ITANEIIIXTHMIO OEXXAAIAX

XXOAH EINIEXTHMON YI'EIAX

Tuipo IATPIKHE

IHPOI'PAMMA METAINITYXTAKQN XITOYAQN

«KAINIKEX EOAPMOI'EX MOPIAKHX TIATPIKHZ»

METAIITYXIAKH AITTAQMATIKH EPT'AXIA

Ofpo: Kataokevn Kol opaKTPLGHOS TAAGUIOLEKAOV POPEMY
EKQPOONG TOV ETAYOUEVOV ATTO TNV VTOETD HETAYPOPIKOD TAPAYOVTO,
HIF-1a kon petarraypdtov tov o1 0£on p@o@opviimons Tov amod
™V Kwvdon CK16

ZoN Mnapov

Tpeing e€etaoctikn emtponn:
¢  Evoppocvvn [Mopackevd, Avaninpatpia Kadnynrpia Kuttapunig dvoioroyiog,

Tunua latpumg, I[1.0. (EmPrénovoa)

e Avaotdoiog ['eppevng, Kabnyntg Epyaostnplakng Avocoroyiag,
Tunpa Iatpwng, 11.6.

e HAlag Mviovrg, Enikovpog Kabnyntg Bloynpueiag,

Tufua latpwng, 11.6.

Amlopotikn Epyacio vropfAndeica oto Tunpa latpikng tov Mavemomiov
OecooMOg OC LEPOVS TOV ATOITHGEMY Yo TNV andkTnon Metamtuylakon
Audopotog Ewdikevong otn Ovcioloyia

Adpoa, Oktopprog, 2014

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 05:34:04 EEST - 3.15.27.91



UNIVERSITY OF THESSALY

SCHOOL OF HEALTH SCIENCES

FACULTY OF MEDICINE

MASTER PROGRAM IN
“CLINICAL APPLICATIONS OF MOLECULAR MEDICINE”

MASTER THESIS

TITLE: Construction and characterization of mammalian
expression vectors of Hypoxia-Inducible Factor (HIF)-1a wild type
and casein kinase (CK)-16 phospoyrylation site mutants

By
Zoe Barou

Examining Committee:

 Efrosyni Paraskeva, Associate Professor of Cellular Physiology,
Faculty of Medicine, University of Thessaly (supervisor)

* Anastasios Germenis, Professor of Immunology & Histocompatibility,
Faculty of Medicine, University of Thessaly

« llias Mylonis, Assistant Professor of Biochemistry,
Faculty of Medicine, University of Thessaly

Master Thesis submitted to the Faculty of Medicine of the University of Thessaly
in partial fulfillment of the requirements for the degree of Master in Physiology

Larissa , October, 2014

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 05:34:04 EEST - 3.15.27.91



EYXAPIXTIEX

H mopovca gpevvntikn dSumhopatiky epyacio ekmovinke oto Epyaoctiplo dvcioroyiog
tov Tunuotog latpikng tov IMavemomuiov Geoccoliog, oto mAaici tov MeTamTvyIOKOD
npoypaupotoc  «Kiwvikéc Eoeappoyés om  Mopwokn latpikny, pe emPAémovco v
Avaminpotpio Kabnyntpo k. Evepoctdvn Tlapackevd, v omoio o@eilm vo €uyaploTiom
Beppd yio v gumotoocvvn mov pov €deiée ko’ OAn ™ Sidpkeln TG cvvepyaciag pog. Tnv
EVYOPLOTA EMKPIVA YO TNV EMOTNHOVIKY KaBodnynon, v moAdtiun Pondeia otn deEaymyn
TOV TEWPAUATOV, TIG ETOIKOIOUNTIKES KO KAAOTPOAIPETES VITOJEIEELS TG, OAAG Kot Yol TO YPOVO
OV APLEPMGE Y1a TIG dOPODGELS TS TAPoVGOS EPpYOTias.

Eniong, Ba nBeha va gvyapiotion tov k. Avactdolo I'eppevn, Kabnynt) Epyoactmprakng
Avocoroyiog, o¢ A0S TG TPYEAOVS €EETACTIKNG EMITPONNG Kol EMGTNHOVIKO LvTehOuvo Tov
[IMX yia 10 ¥pdvo a&loAdynong g mopovcas epyaciog Kot yio tnv upubun Asttovpyio Tov
LETOTTUYLOKOV TPOYPALLOATOG.

Axopn evyoplot® wWwotépoc tov k. Hilo Mvlwvn, Erikovpo Kabnynt) Buoynueiog, oc
HEAOG ™G €EETACTIKNG EMTPOTNG YO TNV AWOYN GLVEPYACIa, TIG YPNOUES GCLUPOVAES Kol TNV
apéplotn Pondeta kot kaBodnynon ot desaywyn TV TEPAUATOV.

Téhog, Ba MOl va eVYAPIGTHGH OAOVS TOVG SOAGKOVTEG TOV LETOTTUYLOKOD TPOYPAULOTOS
ota gpyactnpla Dvcroroyiog kor Blioynueiog yio T1g moADTIHES YVAOOCELS TOV OV TPOGEPEPOYV
KOTA TN ObpKeEl TOV UaONUATOV, 0AAL KOl OAOVC TOVG HETOMTLYLOKOVG KOl O100KTOPLUKOVG

QOUNTEG TV dVO pyasTnpieV Yo T cuUTapdcTacT Kol To Pk teptBdAlov cuvomapéng.
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INEPIAHYH

O enayopevog and v voio petaypapikdc moapdayovrac HIF-1 (Hypoxia-Inducible Factor 1)
puOuiler péow ™G petaypoaehg OEOp®V yovidiov TV opoldotacn Tov o&uyovou Kot
eumAékeTal o€ TABOAOYIKEG KATOOTAGELS OIS 0 KOPKIvog Kot ot ioyokég achéveleg. O HIF-1
elvar po eTepodIePNG TPMOTEIVI TOV AmOTEAEITOL OO TNV O106TATIKA EKQPALOLEVT] VTTOUOVAIOL
HIF-1B ko1 v emayopevn vropovédoo HIF-1a. [Tépa amd tov kdplo unyavioud pHoOuiong tov
HIF-1a mov e&aptdtol and 1o o&uydvo Kot TV VOPOELAI®GT TOL O TIG TPOAVA-VOPOEVANGES
(PHDs), o HIF-1a vokettol e S10QOpPES UETA-UETAPPOUOTIKEG Tpomomooelg (Semenza 2009).
Avapeca og autéc, onuavtikn 0éon eaivetal va £xel 1 eocPopvAioon ot oepivny 247 and v
Kkwaon kaletvng CK16. Iepdpata petarrasyéveonc g oepivng 247 o alavivn, éva apvo&d
OV 0EV POGPOPLAIDVETOL, KOl GE OCTAPTIKO, TO 0Tol0 HUEITOL TO QOPTIO TNG POCPOCEPTVIG,
og ovvovaoud pe ypnon avactorémv e CK1, édei&ov 0TL 1 pooeopvAimon otn oepivny 247
pelavel ) petaypagtkn evepyotnta tov HIF-1 gumodiovrog v aAinienidpoaon tov HIF-1a pe
tov HIF-1pB (Kalousi et al. 2010).

[Tpokepévou va peretnBel mepartépm 1 emidpaon QTG TG POGPOPLAIMGNG 6T dPAGT TOV
HIF-1, elvatl amapaitntn n onpovpyio otabepd Stopoivouéveov Kuttdpmv Inlactikdv mov Ha
ekppdlovv tov aypiov tomov HIF-la kot t1g petoddaypéveg tov popeég otn oepivn 247, Béon
ewcpopvAimong and v CK1. Mg avtd 10 6Komd, 6TV TOPOVGO EPYACIM, TPOYLATOTOONKE
Khwvoroinon tov yovidiov HIFla, HIF1la-SAzs7; kow HIF1a-SDys7 o mhacpdiakovg @opeig
KatdAANAovg Yoo otabepn Oapdivven kuttdpov Onloactikdv. Ot opelg avtol eépovv ToV
enitonto Flag, o omoiog kmwdwomotel yio éva oktamentido mov enmnpedlel EAdyioto T OoUn Kot
Aertovpyio. TOV  OVOGUVOLOCUEVOV TPOTEIVAOV. XTN CULVEYEW EEETACTNKE 1 €KQPOCT), O
VIOKLTTOPIKOG EVIOMIGUOG KO 1) LETOYPAPIKY] EVEPYOTNTO TOV OVOGVVOVOGUEVOV TPMOTEIVAOV
Flag-HIF1la, Flag-HIFlo-SAz; wouw Flag-HIF1la-SDys; e xOttapa  Onlootikodv, péco
TEPAUATOV OVOGOUTOTOTMOONS, EUUEGOV avocoPHoplopoy kot dokipaciog Aovoipepdons. Ta
aroteAéopata £€1Eav OTL 01 avacvvovacpéveg tpoteiveg Tov HIF-1la kot tov petaAlaypévov
TOV HOPO®V 6€ cVVINEN pe tov enitomo Flag ekppdlovtat og kuTTOpa Onloctikdv, evromilovtal

GTOV TLPNVO TOV KLTTAP®V KO Elval Letarypapikd evepyEs.
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ABSTRACT

The hypoxia-inducible transcription factor 1 (HIF-1) regulates oxygen homeostasis by
activating the transcription of many genes and is involved in pathological conditions such as
cancer and ischemic diseases. HIF-1 is a heterodimeric protein consisting of the constitutively
expressed subunit HIF-1p and the inducible subunit HIF-1a. HIF-1a protein stability is mainly
regulated by oxygen levels and hydroxylation. In general, post-translational modifications of
HIF-1a fine tune HIF-1a activity (Semenza 2009). Among them, phosphorylation by the casein
kinase CK15 at serine 247 seems to have an important role in the regulation of HIF-1a. Use of
CKZ1 inhibitors as well as mutagenesis experiments of serine 247 to alanine, a residue that cannot
be phosphorylated, or aspartate, which mimics the charge of phosphoserine, demonstrated that
phosphorylation by CK15 reduces the HIF-1 transcriptional activity by preventing the interaction
between HIF-1a and HIF-1f (Kalousi et al. 2010).

In order to further study the effect of this phosphorylation in HIF-1 activity, it is necessary to
generate stably transfected mammalian cells expressing the wild-type HIF-1a and the CK16
phosphorylation mutant forms. For this purpose, in the present study, genes HIF-1la, HIF-
1aSAz47 and HIF-1aSD,47 were subcloned in expression vectors suitable for stable transfection.
These vectors mediate expression of HIF1a wild type and mutants in fusion with the epitope
Flag at the N-terminus. Flag encodes an octapeptide barely affecting the properties of the tagged
recombinant proteins. Following subcloning, the expression, subcellular localization and the
transcriptional activity of the recombinant Flag-HIFla, Flag-HIF1aSAg47, Flag-HIF1aSDa47
proteins were verified in transiently transfected mammalian cells by western blotting, indirect

immunofluorescence and lucicerase assays, respectively.
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1. EIXAT'QI'H

H molvmhokonto TV HETOLOIK®V OPYOVIGUAOV VOIoCTOTOL YAPT OTNV EVEPYELDL TOL
TopAyeTal HEC® TOL OEEWMTIKOV UETAPOMGHOV TNG YALKOING KOl TV MTOPOV 0EEWV OTO
proxdvopla. To o&uydvo eivarl kevipikng onpaciog ot Prodoyio encdn omotehel Tov TEMKO
ATOOEKT NAEKTPOVIOV GTNV 0&EOMTIKY @SPOopLAimoT. Tavtdypova, dnuovpyet evepyéc pileg
ofvyovouv (ROS, Reactive Oxygen Species), mov aviidpodv pHE KLTTOPIKE HoKpOuOplo Kot
petafdAiovv  Ploynuikés Kot QUOIKEG TOLG 1OOTNTEC, UE OMOTEAECUO TNV KLTTOPIKN
dvodettovpyia 1 Bdvato. Qg cuvéneta, ot petalmikol opyavicpol £x0Vv avamTOEEL TOAVTAOKOVG
UNYOVIGHOVE Yo TN SLoTPMoT TG OHOOGTAGNS TOL 0ELYOVOU.

H xatavonon tov pnyaviopuov, pe Tovg omoiovg To KUTTOPO KOl Ol OPYOVIGHOL
avtihappdvovtar v €kbeon oe yoaunAn ocvykévipwon o&uydvov, oniadn v vmoia, £xet
eEehybel paydaio kvpimg péoo omd v ovokdAvym tov eraydpevov amd v vmodia
nmapayoviov HIF kot v amocapnvion tov poAov tovg otn puduion g OpotdcTaoNS TOoV

o&vyovovu (Semenza 2009).

1.1. Ol METAT'PA®IKOI ITAPATONTEX HIF

Ot HIFs amotehodv o OWOYEVELDL UETOYPAPIKOV TOPOYOVI®V TOL OTOKPIVOVTOL GTNV
vro&io emdyovtog TV HETAYPAPN Hog TANODpaS YoVidiov Tov EUTAEKOVTOL GE PUCTIOAOYIKES
dwdkaocieg 0nwg M epvBpomoinom, o HETAPOAICUOC, 1| KVTTAPIKY] OVATTVUEN, 1 OyYELOYEVEDT, T
emPioon kot n amoémtwon (Ewova 1). Ou HIFs eivor etepodipepn mov amotehodvial and d0Vo
vropovades, v o kot v B. H B vropovada, HIF-1B 1 aAliwdg ARNT, givon xowvn avapeca
ota HEAN g owoyévelag tov HIF ko exppaleton cvuveywe. H o vropovada cuvovidror o
tpels 1oopopeés, tov HIF-1a, tov HIF-2a kot tov HIF-3a, ot omoiot 6tav erepodyepilovran pe
tov HIF-1PB oymuatiovv tovg mapdyovteg HIF-1, HIF-2 kot HIF-3 avtictouyo.

Ot HIFs givan petaypagikol mapdyovieg mov avoyvopilovy Kot TpoGOEVOVTOL GE [ EO1KN
aAiniovyioc DNA ( 5’-RCGTG-3"). H aAAnAovyia avth ovoudotnke oTolyelo amdKpiong oty
vro&io (HRE, Hypoxia Response Element), kafdg ot HIFS péow g mpdcdeong oe avtn,
puouilovv v £kepacn daeop®V Yovidimv mov fonbovv To KOTTOpO VO TPOGOPUOGTOVY Kol VoL
emProocovv og cuvOnkeg vo&iag (Dengler et al. 2014).

O HIF-2a mopovcialel 48% opoloyia otnv apvo&ikny aAiniovyio tov pe tov HIF-1la kot
€xel KOwEg OOKEG Kot Broynukés 010TTeS, 0TS 0 £TEPOdUEPIGHOS e Tov ARNT kot 1
npocdeom oto. HREs. H éxppaom dpmg tov HIF-2a eivar 1otoedikn og avtiBeon pe tov HIF-1a
ov ekepdletor oe OA0 To. KOTTOPA Kot Tovg otovg. O HIF-2a ekepdleton kupiog otovg
VEQPOVG, TNV KOPOLd, TOVG TVEVUOVEG, TO evooBNAo ko to Aemtd éviepo (Dery et al. 2005). O

HIF-3a avoakaAbeOnke petayevéotepa tov HIF-lo ko HIF-2a, ekeppdletor o€ pio motkidio
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otdv, depiletar pe tov ARNT o mpocsdévetar ota HREs. O poiog tov dpmg eivon og peydio
Babud dyvmortog, av kot cuvnbwg Bempeitar apvntikdg pvBuiotg tov HIF-1a kot HIF-2a. To
yovioro tov HIF-30 vrokertor o evoAlOKTIKO HATIOUO, OOMNYDVTIOG GE TOLAGYIGTOV EMTA

TOPOALAYEC, TV OTOI®V 0 POAOG SLEPEVVATAL.

[KYTTAPIKH EIMBIOQYH & AITOITOQYXH EPYOPOITOIHEH ]
)

(IGF-2, Nip3, xvkiivny G2) ] \ / [(EPO, TPAVGPEPIVT, GEPOVAOTAAGHIVY

(netagopiag yAvkolng 1, e€okwvaon 1, (VEGF, vrodoyéag tov VEGF, PAI-1)
POGEoPpovKTOKIVhon 1&2)

METABOAIEMOZ / \ [ ALTEIOTENESH J

Ewova 1: Kutrapikég Aettovpyieg mov epumiéketat o HIF ko avtiototyo evoeiktikd yovidia 6tdyot tov.

1.2. O METAT'PA®IKOX TAPAI'ONTAX HIF-1
1.2.1. HIF-1a

To avBpomvo yovidio tov HIF-la Ppioketar oto ypopdcopa 14 kot kodikomotel pio
TpoTeivn 826 apvoéémv. H adiniovyia Tov ivar apketd cuvinpnuév, Kabag speavilel mavm
a6 90% opoldtnTa avVALESH GTOV AVOP®TO, TO TOVTIKL KOt TOV apovpaio.

O HIF-la aviker oty owoyévela npmteivov bHLH (basic Helix-Loop-Helix)-PAS (PER-
ARNT-SIM). 'Etot, o HIF-1la otV apvotelkn Tov Teployn mEPEYEL TO, TPMOTEIVIKG HOTIfa
bHLH-PAS mov amortodvrol yio to duepiopd tov pe tov ARNT kou v mpocdect| Tov ota
HRES. [T avaivtkd, n mepoyn tov HIF-1a mov avtictoyyel ota apvocéa 17-30 amoteeitan
a6 Pacwkd apvoééa, ta apvoééa 31-71 amotehovv v meproyn HLH kot ta apvo&éa 99-343
mv mepoyn] PAS, n omoia dwkpivetar oe A (99-209) koau B (242-343) vmomeployég
(Scheuermann et al. 2007). O HIF-1la ekepdletar dapk®dC 610 KOHTTOPO KOl OTOIKOSOUEITOL
TaYOTOTO G€ PLGLOAOYIKEG cLVONKeG 0&uydvmons. Ovtag o Wiaitepa actadng tpwteivn ot
ovvOnkeg vopuo&iag (21% 0Oy), 1 edwkn amowkodounon tov HIF-1a evepyomoteiton péow tng
neproyng ODD (Oxygen-dependent Degradation Domain). H meproyn avtr Bpioketonr avépeca
ota KotdAowra 401-603. Xe cvvOnkeg vmo&iog, ONAadn o€ YoUNAN cLYKEVTIP®OT 0&VYOVoL
(<6% 0O3), o HIF-1a otaBepomoteitan kot petatomiletor 6tov TLPMVA, o OlodKOGiC TOV
yivetan pe ) Pondeto €0IKOV 0AANAOLYLOV TOL OVORALOVTOL CUATO TUPNVIKOD EVTOMIGHOV
(Nuclear Localization Signal, NLS) kot avayvmpiloviol amd e01kég TpmTeiveg mov pecorafodv
oV uetaeopd dwpécov tov mupnvikeav mopwv. O HIF-la mepiéyst 6o mbavd oot

TUPNVIKOV EVIOTIGHOD, TO apvoteAkd N-NLS (17-74) mov avayvopiletor amod Tig ipumoptiveg 4

10

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 05:34:04 EEST - 3.15.27.91



kot 7 (Chachami et al. 2009) kot o kappo&uteicd C-NLS (718-756) mov avayvopiletar omd
v woptivy a. O HIF-la dwBétel dvo mepoyéc evepyomoinong g petaypoens (Trans
Activation Domain, TAD), ot omoiec evtomilovtal 6to KapPoELTEAIKO TUNUO TNG EMKPATELNS
tov HIF-1a. Mia kapfo&utehikny, tnv C-TAD (831-826) kat tnv apwoteiikn N-TAD (531-575),
N omoia oAAnAoemkoivmtetar pe v mepoyn ODD. H C-TAD mepoyn éxer oeybel ot
AAANAETIOPA e GuvevEpYOmOMTEG TG petaypaeng onmg o CBP (CREB Binding Protein) kot o
p300. H gvepyomoinon g petaypagng twv yovidiov otoywv nepthapupdvet dipepiopd tov HIF-
la pe tov ARNT kou mpodcdeon ota HRESs, ta omoia Bpiokovtatl 6Ti¢ puOuotikés meployéc tov

yovidiov awtdv (Keith et al. 2012) (Ewova 2).

) [7,\5 ‘ Fmﬁ‘.‘ PSM Nsos
HiFte | [bHLH] | TR N-TAD C-TAD
~ ODD

PAS |

Ewova 2: TIpoteivikég meployég tov HIF-1a kar HIF-1B. Awikpivovtot ot teproyéc bHLH, PAS-A, PAS-
B otic vropovadec HIF-1a ko1 HIF-1B kot o1 meproyég ODD, N-TAD «ot C-TAD otov HIF-1a (Keith et
al. 2012).

1.2.2. HIF-1p 1 ARNT

O ARNT (Aryl hydrocarbon Receptor Nuclear Translocator) apyiko yopaktnpiotnke cov
VTOLOVADO TOV ETEPOSYUEPOVS LE TOV EVEPYOTOINUEVO amd EgvOPloTiKd £101KO vrodoyEéa AhR
(Aryl hydrocarbon Receptor). Eivot kot avtog pédog g owkoyévetlog tpoteivov bHLH-PAS xat
ONUAVTIKOG PLOUGTAG TG LETOYPAPNG YOVIOI®MV TOV EUTAEKOVTOL GE PLGLOAOYIKEG OLUOTKOGIES
TPOGapPUOYNG otV Vo&ia oe EevoPloTikd, ALY Kol G AALEG PUCIOAOYIKEG AELTOVPYiEG OTTMOC M
0pYaVOYEVEST Kot 1) ovarTuén tov vevpikol cvotiuatog (Beischlag et al. 2008).

H éxeppaon tov yovidiov tov ARNT Oewpeitor 1d00tatiKn , ov Kot TpOcOATEG UEAETES
eetalovv v mhoavotta eroyoyng and v vro&ia (Wolff et al. 2013). Amoteieiton amd 789
apvo&éa Ko ektog Tov meploy®v bHLH ka1 PAS mov evBbvovrtar yuo v mpdcdeon oto DNA
Kot Tov etepodipepiond pe dAlec mpoteiveg bHLH-PAS. Xto apivoteAikd tov akpo €xel €va
NLS mov guBhvetat yio Tov Tupnvikd eVIOmIGUO TOV. XT0 KOPPOELTEAIKO TOV GKPO, VITAPYEL LIl
TEPLOYN EVEPYOTOINGNG TNG LETOYPUPNS, M OTOlaL OEV paiveTar vo Tailel pOAO GTNV LETOYPAPIKY|

EVEPYOTNTO TOV ETEPOOUEP®V OV oynuatilel (Ewova 2).
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1.3. APAXH TOY HIF-1

O HIF-1 mpodyet v petaypaen d10popmv yovidimv Tov EUTAEKOVTOL TNV OUOLOGTOCT] TOV
0&uy6vov 6€ KLTTOPIKO, 10TIKO Kot ovotepkd eminedo. H gpvbpomoinom aviummpocwnedel v
TPOGOPUOCTIKY]  OOKPLOT]  OTNV  OLOTEMKN  vrodio. Xe  avtiBeon, 1 ayysloyéveon
OVIUWTPOCGMTEVEL [0 TOMIKN 1OTIKN OmOKPIoN oty UHeEwpévn ofvyovoor. To kdttopo
LELOVOUEVO, TPETEL VO TPOCUPUOGTOVV GE PEIMON Tov 0&LYydvov, avampoypappotiloviog to

UETAPOAMGLO TOVC.

EpvOporoinon

O pbdrog v gpvbpokvttdpmv eivor 1 HETAPOPE TOV 0ELYOVOL OO TOLG TVEVHOVES TPOG
KkéBe KOtTOpo oto copa. H peimon g neplextikdtrog oe 0EVYOVO GTO aipla Kot 1 emokoiovin
vnoéio tov wtdv emdyst T dpdon tov HIF-1 oe «Ottopa oe OA0 1O OO0,
GUUTEPIAAUPAVOUEVOV TOV EEEDIKEVUEVOV KVTTAP®OV GTO VEPPO TOL TapAyovv epuBpomomtivn
(EPO). H EPO e&ivotl puo opudvn mov decpedeETOL 0O TO GYETIKO LITOSOYEN 6T £pLOPOELON
TPOYOVIKG KOTTapO, Kot £Tct deyeipel v emPimon kot dlapopomoincy| tovg. Avaivorn Tov
aAAniovytdv mov puduiovv v emaydpevn omd v vro&io petaypaer Tov yovidiov g EPO,
oonynoe oty avaxaivyn tov HIF-1. Xt cuvéyeia amodelydnke 61t o HIF-1 ocvvroviler v
gpvOponoinon, pvOuilovtoag v £KEpacTm TOALDV YOVISI®V TOV KMOTKOTOOVV TPOTEIVEG TOV
EUMAEKOVTAL GTO HETABOAICUO TOV GONPOL KOl GUYKEKPLUEVA GTNV ATOPPOPNOT TOV Ond TOV
EVIEPIKO OWAO, TNV OVAKVKA®GT) TOV GLO1POL TOV 1GTMV, TNV TOPAO0GT] TOV GLOPOL GTO HVEAD
TOV 0GTAOV Y10 YPNON 0T GVVOEST TNG AHOCPOPIvIG. ZE aVTA T Yovidla TeptAapfdvovTal To
YOVidlo NG TpOavVeEEPPivG, TOL VTOOOYEN TNG TPOVOPEPPIVIG, TNG GEPOVAOTAAGUIVIG, TNG
ey1divng. EmmAéov, o HIF-1 evepyomotel t petaypaen tov yovidiov tov vrodoyéa g EPO

(Semenza 2009).

Ayyeroyéveon

O HIF-1 evepyomotel GuviovViGUEVA TN HETAYPOPT] TOALATADY YOVIOIOV TOV KOOUKOTOOVV
AyYE0YOVOLS AVENTIKOVS TAPAYOVTEG Kol KUTOKIVES, OTMG O 0y YEloKOG EVOOOMALAKOG 0LENTIKOG
napayovtog (vascular endothelial growth factor, VEGF), o mapdyovtag mpoepyduevog amd
otpouatikd kottopo 1 (stromal-derived factor 1,SDF-1), o avénrtikdg mopdyoviac Tov
mhaxovvto (placental growth factor, PLGF), n ayyeliomomrtivn 1 kot 2, Kabdg Kot 0 Topayovtog
avantuéng mpoepyopevog amd oponetdio B (platelet-derived growth factor B), ot omoiot
TPOGOEVOVTAL GTOLG VTOJ0YEIS TOVG GTO ayyelaKd gvooOnAlakd KOTTOpa, 6E KOTTOPOU Aiov
Hodg, o€ EVOOOMALOKA TPOYOVIKA KVTTOPO, GE UECEYYLHOTIKA PAocTIKE KOTTOPO KOl G GALQ

OLLLOTIOMNTIKG KVTTOPO TOV HVEAOL TV ootwv. EmmAéov, o HIF-1 pvBuilel v ékppoon tov
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CXCR4 (C-X-C chemokine receptor type 4) (Stellar et al. 2003), vrodoyéa tov SDF-1, kot tnv
éxppaon tov VEGFR1 (vascular endothelial growth factor receptor 1) (Okuyama et al. 2006),
vrodoyéa tov VEGF kot PLGF. 'Etot, o HIF-1 Aettovpyel wg kbprog puOpictig yio tov EAeyyo
™G ayysloyéveong o€ moAamAd enimeda. Tlepdpota oe movtikia £3€Eav OTL N AVATTVEN TOV
ayYeloKoH OIKTVOV OmoTLYYAveL o EUPpua pe amaiolpn Tov yovidiov tov HIF-1a (HIF-la'/‘),
evad evidika etepodluya (oo (HIF-la” ) mapovotdlovy pEIOUEV avATTLEN TOL OYYELOKOV
SIKTVOV KO APTNPLOKT ATOPPAsN.

Evo n emayopevn and v vroéia ékepaon tov HIF-1 moapéyst éva punyoviopd yu va
eEaoparioel 0t1 KAOe KOTTOPO AouPavel EmapKkn OUATOON o€ veapd Kot vy (oa, 1 YRpoven
Kot 0 StaPrTng epmodilovv v ayyeloyéveon avaotéAlovtag v enaymyn tov HIF-1 (Semenza
2009).

Metaforiouos

H pOOon tov petafoliopod eivar po koplo kot mpotapykny Asttovpyio tov HIF-1. Xe
vroéikéc ovvinkeg, o HIF-1 Sopecolafel por petdfoacn omd o&eldmTikd o€ YAVKOAVTIKO
petofolopod, péow g pHbuong tov eéng yovidiov (Semenza 2012):

e PDKI1 (pyruvate dehydrogenase kinase 1), kmdtkomolel T Kvaon thg apudpoyovacns Tov
TLVPOGTAPVAIKOV 1, 1M Omoiot POCEOPLAIDVEL KOl OMEVEPYOMOLEL TNV APLOPOYOVACT] TOL
nTupootapuAtkoy (pyruvate dehydrogenase, PDH), avaoctéAlovtac €10l T HETATPONH TOL
TVPOCTAPLAIKOD o€ akETVAO-COA, dpa kot TV EvapEn Tov kKukAov Tov Krebs

e LDHA (lactate dehydrogenase A), kmdikonolel TV YOAAKTIKY apudpoyovion A, n omoio
UETOTPETEL TO TUPOGTAPVAIKO GE YOAUKTIKO

e BNIP3 ka1 BNIP3L, ta omoia pecoAafovv otnv EMAEKTIKY] LUTOYOVOPLOKT OLTOPAYiOL.

Eivor yvootd o6tt ta xOttapa otpépovionr otn yAvkoAvom, Otav to ofvydvo esivan
TEPLOPIGUEVO Y10, putoyovoplakn mapaywyr] ATP. Akdpa, pekéteg govv deiEetl 0Tt 01 VoPAACTES
euppdov moviikiov pe oamaAiowpn tov yovidiov tov HIF-la, otovg omoiovg dev puBuileton
apVNTIKA 1 avamveuoTikn aAvcida Katd v vro&ia, £xovv vyniotepa enineda ATP ce 1% O,
and ta aypiov tomov kvttapo o€ 20% O, amodewviovtog 0Tt VIO aVTEG TIG GLVONKES, TO
o&uyovo dev gtvar Teplopiotikd Yo v mopaymynq ATP.

Qo1660, To KOTTAPO e amarolpn tov yovidiov tov HIF-1la, nebaivouv ce mapatetapéveg
ouvOnkeg vo&iag Aoyw g toikdtnroc twv ROS. Avtég ot peréteg £xovv oOMNyNoEL o€ o
TOPOAOELYLOTIKT) OTPOPN GE GYECT UE TNV OvTIANYM Hog Yy v pOOUIOT TOL KLTTOPIKOV
petafoiopod: O okomdg avtig ™G OAAaYNG ival va amotpamel N VIEPPOAIKT] LUTOXOVIPLOKT

napoaywyn ROS, mov dwapopetikd Oa mpoékvmtay AOY® NG UEIOUEVNG OTOSOTIKOTNTOS TNG
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petapopdc nAektpoviov oty vroéia. Avtd pmopet va givor Wiaitepa onuovtikd oe PAACTIKA

KOTTOPQ, 6T0 07Ol 1 arroPLYN TG PAAPNS Tov DNA &ivar kpicwun (Semenza 2012).

1.4. HIF-1 KAI KAPKINOX

Ot ovumayeig Oykor ovyvd avipetonilovy Vroékd otpeg. To Kopkivikd KOTTOPO
ToALOTAAGIALOVTOL TOXEMG, EEMEPVOVTAG TNV OVATTLEN TOL AYYEKOD SIKTOOV UE OMOTEAEGLLOL
va wepropiletal 1 d1éyvon Tov 0ELYOVOL GTO E0MTEPIKO TOL OYKOovL. To volikd otpeg pmopel
emiong vo TPokANOel omd EAVTTOUATIKY OUATOON OC OTOTEAEGUO OVOUOANG OOUNG Kot
Aertovpyiag TOV OUOPOpPOV oyyeiwv ToL OYKOL. Aev amotedel €kmAnén, emouévag, OTL of
ovumayeilg dykovg cvyva aviyvebovior vynid emimeda éxepaong tov HIF-la. Tlpémer va
onuewdel o6t n ékepoon tov HIF-la ota kopkivikd wdttapa, avédvetar emiong pEo®
aveapmtov ond v vrofio punyoviopdv. Levetikéc aAloudoels Ommg M UeTdAAaEn Tov
oykokotaotoATikov yovidiov VHL oe xopkivopo veppkodv kuttdpov, HETOAAAEES ©TO
oNUATOS0TIKO povomdtt Wnt/B-katevivig 6 KOpKivo TOV TayEmG EVIEPOV Kol AAAEG OYKOYOVEC
TEPUTAOGELS, £xovv avaeepbel 0Tl €yovv wg amotédespa 1 otabepomoinon tov HIF-1o.
ZVYKEVIPOTIKA, TO, EDPNUATA AVTE VITOJEKVOOLV OTL 1 ékppaoct Tov HIF-1a kot n akdAiovdn
gvepyomoinon g andkpiong otnv vroéia eivor evpimc dadedopuéveg oe TOAAOVG Kapkivovg. Ot
amokpicelg mov olapecorafovvion amd tov HIF-1 nailovv Pacikd polo 6e 018popeg TTUYKEG TG
avamTuéng Tov Kapkivov, GUUTEPIAAUPOVOLEVOD TOV TOAAATANGLOGHOD, TNG AYYELOYEVECTG, TNG
amonTOoNg/aToayiag, Tov petafoAopod, g ondkpiong oe PAEPn tov DNA, g
LETAVAGTELGNG TOV KLTTAP®V, TG dmMBnong tov Kapkivov. ['a mapdderypa, o HIF-1 tpoceépet
oTo KOPKWVIKA KOTTopa mheovéktnuo emPioong airdloviag 1o petofoAiicpd tovg. ITo
ovykekpéva, o HIF-1 endyel v ékppaom petapopiémv g YALKOINS Kot oed0V OA®MV TV
YAKOATIKOV  eviOH®V  0ONYy®OVTOG OTNV  TOopay®YY| &vépyelng HEC® TNG  ovaepofiog
YAVKOAVONG, €VOC YOPOKTNPLOTIKOD TOV KOPKIVIKOV KVTTAP®V TOV TEPLYPAPTNKE TPV 0o
TOALG xpOVIa. Ko ovopdotnke @owvopevo Warburg., TTapdiinia, 0mtwg mpoavaeépnke otnv
mapaypoeo 1.3, o HIF-1 eanpealetl kot v HToyovoplakn AEITOVPYIo CTAUATMOVTIOS TOV KUKAO
tov Krebs, kot peidver v napaywyn ROS. H onpacia tg dpdong tov HIF-1 otov xopkivo
QTOOEIKVVETAL atO TO YeYovos Ot n avénuévn ékepaon tov HIF-la cvoyetiCeton pe woxm

KAMvVIKT Tpdyvmon o€ moAlovg Tomove Kapkivov (Majmundar et al. 2010, Ratcliffe 2013).

1.5. PYOMIZH TOY HIF-1a
To guph EAGHO PLGIOAOYIKAOV AglToVPYLOV oL eumiéketal o HIF-1a, gite oe puotoloyukég
ocvvOnkeg o&uydvmong, eite og VIOEIKES, amortel TOAOTAOKN pLOUION TNG UETAYPAPIKNIS TOL

opdaonc. ‘Etot, n petaypagn tov yovidiov tov, 1 60vleon kot 1 6tafeponoincet| Tov, 1 LETAPOPE
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TOL GTOV TLPNVA, 0 SuePoHOC Tov pe Tov ARNT, n mpodcdeon oto DNA kot ) aAAnAemiopaon

He GAAOVG TOPAYOVTES TG LETOYPOPG LITOKEWVTAL GE pHOLUGN.

1.5.1. E€aptopevy amd to oSoyovo pvOuon - YopoSvrioon tov HIF-1a

Yo o@uoworoyikés ovvOnkeg ofvyovoong, o HIF-la ovveymdg petaypdapetor kot
petappdaletal. To o&uydvo dpmg 0dnyel 6TV amOKOSOUNGT] TOL GTO TPOTEACOLN. XE GUVONKES
vopuo&iog, pia otkoyéveto tpoivi-vdpoéviacmv (PHD1-4, Prolyl-hydroxylases), kot idwaitepa n
PHD2, vopo&uimvouv v a vropovada tov HIF1. Ot PHDs amottovv yuo ) 0pdomn Ttovg
c6idNnpo, 0-KETOYAOLTAPIKO, OOKOPPIKO Kot Hoplokd oELYOVO Y TNV TPOTOToinom
covinpnuévev xoataroinwv mpoAiving (Pro402 wor Pro564). Ov PHDs, 6mwg wor GAAeg
o&vyevaoec mov e&aptmdvtal omd TO a-KETOYAOLTAPIKS, daféTovy pia TpLdda amd dVo 1oTIdiveg
kot pio kopPoSuikn opddo, ®ote va cvvtovicovv to Fe(Il) 6to KoataAvtikd tovg kévrpo,
apnvovtag oo BEcELG OEGUEVONG Yo TO O-KETOYAOLTAPIKO Kot pio Yo To poptakd o&vydvo.
Kotd v xatdAvon, n didoracn Tov poplakod o&uyovov givarl oulevypévn pe v vdposviinon
tov HIF-1a kot v ofewdwtikny amokapBouAMmon Tov a-KETOYAOVTOPIKOD GE MAEKTPIKO Kot
owo&eidlo tov avBpaka. To aockopPikd amoarteitar yio v mAnpn evlupikn dpactikdtnTo TOV
PHDs. EmnpocOeta, €xet avapepbel 011 1 Katoivtikry opdon twv PHDs avactédieton amod
gvolapesa mpoidvta tov kKukAov tov Krebs, 6mmwg to KiTpikd, T0 1G0KITPIKO, TO NAEKTPIKO, TO
QOVUOPIKD, TO UNAKO, TO 0EaA0EIKO Kat To TupootapLAko (Kaelin et al. 2008). Ta katdloura
mporivng mov voposuaidvouv ot PHDs Bpickovior omv mepoyn ODD tov HIF-la. H
vopo&urimon tovg emtpémetl v cvvdeon g npwteivng VHL (Von Hippel Lindau, pVHL). H
pVHL oamotedel pépog tov ovumiéypatroc E3 Arydong g ovPwitivng, 10 omoio moAv-
ovfikrtvidvel tov HIF-1a mpokaidviog v amoikodouncn tov and to npwtedonua (Dengler
et al. 2014) (Ewoéva 3).

e ovvOnkeg VTOEIKOL o1peg, M dpactikdtnta Tv PHDs givon peiopévn pe amotéleopa tnv
otabeponoinon g mpwteivng tov HIF-la ko v emayoyn ¢ HETOypaeng TV yovidimv
otoyov. AOY® NG £EAPTNONG TOVS At TO HOPLAKO 0ELYOVO TOV ATOTEAEL AUEGO VTTOGTPMULA, Ol
PHDs éyovv mpotabel wg ot «ooOntipeg ouydvovy mov cGuvdéovv TNV vOoKLTTAPLOL
ovykévipwon o&uydvou e Tig poplakég omokpicelg tov HIFs. H cvykévipoon tov o&uydvov,
oL povo kabopiler v evepydmra twv PHDs, adld kot v ékepoon tovg. H ékppaon tov
PHD2 wxon PHD3 (ext6g g PHD1) avédveron katd v vroia, kabdg ta yoviold toug sivat
oToYOl TNG peToypoeikng Opdong tov HIF1 (Majmundar et al. 2010). Avtq n p¥OOuion
eEacearilel ) ypnyopn mopépupacn twv PHDs 6tav n ovykévipwon tov o&uydvov emavérDet

G€ QUCIOAOYIKA emimedaL.
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Ewova 3: O&uyovo-eEaptmdpevn poBuion tov HIF-1a. Katd ™ voppo&io vépoSviimvoviar ot mpoiiveg
402 o 564 tov HIF-1a and tig PHDs kot 1618 pmopetl va mpocdebei n mpowteivny pVHL dote va
ovfikttivimBel o HIF-1a kot va amowodounbei oto mpotedcoua. Katd v vro&ia, ot PHDs eivat
avevepyég katl o HIF-1a petaeépetot 6Tov Tupnva, 0Tov OAANAETIOPA LLE GUVEVEPYOTOINTEG KO ETAYEL TN
HETOYPOAPT TOV YOVIdimV-aTOY0V (mpocapuoyr aro Carroll et al. 2005).

H ovykévipoon tov o&vuydévov extdg omd to emimedo tov HIF-la, pvBuiler kot
petaypagikn tov evepyotnta. O HIF-1a vroxkertan og pia emmAéov puOuiotikn vopoéviiwon. O
napdyovrog avactolc tov HIF-1 (Factor Inhibiting HIF, FIH-1), vdpoévhdvel o
acmapayivn (Asn803) evtdog g mepoyng C-TAD tov HIF-1a, pe amotéleocpo Ty mapepndoion
g evepyomoinong g petaypaens. O pnyoviopog pe tov omoio avt 1 vopovAimon
avaotéArel v dpdon tov HIF-1, @aivetanr va €yxeitar omv dwtapayr| g TPOCOECNS TOV
ocvvevepyoromtav p300/CBP oty neproyn C-TAD. Emndéov, elvarl yvwotd o1t o1 meproyég N-
TAD xo1 C-TAD tov HIF-1a givor vrevBoveg yia v €K@paom d1apopeTIKOV OLAd®V YOVIdimV.
Yvvenmg, o FIH avactélioviag tn petaypoaeikn evepyotnta tov C-TAD, aAld aprvoviog
avenmnpéacto 10 N-TAD, odnyel otV avaoTtoAn g ékepacmng HOVO oG Opddag yovidimv
otoywv. Eniong, n Ku tov FIH, o onoiog Asttovpyel g dyuepés, elvarl pikpdtepn omd avtég TV
PHDs, emitpénovtag Oempnrikd otov FIH va pvBuiler v petaypoapikyy dpactnpdtto tomv
popiov HIF-la mov Eepedyovv amd tnv amowoddunomn. Etcr, 1 vdpoéviimon tov HIF-la
amotelel OwmAO eleyktikd pnyovioud. Kotd ™ voppo&io o HIF-lo omowkodopeitor oto
TPOTEACOUO LEGH TNG Opdiong Tev evepymv PHDs kot kabiotator petaypapikd avevepyog yapn

ot opaon tov FIH (Webb et al. 2009).
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1.5.2. AveEdptntn 0mé To o&vydvo pvOuion
1.5.2.1. PYBuion og eninedo mpwteivikng cuvheong

H enaywyn tov HIF-1a pécm d10popmv avéntikdv topaydviov, KOTOKIVOV Kol oy YELLKMOV
OPLOVOV EMTVYYAVETOL e avENOT TG HeTdepaocng Tov mRNA tov, 6e avtiBeon pe v vroia
OV GTOYEVEL GTNV AMOIKOSOUNOT) TS TPWOTEIVNG TOL.

ApKetéc peEAETEC  £€YOVV  TOLTOMOMGEL TO  ONUatodoTikd povomdtie tng PI3K
(Phosphatidylinositol-4,5-bisphosphate 3-kinase) ka1 tov MAPK (Mitogen-activated Protein
Kinases) va pecolafoov oty avénuévn petaepacn tov HIF-la (Dery et al. 2005).
SVYKEKPEVO, OVENTIKOT TAPAYOVTEG OTMOC O EMOEPUIKOG VENTIKOG Ttapdyovtog (epidermal
growth factor, EGF), o avéntikdc mapdyovtog voproactmv (fibroblast growth factor, FGF) kat o
woovAvounTikog awéntikdc mapdyovtag (insulin-like growth factor 1, IGF-1) evepyomotovv
TOVG OVTIGTOLOVG VITOJOYELG KIVAGNS TVPOGIvNG, Ol OTOI0L LE TN GEPE TOVS EVEPYOTOLOVV TNV
PI3K ot tig MAPK. H petoyoyn onpotog pécom avtov tov povomatidv (PI3K, MAPK)
dleyeipel v KuTTopkn emPioon, v avantuén kot Tov moAlamlactocid. Mo avamdeevktn
GUVETELD. TOV KLTTOPIKOU TOAAOTAAGLUGHOV &lvar 1 avénuévn Kataviimon o&vyovov. [Ma
avTdV 10 AOY0, dev mpokaiel EkTANEN OTL T {010 GNUATOOOTIKA LOVOTTATIOL EMAYOVV T OpAcT
tov HIF-la péoo g mpoteivoobvleong tov. H PI3K  evepyomoel v kwvdon
oepivng/Opeoviviig AKT (yvoot| kot o¢ Kiwvdon mpoteivov B, PKB) kot avt) v xwvdon
mTOR (mammalian Target of Rapamycin). H evepydc mTOR @wo@opviidvel 600 Pacikong
puOuoTég TG peTaepaocng, v Kwdaon p70S6 kot TV TPOCIEVOUEVI] GTOV EVKAPLMOTIKO
napayovto Evapéng g petdppacng 4E, npoteivny 1 (4E-BP1). H p70S6 pe t ogipd g
QPOOPOPLA®VEL TN PROCOUIKT TPMTEIVT S6, evd 1| 9wwspopvAiinon g 4E-BP1 avactéliel v
KavOTNTA TNG VO OAANAETIOPA Kol VO OVOGTEAAEL TOV EVKOPLOTIKO TOPdyovTa Evaping g
petdopaong 4E (eukaryotic initiation factor 4E, elF-4E), évov onupovtikd pubuioti tng
petdopaocns. Avti n opdon g mTOR av&dver to puBud petdepaocng pog opnddog mRNA,
otV omoio mepriapPdveror kor to mRNA tov HIF-la. ¥to povomdtt twv MAPK, n ERK
(Extracellular signal-Regulated Kinase) agov éyet evepyomombei and v MEK (Mitogen-
activated protein kinase kinase), evepyomotei pe t ogpd g v MNK (MAPK-interacting
kinase), n omoio. pwcpopviidvel tov elF-4E kot dieyeiper  dpdon tov amevbeiog. H ERK
opoing pe v MTOR avédver to puOud petdppacnc tov mRNAS pe 5° KAADUUO HECH TNG
p70S6 ka1 ¢ 4E-BP1 (Ewcova 4).
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Ymodoxelg kivaoeg Tupooivng
(EGFR, FGFR, HER2, IGF1R)

/

PI3K

AKT

p705k AE-BP | e e F-4E

Z0vBeon Tou HIF-1a
HIF-1

Meraypag@iki evepyétnra
HIF-1

Ewova 4: PoOBuion g mpoteivikng obvleong tov HIF-1la. H mpdcdeon avéntikov mapaydviov oe
VIOd0YElC Kvdoeg TLpocivng evepyomotel T petaywyn onpatog pécm tov PISK kot MAPK. Ta
povordria Tng MTOR kot tov MAPK grdyovv ™ petdopaocn tov MRNA tov HIF-1a (mpocapuoyy aro
Semenza 2009).

1.5.2.2. PvBuion og eminedo petaypoens

[Mapd Vv kevipikn onuacio g o&vyovo-eEaptodpevng poduiong g opaong tov HIF-1a,
EVOLAPEPOV EYEL Ko 1 pOBION o€ eminedo petaypagns Tov yovidiov tov. Meléteg deiyvouv mmg
VILAPYEL GOVOEST] LETAED TOV LOVOTTATION TNG PAEYLOVIG KOl TOL LOVOTAToV TG vro&iog, LEGM
™G emidpaong tov petaypaeikol wapdyovro NF-kB (nuclear factor kappa-light-chain-enhancer
of activated B cells) omv petaypaen tov yovidiov tov HIF-1a. [To cuykekpiuéva, diéyepon pe
Opoupivn, TNF-a (Tumor Necrosis Factor o) 1 H20,, oAAd ko BpayvmpodBeoun vmotia,
odnyovv e avEnpéva emineda Tov MRNA Kot ¢ npwteivng tov HIF-1a. docpopvrioon g
npoteivng IkB (Inhibitory kB) odnyel omv evepyomoinon twv vropovadwv pS0 kot p65 tov
NF-xB, ot omoieg mpokaiohv tnv evepyomoinomn ¢ HeTAypoer|s Tov yovidiov tov HIF-1a
(Gorlach et al. 2008, Tsapournioti et al. 2013). Exniong, mpdopotn pHeAéTn 6 TPOMTOKHTTOPO.
€0e1&e OTL 1 WWGOLAIVT Qaivetar va puOuilel ) petaypaer| tov yovidiov tov HIF-1a péow tov
petaypapikov mapdyovta Spl (Specificity protein 1) (Biswas et al. 2013). Zvykekpipéva,
npotdOnke 6tTL N Tapaywyq ROS and v o&ewdon tov NADPH og andkpion omnv tveoviivn,
glvatl oNUOVTIKY Yo TV EVEPYOTOINGM TOL HETAYPOPLKOD Topdyovta Spl Kot Tnv 6HVOEST] TOV

oe mhovowa oe GC meproyn Tov vokwnT ToL Yovidiov tov HIF-1a. Avtifeta, n ékepaor tov
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HIF-1a avoaotéAletor and v Kotaoctaitikny opaon tg PKR (Protein Kinase R), péowm tng

dpdiong tov petaypaeucot tapdyovta Stat3 (Papadakis et al. 2010).

1.5.3. Ave&aptntn Tov 0&VYGVOL PYBoN TG oTafEPOTNTOG

Exto¢ g pbOuiong g otabepdtroc tov HIF-1a mov eaptdror amd ta enineda o&vyovov,
T1g PHDs ka1 v pVHL, éxet Bpebel 6t n mpoteivi RACK1 (Receptor for Activated C Kinase
1) umopel ko mpocdévetar otov HIF-la kot oAdniemdpd pe v mpwteivy Elongin C, e
OTOTEAEGHLA T ONOVPYia EVOG TPOTEIVIKOD GUUTAOKOL HE Opdon Arydong ovPwkitivng E3. To
ooumAoko avtd ovfikitividvel Tov HIF-1a kot tov 0dnyel 6€ amotkoddUnon 610 TPMOTEACOLLAL,
avedptn amd TV cLYKEVIP®GST ToVv 0EVYOVOUL.

Eniong, n mpoteivn Oeppukod cok Hsp90 (heat shock protein 90), po mpoteivn poplokn
ovvodac, tpocdévetar otov HIF-1a. H avacstoin tg Hsp90 endyet v amowkodounon tov HIF-
la ot0 mpwTedompa Kot avEavel v aAinAenidpaocn tov HIF-1a pe tqv RACKIL. I'eyovog mov
vrodetkvoetl 6Tt 11 Hsp90 mailel mpootatevtikd pdrho amévavtt otnv amokodounon tov HIF-1ao

and v npoteivn RACK1 (Semenza 2009).

1.5.3.1. P0OBuion amd PeETO-UETAPPACTIKES TPOTOTOMGELS

Mo 6epd amd PETO-UETAPPACTIKEG TPOTOTOMGELS £XEL 01y Del OTL emmpedlovy T Opdcn Tov
HIF-1a. Xvykexpyéva, o HIF-1a vrokeitol oe aketvMwon, S-vitpocuMwon, GOvpoDAMmon Kot
P®GPOPLAI®ON, €kTOG amd TV VOpo&vAiwon mov pviuilel ™ otabepdmrd tov (Ewova 5). O
POLOG TV TPOTOTOMGE®V OVTAOV TN pUOon ¢ dpdong tov HIF-la mapovsidleator ot

GLVEXELOL.

D>

Ko7+ <= (SIRT1
MAPK)=>®
ARDD = @ g P) €= (ATM
K33 o
CK1)=> P ©y | ©b O «(FiH
47 peo2 psos 303
HIF1a | bHLH | w-w| : B [ | | TAD |
ODD

Ewova 5: Meta-petappactikéc tpomomoiiosic tov HIF-1a. Altakpivovtotl ot 0éceig vopoc&vrinonc amd Tig
PHDs kou tov FIH, 1 8éom aketvlioong and tny ARD1 ko o1 0éce1g poopopvrioong and v pad/42
MAPK «or v CK1 (Keith et al. 2012).
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AxetvAiooon

H axetvlotpavopepdon ARDL (ARrest Defective 1) axetvhmvel tov HIF-1a oty Avcivn
532 mov evromiletor otnv mepoyn ODD. H aketvAiwon g Avcivng 532 evioybder v
aAnAeniopacn tov HIF-la pe tv mpwteivi VHL ko1 odnyel oe omootabepomoinon tov.
MetaAlaén g Avcivng 532 og apywvivn elye ©¢ amotéhespa TV ovénuévn otabepdTnTa Tov
HIF-1a (Jeong et al. 2002). E@dcov 1 dpacn TV aKETLAOTPOVOPEPAUCHOY OEV ETNPEALETOL 0O
10 0&uyovo, 1 ARDI eivar dpaotikn kot axetvlmvel tov HIF-1a ave&dptnta tov cuvOnkov
o&vydvov mov emikpatovv. Qotoco, Ppédnke otL Ta emineda MRNA kot wpwteivng g ARDI
peidvovior katd tnv vmofia kpatdviag To emimedo oketvAimong tov HIF-la younAd,
VIOdEIKVOOVTAG TNV apvnTikn pvouion tov yovidiov g ARD1 and tov HIF-la. Xe avtifeon,
GAheg pehéteg vrootpilovy TG N VIEPEKPPACT N 1 AmocIORNoN TG Ekppacng g ARDI pe
siRNA oev emmpedlovv t otabepotnta tov HIF-1a aAArd kot 6Tt 1060 To mRNA 660 kot ta

TpOTEIVIKA emineda g ARD1 dev pubuilovtar amd v vro&io (Brahimi-Horn et al. 2005).

S-Nuzpooviiwon

H xvoteivn ot Béom 800 tov HIF-1a €xet yapaxtnpiotel og 6100 S-vitposuiioong and to
povoéeidio tov almtov (NO) mov mpoépyetorl amd v cvvBdaon tov NO (nitric oxide synthase,
NOS). H cvuykekpyévn S-vitpocvrimon éxetl Ppebei 0Tt av&dvel T peTaypa@iky dpacTikOTTO
tov HIF-1a, kabdg n opdda Be16Ang ot Béon 800 Bewpeitar onpavtiky yio TNV TpOGOECT] TOV
cvvevepyoromtr| p300, o onotog eivan amapaitntog Yo n petaypagikn evepyotnta tov HIF-1a

(Yasinska et al. 2003).

2ovuovricwaon

O HIF-1a tpomonotgiton amd v RanBP2 E3 Awydom, m omoia mpoxaiel oOlevén g
npoteiviig SUMO (Small Ubiquitin-related Modifier) kovtd kot péco oty mepioyny ODD, otig
Moiveg 391, 477 ko 532 (Brahimi-Horn et al. 2005). H ernidpaon g covpobrimong tov HIF-
la omv petaypagikn tov dpdomn givor dipopovduevn. Mia celpd and peréteg Exovv dei&el Ot N
covpodAimon petdvel Ty petaypapikn evepyodtrta tov HIF-1a (Berta et al. 2007), endyovtag
mv ovPitvioon tov péow tov pVHL (Lisy et al. 2008). Evd vrdpyovv dedopéva mov
vrootnpilovv 6tL 1 sovpoilimon tov HIF-1a avéaverl v petaypagikn tov evepydtnrta (Bae et

al. 2004).

Dwapopvliveon
Apeon eooeopvurioorn tov HIF-la €xel avoaeepbel oe apketég peléteg kot @oaiveton vo

ovpuPaiver eite oe ouvOnKec vopuo&iog eite vro&iog Kot emmpedlel TNV HETAYPAPIKY| EVEPYOTNTA
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tov HIF-1 pe owhpopovg unyaviopovs. Xt1g Kivdoeg mov eoopopvitwvovy tov HIF-la
ovykataAéyovrar | p44/42 MAPK, n kwvdon ATM (Ataxia Telangiectasia Mutated), n kwvéon
™¢ ovvbaong tov yhvkoydovov GSK3 (Glycogen Synthase Kinase 3) kot ot kivdoeg kaleivng 1
ko 2 (Casein Kinase 1, Casein Kinase 2).
e MAPK

O HIF-1a poc@opvlmveton amd v p44/42 MAPK o1ig oepivec 641 kar 643 (Mylonis et al.
2006). O PBroAoyikog poOLOG AVTNG TS POOPOPLAIMOTG EiVaL VO «KOADTTEL EVOL GTLLOL TUPTVIKNG
e€odov (NES, Nuclear Export Signal) mov Ppicketon ommv mepoyn MTD (MAPK Target
Domain) (616-658), amotpénovtag tnv aAinienidpacn pe v tpwteivii CRM1 mov amnotelel
oV KOpto vmodoyéa mupnvikng e&aymyng oto Oniactikd (Mylonis et al. 2008). ‘Etot o
QeOoQOPVA®UEVOG omtd tnv p44/42 HIF-lo mapopével otov mopnve Kot pmopel mAéov va
npocdebel pe tov ARNT vy va emdyst v ékepoomn Tov yovidiov otdymv. MetdArlaén twv
cepvov 641 kot 643 oe ahavives Katnpynoce T EOSPoPLAILGN amd TV p44/42 Kot Tovtdpova
oonynoe oe e€ayoyn tov HIF-la amd tov mupnva, €viomGUd TOL GTO KLTTOPOTANGLO KOt
AMEVEPYOTOINGT TNG UETAYPAPIKNG evePYOTNTaG Tov HIF-1.
o ATM

H xwéon ATM ¢wcpopvhdvel tov HIF-1a omv oepivn 696. e ocvvOnkeg vroiag, n
owcpopvrioon tov HIF-1a and v ATM éxer mpotabel 6Tt cupPdriel ot otabepdTnTo TG
npoteivng tov HIF-la pe amotélecpa va emdyet v petaypaen tov REDDI1. H mpoteivn
REDD1 evepyonotei to cbumroko TSC (Tuberous Sclerosis Complex), pe omotéAespo tnv
avaotol] Tov courAdkov mMTORCI1. To onuatodotikd povomdtt tov mTORCI eivan kpicio
vy Vv €£acPAMOTN QUOIOAOYIKNG OVATTUENG KOl TOAAOTANGLOGHOV Kol ocvvtovilel ta
OleyepTikd onpato ond Opentikég ovGieg Kot aVENTIKOVS TAPAYOVTES, OAAL KOl TO OVOGTOATIKA
ONUATO. TTOL TPOKLTTOLV amd gvdoKVLTTAPLO oTpeg. H amoppvbuion tov povomatiod Tov
MTORC1 péow emaywyng tov HIF-1la cuvdéetar pe v avantuén copnaymv oykov (Cam et al.
2010).
e GSK3

H xwaon GSK3 eoopopvimverl tov HIF-1a otig ogpiveg 551, 589 kar otnv Opeovivny 555.
Av10G 0 cLUVOLAGHOG POSPopLAdcemv arnd v GSK3 éxet Bpebet 611 0dnyel Tov HIF-1a oe
OVPIKITIVIMOT KOl OTOIKOSOUNOT| GTO TPMTEACMOLO, dixwg vo epmiéketon 1 pPVHL (Flugel et al.
2007).
e CK2

Evdei&eic vrdpyovv yio poopopviioon tov HIF-1a oty Opgovivny 796 amnd v Kivdon g
kaleivng 2 (CK2) pe emaxodAovdn avénon g HETAYPAPIKNG TOV EVEPYOTNTAS, YMPIG OUMG Vo

emnpealetar n otabepdtnTd TOL 1 M TPOGdESN Tov 6to DNA. 'Eyel mpotabel 6011 n avEnpévn
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petaypagikn dpactikoOtnta tov HIF-1 mbavag opeideton oty emhextikn mpdcoeon tov ARNT
otov poopopvAopévo HIF-1a (Brahimi-Horn et al. 2005).
e CK1

Evod oavtifeta, pio mo mpoéceatn perétn £0€1e pe mEPAUOTO AVOCOKATAKPUVIONG Kot IN
Vitro déopevong, 0tt 1 ewoeopvrioon tov HIF-la oty ogpivn 247 oamd v Kivdon g
kaletvng 10 (CK10) xataotpépel ) ovvoeon tov pe tov ARNT, pe amotéleopo petmpévn
petaypoeikn evepydtnra tov HIF-1. Tlpdtaon mov emPefoarmbnie kot and tn povieAomoinon

™G doung tov ovumiokov petaé&d HIF-1a kot ARNT (Kalousi et al.,2010).

1.6. H OIKOT'ENEIA KINAXON KAZEINHEX 1 (CK1)

Ta péAn g owoyévelag kivacov kaleivng 1 (CK1) eivon peta&d tov apdtov Kivacsov Tov
neprypapmnkav oty PBiprloypaeia. Ot kivdceg CK1 mpotipovv yio vrocTpope KotdAouto
oepivng N Bpeovivig Tov APVOTEAIKA TOVG TAALGIAOVOVTOL A0 10T POGPOPLALD LEVE, KOTAAOUTHL
N 0&wa apwvo&éa (cuvarvetikny arAniovyio: pSer/Thr-X-X-(X)-Ser/Thr). "Exovv yapaktnpiotei
ENTA SLOPOPETIKA YOVIOLO TOV KWOKOTOOVV TIG 1G0HOPPES a, B, Y1, ¥2, ¥3, o kot € (eKTOG NG
CK1B, 6Aeg o1 1oopop@és ekppalovtal otov avOpmmo). Oleg ot icopopeég e CK1 givor vynid
CUVTNPNUEVEG OTNV KOTOALTIKY TEPLoyn Kvaong (51-98% opoioyia), eved ot 1copopeég O Kat €
eppaviCouv v vynAotepn oporoyio. Qotdco, to péEAN g owoyévelng CKI1 dwapépovv
oNUAVTIKA og PéEyehog Kol TPMTOTAYN SO TOV PLOUGTIKOV U1 KATOAVTIKOV KapBoSuTeMKdv
TEPLOYDV TOVG, LE OMOTEAECUO TO HOpPLakd Tovg Papn va kvpoaivovion amd 32kDa (CKla) émg
52,2kDa (CK1y3). Kabag ta potifa avayvaopiong yu v CK1 anavidvtol oTig mepiocotepes
KOTTOPIKEG TIPWTEIVEG, Tave omtd 140 in vitro kot in Vivo vrootpdpata £xovv avapepbei péypt
onuepa. 'ia ovtd 10 AOYO €ivar onuovTikn 1 pOOON TG OPACTIKOTNTOS KOl TG EKPPACNS TNG
CK1. Ztovg yvootovg unyoavicpovg pvduong g CK1 mepiiapfdavovrot: (1) n avacoToAtikn
avToPWo@opVAiwon, (11) 1M ewoeopvAioon omd GAAeC Kivdoeg mpwteivodv, (iil) N
AAAMAETIOPOOT LE KVUTTOPIKES TPMTEIVES KOt (1v) 1 pOOLLOT] TOV VTOKLTTAPIKOV TNG EVTIOMIGLOV.

Me Bdéon to evpd QAcHO TPOTEIVOV GTOY®V, To LEAN TG owoyévelag CKI1 gumiékovton og
TOAAEG KVTTOPIKES AEITOVPYIES, OTTMOC 1 VOCOAOYIKY] OTOKPIoT Kol PAEYHOVT], dladIKAGIEG TTOV
oyetilovton pe ) dnuovpyio TG ITOTIKNAG ATPAKTOL, 1 LETAY®YN OCNUATOC VoTepa amd PAdPeg
tov DNA, ot kipkodikoi pvBupoi kor m amdémtoon. Kotd ovvémela, m amopphfon 1
dvoretrovpyia g CK1 e onpotodotikd povomdtio vevbova yio T puOuen g avamtuéng,
TOV TOAAOTANGLOGHOD KOl TNG OMOMTOONG UTOPEl va odNyNnoel 6€ TaHOAOYIKES KATAGTAGELS
OT®OG M 0YKOYEVEST M VELPOAOYIKES acBéveles. T awTd 10 AdYO, TO EVIPEPOV TTOV EXOVV OL
woopoppés g CKI1 wg véor otdyor gapuakov, €xet avéndel ta tehevtaio ypovia kot £xet

odNynoel oty avamtuén ToAAGV eWdkdV avaotorémv (Knippschild et al.,2014).
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1.7. H KINAXH KAZEINHX 16 PYOGMIZEI TH APAXH TOY HIF-1

H 1oopopen 6 g xwvaong kaleivng 1 (CK18) ooopopviimvel tov HIF-1a oty meproym
PAS-B, n omoio eivoar vrevbovn vy tov etepodipepiond tov HIF-la pe tov ARNT.
Yvuykekpléva ovoyvopiotnke kot emPePoarddnke wg B€on pooeopvAioong n oepivn 247, n
omoia etvar pépog potifov avayvopiong ard m CKI.

[Mepdpota petarroliyéveong, omov 1 oegpivny 247 aviikataotddnke pe aravivy (éva
ALIVOED TTIOL OEV POGPOPLAIDVETOL) 1) LE AGTUPTIKO (QOCEOUIUNTIKNY HETAAAAET) £de1Eay OTL
ewopopvrioon tov HIF-1a ot oepivn 247 dev ennpealetl v Ekepaon ¢ Tpoteivng tov HIF-
la, ovte 1OV VIOKVLTTOPIKO TOL evtomopd. H petaypapikny evepyotnro tov HIF-1 dpwmg
TOPOVGLACTNKE EVICYLUEVT amd TNV pHeTaAAaEn S247A oty vrmopovado tov HIF-lo kot
UELOUEV OO TNV QOCEOMUNTIKY petdAlaén S247D.

Emmpdcheta, yia tov anoxieiopd g mbavotnrag 1 enidopacn e CK16 va punv oyetiCeton 1
VO GUVOEETAL PEPIKMDG HE TNV GOo@OopVAimon g oepivng 247, o aypiov tomov HIF-la, ta
petodddypotd tov S247A kar S247D ekppdomnkav 6€ KOTTOPO ONAACTIKOV Kot peTpnOnke 1
evepyotnra tov HIF-1 mapovsia avactorémv g CK1 kol e cuvOnkeg vepékppacng tmg. Ta
anoteléopata £6gi&av 6t n pvOon tov HIF-1a amd tqv CK16 in ViVO apopd amokAEIoTIKA 1)
Katd KOpLo A0yo 1 oepivn 247, kaBdOG N HETAYpAPIKT evepyOTnTa TV pLeTolhaypdatov HIF-1a-
S247A ko HIF-10-S247D 0gv emnpedotnKe GNUAVTIKA OO TNV OVOGTOAN 1 VTEPEKPPACT] TNG
CK1.

ZVYKEVIPOTIKE, EMELON GTO TOPATAVED TEPALOTO AVNKE OTL 1 EVIGYLOT TNG OPACTIKOTNTOG
tov HIF-1a, 6tav n poceopvrioon g oepivng 247 dwtapdooetal, dev pmopetl va amodobel
otV UETAPOAN otV €KEPOCY] TOV, GT1 oTafePOTNTA TOVL 1] GTOV TLPNVIKO EVTOTIGUO TOVL,
mpotdOnke OTL N POOoEOPLAI®OT avT emnpealel Tov etepodiuepiopnd tov pe tov ARNT. H
TPOTAGT OVTY, 1 ooia vrrootnpiletal Kot omd 1o yeyovog 0Tt 1 Béom g oepivng 247 Ppioketal
omv mepoyn PAS mov evBivetar oo tov etepodipepiopd, €EETACTNKE WE TEPALOTO
0VOGOKOTOKPTLLVIONG Kol cvuykatakpiuvions. H moapandve tpotacn evieyvdnke eniong amd v
KOTOOKELT] €VOG Oopkoy poviéAov tov mepoydv PAS-B tov cvoumidkov HIF-10/ARNT

(Kalousi et al. 2010).
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2. XKOIIOX THX EPTAXIAX

O emayduevog oamd tv vmo&io petaypagpikodg mapayoviag HIF-1 pvBuiler péom g
UETOYPAPNC OPOP®OV YOVISI®V TNV OUHolOGTOCT TOV 0&VYOVOL GE KLTTOPIKO, 10TIKO Kot
ovotepikd eminedo. EmmAéov, o HIF-1 mailer onpoavtikd poro kot o€ moBoQuOIOAOYIKES
KOTAGTACELS OTMG 0 KOPKIVOg Kot ot 1oyotpikés achéveleg. To evph @AGHO PLUGIOAOYIKOV Kot
moBoPLGLOAOYIKOV KoTaoTacemv mov eumAéketal o HIF-1, gite oe @uololoyikég cuvOnKeg
ovyovmong eite oe vmoéia, amortel pHOUION TNG HETAYPOPIKNG TOL dpdons. ‘Evag amd tovg
pnyoviopotvg pvouong tov HIF-1 eivar  ooopopvrimon tov HIF-1a and onpoavtikd aptfuod
Kwvaoov. Avduecso oe avtég, £xet Bpebet 011 1 Kvdon CK16 pwspopviidvel tov HIF-1la ot
oepivn 247. H ovykekpipévn oocpopurioon eumodiler v aAinienidpaon tov HIF-1a pe tov
HIF-1B kol katd cuvémelo PEWOVEL TN UETOYPOPIKT €vePYOTNTO TOL gtepodipuepovs HIF-1
(Kalousi et al. 2010). Avtég o1 TopatnpPoELS EYvaV LE T XPHoN avacTorémv TG Kivaong CK16
Kol TAOGHOOKAV KATOOKEVOV e petailoyuéva yovidwa tov HIF-la ot ogpivn 247 (HIFla-
SA247, petdhiaén g ogpivng oe ohavivn, éva apvocd mov dev poopopviumvetar, HIFla-
SD247, petdAroén ™g oepivng o€ AomopTIKO, TO 0TToto ppeitat To eoptTio TG POGPOGEPIVIG).

Mo v tepartépo perétn g pocsopviioong tov HIF-1la and v CK15, sivon amapaitnn
N dnuovpyia otabepd SIOUOAVGUEVOV KVTTAPIKAOV GEPAOV LE TAACUIL TOV Vo eK@pdlovy Tov
HIF-1la aypiov tomov, kabamg kot Tig petorlhaypéveg tov popeéc, HIF1a-SAz47 kow HIF1a-SDoyz.
o 10 oxomd awtd, to yovidie tov HIF-la kot tov petaAlaypdtov 1ov KAovormomdnkay ce
KATOAANAOVG TAOGIOOKOVG Qopels. Zvykekpiuéva emAéyOnkav mlocudiokol @opeig mov
Koo1Komolovy yu tnv ékepacn tov HIF-1la og covinén pe tov emitomo Flag, ko emmAéov givon
KaTAAANAOL Yia TN otafepn dtapdivvon kuttdpov Inlactikov. O enitonog Flag kodikomotel 1o
oktanentioro DYKDDDDK. Ta TAeovekTNUATO TOV GLYKEKPIUEVOL €MiTOTOL €ival TO UIKPO
péyebog (1kDa) kot 1 vOPOPIAIKOTNTA TOL, TOV EANYIGTOTOLOVY TNV EMIOPACT TOV 4TI JOUT| Kot
™ Aettovpyio g mpwteivng e v omoia Ppiocketon oe cvvinén. Emmiéov, vdpyer dtubécipo
avticopo yio v aviyvevon tov emtdénmov Flag. Tt cvvéyeta, £yve éheyyog e EKppaong Kot
™¢ Aettovpykdttog Tov vVPpkdv popedv Flag-HIFla, Flag-HIFla-SA247 ko Flag-HIF1a-
SD247 amd ta Topandve TAAGIIOW VOTEP ATO TAPOIIKY| StopOAVVEN o€ KOTTOPU ONAACTIKOV,

KaOMG Kot LEAETN TNG LETOYPOPIKTG EVEPYOTNTAG TOV EKPPALOUEVOV TPOTEIVAV.
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3. YAIKA KAI MEOGOAOI

3.1. MOPIAKH YIIOKAQNOITIOIHXH

3.1.1. IThaocpdwokoi Qopeig

Xpnoponomdnkay ot TAacpudiokol popeis:

e pCMV2-Flag

To mhacpidto pPCMV2-Flag mepiéyel v meployn kwdwkonoinong tov emitomov Flag oty 57
mevpd ™G mEPoyNg TMOAAamANG  KAwvomoinong (Multiple Cloning Site, MCS).
Xpnowomombnke ywu v kKAovomoinon tov UeToAlaypévov popeav tov HIF-la otn 6éon
avayvapiong tov Evivpov tepropicpod BamHI, 1 onoia PBpioketon oty meproyn MCS kot petd
Vv aAAniovyia tov emitomov Flag. O mlacpidiakog gopéag pCMV2-Flag éxer puéyebog 4,7kb
Kot olvel TN SvVOTOTNTA EKPPOACNG TNG KAWVOTOMUEVNG TPOTEIVIG GE EVKOPLMOTIKG KOTTOPO
AMOyom tov gukopvetikov vmokwvnty CMV mov mepiéyel. Emiong mepiéyer 1o yovidio

avOektikdmTog oto avtifrotikd apmikidivn (Ewova 6).

pFLAG-CMV-2 (4.7 kb) =
z

CMV promoter hGH polyA

SV40 origin

N-Terminal
pFLAG-CMV

f1 origin

pBR322 origin

Ewéva 6: TTAacudiaxog eopéag ékppaong pPCMV2-Flag.

e pcDNAS3.1-FlagC

To mhacpidio pcDNA3.1-FlagC mepiéyet v meproyn kodikomoinong tov enitomov Flag oty 5°
mAeVpA ™G mepoyng  moAhamAng  kAwvomoinong (Multiple  Cloning  Site, MCS).
Xpnoworombnke ywu v khovomoinon tov petoaAloypévov popeav tov HIF-la ot 6éon
avayvoptong tov évivpov meplopicpov BamHI, n omola PBpicketar oty meproyn MCS ko petd
v aAiniovyia tov emitorov Flag. O mAacpudiakog gopéag pcDNA3.1-FlagC éyst péyebog
5,4kb xon olvel ™ dvvatodOTNTA EKEPOONG TNG KAMVOTOMUEVIG TPOTEIVIG O EVKAPVOTIKA

KOTTOpO AOY® TOL gukopLOTIKOD vrokvnt CMV mov mepiéyel. Emiong mepiéyel 1o yovidlo
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avOeKTIKOTNTAG TN Veouvkivn, éva avtiflotikd mov pmopel vo ypnolorombel oty emrioym
KUTTOp®V ONAOSTIKGOV KOTA TV dtadikacio otabepnc dapdivvon tovg. EmmAéov, mepiéyet o

YOVid10 avOEKTIKOTNTOG TNV QUTIKIAIVY, £va avTiBlotiko emAoyng Yo Baktipla (Ewkova 7).

GAC TAC AAG GAC GAC GAT GAC AAG TAA GAA TTC
Flag Stop EcoRI
L |

EJ pcDNA3.1 (+/-) 4
(5 | 5.4 kb

e N

g

Ewova 7: TTAacpuduokog eopéag ékppacng PCDNA3.1-Flag.

e pEGFP-C1-HIF1a, pEGFP-C1-HIF1a-SAz47, pPEGFP-C1-HIF 1a-SD247

O mhacdiokég kotaokevéc pEGFP-CLl-HIF1a, pEGFP-C1-HIF1a-SAy47, pPEGFP-C1-HIF10-
SDa47 mepiéyovv ta yovidwa tov aypiov tomov HIF-la kot tov petoadloypéveov tov pHopeov
HIF1a-SA247 kar HIF1a-SD247 6e obvinén pe to yovidio g mpdoivng @Bopilovcag mpmteivng
(GFP). H kh®vomoinon €xet yiver o€ Béom avayvdpiong tov teptopiotikov evibpov BamHI oty
neproyn MCS. O miacudaxog eopéag pEGFP-C1 mepiéyet tov evkapvwtikd vrokivnm CMV

Ko 1o yovidlo avOsktikdtrog otny kavapvkivn (Kalousi et al. 2010).

e pGL3-VEGF-5HRE ka1 pCl-Renilla

To mhaopidio pGL3-VEGF-5HRE ypnoyonomdnke ce meipapuoto LETpNong TG LETOYPUPIKNG
evepyotnrag tov HIF-1. O mlaoudioxog eopéag mepiéyer 5 emavoryelg HREs tov yovidiov
VEGF otov vmokivnty SV-40, o onoiog eAéyyet v £K@pacn Tov Yovidiov g Aovsipepdong
¢ moyoraunidag (Mazure et al. 1996). O mhacdakog popéag pCI-Renilla (Promega), otov

EL0AYETAL GTO KOTTOPO 001 YEL G€ GuVEYN EKppact TG Aovoipepdong tng Renilla reniformis.

3.1.2. MapaoKeL)] OEKTIKOV KUTTAPOV KUl HETUCYNNOTICNUOS OEKTIKOV KVTTAP®V NE
Oeppikod ook
3.1.2.1. Tlopaockevn SEKTIKOV KOTTAP®V

XpnowomomOnke 1o otédeyog E.coli Topl0 [F-mcrA A(mrr-hsdRMS-mcrBC) ¢80lacZAM15
AlacX74 nupG recAl araD139 A(ara-leu)7697 galE15 galK16 rpsL(Str™) endA1 A, Invitrogen].

O petaoymuatiopog Pokmnpiov givor 1 dadikacio pe v omoio. TAACUIdL ElGAyOoVTOL OTA

26

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 05:34:04 EEST - 3.15.27.91



Baxtpla Kot givar onuovtikny Ol LOvo Yo peAétec o€ Pakthplo, aAld Kol emedn o PakTipio
YPNOCILOTOLOVVTOL MG LEGO Y10 OMOONKEVOT) KOl AVTLYPOPY| TOV TAAGLUITWOV.

[Tpokewévov vo yivel amoteleopatikdtepn 1 €caymy ] mAacudiokod DNA, Boaxtiplo
Escherichia coli vropAnonkav oe katepyacio mov ta kabiotd «dektikd» (competent cells) oto
UETOGYNMUOTIOUO. ZVYKEKPIUEVQ, PN OILoTOMONKE 1| TopoKdT® HEBodog.

Eupoidotray 5 ml Openticod pécov TY Mg, (2% bactotryptone, 0,5% bacto-yeast extract,
0,1M NaCl, 10mM MgSO,, 0,Img/ml otpentopvkivn) pe 5 pl amd stock yAvkepoing E.coli
Topl0 kot enwdotnkay okovoytia. otovg 37°C. Tnv enduevn pépa €yve apaioon 1:100 ko
endoon 6tovg 37°C péypt n oty mokvotnta (ODgoonm) TG KaAMEPYELNS Vo OTAGEL 6TNV TIUA
0,350-0,400 mov avtotoyel ot AoyaplOukn @daon avantvéng tov Poktnpiov. Tote 1
koAMépyelo puyokevtprOnke otic 3000rpm yio 5 Aentd otovg 4°C, amoppipOnke 10 vIepKeinevo
kot o inpa erovarwpndnke oe 25 ml dwAdpatogc TFB-I1 (30mM CH3;COOK, 50mM MnCl,
100mM KCI, 10mM CaCl,, 15% yivkepoin, pH=7.0) kot enwdotke yio. 10 Aentd otov mayo.
AxolovOnoe puyokévrpnon otic 3000rpm yia 5 Aentd otovg 4°C. To vaepkeipevo amoppipdnke
kot o inua eravoiwpnnke oe 2ml dokvuatog TFB-11 (L0mM MOPS, 75mM CaCl,, 10mM
KCl, 20% yAvkepodn, pH=7,0). 'Eywe gndaocn otov mhyo yio po. dpo Kot TEAOG TO. OEKTIKAL
KOTTOpO popdotnkay e coinvapla tomov eppendorf avé 100l ko amobnkedTnKav cTOLS -

80°C.

3.1.2.2. MetaoymUoTIoOg OEKTIKOV KUTTAP®V

I'a tov petacynuotiopnd pe Oeppikd ook, oe 100ul dextikdv kvttapwv E.coli Topl0 éywve
npocsOnim 0,5ug mhacudiov | 10ul and ddhvpa avtidpaong Aydong, vid donmTeg GLVONKEG.
To kOttopa enmodotnkay 30 Aemtd otov mhyo kot opéomg petd otovg 42°C yio 1 Aemro.
AxoArovOnoce mpocHnkm 500ul vypov Bpentikov pécov LB (1% bactotryptone, 0.5% bacto-yeast
extract, 0,5% NaCl), endaorn otovg 37°C yua 45 Aentd kor guyokévrpnon otig 3000rpm yio 1
Aemtd. Aeapédnkoav S00ul vrepkeipevov Openticod, to inua emavaiwpndnke oto vVEdOAOUTO
VIEPKEIIEVO KOl emoTp®ONKe o TpuPAia e oteped Bpentikd péco LB Agar, 10 onoio mepieiye
apmkidivn (LBamp: 1% bactotryptone, 0.5% bacto-yeast extract, 0.5% NaCl, 2% agar, 0,1mg/mi
ampicillin). Ta tpuPrio enodotnkav olovoytio otovg 37°C, mpokewévov va ovartuyfodv

OTOIKIEG LETAGYNUATIOUEVOV PaKTnpiov.

3.1.3. Amopovoon mhacpdtokod DNA mkpg khipokag (minipreparation)
2  OMOCTEPOUEVOLS  OOKIUAGTIKOVG OCOANVES  eufoldotnkav  amowkieg omd  ta
petacynpaticpéva kotrapa Topl0 oe 3ml Opentikod vVAKOD LBamp kot emwdotnkay ohovoytio

otoug 37°C vnd ovveyn avadevon otic 170rpm. Tnv emduevn pépa curlAéyxdnke 1,5ml
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KoAAEpyelog kot euyokevtpnOnke otic 13500rpm yua 2 Aentd. To vrepkeipevo amoppipOnke kot
10 ilnua emavoaropnnke oe 50ul dwwAdpotog PL (didivua eravardpnong: 50M Tris pH 8.0,
10mM EDTA, 0.1ng/ml RNAse) kat akolovOnoe mpocHnkn 100ul dwdvpatog P2 (didivua
Mongc: 0.2M NaOH, 1% SDS) yiwo ) Abon tov Boktnpiov.To didAvua etmdotnke yio éva AeTTo
o Oegppokpocio dwpatiov kot mwpootédnkav 100ul dtwivpatog CH3COONa 3M pH 5,2 v
€EovdeTépmon Tov SAOUOTOE AVOMG, TO Omolo TPOKAAESE OYNUOTICUO 1CNUATOG o
LETOVCIOUEVEG TPOTEIVEG Kol ypwpooopkd DNA. AkolovOnoce puyokévipnon otic 13500rpm
yw 5 Aemtd. To vmepkeipevo petapépnke o€ véa cwAnvdpia, émov mpootédnkav 2,7 6yKot
VePKEHEVOD  (Viymepreipevo) (. 2,7 X 200ul = 540ul) xpva obovorn 100% ywe v
kotakpiuvion tov DNA. Ta ocolvipe enodomkav yioo 20 Aentd otovg -20°C,
euyokevipnOnkov ywo 15 Aemtd otig 14000rpm otovg 4°C kow ot cvvéyeln a@oipédnke to
vrepkeipevo. To ilnuo tov mAacpdokod DNA  dwivtomomOnke oe 30ul vepd ko

arobnkevtnke otovg -20°C.

3.1.4. Anropovoon mhacspdtakod DNA pecaiog khipakag (midipreparation)

H amopdvoon miacuodlakod DNA pecaiog kiipokag €ywve pe xpnon tov avidpactnpiov
NucleoBond® Xtra Midi tng etopiac MACHEREY-NAGEL cboppove pe tic odnyieg tov
Kotookevaot|. Zvykekpipéva, oe S0ml LBamp evopOoipiomkav 10ul and vypn xailiépyeia
E.coli 6ykov 3ml, n omoio mapackevdotnke OMOC avapépetar oty mopaypaeo 3.1.3. H
KoAMEPYELD ENmAcTNKE 0TI cLVEKEL olovuyTe. 6Tovg 37 C vtd cuveyn avadevor otig 170rpm
Kot guyokevipnonke yw 5 Aentd otig 4000rpm otovg 4°C. To inua eravouwpndnke oe 8ml
ddvpotog emavaiopnong RES (resuspension buffer), éywve mpooOnkn 8ml dtaAdpatog Avong
LYS (lysis buffer) xotr emdoon yia 5 Aentd oe Oepuoxpocio dwpotiov. Ta Adpoto
eovdetepodnkav pe 8ml SwAdpatoc eEovdetépwong NEU (neutralization buffer) o
avadevtnkav. Emerta @uyokevipnOnkav otic 4000rpm yw 30 Aemtd kou tOo LREPKEINEVO
QoptOOnke o otNiec mov €yovv eElcoppomnBel pe 12ml dwdvparoc eElcopponnong EQU
(equilibration buffer). Ot otiiec TAOONKav pe 10ml dwAdpotog EQU kot amoppipdnke to
ékhovopa. Axorovdnoe devtepn mAboN ™ otAng pe 12ml dwwdvpatog mhivong WAS (wash
buffer) ka1 amoppipOnke o éxhovopa. To DNA exhodotnke amd ™ othAn pe Sml StoAdpotog
éxhovong ELU (elution buffer). H xatokpfjuvion tov DNA éywve pe mpocOHnkn Sml
100mPOTavVOANG Kot puyokévipnon otig 10.000rpm yia 30 Aentd otovg 4'C og guydKeEVTPO THTOL
Sorvall. To vmepkeipevo aeapébnke, oto ilnuo mpootédnkav 2ml aBoavoing 70% Kot
euyokevipnOnke otig 10.000rpm yw 10 Aentd otovg 4'C. Agaupédnke 1o vrepkeipevo Kot
emavaAneinke N puyokévrpnon otig 4000rpm yio 2 AemTA, Y100 TNV QAQPAIPEST TNG VITOAOUTOUEVNG
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afovoing. H emavardpnon tov miacpdlakod DNA mpayuatomomnke pe 100ul vepo. To

ddropo petapéphnke oe cwinvapia tomov eppendorf kot amodnkednke otovg -20°C.

3.1.5. IIpocoropropdg cvykévrpoons DNA pe potopéTpnon

Ta voukAeikd o&éa amoppo@OvV LIEPLDON OKTIVOPOAID KOl CUUP®VE LE TO VOUO TMOV
Lambert-Beer, n ontik) amoppdenon eivar aviAloyn tng CLYKEVIPOONG TOV AmOPPOPOVVTOG
popiov. Xe unkog kopatog 260nm, o pé€cog cuvieleotg amdcsPeong yuo dikAwvo DNA eivon
0,020 (ug/ml)'1 cm™. ‘Eto, N ONTIKN amoppoenon ota 260nm ion pe ™ povdoda, ovTIoTOLEL o8
ovykévipoon 50 ug/ml dikhkovov DNA, epodcov 1 kuyeAida £xer moyoc lem (OD2gonml= 50
pg/ml).

Mo v pétpnon g onTIKNAG amoppoenons TV derypdtov ota 260nm, 2ul mlocuidiokon
DNA oapawdnkav oe 100ul vepd. T toprd ypnopwomombnkay 100ul vepd wor emmAéov,
petpnnke n amoppdéenon ota 280 nm, OTOL ATOPPOPOVV KLPIWS Ol TpwTEiveg. Mécm ToL
AOyov ODyeo/ OD2gp eAEYYONKE M KaBopOTNTO TOV delyportog. Xpnoonomdnkay Koyelidec omd
VAKO Somepatd o akTvoPoAio Tov ORTIKOD Kol LEEPIOOOVS PAGHOTOC, otV Teptoyr] 200-
1600nm (Eppendorf® UVette®).

3.1.6. Méyn Thoopotakod DNA pe evO0VOUKAEAGES TEPLOPLGPOV — AVTIOPAGT) OAKOAKIG
POOPATAONG
H wéyn mhaocpidiokod DNA pe évlopo meplopiopov ypnoiponoleitor otn dodikocio
vrokAwvoroinong evog tufuatog DNA ce miaocuidakd eopéa ékppacns. O @opéag Tumikd
mEPLEYEL UL TEPLOYN TOANOTANG KAwvomoinong (MCS), omov Ppiokoviar moAréG Oécelg
avayvapiong neploptotikav eviopmv. To Eévo tumua DNA umopel va gioayBel otov @opéa,
AoV VTOGTOVV TEYT 0 POpEag Kol To TUNHO pe To 1010 éviupo Ko axolovBnoet avtidpaon
AMydong vy v évoon tovg. H méym ypnopomotgiton emiong ywo TOov  €AEYYO NG
VTOKA®VOTOiNoNG OGOV  apopd TNV €10ay®yn Tov  evOEHOTOG OAAG Kol TOV GMOTO
TPOGUVUTOAGLO TOV.
O avtidpdoeig méyng mepieiyav ta eENG:
e 5 ug maoudokd DNA
e 5 units evhpov mEPLOPICUOD
e 1x buffer (pvBuioctikd ddAvpa KatdAAnAo yio KaOe Eviuo TEPLOPIGLOV, TO OTTOT0 TOPEYETOL
poli pe to évlvpo)
e Hy0 og tehkd 6yKko 20 pl

Ot avtidpdoelg enmdotnkav 6tovg 37 C yia 2 dpeg.
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AvTidpaon aAKOAMKNS POCOATACNG:

O mhacudiokol eopeilg emwdotnkav pe 10 évlopo aikolkn eooeoatdon (Calf-intestinal
alkaline phosphatase, CIP) yia tnv amopdkpoven g oo@opiknig opddag omd 10 5” drkpo, dote
va aroeevyBel n emavévoon tov dxpov Tov TAacudlokod DNA. X11g avidpdoelg méyng tov
KkéBe mAaoudakod eopéa mpootédniav 10 units CIP kou n endaon cvuveyiotnke yio GAAN pio
opa. X210 T€A0G T0 EVILUO TNG OAKOAIKNG QOCEATACTG ATEVEPYOTOMONKE LUE EXDACT) GTOVG

75°C yo déka Aentd.

3.1.7. Hiextpo@opnon DNA o€ kT ayopolng

H niextpopopnon vovkieikmv o&éwv oe it ayapding omotelel o péBodo daywpiopon
aVTOV TOV popiov cvpeova pe to péyeddg tovg. H ankm ayapoing og vAkd nAektpo@opnong
amoteleitar amd TLKVO SIKTLO OVLIETEPMV TOALGUKYOPITOV (ETOVOLAUPAVOLEVOV HOVAI®V
ayapolng), tov omoiwv ot oAvcideg oynuatilovv mOpovg Katd TN dnuovpyia Tng TNKING.
Ayopoln mov dtolvetar o puOoTiKd didAvpo otovg 100°C, todvuepiletal, dnuovpydvag éva
KoALo£WEg ddvpa mov mAlel oe Beppokpacio kdto tov 45°C. To uéyebog tov mdOpwv Kot N
mokvotTo TG KNG €€opTtdton amd T GLYKEVIpWON TS ayapolng oto odAvpa. H mnkty
tonofeteital o puOOTIKO SAvpe PEGO GTN GLOKELN] MAEKTPOEOPNGONG, M omoio &ival
GUVOESEUEVT] LE TPOPOOOTIKO MAEKTPIKOV pedpatog. Moplo mov @épovv NAEKTPIKO @optio
KvoOvTol Tpog v avodo (+) g ovokevng 1 v kdbodo (-), 610 MAEKTPIKO TEdIO OV
oynuatifetat, avaroya pe to eoptio mov dwbétovv. Ta pdpia DNA eépovv apvntikd @optio,
0OmOTE KIVOLVTOL TTPOG TNV Avodo tng cvokevuns. H taydtnmra petaxivnong tov popiov DNA
e€aptdrTon eKTOG amd 10 PEYeBOS TOVG KO Ao TN CLYKEVIPMOT] TNG AyapOlng, T GTEPEOYNIUIKN
dopdpemon tov popiov DNA, 1o duvapkod mov pappdletor kot T 606Taon Tov puOcTIKoD
SLADLLATOG.

Xmv mapovoa gpyacia ypnowomomonkov mNktég pe ovykévipoon 1% ayapoln oe
puOoTko srivpa TAE ( 0,04M Tris-o&iko, 0,001M EDTA pH 8). H aviyvevon tov tunudrov
DNA éywve pe ) un tolikn ypwotikn vovkieikov ofémv GelRed™ (Biotium),n omoia
mapepPairetor avapeoa otig Paoeic tov DNA kot amoppopd vrepidon axtivofolrior Kot v
EMOVEKTEUTEL GTO £pLOPO 0paTO PAGHO. XVYKEKPYEVE, YLoL TNV TOPACKELY| NG TNKTNG 1,68
ayapolng sAvdnkav oe 160ml dtoddpoatog TAE kon wpv mEet to didAvpa mpoostédnkav 16l
GelRed™ (10.000x). T tv mpoetolpacio. tov dstypdtov DNA, oe 20ul delyporog
npootédnkay 4ul daddpatog eoptwong 6X (5% yivkepodn, 0,42% pmie e BPOUOPAVOANG
kot 0,42% wvavodv tov EuAeviov). H mnity tomobetibnke oe didilvpo TAE ot cvokevm
NAEKTPOPOPNONG KOl OTO E0IKA OPEATIOL TNG TNKTNG opT@ONnKav to detypata. E@appooctnke

nedio taong 100V yio o opa. [apdAinia pe to detypota €yve niektpo@opnon paptopa DNA
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yvootob peyébovg (1kb ladder, GeneRuler, ThermoScientific) (Ewova 8). H mapatipnon tov
DNA éywe oe loyvia UV(364nm) pe m Ponbeia g ypwotikng GelRed™. H mnkt)

QoToypoenOnke oe cvokevn anewoviong (UVItec Imager).
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1% TopVison™ LE GQ Agarcse #R0491)

0.5 pafane, 8 cm length gel,
1XTAE, 7V/cm, 45 min

Ewova 8: Maptupag DNA 1kb. Awokpivovtat ot {dveg DNA yvootod poprakod Bapovg
(Thermoscientific Web Page).

3.1.8. Avaktnon DNA amé Tkt ayapolng (gel extraction)

H avikmon tov evBepdtov kot tov eopéov amd mmkty ayapolng £yve pe ypnon Tov
QIAquick® Gel Extraction Kit ¢ QIAGEN odugwvo pe tic odnyieg Tov KOTOOKELOOTH.
SVYKEKPEVQ, HETE TNV TEYN TOV TAAGHSI®OV Yoo TV avdktnon tov eviepdtov (HIF-1la ko
UETOAAQYLOTO) KOl TOV TAAGUOOK®OV QOPEMV, NAEKTPOPOPNONKAY 0l GLVOAIKOL OYKOl T®V
avtdpdoenv (25ul) oe Tkt ayapoing 1%. Me ) Bonbsia Avyviag UV (364nm) gvtomictnkay
Kol kommkov ot embountéc {ovec. AxorovOnoe (hyion tov TUNUATOV Kot 7TPocsHnKn
KaTAAANAOL Gykov puOoetikov dedvpatoc QG ya kdbe dyko kTG (Yia kébe 100pg kg
npootéOnkay 300ul Siddvua QG). Ta peiypoto enodotnkav otovg 50°C yio 10 Aemtd wou
avadeDTNKAV ava dlacthpato LEYpt vo Mmcetl n k. [Ipootédnke £vag 0yKog 160Tpomavoing
Ko ovadevtnkay. ['a m déopevon tov DNA, ta detypoata eoptddnkay ce otnAe pe pepPpavn
mopttiov mov TomofetNOnkav oe cwinvdapio tomov eppendorf. To DNA mpoopopdtor otn
peuppdvn vmo TiIc GLVONKES LYNANG GLYKEVIPOONG OAATOV TOL PLOGTIKOL dtoAdpaToc. Enetta
mpaypatonomOnke euyokévipnon otg 13000 rpm ya 1 Aentd. Amoppipbnke to £khovopa Kot
enavatorofetnOnke n oTAN oto cwAnvdpro. ‘Eywve mivon e otqing pe 0,75 ml pvOuistikov
owAdpatog PE  kar  @uyokévipnon vy 1 Aemtd.  AmoppipOnke 10 €kAovoua Kot
enovaTonofeTOnke N oTHAN 610 1010 cEANVAPLo. o TNV ATOUAKPVVOT TOL VITOAEITOUEVOL
puouoTIKod SoAbpHaTOC €ytve Quyokévipnon yw 1 Aemtd. H otiAn tomoBembnke oe véo

31

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 05:34:04 EEST - 3.15.27.91



covaplo kot wpootédnkav 30ul vepov 610 KEVIPO TNG OTNANG Kol QUYOKEVTPNONKAV OTIg
13000 rpm yia 1 Aemtd yio v ékhovon tov DNA.
O 7PocdoPIGHOG TG GLYKEVIPOONG TOL amopovopévov DNA éywve pe niektpopopnon oe

kT oyapolng 1%, pe t Ponbeia pbptupa yvooTNS GLYKEVIPOGTC.

3.1.9. Avtidopaon Myaong (ligation)
["o ) obvdeon TV EVOEUATOV KOt TOV OVOLYTOV TAUCUIOIK®Y QOPE®V, TPOYLOTOTOWONKE
avtidopaon Aydong. H avtidpaon mepieiye:
o mlooudokd eopéa kot €vBepa oe avaroyia 1:3 (~60ng mAacpudiakd @opéa kot ~95ng
évBepa)
e Aydon T4 (20 units)
e 1x puBuiotikd ddivpa Atydong
e H,0 og telkd dyko 20ul
To petypota Tov aviidpdoemv enmdotnkay oloviytio, 6toug 16°C. Q¢ apvnTikog papTupag
TpaypatomomOnke kot o aviidpoon eAEyyov mov meplelye HUOVO OMOUOVOUEVO KOl
ATOPOGPOPLAIOUEVO Popéa Le Arydor, yopis évBepa. Me avt) v avtidpacn eAéyyetor m

ATOPOGPOPLAIMOT) KOl EKTILATOL TO TOCOGTO EMTLYING TNG avTidpaonS TG Mydong.

3.2. KYTTAPOKAAAIEPTEIEX

3.2.1. Kvttapwkég ceipéc

Xpnoyomomonkoay ot KOTTOPIKES GEPEG:

e Huh7, x0ttapa avOp®OTIvoL NTOTOKAPKIVOLOTOS

e HEK293T, xbtropa veppov amd Euppvo avBpdmov

Ta wdtrapa kKaAMepyndnkav oe Opentikd péco Dulbecco’s modified Eagle’s medium
(DMEM, GIBCO), to onoio mepieiye 10% opod euppvov Boog (FBS), 100U/ml mevikidivn kot 100
mg/ml otpentopvkivn (Invitrogen). Ta kOTTOPO ETOAGTNKOYV GE VYPOVOUEVO KAMPOVO ETmdAONS
otoug 37° C ko og 5% COz. Olot ot yepiopoi g kaAhépyslog Eywvav oe 0dAapo Kabetng
VNUOTIKNG PON|G, MOTE Vo EKUNdeViletal o Kivouvog twv empoivvoewv. H aAlayn tov Openticod
VAoV yvotav kb 48-72 dpeg.

Orav ta kOttapa kdAvrtav to 80-100% g emedvelag Tov TpuPAiov amokoAAovvVIaV ond TO
VTOCTPOLO KOL LETOPEPOVTOYV GE VEN EMPAVELD KOAMEPYELNS. ZVYKEKPIUEVA, £YIVE aPaipEST)
Tov OpemtiKoy HECOL Kot To KOTTOPO TAVONKOV HE OMOCTEP®UEVO OSIIALHO QOOPOPIKAOV
aAdtov (phosphate buffer saline, PBS -137mM NaCl, 2,7mM KCI, 8mM Na;HPO,, 1,46mM
KH,POy,).
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‘Eneita, mpooténke dwddvpa 0.25% Opoyivng - 0.53 mM EDTA kot ot KaAAiépyeteg
tomofetOnKayv yuo My Aentd otov KAMPBovo endaong, £m¢ 6Tov To KHTTOP ATOKOAANH0VV amd
70 VTOGTPWOLAL.

AxolovOnoe mpocHnkn Opentikoh LAIKOV, o KOTTOPO ETOVOL®PONKaY, ®GTE va dtaAvbodv
T0. GLGCOUATOUATO, Kol MHolpdotnkay ce TpuPAa. Xe kdbe tpvPAio dwpétpov 10 cm

TPooTEONKe OpenTiKd LAIKO Emg Too 8ml.

3.2.2. Ildyopo KutTdpmv Kol ETavEvapsn KOAMEPYELOV

["a to Thyopo Tov KVTTAp®V amd pio KOAMEPYELX, OPYLKE £YIVE TAVOT) TOV TPOCSKOANUEVOV
Kuttapov pe dtdivpo PBS, tpootébnke didhvpa Opuyivig Kot etmdotnKay yioo S AETTd 6TOVG
37°C vy va anokorAnbovv. IIpootébnke mAfpeg Opentikd vAkdé DMEM (10% FBS) ko
emovolwpnOnKav ta KOTTopa, peTaépnkay ce coinvdpro falcon kot @uyokevipnOnkav otig
1200rpm yia 5 Aentd otovg 4°C. Avappoennke pe Tpocoyf 0 vaepkeipevo Opentikd VAKS Kat
éywve emavaidpnon o€ Opentikd viko yoéng (10% DMSO, dyebBvrlocovieo&ido kot 90%
FBS). Ta «¥ttapa popdomkav o€ €01KoOg pikpoowAnveg (cryotubes, Greiner) ot
KoTonyOxOnkay otadiokd, TpdTa yio 2 dpeg 6tovg -20°C kat otn cuvéyeta otovg -80°C.

H emavévapln kallepysudv ond to Kateyvuypéva Kottapo Eekvé pe v amdOyvén tov
KUTTpOv mov Ppickovtor oto cryotubes pe emmdoon otovg 37°C oto vdatdrovtpo. Aol
mpootédnke pikpn mwoocodHTNTO OpemTikov VAKOD GTO KLTTOPO OTO cryotubes, to KOTTOPO
cLAAEYONKav oe coAva falcon, 6mov mpootédnkav 10ml DMEM, eravoiwpnOnkav kot

petagépbnkav og tpuPrio 10cm. AkorovOnoe endaon otovg 37 C oe 5% CO,.

3.2.3. Métpnon kKuttapov pe ) ypion s xpoctikig Trypan Blue

Mo ™ pétpnon tov apBpod tev Kuttdpov ypnoomombnke n ypwotikn Trypan Blue
(Sigma). Apywd, To KOTTOPO OTOKOAANOMKOV omd Tnv em@dveld KoOAMEPYEWG Kot
enovalopnOnkayv ce Opentikd péco. Tt cvvéyela, 100ul kuttdpov apaddnkav oe 300ul PBS,
npootédnkay 100ul Trypan Blue kot torofethOnkay og pia mhdka-aipokvttapouetpo Neubauer
(Ewova 9). Me ) ypfion pnikpookomiov petpndnke o aptdpdg tov kuttdpmv o€ kabéva amd to 4
yoviakd tetpayovae oykov 0,1 mm® kat o GLVOMKOG 0p1OUOG TOVG VTTOAOYIGTNKE GOUQ®VA LE
TOV TOTO !

ApBudg xuttdpov / ml= pécog 6pog kuttdpmv ota 4 yoviakd tetpdyova * apaimon(5) * 10*
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Ewova 9: Métpnon tov apiBpod tov kuttapwv pe Trypan Blue (mpocapuoyn ard Invitrogen Web Page).

3.2.4. T1apoodk] SLopOAVVGT] EVKEPLAOTIKAV KVTTAPOV ONA0oTIKOV

Awopodivvon eivar n dadikacio katd v omoio ewwdyetor EEvo DNA o€ €uKapLOTIKA
KOTTOPO. XTIV  TOPOLGH  gpyacio  ypnotpomombnkay Tpio.  SPOPETIKA  OVTIOPOGTHPLO
dtopdAVVeNG, OAO U1 MTOGMUIKA KOTIOVTIKG ToAvpept. Ta kaTtioviikd ToAvpep dnpUovpyovv
Betcd popticpéva coumioka pe to mAacudlakd DNA, ta onola elvar cvopmayn kot otabepd.
Avtd ta cvpmroka Tpostatehovy T0 DNA and amouoddunon kot 1o SevkoAvvouy va, e16EADEL
EVTOC TOV EVKAPLOTIKGOV KuTtdpmv. To Oetikd @opticpévo copoatidw (molvpepéc — DNA)
OeopedoVTIOL GE OVIOVTIKG KOTOAOITO TNG KLTTOPIKNG EMQAVEING KOl HETOPEPOVTOL GTO
ECMTEPIKO TOV KLTTAPOL LLE EVOOKVTTAPMOT).

e Avudpaotiplo tolvatbvrevipivng (Polyethylenimine, PEI)

Ta kdttapa emoTpdvovtar dote va KoAdmtovy to 60-80% 1tng empdvelag TpooKOAANGNG
pwv ™ dapoAvven. o avtidpdoelg og tpuPria empdaveiag 35mm (6well plate), ovapiydnikay
270ul Bpenticod viwkov ywpic FBS wor avtifotikd pe 3pug miooudioxkd DNA ko 6ul
avtidpoaotnpiov PEI (Img/ml), ko enwdotnkav o Oepuokpocio dopatiov yo 10 Aentd. 1o
piypo mpootédniav 810ul Opentikod viwkov pe 5% FBS. To piypo mpootébnke ota kdtropa,
apov apapédnke To vrtapyov TAfpeg Opentikd péco. Ta kdttapa enwdotkay otovg 37°C kot
5% CO; v 2 dpeg KOL OTN CLVEYELD OVTIKOTOOTAONKE TO piypo StopdALVeNG He TANPES
Opentikd péco. Akorlovnoe emmoaon oTig 101eg cLVONKEC.

e jetPRIME® (Polyplus)

Ta xOtTopa emotpdvovtal ®ote va kaAvmtovy 1o 60-80% tng emedvelog TPooKOAANGNG
npwv T SapoAvven. o avtidpdoelg og tpuPAia empavelog 35mm (6well plate), avapiydnkav
2ug DNA pe 200pl puBpuiotikod Swkdpatog jetPRIME® kot avadevmav yia 10 Sevteporenta.
[Ipootébnkav 4ul tov avtdpactnpiov jetPRIME® avVaOELTNKAY Y10 0EKO. OEVLTEPOAETTO KOl
enodomrov yioo 10 Aentd o Beppoxpacio dopatiov. To piypa dtupodivveng tpootédnke ota
KOTTOpa, To omoia mepteiyov 2ml mAnpeg Opentikd vaAikd DMEM (10% FBS). Metd amd 4 dpeg
endoaong otovg 37°C kot 5% CO, aviikatootddnke 1o Opentikd LVAKO Kol cvveyiotnke M

ENAOOON.
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e TurboFect (ThermoScientific)

Ta xOtTopa emotpdvovtal ®ote va kaAvmtovy 1o 60-80% tng empdvelog TpooKOAANoNG
pwv TN dapoAvven. o avtidpdoelg og tpuPAia empavelag 35mm (6well plate), avapiydnkav
2ug DNA pe 200ul Opentikov viwkov ywpic FBS kot avtiprotikd, kot 4pul avtidpactiplo
TurboFect. To piyuo avadedtnke kol enwdotnke yo 20 Aentd oe Oegppokpacio dwpoatiov. To
ptypo dtopodAvvong mpootédnke ota KotTapa wov kaAvmtovioy pe 800ul Opemntikd vAKO Tov
nepiéyel 5% FBS. Metd and 4 dpeg enmdoong otovg 37°C kot 5% CO; avtikataotddnke to
OpenTid VAKO e TANPEG KOl GLUVEXIOTNKE 1] EXDOOT).

Tnv endpevn pépa g StopdAvVoNg £Yve KATOAANAN KOTEPYOSIO TV KVTTAP®V, OVAAOYQ LLE

TNV TEWPOAUATIKT] O1001KaGi0 OV 0KOAOLOOVGE.

3.2.5. ZvAdloy1] Kot A061 KUTTAPMV, TOPUCKEVY] KUTTUPIKOD EKYVAIGHATOS

Mo v Topackevy] eKYLAICUATOG OMKNG TPMTEIVNG, apyikd £yve TADON TOV KLTTAPOV LE
PBS. Megtd v amopdkpovven tov PBS, ota kdttapa mpootédnke dwdivpa Avong (120ul yu
emeavelo 35mm, 6well plate) (lysis buffer: 25mM Tris-Cl pH 7,5, 150mM NaCl, 1mM MgCly,
1% Triton X-100, 0,5mM DTT, 0,2mM PMSF) ka1 £€yve amokOAANGT TOV KLTTAP®V UE TN
Bonbewa e1d0wkng omatovrag. To Adpa petapépnke oe coinvapia, enwdotnke yuo 10 Aentd otov
nayo ko uyokevipniOnke otic 10.000rpm yia 30 Aentd otovg 4 C, dote va omopakpuvOody ot
KUTTOPIKEG HepPpaves. MeTd To TEAOG TNG PLYOKEVTPNONG, TO VIEPKEILEVO HETAPEPONKE GE VEO
covaplo. o Tov TPocsdlopiopd TG TPMTEIVIKNG CLYKEVIPp®ONG ypeldotnkay Sul ond 1o
VIEPKEIUEVO, TO VTOAOUTO YPNCOTOMONKE Yol TNV OVAALGY UE MAEKTPOPOPNON GE TNKTN

noAvakpvropdiov (SDS-PAGE) kot avocoamotdmwon.

3.3. ANAAYZH ITPQTEINQN
3.3.1. [Ipocoopiop6g TPMOTEIVIKIG GVYKEVTPOONG

H pétpnon g ovykévipmong npmteivng tov detypudtov £ywve pe tn pébooo Bradford. To
avtpactiplo Biorad mov ypnoponomdnke ot pnébodo avtn mepi€yet ) ypwotikny Coomassie
Brilliant Blue G250. X& 6&wvo mepiBaAlov, 1 YPOOTIKY TPOGOEVETAL GOTIG TPWOTEIVEG LEGH TOV
Baocwdv apvoééwv Toug kot 0 aplBpdc TV mPocdeT®dV o€ kibe mpwtelvn elval mepimov
avaA0Y0G [E TOV aplBid TV BTIK®OV POPTI®V TOL VITAPYOLY otV TpwTeiv. H mpdcdeon pe v
TPOTEIVN TPOKAAEL AAAOYT) TOV YPDUATOG TNG YPOOTIKNG 0O Kapé o€ UmAe, ota 595nm. Zta Sul
amd TO VIEPKEIUEVO TNG PUYOKEVTPNONG OO TO EKYVAMGHA KLTTAP®V TpocsTtédnKav 795ul vepod
kot 200ul amd 1o avtidpactipio Biorad. H amoppdenon tov desiyuatog tedkod oykov 1mi

petpnnke oe eoTopETpo ota 595nm. Ot Tég G amoppdENoNG UETATPUTNKOV OF
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GUYKEVTPMOTN TPMTEIVIG TOL Oeiypatog pe w Ponbeld mPOTLANG KOUTOANG avaQOpPaS LE

aABoopivn (BSA) (Ewova 10).

ng oD
nPOTEIVIG (595nm)
0 0
16 1 0,063
y=0.0461x
e R2=0.9618 . 2 0,181
12 / 4 0,246
1 / 6 0,33
oD 0.8 g 3 0,481
0.6
L 2 10 0,561
0.4 ¢
: o 15 0,814
02 ¢ 20 0,92
0 ' ' ' | | | | 25 1,131
0 5 10 15 20 25 30 35
1g TPOTEIVIS 30 1,249

Ewova 10: TTpdtumn kapumdvin avagopdg pe orfovuivn (BSA).

3.3.2. H ektpo@épnon TPpOTEIVAOV 6€ TNKTH TOAVUKPLAGULITI0V

O dwywpiopds pe nhektpopdpnon yivetar 6e MKT®p ToAvakpvilopione. To mKTopo g
TOALOKPLVAOUIONG €lvar €vo  TPLOJAOTOTO TAEYHO OmO  HOKPLEG OAELPATIKEG OALGIOES
TOAVAKPLAOUIONG oV evadvovion petad tovg pe popla N-N pebvievo-dic-axpovAapiong (Bis
akpviopion -MBA). To péyeboc tov mopov kabopiletor omd v €MAOYH SLOPOPETIKOV
GUYKEVTIPOOEWV OKPLAAUIONG kot MBA. Tevikd, mnxtoOpote pE HIKPY  CLYKEVIPMOON
TOALOKPLAOUIONG €yovv  peyaldTepovg TOPOVS kol TO avtioTpo®o. O GYNUATIGHOS TOV
TNKTOUOTOG, LE TOAVUEPIGUO TOV HOVOUEP®OV akpuiopiong kot MBA, yiveton og Beppokpacio
dopatiov pe 1 Ponberr 000 TOAVUEPIOTIKOV TOPAYOVTOV: TOV VIEPHETKOD OppUmViov
(ammonium persulfate, APS) kat tov TEMED (N,N,N,N-tetpapedoro-1,2-6iopuvo-a10davio), to
01010 KATOAVEL TO SYNUOTIGUO eAehBepav plmv and to APS. Mg avtov tov tpdmo oympartileton
éva mAEypa, pe péyeBog mOpwV TOv KLUAIVETOL OPEVOC OVAAOYO LE TNV OAIKY GLYKEVTPMOT)
akpviopiong (%T) ko MBA (%C, crosslinker) xoi, o@etépov, ovaAoyo HE T OYETIKN
oLYKEVTPOON T MBA ®¢ mpog v axpuAapion.

H niextpopdpnon eivor acvveyns. Emteleitor oe didAlvpo niektpoeopnong (Running
Buffer: 0,25M Tris base, 1,92M yAvkivn, 0,5% SDS) (pH 8,3) kot g 600 S10d0y1KE TNKTOHOTA:
éva miktopa smotoifaéne (stacking gel), oto omoio tomoBerovvTor T deiypato Ko Eva

mKTORo dtayoplopov (Separating 1 resolving gel), to omoio axoAovOei akpimdg kGt and T
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mKtopo  emotoifaéne. Xto mKtopo emotoifaéng, pe 1t Pondewr tov  dwAdpTOG

NAEKTPOPOPNONG, Ol  TPOTEIVEG CLUTLVKVAOVOVTOL, €VA OTO0 TNKTOUN Ol ®PIGHoD

TPOUYUOTOTOIEITOL O SLOYOPICUOG TOV TPOTEIVOV avaAoyo e To poplakd tovg Papoc. Ta dvo

TNKTOUATO SLPEPOLYV MG TTPOG TN cVLGTOCT Kot To pH TOVC:

o [Ixtopa douywpiopod 8%: 1,35ml 30% oakpvrauido/ 0.8% Bis axpviapidlo, 1,25ml 4x
ddAvpa draympiopov (0,375M Tris-HCI pH 8,8, 2mM EDTA, 0,1% SDS), 4,2ml H,0, 20ul
10% APS, 10ul TEMED

o IIMktopo emortoifaéng 4,5%: 0,3ml 30% akpviopido/ 0.8% Bis axpvioapiolo, 0,5ml 4x
dtidopo emotoifaéne (0,125M Tris-HCI pH 6,8, 2mM EDTA, 0,1% SDS), 1,17ml H,0,
12,5ul 10% APS, 12,5ul TEMED

To miktopa emotoifaéng €xet pkpdTEPN GLYKEVIPMOOT TOAVOKPLAGUIONG KOl GUVET®MG
HEYOADTEPOVG TOPOVS OO TO TNKTOUO SLOYWPICUOV GTO 0moio YiveTol Kot 0 dloywplopds Tov
detypartog. EmmAéov, to puOuotikd didivpa oto miktoua entotoifaing éxet pH 6,8 kot €161 T0
delypa «maydedeton avapesa og 16vta Cl', ta omoia Tponyovvral, Kot popo YAvKivng, ord 1o
SAv e NAEKpoPOpNoNG, T omoia akolovBovv, Kot £tot To detypa oynuatiel o Aemt Cov.
Avto ocvpfaiver o0t n Ty pKa g yAvkivng eivon apketd vyniotepn omd to pH tov
TNKTOUOTOG, Kot £T61 1 KVNTIKOTNTO TV popimv g givar moAd yapnAn. Ta wdvia yAwpiov
£€YovV VYNAOTEPT KIVNTIKOTNTO KOl TPONYOLVTOL, OAAGL € UmopodV va amopakpuvlovv, Kabhg
aPnvouy mic® Tovg BeTiKd 1OVTOL OMUOLPYOVTAG o dopopd duvapkoh KPAT®VTOG TO GE
kovtivi) andotaot). Etol oynmpartieton pia «{ovn» péca otnv omoia PpickeTorl «mayldeLHEVOY T0
detypo. Me Aya Adylo, Ol KIVIITIKOTNTEG TOV HOPiOV ££0PTMOVTIOL OTOKAEIGTIKA amd TO0 KaBopo
TOVG Poptio Kot Oyt amwd To PEYEBOC TOLVG, O10TL 01 TOPOL TNG TNKTNG Elvan apkeTd peydrotl. Otav n
«Covn» avt e16éA0el 610 THKTOWA dloy®PLGHov, To omoio £xel pH 8,8 kot pkpoTEpOLG TOPOLG,
N KwNTIKOTNTO TOV SElYHOTOG HEWOVETAL KOl OVTH TOV popimv Tng YAvkiving avEdveton katd
oAy, KaBdg ovtiloviol, kol mpoomepvave To poplo. Tov Ogiypoatog. Amd 1O onueio ovtd
(otaBepd pH kot duvapkd) Eexvael o d10OPIoUOS TOV LOPIMY TOV dETYIATOG.

Y& omodataxtikég ovvOnkee (SDS-PolyAcrylamide Gel Electrophoresis, SDS-PAGE) ot
TpwTeiveg dwaywpilovtor pe Paon ) pdlo Tovg. 1o UiyUo TV TPOTEIVAOV TPOTH TPOcTiBeTOL
Svpa dmoekakvroBeukov vatpiov (SDS), evdg aviovikod amoppuTOVTIKOD TOV OTOJUTACCEL
TIG TpwTEiveg Ko TG poptilel apvnrikd. Ta avidovia tov SDS decpedovion ot TpoTteiveg o€
avaloyio éva poplo ova 2 apvoééa, divoviag 610 COUTAOKO 1GYLPO APVNTIKO POPTio, TEPITOV
avéioyo g pdlog g mpoteivig. Ot pkpéc mpmTeiveg petaktvodviol €OKOAN SOUEGOD TOV
TNKTOUOTOG EVD Ol LEYAAES LEVOLV GTNV KOPLEY| KOVTA 6T0 onueio ekkivinong. [a to oxond
avto, Tpootédnke oe avaroyia 1:3, didAlvpo eoptwong deryudtov (250mM Tris-HCI pH 6,8,
9,2% SDS, 40% yAvkepoAn, 0,2% pmie g PBpopopoavorng, 100mM DTT) kot ta detypota
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Oepuavinkoy otoug 95°C yia 5 Aemtd. TomobetnOnKov oTi¢ £1d1KéC OEcEIC TG TNKTAC He chpryyo.
tomov Hamilton. AvoAvOnkav 30 pg mpwteivng. Qg updptopag ypnopomombnke osiyuo
TPOTEIVAOV UE YVOOTO poplakd Bapog.

H ovokevp g mAektpoedpnomng ouvvoédnke pHe TPOPOSOTIKO Unydvnuo Kot 1
niextpo@dpnon mpayuatorombnke oto 100V, 40mA, yo 1 dpa (Ewcova 11).
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Ewoéva 11: Hiextpopdpnon SDS-PAGE (mposapuoyn ano Cellular Physiology Web Page).

3.3.3. Hrextpopetapopd cg peppfpdavn vitpokvrtapivig

Ov mpoteiveg mov Swywpliomkay pe TV MAEKTpo@OpNoT  peTapépOnkay oe  peuPpdvn
VITPOKLTTOPIVIG MHECH  €QPAPUOYNG MAEKTPIKOL 7ediov, o€ vypd TEPPAAAOV  SOAVUATOG
HETAPOPAC. Ze £101KN O1dtaln tomofenOnkay dradoykd £vag omdyyog, £va dmbntikd yopti 6To
péyebog g mNKTNG Sy ®PIoHOV, N TNKTN, N LEUPPAVN ViTtpokvTTapiviG, v OKOUN YOPTi Kot
évag ondyyos. Oha avtd to vAkd elyav epfontiotel oe didAvpa petagopds (Transfer buffer:
39mM yivkivn, 48mM Tris base, 0,037% SDS, 20% peboavorn). H didtaén tomobetnOnke ot

OLOKELT HETAPOPAG Kol TpooTédnke 1 Altpo daddpartog petagopds (Ewova 12). O mpmteiveg

pwepfpavn
VITpORUTTapivng
| ———— T
SiNdnnkd xapri

OMOVVOS

wGBobog ~r

Ewoéva 12: Atdtaén nAekTpoUETOPOPAS TPMTEIVOV GE LEPPpavn vitpokvttapivng (mpocapuoyn amé BIO-
RAD Web Page).
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petapépbniav oe ovvinkeg 100V, 350mA ywo 1 dpa. Xt0 dtdAvpa yvotov avddevon Le
LOyVI T Kot DINPYE TAYOS Yo vo. dtatnpeiton younin n Beppokpocio tov. Metd 10 mEPOS TG
petapopdc, N pepPpavn Baotnke pe ™ ypwotikn Ponceau, mpokeipuévon va ereyyel n petapopd
Tov Tpoteivov. H ypodon pe Ponceau eivar eDKoAo ovTIOTPENT HE TAVCELS LE VEPO KOL OEV
emnpedlel T TpmTEivEg OV glvan mpookoAAnuéveg otn pepPpdvr. Emiong, onueiddnkav kot ot
Loveg ToV popTOp®V YVOGTOL poplakol Papovs. H pepfpdvn énerta nAvdnke pe aneotaypévo

vepo ko pe otdivpo 1 X PBS-0,1% Tween 20.

3.3.4. AvocoamotiTmon

Ov mpoteiveg mov  €yovv  dwywplotel pe ™V mhektpoedpnorn  Ppickovtar  TAEOV
TPOCKOAANUEVEG o€ éva oteped LIOCTpOUO TOL givor 1 pepPpdvn vitpoxkvttapivng. H
TPOTEIVN-6TOY0G avayvopiletor pe ) YpNoN €VOC AVIICOUNTOS, TOL oVTWOPE €0IKA Ue
aVTIYOVIKOVG €MITOTTOVG, Ol omoiot extifevtol amd TV TPMOTEIV-GTOYO TAV® GTN HEUPPavn. Zn
GUVEYELD, YLOL VO OVIXVELTEL 1 GVVOEST] AVTIYOVOV-OVTICOUNTOS YPNOIUOTTOLEITOL £val deHTEPO
avticopo mov avayvopiler v avococeapivn IgG tov mpdTOL AVTIGCOUOTOS Kol givat
ocvlevyuévo pe éva évlopo ogiktn, Omwg vrePoLeddon N OAKOAKY @OGPATAoT. AKOAoVOEL 1
pocsnKn e€wyevodg VTOGTPOUATOG TOV EVEDHOV OEIKTN Yol TNV aviyveELON TNG OEVTEPNG ALTNG
GUVOESNC AVTIYOVOV-AVTIGOUOTOC,.

H pepppdvn vitpoxvtrapivng apyikd enmmdotnke pe avddegvon yu 1 dpa oe didAvpa
kopecspov 1 X PBS-0,1% Tween 20 pe 5% amoPovtupopévo yaho ce okdVN, LE GKOTO V.
KopesOoVV 01 Un €101KEG BEGEIS OECUELONG TOV TPMOTEWVAOV TNG LEUPPAVNS A0 TIG TPAOTEIVEG TOV
yéhoxtog. H peuppavn enmdotnke ohovoytio. otovg 4°C pe 10 mpdTo aviicopo kot fywvav 3
mAoelg Tov 10 Aentdv pe to duwivpa 1 X PBS-0,1% Tween 20, og Beppokpacio dmpatiov vrod
avaodevon). ‘Enetta, n pepppavn enwdotke pe 1o 6e0tepo avticopa yo 1 opo og Beppokpacia
douatiov. Akorovdncov Kot TaAl TADGELS Y10 TNV OTOUAKPLVGT TG TEPIGGELNG TOL AOEGIEVTOV
VTGO UOTOC,

AVTICONOTO TTOL YPTCLULOTOMONKAY:

1° avticopo apainon 2° avticoua Apainon
anti-HIF 1a 1:1000 Anti-rabbit 1:3000
(Rabbit) 1gG (HRP conj.)
anti-Flag 1:15000 Anti-mouse 1:3000
(Mouse) I9G (HRP conj.)
anti-beta actin 1:5000 Anti-mouse 1:3000
(Mouse) I9G (HRP conj.)
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3.3.5. Aviyvevon TPpOTEIVAOV UE EVIGYVUEVT] YT UELOPOTOVYELD,

H aviyvevon tov mpoteivov €ytve pe ) pEBOSO NG EVICYLUEVNG YNUELOQPOTAVYELNG. XTN)
ANUELOPOTOVYEL EKAVETAL QMG O OMOTEAECHUO TNG YNUIKNG avTidpaong, Katd Tnv omoia 1
VIEPOEEIDAOT KATAADEL G OAKOAMKO TepBdAlov TV 0&eidmon TG AOVUIVOANG KAT® amd TV
enidopaon tov HoOr pe tavtdypovn exmouny) potoviov. H pepfpdvn enwdotnke pe ddivuo
Aovpvorng (1,25mM oe Tris-Cl 8,5), pe kovpapikd o&p (6,8mM e DMSO) kot 3% H20 yio 1
Aemtdo. To onua  aviyvedTnKe o€ GLOKELY aviyvevong ynueoeotovyswg (UVitec

chemiluminescence Imager) (Ewkova 13).

orfjua aviveuang
(HE XNUEIDPETIUYEIT)

oulguypivo B

-
Eviupo — LUTTdaTRWHE EviUHoU
SedTepo
avTiuape / \

TMpwTa

T s MRWTERT-OTd O

PEPBpdwn pe T TTRWTERT

Ewova 13: Avocoaviyvevon Tpwteivev (mpooapuoyn omoé Leinco Web Page).

3.3.6. "Eppeooc avoco@Bopropdg

H teyvucn tov éupecov avoso@Bopiopron ypnoIUOTOIEITOL Y10l TV EVOOKVTTAPLN Oviyvevon
npoteivov. H teyvikn touv avocopBopiopot Paciletor 6to yeyovag 0Tt 01 TpOTEIVEG HITopovV va
AVOYVOPIGTOVV AEITOVPYADVING G OVILYOVO Yol  OVTIGTOWO avTio®pote. To aviicOpoto
UTOPOVV VO OVOLYVOPLETOLV amd 0£0TEPA aVTICONOTA GVigVYIEVA LEe o @Bopilovsa YpOOTIKT).
Otav ota KOTTOP ETWOPE POG KATAAANAOL UKOVG KOLOTOG EMLTLYYAVETAL POOPICUOG.

Yvykekpyéva, Ta kottapo torofeminkav oe mdrto 24 Béocewv (24 well plate), otig omoieg
elyav tomoBetnBel omootelpopéveg YubAveg KaAvmtpideg dwopétpov 12mm. To kOTTOPO
TPOCKOAANONKAV 6T KaALTTTPideg Kot OTav KaAvyav 1o 60-80% g empdveiog dtaporvvonkay
pe 1o emBountd mhacuotokd DNA. Tnv enduevn pépa to Bpentikd vAko apopédnke Kot &yve
mwon pe 1x PBS. X cvuvéyela éywve poviponoinon tov kuttdpov pe dtdlvpa 1xPBS-3%
QOPUOAOEHON Yo 5 Aemtd oe Oeppokpacio dwpotiov, mpokeévov vo otabepomomnBodv ot
€0MTEPIKEG OOUESG TOV KLTTAPOL, OTOL Ppiokoviot ot Vo PeATn TpwTEives. AKolovOnce mAvon
pe 1xPBS 800 @opéc yio 5 Aentd, dote vo amopakpuvOel n @oppordehion, kol et®Aon TOV
KutThpov oe dtddvua 1xPBS-1% Triton X-100 ywo 15 Aemtd otovg 4°C, dote 01 KOTTAPIKES
peuppdvec va yivouv dwomepatég ota avtioodpoto. Yotepo ond 2 mivoeg pe  1xPBS-0.1%

Tween 20, éywe endoon og didAvpo kopeopov 1xPBS- 0.1% Tween 20-1% BSA yia 1 dpa oe
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Oeppokpacia dmpatiov, pe okomd vo KopeoBovv ot un ewikég Béoelg mpdcodeoNg TOL
OVTIGOUOTOC. 2T KLTTOPO TPooTEOMKAY dradoyikd to avticouata: anti-HIF-1o rabbit (1:1000),
pe to omoio emmdotnkayv olovoytio. otovg 4°C, kan anti-Flag mouse (1:15000), ue to omoio
enMAcTNKOV Y100 600 dpeg o€ Beppokpacio dwpatiov. Kot ta 000 aviichpato apoiddnkay o
IxPBS- 0.1% Tween 20-1% BSA. To avticouo aropoakpOvOnke pe tpelg mAvoelc pe IxXPBS-
0.1% Tween 20. AkoAovOnoce endaon e to devtepo avticopata [anti-rabbit CY3 (1:500), anti-
mouse FITC (1:500)] ywo wo opa oe Oepuokpocio dopatiov, oto okotddt. Ta dedtepa
OVTICOUOTO OTOLOKPOVON KOV Kot ovTd pe TPElS dtadoykég mavoelg pe 1XPBS-0.1% Tween 20.
AxolovOnoe o televtaio mAvon pe 1x PBS kot otiypoio epPdmntion tov KoAvmtpidwv oe
vepd. Ot KoAvTTpideg oTN GLVEXELD TOTODETNONKAV G AVTIKEILEVOPOPOLG TAAKES, TAV® o€ 4ul
dodvpotog emtotoifaéng Mowiol pe ™ @bopilovoa ypwotiky 49,6-diamidino-2-phenylindole-
DAPI (20 pg/ml), yia ypdon tov mopnvov Tov kuttdpov. Ot avTiKEYeVoPOPOl TAUKES
anobnkednkov yo 20-30mMin 610 6KOTASL PEYPL VO oTEYVDOEL TO dtdAvpa emctoifaéng. Ta
TOPOCKEVAGHOTA TopatnPNONKay 6€ HKpookomio @Bopiopod (Zeiss Axioskop 40, Carl Zeiss
Inc, New York, USA) kot €8k} ynowakn eotoypoeiky kauepa (Leica DFC 480, Leica

cameras, Solms, Germany).

3.4. METPHXH METAT'PA®IKHYX ENEPITOTHTAX ME XPHXZH TOY I'ONIAIOY
THX AOYZI®EPAXHE QY I'ONIAIO ANA®OPAX (LUCIFERASE ASSAY)

H Aovoipepdon g muyorapnidog (Photinus pyralis) eivat éva éviopo to omoio kataiver T
o&eidwon g Aovowpepivng ypnoyomoidviag ATP kot Mg2+. Tavtdypova pe v avtidopaon
TopayeTal @M ToLv omoiov M évtroomn umopel vo petpndel pe ™ Ponbewn €10woL opydvov
(Aovpvopetpo). H 1016t avt g Aovsupepaons 001 ynNoe Gty upeia ypnom g ®G Yovidlo
avagopds. To mopamdve cOGTNUO YPNCLOTOWONKE Yoo TNV HETPNCN NG UETOYPOUPIKNG
evepyomrag tov HIF-1a. Zav mhaopidio avaeopdg ypnoponombnke 1o pGL3-VEGF-5HRE 10
omoio mepiéyel 5 HREs tov yovidiov tov VEGF oty 5 meproyn tov vrokwvnty (SV40) tov
YOVIOI0U NG AOLCIPEPEONG KOl GOV TAAGUIO0 HAPTVPOS YIoL TV AmdO00N TNG OpOAVLVOTG
ypnowonomOnke to pCl-Renilla to omoio kwdikomolel to £vivpo g Aovoipepdong amd Tov
opyaviopuo Renilla reniformis. H cuv-6iopdAvven tov kuttapov Eywve pe 1o avtidpactplo PEI
oe mdrta 12 Oéocewv (12well plate). H pétpnon g Opdone Aovoipepdong £ywve pe 1o
avVTIOPOUCTNPLO Dual-Luciferase® Reporter Assay System (Promega) cOppova e tig 0dnyieg Tov
Kataokevaot. Ta kottapa Ankav pe tpoctnin 150ul dreddpatog Avorng (PLB, passive lysis
buffer) ko enwdotnkav yio 15 Aentd oe Ogppoxpacio dwpotiov vwd cuveyn ovaxkivinon. X
GLVEYELN TO AV CLAAEYONKE o€ cwAinvaplo. AvauiyOnkay 20ul and 10 Apa TOV KLTTAPOV L

20ul and 1o avtdpactipo LAR (Luciferase Assay Reagent) kot to @m¢ mov mopnydn
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petpnOnke oto Aovpvopetpo (TD-20/20, Luminometer, TURNER DESIGNS). I'a t pétpnon
™G evepyotntag Tov yovidiov pdptopa (Aovoipepdon tng Renilla reniformis), tpoostédnkav oto
{310 cwMVapto 20l omd to Sihvpa Stop & Glo® Reagent kat 1o g Tov mapfiydn petprionke
Eova oto Aovuwvouetpo. To didhvpa Stop & Glo® Reagent ctopotdel v aviidopaon g
Aovoipepdong ¢ Photinus pyralis kot tavtoypova evepyomnotel tnv Aovoipepdon tg Renilla
reniformis.

Ot Twég tov onuatog amd TN Opdon TG Aovowpepdong tng Photinus  pyralis
Kavovikomombnkav copemva pe to onuo and ™ Aovoipepdon Renilla reniformis. H éxopaon

TOV TIUOV OVTOV EYIVE MG TPOS TNV TN Y10l TOV TAAGLUOKO popéa yopig EvBepo HIF-1a.
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4. AIIOTEAEXMATA

[Tpoxeévou va peretnei n emnidpaon g pocspopviiowong tov HIF-1la and v CK16, sivan
amopaitnTn n onuovpyio otafepd SOUOAVGUEVEOV KUTTOPIKAOV GEPAOV UE TAOCUION TOL Vo
exppalovv tov aypiov tomov HIF-la kot 11 petaAloypéveg tov popeég v Tn 0éom
ooopopvrioong, HIFla-SAz; o HIFla-SDas7. o 10 oxomd avtd, to yovidw ovtd
KAovomoindnkav ce TAACHIO0KOVS Popeic Tov Pépouvv Tov enitomo Flag, éva oxtamentidolo mov
€xel eMdylotn emidpaon ot OOUN Kol AEITOVPYIN TOV TPOTEIVOV, Kol Elval KATAAANAOL Yoo TV
otabepn S10UOAVVOT) KUTTAPOV ONAAGTIK®Y. XT1 GUVEKELX, Ol AVOCLVOLACUEVEG TpwTeives Flag-
HIFla, Flag-HIFla-SAz4; kau Flag-HIF1a-SDos7 eMéyyOnkav ®g mpog v £€kepact, Tov
VIOKLTTOPIKO EVIOMIGUO KOU TN UETOYPOPIKY] TOVG EVEPYOTNTA, VOTEPO OmMO TOPOSIKN

StpdAVLVON G€ KOUTTOPA ONAACTIKOV LE T 0vTIoTOLY0 TAAGULIdLO.

4.1. KAQNOITIOIHXZH TQN METAAAATMENQN MOP®OQN HIF-1a-SAz4; KAI HIF-1a-
SD247 XTOYX ITAAXMIATIAKOYX ®OPEIX pCMV2-Flag KAI pcDNA3.1-Flag

o v KAovomoinon twv petarraypévov popeomv tov HIF-1la, HIF-1a-SAz47 ko HIF-1o-
SD247 xkaBd¢ kot Tov aypiov tomov HIF-1a, e cuvinén pe tov emitono Flag, ypnoonomOnkav
ot mhacdtaxol opeic pPCMV2-Flag ko pcDNA3.1-Flag. O mhacuidiokog eopéog pcDNA3.1-
Flag ¢@éper yovido avBektikdOnTag otnv veopvkiv Kot pmopel vo ypnoyomombet yio v
KOTOOKELT 6TAOEPH SIOUOAVOUEVOV KVTTAP®YV ONAaocTikdVY, gvd Yo T xpnon tov PCMV2-Flag
TPENEL VoL YIVEL GLVOLOUOALVOT e TAAGHIO0 TTOV PEPEL KATAAANAO YOVId0 ovOEKTIKOTNTOG GE
avTIBloTiKo Yo TNV €MAOYN KLTTAP®V INlacTikdv. Q¢ mnyn Tev evhspdtov ypnooromdnkoy
ot mhacpudloké kataokevég pPEGFP-CL-HIF-1a-SAg47 ko pEGFP-C1-HIF-1a-SD,47 (Kalousi et
al. 2010). Xg avtég TIC TAOCHIOIOKEG KOTOOKELEG, T pETOAAGypato tov HIF-la ftav
Khovormompéva oty Béom avayvopiong tov evidpov mepropiopod BamHI oty meproyr MCS
Tov TAacUOKoD eopéa. ‘Etol, yio v amoudveon tov evlepdtov mpayuotonomonke téym
TV apyikodv Kataokevov pe BamHI. Xvykekpyéva, Spug mloacpdookdé DNA vropAndnkav oe
néym pe 20 units BamHI napovcio kotdAAnAov pubpetikod S1oAdpuatog o€ TeAKO 0yKo 25ul.

Me 10 1010 éviupo TEPLOPIGUOV €yve TEYN KOL TOV OVO TAOCUIOOKAOV QOPEWV OV
emA&yOnkay kot @épovv v aAAniovyioa tov emitomov Flag. Opown pe v méym yu v
amopovoon Tov evleudtov, Sug DNA mhacuidiokod gopéo vrofAnOnkay oe méyn ue 20 units
BamHI nopovcio katdAiniov puBuieticod dStoAdpatog Kot o TeAKO dyko 25ul.

Ot avtidpdoelg avolvdnkay oe k) ayopdling 1% dote va SoympioTovy o TPOIOVTO TNG
néynge. [paypatomrombnke eoymyn tov emtBopntdv (OVAOV Tov aVTIGTOLO0VY 6T vOENATO Kol
0TOVG Ypoupkovg mhaoudtakong gopeig (Ewova 14) kot £yve avaktnon tov DNA and v

nnktn (gel extraction).
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HIF1a-SA
BamHI (2,5kb)

— ]

pCMV2-Flag (4,7kb)

HIF14-SD B _
BamHI (2,5kb) BamHI PeDNA3.1-Flag (5,4kb)

pEGFP-C1- L l
HIF1¢-SD — | | — | 1

Ewova 14: Zymuotikn aneikdvion Tov avidpdoenv téyng we BamHI yio aropovoon tov eviepdtov kot
TOV TAAGUOOIKDY QOPEMV.

Ta amopovopéve tufuate o DNA tov mAacpdokov @opéomv kot Tov eviepdtov
avolodnkov oe kT ayopolng 1% oote va ekeyyBel n kabapdttd Tovg cOUP®VE pE TO

uéyefoc Toug Kot vo Yivel TocoTikonoinot tovg pe t Pondeia tov paptvpa (Ewdva 15).

() (B)

Ewova 15: Avédivon tov amopovouéveoy VOEUATOV Kol TOV TAAGIISIOIK®OV POPEMV, UETE IO TEYN U
BamHI xot avaktnon DNA ard k) ayopoing. (o) Hiextpopopnon tov mlacuidiaxod eopéa pPCMV2-
Flag kot tov evBepdrov HIF-10-SAz; kot HIF-10-SDyy; oe mnkty ayoapdlng 1%. (B) Hiektpopdpnon
tov Thacpdtakod eopéo. PCDNAS3.1-Flag kot twv evbeudtov HIF-10-WT, HIF-10-SAz4; war HIF-1a-
SDy47 o€ KT ayopoing 1%.

Mo v eloayoyn Tov eVOEUATOV GTOVG 0VOLYTOVS TAAGHO0KOVS QOPEIC TpayLaToTomOnKe
avtidpaon Arydong pe avoioyio miacpdlokod @opéa mpog to EvBepa, 1:3. Extog twv
avVTOPACE®Y Ayaomg vy TV woaymyn Kabe evBépatog otovg dvo TAAGUIOIKOVS (QOPELS,

TpaypoToTomOnke kot pua avtidopacn Arydong xopic £EvOspa yio Tov Ka0e amopoo@OpLAI®UEVO
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TAAGOIOKO QOpPEN, G OPVNTIKOG HApTLPOC, Yoo Vo eAeyxBel n un emovoKLKAOTOINGN TV
QOPEMV.

Ot avtdpdoelg Aydong ewonydnkay o dextikd kottapa E.coli Topl0 pe ) dadikacio Tov
petaoynuotiopod pe Beppukod cok. Ta petaoynuoticpéva Baktipla emotpodnkay o€ tpuPiia
ue oteped Opentikd vAkd LB Agar pe aumikidivn, to avtiBlotikd emAoyNe TOV TAUCUIOKOV
QOPEMV, Kol ENMAcTNKAY 0AoviyTio, 6Tovg 37 C.

And Ti¢ omowieg mov avomTuxOnkov, emAEYONKAV KAGDVOL TPOG OMOUOVMCY  TOV
mAaodakov Touvg DNA og pikpn kol o1 ouvéyeln o€ peoaio KAIpoka, yo va greyybel n
napovoia Tov TAacudiov pCMV2-Flag kot pcDNA3.1-Flag mov epiéyovv ta evhépata.

To mhocpdiokd DNA tov katackevdv pPCMV2-Flag-HIF1la-SAj47 ko pPCMV2-Flag-HIFla-
SD247 mov amopovmdnke vrofAnOnke oe avtiopaon méyng pe to Evivpo BamHI, apyud, yio tov
éleyyo ewcaymyng tov evlepdtov. Ta mpoidvta tov TéEYewv MAEKTPOQOPNONKOV GE TNKTY|
ayapdlng 1% xon ov mpoPremdueveg {dveg otnv nktn eivan 4,7kb ko 2,5kb mov avtictoyovv
oto. peyén tov eopéa kat tov evhepdtov (Ewova 16a). Xt cvvéyeta to mlaciudiokd DNA tov
KATOOKEVADV TOL TTEPIEYAV TO £VOEUQ, VTESTN TEYN UE TIG KATAAANAES evOOVOLKAEAGES Yo vaL
eleyyfel av 1o evBépoata ewonyOnoav pe 1OV GMOTO TPOGOVOATOAIGHO, OMAMON OV T
amopovopévo e BamHI evBépata evobnkay pe 1o 5° dkpo tng ovT-vonpatikig oAvcidog Toug
pe 10 37 AKPO TOV YPUUUIKAOV QOPEMV HETE TNV OAANAOLYI0 TOL EKKIVNTY, OOTE VO UTOPEL Vo
ekppaoctel N mpwteiv. O €Aeyy0C TPOCOVOTOAICUOD T®V EVOEUATOV Y10 TIG TAAGLUOIOKES
katookevég PCMV2-Flag-HIF1la-SAz;;  kaw  pCMV2-Flag-HIF1a-SDas7  éywve  pe v
evoovovkiedon meplopopot Sall kot ta tpoPremdpeva tpupoto DNA givon 6,4kb ko 0,8kb yia
10 60610 TpocsovatoAcud (Ewdva 16P) kot 5,5kb kar 1,7kb ya to AdOog mpocavatoMopd tomv
evhepatov.

H avdivon tov mhoacpudiokodv kotookevdv pCMV2-Flag-HIF1a-SAzs; ka1 pCMV2-Flag-

HIF1a-SD247 pe ta élopa nepropiopod BamHI ko Sall napovsidletor oty Ewdva 17.
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I I
BamHI | ] 47kb

I |
| | 25k

(@)

S
B B
S | |
Sall | 6.4 kb

F—] 0.8 kb

(B)

Ewova 16: Zynuotik angwkdvion tov avtidpdcewv néyne o) pe BamHI ywo tov éleyyo mapovoiog
evbépotog ot mlacudiokég koataokevég PCMV2-Flag-HIFla kow B) pe Sal yw tov éheyyo
TPOCAVATOAMGLOD TOL EVOEUATOC,.

ECMVZ-Flag
HIFla-SA247 HIFla-SD247
- BamHI Sall - BamHI Sall
— — «6kb
€3kb
«1kb
1 2 3 4 5 6 Marker

Ewova 17: Avdivon tov mlacpdiokov kotackevov PCMV2-Flag-HIF1a-SA,; ko pCMV 2-Flag-
HIF1a-SDy47. Hiektpo@opnon o mnkth ayapolng 1% tov dkortmv TAUCHOK®Y KOTUCKEVDV KOl TOV
npoioviov wéyng pe BamHI (avopevopeva tuiuato 4,7kb kon 2,5kb) xou Sall (avapevopeva tunquata
6,4kb xon 0,8kb).
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Evd 10 mhacpudiokd DNA tov katookevov PCDNAS.1-Flag-HIF1a-WT, pcDNA3.1-Flag-
HIFloa-SAz47 kot pcDNA3.1-Fag-HIF1a-SD247 mov amopovabnke vroPfAndnke oe avtidpaon
méymg e 1o évlopo BamHI, apyikd, yia tov €éheyyo swooywyng tov eviepdtov. Ta mpoidvia tov
méEyewv niektpoopnnkav oe Kty ayopolng 1% kot ot mpoPrenduevec {dveg otnv TNKN
givan 5,4kb kot 2,5kb mov avtiotoryovv ota peyédn tov gopéa kot Tv evlsudtov (Ewdvo 18a).
2 ovvéyeta to TAacdlokd DNA tov KoTaokev®my Tov Tepieiyov to EvOepa, vréotn Téyn Ue
T1g evdovovkiedoeg Xhol, Sal kot Pstl yio va eheyyfel av to evbépato ewonydnoov pe tov
o0woto TpocavatoMopd. To wpoPrenopevo tuquata DNA pe o évlopo Xhol givar 5,4kb ko
2,5kb ywo 10 cwotd mpocavatoropd (Ewove 18B) kar 7,8kb ko 0,1kb yia 1o AdBog
npocavaToMond Tov evlepdtov, ue to évlvopo Sal sivar 4kb, 2,2kb kot 1,7kb yio 10 cwotd
npocavatoropd (Ewdova 18y) ko 3kb, 2,7kb kot 2,2kb yio to AdBoc mpocavotoloud, Kot pe to
évlopo Pstl givan 6,4kb, 1,4kb kot 0,1kb yio t0 cwotd npocsavatoropd (Ewova 183) wan 4,1kb,
2,4kb ko 1,4kb yio t0 AdBog mpocavotodopd. H avilvon t@v TAACUIOIONK®OV KOTOUCKELMV
pcDNAS3.1-Flag-HIF1a-WT, pcDNAS3.1-Flag-HIFla-SA24; koaw pCMV2-Flag-HIF1la-SD247 e

ta évQopa meproptopov BamHI, Xhol, Sall ko Pstl mopovoidletar oty Ewcova 19.

' |
pcDNA3.1- BamHI ] ] 5.4 kb
Flag-HIF la i |

| | 2,5 kb

|
5.4 kb
pcDNA3.1- shol | s,
Flag-HIF la |
2,5 kb
| |
— 41b
DNA3.1 22l

pc -
Flag-HIF lo — | _| 2,2kb

F— 17

' | 6.4 Kb

pcDNA3.1- | I 1.4 kb
Flag-HIF 1o ’

H o1 kb

(6)

Ewova 18: Zynuatikn anewkoévion tov avtidpacewv méyne o) pe BamHI ywo tov éheyyo mapovciog
gvBépartog otig mlaoudlokég kataokevég PCDNA3.1-Flag-HIF1a, B) pue Xhol, y) pe Sal kot 8) pe Pstl
Yol TOV EAEYYO0 TPOGAVUTOAGLOV TOV EVOENATOG.
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pcDNA3.1-FlagC-HIF1a-WT
- BamHI Xhol Sall Pstl

v - — kb
- Y C— <3kb
<1kb
1 2 3 4 5 Marker (@)
pcDNA3.1-FlagC-HIF1a-SA247
- BamHI Xhol Sall Pstl
b —
6kb> o — —
~/ ~ ——
: Oy
L
1kb> w e
Marker 1 2 3 4 5 ®
pcDNA3.1-FlagC-HIF1a-SD247
- BamHI  Xhol Sall Pstl
Voo
6kb> '~“—‘@5-
3kb>
[ S
1kb> «
Marker 1 2 3 4 5 (v

Ewoéva 19: Avédivon tov miacudiakov katackevav (o) pPCDNA3.1-Flag-HIF1a-WT, (B) pcDNA3.1-
Flag-HIF1a-SAz47, (y) PcDNAS3.1-Flag-HIF1a-SD,s;. HAektpopopnon oe mnkty ayoapding 1% tov
AKOTOV TAAGUISIOKOV KATACKEV®V Kal Tov tpoioviav téyng ue BamHI (5,4kb kot 2,5kb), Xhol (5,4kb
kou 2,5kb), Sall (4kb, 2,2kb xa1 1,7kb), Pstl (6,4kb, 1,4kb kot 0,8kb). Zto mpoidvra méyng pe Sall
eupaviCovtol emmALOV TUNUOTO EKTOG TOV OVOUEVOUEV®OV, TOAVOTATA AOY® ATEAOVG 1| HEPIKNG TTEYNG

TOV TAAGUSOKOV KOTOOKELMDV.

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 05:34:04 EEST - 3.15.27.91



4.2. MEAETH THX EKOPAXHY KAI TOY YHHOKYTTAPIKOY ENTOIIIEMOY TQN
METAAAATMENQN MOP®QN TOY HIF-1a

Metad v emPefaioon g xAwovomoinong tov yovidiov tov HIF-la oAldd kot Tov
petoloypdtov tov, HIF la-SA 247 ko HIF 1a-SD2s7 6T00¢ TAOGO10KOVG POPEIC e TOV EMiTOMTO
Flag, akoloObnoe 1 pehétn e £KQPOOTS TOV AVUGVVIVAGUEVOV TPOTEIVOV TOVC GE KOTTOPO.

OnrLoocTiK®V.

4.2.1. Mehétn ™G EKQPOONS TOV HETOALAYREVOV pope®V Tov HIF-1a pe avocoamotvnmon

[Tpoxeévov va ereyybel n €kppaon TV avacvvovacuévov mpoteivov tov HIF-la oe
obvmén pe tov emitomo Flag omd 11 avriotoryeg mhooudiakés kotookevés pCMV2-Flag,
Sopohdvenkay pe ovtéc kottapo Huh7 pe ) yprion tov aviidpastpiov jetPRIME® (Polyplus).
Metd and 24 dpec ENOOCNC, TUPUCKEVAGTNKAV OMKA EKYVAIGHLOTO TPOTEIVOV KoL ovaAvOnKav
pe avocoamotummon kotd Western. [lapatnprnke 61t o1 avacvvovaouéveg npoteiveg HIF-1a-
WT, HIF-1a-SA 247 ko HIF-10-SD247 o€ oOvinén pe tov enitono Flag, ekppdlovtol oto kdTTOpo

Kabmg aviyvedtnkay pe avticopa yio tov HIF-1a kot pe avticopa yo tov enitono Flag (Ewova

20).
pCMV2
J h'-:f 1 é::\ J '@ ] 5‘5 1 é@
o  FE. FEF FEF SEF S5
& SEs REF REg fT§ AT §

Flag-HIF1a (120kDa)
- — - - “ (anti-HIF1a)

— —-‘" - —-— A(Eagﬂmu(uokna)
" (anti-Flag)

e B _E_ N BN leuoy

Ewodvo 20: Avéivon g £kepacns tov ovacuvovacpuéveov apeteivov Flag-HIF1a-WT, Fag-HIF1a-
SA,y; ko Flag-HIF10-SD,s; pe avocoomotvmmwon katd Western, pe ovticopo anti-HIF-lo ko pe
avticopa anti-Flag. H dtapdivven éywe oe kbtrapo Huh7, pe to aviidpactipto jetPRIME® (Polyplus)
Kol o KOTTapo enodotnikoy yio 24 opeg. To meipapa yio o 000 petodhdypato £yve €1g ourhovv. H -
aKTiVn YPMOILOTOMONKE MG LAPTVPUS IGOPOPTMONG TOV SELYLATMV.

[Ma Tov éAeyyo g ékepaocng TV avacuvovaouévav tpoteivov tov HIF-1a oe ochvimén pe
tov emitono Flag and tig mlacpudiokéc katookevés pcDNAS3.1-Fag, dtopoidvOnkov pe avtég
kOttapa Huh7 pe ) yprion tov avtidpaotnpiov TurboFect (ThermoScientific) kot 24 dpeg petd

™V OSWUOAVVOT] TOPOCKELACTNKOV OMKA EKYLAICHOTO TPOTEIVOV KOl OovoAOONKOV e
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avocoomotutwon kKatd Western. Ioapatnprnke o1t o1 avacvvovacuéves mpwteiveg HIF-1a-
WT, HIF-1a-SA 247 kot HIF-10-SD247 o€ oOvinén pe tov enitono Flag, ekppdlovtol oto kdTTapo

Kabmg aviyvedmrav pe avticopo yio tov HIF-1a kot pe avticopa yio tov enitono Flag (Ewdva

21).

pcDNA3.1
. 8 , & , &
&~ ~ 80 ™~
F & L5 e b
& fali ~ o5&
= Tz REF T8
b . Flag-HIF1a (120kDa)
" - - (anti-HIF1a)
' Sy BN e oW
% A § - - Flag-HIF10.(120kDa)
-
« .. W 4 * e sconll (anti-Flag)
— —— S W | p-actin (42kDa)

Ewoéva 21: Avéivon g £kppacne tov ovacvuvdvacuéivov npeteivaov Flag-HIF1a-WT, Flag-HIF1a-
SA,; ko Flag-HIF10-SD,s; pe avocoomotvmwon katd Western, pe ovticoua anti-HIF-lo kot pe
avticopa anti-Flag. H dwpoivvon éywve oe wxottapa Huh7, pe 1o avudpoaotipio TurboFect
(ThermoScientific) kou ta kOtTapa enwdomray Yo 24 ®peg. H B-axtivn ypnoiponomdnke g péptupog
1G0POPTMCNG TOV OELYLOTMV.

4.2.2. MgA£TN TOV VTOKVTTUPIKOD EVTOTIGUOV TMOV NETOALOYREVOVY pop@®@V Tov HIF-1a pe
éupeco avocopopiopnod

O vrokvTTaptkdg EVTOMIGHOG TV VRPKaV Tpmteivav Flag-HIF-1a, Flag-HIF-1a-SA247 ko
Flag-HIF-10-SD247, peketnnke pe t pébodo tov éppecov avoco@bopiopod. Kotrapa Huh7
avamtoyOnkay o€ YyuaAveg KOALTTPIOEC KO  OOPOADVOMKOV — KAVOVTAG YPNoN  TOL
avudpaotnpiov jetPRIME® (Polyplus) pe tic mhaoiudlakéc katookevéc pCMV 2-Flag-HIFla-
WT, pCMV 2-Hag-HIFla-SA247 ka1 pPCMV2-Fag-HIFla-SDo47 avtictoryo. Metd amd 24 mdpeg
EMMOONG TOL KLTTOPA HOVIHOTOMONKAY Kot enmActnkoy pe oviioopato yio tov HIF-1a, tov
enitoro Flag ko ta avédroya cvlevypéva pe eBopilovoeg ypwotikég devtepa aviioopata. Kotd
NV  TOPOATNPNCY] TOVG O MKPOoKOmo @Bopiopov, emPePfoardbnke 1 €kepacn TV
avacvvovacuévev tpoteivov tov HIF-la, 6mwg avopevotav kot ond Tto omOTEAEGUOTO TNG
avdAvong pe avocoamotummaon. OGov apopd TOV VTOKLTTOPIKO EVTIOMIGUO, TapaTpOnKe OTL O
aypiov tomov HIF-la xou ot petoddoyuéveg poppéc tov oe ocvvinén pe tov emitomo Flag

evtomiCovtal otov mupnva TV kKuttdpwv (Ewova 22).
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- Flag-HIF1a-WT

Flag-HlFl (I-SA247

- T

anti-HIF anti-Flag DAPI

Ewova 22: Mikpookomia éupecov avocopbopiopov pe avticopa évavtt tov HIF-la kot pe avticopo
évavtt Tov emitomov Flag oe kottopa Huh7. H Swpdlvvon éyve pe to avtidpaotipo jetPRIME®
(Polyplus) ka1 to kOTTOpO ETOACTNKOV Y10, 24 OPEG TPV TNV ENMOOT UE TO avitoduata. H ypodon tov
mopnvov éyve pe DAPI.

["a tov €heyyo TOL VTOKLTTOPKOD EVIOTIGUOV T®V LEPWIK®OVY Tpoteiveov Flag-HIF-1a, Flag-
HIF-10-SA24; wou  Flag-HIF-10-SDo47, «Ottapa HEK293T avamtoybnkov o€  yodiiveg
KOALTTTPideg Kot StopoAdvOnKov — kavovtag yxpnon  tov  avidpaoctnpiov  TurboFect
(ThermoScientific) pe tig katackevéc pcDNAS3.1-Fag-HIF1a-WT, pcDNAS3.1-Flag-HIFlo-
SA47 kar pcDNA3.1-Fag-HIF1la-SDos7 avtictorya. Metd amd 24 dpeg endaong, o KOTTopO
povigomomOnkoy Kot enmactnkav pe aviioopoto yw tov HIF-1o, tov enitono Flag xou ta
avéroya ocvlevyuéva pe pBopilovoeg ypwotikég devtepa aviicopota. Kotd v mapatnpnon
TOVG G€ UIKPOOKOMO POopiopol, emPBePfardOnke 1n £EKPPAcT TOV OVOGUVOIVACUEVOV TPOTEIVAOV
tov HIF-1la 6mwg avopevotay kot omd T amoTeAECUATO TG AVAALGONG LLE OVOGOOTOTUTMGN).
Ocov agopd Tov VTOKLTTOPIKO EVIOTIGUO, TopatnpnOnke 0tL o aypiov tomov HIF-la kot ot
pHeTOAOYUEVEG HOPPES TOL o cLvTnén pe tov emitomo Flag evtomilovion otov mupnva tov

kuttdpov (Ewova 23).
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cDNA3.1
. - l Flag-HIFlu-WT
-
Y

anti-HIF anti-Flag DAPI

Pl Flag-HIF10-SA,,;

Flag-HIF10-SD,4;

Ewova 23: Mikpookomia éupecov avocopbopiopov pe avticopa évavtt tov HIF-la kot pe avticopo
évavtt tov enitonov Flag oe xdtrapa HEK293T. H dwoudivven £ywve pe to avidpactiplo TurboFect
(ThermoScientific) kot to kOtTapo eT®ACTNKOY Y10, 24 OPEG TPV TNV EXMOOT, UE TA avTio®poto. H
xpdomn tov Tpnvev &ywve pe DAPL

4.3. MEAETH THX METATPA®IKHX ENEPTOTHTAX TQN METAAAATMENQN
MOP®QN TOY HIF-1a

Epocov mapatnpndnke 61t o aypiov tomov HIF-la kot ot petaAloyuéveg LOpQEC TOL GE
ocuovtnén pe tov emitono Flag, ekppdlovtatl kou gvromiloviol 6Tov TupHva TV KLTTAP®V, TN
GLVEYELN LEAETHOMNKE M LETAYPOPIKT EVEPYOTNTO CLTAV TMOV OVOGVVOVAGUEVOV TPOTEIVAOV LIE TN
¥PNoM TOL Yovidiov g Aovoipepdong Tov opyaviopoO Photinus pyralis ®¢ yovidolo avapopdg
Kol To Yovidlo TG Aovoipepdong Tov opyoavicpov Renilla reniformis g yovidlo pdptopog. H
dwapdivveon pe tic mhooudlokég Kotaokevés PCMV 2-Flag-HIF1a-WT, pCMV2-FHag-HIFla-
SA47 ka1 pCMV2-Flag-HIF1a-SD247 poli pe o mhaouidio avagopdg pGL3-VEGF-5XxHRE kot
pCl-Renilla, éywe oe xdtrapa HEK293T pe to avtidpactipio moivaibvievipivig (PEI). Ta
KOTTOPO ETOAGTIKAV Y10 24 dpeg kot AOnkav dote vo petpnei to ofjpa amd 115 AOVSIPEPAoES
6710 Aovpvopetpo. Ot TIHEC TOV GNHOTOG OO TN OpAcm NG Aovoupepdong tg Photinus pyralis
KOVOVIKOTOmONKay cOpemva e 10 oo ard ™ Aovowpepdon Renilla reniformis. H éxppoon
TOV TILOV 0VTOV EYIVE OC TPOG TNV TIUN Yo Tov TAASHOKO @opéa ywpic évBepua HIF-la

(Ewcova 24).

52

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 05:34:04 EEST - 3.15.27.91



pCMV2-Flag

BO0 - e

0 1 T B e

600 -

500 4

400 -

300 4

200 4

Metaypopkn Evepyomte X popés avénong

w04 B

Flag Flag-HIF1a Flag-HIF1a-SA247 Flag-HIF1a-SD247

Ewova 24: Melétn g HeTaypapikng evepydTTog TV avoouvdvacuévov npoteivav Flag-HIF1a-WT,
Flag-HIF1a-SA2; kot Flag-HIF1a-SD,y; pe doxuacio Aovoipepdone. H dtoudivven tov Kuttdpov
HEK293T pe ti¢ mhacudiokég kataokevés PCMV2-Flag-HIFla éywve e to avtidpactipio PEI ko ta
KOTTOpO EMOACTNKOAV Yio 24 dpeg mpv peTpnBel 1o onua g Aovoipepdons. Ot Tipég Tov oNuaTog and
T Opdon G Aovoipepdong g Photinus pyralis kovovikomomfnkay cOLe®va pe to onpo amd
Aovowpepdon Renilla reniformis. H €ék@ppoacn TV TWOV OVTOV £YVE ®C TPOG TNV TIUR Yo TOV
mAoopdoKd popéa yopic évlepo HIF-1a. O tipég npoépyovtar amd dvo aveEdptnta mepdpata, mTon
£€yvav €1g TPUTAOLV.

INa 11¢ mMhooudiokég kataokevég PCDNAS.1-Flag-HIF1a-WT, pcDNA3.1-Flag-HIFla-SA 47
ko pcDNA3.1-Fag-HIF1la-SD2s7, 1 cvvdiopdivven pe to miacpidw avapopds pGL3-VEGF-
5XHRE «ot pCl-Renilla, éywve oe xotrapo HEK293T pe 10 avtidpactiplo moivaibvievipiving
(PEl). Ta kottopa enodotnkay yio 24 dpeg kot Adnkav dote vo petpndei 1o onua and Tig
AoVC1PEPAGEG 6TO AoLHVOUETPO. Ot TYWEG TOL GNUOTOS amd TN dpdom TS AovsLpEPEoNg TG
Photinus pyralis xovovikomomOnkov cOUOVO HE TO onNuo amd TN Aovoiwpepdon Renilla
reniformis. H £€K@paom TV TIHOV 0VTOV EYIVE OC TPOG TNV TIUN Y0 TOV TAAGUIOOKO OpEn

yopic évoepa HIF-1a (Ewcova 25).
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Ewova 25 MeA&étn TG HETOYPOQIKIG EVEPYOTNTAG T®V avacLVOvaoHévey tpoteivav Flag-HIFLa-WT,
Flag-HIF1a-SA»; xor Flag-HIF1a-SDoy; pe doxuacio Aovowpepdone. H dapdivven tov kuttdpov
HEK293T pe 11c mhaocudiaxég kataokevég PCDNA3.1-Flag-HIF1la £ywe pe to avtidpactiplo PEI kot ta
KOTTapa enwaotnkay yio 24 dpec mpv petpndet to ofjpa g Aovoipepdone. Ot Tiég Tov onpatog amd
T Opdom TG Aovolpepdong g Photinus pyralis kovovikomomfnkav cOpemva pe To0 onpo amd
Aovowpepdon Renilla reniformis. H €kppoacn ToV TWOV OVTOV £YWVE ®C TPOG TNV TIUR Y. TOV
mhoopdKkod popéa yopic évlspo HIF-1a. O tipég mpoépyovtar amd dvo aveEdptnta mepdpato, mov
£€yvav €1g TpPUTAovV.
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5. XYZHTHXH

O enaydpevog amd v vro&ia petoypapikodg mapdyovtag HIF-1 eivor o kbprog pvBuietng g
KutTapikng andkpiong otnv vrwoéia. O HIF-1 gAéyyelt v petaypagn mTOAAGV yovidimv mov
EUTAEKOVTOL GTNV OYYELOYEVEDT), TNV €puBpomoinom, v TPOSANYT YALKOING amd Ta KVTTOPA,
TOV UETOPOAMGUO TOV KVTTAP®VY, TNV OTOTTOGCN, TNV OO0 Kol LETAGTOCN TOL KopKivov. Qg
ek tovtov, o HIF-1 mailer onuovtikd poAo otnv mpocapuoyr o€ younid emineda o&vyovov,
oA ko oty eEEMEN TV dykwv. O HIF-1 givon gtepodiuepng mpmteivny kot amotedeiton amod
v vropovado HIF-la mov emdyeton amd tv vmo&ia kot and v vropovada HIF-1f mwov
exppaletarl 10oTatTIKd. Ze PLGLOAOYIKEG cuvinkeg o&uydvov o HIF-la exppaletar cuveymg,
vopoévhmvetar amd tic PHDs kot amotkodopeital taydtota 610 TPpOTEACOU, EVO KATO TNV
vro&ia, Ta YaunAd enineda oEuydvov kabiotovv g PHDs avevepyéc, otabepomoidvtag tov HIF-
la Ko evePYOTOI®VTAG TN UETAYPAPIKT] TOL dpdor. Extdg g o&vyovo-e&aptopevng pobuiong,
n Opdon tov HIF-la vmokertor o€ pOOon oe emimedo petaypoens, o€  eminedo
TPOTEIVOGUVOEONG, AL KOL LE UETO-UETAPPACTIKES TPOTOTOMGELS. Evag amd tovg moArolg
pnyaviopotvg puduong tov HIF-1a etvar 1 gwcspopurinot. Atdpopes Kivaceg pmGPOPLAIHBVOLV
tov HIF-1a kot pe avtov tov 1poémo pvbuilovv ) dpdon tov. Mu amd avtég, n CK19, €xet
Bpebetl 611 poopopviiwvel tov HIF-1a ot ogpivn 247 kot 1 GLYKEKPIUEV POGPOPLAI®MON
eunodiler v aAiniemidopacn tov HIF-la pe tov HIF-1f kot katd cvvémelo peudvel
HETOYPaPIKY evepyotnta Tov etepodipepovg HIF-1 (Kalousi et al. 2010). Tvykekpiéva, m
petatpony g oepivng 247 oe alavivn, €va apvoEh Tov OeV POCEOPLAIMVETOL, 1 YPNOT|
MUKOV avactoAémv yio v CK1, adld kot n eEedikevpévn amocionnon g CK16 pe siRNA,
avénoav t petaypaeikn evepyornta tov HIF-la. AvrtiBeta, n vrepékeppaon g CKI19, n
petdAraén g oepivng 247 o€ aoTaPTIKO, Uio. POCEOUIUNTIKY LETOAAAEN, pelmcay onrovTiKd
) petaypaeikn evepyodtnta tov HIF-1, vrodewcviovtag dpesa 6t owspopviioon tov HIF-1a
o1 oepivn 247 and v CK196 £xet apyntikn enidpacn ot 0pacn tov.

210Y0G ™G TAPOLGAS £PYACiaG TV 1 KA®vomoinon twv yovidiov tov aypiov tomov HIF-1a
Kot Tov petodlaypévav tov popeav HIF-1a-SAzsz kow HIF-10-SD2s7 oe mlacpidiokd gopéa
mov eépet Tov emitono Flag kot yovidio avOektikdtnTog 6¢ avTifrotikd yuo khtTapa ONAAcTIKOY,
LE amMTEPO GKOTO TN dNovpyia 6Tadepd SIOUOAVCUEVOV KVTTAP®OV ONAOCTIKOV Kot TN HEAET
NG EMOPOAONG AVTOV TOV HETAALAEE®MV GTN AELTOVPYIKOTNTO TOV TPOTEIVOV.

O enitomog Flag kwducomotel o oxtanmentioto DYKDDDDK kot emthéydnke o¢ enitonog tov
TAOCUIOLOKOV Popéa KAmvomoinong tov petoddaypdtov tov HIF-1a, kabohg £xet pikpd péyebog,
porg 1 kDa, pe amotéhespa va unv emmpedlet ) doun kot Agttovpyio TG oVOGLVOVACUEVIG
TPOTEIVNG, He v omoia Ppioketon oe ovvinén. Eniong, vanpye dtabécipo €101kd avticopa yio

tov enitomo Flag, yeyovdg mov dtevkdAvve ) SeEaymyn TV TEWPAUATOV Y10 T KEAETN TNG
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£KQPOOTNG KOl TOV VTOKLTTAPIKOD EVIOMIGHOD T®V VPPOIKOV mpwteivedv tov HIF-la ko tov
petoAlaypévav tov popeav. Emdéydnke o miacpdiakodg eopéag pCMV2-Flag, otov omoio
vInpPYe MOM KAwvomomuévo 1o yovidto tov aypiov tomov HIF-la, oAAd Yy T otabepn
Stoapdivven KuTTépmv ONAACTIK®OV TTPENEL va, Yivel OopdALVON KOl e TAOGUIOI0 TOV TTEPIEYEL
YOVIOl0 avOEKTIKOTNTAG Y100 TO KOTAAANAO oavTiBloTikd emloyng Yoo KOTTOPA ONAACTIKOV.
Emumiéov emhéybnke kon o mAacpudiaxkog gopéag pcDNA3.1-Flag, o onoiog ek10¢ TOUL €mitonmov
Flag mepiéyet kot yovidlo ovOeEKTIKOTNTAG GTNV VEOUVKIVY, avTIBloTiKO €MAOYNG Yot KOTTOPO.
OnhaoctikdV.

A@o¥ mpaypotomomOnkay kot emPePorddnkayv ot KA®VOTOMoELS TV EXBLUNTOV YOVISi®V,
€ytve HEAETN TG £KOPOAOTC, TOV VITOKVTTAPIKOD EVIOTMIGUOV KOl TNG UETAYPOUPIKNG EVEPYOTNTOG
TV ovacuvovaouévov tpomteivav tov HIF-1a oe cuvinén pe tov emitono Flag. opeova pe ta
TEWPAUATO AVOGOaTOTUTTOOoNG Katd Western og xvttapa Huh7, mapoatmpnOnke o611 Oleg ot
popeéc tov HIF-la og obvinén pe tov enitono Flag, Flag-HIF1a-WT, Flag-HIF1a-SA47 kot
Flag-HIF 1 a-SD47, ekppalovtot. Avti n moapotipnon éywve kot pe avticopo yio tov HIF-1a kot
pe avticopo yio tov enitoro Flag kot ot mpmTeiveg mOV aviyveLTNKOV ELY0V TO OVOUEVOUEVO
popaxd Pdapog. Ta v vppwowny mpoteivny Flag-HIF1a-SDas7 mapommphnke peiopévn
aviyvevon oe oyéon pe v Flag-HIF1a-WT ot v Flag-HIF1a-SAz47, yeyovog mov pmopet va
opeiletal oe TOEIKOTNTA TNG UETOAAOYUEVNG TPMTEIVIG oL 0o0NYyel MOAVOG G€ pPEIOUEVN
emPBioon TOV KLTTApWV 1oL TNV EKPpalovy. AT TN HEAETN TOV VITOKLTTOPIKOD EVIOMIGHOD TMV
vBpkdv mpwteivov Flag-HIF1a-WT, Flag-HIF1a-SAzs7 ko Flag-HIF 1a-SD247 cg k0tTOpO
Huh7 xow HEK293T, Bpébnke o6t OAeg or popeég tov HIF-la oe ovvinén pe tov Flag,
gvtomilovtal 6ToV TLPNVO, OTMG MTOV OVOUEVOLEVO KOl CUUQMVEL LE TO OMOTEAECUOTO TNG
dnupooctevuévng perétng mov Paciotnke 1 mapovoa epyocio (Kalousi et al. 2010).

Ocov agopd ™ petaypaeikn evepydtnro tov HIF-la kot tov petoAloypdtov tov og
ocovtnén pe tov Flag, Bpébnke OtL Odeg ot vPpwIKéS mpwteives elvar petaypaeikd evepyés.
Qo1660, dev TOpATNPHONKOV Ol OVOUEVOUEVES ETOPACELS TOV UETAALAEEDV S247A Kat Sp47D ot
petaypagikn gvepydtnta tov HIF-1. Xpriowo Ba tav va e€etaotel 1 HeTtaypa@ikn evepyotnta
TV petoAlaypévov popeav tov HIF-la Yotepa oamd dwapdivven kuttdpov ce  101eg
TEPOLATIKEG GUVONKES, LE TIG TAUCUIOIOKES KATOCKEVEG TOV PEPOLV Tov entitomo Flag ko pe T1g
TAAGUOOKEG KOTAOKEVEG Tov gEpovv T yovidww tov HIF-la oe obvinén pe tv mpdoivn
eBopilovca mpwteivn (GFP) mov ypnowywomombnkoav ota mepdupoata e mpoavapepOeicag

peiétng (Kalousi et al. 2010).
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