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Com par i son of gene ex pres sion pro files in hu man nor mal brain and glioblastoma us ing SAGE da ta base re -

vealed 129 genes with 5-fold dif fer ence of ex pres sion level in glioblastoma (P£0.05), 85 of them were
down-reg u lated. The num ber of genes with 5-fold down-reg u lated ex pres sion is less in the dif fuse and
anaplastic astrocytomas. Five-fold de crease of the ex pres sion in the dif fuse astrocytoma and nearly the
same ex pres sion lev els in the anaplastic astrocytoma and glioblastoma were re vealed for 9 genes only. For
over whelm ing ma jor ity of in ac ti vated genes in the low-grade astrocytoma the ex pres sion level de creased
pro gres sively in the sub se quent stages of ma lig nant pro gres sion of astrocytoma.  Ex pres sion lev els of some
genes were very low or un de tect able in glioblastoma, the most ag gres sive brain tu mour. The de creased ex -
pres sion of se lected genes in glioblastoma was con firmed by North ern anal y sis and RT-PCR. Some genes,
de scribed in this work, may en code the tu mour suppressors and their de creased ex pres sion may play an im -
por tant role in ini ti a tion and pro gres sion of hu man glioma.
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In tro duc tion. Sev eral meth ods for the iden ti fi ca tion 
of dif fer en tial gene ex pres sion have been de vel oped.  
These meth ods in clude two most pow er ful tech nol o -
gies, hy brid iza tion of DNA-micro chips and Se rial
Anal y sis of Gene Ex pres sion (SAGE), which revo lu -
tion ised bio med i cal re search in de ter min ing the roles 

of genes in var i ous pa thol o gies, par tic u larly dur ing
the tu mour pro cess.  Gene ex pres sion pat terns and
the in for ma tion on genes, dif fer en tially ex pressed in
var i ous tu mours, ob tained by mod ern multi-fac tor
anal y sis, en ables the use of the com bi na tions of iden -
ti fied genes for de ter mi na tion of spe cific tu mour
type within cur rent tu mour cat e gory,  im prov ing the
di ag nos tics, and de ter min ing jus ti fied cri te ria of
treat ment choice for each pa tient [1].  The avail abil -
ity of early di ag nos tic mark ers would de crease sig -
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nif i cantly the in ci dence of tu mour dis eases and the
mor tal ity rate.  The ap pli ca tion of SAGE in the pre vi -
ous pub li ca tions al lowed us to in ves ti gate and char -
ac ter ise the genes with sig nif i cantly in creased ex -
pres sion level in glioblastomas [2, 3]. Com par a tive
anal y sis of SAGE-li brar ies of astrocytomas of ma -
lig nancy grades II–IV and hu man nor mal brain (NB)
re vealed the num ber of genes, the ex pres sion of
which in creases or de creases in tu mours cells, to in -
crease in the course of ma lig nant pro gres sion.  Cur -
rent work at tempts to char ac ter ise the genes with de -
creased level of ex pres sion in astrocytic tu mours.

Ma te ri als and Meth ods. 9 SAGE li brar ies of
glioblastomas (ma lig nancy grade IV astrocytomas ac -
cord ing WHO clas si fi ca tion), 11 SAGE li brar ies of
anaplastic astrocytomas (ma lig nancy grade III
astrocytomas), 8 SAGE li brar ies of dif fuse
astrocytomas (ma lig nancy grade II astrocytomas), and
5 NB SAGE li brar ies have been ana lysed in or der to
com pare the ex pres sion of genes us ing Dig i tal Gene
Ex pres sion Displayer (DGED) soft ware and da ta bases
of SAGE Ge nie web-site
(http://cgap.nci.nih.gov/SAGE).  Unigene da ta base
(Na tional Cen ter of Bio tech no log i cal In for ma tion,
NCBI) was used to search for cDNA clones, con tain ing
en cod ing re gions of mRNA.  Se lected cDNA clones
were ob tained from Re source Cen tre/Pri mary Da ta -
Base, RZPD, of Hu man Ge nome Pro ject, Ger many. 
Sur gi cal sam ples of glial tu mours and NB
(histologically nor mal brain tis sue, ad ja cent to the tu -
mour, com pul so rily ab lated with the tu mour dur ing the
op er a tion) were im me di ately frozen af ter re sec tion in
liq uid ni tro gen and stored at –70°C.

To tal RNA was ex tracted from frozen tis sues by
acidic guanidine isothiocyanate-phe nol-chlo ro form so -
lu tion [4] and ana lysed by North ern hy bridi sa tion, as
de scribed in [2, 3].  Densitometric anal y sis of hy bridi -
sa tion sig nals was per formed us ing Scion Im age 1.62c
soft ware.

cDNAs were syn the sised with oligo(dT) primer and 
re verse tran scrip tase (RT) RevertAid (Fermentas, Lith -
u a nia) us ing the same amount of to tal RNA (10 mg for
each sam ple).  Semi-quan ti ta tive poly mer ase chain re -
ac tion (PCR) was per formed ac cord ing to Rae et al. [5]
in 20 ml of the reaction mix ture, con tain ing cDNA, syn -
the sised on 0.5 mg of RNA, 2 units of Taq-polymerases

1xPCR buffer, 0.2 mM dNTPs, and 1 mM prim ers for
cor re spond ing genes:

CPNE6 (for TGTCCCACCTGCACACGTTTG, rev
CGTGTCATTCACCACTTGGGG);

DRD1IP (for CAGCAGAATTTCCCTGACCTGG,
rev ACGCGCTGGTCACAGGAGCTG);

FAT2 (for GGAAGGAAGGAACTAATTCTTC, rev 
CTCTACACATGTGTACACACG);

GRIN1 (for TTCGGCATAGGCATGCGCAAAG,
rev CACAGACAAGGCGCCCGTTAG);

GRM4 (for GTACACCACTTGCATCGTCTGG, rev 
ACGCAGGTTCTTGTGGTAGCCT);

SLC12A5 (for CATCAAGGACTCATCAAGGACT, 
rev AACTGGCACTGAGGAGCTCTGG).

PCR was per formed with the fol low ing pa ram e ters: 
de na tur ation at 94°C, 30 sec; an neal ing at the tem per a -
ture, cor re spond ing to each of the primer pairs, 1 min;
syn the sis – 72°C, 1 min (30 cy cles) and 72°C, 7 min. 
The num ber of cy cles was grad u ally de creased till am -
pli fi ca tion of PCR-prod uct re mained at the level of lin -
ear phase (27 cy cles).  PCR prod ucts were de tected
with ethidium bro mide stain ing af ter elec tro pho re sis in
2% agarose gel.

Re sults and Dis cus sion. To com pare the rel a tive
lev els of gene ex pres sion in astrocytomas of dif fer ent
ma lig nancy grades and NB by SAGE we used pub lic
da ta base of Can cer Ge nome Anat omy Pro ject.  Us ing
DGED op tion, ex pres sion change ra tio was set to be 5
for the in crease or de crease in the level of ex pres sion of
each gene, while sta tis ti cal prob a bil ity was P£0.05. The 
com par i son of 9 glioblastoma SAGE li brar ies and 5 NB 
SAGE li brar ies re vealed 199 gene tags with 5-fold dif -
fer ence in their dis tri bu tion in these two pools [2].  In
case when more than one tag matched one gene, the
most prob a ble one was se lected.  Five-fold changes in
ex pres sion of 129 genes were de tected upon de le tion of
tags for non-char ac ter ised ex pressed nu cle o tide se -
quences, tags with out nu cle o tide se quences in Unigene
clus ters, tags of mi to chon drial genes, and genes en cod -
ing hypothetic pro teins. 85 genes matched the cri te ria
of overexpressed in NB or of po ten tial tu mour-sup pres -
sor genes.  Ta ble 1, 7th col umn shows the cor re la tion be -
tween the num ber of tags in all in ves ti gated SAGE-li -
brar ies of glioblastomas and num ber of those in all of
NB.  As it is seen, gene ex pres sion de creased more than
10-fold in the vast ma jor ity of cases.
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Our in ves ti ga tion was based on 9 glioblastoma
SAGE-li brar ies and 5 NB SAGE-li brar ies pres ent in
SAGE Ge nie da ta base. Cer tainly, the ex pan sion of the
num ber of li brar ies may lead to the changes in the pat -
tern of dif fer en tial ex pres sion of genes.  How ever, the
com par i son of the re sults ob tained in this work with the
re sults of the com par i son of 5 glioblastoma SAGE li -
brar ies and 2 NB SAGE li brar ies [6] re vealed the ma -
jor ity of 117 genes, iden ti fied in the afore men tioned
work, to be in cluded into the pres ent list of 129 genes
[2].

The com par i son of the pools of 11 anaplastic
astrocytoma SAGE li brar ies and 8 astrocytoma SAGE
li brar ies with the pool 5 NB SAGE li brar ies at equal
con di tions of anal y sis, re vealed the to tal num ber of tags 
with 5-fold dis tri bu tion dif fer ence to be slightly lower
than in the case of com par i son of glioblastomas and NB 
– 118 and 83 tags, re spec tively.  The pro cess ing of data
re vealed 66 genes with 5-fold dif fer ence of ex pres sion
level in anaplastic astrocytomas, 48 of which were of
de creased ex pres sion, and 42 genes with 5-fold dif fer -
ence of ex pres sion level in astrocytomas, 26 of which
were of de creased level of ex pres sion.  There fore, the
num ber of genes with sig nif i cant de crease of ex pres -
sion level in creases through out astrocytic glioma de -
vel op ment.

There are two crit i cal ques tions in mod ern in ves ti -
ga tion – what is the thresh old in gene ex pres sion af ter
which the changes can be con sid ered sig nif i cant and
trust wor thy and what are di ag nos tic,
pathophysiological, and ther a peu tic con se quences of
the men tioned changes?  Till there is no uni va lent an -
swer for the lat ter ques tion, ev ery re search group makes 
its own de ci sion.  For ex am ple, Lal et al. [7] de scribed
the genes with more than 5-fold ex pres sion with
P<0.001 ana lys ing the dif fer en tial ex pres sion of genes
in glioblastomas and NB by SAGE; Loging et al. [1]
used the same ap proach to ana lyse the genes with more
than 10-fold changes in ex pres sion; Markert et al. [8]
and Ljubimova et al. [9], as well as some other re -
search ers, dis cussed the pos si ble role of genes even
with less than 2-fold ex pres sion change in the ini ti a tion
and pro gres sion of tu mours.  Def i nitely, low er ing the
thresh old al lows iden ti fy ing a greater num ber of dif fer -
en tially ex pressed genes, al though the vast ma jor ity of

genes with sig nif i cant changes in ex pres sion are pos si -
bly more im por tant bi o log i cally-wise.

The com par i son of lists of genes with 5-fold de -
creased ex pres sion in astrocytomas re vealed some ex -
pres sion changes to be at the same level through out the
de vel op ment of astrocytomas, al though sig nif i cant de -
crease of ex pres sion level of most of the genes oc cur
dur ing the later, the most ma lig nant, stages of tu mour
de vel op ment.  Thus, the level of ex pres sion of CA11,
DLG4, EEF1A2, RPH3A, MICAL2, EPHB6, NRIP3,
and TTR (Ta ble 2, group I) de creased in dif fuse
astrocytomas and re mained rel a tively the same dur ing
the next stages of astrocytomas de vel op ment, yet tags
of FAT2 (FAT tu mour sup pres sor homolog 2
(Drosophila)) is pres ent in nei ther one of SAGE-li brar -
ies of astrocytomas of ma lig nancy grades II–IV.  At the
same time, the ex pres sion lev els of 31 genes (Ta ble 2,
group II) de crease more than 5-fold in dif fuse
astrocytomas, and, fur ther more de creases dur ing the
fol low ing stages of astrocytoma de vel op ment.  Some
genes (CPNE6, KCNQ2, GALNT9, SLC1A6, GRM4,
FSTL5, NEUROD1) ter mi nate their ex pres sion in
glioblastomas, which is ev i dent from Ta ble 1.  The de -
crease in the level of ex pres sion of 35 genes drops down 
more than 5-fold in glioblastomas only (Ta ble 2, group
III).  The level of ex pres sion of 10 genes (Ta ble 2,
group IV) var ies at dif fer ent stages of astrocytoma de -
vel op ment – in anaplastic astrocytomas (for ZIC4 and
SYT5 in glioblastomas as well) level of ex pres sion is
higher, com pared to astrocytomas.

North ern anal y sis of in di vid ual in de pend ent tu -
mour sam ples is the most ap pli ca ble and the most re li -
able method to con firm the re sult of the com par i son of
gene ex pres sion pro files. North ern hy bridi sa tion of
ran domly se lected genes gen er ally con firmed the re -
sults of SAGE.  Fig.1 shows high ex pres sion lev els of
DNM1 and NRGN in the ma jor ity of NB sam ples, how -
ever, their mRNA con tents in glioblastomas is sig nif i -
cantly lower, if any at all.  A high con tent of MBP
mRNA was ob served in NB and was de tected to be
much lower in astrocytic gliomas of ma lig nancy grades
II–IV; in glioblastomas this mRNA was not de tected at
all (Fig.2). SAGE re sults for SNAP25 and STXBP1
were not con firmed by North ern hy bridi sa tion –
SNAP25 is ex pressed at a high level in both NB and
astrocytomas of ma lig nancy grades II–IV, while
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No. Tag Gene name
Gene

symbol

Libraries Tags Tag
Odds 
A:B

P
A B A B

1 2 3 4 5 6 7 8 9 10
1 TGGGAAGTGG Maternally expressed 3 MEG3 7 5 70 163 0,15 0,04

2 CCCCCAATTC Vesicle-associated membrane protein 2
(synaptobrevin 2) VAMP2 8 5 63 158 0,14 0,01

3 GTCGCTGAGA Carbonic anhydrase XI CA11 9 5 48 123 0,13 0,02

4 AAGCATTAAA Protein kinase, cAMP-dependent, regulatory,
type I, beta PRKAR1B 8 5 40 113 0,12 0,01

5 CGGGGAGATG NDRG family member 2 NDRG2 7 5 43 118 0,12 0,01
6 ATTAAAGTCA Regulating synaptic membrane exocytosis 3 RIMS3 7 5 21 65 0,11 0,04
7 GTTTAAAAAG Stathmin-like 2 STMN2 8 5 21 63 0,11 0,05
8 TGGACACTCA Neurochondrin NCDN 9 5 81 252 0,11 0,00
9 ATCCGTGCCC Calmodulin 3 (phosphorylase kinase, delta) CALM3 8 5 28 106 0,09 0,00

10 CCCTTCCTTT ATPase, H+ transporting, lysosomal 13 kDa, V1
subunit G isoform 2

ATP6V1G
2 5 5 15 58 0,09 0,01

11 GCCTCAATAA Mitogen-activated protein kinase 8 interacting
protein 2

MAPK8IP
2 7 5 23 87 0,09 0,00

12 AGTGGAAGGT Discs, large homolog 4 (Drosophila) DLG4 7 5 17 77 0,08 0,00
13 ATCCCTTCCC Septin 5 SEPT5 7 5 16 69 0,08 0,00
14 CTTCAGGACC Syntaxin binding protein 1 STXBP1 8 5 24 104 0,08 0,00
15 TAATATTAAA Synaptosomal-associated protein, 25  kDa SNAP25 5 5 25 104 0,08 0,00
16 TCTGCACCTC Eukaryotic translation elongation factor 1 alpha 2 EEF1A2 8 5 44 184 0,08 0,00
17 TGCCCAAATG Leucine-rich repeat LGI family, member 3 LGI3 4 5 10 42 0,08 0,03
18 TGGGACGTGA EPHB6 EPHB6 6 3 9 41 0,08 0,02

19 AAAGGGAATG Solute carrier family 17 (sodium-dependent
inorganic phosphate cotransporter), member 7 SLC17A7 2 4 21 100 0,07 0,00

20 CTCTGGCTCT Secretory carrier membrane protein 5 SCAMP5 6 5 10 48 0,07 0,01
21 GAATTTGGGA Junctophilin 4 JPH4 4 5 9 44 0,07 0,01
22 AATAAAGCTA Synuclein, beta SNCB 6 5 21 128 0,06 0,00

23 AGAATACCTT Sparc/osteonectin, cwcv and kazal-like domains
proteoglycan (testican) SPOCK 2 5 6 34 0,06 0,02

24 GCCTGAGGGC Phytanoyl-CoA hydroxylase interacting protein PHYHIP 5 5 17 92 0,06 0,00

25 AGTGCCCCTC ProSAPiP1 protein ProSAPiP
1 5 4 8 44 0,06 0,01

26 CCCATTCCTC Plakophilin 4 PKP4 5 5 8 43 0,06 0,01
27 CCGGCCCCTC Septin 4 SEPT4 7 5 27 152 0,06 0,00
28 CGGTTTCCAA Protein kinase C, zeta PRKCZ 6 5 10 57 0,06 0,00
29 CGTGTCCAGG Progestin and adipoQ receptor family member VI PAQR6 6 5 15 80 0,06 0,00
30 GTCTCTACGA Transgelin 3 TAGLN3 3 5 6 37 0,06 0,01
31 TCTGTGACCT Flavoprotein oxidoreductase MICAL2 MICAL2 5 4 7 38 0,06 0,02
32 TGTAACAATA Neuritis with brachial prediliction NAPB 5 5 14 79 0,06 0,00
33 TTCCCGGAAA Sulfotransferase family 4A, member 1 SULT4A1 3 5 6 32 0,06 0,04
34 TTCCGACTGC Synaptogyrin 3 SYNGR3 4 5 5 31 0,06 0,03
35 CACAACCACC Rabphilin 3A homolog (mouse) RPH3A 5 5 6 41 0,05 0,00

36 CGGCTGCCCA Synuclein, gamma (breast cancer-specific
protein 1) SNCG 6 5 7 48 0,05 0,00

37 GAGGCTGGAA Glutamate receptor, ionotropic, N-methyl
D-aspartate 2C GRIN2C 2 5 4 27 0,05 0,04

38 GCCTGTGGTG Lymphocyte antigen 6 complex, locus H LY6H 4 3 4 29 0,05 0,02
39 GGGGTGCTGT Dynamin 1 DNM1 8 5 32 223 0,05 0,00
40 TCGGGGCCCC Complexin 1 CPLX1 4 5 17 122 0,05 0,00
41 TCTATTAATA Myelin basic protein MBP 6 5 41 308 0,05 0,00

42 TGAGGTTATC Guanine nucleotide binding protein (G protein),
gamma 3 GNG3 4 5 6 41 0,05 0,00

43 TGGAGTGAAA SH3-domain GRB2-like 2 SH3GL2 6 5 9 59 0,05 0,00
44 TGGCTGGAAG Phosphoinositide-binding protein PIP3-E PIP3-E 4 5 4 26 0,05 0,05

45 TACCCTCTCA ATPase, Na+/K+ transporting, alpha 3
polypeptide ATP1A3 2 5 5 42 0,,04 0,00

46 AAATAAAGCC Gamma-aminobutyric acid (GABA) A receptor,
delta GABRD 2 5 5 42 0,04 0,00

47 ACAACACTAC RAB3A, member RAS oncogene family RAB3A 7 5 15 115 0,04 0,00

Ta ble 1

The list of genes with de creased ex pres sion level in glioblastoma, com pared to nor mal hu man brain (NB)
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STBXP1 mRNA con tent is very low in both NB and
glioblastomas.  Most likely, the dif fer ence in gene ex -
pres sion lev els in in di vid ual tu mour and NB sam ples
re flects het er o ge ne ity of bi o log i cal prop er ties of tu -
mours as well as in di vid ual poly mor phism.

Note wor thy is the fact that the big gest num ber of
genes is ex pressed in brain com pared to any other tis sue 
[10, 11].  And only con cern ing small num ber of genes,
for in stance, MBP, DNM1, and NRGN, the abun dance

of their mRNA in gen eral pool of mRNA is suf fi cient
for North ern hy bridi sa tion anal y sis. To de ter mine the
con tents of rare tran scripts in tu mour cells, we ap plied
semi-quan ti ta tive RT-PCR.  RT-PCR re sults for FAT2
gen er ally cor re lated with those of SAGE. PCR prod uct
was de tected in 5 of 7 NB sam ples and 6 of 14 sam ples
of glioblastomas (Fig.3).

RT-PCR re sults for CPNE6 were in very good cor -
re la tion with those of SAGE, i.e. PCR prod uct was dis -
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Ta ble 1 con tinue

1 2 3 4 5 6 7 8 9 10
48 CAAAAAGTTA Myelin-associated oligodendrocyte basic protein MOBP 3 4 5 42 0,04 0,00
49 CCAAGGCCCC Pleckstrin and Sec7 domain containing PSD 2 5 8 65 0,04 0,00
50 CCTGACTCGG Nuclear receptor interacting protein 3 NRIP3 3 5 3 26 0,04 0,03
51 GGCTGGATGG Cholecystokinin CCK 1 3 3 24 0,04 0,04

52 GTGCGAATCC Calcium/calmodulin-dependent protein kinase
(CaM kinase) II alpha CAMK2A 2 4 9 88 0,04 0,00

53 TGACTGTGCT Neurogranin (protein kinase C substrate, RC3) NRGN 7 2 61 475 0,04 0,00
54 TGCCGCACGT Kinesin 2 60/70kDa KNS2 6 5 9 80 0,04 0,00
55 TTAACTTTAT Reticulon 1 RTN1 3 4 7 64 0,04 0,00
56 GCGCTGCATT Zic family member 4 ZIC4 3 2 4 36 0,04 0,00
57 AGACATTGTA Synaptotagmin XIII SYT13 2 5 2 26 0,03 0,01
58 CTGGATGTTA Myelin transcription factor 1-like MYT1L 1 5 2 22 0,03 0,04
59 CTGGCCAACC Synaptotagmin V SYT5 3 4 3 31 0,03 0,01
60 GCTGTTCTTG Bruno-like 4, RNA binding protein (Drosophila) BRUNOL4 3 4 4 50 0,03 0,00
61 GTAAGTCTCA Neurofilament, light polypeptide 68 kDa NEFL 2 4 3 39 0,03 0,00
62 GTGCAGTGAA Synaptophysin SYP 2 5 3 31 0,03 0,01
63 TACAAGGCCA Dopamine receptor D1 interacting protein DRD1IP 2 5 2 25 0,03 0,02
64 TGGCTGGAGG Fas apoptotic inhibitory molecule 2 FAIM2 5 5 9 98 0,03 0,00
65 TAACCAAGAG Transthyretin (prealbumin) TTR 2 1 4 47 0,03 0,00
66 CTTATGACAA Chromogranin B (secretogranin 1) CHGB 2 5 2 36 0,02 0,00

67 TCCATTCAAG Solute carrier family 12 (potassium-chloride
transporter), member 5 SLC12A5 1 5 1 19 0,02 0,04

68 TCCGCCCCAG Calcium binding protein 1 (calbrain) CABP1 3 4 4 64 0,02 0,00
 69 TTAGCACTTC Williams-Beuren syndrome chromosome region 17 WBSCR17 1 5 2 39 0,02 0,00
 70 AATAAATTGC Synaptotagmin IV SYT4 1 5 1 50 0,01 0,00

71 ATTGTGTAAT Protein kinase C and casein kinase substrate in
neurons 1 PACSIN1 1 5 1 34 0,01 0,00

72 CACAGTTTGC Neurofilament 3 (150 kDa medium) NEF3 1 4 1 51 0,01 0,00
73 CTGGACAAGG Parvalbumin PVALB 1 4 1 30 0,01 0,00

74 CTTCAATAGT Internexin neuronal intermediate filament
protein,   alpha INA 1 5 1 33 0,01 0,00

75 GCCCCAGCTG Glutamate receptor, ionotropic,
N-methyl-D-aspartate 1 GRIN1 1 5 2 61 0,01 0,00

76 GCTCCTGTCT Protein kinase C, gamma PRKCG 1 4 1 33 0,01 0,00
77 TGGAATGAGC Creatine kinase, mitochondrial 2 (sarcomeric) CKMT2 1 4 1 30 0,01 0,00
78 CGGCTGCTGG Copine VI (neuronal) CPNE6 0 5 0 25 0 0,00

79 CTCCAAAGAA Potassium voltage-gated channel, KQT-like
subfamily, member 2 KCNQ2 0 4 0 18 0 0,03

80 GACAGCGACA
UDP-N-acetyl-alpha-D-galactosamine:polypepti
de N-acetylgalactosaminyltransferase 9
(GalNAc-T9)

GALNT9 0 5 0 18 0 0,03

81 GCACAGGAGA Solute carrier family 1 (high affinity
aspartate/glutamate transporter), member 6 SLC1A6 0 3 0 18 0 0,03

82 GTTTTGCAAA Glutamate receptor, metabotropic 4 GRM4 0 4 0 29 0 0,00

83 TGGATGCTCT Follistatin-like 5 FSTL5 0 2 0 18 0 0,03

84 CGAGAGGGAG FAT tumor suppressor homolog 2 (Drosophila) FAT2 0 2 0 34 0 0,00

85 TAAAATGCAG Neurogenic differentiation 1 NEUROD
1 0 2 0 24 0 0,00
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Tag Gene name Gene symbol
Tag gene abundance, compared to NB

Astrocytoma Anaplastic
astrocytoma Glioblastoma

1 2 3 4 5 6 7

I

1. GTCGCTGAGA Carbonic anhydrase XI CA11 0.16 0.21 0.13

2. AGTGGAAGGT Discs, large homolog 4 (Drosophila) DLG4 0.13 0.10 0.08

3. TCTGCACCTC Eukaryotic translation elongation factor 1 alpha 2 EEF1A2 0.12 0.06 0.08

4. CACAACCACC Rabphilin 3A homolog (mouse) RPH3A 0.11 0.08 0.05

5. TCTGTGACCT Flavoprotein oxidoreductase MICAL2 MICAL2 0.09 0.09 0.06

6. TGGGACGTGA EPH receptor B6 EPHB6 0.07 0.10 0.08

7. CCTGACTCGG Nuclear receptor interacting protein 3 NRIP3 0.06 0.03 0.04

8. TAACCAAGAG Transthyretin (prealbumin) TTR 0.05 0.02 0.03

9. CGAGAGGGAG FAT tumour suppressor homolog 2 (Drosophila) FAT2 0.00 0.00 0.00

II

10 GTCTCTACGA Transgelin 3 TAGLN3 0,19 0,18 0,06

11 TGGACACTCA Neurochondrin NCDN 0,19 0,21 0,11

12 ATCCGTGCCC Calmodulin 3 (phosphorylase kinase, delta) CALM3 0,17 0,10 0,09

13 AGTGCCCCTC ProSAPiP1 protein ProSAPiP1 0,16 0,17 0,06

14 TCGGGGCCCC Complexin 1 CPLX1 0,16 0,08 0,05

15 TGCCGCACGT Kinesin 2 60/70 kDa KNS2 0,16 0,14 0,04

16 CCCATTCCTC Plakophilin 4 PKP4 0,15 0,19 0,06

17 TTCCCGGAAA Sulfotransferase family 4A, member 1 SULT4A1 0,15 0,09 0,06

18 GAGGCTGGAA Glutamate receptor, ionotropic, N-methyl-D-aspartate 2C GRIN2C 0,15 0,08 0,05

19 TGGCTGGAAG Phosphoinositide-binding protein PIP3-E PIP3-E 0,17 0,14 0,05

20 ACAACACTAC RAB3A, member RAS oncogene family RAB3A 0,17 0,17 0,04

21 TGAGGTTATC Guanine nucleotide binding protein (G protein), gamma 3 GNG3 0,14 0,08 0,05

22 CGTGTCCAGG Progestin and adipoQ receptor family member VI PAQR6 0,14 0,04 0,06

23 CTTCAGGACC Syntaxin binding protein 1 STXBP1 0,16 0,19 0,08

24 TGACTGTGCT Neurogranin (protein kinase C substrate, RC3) NRGN 0,15 0,27 0,04

25 GGGGTGCTGT Dynamin 1 DNM1 0,14 0,13 0,05

26 CACAGTTTGC Neurofilament 3 (150kDa medium) NEF3 0,13 0,14 0,01

27 CGGCTGCTGG Copine VI (neuronal) CPNE6 0,12 0,04 0,00

28 TCCGCCCCAG Calcium binding protein 1 (calbrain) CABP1 0,12 0,12 0,02

29 CTCCAAAGAA Potassium voltage-gated channel, KQT-like
subfamily, member 2

KCNQ2 0,10 0,10 0,00

30 GCTGTTCTTG Bruno-like 4, RNA binding protein (Drosophila) BRUNOL4 0,11 0,14 0,03

31 TGGCTGGAGG Fas apoptotic inhibitory molecule 2 FAIM2 0,11 0,07 0,03

32 GTGCGAATCC Calcium/calmodulin-dependent protein kinase
(CaM kinase) II alpha

CAMK2A 0,11 0,14 0,04

33 GTGCAGTGAA Synaptophysin SYP 0,09 0,08 0,03

34 TACAAGGCCA Dopamine receptor D1 interacting protein DRD1IP 0,07 0,06 0,03

35 GCTCCTGTCT Protein kinase C, gamma PRKCG 0,07 0,03 0,01

36 GCCCCAGCTG Glutamate receptor, ionotropic, N-methyl
D-Aspartate 1

GRIN1 0,05 0,03 0,01

37 TGGAATGAGC Creatine kinase, mitochondrial 2 (sarcomeric) CKMT2 0,05 0,07 0,01

38 TAAAATGCAG Neurogenic differentiation 1 NEUROD1 0,03 0,02 0,00

39 GCACAGGAGA Solute carrier family 1 (high affinity
Aspartate/glutamate transporter), member 6 SLC1A6 0,03 0,01 0,00

40 GTTTTGCAAA Glutamate receptor, metabotropic 4 GRM4 0,01 0,02 0,00

III

41 CGGGGAGATG NDRG family member 2 NDRG2 0,64 0,34 0,12

42 CTTATGACAA Chromogranin B (secretogranin 1) CHGB 0,62 0,27 0,02

43 TTAACTTTAT Reticulon 1 RTN1 0,50 0,55 0,04

44 TGGAGTGAAA SH3-domain GRB2-like 2 SH3GL2 0,42 0,46 0,05

45 GGCTGGATGG Cholecystokinin CCK 0,42 0,37 0,04

46 CCCCCAATTC Vesicle-associated membrane protein 2
(synaptobrevin 2) VAMP2 0,42 0,33 0,14

Ta ble 2

Dis tri bu tion of lev els of gene ex pres sion at each stage of astrocytoma de vel op ment



cov ered in 8 of 9 NB sam ples and 4 of 10 sam ples of
glioblastomas, while in one glioblastoma only, the level 
of gene ex pres sion was the same as in NB sam ples and
to be sig nif i cantly lower in other three GB sam ples
(Fig.4).  RT-PCR did not con firm the re sults of SAGE
for GRM4 – PCR prod uct was dis cov ered in 1 of 11 NB
sam ples and 3 of 9 sam ples of glioblastoma.

The changes in tran scrip tion ac tiv ity of genes, ob -
tained in this sort of com par i son, are gen er ally of dif fer -
ent gen e sis, i.e. they may cause ma lig nant trans for ma -
tion of cells, they may be the con se quences of this
trans for ma tion or they may not have any di rect re la tion
to the lat ter.  Cer tainly, this sort of group ing is rather
sub jec tive, mind ing that the ma jor ity of pro tein prod -
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Ta ble 2 con tinue

1 2 3 4 5 6 7

47 CCCTTCCTTT ATPase, H+ transporting, lysosomal 13 kDa, VI
subunit G isoform 2 ATP6V1G2 0,36 0,37 0,09

48 TGGATGCTCT Follistatin-like 5 FSTL5 0,35 0,16 0,00

49 GCCTCAATAA Mitogen-activated protein kinase 8 interacting
protein 2 MAPK8IP2 0,34 0,20 0,09

50 TGTAACAATA Neuritis with brachial prediliction NAPB 0,31 0,26 0,06

51 CGGCTGCCCA Synuclein, gamma (breast cancer-specific
protein 1) SNCG 0,31 0,20 0,05

52 AAAGGGAATG Solute carrier family 17 (sodium-dependent
inorganic phosphate cotransporter), member 7 SLC17A7 0,29 0,23 0,07

53 TCTATTAATA Myelin basic protein MBP 0,29 0,50 0,05

54 AATAAAGCTA Synuclein, beta SNCB 0,28 0,20 0,06

55 AGAATACCTT Sparc/osteonectin, cwcv and kazal-like domains
proteoglycan (testican) SPOCK1 0,28 0,33 0,06

56 CAAAAAGTTA Myelin-associated oligodendrocyte basic protein MOBP 0,26 0,18 0,04

57 TTCCGACTGC Synaptogyrin 3 SYNGR3 0,26 0,21 0,06

58 AAATAAAGCC Gamma-aminobutyric acid (GABA) A receptor, delta GABRD 0,25 0,09 0,04

59 TAATATTAAA Synaptosomal-associated protein, 25 kDa SNAP25 0,25 0,27 0,08

60 GCCTGAGGGC Phytanoyl-CoA hydroxylase interacting protein PHYHIP 0,24 0,09 0,06

61 TTAGCACTTC Williams-Beuren syndrome chromosome region 17 WBSCR17 0,24 0,11 0,02

62 CCGGCCCCTC Septin 4 SEPT4 0,24 0,10 0,06

63 GCCTGTGGTG Lymphocyte antigen 6 complex, locus H LY6H 0,23 0,19 0,05

64 AATAAATTGC Synaptotagmin IV SYT4 0,22 0,08 0,03

65 TGGGAAGTGG Maternally expressed 3 MEG3 0,22 0,16 0,15

66 ATTGTGTAAT Protein kinase C and casein kinase substrate in
neurons 1 PACSIN1 0,21 0,21 0,01

67 TGCCCAAATG Leucine-rich repeat LGI family, member 3 LGI3 0,21 0,31 0,08

68 AAGCATTAAA Protein kinase, cAMP-dependent, regulatory,
type I, beta PRKAR1B 0,21 0,20 0,12

69 ATCCCTTCCC Septin 5 SEPT5 0,21 0,15 0,08

70 ATTAAAGTCA Regulating synaptic membrane exocytosis 3 RIMS3 0,21 0,17 0,11

71 CGGTTTCCAA Protein kinase C, zeta PRKCZ 0,20 0,11 0,06

72 GAATTTGGGA Junctophilin 4 JPH4 0,20 0,25 0,07

73 CCAAGGCCCC Pleckstrin and Sec7 domain containing PSD 0,20 0,18 0,04

74 CTGGATGTTA Myelin transcription factor 1-like MYT1L 0,20 0,17 0,03

75 CTCTGGCTCT Secretory carrier membrane protein 5 SCAMP5 0,18 0,20 0,07

IV

76 CTTCAATAGT Internexin neuronal intermediate filament
protein, alpha INA 0,17 0,24 0,01

77 GTTTAAAAAG Stathmin-like 2 STMN2 0,16 0,24 0,11

78 GTAAGTCTCA Neurofilament, light polypeptide 68 kDa NEFL 0,14 0,34 0,03

79 TCCATTCAAG Solute carrier family 12, (potassium-chloride
transporter) member 5 SLC12A5 0,08 0,14 0,02

80 AGACATTGTA Synaptotagmin XIII SYT13 0,06 0,14 0,03

81 GACAGCGACA
UDP-N-acetyl-alpha-D-galactosamine:polypepti
de N-acetylgalactosaminyltransferase 9
(GalNAc-T9)

GALNT9 0,05 0,19 0,00

82 TACCCTCTCA ATPase, Na+/K+ transporting, alpha 3
polypeptide ATP1A3 0,04 0,10 0,04

83 CTGGACAAGG Parvalbumin PVALB 0,01 0,06 0,01

84 GCGCTGCATT Zic family member 4 ZIC4 0,01 0,03 0,04

85 CTGGCCAACC Synatotagmin 5 SYT5 0,00 0,02 0,03
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Fig.1Analysis of NRGN and DNM1 gene ex -
pres sion in glioblastomas and hu man nor mal
brain (GB – glioblastoma; NB –hu man nor mal 
brain): a – North ern hy bridi sa tion of RNA
panel of tu mours and hu man nor mal brain
with 32P-la beled NRGN cDNA; b – North ern
hy bridi sa tion of RNA panel of tu mours and
hu man nor mal brain with 32P-la beled
DNM1cDNA; c – North ern hy bridi sa tion with 

con trol b-actin cDNA probe; d – bar graph
show ing rel a tive ex pres sion level of gene



ucts of these genes are polyfunctional and the ques tion
of which of the func tions are in volved (if in volved at
all) in the for ma tion of astrocytomas re mains open.

Gene sym bol was used to iden tify genes in CGAP
da ta base
(http://cgap.nci.nih.gov/SAGE/AnatomicViewer) and
to de ter mine po ten tial func tions of their pro tein prod -
ucts in dif fer ent da ta bases and pub li ca tions for each

gene, which al lowed group ing genes with sim i lar func -
tions (Ta ble 3).  As it has been ex pected, the ma jor part
of genes with de creased level of ex pres sion in gliomas
en code the pro teins, par tic i pat ing in neurogenesis, syn -
ap tic trans mis sion, for ma tion of nerve ensheatment and 
neurofilament.  The de crease in lev els of gene ex pres -
sion of the afore men tioned func tional groups may be
trust wor thily re fer to the third class of ex pres sion
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Fig.3 Semi-quan ti ta tive PCR-anal y sis of FAT2 gene ex pres sion in glioblastomas and hu man nor mal nor mal brain (GB – glioblastoma; NB –
nor mal hu man brain): a – elec tro pho re sis of PCR prod ucts with prim ers for FAT2; b – elec tro pho re sis of PCR prod ucts with prim ers for
beta-actine

Fig.2 Anal y sis of MBP gene ex pres sion in tu mours and hu man nor mal brain (GB – glioblastoma; RB – rat brain; A – astrocytoma, AA –
anaplastic astrocytoma; NB – nor mal hu man brain; NRB – neuroblastoma, GB – glioblastoma; L – lym phoma): a – North ern hy bridi sa tion of 

RNA panel of tu mours and hu man nor mal brain with 32P-la beled MBP cDNA; b – North ern hy bridi sa tion with con trol b-actin cDNA probe;

c – ethidium bro mide stained agarose gel; d – di a gram of rel a tive level of gene ex pres sion



changes, al though, there is a pos si bil ity of their in ter -
me di ate par tic i pa tion in tu mour de vel op ment.  These
genes are ex pressed pre dom i nantly in the neu ral cells,
rel a tive quan tity of which de creases in glial tu mours. 
There fore, the de crease in con tent of such mRNA pos -
si bly re flects the de crease in the per cent age of neu ral
cells in astrocytomas. There have been no data of their
in volve ment in the carcinogenesis for more than half of
re viewed genes, be long ing to these groups. How ever,
some genes may be used for the char ac teri sa tion of ma -
lig nant neoplasmas and may have prog nos tic po ten tial.

A sig nif i cant num ber of genes with de creased ex -
pres sion in glioblastoma en code the prod ucts, in volved
in trans porter ac tiv ity and cell sig nal transduction (Ta -
ble 3).  Mo lec u lar distunbances of sig nal transduction
are known to play the im por tant role in the de vel op ment 
of glial tu mours.  Some ex pres sion changes, dis cov ered 
in the pres ent work, were ear lier found in hu man brain
cells for the fol low ing genes: CCK, en cod ing
cholecystokinin (brain/gut pep tide); EPHB6, en cod ing
ephrin B6 re cep tor and neurogranin gene NRGN, which 
en codes pro tein kinase sub strate C.

Cholecystokinin is in volved in per for mance of nu -
mer ous func tions in the brain, in par tic u lar, feed ing be -
hav iour, anx i ety and mem ory.  Brain CCK mRNA lev -
els are low be fore birth, but in crease mark edly shortly
af ter birth and reach adult like pat terns of ex pres sion
three weeks af ter birth dur ing the fi nal mat u ra tion of the 
cen tral ner vous sys tem. In the adult, sev eral sub stances
in duce neuronal CCK mRNA ex pres sion via ac ti va tion

of tran scrip tion fac tors bind ing to reg u la tory el e ments
in the CCK pro moter [13].

Though gas trin, cholecystokinin-re lated pro tein,
was dem on strated to in flu ence the growth and mo bil ity
of glioblastoma cells [14], yet in gliomas there were no
ev i dences of cholecystokinin re cep tor prod ucts [15]. 
Immunohistochemical anal y sis re vealed the lower con -
tent of cholecystokinin in ma lig nant astrocytomas,
com pared to well-dif fer en ti ated astrocytomas (ma lig -
nancy grades I-II) [16].  This pro tein was de tected in
neuronal cells, pre served in 7 in ves ti gated su -
pra-tentorial anaplastic astrocytomas, how ever, it was
ab sent in other gliomas – 3 dif fuse astrocytomas and 8
glioblastomas [17] as well as in subependymal gi ant
cell astrocytomas [18].  In ac ti va tion of CCK ex pres sion 
is likely to take place at the level of tran scrip tion or
trans la tion, or post-translational pro cess ing dur ing ma -
lig nant pro gres sion of gliomas.  It is con firmed by our
SAGE re sults – CCK gene tags are pres ent in 1 of 9
glioblastoma SAGE-li brar ies only.  In vivo ex per i ments 
show that cholecystokinin may in duce sig nal ling pro -
cesses with as sis tance of pro tein kinase C in rat glioma
C6 cell line, for which the ex pres sion of CCKB-type of
re cep tors has been iden ti fied [19].  Cholecystokinin
stim u lates the growth of C6 cells, ac ti vat ing
isoenzymes b1, b2, g, and z of C pro tein kinase [20].

Ephrin re cep tors and their lig ands play the role of
me di a tors in nu mer ous pro cesses of de vel op ment, in
ner vous sys tem, in par tic u lar.  Based on the struc ture
and se quence re la tions, ephrins can be clas si fied into
class A (EFNA), which are an chored to mem brane with

DMITRENKO V. V. ET AL.

356

Fig.4 Anal y sis of CPNE6 in glioblastomas and nor mal hu man brain us ing with semi-quan ti ta tive RT-PCR (GB – glioblastoma; NB – nor mal
hu man brain): a – elec tro pho re sis of PCR prod ucts ob tained with prim ers for CPNE6; b – elec tro pho re sis of PCR prod ucts ob tained with

prim ers for b-actin
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Gene name Tag
1   2

Cell cy cle reg u la tion

Septin 5 SEPT5

Septin 4 SEPT4

Tran scrip tion/Trans la tion reg u la tion
Bruno-like 4, RNA binding
protein (Drosophila) BRUNOL4

Eukaryotic translation elongation
factor 1 alpha EEF1A2   

My elin tran scrip tion fac tor 1-like MYT1L

Neurogenic dif fer en ti a tion 1 NEUROD1

Neurogenesis

Copine VI (neuronal) CPNE6
Discs, large homolog 4
(Drosophila) DLG4

Lym pho cyte an ti gen 6 com plex, lo cus
H LY6H

My elin-as so ci ated
olygodendrocyte ba sic pro tein MOBP

Neurogranin NRGN

Transgelin 3 TAGLN3

Nerve ensheatment
Myelin basic protein MBP

My elin-as so ci ated
olygodendrocyte ba sic pro tein MOBP

Neurofilament
Internexin neuronal intermediate
filament protein, alpha INA

Neurofilament 3 (150kDa medium) NEF3
Neurofilament, light polypeptide 68kDa NEFL

Syn ap tic trans mis sion
Cal cium/calmodulin-de pend ent
pro tein kinase (CaM kinase) II
al pha

CAMK2A

Complexin 1 CPLX1

Copine VI (neuronal) CPNE6
Discs, large homolog 4
(Drosophila) DLG4

Do pa mine re cep tor D1 in ter act ing
pro tein DRD1IP

Gamma-aminobutyric acid
(GABA) A re cep tor, delta GABRD

Glutamate receptor, ionotropic,
N-methyl D-aspartate 1 GRIN1

Glu ta mate re cep tor, ionotropic,
N-methyl D-aspartate 2C GRIN2C

Glutamate receptor, metabotropic 4 GRM4
Myelin basic protein MBP

My elin-as so ci ated
olygodendrocyte ba sic pro tein MOBP

Neuronal pentraxin 1 NPTX1

Ta ble 3

Po ten tial sup pres sor genes of glial tu mours, grouped

Gene name Tag
1   2

Sol ute car rier fam ily 1 (high
af fin ity aspartate/glu ta mate
trans porter), mem ber 6

SLC1A6

Solute carrier family 12,
(potassium-chloride transporter)
member 5

SLC12A5

Synaptosomal-associated protein,
25kDa SNAP25  

Synaptogyrin 3 SYNGR3
Synaptophysin   SYP   
Synaptotagmin V SYT53   
Synaptotagmin XIII SYT13   

Syntaxin bind ing pro tein 1 STXBP1

Trans porter ac tiv ity
ATPase, Na+/K+ transporting,
alpha 3 polypeptide ATP1A3   

ATPase, H+ transporting,
lysosomal 13kDa, V1 subunit G
isoform 2

ATP6V1G2

Po tas sium volt age-gated chan nel,
KQT-like subfamily, mem ber 2 KCNQ2

Solute carrier family 17 SLC17A7  
Protein kinase C and casein kinase 
substrate in neurons 1 PACSIN1

Synaptotagmin IV SYT4 
Synaptotagmin XIII SYT13   
Vesicle-associated membrane
protein (VAMP)/synaptobrevin VAMP2

Transthyretin (prealbumin) TTR
Phosphoinositide-binding protein
PIP3-E PIP3-E

Neuritis with brachial prediliction NAPB
RAB3A, member RAS oncogene
family RAB3A

Rabphilin 3A homolog (mouse) RPH3A
Secretory carrier membrane protein 5 SCAMP5

Endocytosis
Dynamin 1 DNM1
Protein kinase C and casein kinase
substrate in neurons 1 PACSIN1

Sig nal transduction
Calcium binding protein 1
(calbrain) CABP1

Cholecystokinin CCK

Discs, large homolog 4
(Drosophila) DLG4

EPH (Ephrin) receptor B6 EPHB6

Gamma-aminobutyric acid (GABA) 
A re cep tor, delta GABRD

Guanine nucleotide binding protein
(G protein), gamma 3 GNG3

Mitogen-activated protein kinase 8
interacting protein 2 MAPK8IP2

Neurogranin NRGN



glycosylphosphatidylinositol link age, and class B
(EFNB), which are transmembrane pro teins.  Ephrin re -
cep tors are di vided into two groups, on the ba sis of sim -
i lar ity of amino acid se quences of their ex tra-cel lu lar
do mains and af fin ity in re la tion to wards bind ing of A
and B ephrins.  Ephrin re cep tors pres ent the larg est
sub-group in the fam ily of ty ro sine kin ases.  Re cep tors
par tic i pate in the pro cess of de vel op ment of ner vous
sys tem, such as for ma tion of bound aries,
vasculogenesis, and cell mi gra tion [21].  The ex pres -
sion of one of them, EphB2, in gliomas cells was dis -
cov ered to re sult in de crease in cell ad he sion and in -
crease in cell in va sion [22].  Be sides, R-Ras plays the

key role in reg u la tion of integrins ac tiv ity by this re cep -
tor via as so ci a tion and sub se quent phosphorylation.  In -
hi bi tion of ex pres sion of endogenic R-Ras with small
in ter fer ing RNA (siRNA) abol ished EphB2 ef fect on
cell ad he sion, pro lif er a tion and in va sion in brain.  The
de gree of R-Ras phosphorylation is pos i tively cor re -
lated with de gree of EphB2 phosphorylation in
glioblastoma cells.  These re sults dem on strate the pos -
si bil ity of ther a peu tic in flu enc ing on sig nal ling path -
way EphB2/R-Ras [22].  Ephrin re cep tor B6, en coded
by EPHB6, does not show kinase ac tiv ity, spe cific to
the ma jor ity of ty ro sine kinase re cep tors, and binds
B-ephrins.  De creased ex pres sion level of EPHB6 was

DMITRENKO V. V. ET AL.

358

1   2

Protein kinase C and casein kinase
substrate in neurons 1 PACSIN1

Protein kinase, cAMP-dependent,
regulatory, type I, beta PRKAR1B

Protein kinase C, gamma PRKCG
Protein kinase C, zeta PRKCZ
Plakophilin 4 PKP4   
Reticulon 1 RTN1
SH3-domain GRB2-like 2 SH3GL2

Apoptosis
Fas apoptotic inhibitory FAIM2

Septin 4 SEPT4

Neurogranin NRGN
Creatine kinase, mi to chon drial 2 CKMT2

GTPase ac tiv ity
Dynamin 1 DNM1
Guanine nucleotide binding protein
(G protein), gamma 3 GNG3

RAB3A, member RAS oncogene
family RAB3A

Septin 5 SEPT5

Septin 4 SEPT4

Cell ad he sion/mo til ity
FAT tumour suppressor homolog 2
(Drosophila) FAT2

Lipid metabolism
Synuclein, beta SNCB   
Sulfotransferase family 4A,
member 1 SULT4A1

Cytosceleton re lated
Kinesin 2 60/70kDa KNS2

Septin 5 SEPT5
Mem brane pro tein

UDP-N-acetyl-alpha-D-galactosamine
: polypeptide N-acetylgalactosaminyl
-transferase 9 (GalNAc-T9)

GALNT9

1   2

Sol ute car rier fam ily 1 (high af fin ity
aspartate/glu ta mate trans porter), mem ber 6 SLC1A6

Septin 4 SEPT4

Hor monal ac tiv ity
Chromogranin B (secretogranin 1) CHGB
Transthyretin (prealbumin) TTR

Ion bind ing

Follistatin-like 5 FSTL5

Parvalbumin PVALB
Un clas si fied

Carbonic anhydrase 11 CA11
Leucine-rich repeat LGI family,
member 3 LGI3

Junctophilin 4 JPH4
Maternally expressed 3 MEG3
Flavoprotein oxidoreductase MICAL2 MICAL
Neurochondrin NDCN
NDRG family member 2 NDRG
Nuclear receptor interacting protein 3 NRIP3
Progestin and adipoQ re cep tor
fam ily mem ber VI PAQR6

Phytanoyl-CoA hy drox y lase
in ter act ing pro tein PHYHIP

ProSAPiP1 protein ProSaPiP1
Pleckstrin and Sec7 domain containing PSD
Synuclein, beta SNCB
Synuclein, gamma (breast
cancer-specific protein 1) SNCG

Sparc/osteonectin, cwcv and
kazal-like domains proteoglycan
(testican)

SPOCK   

Stathmin-like 2 STMN2
Sulfotransferase family 4A,
member 1 SULT4A1

Zic family member 4 ZIC4

Williams-Beuren syndrome
chromosome region 17 WBSCR17   



dis cov ered in pros tate [23], breast [24], and mel a noma
can cer cells [25].  The rea son of in ac ti va tion of EPHB6
was de ter mined to be the in crease in the level of
methylation of its pro moter.  Demethylation of this pro -
moter re stores the nor mal level of gene ex pres sion [24].  
Ex pres sion of EPHB6 is one of fa vour able fac tors for
prog no sis of neuroblastomas [26].  The in crease in the
level of EPHB6 tran scrip tion was de ter mined in
neuroblastoma cell line af ter transfection with antisense 
cDNA MIF (macrophage mi gra tion in hi bi tion fac tor). 
The re sult of this transfection was 80% de crease in cell
growth of neuroblastomas, as well as 90% de crease
(com pared to the con trol) in tu mour growth and the
level of me tas ta sis in mice, in jected with these
transfectants [27].

Hu man NRGN (neurogranin; pro tein kinase C sub -
strate; RC3) is the homologue of neurospecific gene of
rat RC3/neurogranin.  This gene en codes post-syn ap tic
sub strate of pro tein kinase C, which binds calmodulin
at the ab sence of cal cium [28].  Neurogranin was dis -
cov ered to be pos si ble proapoptotic fac tor, par tic i pat -
ing in in duc tion of T-cells apoptosis upon elim i na tion
of interleukin-2 due to the in crease in in ner-cel lu lar
Ca2+ con cen tra tion [29].  NRGN is iden ti fied among
genes, which are reg u lated by gene of early growth re -
sponse EGR1 in pros tate can cer line cells [30].  The au -
thors sup pose that overexpression of EGR1 may be re -
lated to neuroendocrine dif fer en ti a tion, which of ten ac -
com pa nies the pro gres sion of pros tate can cer.  The
de crease in NRGN ex pres sion in glioblastoma (along
with 44 other genes) was re vealed com par ing the pro -
files of gene ex pres sion in glioblastoma and NB us ing
cDNA microarrays, con tain ing 25 344 genes, and con -
firmed by semi-quan ti ta tive RT-PCR [31].  Pos si bly,
the de creased NRGN ex pres sion is as so ci ated with in hi -
bi tion of apoptosis in glioblastomas or is the re flec tion
of de crease in num ber of neu ral cells in tu mours or their 
weak ened func tion ing.

In ac ti va tion of ion trans port genes in glial tu mours
has been dis cov ered ear lier.  Thus, Markert et al. [8] de -
ter mined the de creased ex pres sion of sev eral genes, en -
cod ing ion trans port pro teins, par tic u larly sub units
GRIN1 and GRIN2C of NMDA re cep tor, dur ing pro fil -
ing of gene ex pres sion in glioblastomas by the anal y sis
of oligonucleotide microarrays, which is in good cor re -
la tion with our re sults.

Dis or der in cell cy cle reg u la tion is one of at trib utes
of ma lig nant pro gres sion of astrocytomas.  The dis or -
der ing is me di ated by the in ac ti va tion of anti-onco -
genes TP53, CDKN2|p16, and Rb on 17p, 9p, and 13q
chro mo somes re spec tively [32].  The weak ened cell cy -
cle con trol may be the rea son of sig nif i cant re sis tance
of glioblastomas to wards ra dio and chemotherapies
[33]. The group of genes ca pa ble of reg u lat ing cell cy -
cle in cludes SEPT4 and SEPT5 (Ta ble 3), which en -
code septin fam ily pro teins.  Immunohistochemical
anal y sis re vealed the ab sence of SEPT4 (ARTS) pro -
tein in nor mal astrocytes and the in crease in its pro duc -
tion through out the ma lig nancy pro gres sion [34].  The
in crease in ex pres sion of this gene cor re lates with the
high est de gree of apoptosis in tu mours.  Per haps the
pres ence of SEPT4 in di cates the abil ity of tu mour cells
to apoptosis and may be con sid ered as in de pend ent
prog nos tic fac tor.  It is also quite pos si ble that the dif -
fer ences in re sults of pro tein anal y sis and SAGE dem -
on strate the dif fer ence in sta bil ity and translatability of
this mRNA in nor mal and tu mour astrocytes.

FAT2 gene tag (MEGF1) is pres ent in nei ther one
of SAGE-li brar ies of astrocytomas of II-IV ma lig nancy 
de grees.  This pro tein be longs to the fam ily of
cadherins – the group of in te gral mem brane pro teins,
spe cific for the pres ence of cadherin type of re peats. 
Be side 34 tan dem cadherin type re peats, the pro tein
con tains 2 EGF-like re peats and one laminin G do main
[35, 36].  It is the sec ond iden ti fied hu man homologue
of Drosophila FAT, which en codes tu mour sup pres sor,
im por tant for con trol of cell pro lif er a tion through out
the de vel op ment of Drosophila.  In situ hy bridi sa tion
re vealed mRNA prod ucts in gran u lar cells (small neu -
rons) of in ner ex ter nal ger mi nal layer and mi grat ing
gran u lar cells, whereas FAT2 is not ex pressed in pro lif -
er at ing cells of outer ex ter nal ger mi nal layer [37].  Ap -
par ently FAT2 pro tein is re spon si ble for cell ad he sion,
which con trols cell pro lif er a tion and plays the im por -
tant role in the de vel op ment of brain.

The re sults, ob tained in this work, con firm and sup -
ple ment the data of other au thors, stim u late the search
for new ther a peu tic tar gets for glial tu mours.  The
genes, ex pres sion of which was not de tected in
glioblastomas at all (CPNE6, KCNQ2, GALNT9,
SLC1A6, GRM4, FSTL5, FAT2, and NEUROD1) are
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the most prob a ble can di dates for tu mour-sup pres sor
genes, among 85 other genes, iden ti fied with SAGE.

There fore, in this work we iden ti fied ap prox i mately 
100 genes with more than 5-fold de creased ex pres sion
in astrocytic gliomas of ma lig nancy grades II-IV. 
Some of them may be po ten tial tu mour sup pres sor
genes.  Ab nor mal i ties, re sult ing in in ac ti va tion of tu -
mour sup pres sor genes, are of ten linked to the de crease
in the level of their ex pres sion.  In some tu mours or cell
lines there may be de le tions in one or both gene cop ies,
methylation of pro moter, mu ta tions of splic ing site,
non sense-mu ta tions or com bi na tions of these events,
which ini ti ate pre lim i nary ter mi na tion of trans la tion
and de sta bi lise mRNA-tran scripts.  Such mu ta tions are
of ten con nected with com plete ab sence or par tial de -
crease in the level of ex pres sion of tu mour-sup pres sor
gene [38].

The ap pli ca tion of SAGE al lows de ter min ing sim i -
lar genes and un der stand ing their func tions [39].  How -
ever, to de ter mine the de creased lev els of gene ex pres -
sion in tu mour is the first step at the be gin ning of a long
chain of ex per i ments on the iden ti fi ca tion of tu mour
sup pres sor genes.  The sec ond stage in cludes func tional 
re search in or der to un der stand the con nec tion be tween
mo lec u lar events and their in ter ac tions.  Fur ther char ac -
teri sa tion will al low us ing these genes for di ag nos tics
and med i cal prog nos tics, antitumour ther apy and mo -
lec u lar clas si fi ca tion of neoplasms.
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Õàðàêòåðèñòèêà ãåíîâ ñî ñíèæåííîé ýêñïðåññèåé â ãëèîìàõ 

÷åëîâåêà – ïîòåíöèàëüíûõ îïóõîëåñóïðåññîðíûõ ãåíîâ 

Ðåçþìå

Â ðåçóëüòàòå ñðàâíåíèÿ ïðîôèëåé ýêñïðåññèè ãåíîâ â
íîðìàëüíîì ãîëîâíîì ìîçãå è ãëèîáëàñòîìå ñ èñïîëüçîâàíèåì

áàçû äàííûõ ñåðèéíîão àíàëèçà ãåííîé ýêñïðåññèè (Se rial Anal -
y sis of Gene Ex pres sion, SAGE) âûÿâëåíû 129 ãåíîâ ñ áîëåå ÷åì
ïÿòèêðàòíûì èçìåíåíèåì óðîâíÿ ýêñïðåññèè (P £ 0,05) â
ãëèîáëàñòîìå, èç êîòîðûõ 85 ãåíîâ – ñî ñíèæåííîé 
ýêñïðåññèåé. Â äèôôóçíîé è àíàïëàñòè÷íîé àñòðîöèòîìàõ
êîëè÷åñòâî ãåíîâ ñî ñíèæåííîé â ïÿòü ðàç ýêñïðåññèåé
ìåíüøå. Ëèøü äëÿ äåâÿòè ãåíîâ ïÿòèêðàòíîå ñíèæåíèå
ýêñïðåññèè ïðîèñõîäèò â äèôôóçíûõ àñòðîöèòîìàõ è
âûÿâëÿåòñÿ ïðèáëèçèòåëüíî íà òàêîì æå óðîâíå â
àíàïëàñòè÷íûõ àñòðîöèòîìàõ è â ãëèîáëàñòîìàõ. Äëÿ
ïîäàâëÿþùåãî áîëüøèíñòâà èíàêòèâèðîâàííûõ ãåíîâ óðîâåíü
ýêñïðåññèè ñíèæàåòñÿ â äèôôóçíûõ àñòðîöèòîìàõ è
ïîñëåäîâàòåëüíî óìåíüøàåòñÿ íà äàëüíåéøèõ ñòàäèÿõ
çëîêà÷åñòâåííîé ïðîãðåññèè àñòðîöèòîì, ïðè÷åì â
ãëèîáëàñòîìàõ – íàèáîëåå çëîêà÷åñòâåííûõ ïðîÿâëåíèÿõ
ãëèàëüíûõ îïóõîëåé – ýêñïðåññèÿ îòäåëüíûõ ãåíîâ î÷åíü íèçêàÿ
èëè ñîâñåì îòñóòñòâóåò. Íîçåðí-ãèáðèäèçàöèÿ è ÎÒ-ÏÖÐ
(îáðàòíàÿ òðàíñêðèïöèÿ–ïîëèìåðàçíàÿ öåïíàÿ ðåàêöèÿ)
ïîäòâåðäèëè ñíèæåííóþ ýêñïðåññèþ â ãëèîáëàñòîìàõ
ïðîèçâîëüíî îòîáðàííûõ ãåíîâ. Íåêîòîðûå ãåíû, îïèñàííûå â
ýòîé ðàáîòå, ìîãóò êîäèðîâàòü îïóõîëåâûå ñóïðåññîðû è èõ
ñíèæåííaÿ ýêñïðåññèÿ, î÷åâèäíî, èãðàåò âàæíóþ ðîëü â
èíèöèàöèè è ïðîãðåññèè ãëèîì ÷åëîâåêà.

Êëþ÷åâûå ñëîâà: ãëèîìà, àñòðîöèòîìà, ãëèîáëàñòîìà,
ñíèæåííàÿ ýêñïðåññèÿ ãåíîâ, ïîòåíöèàëüíûå
îïóõîëåñóïðåññîðíûå ãåíû.
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