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Comparison of gene expression profiles in human normal brain and glioblastoma using SAGE database re-
vealed 129 genes with 5-fold difference of expression level in glioblastoma (P<0.05), 85 of them were
down-regulated. The number of genes with 5-fold down-regulated expression is less in the diffuse and
anaplastic astrocytomas. Five-fold decrease of the expression in the diffuse astrocytoma and nearly the
same expression levels in the anaplastic astrocytoma and glioblastoma were revealed for 9 genes only. For
overwhelming majority of inactivated genes in the low-grade astrocytoma the expression level decreased
progressively in the subsequent stages of malignant progression of astrocytoma. Expression levels of some
genes were very low or undetectable in glioblastoma, the most aggressive brain tumour. The decreased ex-
pression of selected genes in glioblastoma was confirmed by Northern analysis and RT-PCR. Some genes,
described in this work, may encode the tumour suppressors and their decreased expression may play an im-
portant role in initiation and progression of human glioma.
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Introduction. Several methods for the identification  of genes in various pathologies, particularly during

of differential gene expression have been developed.
These methods include two most powerful technolo-
gies, hybridization of DNA-microchips and Serial
Analysis of Gene Expression (SAGE), which revolu-
tionised biomedical research in determining the roles
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the tumour process. Gene expression patterns and
the information on genes, differentially expressed in
various tumours, obtained by modern multi-factor
analysis, enables the use of the combinations of iden-
tified genes for determination of specific tumour
type within current tumour category, improving the
diagnostics, and determining justified criteria of
treatment choice for each patient [1]. The availabil-
ity of early diagnostic markers would decrease sig-
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nificantly the incidence of tumour diseases and the
mortality rate. The application of SAGE in the previ-
ous publications allowed us to investigate and char-
acterise the genes with significantly increased ex-
pression level in glioblastomas [2, 3]. Comparative
analysis of SAGE-libraries of astrocytomas of ma-
lignancy grades II-IV and human normal brain (NB)
revealed the number of genes, the expression of
which increases or decreases in tumours cells, to in-
crease in the course of malignant progression. Cur-
rent work attempts to characterise the genes with de-
creased level of expression in astrocytic tumours.

Materials and Methods. 9 SAGE libraries of
glioblastomas (malignancy grade IV astrocytomas ac-
cording WHO classification), 11 SAGE libraries of
anaplastic astrocytomas (malignancy grade III
astrocytomas), 8 SAGE libraries of diffuse
astrocytomas (malignancy grade II astrocytomas), and
5 NB SAGE libraries have been analysed in order to
compare the expression of genes using Digital Gene
Expression Displayer (DGED) software and databases
of SAGE Genie web-site
(http://cgap.nci.nih.gov/SAGE).  Unigene database
(National Center of Biotechnological Information,
NCBI) was used to search for cDNA clones, containing
encoding regions of mRNA. Selected cDNA clones
were obtained from Resource Centre/Primary Data-
Base, RZPD, of Human Genome Project, Germany.
Surgical samples of glial tumours and NB
(histologically normal brain tissue, adjacent to the tu-
mour, compulsorily ablated with the tumour during the
operation) were immediately frozen after resection in
liquid nitrogen and stored at —70°C.

Total RNA was extracted from frozen tissues by
acidic guanidine isothiocyanate-phenol-chloroform so-
lution [4] and analysed by Northern hybridisation, as
described in [2, 3]. Densitometric analysis of hybridi-
sation signals was performed using Scion Image 1.62¢
software.

cDNAs were synthesised with oligo(dT) primer and
reverse transcriptase (RT) RevertAid (Fermentas, Lith-
uania) using the same amount of total RNA (10 pg for
each sample). Semi-quantitative polymerase chain re-
action (PCR) was performed according to Rae ef al. [5]
in 20 pl of the reaction mixture, containing cDNA, syn-
thesised on 0.5 ug of RNA, 2 units of Tag-polymerases
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1xPCR buffer, 0.2 mM dNTPs, and 1 uM primers for
corresponding genes:

CPNEG6 (for TGTCCCACCTGCACACGTTTG, rev
CGTGTCATTCACCACTTGGGG);

DRDIIP (for CAGCAGAATTTCCCTGACCTGG,
rev ACGCGCTGGTCACAGGAGCTG);

FAT2 (for GGAAGGAAGGAACTAATTCTTC, rev
CTCTACACATGTGTACACACG);

GRINI (for TTCGGCATAGGCATGCGCAAAG,
rev CACAGACAAGGCGCCCGTTAG);

GRM4 (for GTACACCACTTGCATCGTCTGG, rev
ACGCAGGTTCTTGTGGTAGCCT);

SLC1245 (for CATCAAGGACTCATCAAGGACT,
rev AACTGGCACTGAGGAGCTCTGG).

PCR was performed with the following parameters:
denaturation at 94°C, 30 sec; annealing at the tempera-
ture, corresponding to each of the primer pairs, 1 min;
synthesis — 72°C, 1 min (30 cycles) and 72°C, 7 min.
The number of cycles was gradually decreased till am-
plification of PCR-product remained at the level of lin-
ear phase (27 cycles). PCR products were detected
with ethidium bromide staining after electrophoresis in
2% agarose gel.

Results and Discussion. To compare the relative
levels of gene expression in astrocytomas of different
malignancy grades and NB by SAGE we used public
database of Cancer Genome Anatomy Project. Using
DGED option, expression change ratio was set to be 5
for the increase or decrease in the level of expression of
each gene, while statistical probability was P<0.05. The
comparison of 9 glioblastoma SAGE libraries and 5 NB
SAGE libraries revealed 199 gene tags with 5-fold dif-
ference in their distribution in these two pools [2]. In
case when more than one tag matched one gene, the
most probable one was selected. Five-fold changes in
expression of 129 genes were detected upon deletion of
tags for non-characterised expressed nucleotide se-
quences, tags without nucleotide sequences in Unigene
clusters, tags of mitochondrial genes, and genes encod-
ing hypothetic proteins. 85 genes matched the criteria
of overexpressed in NB or of potential tumour-suppres-
sor genes. Table 1, 7" column shows the correlation be-
tween the number of tags in all investigated SAGE-Ii-
braries of glioblastomas and number of those in all of
NB. Asitis seen, gene expression decreased more than
10-fold in the vast majority of cases.
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Our investigation was based on 9 glioblastoma
SAGE-libraries and 5 NB SAGE-libraries present in
SAGE Genie database. Certainly, the expansion of the
number of libraries may lead to the changes in the pat-
tern of differential expression of genes. However, the
comparison of the results obtained in this work with the
results of the comparison of 5 glioblastoma SAGE li-
braries and 2 NB SAGE libraries [6] revealed the ma-
jority of 117 genes, identified in the aforementioned
work, to be included into the present list of 129 genes
[2].

The comparison of the pools of 11 anaplastic
astrocytoma SAGE libraries and 8 astrocytoma SAGE
libraries with the pool 5 NB SAGE libraries at equal
conditions of analysis, revealed the total number of tags
with 5-fold distribution difference to be slightly lower
than in the case of comparison of glioblastomas and NB
— 118 and 83 tags, respectively. The processing of data
revealed 66 genes with 5-fold difference of expression
level in anaplastic astrocytomas, 48 of which were of
decreased expression, and 42 genes with 5-fold differ-
ence of expression level in astrocytomas, 26 of which
were of decreased level of expression. Therefore, the
number of genes with significant decrease of expres-
sion level increases throughout astrocytic glioma de-
velopment.

There are two critical questions in modern investi-
gation — what is the threshold in gene expression after
which the changes can be considered significant and
trustworthy and what are diagnostic,
pathophysiological, and therapeutic consequences of
the mentioned changes? Till there is no univalent an-
swer for the latter question, every research group makes
its own decision. For example, Lal et al. [7] described
the genes with more than 5-fold expression with
P<0.001 analysing the differential expression of genes
in glioblastomas and NB by SAGE; Loging et al. [1]
used the same approach to analyse the genes with more
than 10-fold changes in expression; Markert et al. [§]
and Ljubimova et al. [9], as well as some other re-
searchers, discussed the possible role of genes even
with less than 2-fold expression change in the initiation
and progression of tumours. Definitely, lowering the
threshold allows identifying a greater number of differ-
entially expressed genes, although the vast majority of

genes with significant changes in expression are possi-
bly more important biologically-wise.

The comparison of lists of genes with 5-fold de-
creased expression in astrocytomas revealed some ex-
pression changes to be at the same level throughout the
development of astrocytomas, although significant de-
crease of expression level of most of the genes occur
during the later, the most malignant, stages of tumour
development. Thus, the level of expression of CA/1,
DLG4, EEFI1A2, RPH3A4, MICAL2, EPHB6, NRIP3,
and 7TR (Table 2, group I) decreased in diffuse
astrocytomas and remained relatively the same during
the next stages of astrocytomas development, yet tags
of FAT2 (FAT tumour suppressor homolog 2
(Drosophila)) is present in neither one of SAGE-librar-
ies of astrocytomas of malignancy grades I[I-1V. At the
same time, the expression levels of 31 genes (Table 2,
group II) decrease more than 5-fold in diffuse
astrocytomas, and, furthermore decreases during the
following stages of astrocytoma development. Some
genes (CPNE6, KCNQ2, GALNTY9, SLC146, GRMA4,
FSTL5, NEURODI) terminate their expression in
glioblastomas, which is evident from Table 1. The de-
crease in the level of expression of 35 genes drops down
more than 5-fold in glioblastomas only (Table 2, group
III). The level of expression of 10 genes (Table 2,
group [V) varies at different stages of astrocytoma de-
velopment — in anaplastic astrocytomas (for ZIC4 and
SYT5 in glioblastomas as well) level of expression is
higher, compared to astrocytomas.

Northern analysis of individual independent tu-
mour samples is the most applicable and the most reli-
able method to confirm the result of the comparison of
gene expression profiles. Northern hybridisation of
randomly selected genes generally confirmed the re-
sults of SAGE. Fig.1 shows high expression levels of
DNM1I and NRGN in the majority of NB samples, how-
ever, their mRNA contents in glioblastomas is signifi-
cantly lower, if any at all. A high content of MBP
mRNA was observed in NB and was detected to be
much lower in astrocytic gliomas of malignancy grades
II-1V; in glioblastomas this mRNA was not detected at
all (Fig.2). SAGE results for SNAP25 and STXBPI
were not confirmed by Northern hybridisation —
SNAP25 is expressed at a high level in both NB and
astrocytomas of malignancy grades II-IV, while
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Table 1
The list of genes with decreased expression level in glioblastoma, compared to normal human brain (NB)
Libraries Tags Tag

o Gene

N°. Tag Gene name Odds| P
symbol A B 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  (Ssiclesgssocialed membrane protein 2 vAMP2? 8 5 63 158 0,14 0,01
3 GTCGCTGAGA Carbonic anhydrase XI CAll 9 5 48 123 0,13 0,02
4  AAGCATTAAA frotenXinase. cAMP-dependent, regulatory. — prxarip 8 5 40 113 012 0,01
5 CGGGGAGATG NDRG family member 2 NDRG?2 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 gl }l’lgigz,(}lrll‘s(t)ror}%plj()zrtlng, lysosomal 13 kDa, Vi ATP?V]G 5 5 15 58 0,09 0’01
11 GCCTCAATAA Mittogenz-activated protein kinase 8 interacting MAP2K8]P 7 5 23 87 0.09 0.00

protetn > >
12 AGTGGAAGGT Discs, large homolog 4 (Drosophila) DLG4 7 5 17 77 0,08 0,00
13 ATCCCTTCCC Septin 5 SEPTS 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 alpha2  EEFIA2 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
lut ier family 17 (sodium- dent

19 AAAGGGAATG folute cartier family 1 Godismedenendsne » sLci747 - 2 4 21 100 007 0,00
20 CTCTGGCTCT  Secretory carrier membrane protein 5 SCAMPS 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 Sparciosteoncetin, cwev and kazal-like domains - gpocx 2 5 6 34 006 0,02
24  GCCTGAGGGC Phytanoyl-CoA hydroxylase interacting protein ~ PHYHIP 5 5 17 92 0,06 0,00
25 AGTGCCCCTC ProSAPiPI protein ProSAPiP 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 ~ PAQRG6 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 MICAL?2 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  pyhucle]y. gamma (breast cancer-specific SNCG 6 5 7 48 005 0,00
37 GAGGCTGGAA  lutamatc regeptor, ionotropic, N-methy! GRIN2C 2 5 4 27 005 004
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 gélrgtrlrilg%nucleotide binding protein (G protein), GNG3 4 5 6 41 0,05 0,00
43  TGGAGTGAAA SH3-domain GRB2-like 2 SH3GL?2 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 AlPase, Na /K- transporting, alpha 3 ATP143 2 5 5 420,04 0,00
46 AAATAAAGCC ~Gamma-aminobutyricagid (GABA) A receptor,  G4prp 2 5 5 42004 0,00
47 ACAACACTAC RAB3A, member RAS oncogene family RAB3A 7 5 15 115 0,04 0,00
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| 2 ; s s el 7 [ s ] o]0
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 %gf\}[“fg}{l%asle %g‘lgggependem protein kinase  cqpr24 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 I 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 MYTIL 1 5 2 22 0,03 0,04
59 CTGGCCAACC Synaptotagmin V SYTS 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 DRDIIP 2 5 2 25 0,03 0,02
64 TGGCTGGAGG Fas apoptotic inhibitory molecule 2 FAIM?2 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 ~ johute cartier family 12 (potassium-chloride SLC1245 1 5 I 19 0,02 004
68 TCCGCCCCAG Calcium binding protein 1 (calbrain) CABPI1 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 Egﬁtrfggskfnase C and casein kinase substrate in PACSIN]I 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 [Infernexin pouronal intermediate filament INA 1 5 133001 000
75 GCCCCAGCTG  {latamate eceptor, fonotropic, GRINI 1 5 2 61 001 0,00
76 GCTCCTGTCT  Protein kinase C, gamma PRKCG 1 4 1 33 0,01 0,00
77 TGGAATGAGC Creatine kinase, mitochondrial 2 (sarcomeric) CKMT?2 1 4 1 30 0,01 0,00
78 CGGCTGCTGG Copine VI (neuronal) CPNEG6 0 5 0 25 0 0,00
79 CTCCAAAGAA Polassiym voltage-ggted channel, KQT-like KCNQ2 0 4 0o 18 0 003

DP-N-acityl-alpha-D-galactosfamine'gpolypepti
80 GACAGCGACA 8I\IINa[§et3% alactosaminyltransterase GALNTY 0 5 0 18 0 0,03

alNAc-

Solut jer family 1 (high affinit;

81 GCACAGGAGA Solutccarrierfomily | (highaffinity o sicias 0 3 0 18 0 003
82 GTTTTGCAAA Glutamate receptor, metabotropic 4 GRM4 0 4 0 29 0 0,00
83  TGGATGCTCT Follistatin-like 5 FSTLS 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 o 2 0 24 0 000

STBXPI mRNA content is very low in both NB and
glioblastomas. Most likely, the difference in gene ex-
pression levels in individual tumour and NB samples
reflects heterogeneity of biological properties of tu-
mours as well as individual polymorphism.
Noteworthy is the fact that the biggest number of
genes is expressed in brain compared to any other tissue
[10, 11]. And only concerning small number of genes,
for instance, MBP, DNM1I, and NRGN, the abundance

of their mRNA in general pool of mRNA is sufficient
for Northern hybridisation analysis. To determine the
contents of rare transcripts in tumour cells, we applied
semi-quantitative RT-PCR. RT-PCR results for F472
generally correlated with those of SAGE. PCR product
was detected in 5 of 7 NB samples and 6 of 14 samples
of glioblastomas (Fig.3).

RT-PCR results for CPNE6 were in very good cor-
relation with those of SAGE, i.e. PCR product was dis-
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Table 2

Distribution of levels of gene expression at each stage of astrocytoma development

Tag gene abundance, compared to NB

Tag Gene name Gene symbol Astrocytoma algt?gg%gﬁnfa Glioblastoma
1 2 3 4 5 6 7
1
1. GTCGCTGAGA  Carbonic anhydrase XI CAll 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 EEFIA2 0.12 0.06 0.08
4. CACAACCACC Rabphilin 3A homolog (mouse) RPH3A4 0.11 0.08 0.05
5. TCTGTGACCT  Flavoprotein oxidoreductase MICAL2 MICAL2 0.09 0.09 0.06
6. TGGGACGTGA  EPH receptor B6 EPHBG6 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
11

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 CPLXI 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 SULT4A41 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 RAB3A4 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 PAQRG6 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 Potassipm voltage-gated channel, KQT-like KCNQ2 0,10 0,10 0,00

subfamily, member 2
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 CAMK?2A 0.11 0.14 0.04

(CaM kinase) II alpha ’ ’ ’
33 GTGCAGTGAA  Synaptophysin SYP 0,09 0,08 0,03
34 TACAAGGCCA  Dopamine receptor D1 interacting protein DRDIIP 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 GRINI 0.05 0.03 0.01

D-Aspartate 1 ’ ’ ’
37 TGGAATGAGC  Creatine kinase, mitochondrial 2 (sarcomeric) CKMT2 0,05 0,07 0,01
38 TAAAATGCAG Neurogenic differentiation 1 NEURODI 0,03 0,02 0,00
39 GCACAGGAGA  Soluic carrier family | (high affinity ¢ SLCIAG 003 001 000
40 GTTTTGCAAA  Glutamate receptor, metabotropic 4 GRM4 0,01 0,02 0,00

11

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 SH3GL?2 0,42 0,46 0,05
45 GGCTGGATGG  Cholecystokinin CCK 0,42 0,37 0,04
46 CCCCCAATTC Vesicle-%ssocia%d membrane protein 2 VAMP2 0,42 0.33 0.14
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1 2 3 4 5 6 7
47 cccrrecTtT  AfPase, H transporting, lysosomal 13 kDa, VI y7psy ;G2 0,36 0,37 0,09
48 TGGATGCTCT  Follistatin-like 5 FSTLS5 0,35 0,16 0,00
49 GCCTCAATAA Mi)t&ffrgnz-activated protein kinase 8 interacting MAPKSIP2 0,34 0,20 0,09
50 TGTAACAATA  Neuritis with brachial prediliction NAPB 0,31 0,26 0,06
51 CGGCTGCCCA  Synuelejy, gamma (breast cancer-specific SNCG 0,31 0,20 0,05
52 AAAGGGAATG  fote carier Ty o e e: 7 SLC1747 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 gygtgcgg toone stin, cwey and kazal-like domains SPOCK]1 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 [V SYT4 0,22 0,08 0,03
65 TGGGAAGTGG Maternally expressed 3 MEG3 0,22 0,16 0,15
66 ATTGTGTAAT Egﬁtr%irtllslﬁinase C and casein kinase substrate in PACSINI 0,21 0,21 0,01
67 TGCCCAAATG  Leucine-rich repeat LGI family, member 3 LGI3 0,21 0,31 0,08
68  AAGCATTAAA g,rggeliflblggase» cAMP-dependent, regulatory, PRKARIB 0,21 0,20 0,12
69 ATCCCTTCCC  Septin 5 SEPTS 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 MYTIL 0,20 0,17 0,03
75 CTCTGGCTCT Secretory carrier membrane protein 5 SCAMPS 0,18 0,20 0,07

V4
76 CTTCAATAGT %)I%gﬁigrfgf(ialrip%%uronal intermediate filament INA 0,17 0,24 0,01
77 GTTTAAAAAG  Stathmin-like 2 STMN?2 0,16 0,24 0,11
78 GTAAGTCTCA  Neurofilament, light polypeptide 68 kDa NEFL 0,14 0,34 0,03
79 TCCATTCAAG  gguite carrier family 12, (potassium-chloride SLCI245 0,08 0,14 0,02
80 AGACATTGTA  Synaptotagmin XIII SYT13 0,06 0,14 0,03
81  GACAGCGACA 82%%?%]&1 A ongglactosamineipolypepti 1/ N7 0,05 0,19 0,00
82 TACCCTCTCA  AfPase Na/K transporting, alpha 3 ATP143 0,04 0,10 0,04
83 CTGGACAAGG Parvalbumin PVALB 0,01 0,06 0,01
84 GCGCTGCATT  Zic family member 4 ZICq 0,01 0,03 0,04
85 CTGGCCAACC  Synatotagmin 5 SYT5 0,00 0,02 0,03
covered in 8 of 9 NB samples and 4 of 10 samples of The changes in transcription activity of genes, ob-

glioblastomas, while in one glioblastoma only, the level  tained in this sort of comparison, are generally of differ-
of gene expression was the same as in NB samples and  ent genesis, i.e. they may cause malignant transforma-
to be significantly lower in other three GB samples tion of cells, they may be the consequences of this
(Fig.4). RT-PCR did not confirm the results of SAGE transformation or they may not have any direct relation
for GRM4 — PCR product was discoveredin 1 of 11 NB  to the latter. Certainly, this sort of grouping is rather
samples and 3 of 9 samples of glioblastoma. subjective, minding that the majority of protein prod-
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ucts of these genes are polyfunctional and the question  gene, which allowed grouping genes with similar func-
of which of the functions are involved (if involved at  tions (Table 3). As it has been expected, the major part

all) in the formation of astrocytomas remains open. of genes with decreased level of expression in gliomas
Gene symbol was used to identify genes in CGAP  encode the proteins, participating in neurogenesis, syn-
database aptic transmission, formation of nerve ensheatment and

(http://cgap.nci.nih.gov/SAGE/AnatomicViewer) and neurofilament. The decrease in levels of gene expres-
to determine potential functions of their protein prod- sion of the aforementioned functional groups may be
ucts in different databases and publications for each trustworthily refer to the third class of expression
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changes, although, there is a possibility of their inter-
mediate participation in tumour development. These
genes are expressed predominantly in the neural cells,
relative quantity of which decreases in glial tumours.
Therefore, the decrease in content of such mRNA pos-
sibly reflects the decrease in the percentage of neural
cells in astrocytomas. There have been no data of their
involvement in the carcinogenesis for more than half of
reviewed genes, belonging to these groups. However,
some genes may be used for the characterisation of ma-
lignant neoplasmas and may have prognostic potential.

A significant number of genes with decreased ex-
pression in glioblastoma encode the products, involved
in transporter activity and cell signal transduction (Ta-
ble 3). Molecular distunbances of signal transduction
are known to play the important role in the development
of glial tumours. Some expression changes, discovered
in the present work, were earlier found in human brain
cells for the following genes: CCK, encoding
cholecystokinin (brain/gut peptide); EPHB6, encoding
ephrin B6 receptor and neurogranin gene NRGN, which
encodes protein kinase substrate C.

Cholecystokinin is involved in performance of nu-
merous functions in the brain, in particular, feeding be-
haviour, anxiety and memory. Brain CCK mRNA lev-
els are low before birth, but increase markedly shortly
after birth and reach adult like patterns of expression
three weeks after birth during the final maturation of the
central nervous system. In the adult, several substances
induce neuronal CCK mRNA expression via activation
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of transcription factors binding to regulatory elements
in the CCK promoter [13].

Though gastrin, cholecystokinin-related protein,
was demonstrated to influence the growth and mobility
of glioblastoma cells [14], yet in gliomas there were no
evidences of cholecystokinin receptor products [15].
Immunohistochemical analysis revealed the lower con-
tent of cholecystokinin in malignant astrocytomas,
compared to well-differentiated astrocytomas (malig-
nancy grades I-II) [16]. This protein was detected in
neuronal cells, preserved in 7 investigated su-
pra-tentorial anaplastic astrocytomas, however, it was
absent in other gliomas — 3 diffuse astrocytomas and 8
glioblastomas [17] as well as in subependymal giant
cell astrocytomas [18]. Inactivation of CCK expression
is likely to take place at the level of transcription or
translation, or post-translational processing during ma-
lignant progression of gliomas. It is confirmed by our
SAGE results — CCK gene tags are present in 1 of 9
glioblastoma SAGE-libraries only. /n vivo experiments
show that cholecystokinin may induce signalling pro-
cesses with assistance of protein kinase C in rat glioma
C6 cell line, for which the expression of CCKB-type of
receptors has been identified [19]. Cholecystokinin
stimulates the growth of C6 cells, activating
isoenzymes B/, 2, v, and € of C protein kinase [20].

Ephrin receptors and their ligands play the role of
mediators in numerous processes of development, in
nervous system, in particular. Based on the structure
and sequence relations, ephrins can be classified into
class A (EFNA), which are anchored to membrane with



CHARACTERIZATION OF GENES, DOWN-REGULATED IN HUMAN GLIOMA

Table 3
Potential suppressor genes of glial tumours, grouped
Gene name Tag Gene name Tag
1 2 1 2
Cell cycle regulation Solute carrier family 1 (high
. affinity aspartate/glutamate SLCIA6
Septin 5 SEPTS5 transportetr), member 6
: Solute carrier family 12,
Septin 4 SEPT4 (potassium-chlorideytransporter) SLCI1245
Transcription/Translation regulation rsnember 3 | - ted )
Bruno-like 4, RNA bindin faptosomal-associated protemn, gy 4p25
pr(l)ltein (Drosophila) & BRUNOLA 2¥k]j)a )
Eukaryotic translation elongation EEFIA2 Synaptogyrin 3 SYNGR3
factor1 alpha Synaptophysin SYP
Myelin transcription factor 1-like MYTIL gynaptotagm%n v g T ; ;
Neurogenic differentiation 1 NEURODI ynaptotagmin XIII r
. Syntaxin binding protein 1 STXBP1
Neurogenesis
. Transporter activity
Cpplne VI (neuronal) CPNE6 ATPase, Na+/K+ transporting, ATPI1A3
DISCS, lar%e homolog 4 alpha 3 polypeptlde
(Drosophila) DLG4 .
h . ATPase, Ht transporting, .
Iﬁymp ocyte antigen 6 complex, locus LY6H lysgsomal 13kDa, V1 subunit G ATP6VIG2
15oform 2
Myelin-associated . Potassium voltage-gated channel
olygodendrocyte basic protein MOBP KQT-1i111<e s\{lbfa?nilg, member 2 KCNQ2
Neurogranin NRGN Solute carrier family 17 SLC1747
. Protein kinase C and casein kinase
Transgelin 3 TAGLN3 substrate in neurons 1 PACSINI
Nerve ensheatment Synaptotagm@n v SYT4
Myelin basic protein MBP Synaptotagmin XIII SYTI3
. . Vesicle-associated membrane
Myelin-associated . MOBP protein (VAMP)/synaptobrevin VAMP2
olygodendrocyte basic protein . .
Transthyretin (prealbumin) TTR
Neurofilament S o .
. . . Phosphoinositide-binding protein PIP3-E
Internexin neuronal intermediate INA PIP3-E
filament protein, alpha o . T
! . Neuritis with brachial prediliction NAPB
Neurofilament 3 (150kDa medium) NEF3 RAB3A. member RAS oncogene
Neurofilament, light polypeptide 68kDa NEFL family ~ & RAB34
Synaptic transmission Rabphilin 3A.h0m010g (mouse) . RPH3A4
Calg:iumlécalmo%ﬂg}[-ﬂependeﬁt Secretory carrier membrane protein 5 SCAMPS
glrr())h%m inase (CaM kinase) CAMK2A Endocytosis
Complexin 1 CPLXI Dynamin 1 o DNMI
) Protein kipase C and casein kinase PACSINI
Copine VI (neuronal) CPNEG6 substrate 1n neurons 1
Discs, large homolog 4 i i
(Drosophﬁa) g DLG4 ' o Si gqal transduction
. . . Calcium binding protein 1 CABPI
Dopamine receptor D1 interacting (calbrain)
protemn DRDIIP o
Cholecystokinin CCK
Gamma-aminobutyric acid .
(CABA)'A receptor, defta GABRD PD‘?SSS’O Laﬁﬁg)homolog 4 DLG4
ﬁl‘ﬁ{%ﬁ‘ﬁeﬁ?&e}?ﬁ?{étg’?°tr°p“" GRIN1 EPH (Ephrin) receptor B6 EPHBG6
Glutamate receptor, ionotropic, Gamma-aminobutyric acid (GABA)
N—lrlnethyl D—as;r))artate 2C P GRIN2C A receptor, delta GABRD
i Guanine nucleotide binding protein
Glutamate r.eceptor,.metabotroplc 4 GRM4 (élpro teinsl, samma 3 gp GNG3
Myelin basic protein MBP . h o
Mitogen-activated %rotem kinase 8 MAPKSIP2
Myelin-associated ) MOBP interacting protein
olygodendrocyte basic protein .
. Neurogranin NRGN
Neuronal pentraxin 1 NPTXI
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I [ 2 I [ 2
Protein kinase C and casein kinase Solute carrier family 1 (high affini
substrate in neurons ' PACSINI aspgtate/glutamate}{lanqgl[l)%hner), mtgmber6 SLC1A6
Protein kinase, cAMP-dependent, :
regulatory, type 1. beta p PRKARIB Septin 4 SEPT4
Protein kinase C, gamma PRKCG Hormonal activity
Protein kinase C, zeta PRKCZ Chromogranin B (secretogranin 1) CHGB
Plakophilin 4 PKP4 Transthyretin (prealbumin) TTR
Reticulon 1 RTNI lon binding
SH3-domain GRBZ-hlj: 2 SH3GL2 Follistatin-like 5 FSTLS
[poptosis .
Fas apoptotic inhibitory FAIM2 Parvalbumin Unclassified PVALB
) nclassifie
Septin 4 SEPT4 Carbonic anhydrase 11 CAll
Neurogranin NRGN Leucine-rich repeat LGI family, LGI3
Creatine kinase, mitochondrial 2 CKMT?2 ;nem:)erh:’l, 4 IPHA4
GTP fivit unctophilin
Dynamin 1 ase activity DNM] Maternally expressed 3 MEG3
. . g . Flavoprotein oxidoreductase MICAL2 MICAL
G leotide bind t .
(él ?)r;z)l}tgigsl,cgea?nlmg 31n e protetn GNG3 Neurochondrin NDCN
RAB3A, member RAS oncogene RAB3A NDRG family member 2 NDRG
family Nuclear receptor interacting protein 3~ NRIP3
Septin 5 SEPTS5 ?;&Ie;%le%bdeg%}?oQ receptor PAORG
Septin 4 SEPT4 Phytangyl-CoA hydroxylase
Cell adhesion/motility Int raCﬁXg protgix Y PHYHIP
FAT tumour suppressor homolog 2 FAT? ProSAPiP1 protein ProSaPiPI
(Drosophila) Pleckstrin and Sec7 domain containing PSD
Lipid metabolism Synuclein, beta SNCB
Synuclein, beta SNCB Synuclein, g%mma %b,reals)t SNCG
: cancer-specific protein
rsnlé:lrg? tgnsferase family 4A, SULT441 Sparc/QsIt)eonect}i?n, cwev and
kazal-like domains proteoglycan SPOCK
Cytosceleton related (testican)
Kinesin 2 60/70kDa KNS2 Stathmin-like 2 STMN?2
Septin 5 SEPTS rsnuelr%)tgrmeerase family 4A, SULT4A1
UDP-N vlal hM;mbrlante pro{em Zic family member 4 ZIC4
-N-acetyl-alpha-D-galactosamine s
: poly eptidey N-a%etylga actosaminyl GALNT9 Williams-Beuren syndrome WBSCR17

-transterase 9 (GalNAc-T9)

chromosome region 17

glycosylphosphatidylinositol linkage, and class B
(EFNB), which are transmembrane proteins. Ephrin re-
ceptors are divided into two groups, on the basis of sim-
ilarity of amino acid sequences of their extra-cellular
domains and affinity in relation towards binding of A
and B ephrins. Ephrin receptors present the largest
sub-group in the family of tyrosine kinases. Receptors
participate in the process of development of nervous
system, such as formation of boundaries,
vasculogenesis, and cell migration [21]. The expres-
sion of one of them, EphB2, in gliomas cells was dis-
covered to result in decrease in cell adhesion and in-
crease in cell invasion [22]. Besides, R-Ras plays the
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key role in regulation of integrins activity by this recep-
tor via association and subsequent phosphorylation. In-
hibition of expression of endogenic R-Ras with small
interfering RNA (siRNA) abolished EphB2 effect on
cell adhesion, proliferation and invasion in brain. The
degree of R-Ras phosphorylation is positively corre-
lated with degree of EphB2 phosphorylation in
glioblastoma cells. These results demonstrate the pos-
sibility of therapeutic influencing on signalling path-
way EphB2/R-Ras [22]. Ephrin receptor B6, encoded
by EPHBG6, does not show kinase activity, specific to
the majority of tyrosine kinase receptors, and binds
B-ephrins. Decreased expression level of EPHB6 was



CHARACTERIZATION OF GENES, DOWN-REGULATED IN HUMAN GLIOMA

discovered in prostate [23], breast [24], and melanoma
cancer cells [25]. The reason of inactivation of EPHB6
was determined to be the increase in the level of
methylation of its promoter. Demethylation of this pro-
moter restores the normal level of gene expression [24].
Expression of EPHBG6 is one of favourable factors for
prognosis of neuroblastomas [26]. The increase in the
level of EPHB6 transcription was determined in
neuroblastoma cell line after transfection with antisense
cDNA MIF (macrophage migration inhibition factor).
The result of this transfection was 80% decrease in cell
growth of neuroblastomas, as well as 90% decrease
(compared to the control) in tumour growth and the
level of metastasis in mice, injected with these
transfectants [27].

Human NRGN (neurogranin; protein kinase C sub-
strate; RC3) is the homologue of neurospecific gene of
rat RC3/neurogranin. This gene encodes post-synaptic
substrate of protein kinase C, which binds calmodulin
at the absence of calcium [28]. Neurogranin was dis-
covered to be possible proapoptotic factor, participat-
ing in induction of T-cells apoptosis upon elimination
of interleukin-2 due to the increase in inner-cellular
Ca’ concentration [29]. NRGN is identified among
genes, which are regulated by gene of early growth re-
sponse EGRI in prostate cancer line cells [30]. The au-
thors suppose that overexpression of EGRI may be re-
lated to neuroendocrine differentiation, which often ac-
companies the progression of prostate cancer. The
decrease in NRGN expression in glioblastoma (along
with 44 other genes) was revealed comparing the pro-
files of gene expression in glioblastoma and NB using
cDNA microarrays, containing 25 344 genes, and con-
firmed by semi-quantitative RT-PCR [31]. Possibly,
the decreased NRGN expression is associated with inhi-
bition of apoptosis in glioblastomas or is the reflection
of decrease in number of neural cells in tumours or their
weakened functioning.

Inactivation of ion transport genes in glial tumours
has been discovered earlier. Thus, Markert ez al. [8] de-
termined the decreased expression of several genes, en-
coding ion transport proteins, particularly subunits
GRINT and GRIN2C of NMDA receptor, during profil-
ing of gene expression in glioblastomas by the analysis
of oligonucleotide microarrays, which is in good corre-
lation with our results.

Disorder in cell cycle regulation is one of attributes
of malignant progression of astrocytomas. The disor-
dering is mediated by the inactivation of anti-onco-
genes TP53, CDKN2|p16, and Rb on 17p, 9p, and 13q
chromosomes respectively [32]. The weakened cell cy-
cle control may be the reason of significant resistance
of glioblastomas towards radio and chemotherapies
[33]. The group of genes capable of regulating cell cy-
cle includes SEPT4 and SEPT5 (Table 3), which en-
code septin family proteins. Immunohistochemical
analysis revealed the absence of SEPT4 (ARTS) pro-
tein in normal astrocytes and the increase in its produc-
tion throughout the malignancy progression [34]. The
increase in expression of this gene correlates with the
highest degree of apoptosis in tumours. Perhaps the
presence of SEPT4 indicates the ability of tumour cells
to apoptosis and may be considered as independent
prognostic factor. It is also quite possible that the dif-
ferences in results of protein analysis and SAGE dem-
onstrate the difference in stability and translatability of
this mRNA in normal and tumour astrocytes.

FAT2 gene tag (MEGF1) is present in neither one
of SAGE-libraries of astrocytomas of II-IV malignancy
degrees. This protein belongs to the family of
cadherins — the group of integral membrane proteins,
specific for the presence of cadherin type of repeats.
Beside 34 tandem cadherin type repeats, the protein
contains 2 EGF-like repeats and one laminin G domain
[35, 36]. It is the second identified human homologue
of Drosophila FAT, which encodes tumour suppressor,
important for control of cell proliferation throughout
the development of Drosophila. In situ hybridisation
revealed mRNA products in granular cells (small neu-
rons) of inner external germinal layer and migrating
granular cells, whereas F'472 is not expressed in prolif-
erating cells of outer external germinal layer [37]. Ap-
parently FAT2 protein is responsible for cell adhesion,
which controls cell proliferation and plays the impor-
tant role in the development of brain.

The results, obtained in this work, confirm and sup-
plement the data of other authors, stimulate the search
for new therapeutic targets for glial tumours. The
genes, expression of which was not detected in
glioblastomas at all (CPNE6, KCNQ2, GALNTY,
SLCI1A46, GRM4, FSTLS5, FAT2, and NEURODI) are
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the most probable candidates for tumour-suppressor
genes, among 85 other genes, identified with SAGE.

Therefore, in this work we identified approximately
100 genes with more than 5-fold decreased expression
in astrocytic gliomas of malignancy grades II-IV.
Some of them may be potential tumour suppressor
genes. Abnormalities, resulting in inactivation of tu-
mour suppressor genes, are often linked to the decrease
in the level of their expression. In some tumours or cell
lines there may be deletions in one or both gene copies,
methylation of promoter, mutations of splicing site,
nonsense-mutations or combinations of these events,
which initiate preliminary termination of translation
and destabilise mRNA-transcripts. Such mutations are
often connected with complete absence or partial de-
crease in the level of expression of tumour-suppressor
gene [38].

The application of SAGE allows determining simi-
lar genes and understanding their functions [39]. How-
ever, to determine the decreased levels of gene expres-
sion in tumour is the first step at the beginning of a long
chain of experiments on the identification of tumour
suppressor genes. The second stage includes functional
research in order to understand the connection between
molecular events and their interactions. Further charac-
terisation will allow using these genes for diagnostics
and medical prognostics, antitumour therapy and mo-
lecular classification of neoplasms.

The work was supported by National Academy of
Sciences of Ukraine in the framework of the
programmes Novel Medical-Biological Problems and
Human Environment and Fundamental Bases of
Genomics, Proteomics and Novel Biotechnologies, as
well as by Ministry of Science and Education of
Ukraine in the framework of the programme of inte-
grated action of Ukraine and France in the field of sci-
ence and technology Dnipro.
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XapaKTepHCTI/IKa TEHOB CO CHMXEHHOU 3KCHpCCCI/ICﬁ B riimomMax

YCJIOBCKA — NOTCHIHNAJIBHBIX OIIYXOJICCYIIPECCOPHBIX I'CHOB

Pesome

B pesynomame cpasnenus npoghuneii sxcnpeccuu 2eHoe
HOPMANbHOM 20JI08HOM MO32€ U 2IUOONACMOME € UCNONb30BANUEM
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6a3bl 0aHHBIX cepulino2o ananusa eennoil sxcnpeccuu (Serial Anal-
ysis of Gene Expression, SAGE) eviasnenvt 129 cenos ¢ 6onee uem
nAMUKPAMHLIM  UsMeHeHueMm yposns skcnpeccuu (P < 0,05) &
enuobnacmome, u3z Komopvix 85 cenos — co cHudceHHOU
akcnpeccuei. B ouggysnou u anannacmuunou acmpoyumomax
KOIUYEeCMBO 2eHO8 CO CHUJICEHHOU 6 NAmMb pa3 IKcnpeccuell
menvuwie. Jluwb Ons O0egamu 2eH08 NAMUKPAMHOE CHUdICEHUe
9Kcnpeccuu  npoucxooum 6 OuggysHvlx acmpoyumomax u
8blAGNACMCS  NPUOIUBUMENbHO HA  MAKOM  Jice  ypoeHe 6
AHANAACTUYHBIX — acmpoyumomax u 6 exuoobracmomax. Jns
nooasasaoweco DONLWMUHCIEA UHAKMUBUPOBAHHBIX 2€HO8 YDOBEHb
aKCnpeccuu  cHudicaemcs 6 Ou@@ysnelx acmpoyumomax u
NnOCIe008AMENbHO  YMEHbUACMCA HA  OANbHeUwux cmaousax
310KA4eCmMBEeHHOU  Npozpeccuu  acmpoyumom,  npuvem 8
enuobracmomax — Haubonee 310KAYECMBEHHBIX NPOABLCHUAX
2NUATILHBIX ONYX0JIell — IKCRPeCCUst OMOENbHbIX 2eHO8 04eHb HU3KAA
unu cogcem omcymcemgyem. Hoszepu-eubpuousayus u OT-I1L[P
(obpamnas — mMpancKpUNYus—noIUMepaA3nds —Yennas peaxyus,)
NnOOMEEPOUNU  CHUICEHHYIO — IKCApecculo 8  2auoOaacmomax
npoU380IbHO 0MOOPanHLIX 2eH06. Hexomopbie eenvl, onucannule 6
amoil pabome, mMo2ym KOOUPOSANb ONYX0Leble CYNPeccopbl U ux
CHUDICEHNAs DKChpeccusl, O04esUOHO, uzpaem 6adcHylo pojb 6
UHUYUAYUU U NPOCPECCUU 2TUOM HeN0BeKd.
Kniouesvie cnoga: enuoma, acmpoyumomd,
CHUdICeHNAs aKcnpeccus 2eHo8,
ONyxonecynpeccopmoie 2ebl.

aauobracmoma,
nomeHyuaiLbHble
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