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Tpanckpunyiuni paxmopu poounu STAT (Signal Transducer and Activator of Transcrip-
tion) € KN040BUMU PeyIAMOPaMU eKCnpecii 2enie CMUMYTbOSAHUX YUMOKIHAMU, WO 6NIU-
earomv Ha pizHi kuimunii npoyecu. Tpanckpunyitnuil gpakmop STATSa onocepedkogye
CIUMYTAYIIO KIIMUHHO20 pocmy, npolighepayii ma awnciozcenesy. CyuacHi 00CHiOdiCeHHS
obionociunoi poni 0inkie STAT npoeodsms wiisaixom CMeoOPeHHs eKCREPUMEHMATbHUX MOOe-
Jell Muwietl, Wo MICmsams y 2eHOMI WMYYHO CUHME308aHl Ma MOOUpIKosani opmu 2eHis
810N0BIOHUX MpancKpunyitinux gaxmopis. Memoio danoi pobomu Oys curnmes mooughixo-
sanoeo cena STATSa. Beedenns yboeo 2eHa y eeHoM Muwii 00380J5€ MOOETO8AMU Npoye-
cu akmugayii STAT5a in vivo ma docnioscysamu 1i02o ponv y 3a0e3neyenHi namonoeivHux
3MIH 8 OP2aHI3MI.

Kurouosi cnosa: cunmes JIHK, mpanckpunyitini gpakmopu STAT, mooughixayis cenis.

JocmimxeHHs: 610XiMIYHUX TPOIIECB, IO JISKATH B OCHOBI POCTY, MOALTY, TU(pEpEH-
miamii Ta 3aru0erni KIITHHM € aKTyallbHUM HalpsiIMKOM cydacHoi Oiosorii. KirouoBumu
BHYTPIIIHIMH PETYIATOPaMHU IMX TPOLECIB € TpaHCKpHIiHHI daxropu poauau STAT
(Signal Transducers and Activator of Transcription), 1o 3a0e3MeUyrOTh PETYJISINI0 Ta-
KHX MPOLIECiB HAa TeHETUYHOMY piBHi [1, 2, 3].

Bimomo 7 OinkiB pomuau STAT: STATI, STAT2, STAT3, STAT4, STAT5a,
STATSb ta STAT6. Li TpanckpunuiiiHi (akTOpu MICTATHCS Y UTOIUIA3MI KIITHHH Y
HeakTHBHIN (opmi. Ps murokinis, Takux sk 112, IL3, ILS, IL6, IL7, BMP2I, GM-CSF,
IFNs, EGF, HGF, LIF, 3B’s3yt0ouncs i3 crienu(iuHIMHU KIIITHHHAMH PELENTOPaMu, aKTH-
Bytoth JAK nporeinkina3y (Janus Kinase), sixka aktuBye 6inkn STAT nursixom ¢ocdop-
pwrtoBanHs. [licnsa akrusanii Oinku STAT yTBOPIOIOTH AMMEPH 1 TPAHCIOPTYIOTHCS Y
SITPO, JIe BOHU 3B’ s3yIOIOThCA 13 criermupivanmvu ainsakamu JJHK 1 perymroroTs excrpe-
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cito neBHuX reHiB. Jleaxrusanis 6inkiB STAT y sapi BinOyBaeThcs nuisixoM ix nedocgo-
PWIIOBAHHS, MiCJIS YOr0 BOHU BUIANISIOTHCS 13 siapa [4, S5].
HOpyIJ_IeHHH MIPOIIECiB (bocq)opHmOBaHHﬂ Ta z[eq)ocdpopnmoBaHHﬂ oinkie STAT
BIUIMBAE Ha Pi3Hi O10JIOTIYHI ITPpOLIECH Ha yCiX OpFaHl3aHlI/IHI/IX piBHAX [6, 7].
BcranoBieHo, 110 MpH TakUX TUMAX OHKOJOTIYHHX 3aXBOPIOBAHB SIK JISHKEMIs, paKk
JIeTeHi 1 TediHKH, TpaHC(HOPMOBaHI KIITHHH MICTSTh KOHCTUTYTHBHO aKTHBHY (opmy
Tpanckpumnuiitnoro ¢akropy STATS5a [8, 9, 10]. T'imepaktuBaniss STATS5a 3abe3neuye
CTHMYJIALIIO pocTy 1 mporidepanii MyXIMHHUX KIITHH, aKTUBYE aHTiOreHe3 IyXJIMH 1 Ji€
SIK IMyHOCYTIPECOPHHUI YMHHUK. BusiBIeHHS! KOHCTUTYTHBHO akTHBHOI (hopmu STATS5a B
OHKOXBOPHX BKa3ye Ha Ba)KKICTh 3aXBOPIOBAHHS 1 MiJIBUIIEHUI PU3UK JUIS [IUX XBOPHX.
JlocmipKeHHsT MeXaHi3MiB PO3BHTKY 3aXBOPIOBaHb, 1[0 BUHUKAIOTH 32 YMOB BHKJIH-
KaHux rinepaktuBauii 6i1kiB STAT, y OinbiiocTi BUNaaKiB IPOBOJIATHCS LIJISIXOM CTBO-
PEHHS eKCIIepUMEHTAJIbHUX MOJIENIeH TPAHCTEHHUX MHIIEH, SIKi MICTSATh Y T€HOMI IITy4-
HO CHHTE30BaHI KOHCTUTYTHBHO aKTHBHI ()OPMU T'€HIiB BiJIOBIIHMX TPAHC KPHUIIIHHUX
¢axropiB [11, 12, 13]. CuHTe3 KOHCTUTYTUBHO akTHBHOI (popmu rena STATSa ta iioro
BBE/ICHHS B y T€HOM MHIIIi JIO3BOJISIE CTBOPUTH €(DEKTUBHY MOAEINb in Vivo IJIsl BUBUEHHS
PO IOTO TPAHCKPHITIIHHOIO (haKTopa Y PO3BUTKY Pi3HHUX ITaTOJIOTIYHUX IPOIIECIB.
Meroto pobotn OyB cunte3 parmenty JJHK, 1o MicTUTh KOHCTUTYTHBHO aKTUBHY
¢dopmy rena STATSa (caSTATSa) i rena noBepxaeBoro Mmapkepa CD2. BeejeHHs mTy4-
Ho crtBopeHoi /IHK y reHom Mwumii 103BOJISsIE MOJETIOBATH MPOIEC TilepaKTUBAIi
STATS5a in vivo i gociiKyBaTH iHAYKOBaHI 3MiHM 010JIOT1YHUX TPOIIECIB.

CuHTe3 KOHCTHTYTHBHO aKTHBHOI (hopmu STATSa

CHHTE30BaHO KOHCTHTYTHBHO aKTHUBHY (oOpMy TreHa TpaHCKpI/IHHII/IHOFO ¢axTopa
STAT5a. BcraHoBi€HO, IO HOro OUTKOBHIA MPOIYKT i3 3aMIiHOIO 3QJIMIIKA CEPUHY HA
¢eninananin ((Ser711—Phe711) Bonosie KOHCTUTYTHBHOIO aKTHUBHICTIO 1 3a0e3medye
CTHMYJTIOBaHHS KJIITHHHOTO POCTY Ta npodtideparii 3a BiICYyTHOCTI i HUTOKiHIB [14].

Jlst ekcnipecyBaHHS in vivo KOHCTUTYTHBHO akTHBHOI Gopmu Oimka STATSa Oymo
CHHTE30BaHO T'€H I[bOT0 TPAHCKPHUIIIHHOrO (hakTopa i3 3aMiHOIO BiJIOBIJHOI HYKIIEO-
tuaHol mocninoBHOCTI (TCC—TTC/Ser—Phe711). Cunres JIHK OyB mpoBencHwmii i3
BUKOpHCTaHHIM KiacnyHuX Meromuk (Site-Directed Mutagenesis/QuikChange Site-
Directed Mutagenesis Kit Ta Polymerase Chain Reaction/Fermentas High Fidelity PCR
Kit). s epexrusnoi Tpanckpumuii rena STAT5a, a Takox 38’ s3yBanHst MPHK i3 puto-
coMmoto 1 TpaHcismii 6inkoBoi Monekynu, nepen CTAPT-komonom (ATG) mporo rena
BBeneHo mociigoBHiCTh 5'-UTR rena [B-rmobiny (GACTCACAACCCCAGAAACA) i
onruMaiibHy nocioBHicth KOZAK (CCACC) (puc. 1).

Cunre3 nonomizkuux reneTudnux eaiemeHtis IRES, CD2, PolyA

Ha nacrynmHomy etami Oyi0 CHHTE30BaHO Ta BIIIOYEHO JIOTIOMiIXHI T€HETHUHI eJie-
Mentu IRES, CD2, PolyA Ta reHa pe3suCTEHTHOCTI y mia3miny-Hociii PMSCV-tumy.
Mocnimonicts IRES 3a0e3neuye excrnpecito reHa moBepxHeBoro Mapkepa CD2 a mocii-
noBHICTH PolyA HeoOXimHa juis 3aBepiieHHs 3uuTyBaHHS (pparmenta JTHK [15]. T'en
PE3MCTEHTHOCTI JI0 aMITiLIIIHY J03BOJISIE IPOBOIUTH CENIEKIIII0 KIIITHH, TpaHc(opMoBa-
nux Moauodikosanoto JJTHK. ®parmentn JTHK cuHTe3yBanm i3 BUKOPHUCTAHHSIM CHENH-
(IYHUX ONITOHYKJIEOTHUJIIB 1 KJIOHYBAJIH y TUIA3Miy BUKOPHCTOBYIOUH KJIACHYHI METOIH.
Onepxani (bparMeHTH JIHK Oymo moqaTkoBO OYHIIICHO 32 JIOITOMOT OF0 enempodaop%y y
araposHomy remi. J{ns BBemeHHS nux (parMeHTiB y rma3Mlz[y MIPOBEJICHO JIralliio i3
BUKOpHCTaHHSIM T4-nirazn. CUHTE30BaHMI (parMeHT MICTHTh CHeHU(IYHUNA caT po3-
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LIEIUIEHHST eH/loHyea30t0 BamHI. 1le 103BOIMIO MIBUAKO MPOBOJUTH MOMIYK i OioTec-
TYBaHHS ITO3UTHUBHHUX OAKTEpPiMHUX KOJIOHIM 3a JIONOMOrOI0 PO3IIEIUIEHHS CTBOPEHOL
IUIa3MiZiM €10 eHJOHYKJIea30l0. BUsIBIEHO 4HOTHpH KOJIOHIT OakTepiil, 1o MiCTHIH
Mo (ikoBaHy IiasMiny (puc. 2).

V

Puc. 1. Cunre3 KOHCTUTYTHUBHO akTHBHOI (popmu rera STATSa, 13 3amMiHOI0 HyKI€OTHIHOT
nocnigoBHocTi (TCC—TTC/Ser—Phe711). 3miny y Hykneoruiit mocnigosHocti rena STATSa
Ta ammutiikariiro fioro MomudixoBaHoi Gpopmu poBeeHo KracHIHIMH MeTtogamu (Site-Directed

Mutagenesis Ta Polymerase Chain Reaction). Onepsxannit JJHK (1) npoxykr ouniero
eKkTpo(hope3oM y reli araposu.

Puc. 2. Momudikopana mwia3mina PMSCV, 1o Mictuts nmonomixkHi renernaHi enemeHnTr IRES-
CD2—-PolyA Ta reH pe3ucTeHTHOCTI 10 aMITIIIIIHy. AHAI3 MPOBEICHO MIIIXOM PO3IIECTUICHHS
JHK ennonykneasoro BamHI ta enexrpodopesy omepskaHux (GpparMeHTiB y refi arapo3u
(cTpiKaMH BKa3aHO NO3UTHBHI KOJIOHIT).

VY crBOpeHy MmIa3Miy LOUISIXOM JIiryBaHHsS BBeleHO cHHTe3oBaHMi reH caSTATSa.
[Momyk MO3SUTUBHMX KOJIOHIH TNPOBENEHO NUIIXOM PO3MICIUICHHS i3 BUKOPUCTAHHSIM
eHnonykieasn Xhol, caiit sikoi Mictutbest y ¢pparmenti caSTATS5a. Tpu OaxrepiiiHi Ko-
JIOHIT MiCTWIIM HOBY MoAM(IKOBaHy IUIa3Miay i3 yciMa TeHETHYHUMH eJIeMEHTaMHu
(caSTATS5a, IRES, CD2 1a PolyA) y cBoemy cknagi (puc. 3).

[epeBipKy HYKJICOTHIHHUX MOCIIZOBHOCTEH yCiX CHHTE30BaHUX Ta KJIOHOBAHHUX e€Je-
menTiB JIHK 3xificHeHO nuisixoMm cekBeHyBaHHs. OJiepikaHi pe3yNbTaTH 3aCBITUMIH 110
wiasmiga PMSCV wmictuts caSTATS5a-IRES-CD2—-PolyA ¢parmentu. HeBusiBieHi sxon-
Hi Hecrien(iYHI 3MiHH y HYKJICOTHIHHUX ITOCITIIOBHOCTSIX CHHTE€30BaHUX I'€HIB.
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Puc. 3. Momudixosana mrazmiga PMSCV, mo mictuts caSTATSa-IRES-CD2-PolyA ¢parmentn
Ta TeH Pe3UCTEHTHOCTI 0 aMITIIIIiHy. AHaJIi3 mpoBeieHo mursixoM posmieruieHns JJTHK
eHIoHyKIIea3ot0 Xhol Ta enexTpodopesy oneprkaHuX (GparMeHTiB y Telli arapo3u (CTpiikamMu
BKa3aHO MMO3UTUBHI KOJIOHI).

TectyBanHs ¢pyHknioHaabHOI akTHBHOCTI caSTATSa

OyHKIIOHANBHY aKTHBHICTh CHHTE30BAHOTO T'€HA BUBYAJIH i3 3aCTOCYBAHHAM METOY
JIHK-38’s3yBannst (DNA binding assay). s meoro mmasmimy PMSCV  ouwmiieno
enekrpodopesom y remi araposu. Kmituau minii NIH3T3 tpancdopmyBanu mia3migaMu
PMSCV, mo Mictars HatuBHy popmy STATSa (koHTponb) i cuHTe30BaHU (hparMeHT
caSTATS5a-IRES-CD2-PolyA. KyapTuByBaHHS KIITHH NMPOBOAWIN 3 iX CTUMYJIALI€IO
eputpornoeTnHoM Ta Oe3 Hei. Ha BiqmiHy Bifi HATMBHOI (hOpMH, KOHCTUTYTHBHO aKTHBHA
¢dopma STATSa excripecyBanacst B kiituHi i Bonozina JIHK 3B’s3yBanbHOI0 akTHBHIC-
10 10 STATSa-cneuudivunoro omironykineornaa. Bukopucrano anrurina aHtu-STATSa,
10 JTO3BOJIMJIO MiATBepAUTH 1110 came Outok STATSa yrBoproe komruiekc i3 JJHK (puc. 4).

- - + - - + o-Stat5 autuTina
-+ 4+ - + +  Epo crumynsmis

Puc. 4. TectyBaHHS (YHKI[IOHATEHOI aKTUBHOCTI KOHCTUTYTHBHO akTHBHOI hopmu STAT5a
meronoMm IHK-3Bsa3yBannst (DNA binding assay). KoncruryrusHo akruna ¢popma STATSa
3/1aTHA 3B’ A3yBaTUCh 13 crienudivnoro aingakoro JJHK-npobu 3a BincyrHOCTI cTuMyssii
TpaHC(hOPMOBAHIX KITITHH IIUTOKIHAMIL
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[IpoBeneHe MOCHTIHKEHHS JTO3BOJIE CTBEP/KYBATH, IO CTBOpEHa MojudikoBaHa
¢dopma STATSa y cknani mwiasmign PMSCV Bomnofi€ KOHCTUTYTHBHOK aKTUBHICTIO Y
KIITHHI 0€3 CTUMYJALII HUTOKIHAMH 1 TOMY MOXKe OyTH BHKOPUCTaHa JUIsi CTBOPEHHS
eQeKTUBHOI TpaHCTeHHOI MOJIeNi TinepakTuBaii TpaHckpumiiiHoro ¢akropa STATSa
in vivo.

BucHoBku

Beenennst crBopenoro Hamu ¢parmenta caSTATSa-IRES-CD2-PolyA y reHoM mu-
Il JJO3BOJIMTH OJIEPIKATH EKCIPECII0 KOHCTUTYTHBHO akTHBHOI (opmu rena STATSa in
Vivo 1 IOCHIJUTH pOJb TilepakTHBalii boro (akTopa y HOPYIIEHHIX KIITHHHUX Mpolie-
ciB Ta (D)yHKIIOHYBaHHS OpraHi3Mmy B IiioMy. ['eH MapkepHOro OBEpXHEBOI'O aHTHUIeHA
CD2 3a0e3neuye BUABICHHS TPAaHCPOPMOBAHUX KIITHH 1 BU3HAUCHHS PIBHS eKcrpecii y
Hux moxudikoBanoi JJHK.
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Cytokines are small secreted proteins which mediate cell growth, proliferation, survival and apoptosis.
They are crucial regulators of immunity and hematopoiesis. Cytokines generally act at very low concentration
and short time spans. The JAK-STAT signaling pathway is one of the most important mechanisms of cell
response to the cytokines. Binding of cytokine to the specific membrane receptor on the cell activates the JAK
(Janus Kinase) kinase which adds a phosphate group to the STAT (Signal Transducer and Activator of
Transcription) proteins. After posphorylation, STAT proteins form via their SH2 domain the active dimers.
The dimers move into the cell nucleus via importin a/b and RanGDP complex and bind to DNA-recognition
region called gamma activated sites (GAS) in the promoter region of cytokine inducible genes and activates
transcription of these genes. Then, nuclear phosphatases dephosphorylate the STATs which leads to their
inactivation and transportation from the nucleus by exportin crm1/RanGTP complex. There are seven members
of STAT protein family: STAT1, STAT2, STAT3, STAT4, STAT5a STATSb and STAT6. STAT1 and STAT2
become activated in response to the interferons and can form the homodimers or heterodimers with other
STATs. STATS3 is activated by interleukin 5, interleukin-6, hepatocyte growth factor, interferons, epidermal
growth factor and leukemia inhibitory factor (LIF). STAT3 regulates cell growth and apoptosis. Since it has
anti-apoptotic and proliferative effects, hyperactivation of this transcription factor is associated with various
tumors, such as chronic lymphocytic leukemia, Burkitt's lymphoma, cutaneous T cell lymphoma, Hodgkin
desease, malignant melanoma, lung cancer, prostate carcinoma and renal cell carcinoma. STAT4 and STAT6
become phosphorylated in response to interleukin-4 and interleukin-12, respectively. They are involved in
regulation of immune response and lymphocyte activation. The transcription factor STATSb is activated by
interleukin 2, interleikin 4 and CSF1. It mediates apoptosis, TCR signaling and liver gene expression. Our
studies we focused on STATSa, since it plays a crutial role in basic cell functions, like cell growth,
proliferation, angiogenesis and additionally, serves as powerful anti-apoptotic factor through activation of
BCL2L1/BCL-X(L) expression in the cell. JAK kinase phosphorylates STAT5a in response to interleukin 2,
interleukin 3, interleukin 7 GM-CSF, erythropoietin and thrombopoietin. The high level of activated STAT5a
was found in erythroleukemia, acute lymphocytic leukemia, acute myelogenous leukemia, chronic
myelogenous leukemia, megakaryocytic leukemia, sezary syndrome, anaplastic large T cell lymphoma, B cell
lymphoma, head and neck cancer, cerebral menangiomas, neuroendocrine tumors, pancreatic carcinoma,
ovarian carcinoma and colon cancer. Detection of hyperactivated STATSa protein serves as one of the
diagnotic markers of these tumors. Investigation of the role of STATS5a in tumor development is a very
perspective direction of biology and medicine since it can help in designing a new effective diagnotic and
therapeutic approaches. Modern investigations of the biological role of STATSs in tumor formation are mainly
performed by generation of transgenic animal models with modified genes of appropriate transcription factor.
The main goal of this work was to synthesize modified STAT5a gene. We used classic methods for DNA
synthesis and purification including polymerase chain reaction, site direct mutagenesis and electrophoresis in
agarose gele. The cloning was performed with using various endonucleases and T4-ligase. All steps of DNA
synthesis and cloning were analyzed by DNA sequencing. We also tested functional activity of modified
STATS5a by transformation of NIH 3T3 cells. Our data confirmed synthesis of the modified STAT5a gene. The
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protein of this gene is expressed at high level and possesses a specific DNA binding activity. Introduction of
modified gene of STAT5a into mouse genome allows to modulate the process of STAT5a hyperactivation in
vivo and to investigate the role of this transcription factor in the mechanisms of tumor development.

Key words: DNA syntesis, STAT transcription factors, gene modification.

PE3IOME
Anapeii IUPYJIBHHUK', Baogumup CHUTHHCKUI', Pocticaas CTOMKA®
CHHTE3 MOJU®UIIMPOBAHHOI'O TEHA TPAHCKPUIIIIMOHHOI'O ®AKTOPA STAT5A

I . . .
JIvsosckuii Hayuonanvuvlil acpapnuiil ynueepcumen,
ya. B. Benuroeo, 1, 80381 Jlv606-/[yonsinb, Yrpauna

2 o
HUncmumym buonoeuu knemxu Hayuonanvnoil akademuu nayx Ykpauno,
ya. [Ipazomanosa, 14/16, 79005 Jlveos, Ykpauna

stoika@cellbiol.lviv.ua

Tpanckpunmuonnsle ¢aktopsl cemeiictBa STAT (Signal Transducer and Activator of Transcription)
SIBIISIFOTCSI KIIFOUEBBIMU PETYJISITOPAMH €KCIPECCHH I'€HOB, CTUMYJIHPOBAHHBIX LIUTOKMHAMH, BIHMSIOIIUMU Ha
pasHble KIeTOuHbIe Hporecchl. TpanckpunnuoHHbI paktop STATSa ciocoOCTBYeT CTUMYIILMY KIETOYHOTO
pocta, mponudepanuu u anruorenesy. CoBpeMeHHbIe HcclleoBaHus Ononormdeckoil posu 6enkoB STAT mpo-
BOJST C MCIOJIb30BAaHHEM EKCIIEPUMEHTAIBHBIX MBIIIMHBIX MOJENEH, UMEIOLIUX B COCTaBE CBOEro reHoMa
HCKYCCTBEHHO CHHTE3HPOBAHHBIC W MOIH(PUINPOBAHHEIEC I'eHBl TPAHCKPUIIUOHHEIX (akTopos. llempio maH-
HOI paboTs! ObLI cHHTE3 MoauuIpoBanHoro rena STATSa. BBefieHHe 9TOro reHa B FeHOM MBIIIN ITO3BOIUT
MojenupoBath npoiecc aktuBanuu STATSa in vivo n mpoBOAUTE HCCIIE0BAaHUE €ro POJIM B Ipolleccax pas-
BUTHS IATOJIOTMYECKHX MTPOLIECCOB B OpPraHU3Me.

Kmouessle ciosa: cunres JIHK, tpanckpununonnsie Gpaktopsl STAT, MogudHKanus reHoB.
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