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Aim. The human GSTPI1 is a major enzyme of phase Il detoxification in the most cell types. Aberrant
expression of GSTPI1 is associated with carcinogenesis and development of multidrug resistance. The
GSTPI gene expression is regulated at multiple levels including transcriptional, post-transcriptional and
post-translational. We concentrated our attention on the transcriptional level of regulation. Methods.
Transient transfection of Me45 melanoma cells with constructs containing the luciferase gene under the
control of complete and truncated GSTPI promoter was utilized to identify a role of different promoter
regions in regulation of the gene transcription in Me45 cells. To identify the transcription factors,
interacting with the GSTPI1 promoter sites, the competitive EMSA and super shift assay were applied.
Results. GSTPI transcription in Me45 cells is positively regulated by binding NF-xB to the cognate site
and ERP in complex with unknown protein to the ARE site; the complex of ERB with c-Fos negatively
regulates the gene expression via CRE site. The interaction of c-Fos/ERB with GSTP1 CRE site and indirect
interaction of ERP with GSTP1 ARE were identified. Conclusions. The positive regulation of the human
GSTPI gene in Me45 melanoma cells is exerted via NF-xB and ARE sites and the negative one via CRE site
of the promoter. ERB is indirectly involved in the regulation of GSTPI transcription. It is bound via c-Fos
with CRE site and via unknown protein with ARE site.

Keywords: glutathione S-transferase, promoter, transcription factors, NF-xB, estrogen receptor,
melanoma, transcription regulation.

Introduction. Glutathione S-transferases comprise a
multigene superfamily of enzymes that catalyze the
conjugation of electrophilic toxic compounds with
glutathione, playing a key role in phase II of
detoxification [1]. The human GSTP1 isoform is a
major GST isoenzyme in most cell types, except hepa-
tocytes [2]. Besides its typical role in detoxification it
possesses other functions, including a ligandin
function [3], modulation of signaling pathways [4],
conjugation and transport of steroid hormones [5], and
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participates in dinitrosyl-diglutathionyl-iron complex
storage and metabolism [6]. Aberrant expression of
GSTP1 is associated with carcinogenesis and develop-
ment of multidrug resistance (MDR).

The regulation of the GSTPI gene expression is in
the focus of researchers and clinicians interests because
the stimulation of GSTP1 expression is expected to be
used as a preventive approach against cancer while its
down-regulation is in need to counteract the develop-
ment of MDR. The GSTP! gene expression is regulated
at multiple levels including transcriptional, post-trans-
criptional and post-translational [7]. We concentrate
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our attention on the transcriptional level of regulation.
Despite the vast literature devoted to GSTP1 enzyme
the functional characteristics of responsive elements in
gene promoter and tissue-specific peculiarities of their
regulation are poorly understood. Moreover the pre-
vious investigations of molecular mechanisms involved
in the GSTP1 regulation were focused mainly on breast
cancer, leukemia and prostate cancer cells. In present
research we performed a functional analysis of GSTP/
promoter in human melanoma cells Me45. We utilized
truncated promoter constructions to compare the
functional role of different cis-acting promoter ele-
ments and identified transcription factors binding the
responsive elements by competitive EMSA (electro-
phoretic mobility shift assay) and supershift assay.

Matherials and methods. Cel/ culture. Human
melanona cell line Me45 was obtained from Polish Cell
Bank and propagated in DMEM/F12 medium («Sig-
may», USA) supplemented with 588 pg/ml L-glutamine,
0.16 % NaHCO,, 10 % heat inactivated fetal calf serum
(«Gibco», USA) and 100 pg/ml gentamicine. Cells
were grown at 37 °C in an atmosphere of 95 % air and
5 % CO,.

Promoter deletion constructs. Fragments of GSTP1
gene promoter were prepared by PCR. The oligonuc-
leotide 5'-ACTCACTGGTGGCGAAGACT-3' (positi-
on +15 to +35) was used as the downstream primer for
all constructions. Each of the following oligonucleoti-
des was used as upstream primers to amplify promoter
fragments: 5'-CATAAACACCA- ACCTCTTCCCC-3'
(position—1379 to—1357) for pGSTP1415, 5'-ATAGC-
CTAAGGCACAGCCAC-3' (position—1162 to—1142)
for pGSTP1197,5'-TTTCCTTTCCTCTAAGCGGC-3'
(position —405 to —385) for pGSTP440, 5'-AGTCCGC-
G GGACCCTCCAGA-3' (position —105 to —85) for
pGSTP140 and 5-AGAGCGGCCGGCGCCGTGAC-
3' (position —85 to —64) for pGSTP120. The amplified
products were subcloned into pCR*2.1-TOPO" vector
(«Invitrogen», USA). The recombinant plasmids were
sequenced and the orientation of inserts was deter-
mined. Plasmids with directly oriented inserts were
submitted to digestion with Kpnl and Xhol. Excised in-
serts were religated into pGL3-basic (plasmid with
Glo™ Lu- ciferase 3 basic) plasmid («Promega», USA).
Resulted constructs were named pGSTPX, were X cor-
responds to the length of the inserted promoter frag-

ment and GSTP is the gene name. Sequences of relevant
regions of the final constructs were confirmed by sequ-
encing in both directions in Oligo.pl DNA IBB PAN
Service (Poland).

Transient transfection assay. Me45 cells were
grown in 24-well plates to 60 % confluence and trans-
fected with 500 ng of pGSTP together with 25 ng of
PRL-TK (plasmid with Renilla Luciferase and Thymi-
dine kinase Promoter) plasmid («Promega», USA) per
well using Lipofectamine™ LTX and PLUS™ reagents
(«Invitrogen», USA). After 20 h the firefly and renilla
luciferase activities were assessed using Dual Lucife-
rase” Reporter Assay System («Promega», USA).

Electrophoretic mobility shift assay. Nuclear
extracts from Me45 cells were prepared by modified
method of Dignam et al. [8]. The following oligo-
nucleotides and their complementary sequences were
used as probes in EMSA experiment: ARE (Anti-
oxidant Response Element of human GSTP! promo-
ter) 5'-CGCCGTGACTCAGCACTGGG-3', NF-«B-
like (Nuclear Factor kB-like site of human GSTPI pro-
moter) 5'-TCCGCGGGACCCTCCAGAAG-3', NF-kB
(Nuclear Factor kB site of human GSTPI promoter)
5'-CTTAGGGAATTTCCCCCCGC-3', CRE (Cyclic
AMP Response Element site of human GSTP/ promo-
ter) 5'-GAGACTACGTCATAAAATAA-3', GATA
(GATA-1 binding site of human GSTPI promoter)
5'-GAGATCAATATCTAGAAATAA-3'. Probes
(10 pmoles) were labeled with 20 pmoles [y-""P]-ATP
6000 Ci/mmole («Hartmann Analytic», Deutschland)
by polynucleotide kinase («Roche», Switzerland).

Unincorporated nucleotides were removed by
gel-filtration through Bio-gel® P-30 («Bio-Rady,
USA). Electrophoretic mobility shift assay was
performed using Electropforetic mobility shift assay kit
(«Promega»). Consensus oligonucleotides for AP-1
(Activator Protein 1), NF-kB (Nuclear Factor xB),
CREB (Cyclic AMP Response Element Binding
protein), GATA, ER (Estrogen Receptor) and RAR
(Retinoic Acid Receptor), antibodies against human
c-Jun, c-Fos, MafF/G/K, ERB, Nrf3 (Nuclear erythroid
2 p45 related factor 3), NF-xB p50, NF-kB p65 and
normal rabbit IgG were from «Santa Cruz Bio-
technology» (USA).

Results and discussion. Functional analysis of the
GSTPI promoter regions in Me45 cells. The structure
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Fig. 1. Structure of the human GSTPI gene 5'-regulatory region and potential transcription factors interacting with it [9-13]: «+» — positive

regulation; «—» — negative regulation; g — general transcription factors
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Fig. 2. Schematic representation of the reporter constructs and their activities in transfected Me45 cells. Relative luciferase activity was
calculated as a ratio of firefly to renilla luciferase light emission. Cells cotransfected with pGL3-basic and pRL-TK vectors were as a

negative control

of GSTPI promoter is summarized in fig. 1. To identify
the role of GSTPI promoter regions in regulation of
GSTPI transcription in Me45 cells we utilized transient
transfection assay with reporter constructs containing
complete or truncated GSTPI promoter fused to the
firefly luciferase gene. For this purpose we designed
the reporter constructs each lacking the DNA fragment
with one transcription factor binding site (fig. 2). The
diagram in fig. 2 represents relative firefly luciferase
activities in lysates of Me45 cells transfected with re-
porter constructs. Each bar in the graph represents the
average of 3 independent experiments with triplications
in each.

Transfection of the largest vector (pnGSTP1415)
containing the GSTP/ promoter fragment from —1379
to +35 resulted in relatively high level of f~luc gene
expression in Me45 cells. Deletion of the GSTPI-
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flanking region between —1379 and —1162, containing
GATA-binding site, did not influence significantly the
expression of the reporter gene. Deletion of the region
from —1162 to —405, which contains CRE and ATA-
AA-repeat, resulted in increase of f-luc expression
approximately 1.8-fold in comparison with previous
construct. Further deletion of the region from —405 to
—105, containing NF-«B site, reduced the reporter gene
expression 1.6-fold. Deletion of the region from —105
to —85, known as an NF-kB-like element, resulted in
1.5-fold increase of f-luc expression.

Thereby, the results of the transient transfection
experiments suggest the presence of the negative
regulatory elements located in the regions from —1162
to —405 and from —105 to —85. Also it provided the
evidence for the presence of the strong positive
regulatory element located from —405 to —105. The
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Fig. 3. In vitro binding of Me45 nuclear proteins to GSTPI promoter
sites: 4 — electrophoretic mobility shift assay, demonstrating the
ability of Me45 nuclear proteins to form complexes with ARE, NF-
kB, NF-kB-like, CRE and GATA sites; B — results of competitive
EMSA demonstrating, that protein binding to NF-kB-like site is
nonspecific; C — results of competitive EMSA demonstrating, that
protein binding to GATA site is nonspecific; S — specific complex;
NS — nonspecific complex

similar role of promoter sequences in the regulation of
GSTP1 gene transcription was identified by Jhaveri and
Morrow [14] for breast cancer cells.

The study of ARE, NF-«xB-like, NF-xB, CRE and
GATA binding sites interactions with nuclear proteins
from Me45 cells. For identification of the transcription
factors interacting with the GSTPI promoter the
electrophoretic mobility shift assay (EMSA) was
applied. The ability of 20 bp promoter fragments,
containing ARE, NF- kB-like, NF-kB, CRE and GATA
sites to bind nuclear proteins from Me45 cells was
examined in this experiment. Fig. 3 shows that all
oligonucleotides form complexes with nuclear
proteins. Specificity of the protein binding was as-
sessed in a competition experiment, in which nuclear
proteins were preincubated in 50- and 100-fold molar
excess of unlabeled probe. In this experiment we
determined, that ARE, NF-«xB and CRE sites
specifically bind nuclear proteins while NF-«xB-like and
GATA sites do not. One band observed in all
elrctrophoregrams was non-specific because it was not
eliminated in competitive experiments (fig. 3, 4, B, C).

Surprisingly, we did not find any proteins in-
teracting with NF-kB-like element which was iden-
tified as a negative regulator of GSTP/ transcription in

the transient transfection experiment. We suppose that
the «negative» role of the NF- B-like element in GSTP/
transcription may be connected with the presence of
palindrome GGGACCCtc in the region that may hinder
an enchanceosome formation.

The region spanning nucleotides from —85 to +35
which is shown to be able to support the transcription of
the reporter gene in Me45 cell at the level even higher
than the full-length promoter is known to be a minimal
promoter essential for the GSTPI gene expression. This
minimal promoter region contains ARE site which
interacts with different transcription factors — AP-1
[15], Nrf2 [16], ERB [17] and RARa [18], depending
on cell type. To identify the transcription factors acting
on this site in Me45 cells we performed competitive
EMSA with consensus oligos for AP-1, Maf (the
DNA-binding component of Nrf2), ERf and RARa
and supershift assay with antibodies for these trans-
cription factors. Consistent with results shown in fig. 4,
A, a 50- and 100-fold molar excess of unlabeled con-
sensus oligonucleotides for AP-1, Maf, estrogen
receptor beta (ERP) and retinoic acid receptor (RAR)
were not able to compete for the nuclear proteins
binding to the ARE site. It means that AP-1, Maf, ER3
and RARa do not interact with ARE site through their
DNA-binding domains. To clarify these results the
supershift experiment with polyclonal antibodies to
c-Jun (cross-reactive to JunB and JunD), c-Fos
(cross-reactive to FosB, Fral and Fra2), MafF/G/K, ER
[ and Nrf3 (the placenta-specific homolog of Nrf2) was
performed. As indicated in fig. 4, A, neither
transcription factors Jun, Fos nor Maf and Nrf3 prevent
the formation of specific complex of ARE site with a
nuclear protein. Only ERP antibody prevents the whole
complex formation resulting in appearance of a new
complex with higher electrophoretic mobility. This
result clearly indicates that in Me45 nuclear extracts ER
[ binds to the GSTPI ARE site through another yet
unknown protein and DNA-binding domain of ERp is
not involved in these interactions.

The region of GSTPI promoter from —405 to —105
contains NF-kB site and positively regulates the
reporter gene transcription in Me45 cells. This site
binds NF-«xB in K562 leukemia cells and mediates the
gene induction by TNFa [11]. The results of the
GSTP1 promoter NF-kB site binding assay are
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Fig. 4. Analysis of the complexes formed by ARE, NF- B and CRE sites
from the human GSTPI promoter: 4 — ARE-protein complex formation
” =] “" was inhibited by unlabeled ARE site (cold probe) and by ERB antibody;
B — NF-«B site forms two complexes with the nuclear proteins from Me45
W

cells; both complexes were disrupted by the cold probe and NF-«B
consensus and supershifted by pS0 antibody; p65 antibody disrupted only
the upper complex; C — CRE site from the human GSTPI promoter
interacts with Me45 nuclear proteins and the complex formation can be
inhibited by the cold probe; AP-1, but not CRE consensus compete with
the CRE for the nuclear proteins and antibodies to Fos and ER supershift

the co

summarized in fig. 4, B. Two specific bands were
observed in the reaction of genuine NF-xB site
containing oligo with nuclear extract. The unlabeled
NF-«B consensus was able to efficiently compete for
the nuclear proteins from both specific complexes
leading to suggestion that NF- «B binds to GSTPI
NF-kB site in this cell line. To clarify the matter,
nuclear extract was incubated with polyclonal
antibodies to p50 and p65 subunits of NF- kB before the
probe was added to the EMSA reaction. In the
supershift assay of NF-kB site two new bands were
observed after the incubation with p50 antibody — one
originated from the lower and one from the upper
complex, providing the evidence that both complexes
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mplexes

contain p50. The upper complex of nuclear proteins and
NF-«B site contains the p50/p65 heterodimer, while the
lower complex observed in binding reaction is the
p50/p50. These data together with the results of
transient transfection assay strongly suggest that NF-
kB interacts with the human GSTP! NF-kB site and
up-regulates gene transcription in Me45 cells.

The negative regulatory element —1162 ... —404
contains a CRE site and ATAAA-repeated sequence. It
was previously reported that CRE site of GSTPI
mediates gene response to cCAMP by interacting with
CREB in Calu-6 lung cancer cells [19]. Competitive
EMSA was also conducted to determine which protein
is a part of the DNA-protein complex formed by CRE
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site in Me45. Regarding the ability of CRE sites in
different genes to interact with CREB [19] and
AP-1[20] proteins, consensus oligonucleotides for both
transcription factors were utilized in the competitive
EMSA. A representative autoradiograph in fig. 4, C,
shows, that CREB consensus oligonucleotide could not
compete with GSTPI promoter CRE for protein
binding, however genuine oligonucleotide CRE and
AP-1 consensus competed successfully. This suggests
that CRE site forms the complex with AP-1 in Me45
cells. The supershift experiment with antibodies against
the transcription factors known to interact directly or
indirectly with CREs of other genes was performed to
verify the results. Antibodies to c-Jun (cross-reactive to
JunB and JunD), c-Fos (cross-reactive to FosB, Fral
and Fra2), MafF/G/K, ERf and Nrf3 were utilized in
this assay. The supershifted bands were observed after
the incubation of nuclear extracts with Fos and ERfB
antibodies. The supershift analysis indicates that ERf3
together with Fos protein interacts with the human
GSTP1 CRE in Me45 cells and this interaction has a
negative regulatory effect.

The phenomenon that protein binding sites can be
shared between different transcription factors is called
a transcription factor crosstalk [20]. It can be realized
by interaction of a «noncanonical» transcription factor
directly with a DNA sequence which has a partial
homology to the binding sites of this and another
transcription factors [20] or by protein-protein inter-
actions of «noncanonical» transcription factor with a
«genuine» protein bound to its recognition site. In case
of the human GSTPI promoter both types of crosstalk
are present — noncanonical c-Fos together with ER[}
crosstalks with CREB at CRE site and ERp together
with an unknown protein crosstalks with AP-1 at ARE
site. In both cases CREB and Fos/Jun has an opposite
effect on gene transcription. In case of the GSTPI
promoter this negative effect is seems to be potentiated
by ERB binding which is known to repress Fos-driven
transcription [21]. In the present finding we identified
ERp indirectly interacting with two promoter ele-
ments — CRE and ARE sites. It evidences for the
importance of this protein for the formation of the
enchanceosome on GSTPI promoter.

The ER signaling mechanisms discussed until now
provide an explanation for the regulation of genes

lacking estrogen response element and requiring a
second DNA-binding transcription factor to mediate
ER association with the DNA. ERa. and ERP have been
shown to act in opposite ways at Fos/Jun-binding sites.
In the presence of E2 ERa activates transcription via its
AF-1 and AF-2 transactivating domains while ERB-E2
which lacks a functional AF-linhibits the Fos/Jun-
dependent transcription [22]. We suggest that ERJ
exerts the similar inhibitory effect at CRE site of
GSTPI promoter. The role of ER} associated with an
unknown protein at ARE site is different and may
activate transcription. The dual function of ERf in
regulation of different promoter elements may be
considered in context of enchanceosome formation.

Conclusions. In the present research the
transcriptional mechanisms controlling the basal level
of GSTP1 expression in Me45 cells have been analyzed
for the first time. The obtained data indicate that the
GSTPI transcription in this cell type is positively
regulated by binding of NF-kB to —323 site and ERJ in
complex with unknown protein binding to the ARE
site; the complex of ERB with c-Fos at CRE site nega-
tively regulates the gene expression. The interaction of
c-Fos/ERB with GSTPI CRE site and indirect inter-
action of ER with GSTP/ ARE site have been
discovered.

The regulation of GSTPI transcription in Me45
melanoma cells has been examined in details also for
the first time. Several transcription factors — NF-kB in
p50/p50 homodimer and p50/p65 heterodimer, ERB
and c-Fos regulate GSTP! transcription in these cells.
Positive regulation is exerted via NF-kB and ARE sites
and negative via CRE site. ERf is indirectly involved
in regulation of GSTP! transcription. It is bound via
c-Fos with CRE site and via unknown protein with
ARE site.

A. M. Cnonuax, A. Keedyx, U. Kewoscka-Bonvnu,
M. IO. Obonencoka

IleperoBopu Mix TpPaHCKPUMNIIHHUME (aKTOpaMHu Yy perymsiii
ekcnpecii reHa P1 rnyrarion-S-tpaHcdepasu IOIMHA Y KIITHHAX

MmenaHomu Me45

Pesrome

Mema.I'nymamion-S-mpancepasza (GTaza) nodunu € 20108HUM
pepmenmonm 1l ¢hasu demoxcurayii y Oinbuwiocmi munie KiimuH.
3mina piens excnpecii ii eeHa noe’a3ana 3 KanyepozeHe3om i pop-
MYBAHHAM YucieHHoi nikapcvkoi cmiiikocmi. Excnpecis GTasuPl
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pe2ynoemopcs Ha MPAHCKPUNYTUHOMY, NOCIMPAHCKPURYTUHOMY ma
nocmmpanciayiunomy piensax. Y oauiti pobomi mu 30cepeounucs
Ha mpanckpunyiunitl pezynayii cena. Memoou. Tpancperyiro
Knimun menanomu Me45 konempykyiamu, aKi micmamo 2eH aA0yu-
Gepasu nio Konmponem noeHo20 ab60 GKOPOUEHO20 NPOMOMOpPA
GTasuPl, euxopucmaHno 01 6CMAHOBIEHHS POJI PI3HUX OLIAHOK
npomomopa 6 pecynayii mpanckpunyii eena GTazu Pl y kaiimunax
Me45. o6 eusnauumu mpanHckpunyiini gakmopu, sKi 63de-
mooitoms 3 npomomopom eena GTazuPl, susignsnu 3minu erekmpo-
Gopemuunoi pyxaueocmi JJHK-0inkosux komniexcié 3a npucym-
HOCMI GHMUMIN | KOHKYPEHMHUX 0JlicOHyKIeomudis. Pezynemamu.
Tpanckpunyis cena GTazuP1 y knumunax Me45 nozumusHo peey-
nroemucs yepes 36 ’azyeanns NF-xB i3 caumom —323 ma 3a paxyHox
36°s3y6anns ERB y xomnnexci 3 negioomum oinkom — 3 ARE-caii-
mom; komniexc ERB 3 c-Fos necamugno peeynioe excnpeciio eena.
Bemanosneno maxooie npamy e3acmoodito c-Fos/ERB i3 caiimom
CRE cena GTasuPl i nenpsimy — ERP i3 caimom ARE. Bucnoexu.
Hosumusna pezynsayis cena GTasuP1 noounu ¢ kiimunax menano-
mu Me45 30iucuroemscs uepes NF-xB i ARE-cauimu, a Hecamuena —
uepesz CRE-caiim npomomopa. ERB onocepedkosarno bepe yuacms y
peeynayii mpanckpunyii GTasuPl1: uepes c-Fos 6in 368 ’sa3yembcs 3
CRE-caiimom i uepes nesioomuii 6inok —3 ARE-catimonm.

Kuwouosi  cnosa:  enymamion-S-mpancgepasa, npomomop,
mpanckpunyitini gakmopu, NF-xB, ecmpazenoguil peyenmop, me-
Aanoma, pe2yaayiss mpancKpunyii.

A. M. Cnonuax, A. Keedyk, H. Kewoscxa-Bovnuul,
M. IO. Obonenckas

[TeperoBopbl Mex/ly TPAaHCKPUIIIIMOHHBIMH ()aKTOpaMH B
perynsuuu sxkcrnpeccuu resa P1 rioyratuon-S-tpancdepassl

YyeJIOBEKa B KJIETKaX MeJaHOMbI Me45

Pesome

Lenv. I'nymamuon-S-mpancepasza (GTaza) uenosexa sgnsiemcs
enasnvim pepmenmonm Il pazvl Oemokcuxayuu 6 boabuwuncmee mu-
nos kiemox. Mzmenenue ypogus sKCApeccull ee 2eHa C8:I3aHo ¢ Ka-
yepocene3om u GopMupogaHuemM MHONCECMBEHHOU NeKAPCMBEEH-
nott yemouuusocmu. Ikcnpeccus GTaszelPl pecynupyemcs na
MPAHCKPUNYUOHHOM, NOCIMPAHCKPUNYUOHHOM U NOCHMPANCIISL-
YUOHHOM YpOBHAX. B Oannou pabome mvl cocpedomouunucy Ha
MmpanckpunyuonHou pezyisyuu cena. Memoowt. Tpancpexyus kie-
mox menanomvl Me45 koncmpykyuamu, cooepircawjumu 2eH aoyu-
Ghepaszvl n00 KOHMpoOIEeM NOIHO20 UNU YKOPOUEHHO20 NPOMOMOpPA
GTas3wiPl, ucnonvszosana 0ns 6vlACHeHUA PONU PA3HLIX YUACMKOB
npomomopa 6 pe2ynsiyuu mpanckpunyuu cena GTazvl P1 6 knemkax
Med45. Umobul visigums mpancKpunyuoHuvlie Qakmopwl, 63aumo-
oeiicmeyrowue ¢ npomomopom eena GTaszwvlP1, onpedensnu usme-
HeHus 2nekmpogopemuyeckou noosuxcnocmu JHK-6enxkoswix
KOMNIEKCO8 8 NPUCYMCMEUU AHMUMEN U KOHKYDEHIMHBIX OIUSOHYK-
neomuoos. Pesynemamet. Tpanckpunyus cena GTazoiP1 6 kiemrkax
Me45 nozumueno pezyrupyemcs uepes ceazviganue NF-xB c caii-
mom —323 u uepes ceazviganue ERB 6 komnnexce ¢ neuzsecnvim 6ei-
Kkom — ¢ ARE-cavimom; xomnnexc ERB ¢ c-Fos necamugno peeyiu-
pyem dKcnpeccuio 2end. Yemanosieno makaice npamoe 63aumooeti-
cmeue c-Fos/ER ¢ catimom CRE eena GTaszviP1 u nenpsamoe — ERf
c caumom ARE. Bvigoowt. Ilozumusnasa peeynayus cena GTazwviPl
uenoeeka 6 knemkax menanomol Me45 ocywecmenaemcs uepesz NF-
kB u ARE-catmul, a neecamusnasn — uepe3 CRE-caiim npomomopa.
ERB onocpeoosanno yuacmseyem 6 peeyisyuu mpanckpunyuu GTa-
361P1: uepes c-Fos on ceasvisaemcsa ¢ CRE-catimom u uepes neus-
eecmublli benok —c ARE-caiimom.
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Kniouesvie cnosa: emymamuon-S-mpancepasa, npomomop,
mpanckpunyuonnsie paxmopwl, NF-KB, sacmpacenoswiii peyenmop,
Menanoma, pezynAayus mpaHCKpunyuu.
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