glial tu -
mors mo lec u lar clas si fi ca tion, di ag no sis, prog nos tic eval u -
a tion and antitumor therapy.

Ma te ri als and Meth ods. Nine glioblastoma SAGE-li -
brar ies (GB, astrocytomas of the 4th de gree by WHO clas si -
fi ca tion), eleven anaplastic astrocytoma SAGE-li brar ies
(AA, astrocytomas of the 3rd de gree), eight dif fu sive
astrocytoma SAGE-li brar ies (A, astrocytomas of the 2nd

de gree), and five nor mal hu man brain SAGE-li brar ies
(NHB) were an a lyzed to com pare gene ex pres sion us ing
the DGED search pro gram (Dig i tal Gene Ex pres sion

Displayer) and the SAGE Ge nie da ta base
(http://cgap.nci.nih.gov/SAGE). Tak ing into con sid er -
ation the sam ples com bi na tion in some SAGE-li brar ies
(GSM765 is a pool of 5 glioblastomas, and GSM763 is a
pool of 2 sam ples of nor mal hu man brain), ac tu ally the
anal y sis of 13 GB and 6 NHB sam ples was car ried out (Ta -
ble 1). The Unigene NCBI da ta base
(http://www.ncbi.nlm.nih.gov) was used to search for
cDNA clones, which con tain cod ing parts of dis cov ered
mRNA. The se lected cDNA clones were ob tained from the 
RZPD, Re source Cen ter/Pri mary Da ta base of the Ge -
nome of a Hu man pro ject, Ger many
(http://www.rzpd.de).

The sur gi cal sam ples of glial astrocytomas and nor mal
hu man brain (histologically nor mal hu man brain tis sue ad -
ja cent to a tu mor which is forcedly ex tracted to gether with
the tu mor dur ing the op er a tion) were ob tained from the
In sti tute of Neu ro sur gery named af ter Romodanov A.P.,
Ac a de mi cian of Med i cal Sci ences of Ukraine, Kyiv. 35 tu -
mor sam ples, in clud ing 14 glioblastomas, 10 anaplastic
astrocytomas, 6 astrocytomas, 2 oligoastrocytomas, 1
anaplastic oligodendroglioma, were an a lyzed in all.

To tal RNA was ex tracted from tis sues, frozen in liq uid
ni tro gen, us ing the method of phe nol ex trac tion from
guanidineisothiocyanate so lu tion, as it was de scribed in the 
pre vi ous works [7,8]. RNA (10mkg for a lane) was frac -
tion ated in hor i zon tal 1.5% agarous gel in the pres ence of
2.2M of form al de hyde in bo rate buffer (0.2mM EDTA, pH 
8.0; 30mM bo ric acid; 3.3mM natrium tetraborate, pH
7.5), then it was trans ferred to ny lon mem branes
Hybond-N (Amersham Pharmacia Biotech, Aus tria).

RNA was hy brid ized for 16 hours at the tem per a ture of
42°C with 32R-marked cDNA sam ples in the so lu tion of
50% formamide, 5xSSC, 5xDenhardt, 0.1% SDS,
100мg/ml of salmon DNA. The fil ters were washed 2 times
15 min utes each at the room tem per a ture in the so lu tion of
2xSSC, 0.1% SDS; one time for 15 min utes in the so lu tion
of 2xSSC, 0.1% SDS at the tem per a ture of 65°C; fi nally in
the so lu tion of 0.2xSSC, 0.1% SDS for 15 min utes at the
tem per a ture of 65°C. The ex po sure of mem branes on the
X-ray film was con ducted with the us age of the in ten si fy ing 
screen at the tem per a ture of -70°C. The mem branes were
washed and hy brid ized re peat edly with the 32R-la belled
cDNA of the hu man в–actin as the con trol of load ing
RNA on the agarous gel. Densimetry of hybridizational
sig nals was car ried out us ing the Scion Im age 1.62c pro -
gram.

Re sults and Dis cus sion. To de ter mine rel a tive lev els of
genes ex pres sion in astrocytic tu mors of dif fer ent ma lig -
nancy de grees and in NHB with the help of SAGE, we used 
the pub lic da ta base of CGAP (Can cer Ge nome Anat omy
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Ta ble 1.  
SAGE-li brar ies of astrocytic gliomas an a lyzed in this work.

Library name
Quantity of "tags"

in the library

Nor mal Hu man Brain
Normal hu man thalamus SAGE li brary (GSM713: SAGE_Brain_nor mal_thalamus_B_1)
Nor mal hu man brain SAGE li brary (GSM676: SAGE_Brain_nor mal_cor tex_B_BB542) 
Nor mal hu man brain SAGE li brary (GSM763: SAGE_Brain_nor mal_cor tex_B_pool6)
Nor mal hu man cer e bel lum SAGE li brary (GSM695: SAGE_Brain_nor mal_cer e bel lum_B_BB542) 
Nor mal hu man cer e bel lum SAGE li brary (GSM761: SAGE_Brain_nor mal_cer e bel lum_B_1)

To tal quan tity of “tags” in the pool of SAGE-li brar ies of NHB

24015
94233
62451
40500
50385

271584

Dif fu sive astrocytomas
Astrocytoma grade II SAGE li brary (GSM1732: SAGE_Brain_astrocytoma_grade_II_B_H127) 
Astrocytoma grade II SAGE li brary (GSM14739: SAGE_Brain_astrocytoma_grade_II_B_H563) 
Astrocytoma grade II SAGE li brary (GSM14765: SAGE_Brain_astrocytoma_grade_II_B_H530) 
Astrocytoma grade II SAGE li brary (GSM2451: SAGE_Brain_astrocytoma_grade_II_B_H388) 
Astrocytoma grade II SAGE li brary (SAGE_Brain_astrocytoma_grade_II_B_H359) 
Astrocytoma grade II SAGE li brary (GSM14737: SAGE_Brain_astrocytoma_grade_II_B_H518) 
Astrocytoma grade II SAGE li brary (SAGE_Brain_astrocytoma_grade_II_B_H516) 
Astrocytoma grade II SAGE li brary (SAGE_Brain_astrocytoma_grade_II_B_H501) 

To tal quan tity of “tags” in the pool of SAGE-li brar ies of dif fu sive astrocytomas

114489
88568

102439
106285
105764
116022
108116
128309

869992

Anaplastic astrocytomas
Astrocytoma grade III SAGE li brary (GSM14773: SAGE_Brain_astrocytoma_grade_III_B_R140)
Astrocytoma grade III SAGE li brary (GSM697: SAGE_Brain_astrocytoma_grade_III_B_H1020)
Astrocytoma grade III SAGE li brary (GSM14763: SAGE_Brain_astrocytoma_grade_III_B_H970)
Astrocytoma grade III SAGE li brary (GSM14766: SAGE_Brain_astrocytoma_grade_III_B_R927)
Astrocytoma grade III SAGE li brary (SAGE_Brain_astrocytoma_grade_III_B_407)
Astrocytoma grade III SAGE li brary (SAGE_Brain_astrocytoma_grade_III_B_343)
Astrocytoma grade III SAGE li brary (SAGE_Brain_astrocytoma_grade_III_B_439)
Astrocytoma grade III SAGE li brary (SAGE_Brain_astrocytoma_grade_III_B_828)
Astrocytoma grade III SAGE li brary (SAGE_Brain_astrocytoma_grade_III_B_584)
Astrocytoma grade III SAGE li brary (SAGE_Brain_astrocytoma_grade_III_B_H1055)
Astrocytoma grade III SAGE li brary (SAGE_Brain_astrocytoma_grade_III_B_H272)

To tal quan tity of “tags” in the pool of SAGE-li brar ies of anaplastic astrocytomas

118733
51573

106982
107344
108312
100158
107824
99939

103008
109886
96059

1109818

Glioblastomas
Glioblastoma SAGE li brary (GSM696: SAGE_Brain_glioblastoma_B_H1110)
Glioblastoma SAGE li brary (GSM765: SAGE_Brain_glioblastoma_B_pooled)
Glioblastoma SAGE li brary (GSM14768: SAGE_Brain_glioblastoma_B_R336)
Glioblastoma SAGE li brary (GSM14769: SAGE_Brain_glioblastoma_B_R70)
Glioblastoma SAGE li brary (GSM14767: SAGE_Brain_glioblastoma_B_H833)
Glioblastoma SAGE li brary (SAGE_Brain_glioblastoma_B_H1353)
Glioblastoma SAGE li brary (SAGE_Brain_glioblastoma_B_H1425C)
Glioblastoma SAGE li brary (SAGE_Brain_glioblastoma_B_H1371)
Glioblastoma SAGE li brary (SAGE_Brain_glioblastoma_B_R20)(“tags”)

To tal quan tity of “tags” in the pool of SAGE-li brar ies of glioblastomas

68986
56428

102322
99099

100600
124805
88990
49338

101053
791621
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Ta ble 2
 The list of genes with the more than 5-fold dis tri bu tion of “tags” in SAGE-li brar ies of glioblastomas (pool A) and NHB
(pool B) ac cord ing to DGED re sults.

“Tags” Gene name
graphical

symbol

Quantity of

libraries with

the “tag”

The quantity of

the “tag” in the

pool

“Tag”

surplus

in

tumor

Р**

A B A B

TGGGATTCCC chitinase 3-like 2 CHI3L2 9 0 256 0 NaN* 0.00
CCACAGGGGA col la gen, type III, al pha 1

(Ehlers-Danlos syn drome type IV,
autosomal dom i nant)

COL3A1 8 0 169 0 NaN* 0.00

AGTGGTGGCT fibromodulin FMOD 9 0 145 0 NaN* 0.01
TTAAATAGCA stress-as so ci ated endoplasmic re -

tic u lum pro tein 1
SERP1 6 0 140 0 NaN* 0.01

GTCAACAGTA ATP-bind ing cas sette, sub-fam ily
C (CFTR/MRP), mem ber 3

ABCC3 8 0 103 0 NaN* 0.04

TGCTCCTACC Fc frag ment of IgG bind ing pro tein FCGBP 9 2 556 2 95.44 0.00
GTATGGGCCC chitinase 3-like 1 (car ti lage

glycoprotein-39)
CHI3L1 9 2 826 4 70.92 0.00

ACCAAAAACC col la gen, type I, al pha 1 COL1A1 8 2 1125 6 64.42 0.01
ACATTCTTTT glycoprotein (transmembrane)

nmb
GPNMB 9 1 361 2 61.95 0.00

AGTACCTTAT epi der mal growth fac tor re cep tor
(erythroblastic leu ke mia vi ral
(v-erb-b) onco gene homolog,
avian)

EGFR 8 1 163 1 55.93 0.01

GACCACCTTT microfibrillar-as so ci ated pro tein 2 MFAP2 6 1 153 1 52.50 0.01
ATCCTGAGTT ma jor histocompatibility com plex,

class II, DQ beta 1
HLA-DQB1 9 1 125 1 42.89 0.04

GAAATAAAGC im mu no glob u lin heavy con stant
gamma 1 (G1m marker)

IGHG1 7 3 605 5 41.54 0.00

TTTGGTTTTC col la gen, type I, al pha 2 COL1A2 8 2 529 5 36.32 0.00
ATAATAAAGC retinoic acid re cep tor re sponder

(tazarotene in duced) 2
RARRES2 9 1 205 2 35.17 0.00

CATATCATTA in su lin-like growth fac tor bind ing
pro tein 7

IGFBP7 9 5 1189 13 31.42 0.00

TCACCAAAAA stabilin 1 STAB1 8 1 174 2 29.85 0.01
GCCCTTTCTC mannose re cep tor, C type 2 MRC2 9 1 159 2 27.28 0.02
GCCAACAACG nicotinamide N-methyltransferase NNMT 9 2 153 2 26.25 0.03
CTTGGGTTTT in su lin-like growth fac tor 2

(somatomedin A)
IGF2 9 3 289 4 24.80 0.00

GCTGCCCTTG tubulin al pha 6 TUBA6 9 3 259 4 22.22 0.00
ATCTTGTTAC fibronectin 1 FN1 9 3 192 3 21.96 0.01
AGAAAGATGT annexin A1 ANXA1 9 5 437 7 21.43 0.00
TAACTCTCCT scav en ger re cep tor class A,        

mem ber 3
SCARA3 9 3 241 4 20.68 0.00

AGAACCTTCC ma jor histocompatibility com plex,
class I, A

HLA-A 9 5 395 8 16.95 0.00



Pro ject). For the pre vi ous work the com par i son of five
SAGE-li brar ies of GB with two SAGE-li brar ies of NHB
pres ent in this da ta base at that time re vealed 117 genes with 
more than 5-fold ex pres sion dif fer ence (P#0.05) in GB
com par ing to NHB.

Four new SAGE-li brar ies of GB have re cently ap -
peared in SAGE Ge nie da ta base. Be sides, the quan tity of
SAGE-li brar ies of anaplastic astrocytomas has in creased,
they are eleven at pres ent, and there are eight SAGE-li -
brar ies of dif fu sive astrocytomas. The com par i son of nine
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“Tags” Gene name
graphical

symbol

Quantity of

libraries with

the “tag”

The quantity of

the “tag” in the

pool

“Tag”

surplus

in

tumor

Р**

A B A B

GCAACAGCAA Sec61 gamma sub unit SEC61G 9 5 576 12 16.48 0.00
ATCAAGAATC in ter feron, gamma-in duc ible pro -

tein 30
IFI30 9 2 185 4 15.87 0.04

GGATATGTGG early growth re sponse 1 EGR1 9 3 275 6 15.73 0.01
AATAGAAATT se creted phosphoprotein 1

(osteopontin, bone sialoprotein I,
early T-lym pho cyte ac ti va tion 1)

SPP1 8 4 438 11 13.67 0.00

GACTCTTCAG serine (or cysteine) proteinase in -
hib i tor, clade A (al pha-1
antiproteinase, antitrypsin), mem -
ber 3

SERPINA3 9 5 1239 32 13.30 0.00

GGGCATCTCT ma jor histocompatibility com plex,
class II, DR al pha

HLA-DRA 9 5 814 22 12.71 0.00

AGCAGATCAG S100 cal cium bind ing pro tein A10
(annexin II ligand, calpactin I,
light polypeptide (p11))

S100A10 9 4 475 13 12.54 0.00

TTCACTGTGA lectin, galactoside-bind ing, sol u ble, 
3 (galectin 3)

LGALS3 9 5 386 11 12.04 0.00

TTCTATTTCA moesin MSN 9 5 254 8 10.90 0.05
TGCTGACTCC nestin NES 9 4 284 9 10.83 0.03
GTTCACATTA CD74 an ti gen (in vari ant

polypeptide of ma jor
histocompatibility com plex, class
II an ti gen-as so ci ated)

CD74 9 5 2959 99 10.29 0.00

GTTGTGGTTA beta-2-microglobulin B2M 9 5 2830 95 10.25 0.00
CTCTAAGAAG com ple ment com po nent 1, q

subcomponent, al pha polypeptide
C1QA 9 5 882 30 10.10 0.00

TTTGCACCTT con nec tive tis sue growth fac tor CTGF 9 3 435 15 9.95 0.01
GGATGTGAAA CD99 an ti gen CD99 9 5 399 14 9.78 0.02
TAATTTTAAC pro tein ty ro sine phosphatase, re -

cep tor-type, Z polypeptide 1
PTPRZ1 9 5 336 12 9.61 0.04

TGGCCCCAGG apolipoprotein C-I APOC1 9 3 755 27 9.60 0.00
ATGTGAAGAG se creted pro tein, acidic,

cysteine-rich (osteonectin)
SPARC 9 5 2717 112 8.35 0.00

ACAAAGCATT in su lin-like growth fac tor bind ing
pro tein 5

IGFBP5 9 5 750 36 7.15 0.04

*NaN – “not a num ber”, i.e. ab sence of gene “tags” in the pool and im pos si bil ity of di vid ing by 0;
**Р – pos si bil ity
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Ta ble 3. 
Changes of genes ex pres sion at dif fer ent stages of astrocytic gliomas of hu man

“Tag”
Gene symbolic

notation

The quantity of libraries where

“tag” is present 

“Tag” quantity in the united pool

of “tag” libraries , normalized to

1mln of “tags”

“Tag” surplus in tumour, 

in comparison with

NHB

NHB А АА GB NHB А АА GB А АА GB

TGGCCCCAGG APOC1 3 8 11 9 99 836 905 951 9.05 9.12 9.60
GTTGTGGTTA B2M 5 8 11 9 350 2737 2816 3566 8.43 8.08 10.25
GGGCATCTCT HLA-DRA 5 8 11 9 81 605 874 1026 8.02 10.81 12.71
CATATCATTA IGFBP7 5 8 11 9 48 1176 1154 1498 26.42 24.16 31.42
ATGTGAAGAG SPARC 5 8 11 9 412 3852 2815 3423 10.07 6.85 8.35
TAACTCTCCT SCARA3 3 8 11 9 15 72 108 326 10.38 6.97 20.68
GTTCACATTA CD74 5 8 11 9 364 1630 2015 3727 4.81 5.54 10.29
TAATTTTAAC PTPRZ1 5 8 11 9 44 292 312 423 7.10 7.08 9.61
GACTCTTCAG SERPINA3 5 7 11 9 118 485 758 1561 4.44 6.44 13.30
AGCAGATCAG S100A10 4 8 11 9 48 171 264 599 3.84 5.52 12.54
CTCTAAGAAG C1QA 5 8 11 9 110 253 504 1111 2.46 4.57 10.10
GGATGTGAAA CD99 5 8 11 9 52 275 380 503 5.73 7.39 9.78
TTCACTGTGA LGALS3 5 8 10 9 40 74 175 486 1.96 4.32 12.04
AGAAAGATGT ANXA1 5 7 10 9 26 194 256 550 8.07 9.93 21.43
TGGGATTCCC CHI3L2 0 5 9 9 0 107 133 323 NaN* NaN* NaN*
GCTGCCCTTG TUBA6 3 8 11 9 15 72 108 326 5.23 7.34 22.22
TGCTCCTACC FCGBP 2 8 11 9 7 49 106 700 7.18 14.44 95.44
ATCTTGTTAC FN1 3 6 10 9 11 30 116 242 2.91 10.52 21.96
AGAACCTTCC HLA-A 5 8 11 9 29 224 185 498 8.16 6.30 16.95
TTTGCACCTT CTGF 3 8 11 9 55 229 241 548 4.45 4.37 9.95
AATAGAAATT SPP1 4 8 11 8 40 211 644 552 5.59 15.94 13.67
GTATGGGCCC CHI3L1 2 2 6 9 15 18 280 1040 1.33 19.03 70.92
TCACCAAAAA STAB1 1 7 11 8 7 46 51 219 6.71 6.97 29.85
GCCCTTTCTC MRC2 1 7 9 9 7 44 40 200 6.40 5.38 27.28
CCACAGGGGA COL3A1 0 2 3 8 0 3 5 213 NaN* NaN* NaN*
AGTGGTGGCT FMOD 0 5 5 9 0 9 16 183 NaN* NaN* NaN*
GTCAACAGTA ABCC3 0 3 7 8 0 4 14 130 NaN* NaN* NaN*
ATCCTGAGTT HLA-DQB1 1 7 11 9 4 46 77 158 13.42 21.05 42.89
AGTACCTTAT EGFR 1 7 10 8 4 44 68 205 12.80 18.35 55.93
TTAAATAGCA SERP1 0 1 1 6 0 1 1 176 NaN* NaN* NaN*
ACCAAAAACC COL1A1 2 4 2 8 22 4 12 1418 0.21 0.53 64.42
GACCACCTTT MFAP2 1 2 5 6 4 2 9 193 0.62 2.45 52.50
GAAATAAAGC IGHG1 3 4 6 7 18 26 13 762 1.50 0.69 41.54
TTTGGTTTTC COL1A2 2 2 5 8 18 4 11 667 0.25 0.59 36.32
GCCAACAACG NNMT 2 3 6 9 7 10 23 193 0.94 3.06 26.25
CTTGGGTTTT IGF2 3 5 3 9 15 74 15 364 5.38 1.04 24.80
GCAACAGCAA SEC61G 5 8 11 9 44 51 861 726 1.25 19.53 16.48
ATCAAGAATC IFI30 2 5 9 9 15 142 103 304 1.56 4.04 15.87
TTCTATTTCA MSN 5 8 10 9 29 128 82 320 4.68 2.78 10.90
ACATTCTTTT GPNMB 1 5 11 9 7 452 63 455 65.90 7.22 61.95



li brar ies of GB al to gether and five li brar ies of NHB al to -
gether re vealed 199 gene “tags” with the 5-fold dif fer ence
in their dis tri bu tion in these two pools (P#0.05). Prac ti -
cally all the “tags” cor re spond to known nu cle o tide se -
quences in GenBank, with the ex cep tion of two “tags”, for
which there were no cor re spond ing tran scripts found.
About 90% of these known nu cle o tide se quences are
well-char ac ter ized mRNA, oth ers are not char ac ter ized
ESTs (ex press ing se quence “tags”). Nu cle o tide se quences, 

which cor re spond to “tags” with more than 5-fold sur plus
in glioblastoma group in com par i son with NHB group, can 
be marked as “overexpressed in tu mors”, while the ones,
which cor re spond to “tags” with more than 5-fold sur plus
in NHB group in com par i son with glioblastoma group, can 
be marked as “overexpressed in nor mal hu man brain”.

“Tags” for hy po thet i cal pro tein genes, un known
cDNA, mi to chon drial genes, as well as the ones which are
“un re li able”, i.e. in ter nal “tags”, lo cated in side mRNA in
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“Tag”
Gene symbolic

notation

The quantity of libraries where

“tag” is present 

“Tag” quantity in the united pool

of “tag” libraries , normalized to

1mln of “tags”

“Tag” surplus in tumour, 

in comparison with

NHB

NHB А АА GB NHB А АА GB А АА GB

ATAATAAAGC RARRES2 1 8 7 9 7 117 71 258 17.02 9.67 35.17
TGCTGACTCC NES 4 8 11 9 33 142 116 358 4.61 3.51 10.83
ACAAAGCATT IGFBP5 5 8 11 9 132 311 270 945 2.52 2.04 7.15
GGATATGTGG EGR1 3 8 11 9 22 351 177 347 17.07 8.04 15.73

*NaN – “not a num ber”, i.e. ab sence of gene “tags” in the pool and im pos si bil ity of di vid ing by 0;
**Р – pos si bil ity

Fig 1. Genes ANXA1, B2M, C1QA, and SEC61G expression analysis in glial tumors. Nothern-hybridization of RNA panel with 32P-marked probe of
cDNA ANXA1(A), B2M (B), C1QA(C), SEC61G,(D) and the check sample of cDNA ?-actine(E). Types of tissues and kinds of tumors are marked at
blot path, figures in brackets indicate the RNA-sample number. GB – glioblastoma, AA – anaplastic astrocytoma, A – astrocytoma, OA –
oligoastrocytoma, AO – anaplastic oligodendroglioma, NB – normal human brain. (G) The picture of agarous gel, stained by bromide etidium. (H)
The diagram which shows the relative level of gene expression.



ad di tion to an “true” not ex tracted “tag”, were from the
anal y sis. Thus, 5-fold ex pres sion changes in glioblastomas
were re vealed for 129 genes in all. 44 out of 129 genes cor -
re spond to the cri te rion of be ing “overexpressed in tu -
mors”. They are pre sented in Ta ble 2. If the co ef fi cient of
ex pres sion changes is de creased to less than 5, then the

quan tity of “overexpressed in tu mors” genes will in crease,
but the genes with greater changes in ex pres sion level cer -
tainly have greater bi o log i cal im por tance. The rep re sen ta -
tives of this gene group par tic i pate in glioma de vel op ment
with great prob a bil ity [10, 11], so we con cen trated our at -

45

DMYTRENKO V. V. ET ALL.

 

G
en

e
ex

p
re

ss
im

le
ve

l,
a

rb
it

ra
ry

u
n

it
s

Fig 2. Gene SERPINA3 expression analysis in glial tumors. Nothern-hybridization of RNA panel with 32P-marked probe of cDNA SERPINA3(А), and 
the check sample of cDNA ?-actine (B). Types of tissues and kinds of tumors are marked at blot path, figures in brackets indicate the RNA-sample
number. NB – normal human brain, GB – glioblastoma, AA – anaplastic astrocytoma, A – astrocytoma. (C) The picture of agarous gel, stained by
bromide etidium. (D) The diagram which shows the relative level of gene expression.
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 Fig 3. Genes HC gp-39 and CD74 expression analysis in glial tumors. Nothern-hybridization of RNA panel with 32P-marked probe of cDNA HC gp-39
(А), CD74 (B) and the check sample of cDNA в-actine (C). Types of tissues and kinds of tumors are marked at blot path, figures in brackets indicate the
RNA-sample number. NB – normal human brain, GB – glioblastoma, AA – anaplastic astrocytoma, A – astrocytoma. (D) The picture of agarous gel,
stained by bromide etidium. (E) The diagram which shows the relative level of gene expression.



ten tion on the re search of genes, which are “overexpressed
in tu mors”.

Our re search is based on pres ently ex ist ing SAGE-li -
brar ies in SAGE Ge nie da ta base – nine li brar ies of adult
pa tients’ GB, eleven AA li brar ies, eight li brar ies of diffue
ex ten sion of li brar ies sets can re sult in some changes in the
pic ture of gene ex pres sion. How ever, the com par i son of
re sults, de scribed in this work, to the re sults, ob tained be -
fore on five SAGE-li brar ies of GB and two SAGE-li brar ies 
of NHB [9], did not re veal sub stan tial dis crep an cies in the
list of genes, which are dif fer en tially ex pressed.

While com par ing eleven SAGE-li brar ies of AA, taken
to gether, to five SAGE-li brar ies of NHB at the same anal -
y sis con di tions (more than 5-fold dif fer ence of “tags” dis -
tri bu tion and the prob a bil ity limit P#0.05) the to tal quan -
tity of “tags” with 5-fold dif fer ence of dis tri bu tion was re -
vealed to be less (118 “tags”), than while com par ing
glioblastomas and NHB. No cor re spond ing known tran -
scripts were found for 5 “tags”, and oth ers are well-char ac -
ter ized mRNA and not char ac ter ized ESTs. Af ter re mov -
ing the “tags”, which cor re spond to hypothetic pro tein
genes, un known cDNA, mi to chon drial genes, as well as
un re li able ones, the to tal quan tity of genes, whose ex pres -
sion changes in AA com par ing to NHB, was 66 genes, in -
clud ing 18 genes with the in creased ex pres sion level. While
com par ing eight SAGE-li brar ies of dif fu sive astrocytomas, 
taken to gether, to five SAGE-li brar ies of NHB 5-fold dif -
fer ence was re vealed for 83 “tags”, 2 of which did not have
cor re spond ing known nu cle o tide se quences. Af ter the cor -
re spond ing re sults pro cess ing, 42 genes were re vealed to
have the ex pres sion, changed more than 5-fold in dif fu sive
astrocytomas, and 16 with in creased ex pres sion.

These re sults in di cate that the quan tity of genes, whose 
ex pres sion is stim u lated in astrocytic gliomas, in creases
with the ma lig nant prog ress of tu mors. Some ex pres sion
changes are re vealed at the early stage of astrocytoma for -
ma tion and are ob served on a higher level in more ma lig -
nant astrocytomas (Ta ble 3). The ex pres sion of genes
APOC1, B2M, HLA-DRA, IGFBP7, and SPARC
(marked in bold in Ta ble 3) in creases in dif fu sive
astrocytomas and re main at ap prox i mately the same level
at the fol low ing stages of astrocytoma de vel op ment. The
ex pres sion changes are dis tinc tive for some genes only for
the most ma lig nant form – glioblastoma (marked in italic
in Ta ble 3). It is not quite clear why some genes (lo cated in
the bot tom of Ta ble 3) have a de creased level of ex pres sion
in anaplastic astrocytomas com par ing to dif fu sive
astrocytomas and glioblastomas, where it is much higher
than in NHB. Prob a bly, con sid er ably in creased ex pres sion 
of these genes is dis tinc tive only for a cer tain group of tu -

mors and is a re flec tion of the spe cific way of their de vel op -
ment.

To con firm SAGE re sults and to es ti mate the lev els of
gene ex pres sion in in de pend ent sets of sam ples of glial tu -
mors and NHB, we se lected eight “overexpressed in tu -
mors” tran scripts at ran dom and car ried out the anal y sis of
their ex pres sion with Nothern-hy brid iza tion. The se lected
genes have a suf fi cient ex pres sion level to be de ter mined by 
this method and though Nothern-hy brid iza tion is less sen -
si tive than re verse tran scrip tion – poly mer ase chain re ac -
tion (RT-PCR), it has an ad van tage in de ter min ing not
only a rel a tive level of gene tran scrip tion but also the
amount of pos si ble al ter na tive tran scripts.

Gen er ally, the pic tures of gene ex pres sion were re pro -
duced for the an a lyzed sam ples of tu mors and NHB. Each
of eight se lected genes had a con sid er ably higher ex pres -
sion level in GB, than in NHB (Pic tures 1-3). It is im por -
tant to em pha size the vari a tions in the level of gene ex pres -
sion in in di vid ual tu mor sam ples, which may be ex plained
by het er o ge ne ity of tu mor bi o log i cal prop er ties, which was
stated be fore [12, 13]. The gene ex pres sion var ies on a large
scale in dif fu sive and anaplastic astrocytomas for dif fer ent
genes – the lev els of gene ex pres sion in some tu mors are al -
most as high as in glioblastomas, con sid er ably lower in
some tu mors, and the gene ex pres sion is ab sent in some, as
well as in NHB.

Con sid er ing the com bi na tions of ex pres sion lev els of at 
least four genes for the tu mors of the same ma lig nancy level 
(Pic ture 3), one may com bine some tu mors into sep a rate
groups. For ex am ple, glioblastomas may be di vided into
two groups, con cern ing the ex pres sion level of SEC61G
gene. Anaplastic astrocytomas AA401 and AA394 have a
sim i lar ex pres sion pro file, AA230 and AA416 also re sem ble 
each other. The pic ture of hybridizational sig nals for
AA199 is sim i lar to glioblastoma GB450, which may tes tify 
to a more ag gres sive char ac ter of this anaplastic
astrocytoma de vel op ment. Cer tainly, the pro files of tu mor
ex pres sion may not be char ac ter ized on the ba sis of ex pres -
sion anal y sis of four genes, how ever, the si mul ta neous
anal y sis of sev eral doz ens of genes in a big amount of in di -
vid ual tu mors sam ples must re veal cer tain mo lec u lar vari -
ants, which have the same histopathological di ag no sis, and 
com bine tu mors into sep a rate groups which re flect cer tain
clin i cal dis ease pe cu liar i ties.

Thus, the ma lig nant prog ress of astrocytic gliomas is
ac com pa nied with ex pres sive changes ac cu mu la tion. The
rep e ti tion of these changes in astrocytomas of dif fer ent lev -
els of anaplasia tes ti fies to the fact that are not ac ci den tal,
and they prob a bly are a re flec tion of spe cific pro cesses in
tu mor cells. The ex pres sion level of the most of
“overexpressed in tu mor” genes in creases grad u ally at the
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astrocytoma pro gress ing and is the high est in GB. There is
a lim ited quan tity of genes, whose ex pres sion is ac ti vated
more than 5-fold at all stages of astrocytoma de vel op ment,
or at least at the last two, the most ma lig nant stages of de -
vel op ment. These genes may serve for the rec og ni tion of
the most ma lig nant tu mor vari ants at the com par i son of
ex pres sive tu mor pro files. The ex pres sive gene changes,
dis tinc tive only for GB, may be used for the glioblastoma
rec og ni tion. Gen er ally, the ex pres sion anal y sis of such
genes may be used for the rec og ni tion of glial tu mors with
dif fer ent ma lig nancy de grees, pre sum ably, for early di ag -
no sis, prog nos tic pur poses and anticancer ther apy.
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fun da men tal re searches; pro ject No.F7.282-2001, by the
Na tional Acad emy of Sci ences of Ukraine in the frame -
work of the Nov elty med i cal-bi o log i cal prob lems and the en -
vi ron ment of a hu man pro gram and by the NATO Col lab o -
ra tive Link age Grant No.977284.
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Су пе рэ кспрес сия ге нов на раз ных ста ди ях про грес сии ас тро ци тар -

ных гли ом

Резюме

Пуб лич ная база дан ных по се рий но му ана ли зу ген ной экс прес сии
(SAGE) была ис поль зо ва на для иден ти фи ка ции по тен ци аль ны мо ле ку -
ляр ных мар ке ров ас тро ци тар ных гли ом че ло ве ка. При срав не нии де вя -
ти SAGE-биб ли о тек гли об лас том, один над ца ти SAGE-биб ли о тек
анап лас ти чес ких ас тро ци том, вось ми SAGE–биб ли о тек диф фуз ных
ас тро ци том и пяти SAGE-биб ли о тек нор маль но го го лов но го моз га
было вы яв ле но 57 ге нов, уро вень экс прес сии ко то рых был боль ше чем в 5 
раз выше (P#0.05) в ас тро ци тар ных гли о мах по срав не нию с нор маль -
ным го лов ным моз гом. Кро ме из ме не ний экс прес сии ге нов, ко то рые
про ис хо дят на ран ней ста дии фор ми ро ва ния ас тро ци том и вы яв ля -
ют ся так же на по сле ду ю щих эта пах их раз ви тия, не ко то рые из ме не -
ния ха рак тер ны лишь для вы со коз ло ка чес твен ных ста дий раз ви тия
опу хо лей и от су тству ют в опу хо лях низ кой сте пе ни зло ка чес твен -
нос ти. Анализ экс прес сии вы яв лен ных ге нов мо жет быть ис поль зо ван
для мо ле ку ляр ной клас си фи ка ции гли аль ных опу хо лей, ди аг нос ти ки,
про гнос ти чес кой оцен ки опу хо лей и опре де ле ния по тен ци аль ных ми ше -
ней протиопухолевой терапии.
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