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NMPOAOIOz

H mrapolca dITTAWMATIKA gpyacia TTpayuatoTroindnke oto Turua Bloxnueiag kai
BiotexvoAoyiag tou [MavemoTtnuiou Oegooaliag. AvTIKEIuEVO MEAETNG TNG egival n
Mopiakr] av@Auon Tou yovidiou TERT og d1d@popoug TUTTOUG KAPKIVWHATWY Tou
Bupeoeidoug aTov EAANVIKO TTANBUCHO.

2T0 onueio autd, Ba nBeAa va euxapioTHOwW TTPWTIOCTWSG TNV Kupia Aladdkn
KaAAIoTIn, etTikoupn kabnyATtpia Tou TuRuatog Bioxnueiag kai BiotexvoAoyiag Tou
MavemoTtnuiou @eooaliag, apxikd yia Tnv avdbeon Tng TTapoloag epyaciag, alAd
KUPIWG Kal yia Tnv gumoToolvn Kal Tnv KaBodhiynon TToU HPOU TTOPEiXE yia Thv
KaAUTePN BeATiwon Tou Kelévou.

Téhog, Ba nbBeha va euxapiotThow Oepud Ta PEAN TOU €pyaoTnpiou TnG
BiotexvoAoyiag dutwv kai MepiBAAAOVTOG yia TNV @IAoEevia aAAG KAl TO EPYOOTHPIO
[eveTIKr), ZUYKPITIKAG Kal EEEANIKTIKAG BloAoyiag yia Tnv Tmopoxf atrapaitnTou
e€oTTAIOPOU yIa TNV gpyacia KaBwg Kal yia Tnv duvatdtnTa avaTtugng @IAiag pe
€EQIPETIKOUG avVBPWITTOUG.

Mkouutmivykep AAeCavTep-TnAéuaxog-KwoTag
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NMEPIANHWH

O kapkivog Tou BupeoeldoUg atroTeAEi TNV IO KOV €vOOKPIVA KOKOABEIa Kal n
ouxVvOTNTA TOu AUEAVETal TaXUTATA TTAYKOOMIWG TIG TEAEUTaieG dekaETieg. AlaKpiveTal
O€ TTOIKIAOUG I0TOAOYIKOUG TUTTOUG Ol OTTOi0lI TTAPOUCIAJOUV BIAQOPETIKY KUTTAPIKNA
TTIPOEAEUCN, XAPAKTNPIOTIKA, TTPOYVWON, IKAvOTNTA MPETACTAONG KAl BvnoiudTtnra.
MponyoUpeveg HENETEG €XOUV TAUTOTTOINOEI YEVETIKEG METAAAQYEG TTOU OXETICOVTAI ME
TNV TaBoyéveon Twv dla@opwyv TUTTWV KAPKivou Tou Bupeocidols. e auTég
mepIAapBavovtal peTaAAageis Twy yovidiwv BRAF kar RAS (HRAS, NRAS, KRAS),
yeveTikéG avadiatageic 6mmwg RET/PTC kai PAX8/PPARYy kal oi JeETOAAGEEIC OTOV
UTTOKIVNTA TOu yovidiou Tng TeAopepdons (TERT). Zkotrdg TnG TTapoUucag epyaciog
nTav va diepeuvnBei n UTTAPEN OCUYKEKPIMEVWY PETAANAGEwY oTO yovidlo TG TERT
(C250T, C243T, C242T, C228T) ot dIOQOPETIKOUG TUTTOUG KApPKivou Tou Bupeogidolg
oTtov €ANVIKO TTANBUCPG. MeAethiBnkav ouvoAikd 34 Ociypuata aoBevwv OTOUG
oTroioug TreplAaupBdavovTtal 15 10T0i e BnAwdeg Kapkivwua, 13 10T0i he BOnAwdES
KapkKivwua pe BuAakiwdoug uTToTUTToU, 4 10ToI e BUAAKILOES KapKivwua Kal 2 10Toi
ME puelogIdéC Kapkivwua. H TTeipauatikh diadikacia TrepieAdupave Tnv amoudvwaon
yevwuikoU DNA a11é TI¢ Bloyieg 1I0TwV eyKAEIOPEVWY OE TTApaQivn, TNV Evioxuon Twv
€IOIKWYV TTEPIOXWV Tou yovidiou pe Tnv HEBOdO TNG OAUCIOWTAG avTidpaong
moAupepdong (PCR), Tov KaBapiopd Twv Tpoidéviwy Tng PCR kal TV aAAnAouxion
TOUG. TN OUYKEKPIPEVN WEAETN TauTOTTOINONKE N PETAAAagn C228T ot éva deiyua,
evw ol JeTaANGEelg C250T kair C243T C242T dev TaUTOTTOINONKAV O€ KavEva aTTO TO
Ociygata ToU  ggeTdoTnkav. H petdAAagn C228T TautoTroinBnke o€ BnAwdeg
Kapkivwua piog acBevolg Kal GUVUTTAPXEl WE TNV METAAAAEN Tou yovidiou BRAF.
NGyw Tou HIKPOU apiBuol Twv delyudTwy TTou PEAETABNKav aTnv TTapolca epyacia,
yila TNV eaywyr] ao@OaAWV CUMTTEPOCUATWY, KPIVETAI QTTaPaiTNTO N HEAETN va
ETTEKTAOEI WaTE va TTEPIAAUBAVEI HEYOAUTEPO APIOUO DEIYUATWY.

Institutional Repository - Library & Information Centre - University of Thessaly
06/08/2024 17:48:36 EEST - 3.147.195.243



MeTaAAGEEIG TOU UTTOKIVNTH TNG TEAOUEPAONG GTOV KAPKIVO TOU BUpeoeidolg aTov eAANVIKG TTANBUGS

ABSTRACT

Thyroid cancer is the most common endocrine malignancy and its frequency is growing
rapidly worldwide over the last decades. It is distinguished in many histological types which
have different cellular origin, characteristics, prognosis, metastatic behavior and mortality.
Previous studies have identified genetic alterations which result in the pathogenesis of
various types of thyroid cancer. These include mutations of the BRAF and RAS (HRAS, NRAS,
KRAS) genes, genetic rearrangements, such as RET/PTC and PAX8/PPARy, as well as the
recently identified mutations in the promoter of the TERT gene. The purpose of this study is
to investigate the presence of specific mutations on the TERT gene (C250T, C243T, C242T,
C228T) in different cancer types in the Greek population. Overall, 34 samples derived from
patients with thyroid cancer were examined, which include 15 papillary carcinomas, 13
follicular variants of papillary carcinomas, 4 follicular carcinomas and 2 medullary
carcinomas. The experimental procedure included the isolation of genomic DNA from
paraffin-embedded tissue biopsies, amplification of the specific region of interest using
Polymerase Chain Reaction (PCR), the purification of the amplified DNA followed by
sequencing of the PCR products. We identified the C228T mutation in one sample, but no
C250T, C243T and C242T mutations were found in all the examined samples. The C228T
mutation was found in a tumor of a female patient with papillary carcinoma. Furthermore,
this mutation coexisted with the BRAF V600E mutation. In conclusion, the present study
must be extended in a larger sample population, in order to draw safe conclusions regarding

the frequency of TERT promoter mutations in thyroid cancer in the Greek population.
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1. Elcaywyn
1.1. OupeocIdng adévag

O Bupeocidng adévag BpiokeTal auéowg KATw atmd Tov Adpuyya, eKaTépwBev Kal
MTTPOOTA aTrd TNV Tpaxeia Kal gival €vag armmd Toug HEYOAUTEPOUG OdEVEG Tou
owMaToG. ZuyicCel 15 éwg 20 gr oToug eVAAIKEG KAl EKKPIVEI BUO ATTO TIG ONUAVTIKEG
opuoveg Tn Bupotivn (T4) kai T TpwdoBupovivn (T3), o1 oTToieg £§aoKOUV 1I0XUPA
emMidpaon oTnv augnon Tou PeTaBOAIKOU puBuol Tou owuatog. O Bupeoeldng adévag
EKKPIVEI €TTIONG KaI TNV KAAGITOVivn, MIG ONUAvTIK opudvn yia Tov PETABOAICUO TOou
aoBeoTiou (Guyton & Hall, 2016).

1.1.1. Avartopia Bupeoeidoug adéva

O BupeoeIdng cival £€vag evOokpIvr g adévag TTou £xel oxnua Bupeou (aoTidag) Kal
BpiokeTal OTO KATW TUAPO TNG TTPOOBIAG poipag Tou TpaxAAou OE €TTAPA PE TO Avw
MEPOG TNG Tpaxeiag. AtroTeAeiTal ammd dUo Aofoug TTou PpiokovTtal de€Id Kal apioTepd
TNG Tpaxeiag o1 oTroiol cuvdéovtal Pe Mia Awpida 10TOU, TTOU KaAgiTal 100uOG, Kal
mepIBAAAOvTal atmd pia KAWa ouvdETIKOU I10TOU 1 OTroia TTPOEPXETAI ATTO TNV
TpaxnAik Trepirovia. Or evAAIKEG TUTTIKA €XOuv TEOOEPIC MIKPOUG OTPOYYUAOUG
TTapaBupeoeIdoug adéveg, o KaBévag pe PEyeBog 3 — 6 XIANIOOTE, TTou eTTIKABoVTAI
oTnv oTtioBia em@aveia Tou BupeoeIdoUg, KOVTA OTOV BIXOONO Twv Avw Kal KATw
BupPEOEIdWIV OPTNPIWV TTOU TOUG TTapEXOUV TTAOUCIA ayyEiwon. Alaxwpifovtal atrd Tov
BupeocIdn Pe Pia AETTTA KAWA IVWWDOUG CUVOETIKOU 10TOU TTou TTEPIBAAAEI KABE adéva
(Ovalle & Nahirney2011) (Eikova 1).

Eikéva 1 : Avatopia Tou BupeoeidoUg adéva: 1 Ae€idg Aofog, 2 ApiaTepds AoBag, 3 Iobudg.

O Bupeocidng adévag atroTeAcital ammd peydAo apiBud kAsioTwyv BuAakiwv (thyroid
follicles), TTou €ival yepdTa pe €KKpIMa TTOU OVOUACZeTal KOAAOEIBEG, VW TO TOIXWHG
Toug etrevdueTal atrd KuBo€idr) €mONAIOKG KUTTOPA, TIOU €KKPIVOUV TIPOG TO
E0WTEPIKO TWV BuAaKiwyv. To peyaAUTEPO PEPOG ATTO TO CUCTATIKA TOU KOAAOEIBOUG
givar n yAukotrpwTeivn Bupeoo@aipivn, OTO HPOPIO TNG OTIOIOG EUTTEPIEXOVTAIl Ol
opuoveg Tou Bupeocidoug (Guyton & Hall, 2016).0 xwpog avaueoa ota BuAdkia
KaTtaAapBaveral ammd ouvOETIKO I0TO Kal AatToTeEAETal atrd dUO TUTTOUG ETTIBNAIOKWYV
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KuTTdpwyv: Ta Buhakiwdn (follicular) kutTapa kai Ta TTapabuAakiwdn (parafollicular)
KUTTapa A kuTTapa C (Scopa et al., 2004) (Eikova 2).

Eikéva 2: lotoloyia Tou Oupeocidous: koAAoeldég (Colloid), BuAakiwdn kutTapa (follicular),
TapabuAakiwdn kUTTapa (parafollicular) f kUtTapa C, aipo@dpo ayyeio (blood vessel).

1.1.2. ®uoioloyia Tou Bupeo€idolg adéva
1.1.2.1. Oupeocideig OPUOVEG

To 1wdIo BpiokeTal aTO €TTIKEVTPO TNG AEITOUPYiag Tou Bupeoeidoug. H kabnuepivn
avdykn Tou avBpwTtrou o¢ 1WdI0 avépxeTalr o€ 75 péxpr 150 pg, 1O OTIOIO
TTPOCAQUBAVETAI ATTO TO AETTTO £EVTEPO WG IOVTA 1WdIOU PECW TNG TPOPNG, TO VEPD Kal
YEVIKOTEPQ aTTO TO TTEPIBAAAOV KAl XPNOIKOTTOIEITAI VI TRV oUvBeon Twy U0 BaCIKWY
opHovwyv Tou Bupeocidoug, dnAadr Tng Tpwdobupovivng (T3) kai TnNg Bupotivng (T4)
(KoutoapTtrehag, 1986). Kai o1 U0 opudveg aoKouv IoXupr €TTidpacn oTnv augnon
TOoUu HETABOAIKOU puBuol Tou cwpaTog. H TmavreAng EAAEIYN TNG €KKpPIoNG aATTO TOV
BupeocIdry ouvettayeTal ouvrnBwg eAATTWoN Tou BacikoU PeTABOAIKOU puBuou Katd
40 €wg 50% TrepiTToU KATW ATTO TO QUOIOAOYIKO ETTITTEDO, €VW KATA TN MPEYIOTN
UTTEPUETPN aUugnon NG €KKpiIong o PBacikOG HYETABOAIOUOG TOU ATOPOU WTTOPED va
augaveral kard 60 £éwg 100% Tradvw atrd 10 Quolohoyikd emmiredo (Guyton & Hall,
2016). O BupeocIdrig adévag aTToTadIeUel 1WdI0 TOUAAxIoToV yia 2 éwg 3 uAves. H
Méon TToodTNTa 1Wdiou evog QuoioAoyikol oe Bapog Bupeocidoug avépxetal o€ 10
MEXPI 20 mg, TTou avTioTolxei oTo 80 — 90% oAdkAnpou Tou cwpatog (KoutoautreAag,
1986). H ékkpion atrd Tov Bupeocidr) adéva eAEyXETAl KUPIWG atrd Tn BupeocldoTpOTTO
opHoévn (TSH) T1ou  ekkpiveTal ammd Tov TPOoBIo Aofd Tng umoguong. Ta
TTapaBuAakiwdn KUTTApa Tou BupeocidoUg €KKPiVOUV TNV KAACITOvivh, Hia oppovn
TToU eUTTAEKETAI OTOV PETaROAIOUOG Tou aofeoTiou (Guyton & Hall, 2016).
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1.1.2.2. Napaywyn Twv BupeoEISIKWY OPHOVWV

H ol0vBeon Twv Bupeocidikwyv oOpuovwv Aaufdvel xwpa oTa KOTTOpA Tng
Bupeoo@aipivng HECA OTO KOAAOEIDEG Kal gival Pia apkeTd TTOAUTTAOKN SiadIKagia TTou
ecaptdral atmd TV TTapoucia 1wdiou kal Tupocivng (Kirsten, 2000). Ta kUTTOPA TOU
Bupeocidolg adéva eival TUTTIKA adevikd KUTTOPA TTOU eKKpivouv TTpwTeivn. To
evOoTTAQOUOTIKO OiKTUO Kal n ouokeury Golgi ouvBéTouv Kal €KKpivouv TTPOG T
BuAGkia Tou adéva pIa  peyaAopopioky  YAUKOTTpwTEivn, n oTroia  ovouadeTtal
Bupeoogaipivn  (Guyton & Hall, 2016). H Tupoacivn eivalr éva auivoéu 1O OTTOIO
OUVTIBETOI O€ ETTOPKA TTOOOTNTA KAl €ival TO KUPIO UTTOOTPWHA YIa TNV oUCEUEn TOU
Iwdiou €101 WOTE va oxXnuaTiotolv ol BupeocIdIKEC OpUOVES. Ze avTiBeon e TNV
Tupoaivn, To 1WdI0 AauBbveral €Cwyevwg €iTe pe TNV diaTpo@r], €ite PEOW TOu
OépuaTog Kal Twv TTveupdvwy (Kirsten, 2000).

To TTPWTO OUCIACTIKO Bra YyIO TOV OXNUATIOKNO TwWV OPUOVWY Tou Bupeosidoug
ouvioTatal oTNV PETATPOTTN TWV 1I6VTWYV 1wdIdiou Ot 0&eIdwPEVN HoP®r 1wdiou, TTou
oTnv ouvéxela Ba utropéoel va ouvdebei dueca Pe TO AuIVOgU Tupoaivn. AuTh n
ogeidwon Tou 1wdiou TpodyeTal ammd TO €viupo uTTepoelddon Kal To ouvodd
uTTEPOEEIDIO TOU UdpPOYOVOU, T OTToIa TTAPEXOUV BPACTIKO oUCTNUA TToU BIaBETEl TNV
IKavoTnTa yia Tnv oggidwon 1wdidiwv (Guyton & Hall, 2016). Otav autd emiTeuxOEi,
Kal 1o 1dI0 cuvdeBei Pe TN Tupocivn oTo PépIo TG Bupeoa@aipivng, oxnuaTtiCovral
OUo 1wdoTUpoaTiveS: N povoiwdoTupoaivn (MIT) kal n dliwdoTupoaoivn (DIT). Metd atrd
MEPIKA AETTTA, WPEG N KAl NUEPEG Pe TNV dladikacia TNG oudeutng, ol IWBOTUPOCIVEG
o€ ouvOUAO PO PETAEU Toug oXnMHaTiCouv TIG 1wdoBupoviveg, TTou dUO ATTO AUTEG gival
n T3 ka1 T4 (Denise Kirsten, 2000). H T4 oxnuarti¢etal 6tav cuvdéovtal dUo Popla
onwdoTupoaivng otn diadikaacia TNG ouleuéng, evw n T3 oxnuarifeTal 6Tav ouvoEETal
éva POpIO povoiwdoTupoaivng HE €va uoplo dnwdoTtupoaivng. MIkpEG TTooOTNTEG
avtiotpopng T3 (RT3) oxnuartiCoviar amdé Tnv ouvdeon OnwdoTtupoaoivng He
povoiwdoTupoacivn, aAAd n RT3 dev @aivetal va €xel KATTOIA AEITOUPYIKA onuacia
oToug avBpwTtroug (Guyton & Hall, 2016).

1.1.2.3. ®uoioAoyiki AeiToupyia Tou Bupeoeidolg

H vyevikr emidpaon Twv opuovwyv Tou Bupeoeidolg €ival n TTpayuaToTroinon
METAYPOQNG HeyAAou aplBuou yovidiwv. Katd ouvéTTela, ouoiaoTIKG o€ OAa Ta
KUTTaPQ TOU CWHPATOG, CUVTIOETAI PEYAAOG aPIBUOG TTPWTEIVIKWY eVEUPWY, DOMIKWV
TTPWTEIVWY, HETAPOPIKWY TTPWTEIVWY Kal AAAWYV oucIwv. To TEAIKO aTTOTEAECHO OAWY
QUTWV gival dia yevikeupévn aténon TG AEIToupyiknAg 6pacTnpIdTNTAG G€ OAGKANPO TO
owpa (Guyton & Hall, 2016).
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MeTaAAGEEIG TOU UTTOKIVNTH TNG TEAOPEPATNG GTOV KAPKiVo Tou Bupeoeidols aTov eAANVIKO TTANBUCUO

O1 KUpIeG dpdoeIg TwY BUPEOEIDIKWY OPUOVWY Egival n puBuIon Tng katavadAwaong
oguyévou Kkal n puBupion Tou MPETAROAICUOU Twv TTPWTEIVWY, UdATAVOPAKWY Kal
Airrwv. ETtiong, puBuifouv Tnv ouvBeon kal atroikodounaon TTOAAWY GAAWY OpHUOVWV.
EkT16g a1 TIG TTApATTAVW OPACEIG, Ol OpuoveG T3 Kal T4 £mdpoUv OTO VEUPIKO aAAG
Kal 010 avatrapaywyikd cuoTtnua (Kirsten, 2000) (Eikéva 3).

Eikova 3: Emdpdaoelg Twv oppovwy T3 kal T4 aTov opyaviouo.
1.1.2.4. PuBuion Tng AsiToupyiag Tou Bupeoeidoug adéva

O KUpIog pUBUIOTAG TNG OUVBEDNG Kal £KKPIONG TWV BupeoeIBIKWV OPUOVWY Eival n
TSH (BupeoeidotpdTTog opudvn), Mo YAuKoTTpwTEivn poplakou Bapoug 28.000 kDa,
n omoia ekkpivetal amd Tov TPOcBIo AoBd Tng umduong. H ékkpion Twv
BupeocIBIKWY OpuovWwV pubpieTal ammd Mia dladikacia avarpo@oddTnong OTTou
TTaipvel HEPOG 0 UTTOBAAOUOG, 0 TTPOCBIog AoBOG TNG UTTOPUONG Kal 0 BupPeOEIdAG
adévag. H evapktipia opudvn 1ng diadikaoiag givalr n Bupeotpotrivn (TRH), n otroia
ouVvTiBETaI KO aTTOONKEUETAI OTOV UTTOBGAQO.

Otav T1a emieda Twv OupeoeldIKWY OpPHOVWY OTOV 0p0  TTEQTOUV  TOTE
ateAeuBepwvetal n TRH péoa oto ouotnua HPT (muAaio cloTtnua utroBdAapou-
uTTOQUONG-BupeocldNG adévag) Kal KaTteuBuverar  TPog To TIPOoBio Aofd Tng
utTTéQuUONG WoTe va dieyeipel TNV €kkpion Tng TSH. H ammeAeuBépwon tng TSH armd
TNV uttoguon Oieyeipel Tov Bupeocid adéva woTe va Tapdéel TIG BupeoeIdIKES
OPMOVEG Kal va TIG ATTEAEUBEpWOEl 0TV KUKAOQoOpia. AvTIBETWG, n augnon Twv
OpHMOVWV Tou Bupeosldolg adéva OTa Uypd TOU CWHPATOG TTPOKOAEI EAATTWON TNG
TSH (Yen, 2001) (Eikova 4).
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MeTaAAGEEIG TOU UTTOKIVNTH TNG TEAOPEPATNG GTOV KAPKiVo Tou Bupeoeidols aTov eAANVIKO TTANBUCUO

Eikéva 4: PUBuion Tng €KKPIONG TwV OPUOVWY Tou Bupeoeidolg.
1.1.3. ZuxvoTtepeg diartapaxég Tou Bupeoeldoug adéva

H ducAciroupyia Tou Bupeoeldols aTroTeAel dia atrd TIG TTI0O CUXVEG EVOOKPIVIKEG
dlarapax£g kai ammavraral o€ TooooTo >10% ToUu yeviKoU TTANBUCHOU PE TIG YUVAIKES
va gival o emPPETTEiC e oxéon Pe Toug Gvdpeg. O1 ouxvoTepeg dlaTapaxéG Tou
BupeoeIdoUg adéva gival N aveTTapKnG €KKpIon 1 0pAon Twv BUPEOEIBIKWY OPUOVWV
(uTToBUPEOEIBIONOG) Kal N UTTEPUETPN TTOpaywyr A otTeAeuBépwaon BupeoeIdikwv
oppovwy (uttepBupPEOEIBIoTUOG). H TTIo cuyvr aitia Twv dIATapaXwWV AuTWV gival n
BupeocIdIK) auTovooia. XTOUug TIEPIOOOTEPOUG aoBeveic e  UTTEPBUPEOEIBIOUO,
OAOKANPOG 0 Bupeocldrg adsvag aufavetal oe PEyeBog Katd U0 €wg TPEIG POPES
TéPA aTTd TO QUOIOAOYIKO, HE HEYGAN uTTepTTAACia Kal TTITUXWON TNG €C0WTEPIKAG
€TTEVOUONG TwV BUAAKiWV KATG TPOTTO WOTE O APIBPOG TwV KUTTAPWY VO QUEAVETAI
oT1o TToAAatTAdolo. ETriong, o puBuog ékkpiong atrd kaBe kKUTTapo aufdveral OTO
moAMatAdolo (5 éwg 15 @opég) Tou @uOIoAOyIKOU. ZToV UTTOBUPEOEIBICUO, Ol
EMOPACEIS TOU €ival YeVIKA avTiBeTeg TOU UTTEPBUPEOEIBIOPOU, OANG TTPETTEl VO
ava@epOei OTI OpIoUEVOI UNXAVIOUOI €ival XAPOKTNPIOTIKOI YIa TOV UTTOBUPEOEIBITHO.
O uttoBupeoEIBIoUOG OTTWG KAl O UTTEPBUPEOEIBIONOG, TTIBOVWG OQEiAeTal OTIG
TEPIOTOTEPEG TTEPITITWOEIS OE auTovoaia &évavTl Tou Bupeocidolg adéva, aAAd o€
QUTA TNV TTEPITITWON N auTovooia KataoTpEPel PaAAov TTapd dieyeipel Tov adéva. O
Bupeocidg adévag OTOUG TTEPICCOTEPOUG ATTO TOUG aOBeveic auToug eu@avilel
@Aeypovn (Bupeocidimida). Adyw TnG GAEYHOVAG TTPOKAAEITAI TTPOOBEUTIK) EKQUAION
Kal TeEAIKG ivwon Tou adéva, Pe eTakOAouBn peiwon A kal TTAAPN datmoucia Tng
£KKPIONG TWV Bupeocidikwyv opuovwy (Guyton & Hall, 2016).

1.2. O KAPKINOZ TOY OYPEOEIAOYZ AAENA
1.2.1. Tevika

O kapkivog Tou Bupeocidoug adéva atroTeAE Tov IO KOIVO TUTTO KakorBeiag Tou
€VOOKPIVOUG CUCTHMOTOG KOl N ouxvoTnTa €U@AvIONG gival oTabBepd aufavouevn o€
OAeg TIg Xwpeg (Nikiforov, 2011). O kapkivog Tou BupeoeIdoUg avTITTPOOWTTEUEI TO 1%
TOU OUVOAOU OAWYV TWV TTEPITITWOEWY KAPKIVOU OTIG OVATITUYHEVEG XWPES. ETTNpeddel
OAeg TIC nAIKieg, av kal €ival 1Mo OTTAvIOg OTA TTAIdIA KAl CUPQWVA PE PEAETEG
EP@aviCeTal IO oUXVA OTIGC Yuvaikeg atmd 6T oToug avdpeg. H auvexduevn augnon
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TWV TTEPITITWOEWY ME KOPKiVO Tou Bupeoeidolsg adéva TmBavwg va OQeiAeTal oTnV
augnon TG TTapakoAouBbnong Twv acBevwy, oTiG OA0 Kail TTI0 SIadEOOUEVEG TEXVIKES
O1dyvwong 0€ ACUUTITWHOTIKA BupeocidikG olidia, otnv aAAayr] Onuoypa@IKwV
oToIXEiWV Kal OoTouG MeTaRaANOuEvouG TTEPIBAANOVTIKOUG TTAPAYOVTEG KIVOUVOU
(Altekruse et al, 2010). ZTIG TTEPICOOTEPES TTEPITITWOEIG, O KAPKIVOG TOU BUpPEOEIBOUG
adéva TTapouCIdleTal PE TNV HOP®R MovApoug Ofou, OnAadn, WG Mia TOTIIKN
016yKwon, 0 OTT0i0g YTTOPEI va TTapousiacTei wg ynAaenth pala otov Tpdyxnio. H
e€E€TAON WE UTTEPNXOYPAPNUA ACUPTITWHATIKWY aoBevwy deixvel 0TI To 50-70% £xouv
60, NiyoTEPO aTTO TO 5% QUTWYV £XOUV KAKONBEIQ, EVW OI TTEPIOCTOTEPOI £XOUV KUOTEG
(Liebner and Shah, 2011).

O KuUplog oTOX0G OTN dlaxeipion Twyv aoBevwov Pe 6foug Tou Bupeocidoug eival n
didkpiIon Twv KakoBwv amdé Ta  kKoAoriBn olidia. Ta 10 OKOTo autd
TTPAyUOTOTTOIoUVTal AYn TOU I0TOPIKOU KAl CwHaTIKA €E€Taon Tou aoBevolg Kai
TEPAITEPW  EPYACTNPIOKEG HEAETEG. To  UTTEPNXOYPAPNUA  TTAPEXEI ONMUAVTIKEG
TTANPOPOPIEG YIa TA HOPPOAOYIKA XAPAKTNEIOTIKA Twv Oflwv Kal Tnv TmmoavA
OuppeTOX Twv TpaxnAIkwy Acp@adévwy. H trapakévinon ue Aetm) BeAdva (Fine
needle aspiration, FNA) divel KutTapoAoyika atroTeAéoparta, Ta oTroia emTnpedlouv
aueoa TNV dIAyvwor. ZUPewVva JE Ta KUTTapoAoyiké euprjpata Ta odidia utropolv va
Tagivounbouv wg kahonbn (trepittou 70%), Utrotrta (mepimmou 10%), Kakoron
(Trepitrou 5%) 1 wg un dlayvwoTIKA (Trepitrou 15%). H diayvwaoTikn akpifeia Tng FNA
givar kovtd oto 98%, pe TNV avaloyia Twv WPeudwv BETIKWV Kal PEUBWV apvNTIKWV
aTTOTEAEOPATWY Va gival pikpdTeEPN Tou 2% (Filetti et al, 2006).

1.2.2. loTtoAoyikA Tagivounon

ZUPQWvYa PE TNV I0TOAOYIKN TAgIVOUNoN Ta BUPEoEIBIKA VEOTTAGOMATA TTOIKIAOUV
IOTOAOYIKA, KUTTAPOAOYIKA KOl WG TTPOG TNV HopIaKn diagopoTtroinof Toug. O1 dyKol
TOU KapKivou Tou Bupeo€idoug TTpoEpyovTal amd Ta BuAakiwdn £mOnAlakd KUTTaPA,
ammd Ta TTapaBuAakiwdn  KUTTApa KaBwg Kal amd un €mBnAiakd oToixeia Tou
oTpwuartog (Scopa, 2004).Z0pewva pe Tov lMNaykdéouio Opyaviopd Yyeiag (World
Health organization, WHO), o1 rpwToTrabeic dykol Tou Bupeogidoug TagivououvTal o€
emONAIOKOUG Kal pn €mONAIOKOUG, KaAONBeIg | Kakonbelig. Ze pia EexwpioTh
KATnyopia KAartatdooovTal Ta AeppwpaTa Kal Ta dIdgopa VEOTTAAOUATA KABWG Kal ol
OeuTepoTTabeic 1 peraoTaTikoi  Oykol Tou Bupeocidoug adéva, ol OTToiol gival TTIo
otmaviol (Scopa, 2004). O1 TepioodTEPOl  TUTTOI  KAPKivOu Tou Bupeogidoug
TpoépxovTal atrd Ta BUAaKIWON KUTTAapa. To BNAWdES KapKivwua gival 0 TTo oUXVvOg
TUTTOG KapKivou (Je ouxvotnta TTepiTTou 80%) kal akoAouBei To Bulakiwdeg (follicular)
Kapkivwpa pe ouxvortnta trepittou 15% (Nikiforov, 2011).
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Ta xaunAng 81a@opoTToiNnOoNG KOPKIVWMPATA KOl Ta AVOTTAGOTIKG KAPKIVWUOTO
TTpoépxovTal, £TTioNG, atrd Ta BUAAKIWSN KUTTaPA, AAAG Bewpeital 6TI avaTTTUoCOVTAaI
WG ATTOTEAECUA TNG aTTOdI0POPOTIOINONG Twv UWNAAG-BlagopoTToinong BnAwdwyv 1
BuAakiwdwy kapkivwuatwy (Eikéva 5) (Nikiforov and Nikiforova, 2011).TéAog, o
MUEAOEIBNG KapKivOg Tou Bupeoeldoug TTpoépxeTal aTTd Ta TTapabuAakiwdn KUTTapA N
KUTTapa C kai utroAoyietal OTI atroTeAei mepiTTou T0 3% OAWV TWV KAPKIVWVY TOU
Bupeocidoug (Nikiforov, 2011).

Eikéva 5: Zx€d10 Tng dnuioupyiag Twv dIaQOPETIKWY GYKWVY Tou BUupeoeidoUG TToU TTPOEPYXETAI OTTO TA
BuAakiwdn KUTTApPa Tou BupPeoEIBOUG.

1.2.2.1. OnAwdng KapkKivog Tou BupeoeIdolg

O o ouxvég kakondng Oykog Tou Bupeocidoug adéva ceival 10 BnAwdeg
kapkivwua (Livolsi et al, 2004) (Eikéva 6). Xapaktnpi{duevog KAQCIKA atmmd Tnv
BnAwdn epeavic Tou, To BNAWSNG Bupeocldikd Kapkivwupa (Papillary Thyroid
Carcinoma, PTC) umroloyiCetal OT1 atmoteAei 10 80% OAwv Twv KAPKiVWV TOU
Bupeoeidoug (Sak, 2015). To PTC avrirrpoowTrevel €TTIONG TNV TTIO GUXVHA TTAIBIATPIKA
KakonBeia Tapd 1o yeyovog OTI O KAPKivog Tou Bupeosidoug gival acuvABIoTog aTnv
maildik nAikia. O1 TTEPICOOTEPEG TTEPITITWOEIG HE  OBNAWOESG KapKivwua Tou
BupeocdoUg oToug evnAikoug epgavidovial oe aoBeveic nAikiog petagy 20 — 50
Xpovwy, ue avahoyia 4 — 5 : 1 Twv yuvaikwyv Evavtl Twv avdpwyv (Delellis, 2006). To
MEyEBOG TOUu BNAWSEC KOPKIVWMOTOS gival eEQIPETIKG TTOIKIAO pE péan OIGUETPO 2 — 3
cm2 (Scopa, 2004).

MoAAéG TTapaAAayEG Tou BNAWDOUG KAPKIVWHUATOG €X0OUV TTEPIYPOPEi AapBavovTag
uttown 1o MéyeBog (papillary microcarcinoma), Tnv @QUON Twv Opiwv Tou OyKou
(encapsulated), Tnv apxitektovikr] Tou (follicular, macrofollicular, cribriform-morular,
solid, micropapillary), Ta kuttapikd xapaktnpioTiké (tall cell, columnar, oncocytic,
clear cell, hobnail), Ta emTAéov cuoTaTikd Tou dykou (papillary carcinoma with focal
insular component), Ta XapakTNPICTIK& Tou OTpwuaTtog (papillary carcinoma with
fasciitis like stroma), 1 pe Kkd&moliov cuvduaoud Ao TA AVAPEPOMUEVO AVWTEPW
xapaktnpioTikd (diffuse sclerosing, diffuse follicular) (Sak, 2015).To ocupPartiké
OnAwdeg kapkivwpa (conventional PTC) Tou Bupeosidoug XapakTnpiletalr amo pia
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ouvBeTn Ol10KAOBICOUEVN OPXITEKTOVIKA] OTAV OTTOIO Ol ETTIPAVEIEG TWV TTUPAVWV
KaAUTITOVTOI Q1m0 VEOTTAOOMATIKG KUTTOPA, Kal gival ouvnBeig didgopol Babuoi
TAakwdoug petatrAaciag (Delellis, 2006).

TéNog, 0 BNAWONG Kapkivog Tou Bupeoeidolg €xel TNV KAAUTEPN OUVOAIKN
Tpoyvwan. O YETAOTACEIG TOU aQOopPOoUV GUXVOTEPA TOUG TPAXNAIKOUG AEP@OdEVES
Kal AiyéTtepo Toug Trvelpoveg (Cabanillas et al., 2016).

Eikéva 6: OnAwdeg kapkiviwpua Tou Bupeoeidoucg.
1.2.2.2. OuAakiwdng KapKivog Tou Bupeoeidolg

To BuAakiwdeg kapkivwpa (Follicular Thyroid carcinoma, FTC) xapaktnpioTnke
€101 AOyw TNG OUXVAG TTapatipnong MIKPWY BUAGKIWOWY OXNMOTIOUWY, OTTWG
oKpIBWG OTIG BnAWwdEeIC ekdNAWOEIG TTOU XapakTnpifouv TOo OnAwdeg KapKivwPa
(Beahrs,1969) (Eikéva 7). Avdloya amd Ttov Babud dinbnong, 10 BuAaKiwdeg
Kapkivwua €xel XwploTei oe dU0 PeYAAEG KATNYOPIEG: O KAPKIVOUG HE €AAXIOTN
0Inbnon kal o€ Kapkivoug pe eupeia dIROnon. H ouxvotnta eu@dviong Tou
BUAaKIWOEG KapKivou o€ Ooxéon UE TIG AAAEG KakorBeleg Tou BupeogldoUg KupdiveTal
atmd 5 -10% o¢ TepIoyEG TTou dev UTTAPYXEl aveTTapkela o€ 1wdlo kKal 30 — 40% o€
1WBOOTTEVIKEG TTEPIOXEG (Scopa, 2004).

MakpookoTmikd, TOo BuAakiwdeg Kapkivwua Oev diaépel onuavTikd amd 1O
BuAakiwdeg adévwpua. H vwdng kadwouAa trou TrePIBAAEl Tov OyKO Teivel va gival
TTaxUuTePN Kal TTI0 aKAVOVIOTN aTTO OTI 0TO GdéVWHA. 2TO0 BUAOKIWAES KAPKIVWHA HE
TNV eAAxI0TN dINBNON, ekTINdTal N UTTapEn dINBnong oTnv Kawa ri/kal ota ayyeia yovo
ME MIKPOOKOTTIKI O&IOASYNON, €V OTO VEOTTAOOMO UE TNV gupeia dINBNon UTTApPXEl
ENNEIYN eykAglopoU Tou péoa oTnv KAWaA TTou TO TTEPIBAAEl KABWG Kal EKTEVAG
0Indnon otov TrePIBAAAOVTA BupeocIBIKG 1I0TO Kal/fp eupeia digioduon Tou OTa
aigo@opa ayyeia (Scopa, 2004). To BuAakiwdeg Kapkivwupa eival €vag uwnAou
KIvOUVOU KapKivog 0 oTroiog €xel Tnv TAon va Oivel QIUaTOYEVWS ATTOUAKPUOMEVES
METOOTAOEIG, KUPiwG oToug TveUpoveg Kal oTa ootd (Cabanillas et al., 2016). Ol
BuAakiwdelg Oykol Tou Bupeoeidoug uTTodIiaIpouvTal OToV CUMBATIKG  Kapkivo
(conventional FTC) kai oTov oyKokuTIkO kapkivo (Hurthle type) (Nikiforov, 2011).
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H mpoeyxeipnTikA didyvwaon Twv BuAakiwdwyv yKwv gival apkeTd OUOKOAN €TTEION
Ta  adevWMPOTA KAl TO  KOPKIVWMPOTA  poipdlovial  TTapOMoIa  KUTTAPOAOYIKA
xapaktnpioTikd (Nikiforova et al., 2003). AKON Kal e TTAPAKEVTNON ME AETTTA BEAdVa
(FNA) dev pmropouv va dloyvwaoTouv  emmakpIBwg, Oedopévou OTI Ta  KPIoIUa
SIayvwaTIKA KPITAPIa atroucidlouy, yia autd Tov Adyo cupTtrepIAauBAveETal EKTOG TNG
Biowiag pe FNA kai uttépnxog (Cabanillas et al., 2016).

Eikéva 7: ©OuAaKIWdEeg Kapkivwua Tou Bupeoeidoug.

1.2.2.3. Muelo€IBAg Kapkivog Tou Bupeoeidoug

O pueloeidng kapkivog Tou Bupeocidoug (Myeloid Thyroic Carcinoma, MTC) civai
€vag Kakonong OyKog 0 OTToiog TTPOEPXETal aTTO T TTapaBbuAakiwdn ) kutTapa C, Ta
oTToia 0€ QUOIOAOYIKEG OUVONKEG €KKpivouv Tnv opudvn kaAoitovivn. O MTC
uttoAoyiCetal 611 atToTeAei TO <5% TwV KapKivwyv Tou Bupeocidoug (Trimboli et al.,
2013).

O MTC ouvnBwg evToTrifeTal avapeoa oTo TTAvw TPITO Kal dUO TPITa Tou KATW
AoBoU Tou Bupeocidoug Kai gival oTaBepdg, GAANOTE €xEl KOKKIVO Xpwua A Egival
UTTOAEUKOG. ATTO I0TOAOYIKIG OKOTTIAG, TO MUEAOEIBEG KOPKIVWHO ouvioTaTdl atro
QUANQ OXAMOTOG aTPAKTOU, KUKAIKA i} TTOAUYWVIKA KUTTAPd, T OTToia diayxwpidovTal
atrd éva Ivdeg oTpwia. O1 TTUPAVESG £XoUV oUVHBWG OPOoIGUOPPO OXANA KOl GTTAVIO
TTAPOUCIAZOUV MITWTIKEG HOPQYEG. TENOG, TO KUTTAPOTTAOOMA €ival £WOIVOPIAO HE
OTTOAEG YKPI EMQAVIOEIC eV TTAPATNPOUVTAI EVATIOBECEIC AUUAOEIBOUC PETAEU TwV
KOPKIVIKWV KUTTApWV 0T0 75% Twv Oykwv (Leboulleux et al., 2004) (Eikéva 8). O
MUEAOEIONG KOPKiVOG Tou BOupeoecidoUls aTroTeAel HEPOG Wiag AUTOCWHATIKAG
KANpovouIka eTTikpaToUug diatapaxnis (TToAAatTAf evdokpivr] veottAacia [MEN] tUtTou
2A xkai 2B kai oikoyevh MTC) mepittou 010 20% TWV TTEPITITWOEWY, OIOPOPETIKA
epavicetal otTopadiké atroucia olkoyevelakoUu 1oTopikoU (Trimboli et al., 2013). Z1ig
TEPIOCOTEPEG TTEPITITWOEIG EPPAVICETAI WG KATTOI0 0idIo o€ aoBeveic nAikiag 40 — 60
Xpovwy. Eviote, n mpwTtn ekdNAwon eival n TpaxnAIK AcppadevotrdBelia, dI16TI n
aoBévela ouyxvd ueTaoTaiveTal oToug TpaxnAikoug Acpgadéveg (Cabanillas et al.,
2016). Ta ommopadikd Kapkivwuata €xouv ouvBwg BapulTtepn TPoOyvwon atmd Ta
olkoyevr. TENOG, 0 PUEAOEIBNG KAPKIVOG Tou Bupeocidoug XapakTnpiletalr amo pia
oekaet empBiwon, o€ Too00TO 40 - 60%, PE TNV OIKOYEVI] HOPQN va €XEl KAAUTEPN
TTPOYvVWOn.
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O Bdavatog ouvrBwg eTTépYETAl META OTTO EKTETAMEVEG WETOOTAOCEIG, Ol OTIOIEG
0POPOUV KUPIWG TOUG TPAaXNAIKOUG Aeu@adéveg Kal To HEo0BwWPAKIO, eV aKoAouBouv
ol TTIveUPOVEG, TO ATTAP Kal Ta 00TA. H povn amoteAeopariky Bepatreia yia Tov
MUEAOEIO] KAPKivO €ival n XEIpoupyik €TméURacn, n omoia agopd OAIKN
BupeoeidekTOou Kal PICIKO Aep@adeviKO TpaxnAIko kaBapiopd (Leboulleux et al.,
2004).

Eikéva 8 : Muehoeidng Kapkivog Tou Bupeoeidoug.
1.2.2.4. AvamAaoTiK6G KapKivog Tou Bupeoeidoug

O avatrAaoTIKOG Kapkivog Tou Bupeocidoug (Anaplastic Thyroid Carcinoma, ATC),
atroTeAei €va adlo@opoTroinTo OyKo UWNAAG KAKONOEIag TTou TTPOEPXETAl ATTO TO
emOnAiIo Tou Bupeocidikol Bulakiou. O ATC eival pia TTOAU oTTAvia Kakorfgia TTou
uttoAoyiCetal 6T atroteAei TO 1-2% TOU CUVOAOU TWV KAPKiVWVY Tou Bupeoeidolg, To
OTT0i0 AVTITIPOOWTTEUEl TO 3.6% OAWV Twv avBpwtivwy Oykwv (Molinaro et al.,
2017). Adyw Tng omavidotntag autol Tou TUTTOU KAPKiVOU, Ol TTPAYMOTIKEG
TTEPITITWOEIG DEV €ival YWWOTEG, £XOUV YiVEl OWGS avapopég OTI gival UPNAOTEPEG OTNV
Eupwtn amd om otnig H.I.A (Davies & Welch, 2006). Auti Tnv OTIiyul O Katd
Tpocéyyion apiBudg Twv aoBevwy gival 1 — 2 dTopa avd eKAToPPUpIo KABE Xpovo
(Tiedje et al., 2018). O1 TTEPICCOTEPESG TTEPITITWOEIG PE AVATTAACTIKO KAPKiVO TOU
BupeoeIdoUg cival oTIG NAIKIEG PETAEU TNG BNG Kal 7NG OEKAETIAG, JE avaAoyia YETAGU
YUvalkwyv Kal avopwy 1.5 : 2 (Molinaro et al., 2017). O kapKIvikdg GyKog £Xel HEYAAN
éktaon amo 3 éwg 20 cm Kal ETTEKTEIVETAI KATA KAVOvVA O€ OAO TOV BUpPEOEIDIKO
adéva. AmoTeAeital amd  peyGAa  aTtpakToeidn TeAsiwg  ATutta KUTTAPO  TTOU
O1aTACCOoVTal AKAVOVIOTA KOl HEPIKEG (POPEC TTAPATNPEITAI yiyavTidia 1 TTAaKwONG
d1a@opoTToinon TWV KAPKIVIKWY KUTTApwV. Ta KUTTapa Tou Oykou Otv TTapdyouv
Bupeoc@aipivn. YTToAgiupaTa S1a@opoTToINUEVOU KAPKivou Tou BupeoEldr] UTTOPED va
evrotrifovTtal katd 1é1TTouG 0TO £0wWTEPIKG Tou Oykou (Molinaro et al., 2017) (Eikéva
9). O ATC divel atropakpuouéveg petaoTdoelg oto 50% Twv acBevwv (Molinaro et
al., 2017), ye v TMO KOIVA} OTOUG TIVEUMOVEG Kal OKOAouBoUv Ta OOTA Kal O
eyké@alog (Cabanillas et al., 2016). MNapd 10 yeyovog OTI 0 ATC €eKTTPOOWTTEI
AlyOTEPO TOU 2% TWV BUPEOEIBIKWY KAPKIVWHATWY, EKTINATAI OTI éva TTOOOOTO TTOU
@Bavel €wg kal 39% Twv BavaTtwy Twv KApKivwv Tou Bupeoeidols ogeilovtal o€
QauTOV.
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O péoog 6pog empBiwong Katd Tpooéyyion eival 5 éwg 6 prRveg kail pévo 1o 10 —
15% Twv aoBevwyv emPBiwvouv oTa 2 Xpovia PETA TNV €kONAWGON Tou Kapkivou. Qg
OTIYUAG Oev uTTdpxel d1aBEaINo BepaTTeuTIkKG OXNUA yia BepaTreia ) yia ETTEKTAON TNG
CwAC Twv aoBevwov e avammAacTikd Kapkivo. lMapoAo autd, pepPIKA Kavoupia
QApuoka, Kupiwg avaoToAegic kivacwv Tupoaivng (TKIs), €xouv SokipgaoTel Kal
Bpiokovtal otnv deUTEPN PAon KAIVIKwyY dokipwy (Molinaro et al., 2017).

Eikéva 9: AvatrAaoTIKOG KapKivog Tou Bupeoeidoug.
1.2.2.5. Aildyvwon Kai Bgpatreia Tou BupeoeidoUg KapKivou

Ta odidia Tou BupeoeIdoUg gival cuxvda Kal aviXveuovTal 0€ TTOo00TO €W Kal 65%
oTov YeviKO TTANBuopd. Autd eival Bavov va o@eideTal oTnv OAO Kal TTIO OUuxVvA
XPNon Twv dIoYVWOTIKWY ATTEIKOVIOEWY aKOUN Kal Yo OKOTTOUG TTou OgV OXETICOVTaI
ME TOv Bupeoeidn adéva. Ta TrepioadTepa odidia Tou Bupeoeldoug gival kKaAoron,
XWPIG KATToIa KAIVIKI] onPavTIKOTATA, Kal gival ao@aAr otn dlaxeipion Toug otav
TTapakoAouBouvTal pe £va TTpOypauua ETITHPNONG.

Ta oCidia uTTopOUV va eVTOTTIOTOUV £iTe PE QUOIKA eE€Taon (WnAdenon Aaipou) ite
ME QTTEIKOVIOTIKEG HEBODOUG, OTTWG UTTEPNXOYPAPNUA, UTTOAOYIOTIKN Topoypagia (CT)
Kal payvntik Topoypagia (MRI). To utrepnxoypdenua cival 1o TTpwTelov £pyaAEio
TTOU XPNOIKOTTOIEITAI YIa TNV agIoASYNoN Twv BupeoIdIKWY 0dIdiwv Kal @O0V KPIBEi
atrapaitnTo Tpaypatotroieital Biowia dia Aemrtig BeAdvng (Fine Needle Aspiration
Biopsy, FNAB), katd tnv otroia avappo@drtal éva IoToTePdyio atrd mnv BAGRN Kai
OTTOOTEAAETAI yIO KUTTGPOAOYIKN €&€TaCN. ZTnV TTEPITITWON TTou Ba dlayvwoTei
KakonBeia 1 o 6foG TIPOKAAEI TTIECTIKA @aIVOUEVA, TIPETTEl VO OTTOQOCIOTEN N
XEIPOUPYIKA agaipecr) Tou. H avTIMETWTION TOUu Kapkivou Tou Bupeogidoug
mepIAapBavel Ta akdAouba oTddia:;

» Xelpoupylka (BupeocidekToun)

Xopriynan Bupeo€IdIKwyY OPUOVWV
Xopriynan BepatreuTikol padievepyou 1wdiou
Makpoypdvia TTapakoAouBnon

Y V V
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2€ OAOUG TouG aoBeveig TTou £xel dlayvwaTEl KapKivog Tou Bupeoeidoug, auvioTaral
n oAk agaipeon Tou adéva avetdptnta amd ToI0 KAIVIKO OTAdIO BpioKeTal
(Mazzaferri et al., 1995) kai akoAouBei Beparreia pe padievepyd 1WdI0 (Nikiforov,
2008). O oKkoTrOdg TNG BUPEOEIBEKTONNG €ival N AQPAiIpECT TOU TTPWTOYEVOUG OYKOU, N
ehayioToTroinon NG voonpdétnTag OTTWG Kal €TTionNg Tou KIvOUVOU UTTOTPOTIAG KAl
METAOTOONG, eV ME TO padievepyd 1WOIO ETTITUYXAVETAI N KATACGTPO®N TTBAVWY
UTTOAEIMUATWY KakoriBwv KUTTdpwy H/Kal Aep@adevikwy peTaoTaoewy (Mazzaferri et
al., 1994;1981). EvrouToig, dykol xaunAng diagopoTroinong, OTTwG O avATTAACTIKOG
KAPKivOog Tou Bupeoeldous, o oTroiog cival AdN diadedouévog otav dIayvwaoTEl Kal N
XEIPOUPYIKA €TTEUPaCN ocuyxvd dev eival XpNoiun wg Bepatreia, kal o PUeAoeIdAG,
aduvaTtouv va TTpocAdfouv Tov padievepyd 1WBI0 yia auTtdv Tov Adyo auToi ol TUTTOI
KApPKivou gival UTTOWAPIOI yIa BEPATTEUTIKEG TTPOCEYYIOEIG DIAPOPETIKOU TUTTOU, OTTWG
oToxeudueveg Hoplakd Bepatreieg  (Nikiforov, 2008), efwtepik padioBeparreia,
XNueIoBepatreia kKaBwg Kal cuvduaoudg Twy duo (Molinaro et al., 2017).

1.3. ZNMOTOSOTIKG MOVOTTATI TWV RAS-MAPK

To povomman RAS/MAPK cuvioTd évav KatappdkTn TTou ouxvd Eekivd pe Tnv
gvepyoTroinon &vog uttodoxéa HE evepyodTnTa KIVAONG Tupoaivng, OTTwg eival yia
Tapadelyua o uttodoxEag Twv auénTikwy TTapayoviwy PDGF (platelet derived growth
factor) 1 EGF (epidermal growth factor). O utmrodoxéag perd tnv aAAnAeTTidpacn Tou
ME TOV TTPOCOETN evepyoTrolei, Ye TNV BorBeia piog TTPWTEIVNG-TIPOCAPUOCTH TO
povotrdm RAS. H evepyotroinon tng RAS odnyei otnv evepyotroinon NG Kivdong
ogpivng/Bpeovivng Raf, kal auth pe Tnv o€ipd Tng KivnToTtrolei Tnv kivaon MEK, évoua
TO OTT0I0 o@eiAeTal GTO OTI AUTO TO EVIUPO PUOPOPUAIVEI KOl CUVETTWG EVEPYOTTOIE
pia kivaon MAP (Mitogen Activated Protein Kinase). To évoua Tng OIKOYEVEIOG TwV
Kivaowv MAP o@eihetal 010 611 Ta £€viUa QUTA TTPWTOXAPOKTNPIOTNKAY WG KIVAOEG
TTOU €vEPYOTTOIOUVTAI KATA THV ATTOKPION OE PITOyOvA.

O karappdktng TTou TrePIAGUBAvEl TIGC avTIOPACEIG ATTO TNV €VEPYOTTOINGN TNG
Kivaong MEK péxpr kal tTa TeAIKG TTpoidvTa ava@épetal w¢ PovotraTr kivdong MAP
(MAPK). ZTov KatappdKktn autd KABe KIvaon Qwo@OPUAIWVEI KOl EVEQYOTTOIEI TNV
gevepyotTnTa  Kivdong Tou  eméuevou  oTtoxou Tng. O KATAPPAKTNG  TwV
PWOPOPUAILCEWY 0BNYEI TEAIKE OTNV QUOPOPUAIWGCT HETAYPAPIKWY TTAPayOVTWY, Ol
OTTOI0I TTPOKAAOUV TTOIKIAEG AAQYEC OTOV KUTTAPIKO QAIVOTUTTO avaAoya e Tov TUTTO
TOU KUTTdpou. EmmAéov, OTOXOUG TWV KIVOOWV aTroTEAOUV Kal TTPWTEIVEG TOU
KUTTOPIKOU OKEAETOU, Ol OTTOiEG MPTTOPOUV va eTTnpedoouv dueca T OOWA TOu
KuTtdpou (Genes VIII).

AvoAuTikd, n Tpocdeon Tou auéntikoUu Trapdyovia EGF oTtov utrodoxéa Ttou
Oleyeipel TNV auToPwo@OpPUAiwon Tou uTTodoxEa. ZTnV OUVEXEID, n TTpwrTeivn Grb2
OeOoUeVETAl OTO QPWOPOPUAIWMEVO UTTOO0XEO KAl TO CUMNTTAOKO TTPOOEAKUEl ThV
mpwteivn SOS OTNV €0WTEPIKA ETTIPAVEIA TNG KUTTAPOTTAACUATIKAG HEUBPAvNg. H
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mpwrteiv SOS ekTotifel TO voukAeoTidlo GDP amd tnv Ras (n otoia Bpioketal
ayKUpoBoAnpévn oTnv €OWTEPIKA TTAEUPA TNG KUTTOPOTTAACUATIKAG MEMBPAVNG),
EMTPETTOVTAG KAT auTtdv Tov TPpOTTo 0T RAS va deopetoel GTP. To ouuttAoko RAS-
GPT deopeuel Tnv pwrteivn Raf-1 kai Tnv evepyoTtroiei. Autd divel To Evauoua yia dia
oeIpd SIadOXIKWY QO POPUAIWCEWV TTPWTEIVWV TTOU BPICKOVTAI OTO KUTTOPOTTAQC U
(kaTtappakTng Kivacwv MAP), o1 otroieg TEAIKG odnyouv oTnv QWO@OPUAiwoN TNG
mpwteivng ERK. H o@woeopuhiwpévn popery tng ERK petakiveitar amdé T10
KUTTAPOTTAGOMO OTOV TTUPAVA, OTTOU QWOQOPUAIWVEI KAl EVEPYOTTOIEI apPKETOUG
METAYPaQIKOUG TTapdyovTeg, ouuTrepiAapBavouévou Tou Elk-1. Autoi o1 petaypa@ikoi
TTOPAYOVTEG ETTAYOUV TNV METOYPOQPN OUYKEKPIMEVWY YovIOiwv OTOXWVY TTOU
EUTTAEKOVTOI OTOV €AEYXO TOU KUTTAPIKOU KUKAoU (i-genetics Petter J. Russel)(Eikéva
10).

2Ta  QuOIoAOYIKA KUTTapa, n dIakotTy TG onuatoddétnong omd 1nv Ras
emTUYXAveTal Jéow TnG dpdong tTnv mpwrteivng GAP (GTPase Activating Protein,
TpwrTeivn TTou evepyoTrolei Tnv GTPdAon), n otroia avaykadel Tn Ras va udpoAucel 1o
vouKkAeoTidlo GTP 1rou éxel deopeupévo, petatpémmoviag 1o oe GDP. Me autdv Tov
TpoTTO adpavoTtroieital N Ras kal TTavel N yetaywyr Twv onudtwy TTou digyeipouv TNV
TTPO0d0 ToU KUTTAPIKOU KUKAOU (i-genetics Petter J. Russel).

Eikéva 10: ZnuartodoTikd povotrdri RAS-MAPK
TTNyr: oregonstate.edu/instruction/bb492/fignames/ras3
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1.3.1. NpwrTeiveg RAS

Ta yovidia RAS (H-RAS, K-RAS, kai N-RAS) kKwdIkoTToI0UV uWnArg ouyyévelag G-
TTPWTEIVEG, Ol OTTOIEG PPICKOVTAI OTNV ECWTEPIKA MEPIA TNG KUTTAPOTTAQCMOTIKAG
MEMBPAVNG Kal €XOUV KUPIO AGYO Tnv OIOKUTTAPIKA METAYWYH ONPATWY TTOU
TIPOEPXOVTAI ATTO TOUG UTTOBOXEIG KIVAONG TUPOTivNG TNG KUTTAPIKAG MEMBPAVNG Kal
uTTO00XEIG TTOU ouvdéovTal Pe TTPpwTEiveg G. ZTnv avevepyh popen TG, n RAS
TpwTEivn givalr ouvdepévn pe TNV dIPWoPOpPIKY youavoaoivn (guanosine diphosphate-
GDP). Kartd Ttnv evepyotoinory TG otreAeuBepwvel Tnv GDP  kal deoueuel
TPIPWOPOPIKA youavooivn (guanosine triphosphate-GTP), evepyotmmolwvTag TO
povotraTt MAPK kai dAAa onuatodoTika povoTrdria 6Trwg 10 P13K/AKT. duacioloyikd
n evepyl RAS-GTP mpwreivn, MPETATITITEl YypAyopa OTNV AVEVEPYN TNG HOP®N,
eCaITiog TNG €yyevoug dpaocTnpIoTNTAG TNG TPIPWOPATACoNG youavoaoivng (guanosine
triphosphatase-GTPase) kal Tng dpdong Twv evepyoTroinuévwy atrdé Tnv GTPAon
KUTTAPOTTAGOMATIKWY TTPWTEIVIV, Ol OTTOIEG KATAAUOUV TNV UETATPOTIA TNG OPACTIKNAG
popenric GTP otnv avevepyh TTpocdedeuévn GDP popor). TEAog, agicel va onueiwdei
n ouuBoAn tou Tapdyovia GEF (guanine nucleotide exchange factors) kai GAP
(GTPase-activating protein). H GEF dicukoAUvel Tnv atmmopdkpuvan Tou GDP até tnv
mpwrTeivn G kal v déoueucn otn Béon Tou, T0 GTP. Evw atd tnv dAAn TTAeupd o
Tapayovrag GAP, kataAuel Tnv udpoAucn Tou GTP (auénon Tou pubuou udpoAuong
Tou GTP) petatpétmovrag 1o oe GDP (J.Bos et al., 2007).

1.3.2. NpwrTeiveg BRAF

H oikoyévela Twv RAF yovidiwv Trepidappaverl Tpeig ioopopécg 1ic CRAF, BRAF
kal ARAF ol o1roigg €ival ol KUpIol pUBUIOTEG OTO EVOOKUTTAPIKO JOVOTTATI TNG KIVAONG
MAP ka1 dpouv Kupiwg pe @wapopuliwan kai evepyotroinon tng MEK (Matallanas et
al., 2011). To yovidio BRAF Trou evroTriCetal oTo yovidlo 7 (7934) KwdIKOTIoIEl TNV
mpwrteivn BRAF n otroia eival pia Tpwreivn Kivaong oepivng-6peovivng (Hussain et
al.,2014) pe popiakd Bapog amd 75 -100 kDa (Wellbrock et al.,2004) n oTtroia €ivail n
Io0XuUpOTEPN I00PoPYPN evepyottoinong Tou MAPK povoTtraTtiou (Caronia et al., 2011).
H avakdAuywn petaAAdCewv ota cwpaTtikG KUTTapa Tou yovidiou BRAF &1i cuuBaAAel
OTNnV KapKIvoyéveon o€ SIAQopoug IGTOUG, OTTWG TO HEAGVWHA, TOV U MIKPOKUTTOPIKO
KOPKiVO TOU TTveUUOVA, TOV KAPKiVO TOUu TTax£og eviépou, TO BnAwdn KAPKivo Tou
BupeoeidoUg Kal Tov Kapkivo Twv wobnkwyv (Davies et al, 2002).
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1.4. Mopiaki S1dyvwon Tou KapKivou Tou Bupeogidolg
1.4.1. levika

Ta TeAeuTaia Xpodvia, Ol YVWOEIC PAG OTNV HOPIAKK YEVETIKA TOU KOPKiVOU TOU
Bupeoeidoug éxouv auénbei oe peyalo Babud. H yvwon auth éxel apyxioer non va
METAQEPETAI OTNV KAIVIKA TTPAEN, PE QTTOTEAECUA VO TTPOCQEPEl Pia agloonueiwTn
BeATiwon oTnv TTpoEyXeEIPNTIKA dIdyvwaon Tou Kapkivou Tou Bupeoeidoug Kabwg Kal
otnv Mo €ykupn Tpoyvwon Ttou kapkivou (Nikiforova et al, 2009). Mia oTtparnyiki
QuTOU TOU €idoug eival n didyvwan PETAAAGEEWY TTOU UTTAPYXOUV aTTO Toug 6Joug ToU
Bupeocidolg, o1 oTroiol €xouv An@Bei pe TTapakévinan AETTAG PEAOVNG Kal OTN
OUVEXEID OTNV UTTOBOAA auTwy O€ PopIaKEG TEXVIKES diayvwong (Fallahi et al, 2014).

APKETOI POPIAKOI TTPOYVWOTIKOI OEIKTEG TOU KOPKiVOU Tou Bupeocidoug, Kal
IDIAITEPA Ol YEVETIKOI O€iKTEG, €ival TTOAAG uTToOoXOuEVOL. Mepikoi amd  autoug
OTTaVTWVTal PJOVO OTOV XOWNAAS O1agopoTToinong KApKivo 1 OoTov avatrAacTIKO
KapKivo Tou Bupeocidoug, OTTwg ol PeTaAAGEeIc oTa yovidia p53 kai ALK. Autég ol
METOAAGEEIC HTTOPOUV va XPNOIUOTToINBoUV WG OEIKTEG, EAEYXOVTAG TNV ETTIOETIKOTNTA
TOU KapkKivou (Xing et al, 2013).

2TNV KAIVIKA TTPAEN, Ta 1Mo SUOKOAO Kal OUXVA TTPOBAAUATA £XOUV VA KAVOUV E
TNV Sldyvwon kal TNV TTpdyvwon Twv uynAng S1a¢gopoTroinong KAapKivwy Tou
Bupeocidolg, yia autdv Tov AdYo, Ol TTEPICCOTEPEG VEEC AVOKAAUWEIG OTNV HOPIAKNA
OIayVWOTIKA ETTIKEVTPWVOVTAI € AUTOUG Toug TUTTOUG Kapkivou. Or KUplol TUTTOI TToU
aTTapPTICOUV TO HEYOAUTEPO KOMMATI TWV YVWOTWYV KApkKivwv Tou Bupeocidoug eival
TEOOEPIG, O OTToIoI avAKouv oTov BuAakiwdn kal BnAwdn Kapkivo Kal QEPOUV TO
MEYOAUTEPO AVTIKTUTTO OTnNV dIdyvwaon Kal TNV TTpoyvwon Tou 6ykou. AuToi ol TUTTOl
Kapkivou @épouv TIG onuelakés peTaANGEeic BRAF kai RAS kaBwg kal TIg
avadiatagelg RET/PTC kot PAX8/PPARYy 1Tou avaAuovtal otn ouvéxela (Nikiforova et
al, 2009).

1.4.2. MetaAAdgeig BRAF

H BRAF cival pia TTpwTeivik) Kivaon oepivng-Bpeovivng TTOU avhKel OTnv
olkoyéveld Twv RAF TpwTeivv, o1 OTIoieg €ival £vOOKUTTOPIKOI TEAEOTEG ToOU
onuartodoTikoUu katappdktn MAPK. H evepyomoinofp Toug odnyei oTn
QWOQPOPUAiwOoN  Kal  €TakOAouBn  evepyotroinon  OAwv  Twv  OTOXWV  TOU
onuatodoTikoU povotraTiol MAPK.

Znueiakég peTaAAagelic Tou BRAF  yovidiou e€ival o1 TTIO  KOIVEG  YEVETIKEG
OIA@OPOTIOINCEIC TTOU  ATTAVTWVTAlI OTO BnAWdNn Kapkivo ToUu Bupeocidols, o€
To0o00TO TEPITTOU 40% pE 45%. O1 TTEPICOOTEPEG HETAANAEEIG TTOU £XOUV EVTOTTIOTEI
OTOV KOPKiVO TOU Bupeocidouqg cival onPEIaKEG METAAAGEEIS OI OTTOIEG aPOpPOoUV OTO
VOUKAe0Ti®I0 1799 kai odnyouv oTnv avTikaTdoTaon Miag PaAivng pe pia yAoutapivn
oto katahoito 600 (V660E). Autl n MeTANAAEN odnyei OTnv OUCTNUATIKA
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evepyotroinon NG BRAF kivaong kai Tnv xpovia diépyean Tou MAPK povotratiol, e
amroTéAeapa Ta Bupeocldiké KUTTapa va yivouv oykoyéva. H petdAAhagn BRAF V600E
Oev éxel Bpebei oe BuAakiwdn KapKivwuaTa Kal KahonBeig dykoug Tou Bupeogidoug
KOl WG €K TOUTOU n MPETAAAAEN auTr) atroteAei évav apketd €1OIKO Oe€ikTn yia Tov
BnAWwdN Kapkivo kal Toug utroTUTToug Tou (Xing, 2005). 'Exouv evioTTioTel KAl GAAEG
OI10pOopPETIKEG PETAANGEEIG Tou yovidiou Tou BRAF tng 14¢ewg Tou 1% pe 2% Twv
TTEPIOTATIKWY  BNAWSOOUG KapKIVWuaTog. MepIKEG OTTO aQUTEG €ival N ONUEIOKN
METAAAOEN oTo KBO1E Kal HIKPEG TTPOOBNKeS 1 dlaypagég TTou TTEPIBGAAOUV TO
Kwodikévio 600 kaBwg emmiong n avadiatatn AKAP9/BRAF n otroia gugavifetal o
ouxva o€ BnNAwdN KapKIVWUATa TTou cuvoéovTal he €KBeon oe akTivoBoAieg. TéAOG, N
METAAAOEN KBO1E éxel avagepBei o€ UPEPOVWHEVEG TTEPITITWOEIG BUAAKIWOOUG
adevwparog (Nikiforov et al., 2011).

1.4.3. MetaAAdgeig RAS

O1 onueiokég petaAAdéeig Twv yovidiwv RAS tou mrepihaufdvouv 1a HRAS,
KRAS, NRAS d¢gv TrepiopiovTal o€ KATTOIO OUYKEKPIMEVO OYKO KAl £XOUV EVTOTTIOTEI
010 ONAWdEG KapKivwua, 0T0 BUAAKIWOEG KAPKIVWHA Kal 0TO BUAGKIWOEG adévwua
(Nikiforova et al., 2009). Evw oOTOUG TTEPIOCCOTEPOUG KAPKIVOUG Ol TTIO OUXVEG
ONMEIOKEG PETOAAGEEIG atTavTwvTal oTa KwdIkovia 12 kai 13 Tou yovidiou KRAS ,
OTOV KOpPKivo Tou Bupeocidols 1m0 ouxvd cuvaviouvtal oTo Kwdikévio 61 Tou
yovidiou NRAS kai o010 Kwdikévio 61 Tou yovidiou HRAS (Nikiforov, 2011). Oi
METOAAGEEIC auTég evromifovial O€ TIOIKIAN ouyxvéTnTa O€ OAOUG TOug TUTTOUG
KakonBeiwv Tou €TmBnAiou Tou Bupeocidous. 210 KAAOIKG TUTTO Bulakiwdoug
KAapKIVWUaTog evromicetal 010 40-50% Twv TTEPITITWOEWY, €VW OTO BUAAKIWAEG
adévwua oto 20-40% (Namba et al.,1990). Etriong, petaAAdgelg éxouv Ppedei Kal
oTov BnAwdn kapkivwuata o€ ToocooTd 10-20%, aivetal 0TI OAA TO KAPKIVWUATA
aQutd TTOU @Epouv pia PETAANaEn RAS, atotehoUv Tnv BuAakiwdn Trapaiiayn
(Adeniran et al., 2006; Zhu et al., 2003).

MeAETEG £xOUV BEIEEl pia OXETIKA CUOXETION METAEU TwV PETOAAGEEwvV RAS Kal NG
METOOTATIKAG CUMPTTEPIPOPAS TwV BNAWDdWYV KAl BUAAKIWDWY KOPKIVWHATWY. ATTé TV
GAAN TTAEUpd PETOAAGEEIC OTa yovidla RAS evrotifovial ouxXvd o€ eVOUAAKWPEVOUG
TUTTOUG TNG BuAakiwdoug TTapaAlayig Tou BuAwdoug Kapkivou. MNa autd Tov Adyo,
givar mOavoe o1 PETOANGEEIC auTéEG va  atroTeAoUV  €vav  BEiKTn  TwWV  KAAG
d1a@opPOTIOINUEVWV KAPKIVWY, Ol OTTOI0I £X0UV TNV TAGN va TTPOKAAOUV UETACTACEIG
kal atrodlagopotroiolvTal. QoTéco dev PTTOPOUV va XPENOIYoTToiNBolv wg €vag
YEVIKOG TTPOYVWOTIKOG HAPTUPAG YIa OAOUG TOoug TUTTOUG KapKivou Tou Bupeoeidouc.

O evromopdg petaANGEewv RAS ot éva olidio Tou Bupeocldr] TTapéxel 1oxXupn
atmodeIEn yia KATtola veoTrAacia, aAAd dev apkei yia Tnv dlIdyvwaon KoKoB€iog.
EvrouToig, n diayvwaoTIKA Toug agia gival onuavTiki yiati atroTeAoUv Tov deUTEPO TTIO
ouxvo TUTTO METAAAAENG TTou avixveueTal atmd Piowia AeTrg BeAdvng oe 6Joug Tou
Bupeocidoug (Nikiforov, 2011).

23

Institutional Repository - Library & Information Centre - University of Thessaly
06/08/2024 17:48:36 EEST - 3.147.195.243



MeTaAAGEEIG TOU UTTOKIVNTH TNG TEAOPEPATNG GTOV KAPKiVo Tou Bupeoeidols aTov eAANVIKO TTANBUCUO

1.4.4. Avadiardageig RET/PTC

O1 avadiatageic RET/PTC eival AN pia yeveTikh TTapaAAayr] TTou evTOTTiETOI OTO
BnAwdn kapkivwpaTta (Santoro et al.,1992). O1 avadiatdEeig autég oxnuatiovial ammo
TNV évwon petagu tou 3’ TuAuartog Tou RET yovidiou, o otroiog eival évag uttodoxéag
Kivéong Tupoaivng, Ye 1o 5’ TpAua atod TroikiAa pn ouyyevika yovidia (Nikiforova et al,
2009). A6 TIg évreka yvwoTéG avadiatagels RET/PTC, o1 dUo o Koivoi TUTrol
avadidTaéng TToU aTTavTwvTal OTOV KapkKivo Tou Bupeocidolg eival o RET/PTC1 kai
RET/PTC3. H RET/PTC1 oxnpartifetal ge tnv ouvinén pe 1o yovidio CCDC6 (H4),
evw n avadiaraén RET/PTC3 oxnuotiCetar pe Tnv ouvinén ME TO  yovidio
NCOAA4(ELE1). OAeg o1 evwaelg mreplAaufdvouv GBIKTn Tnv TTEPIOXA TOU UTTOOOXEQ
KIvdong Tupoaivng, n otroia emtpémrel otnv Tpwreivn RET/PTC va evepyoTroifoel 1o
onparodoTtiké povotrdr MAPK (Nikiforov, 2011).

O1 avadiatdéeic RET/PTC amaviwvral Trepiou 010 20% TWV  eVAAIKWY
OoTTOPAdIKWY BNAWOWY KAPKIVWUATWY, VW O aoBeveig TTOU £XOUV I0TOPIKO £KBEONG
o€ padlevépyela T TTOOOOTA ival apkeTa peyaAuTepa NG 1a¢ns 50-80% kai o€ TTaIdId
Kal veapd aropa pe BnAwdn kapkivo oe TooooTd 40-70% (Nikiforova et al., 2009). Ta
veapd dropa mou gEpouv Tnv avadiataén RET/PTC oto BnAwdn kapkivo eugpavifouv
KAaoIKAy OnAwdn 1oToAoyia Kal €xouv uwnAd O€iKTn PETAOTOAONG OTOUG AEUPODEVES
(Adeniran et al., 2006). O evromouog Twv avadiardéewv RET/PTC amd Bloyia
AETITAG BEASVNG, UTTOPET va auENOoEl TNV TTPOEYXEIPNTIKN dIAYyvwon TwV BUPEOEIBIKWY
o(Idiwv, 1010iTepa o Oeiypata acBevwv atTpoodIOPIOTNG KUTTApoAoyiag i o€
TEQITITWOEIG TTOU T deiypara Oev €xouv €TTAPKN apiBud KUTTAPWVY yia Tnv
KutTtapoAoyikh €¢€Taon (Cheung et al. 2001).

1.4.5. Avadiatdaseig PAX8/PPARyY

H avadiaratn PAX8/PPARCc trpokuTITeEl 0116 TRV petatémmion t (2;3) (q13;p25), Tou
odnyei otnv olvTngn Tou yovidiou PAX8, 1o otToio kwdikoTTolEi éva {eUyog Tou TOUEQ
TOU PETAYypa@IKOU TTapdyovTa Kal oTo yovidio Tou uttodoxéa PPARc (peroxisome
proliferator-activated receptor) (Kroll et al., 2000). O1 avadiata&eic PAX8/PPARc
odnyouv ot uttepék@pacn Tng Tpwrteivng PPARy, n otroia ptropei va eviomioTei
avoooiotoxnuika (Nikiforova et al.,2002; Kroll et al., 2000). H avadiaragn
PAX8/PPARc evtomi¢etal o1t0 30% pe 40% TOU KAQOOIKOU TUTTOU BUAGKIWAOUG
KAPKIVWHATOG Kal e XAPNASTEPN ouxvdTNTA OYKOKUTTAPIKA KapkivwpaTa (Nikiforova
et al., 2003; Dwight et al., 2003; French et al., 2003).

O1 6ykol TTou TTpoKUTITOUV atrd Tnv avadidtaén auTh Teivouv va eugavifovtal o€
vedTePN NAIKia, €ival PIKPOTEPOI O€ UEYEBOG, vy TTapouaidlouv Kal ayyelakh I0BoAR
(Nikiforova et al., 2003; French et al., 2003). H avadidragn PAX8/PPARCc evtoTrieTal
€TTioNg KAl 010 BUAAKIWAN TUTTO TOU BNAWAOUG KAPKIVWHATOG, WE OUVABWS HIKER
ouxvotTnTa Tng Tagewg Tou 5% kKai Aiyétepo (Nikiforova et al., 2002, French et al.,
2003), av Kal UTTAPXEl Kal pia ava@opd yio ouxvotnta TTou avépyetal oto 38%
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(Castro P et al.,, 2006). EmmpbéoBera, n avadidraén PAX8-PPARc utopei va
EVTOTTIOTEI KAl 0T BUAQKIWON adeVWPATA OE PIKPA TTOOOOTA TNG Tagewg 2% pe 13%
(Nikiforova et al., 2003; Dwight et al., 2003; Marques et al., 2002).

Eivalr onuavTiké va avagepbei 611 o1 avadiata&eic PAX8-PPARCc kal o1 onuelokeég
METOAAGEEIS o€ yovidia RAS otrdvia evrotrifovtal oTov idlo OyKOo, YEYOVOG TToU 0dnyeEi
OTO CUPTTEPACHO OTI Ta BUAGKIWSN KAPKIVWHATA PTTOPOUV va avatTuxBolv péow
TOuAdxioTov QU0 dlakpITwy MovotraTiwy, eite Tou PAX8-PPARc eite Tou RAS
(Nikiforova et al., 2003). TéAog, o eviomoudg TG avadidraéng PAX8-PPARc oTig
BuAakiwdeg allolwoelg dev attoTeAei €EOAOKAApoU €éva dloyvwOTIKO HECW yia
kakonBeia, av kai ouvBwg n TTapoucia Tou oxeTtiCetal e auth (Nikiforov, 2011).

1.4.6. AvtioTpo@n petaypa@don Tng teAopepdong(TERT)
1.4.6.1. TeAopepn Kal TEAOpEPAON

216 apyxég Tou 1930, o1 Herman J. Muller kai Barbara McClintock trepiéypayav 1a
TeEAopEPN (atd TIG EAANVIKEG AEEEIC TEAOG Kal JEPOG) WG Wia TTPOCTATEUTIKI UTTOOOUNA
OTO TEPMATIKO GKPO TOU XpwHoowpaTtog. Kal autd yiati n éAAeiwn Tng odnyei otn
OUYXWVEUCH TOU XPWHOOWHATOG, KATI TO OTTOI0 €XEl WG ETTAKOAOUBO TOV KUTTAPIKG
Bavarto (Greider et al., 1996). Ta avBpwTtiva TeAopePr aTToTeEAOUVTAl ATTO HAKPEG
ougToixieg amd emavaAquelg TTAGGG T1ou  oxnuoTiCouv  VOUKAEOTTPWTEIVIKA
OUPTTAéyuaTa OTO TEAOG TWV YXPpWHOOWHATwY. H diatipnon Tou PAKOUG TWV
TEAOPEPWV MTTOPEI va €TITEUXOE pe TTOAOUG TPOTTOUG OAAG N ETTIUAKUVON HE TN
MECOAGBNON TNG TEAOPEPAONG cival N Kupiapyn o0do¢ oTov AvBpwTro. H TeAopepdon
gival pia  pIBOVOUKAEOTTPWTEIVIKA TTOAUMEPAON N oTroia diatnpei Ta AKpa TwvV
TeAopepwv TTpocBETovTag TNV aAAnAouxia TTAGGG. To évluuo atroteAsital atrd éva
TPWTEIVIKO OUOTATIKO HE OPACTIKOTNTA AVTIOTPOPNG METAYPAPACNG, TO OTI0I0
kwodikoTrolgital amd 1o yovidio TERT kai ammé éva cuotatikdé RNA (hTR) 1o otroio
XPNOIYOTTOIEITAI WG TTPATUTTO VIO TV TEAOUEPIKA ETTAVAANYN.

O1 TpwTEiveG 0TO CUUTTAEYUA TWV TEAOPEPWYV MTTOPOUV va XWPIoTOUV g€ OUO0
KaTnyopieg: TTpwTeiveg TTou cuvdéovTal aueca Pe 1o TeEAouepikd DNA kal TTpwreiveg
TToU OAANAeTIOpOUV pe TTpwTEiveg dETPEUONG. ZTOV AVBPWTTO, TO TTIO CGNPAVTIKG
TIPWTEIVIKO OUCTATIKO €ival €va CUPTTAEyHa £E1 TTPWTEIVWOV TTOU ATTOTEAEITAI ATTO TIG
mpwrteiveg TIN2, Rap1, TPP1 kai POT1 kai Toug Trapdyovieg OEOPEUONS OTIG
emavoAqyelig TTAGGG, TRF1, TRF2 (de Lange, 2005).

EidikoTEpa N TRF1 €xel CUOXETIOTED e TNV BlOXEIPION TOU UAKOUG TWV TEAOUEPWIV
(van Steensel, 1997).

H avriotpopn petaypagdon Tng Tehopepdong (Telomerase  Reverse
Transcriptase, TERT) €ival pia KataAuTIKA TTPWTEIVIKA UTTOPOVAdA ThG TEAouEpAong,
n otroia padi ye pia avatréoTaoTn uttTopovada RNA Kal HEPIKEG EIDIKEUPEVES TTPOG TO
€idog Tpwreiveg, €xel TNV A€iIToupyia va TTPOCOETEl TEAOUEPH, OTO TEAOG TWV
XpwHoowudtwy (Moyzis et al.1988), wote va diatnpeital N XPWHUOCWHMIKN
akepaIOTATA Kal n yovidiwuatikh otaBepdtnta (Greider & Blackburn, Blasco 2005).
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H tehopepdon ekppaletal KaAUTEPA OTa KUTTAPO TNG YEVVNTIKAG O€Ipdg Kal oTa
BAacTokUTTAPO Kal AlyOTEPO OTA CWHMATIKG KUTTAPA. ZTO CWHMATIKA KUTTAPQ, N
oTTwAgI0 Twv TeAopepwv AauBdvel xwpa oTn OIdpKEId Tou KABe KUKAOU Tng
KUTTAPIKAG didipeong, WE ATTOTEAEOPO Ta KUTTAPO VA EICEPYXOVTAI OTOV KUTTOPIKO
ynpaoudé otav @Tdcouv To TeAouepr) o€ éva Kpioluo pnAkog (Blasco 2005). Ze
avtiBeon pe TN QuOlIoAoyIKh AgiToupyia, n TeAopepdon evepyoTroiEiTal avd o€
TTOANOUG Kapkivoug (Kim et al,1994), kdm TTOU QTTOTPETTEI va Yivel N aTrapaitnTn
TTEPIKOTTN TWV TEAOUEPWY, HE OTTOTEAECHA VA ETITPETTETAI OTA KAPKIVIKA KUTTOPA v
avatmapdyovtal €1’ dameipov (Hanahan & Weinberg, 2011). Zuykpimik& e Tnv
uttopovada Tou RNA, n TERT mailel kupiapxo péAo oTnv evepyoTroifoel TNG
TEAOPEPAONG KOTA TNV OIAPKEIQ METATPOTING TWV KUTTApWY O€ Kakonon KUTTapa
(Janknecht, 2004). H TERT ptropei akoun va dlapop@wvel TNV EKQpach yovidiwv
Tou eAéyxouv Tnv avamrugn (Smith et al.,2003), dueca pubpicer Tnv yovidIoKA
ékppaon ¢ ecaptwpevng NFKB (Ghosh et al.,2012), ki oTtaBepoTrolei Ta eTTiTTeda
MYC otnv xpwuarivn (Koh et al.,2015). Adyw autwv Twv Asitoupyiwyv NG TERT £xel
TpoTaBei OTI pTTopEl va Opd wg éva oykoyovidio, pe évav aveCdpTnTo TTPOG T
TeAopepr) TpdTTO (Wyatt et al., 2010).

1.4.6.2. Toyovidio TERT

To avBpwtvo yovidlo TERT amoteAeital amd 16 €govia kal 15 vtpdvia Kai
TTapoucialetal wg povadikd avtiypago. Evromifetal oTn XPWHOCWHMIKN TTEPIOXA
5p15.33 kai exTeivetal Tavw atd 40 kb (Cong et al., 1999; Bryce et al. 2000). ‘Exel
atmodexBei TTwG o uttokIivnTAg Tou TERT eival TO0 1Mo onuaAvTiKG OTOIXEIO yia Thv
ékppaon TG Tehopepdong (Cukusic et al.,, 2008). Av kai €ival TTAoUCIO O€
dIvoukAeoTidla CpG kai Béoeig déopeuong Tou Sp1, o uttokivnTAg TNGTERT epgavidel
ENeiyn ammo mepioxés TATA kai CAAT (Horrikawa et al., 1999; Takakura et al.,
1999).

Eikéva 11 : H 8éon Tou yovidiou TERT oT0 Xpwudowua 5, (p Bpaxiwva 8éon 15.33).
1.4.6.3. MeraAAdageig TERT oTo kapkivo

FovIDIOKEG PEAETEG O OAO TO YoVIDIWUA evTOTTIOAV TTOANATTAEG TTApaANQYEG OTOV
yovidlaké 1610 TnG TERT TTOU OYXETICOVTQI PE TO UAKOG TWV TEAOMEPWY Kal TNV
ETTIKIVOUVOTNTA OPICHEVWY KApKivwy. H TTI0 onuavTikr] TTpdodog oTnv Katavonaon Tou
yeveTikou pohou Tng TERT oTov Kkapkivo Tou avBpwtrou ATav To opdonuUo Tng
avakdAuwng Twv HeTaAAGEewyv oTov utrokivnT) Tou yovidiou TERT oto peAdvwua
oTIg apxég Tou 2013 (Horn et al.,2013; Huang et al.,2013). Z0vTtopa ol JETAAAGEEIS
QuTEG Bpédnkav kal oe AGANOUG KOpPKiVOUG, OTTWG OTOV KAPKivo Tng oupoddyou
KUOTEWG, OTO YAoloBAdoTWUO KABWG Kal oTov Kapkivo Tou Bupeosidoug (Liu et al.,
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2013). Omrwg @aivetar otnv eikéva 11, ummdpxouv Kupiwg dUO MPETOAAAEEIC TTOU
odnyouv o€ PETATPOTIN TNG KUTOOiVNG O€ Bupivn, ol otToieg evroTriCovtal aTig B€oEIg -
124 ka1 -146 bp amod tnv B8éon ATG kal ovopdlovrar C228T kair C250T avrioToixa.
Emiong diakpivetal kai yia Tpitn owuatik pgETAANagn oTig B€oeig -139 kai -138 bp
OTIG OTTOIEG N KUTOCOIVN Kal OTIG 2 BE0EIG PETATPETTETAN O€ BUivn Kal ovopAadovTal wg
C243T ka1 C242T. O1 peTaAAGEEIG AUTEG dnuIoupyouv Jia B€on TTPOOdECNS Yia TOUG
METaypa@IikoUug Trapdyovteg ETS (E-twenty-six transcriptional factors) upéoa otnv
mepioxr] Tou ekkivnt TNG TERT (Eikéva 12). ETreidr) oI heETaypa@IKoi TTapAyovTEG
ETS umopolv va evepyotroinBouv pécw Tng amopubuiong Twv MAP kivacwv, €101
mapéxouv Tov umrokivnT TG TERT augnuévn petaypa@ikn 1KavotnTta, KATI TTOU
TTaPEXEl Mia pnXavioTIK €€Aynon yia Tov OyKoyovo poAo Twv HPETAAAGEEWV OTOV
utrokivnt TN TERT oTtov kapkivo Tou avBpwtrou (Horn et al.,2013;Huang et
al.,2013).

Eikéva 12:

A

A. O1 onuelokég HETAAAGEEIC aTNV TTEPIOXA TOU UTTOKIVNTA TNG TeAouepdaong, -146bp (C250T) , -139 -
138bp (C243T,C242T) kai -124bp (C228T) dnuioupyolv BEceig TTPOCDECNG YIA TOUG HETAYPAPIKOUG
TTapayovreg ETS.

B. MapouaidlovTal oI GUVETTEIEG TWV aVWTEPW METAAAAEEWY, TTOU 0BnNyoUV OTNV UTTEPEKPPOCN TOU
yovidiou TERT kai mrpokaAoUv KUTTapIK) SlagpopoTroinon, abavartoTtroinan, aveEEAEYKTO KUTTAPIKO
TTOAAaTTAQCIaoPS Kal KUTTApPIKN digioduan.
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1.4.6.4. MeraAAageig TERT oTov kKapkivo Tou Bupeogidoug

O1 1o ouxvég peTaAAGEEIG Tou yovidiou TERT oTov kapkivo Tou Bupeogidoug eival
ol C228T kaiC250T, o1 omoieg eival apoiBaia aTTOKAEIOPEVEG, ONAadR Oev
ouvuttdpxouv oTov idIo Oyko. AuTd uTTodnAWwvEl OTI KABE Wia uTTopEi va A&IToupyAoEl
ETTAPKWG WOTE va TTPOKAAéoel TNV oykoyéveon oTov Bupeoeidn (Liu et al., 2016).
MeAéteg éxouv O¢iCel 6T og KaAOABEIG OyKoug OEV ATTAVTWVTOI PETAAAAEEIS eV TO
TTO000TO TWV PETAAAGEEWY OTOV XauNANG S10¢gopoTToincng Kapkivo Tou Bupeogidoug
Kal OTOV avOTTAOOTIKO Kapkivo eival 38-46% Kal T0 1TT0000TO OTOV OnAwdn Kal
BuAakiwdn kapkivo gival 12-14% (Liu et al., 2013). Emiong @aivetal 0TI N JETAAAAEN
C228T cival oAU o diadedopévn atrd v C250T oTov KapKivo Tou BupeocidoUG.
JUyKekpIuéva n PEAETN KaTtavoung Twv peTaAlAdéewv TERT oTov Kapkivo TOu
BupeocIdous adéva £0¢<1Ee OTI TO TTOoOOTO Twv C228T kol C250T eival 9,7% kai 2,1%
oe PTC, 15,7% kai 2,5% o¢ FTC, 33,8% kai 15,0% oe PDTC, 37,7% kai 4,1% o¢
ATC avtioToixa. Aev BpéOnke woTdoo PeTAAAAEN oTov uTToKIvnNTA Tou yovidiou TERT
oe MTC. To TTpoTUTIO EUPAVIONGS TWV PETOANGEEWY QaiveTal 6Tl dev eTnpedleTal aTTd
TO YEWYPOQIKO UTTORABPO Kal Tnv €BvikoTNTa (Liu et al., 2016).

Aldpopeg HEAETEG EXOUV KATAAREE OTI o1 HETaAAGGEwY Tou uttokivnTA TERT Kai n
MeETAAAOEN BRAF V600E ptropolv va Ouvutidpxouv, Kal OTav cupfaivel autd
onuioupyeitar éva povadikd yeveTikd background, 1o otroio odnyei o€ pia 1d1aiTEPN
EMOETIKA TTaBoyéveon kal e OXI KaAn kKAvikry ékBaaon (Liu et al, 2013; Xing et al.,
2013). Ze auth Tn MEAETN, aoBeveic xwpioTnkav OE TEOTEPIG KATNYOPIES - O€ EKEIVOUG
TToU Oev €X0ouv PETAANAEN, O¢€ ekeivoug TTou £xouv pévo Tnv petdAAagn BRAF VGOOE,
O€ €KEIiVOUG TTOU £xouv POvo TNV JETAAAagn oTov uttokivnt) TERT kai ota dropa 1mou
gixav Kal TIG OU0 PETAAAAGEEIC.

O1 acBeveig kal pe TIC OUO HETAANAEEIC gixav PEYOAUTEPN CUCXETION HE OXEOOV
OAoug Toug ouvTeAEoTEG uwnAoU KivOUvou, OTTwG TO HeEYAAo pEyeBog Tou OyKou,
METOOTAOEIS GTOUG AEPPadEVES, ayyelakr OIRONOT, ATTOUAKPUOUEVEG JETOOTACEIS Kal
Tpoxwpnuéva otddia kapkivou lI/IV oe oxéon pe TIG AAAeG opddeg (Xing et al.,
2014). Eival TTOA0 onuavTIKOe va avagepBei 0TI Kal Ta TTOO00TA  BvnoIudTNTOG OTOUG
000eveig Pe TIG BUO PETOAAGEEIG cival auEnPéva CUYKPITIKA PE TIGC GAAEG KATNYOpPIES
a0Bevwv TToU QEpouV pia Ppévo PetdAAagn (Ngeo & Eng., 2014). 'Evag evdexduevog
MOPIAKOG UNXOVIOUOS TToU €€nyei TO ouvepyiKO ATTOTEAECUA, TNG CUVUTTAPENG TWV
OUo auTtwyv PeTaAAGEewv cival n evepyoTtroinon Tou povotartiot Twv MAP kivacwv
atd v BRAF V600E 10U 00nyYEei o€ aufnon Twv PETAYPAPIKWY TTapayoviwy ETS.
Etol, o1 Tapdyovteg autég utropoulv va ouvdeBouv oTIg Béoelig dEopEUONG OTOV
utrokivnt TG TERT 10U €Y0UV dnuioupynBei Adyw Twv PeTaAAdCewv C228T Kal
C250T pe atrotéAeopa va auénBei dpauatikd n ékppaon Tng TERT (Liu et al.,2016).
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TéNog, atiel va onueiwBei OTI egpeuvdTal TO eVOEXOMEVO OCUOXETIONG TWV
MeETOAAGEEWY o€ yovidia RAS étav ouvuttdpyouv e TIG JETOAAGEEIC TOU UTTOKIVNTH
Tou yovidiou TERT oTov Kapkivo Tou Bupeocidouq. ZKOTTOG AUTWY TWV HEAETWV gival
va BpeBei va kai oe auth T ouvlTTapgn odnyei OTOV OYKOYEVEDN Kal TTPOAYEI
EMOETIKOTNTA OTOV KAPKiVO pe duopevh KAIVIKA €kBaon. MiBavétepa O POPIOKOG
MNXaviouog TTou Ba odnyei 0TV oykoyéveon Ba €XEl va KAVEI PE TOV OUVEPYOTIKO
poAo NG RAS pe tnv TERT, péow Tng evepyoTtroinong tou povotraTtiou PI3K 161 ol
RAS HETOAAGEEIC KATA TTPOTIMNON €VEPYOTTOIOUV AUTO TO HWOVOTTATI TTdvw atmd To
povotraTt MAPK (Xing, 2013).
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2. YAIKA KAl MEGOAOI
2.1. YAIkd
2.1.1. Asiypata

21NV TTapouca PEANETN CUUUETEIXOV OUVOAIKGA 34 aoBeveig TTou SlayvwoTnKav HE
Kapkivo Tou Bupeoeidous. Ta deiyparta TponABav atd 1o MNMaboAoyoavaTouikd TuRpa
Tou ZTpatiwTikou Noookopegiou NIMITZ otnv ABrva. Ta dciyuata gival Biowieg 1I0TOU
kal TrepIAapBavouv Sla@opeTIKOUG TUTTOUG Kapkivou Tou Bupeocidols. O1 TUTTOI Twv
IOTWV HE KAPKivo Tou Bupeoeidoug TTou eEeTdoTnKav ATav oI akdAouBol : 15 10Toi pe
BnAwdeg kapkivwpa (PTC), 13 1070 e BNAWOEG KapKiVWPO PE BUAAKIWSES TTPOTUTTO
avamruéng (FVPTC), 4 1o10i pe Bulakiwdeg kapkivwua (FTC) kair 2 10T0i ME
Mueho€1dég kapkivwpa (MTC). Ztov lMivaka 1 divovTal Ta OTOIXEIQ TWV OEIYUATWY
TTOU PEAETABNKOV.

Mivakag 1: ZToixeia Twv SEIlyNATWY TTOU XPNOIKMOTTOINBNKAV oTnV TTapoUca PEAETN.

Tunog Kapkivou ApOuag HAwia
Seypatwv
OnAwdeg Kapkivwpa 15 13 OHAY 48,6 + 13,3
2 APPEN
OnAwdeg Kapkivwpa 13 10 OHAY 53,6+ 14,5
OuAakwwdoug TuTou 3 APPEN
OUAaKLWSEC 4 3 OHAY 47,7 £ 18,4
KopKivwpa 1 APPEN
MuegloelbEg 2 2 OHAY 62+7
KapKivwpa

2.2. MéBodol
2.2.1. Amropévwon DNA atré Bioyieg IcTwWV
2.2.1.1. AvmidpaoTtipia — AlaAUpaTa

Ta avmidpacTthpia Kal Ta OloAUpata TToU  XpnoiyoTroiénkav otn Sladikaagia
ammouévwong DNA amdé Bioyia 10100 oTaBepoTToiNuévou e QOpPUOAN  Kal
EYKAEIOPEVOU O€ TTApAQivn TTAPOUCIAZOVTaI TTAPAKATW:

DS

»  =UAEvio (Sigma-Aldrich)
»  AIBavoAn (Sigma-Aldrich, kaBapdTtntag = 99.8%)
»  Kit Tng eTaipeiag QIAGEN QlAamp DNA FFPE Tissue

DS

DS
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To kit QlAamp DNA FFPE Tissue Trepigixe T1a €€AG avTidpaaTrpIa:

% AidAupa rpwreivaong K (20 mg/ml)

« PuBuioTikd diaAuuata Buffer ATL, Buffer AL (Lysis Buffer), Wash Buffer AW1
(Wash Buffer 1), Wash Buffer AW2 (Wash Buffer 2), Elution Buffer ATE
(Elution Buffer)

< QlAamp MinElute koAwveg Kal cwAnvdpia GUANoyNG XwpnTikOTATAG 2 ml

2.2.1.2. TpwTt6ékoAAo amroudvwong

MNa tnv amopovwon yevwuikou DNA atd Bloyieg 10TWV XPNOIPOTIOINONKE n
akOAouBn diadikacia: apxIkd, YE TNV XPAON OGTTOCTEIPWHEVOU VUGTEPIOU a@aipEédnKe
N TMeEPicoEIa TTOOOTNTA TTaPAPivng aTrd KABe deiypa. 'ETTeiTa o KAOE 10TOG TEPAXIOTNKE
o€ Mia €wg dUo TopéG (avaAoya pe Tnv TToodTNTA TOU I0TOU o€ KABe deiyua) Tréyxoug
5-10 ym. ZTn ouvéxeia ol TePaxIopévol I0Toi ToTToBETBNKav o cwAnvdépia eppendorf
Tou 1.5 ml, akoAoUBnoe n TTPOcBAKN 1 Ml CUAEVIOU Kal PETETTEITA IOXUPN avAadeuon JE
TNV Xprion vortex yia déka deUTEPOAETTTA.

H dladikaoia ouvexioTnke ME QUYOKEVTPNON TwWV OElyUATWY OTNV QUYOKEVTPO
(HERAEUS PICO17 Centrifuge) oe mArpn taxutnta (16.600 x g) yia 600 AeTtTd o€
Bepuokpaoia dwpatiou. ‘ETol, n mapagivn OloAUOnke oTo EUAEvio Kkal ATav
EUKOAOTEPN N ATTOPAKPUVON TNG aTTO TOV I0TO TOU BEIYHATOG. TO UTTEPKEIPEVO, META TO
TEAOG TNG QUYOKEVTPNONG, aPaIPEBNKE PE TNV XPAon TTTETAG WOTE TO iCnua va
TTapaueivel avalAoiwTo.

2Tnv ouvéxela pooTédnke oTo iCnua 1 ml aiBavoAng (kaBapdtntag 299.8%) ue
OKOTTO TNV aTmoudKpuveon Tng Trepioaciag CuAéviou. AkoAouBbnoe €viovn avddeuon ue
Xpron vortex yia Oéka OeUTEPOAETITA Kal Ta Oeiyuata QuUYoKevTpriBnkav o€ TTARPN
Taxutnta (16.600 x g) yia dU0 Aemtd Ot Bepuokpacia dwuatiou. Merd Ttnv
(PUYOKEVTPNON TTPAYMATOTIOINBNKE N ATTOUAKPUVON TOU UTTEPKEIMEVOU KOl TO KABE
deiyya (inua) TTWACTNKE, YE AVOIKTO KOTIAKI, O€ ETTWACTIKO KAiBavo oToug 37 °C
BaBuolg yia TTEPITTOU €iKOOI AETTTA, PEXPI VO €CATHIOTOUV TTARPWG T UTTOAEiUPATa
a18avoAng.

‘Emerma 10 idnpa emavaiwpeital TARpws o€ 180 ul katdAAnAou puBuIcTIKOU
OlaAUuartog ATL (Buffer ATL), mrpayuaToTroiiénke pooBrikn 20 ul mpwreivdong K
(20 mg/ml) kair otnv ouvéxela Ta deiypaTa uttoBANBNKav o€ Ioxupr avadeuon yia
OfKa OeuTEPOAETITA PE Tn xprion vortex. AkoAoubnoe eTwacn Twv OEIYUNATWY O€
BepUIKO TTEPIOTPEPOUEVO ETTWACTAPA (rotating incubator) pe ecwTepIK BepUoKpaTia
56 °C BaBuwv yia TOUAGYIoToV SUO0 WPES Kal €ikoal AETITA, JEXPI va eTTENBEI N TIARPNG
AUON TOU KABE BEiyUaTOG. ZUYKEKPIPEVA, KATTOIO DEiyHaTa XPEIAOTNKE VA YEIVOUV GTO
o1adI0 TNG emwaong KaB’ O6An Tn didpkela TNG vUXTag (24 wpeg, overnight) evw o€
Kdtrola atmd autd xpeidotnke emimTAéov TpooBnkn 10 €éwg 20 ul mTpwreivdong K,
epooov 1o deiyua dev gixe AuBei TTAApWG PeTd TNV ETTWOON.

Metd Tnv TARPN AUon Ta deiypaTta erwdoTtnkav atoug 90 °C Babuolg yia Xpoviko
diaoTnua piag wpag oe utAok Béppavong (heating block). "YoTtepa amd pia Amia
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Quyokévtpnon (quick spin), TTpooTtéOnkav 200 ul puBpIoTIKOU diaAupaTtog AL (Buffer
AL) kai 200 pl aiBavoAng. AkoAouBnoe KaAf avdueliEn Tou deiyuatog PeE TNV Xprnon
vortex Perd Tnv KaBe mpocBnkn. ‘Etera, JeTd atrd pia ATa Quyokévipnan, 6Ao To
KUTTOPOAUUO  PETOQEPONKE TIPOOEKTIKA OTnv €8Ik oTAAN €kAouong QIAamp
MinElute, n otoia €10AXON €k Twv TTPOTEPWY O€ €I0IKO TWAVA CUANOYAG Twv 2 ml
(collection tube).

2Tn CUVEXEIQ TTPAYHOTOTTOINBNKE QUYOKEVTPNON TNG €IBIKNG OTAANG, 0 TaxuTnTa
6000 X g yia éva AeTTTO, e okoTTd TNV déoeUon Tou yevwuikou DNA oTtnv peufpdvn
NG OTAANG HE TauTOXPOVN OTTOUAKPUVON TWV TTPOCWICEwV diapéaou HePBpAvng, TTou
OUAAéyovTav OTO OWwARva cuAlloyrg. Metd Tnv @uyokévipnon, n €8IKA OTAAN
ékhouong HeTa@EéPBNKe o€ vEo cwArva cuAAoyng Twy 2 ml.

O mepaitépw kaBapiopdg tou DNA, TToU €xel deopeuBei oTn  pePPpPAvn,
EMTEUXONKE Péow TNG TTPooBnkng 500 ul AW1 diaAuuatog ékAouong (Buffer AW1)
oTn oTAAN Kal akoAouBnoe @uyokévipnon ota 6200 x g yia éva Aemrtd. ‘ETTeima n
OTAAN HETAQEPONKE o€ Kalvoupio owAfva cuAAoyng Kkai €yive tmpooBnkn 500 pl
dlaAupartog TAuong AW?2 (Buffer AW?2) kai akoAouBnaoe guyokévipnon ota 6200 x g
yIo €va AETTTO Kal 0TO TEAOG TNG PUYOKEVTPNONG METAPOPE TNG OTHANG 0€ VEO CwANRva
OUAoyNnG. AttapaitnTo BAUA, a@oTou oAokAnpwOnke n diadikacia Tng TTAUONG Tou
DNA Atav pia véa @uyokEvTpnon Tng oTAANG o TTARpn Taxutnta (16.600 x g), yia
Tpia AETTTA, WOTE va OoTEYVWOoEel TTAAPWGS N PePPPAvn. ‘Etteira, n oTAAN peTa@épOnke
oe véo owAiva eppendorf Tou 1,5 ml kar akoAouBnoe 10 TEAIKO OTABIO £KAOUONG TOU
DNA, katd 1O OT0i0 TTPOOTEBNKAV OTO KEVTPO TNG MeEWPPavng 25 pl pubuioTikd
O1dAupa ékhouong ATE (Buffer ATE) kai n oTAAN €TTWAOCTNKE yia TTEVTE AETTTA O€
Bepuokpacia dwpatiou. To TeAeutaio PApa TG  diadikaciag  aATToudvwong
mepieAAUBave pia Quyokévipnon ae TARpN Taxutnta (16.600 X g) yia éva AeTITO, uE
OoKOTTO TNV TEAIKA ékAouon Tou DNA atmd Tn oTHAN. To yevwuikd DNA Twv delyAaTWwyY
oTToONKeUETAl KAl OUVTNPEEITOI 0 Wuyeio aToug -20 °C yia HETETTEITA PEAAOVTIKN

xpnon.

2.2.2. HAekTpo@dpnon og TTAKTWHA ayapodng
2.2.2.1. AvtnidpaoTtipia-AlcAUpaTa

MNa TRV NAEKTPOPOPNGN TWV VOUKAEIKWY 0&EWY 0€ TINKTWHA ayapolng
xpnoigotroiénkav Ta akéAouba avTidpacThipia:

«» TAE 50X (stock): Tris-base (242 gr), o¢iké o&u (57.1 ml), EDTA (18.6 gr),
ddH,O péxpr éva L. To p.H. Tou dioAupatog puBuifeTal oTnv TIPr 8 e TNV TTPocBrikn
HCI.

< Bpwpiouxo aiBidio (EtBr): YdaTiké didAupa Bpwuiotxou aiBidiou 10 mg/mi

s AiGAupa @opTwong (Loading Buffer, 6X) : 0.25% MtAe Tng Bpwpo@aivoAng
(Bromofenol Blue), 30% W/V yAukepoAn og ddH,0.

< Ayapddn
MdpTtupag popiakwv peyeBwv DNA: Low Molecular DNA Ladder (500 ul/ml) Tng

etaipeiag New England Biolabs
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2.2.2.2. Ailadikaoia nAeKTpo@OpNONG 0& TTAKTWHA ayapodng

Apxn TNC ueB6dou

H nAektpodopnon elval pLol EUPEWC XPNOLUOTIOLOUEVN TEXVIKI), OXETLKA ypriyopn
Kol otAn. XpnoLpomoLeiTal Wlaltepa yia TV avaAuon MOAUTIAOKWY HELYUATWY, yla
ToV €AeyXo NG kabBoapotntag aAAd Kal TNG AMOUOVWOoNG Twv Blopopiwy, Onwg ot
MPWTEIVEC KAl TA VOUKAEIKA of€a, oAAG Kol TemTdiwv, apwvoéwv, cakyapwv,
evlUpWV, LlooevIL WV K.OL.

H nAektpodopnon oamoteAel pla péBodo Sloxwplopoy, Katd TNV ormoia
dOpTIOHEVOL pOpPLOL PETAKIVOUVTAL UTO tnv emibpacn nAektpikol Tmedlou oto
EOWTEPLIKO TINKTWHATWY 1 SltaAupdtwy. MoAAd Blopdpla mePLEXOUV OUASEG TOU
umopouUv va ovioBoulv kal €tol oe udatikd StaAlvpata Bplokovtal wg KaTLOvVTA A
aviovta avaloya pe To kabBapd doptio mou pépouv. Otav ta popla autd Bpebouv
og €va NAektplko medio Ba petakivnBouv mMpog To BETIKO 1} ApvNTIKO TTOAO HE Hia
ToxutnTa n omola eaptdtal amno To ¢optio, To HEyeBOC Kal TO OXAUA TOU pHopiou,
NV €vtaon tou nAektpkol mediou, TG LOLOTNTEG TOU PECOU OTAPLENG KOl TNV
Bepuokpaoia.

H ayapdln e€ayetal pe tnv popodn ayoap amo Siddopa €idn KOKKIvwv Baldooiwv
dukwv, mou Bplokovtal otnv KaAipopvia kat tTnv avatoAkn Acia. H ayapdln eivat
€va YPOUULIKO TIOAUPEPEG, TTOU amoteAsital and tnv emavaAnyn Twv HOVOUEPWV
pnovadwv ayapofLolng. H ayapoBLoln sival évag Sloakyapitng mou amoTeAsitaL amo
D — yaAaktoln kat 3,6 — avudpo — L — yalaktonupavolng. H nAektpodopnon o€
TAKTWHO ayopolng amoteAel pla moAl ouxv MEB0SOG molotikAg (aAAd Ka
TIOOOTIKNAG) avaAluong tou DNA, omou ypoappikd popta DNA Kivouvtol Tpog Tnv
avodo (Aoyw twv apvnTkwv ¢optiwv Twv dwodoplkwv opadwv Tou Hoplou) He
ToXUTNTA aVTLOTPOdWC avaloyn mpog to Bapoc toug (m.x. éva Bpavopa DNA
neyeBoug 100 Leuywv Baoswv (bp) Ba kvnOel taxutepa and éva peyeBoug 500 bp)
(Magdeldin, 2012).

T€Aog, ailel va onpelwBel, O0TL 0 pUBUOG TNC KlvnTikoTtnTag Tou DNA g€aptatal
oo tnv otepeodlataln Tou aAAAd Kol amd TNV OUYKEVIpWON NG ayoapolng.
JUYKEKPLUEVA N TTOOOOTLALO CUYKEVTPWON TOU TINKTWHATOC KAl N TaxUuTnta Kivnong
elval peyédn mou oxetilovtal avtotpodwg avadoya. Etol, avdavovtag tnv
OUYKEVTPWONG ayapolng, LELWVETAL N TaXVUTNTA LETAVAOTEUONG TWV TUNHATWY AAAG
ETUTUYXAVETOL KOAUTEPOG SLAXWPLOMOE TWV MIKPOTEPWVY TUNUATwy. Avtibeta,
LELWVOVTAC TNV CUYKEVIPWON TNG ayapolnc EMITUYXAVETOL KAAUTEPOC SLOXWPLOUOC
HeyaAUTEpWVY TUNUATWY (Lee et al., 2012). EmutAéov, otav £€va HOpPLo €ival KUKALKO
TOTE €KTOG Ao 1O BApog tou mailel poAo kat n Stapdpdwaon Tou, N UTEPEAKWHEVN
pHopdn Kweltal taxutepa amd TNV XaAapn yLOoTL Elval TILO CUUTILECUEVN KOL TIEPVA TILO
€UKOAQ HECA ATIO TA KEVA TOU TIOAUUEPOUG. € uPNAOTEPA TTocooTA ayapolng (2%)
oupBaivel to avtiBeto ylati ta Keva gival TOAD HLKPOTEPA KAl N XoAopn Hopdr wg
TIO €VEAIKTN Hmopel va kivnBet tayutepa (Magdeldin, 2012).
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Newpoapatikn Stadikaoia

H d&ladikacia dnuioupyiag €vog  TINKTWUATOG ayapodng HE  TToocooTiaia
TepIEKTIKOTNTA 1,5% o€ ayapdln ATav n akdAoubn: apxikd, Cuyiotnkav 0,9 gr
ayapolng, pe Tnv Bonbeia €1dikoU {uyou akpIfeiag Kal PETaPEPOBNKAV O€ Hia KWVIKNA
@IdAn, otnv otoia  TpooTéBnkavy 60 ml  puBuioTikou  diaAlpatog  TAE
(Tris/Acetate/EDTA) 1X. lMpokeiyévou va OI1aAuBei n ayapdln, n Kwvikh @QIAAn
TOTTOBETEITAI OE POUPVO MPIKPOKUMATWY, VIO XPOVIKO dIACTNUa TTEPITTOU OUO AETTTWV
Kal TTapapével o€ uypr) Hop@r o€ Beppokpacia ¢éwg 40 oC. A@Qou TO pEiyua KPUWOEL
UTTO TpeEXOUUEVO vePO PBpuong, akolouBei n Tpoobnkn 2,16 pl diaAluartog
Bpwpiouxou aiBidiou 10 mg/ml. ‘Etreira amd KaAr avadsuon, 1o deiyua peTa@épOnKe
o¢ €10IKG KAAOUTTI, £€TO1 WOTE VA ATTOKTAOEI KATAAANAO OXNAHa, PEXP!I N ayapdln va
ToAupepIoTel Kal va TTAEEL. £TO onueio autd, TTpiv TTOAUUEpIoTEl N ayapdln, OTo
KaAoUTTI ToTroBeTOoUVTal €10IKA XTEVAKIA, Ta oTroia [BonBolv oTo OXNUOTIONG Twv
ovopalopevwy “wells” i aAAiwg “TTNyaddkia”, oTa OTToix POPTWVOVTAI, GTN CUVEXEIQ,
Ta uTTO €&étaon Seiyuata. MeTd Tnv AN TOU TINKTWHATOG, apaIpédnKav Ta XTEVAKIA
KAl TO TTAKTWUA TOTTOBETAONKE OTNV €IDIKI] CUOKEUN OPICOVTIOG NAEKTPOPOPNONG, N
omroia Atav yepdtn pe didAupa TAE 11X (TTapéxel Ta ammopaitnTa 16via yia va
TIPOYHMATOTTOIEITAI N JETAPOPA TOU PEUPATOG KAl va dlatnpeital To pH o€ pia OXETIKA
oTabepn TIUA).

Mpiv Tnv TOTTOBETNON TWV OEIYMATWY OTO TINKTWHO ayapoldng, ataITeital n
avapeign Tou deiypaTtog e éva didAupa @oépTwong A Loading Buffer. To didAuua
QPOPTWONG TTEPIEXEI MTTAE TNG PBPWHOPAIVOANG KAl YAUKEPOAN. To WTTAE NG
Bpwpo@aIvOANG gival pia XpwOTIKA IXVNAACINOTNTAG XAPNAOU poplakou Bdpoug pe
apvnTIKO QOPTio, N OTToia €ival opaTr) OTO QUOIKO QWG, KABIoCTWVTAG Ta deiyuata
opard, yeyovog TTou SIEUKOAUVEL TV TOTTOBETNON TWV OEIYUATWY OTO TINKTWHA EVW
TTAaPAAANAQ eTITPETTEI TOV EAEYXO TNG TTPOOdOU TNG NAEKTpoPOpnong. H yAukepoAn,
augavel TNV TTUKVOTNTA Tou OEiyMaTog WwOoTe va OIEUKOAUVOEL n €iocaywyr Toug OTO
“rnyadaki” kar va un dlaxubei oto didAupa nAektpopopnong (Watson et al., 2007).
Madi pe Ta Ociyparta €ival atrapaitnTn Kai n @optwon €vog HAPTUPO HOPIOKWY
peyeBwyv DNA (Low Molecular DNA Ladder), Tou oTroiou Ta peyéBn Twv {wvwv gival
YVWOTAE Kal cUPQWVA PE auTd uttoAoyieTal To poplakd Bépog Twv TuNUAaTwy DNA
(Chen et al., 2009).

H ouokeur) nAekTpo@OpnOoNG OTTOTEAEITAI OTTO Mia TTNyr NAEKTPIKOU PEUUATOC
(TPOPOBOTIKG), TTOU TTAPEXEI OUVEXEG peUMA, YE pubuICduevn Taon (volts) i €vraon
(mA), Kol ammd pia Aekavn Xwpiopévn o€ dUo OeCaueveég (AOUTPO), TTOU TTEPIEXEI
PUBUIOTIKG SIGAUpa. ZTn pia deapevh €ival TTPOCAPPOCOHEVO OTRV Hia TTAEupd TO
BeTIKO Kal aTnv AAAN To apvnTIKO NAekTPOdIo. H epapuoyr Tou nAekTpikoU TTEdiou
TIPOKAAEI TNV PO TOU NAEKTPIKOU PEUNOTOS aTTO TO ApVNTIKO NAEKTPODIO — pUBUIOTIKG
dIGAUpa — UAIKO nAekTpo®Opnong — pubpioTikG didAupa — BeTikd nAekTpodio (Voytas,
2001) kol TOV OXNUATIONO TWV XOPOKTAPIOTIKWY {wvwv (avaloya pe 10 pEyeBog
TOUG). H nAekTpo@dpnon TTpaypaToTroleital ue pubuigouevn 1don ota 80 €wg 100 volt
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KAl JETA TO TTEPAG TNG dIadikaciag To TMMKTwWHA ayapodlng eKTIBETAI 0€ UTTEPIWDEG
owg (UV), woTe va aTTEIKOVIOTEN TO ATTOTEAETHA.

Eikéva 13: H diadikaaoia Mg NAEKTPOPOPNONG ge  TIAKTWUA ayapdlng
http://www.molecularstation.com/images/agarose-gel-electrophoresis.jpg

2.2.3. AAuo1dwTn Avtidpaon NMoAupgpdong

Apxn pedoédou

H avakdAuywn Tng aAucidwTrg avTtidpaong toAupepdong (Polymerase Chain
Reaction, PCR) ammoé tov Karry Mullis 10 1983 dAAage pidikd TIG BIOAOYIKES ETTIOTAMEG.
H texvikh) Tng PCR auTth TN OTIyPr XPNOILOTIOIEITAI EUPEWGS aTTO KAIVIKOUG 1aTPOoUG Kal
epeuvnTéG yia TN dldyvwon acBeveiwyv, KAWvVwY Kal aAAnAouxiwy yovidiwv Kai
OIEEAVEl EKAETTTUOMEVEG TTOOOTIKEG Kal YOVIOIOKEG MWEAETEG ME YPrYOPO Kal TTOAU
euaioBnTto TpoTro. KdBe avdAucon PCR atraitei Tnv Trapoucia ekpayeiou DNA,
EKKIVNTWYV, VOUKAeoTIdiwv kai DNA toAupepdong. H DNA TtroAupepdon cival 1o
Baoikd évquuo TTOU CUVOEEI PEPOVWHEVA VOUKAEOTIOIO Kal yia TNV TTapaywyr Twv
mpoidvTwy TG PCR Kupiwg xpnoiyotroicital n Taq TToAupepdaon TTou atmmouovwenke
ammd 10 Bepud@iro PakTApio Thermus Aquaticus Tou (el ot Oepuég TNyEéG O¢€
Bepuokpaaieg 70 — 75 oC. Ta voukAeoTidia TrepIAaupavouy TIG TEOOEPIS BACEIS -
adevivn, Buuivn, kutoaivn kal youavivn (A, T, C, G) mou Bpiokovtal oto DNA. Autd
AeIToupyouv w¢ dopIKA oTolxeia TTou XpnoipoTtrolouvtal ammd 1Tnv DNA tmoAupepdon
yia Tn dnuioupyia Tou TTPOKUTITOVTOG TTPoidvTog PCR (Ausubel et al., 2003).

H PCR Bagietai otov evluuaTtikd TIOANATTAQCIAONO WIAG  OUYKEKPIUEVNG
aAAnhouyxiac DNA Trou opoBeteitar 0egid kai apiotepd ammd OUO0 EKKIVNTEG —
OAIYOVOUKAeOTIOIO  (primers),  XPNOIUOTTOIVTOG  ETTAVOAAPBAVOPEVOUG  KUKAOUG
ouvBeong DNA. H aAAnAouyxia Tou KABe ekKIVNTA €ival GUPTTANPWUATIKA TTPOG TNV Hia
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atd TIG 600 aAucideg Tou OikAwvou DNA — ekuayeiou. H amdéoTtaon peTatu Twv
EKKIVNTWV KaBopileTal ouvnBwg euTTeIpIKG Kal €apTaTal amd TTOAAOUG TTaPAYOVTEG.
2uvnOwg 10 HéyeBog Tou TuAMaTOog DNA TTOU XpnoldoTrolgiTal yia dIayVWOTIKEG
ecetaoelg gival petagu 100 — 1000 Baoeig voukAeoTidiwy (Ausubel et al., 2003).

H diadikacia Tng PCR tpayuartoTtroleital o€ KUKAOUG. ZuvhBwg, atrairouvTal 20 —
40 BepuokpaoIakéG aAAayEG, oI oTToieg PTTopoUV va TagivounBouv oe Tpia oTddia
(Eikéva 14) :

1. To otadio tng amodiataéng tou DNA ekpayeiov (denaturation) otoug 94-96
°C.

2. JUVOEONn TWV EKKWVNTWV HE TIC CUUMANPWHATIKEG TPOC OUTOUG OaAUGCIdEG
(primer annealing).

3. Eméktoon twv ouvOlebepévwyv eKKvNTwvV Kol olvBeon tou DNA pe
koteVBuvon 5'-3" (extension) otoug 72°C.

Ta BApata avalvovtotl akoAoUBwG.

Ewkova 12: Ta otadla tnG aAuotldwtrg aviidpaong moAupepaong
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MeTaAAGEEIG TOU UTTOKIVNTH TNG TEAOPEPATNG GTOV KAPKiVo Tou Bupeoeidols aTov eAANVIKO TTANBUCUO

1. Kata to mpwto otadlo tng amodlataing, MPAyUATONOLE(TOL | HETOUGIWON
Tou DNA oTto)0U. AUTO ETITUYXAVETAL KATW Ao KATAAANAEG Beppokpaoieg, cuvnBwg
otoug 94 — 96 °C, wa Beppokpacio n omoia guvoel tn Sidomaocn Twv Seopwv
udpoydvou mou cuykpatouv TiG Vo aluacibeg tng SUTANG EAKOG PE ATTOTEAECHA TNV
petatponr tou SikAwvou DNA o povokAwvo. H Bepuokpaocio otnv omoia To
SikAwvo DNA yivetal povokAwvo kaAsitat onpeio téng (melting temperature — Tm).
H Bepupokpaocia t™éng ennpealetal and tn cvotaon tou DNA (meplekTikoTnTA OF
alwtolxeg PBdaoelg yovavivng kat kutooivng). Zto avBpwriivo DNA n Beppokpacia
TAéNg sival mepimou 95 °C.

2. 3to beltepo otddlo, n Beppokpacio petwvetal otoug 50 — 60 °C pe cuvETELa
TNV UEPLKA EMAVACUVOEDN TWV HOVOKAWVWVY popiwv Tou DNA-oTo)XoU, OMwE KoL TV
MPOOdECN TWV EKKIVNTIKWY HOPlwV OTIC OCUUTANPWHATIKEC aAAnAouxiec. H
Bepuokpaoia eivat yvwotiy wg Bepuokpaocia enavadiataéng T, (annealing
temperature) kot eivat katd kavova 5 — 10 °C xaunAotepn tng Beppokpaciog THEEWG
(Tm) Twv ekkvntwv. O oxedlaoudg Kal n Aoy evog €L6LKOU €KKLVNTH amoTeAEL
ONUAVTLKO TtapayovTa yla Tnv emtuyia tng avtiépaonc PCR.

3. Ito tpito otddio, n Bepuokpaocio avépxetat otoug 72 °C kat apxilel n
ouvBeon tou DNA, pe tnv 8pdon tng Taq TMOAUMEPAONG, Topoucia eldkou
pubuiotikol SaAUpatog kot wvtwv Mg’ e auty thv Beppokpacia n Taq
mMoAupepdon mpooBétet 35 — 100 OSeofuplBovoukAeotibia  (dNTPs) kdaBe
SeutepOAeMTO, PE TPOOAVATOALOHO 5 — 3’, Ta omola elval CUMMANPWHATIKA OTO
unootpwpa. Metd amod kabe kKUKMo, ol cuvtiBgpevol kKAwvol Tou DNA xpnotpevouv
WC EKUAYELO OTOV EMOUEVO KUKAO. To KUPLO TIPOTOV aUTHC TNG eKOETIKAG avtidpaong
elvat éva tunua tou SikAwvou DNA, tou omoiou Ta Akpa opilovtal amod Toug
EKKLVNTEG KAL TO NKOG TOU MO TNV METAEY TOUG amootaon.

H avtidpaon Aapfdavel xwpa oe €L61KOUG EEPOUC EMWAOTAPEG TTOU ovopdlovtal
Bepuikol kukAomointeg (thermal cycler), ot omoiot evaAAdcocouv tnv Beppokpacia
(6€puavon — Puén) Baon mpoypopUATIOUOU.

Ta mAeovektpata tng PCR elval OTL mapexeL Tn SuvaTtoTNTA MOPAYWYNG LEYAAOU
aplOoU avtlypAddwV CUYKEKPLUEVOU TUAMOTOG Tou DNA o€ Hikpd Xpoviko Stdotnua.
EmutAéov, n avtibpaon umopel va mpayuotomolnOel pe TNV xprRon €AAXLoTNg
noootntag yevwuikol DNA, kaBwg kat pe DNA mou Sev eival e€alpeTIKAG moLOTNTAC

(omaopévou 1 akdaBaptou).

Neipaparik Siadikagia

O1 mepioxég Tou yovidiou TERT TOU XPWHUOOWWHOTOS 5 TToU evioxUBNKav e TN
diadikacia Tng PCR, ATav o1 TTePIoxEG TTou TTepIAauBAvouy TIG peTaAAGgelg C228T,
C250T ka1 CC242-243TT. O1 aAAnAOUXiEG TWV EKKIVNTWYV TTOU XPNOIUOTTOINONKaV yia
TNV €VIOXUON TWV TTAPATIAVW TTEPIOXWYV, KABWG Kal TO YEyeBOG Tou TTPOIGVTOG Kal Ol
UTTO JEAETN onNUEIOKEG METOAAAEEIC TTapouaialovTal oTov [Mivaka 2.
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[Mivakag 2: H aAAnAovyio Twv €KKIWWNTWV OV XPNOLULOTIOMONKAV Yl TNV aviYveuon Twv

onpelakwv peTaAAdEewv Tou yovidiov TERT kot to péyebog Tou avapevopevou TPoidvTog g

PCR.
T'ovidio AAMndovyia Ekkivnti 5'-3° MetaAAagelg Méye0og
TERT FOR*: - C228T 194bp
CACCCGTCCTGCCCCTTCACCTT-
REV*: - C250T

GGCTTCCCACGTGCGCAGCAGGA-  ~((242-243TT

*For : (forward primer, mp6o010¢ ekkivnTc), *Rev:(reverse primer, avacTpo@og
EKKLVNTNG).

O Beppoxpaciakég evailayeg Slegnxbnoav otov el5IK0 BepLOKUKAOTIOMTY)
(SENSQUEST lab cycler) kat ot cuvBnkeg Tov ypnoipomomdnkav divovtat otov
Mivaka 4.

[Mivakag 4: ZuvOnkes BepoKLKAOTIOWTY] TTOL Xprolpomomfnkay yia tnv PCR.

Oeppokpacio Xpovog
Apxwkn amodidtaén 950C 5 Aemtd
ATio8atain 950C 30 SevtepdAeTTA -
YBptdomoinom 62°C 1 Aemtd
40
; . >
Eméktaon 72°C 30 SevtepdAemTA KUKAOL
Eméktaon 72°C 7 Aemtd p,
Avapovn 40(C aTEPLOPLOTOG
Xpovog

2¢ 6Aa Ta oTddia (atmmodidtaén, uppIdOTTOINGN KAl ETTEKTACH) XPnoiJoTroiénkav 40
KUKAOI. ZTnv epyacia n avtidpaon tpaypartotroiouvrtav o€ 6yko 50 pl oe €1dIko
owAnvdpio eppendorf TeAikoU 6ykou 0,2 ml. Ta avridpacTripia Kal Ol TTOCOTNTEG TTOU
xpnoigotroimnénkav yia tnv ektéAeon g PCR ayopdotnkav amé Ttnv Kapa
Biosystems (KAPA Taqg PCR kit) kai rapatiBevral otov lNMivaka 5. ETriong, o€ kad6¢
avTidpaaon xpnoiyoTroindnke kal éva apvnrikd deiyua eAéyxou (negative control), TTou
TTepleixe OAa Ta ouoTaTik@ piag avridpaong PCR, tng otmoiag 10 yevwpikd DNA
AVTIKOTAOTAONKE pE veEPO. ZTO Ociypa autd Oev AVAPEVETAl VO EUPAVIOTEI TTPOIOV,
kabwg Oev TrepiExel DNA, og TrepiTTTwon TIOU €U@AVIOTE TTPOIOV aUTO aTTOTEAEI
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onuad! empoAuvong TouldyioTov o€ éva atmo Ta avTidpacThpia TNG PCR A un €181kNAg
gvioxuong Tou utté PeAETN yovidiou Katd Tnv SIAPKEIQ TNG avTidpaong.

Mivakag 5: [ToodtTEG avtiSpaotnpiwv Tov xpnoipomomdnkav otnv PCR.

AvtiSpactipla
Buffer x10 + MgCl 15mM 5
dNTPs 10mM 1
MgClz 25mM 2
Primer Forward 10 2,5
pmol/pl
Primer Reverse 2,5
10pmol/pl
DMSO 5% 2,5
K-Taq Polymerase (5 u/pl) 0,2
DNA 2
H20 32.3
ZUVoALKOG ‘OykoG 50

Mapakdtw eikoviCeTal N VOUKAEOTIOIKA aAAnAouxia OTnv TTEPIOXN TOU UTTOKIVNTH
TOU yovidiou TERT, &1TOU PE TTPACIVO XPWHA ETTICNKAVETAI O TTPOCBIOG EKKIVNTAG, ME
KOKKIVO XpWHA 0 avACTPOPOG EKKIVNTAG KAl UE PTTAE XPUWHA O1 UTTO JEAETN ONUEIOKES
METOAAGEEIS

[Tivakag 6: AAAnAovyia yevwpikoV DNA tou yovidiov TERT

GCGCGGGCGGGGAAGCGCGGCCCAGACCLCLCGGGETCCGCCCGGAGCAGLCTGLCGLTETCG
GGGCCAGGCCGGGCTCCCAGTGGATTCGCGGGCACAGACGCCCAGGACCGCGCTTCCCAC
GTGGCGGAGGGACTGGGGACCCGGGCACCCGTCCTGCCCCTTCACCTTCCAGCTCCGCCTC
CTCCGCGCGGACCCCGCCCCGTCCCGACCCCTLCCGGGTLLCCGGLLCAGLLCcLeTeCGaRa
CCCTCCCAGCCCCTCCCCTTCCTTTCCGCGGCCCCGCCCTCTCCTCGCGGCGCGAGTTTCCAG
GCAGCGCTGCGTCCTGCTGCGCACGTGGGAAGCCCTGGCCCCGGCCACCCCCGLGATGLC
GCGCGCTCCCCGCTGCCGAGCCGTGCGCTCCCTGCTGCGCAGCCACTACCGCGAGGTGCTG
CCGCTGGCCACGTTCG

2TNV OUVEXEld, Ta TIpoidvTa Twv avmidpdocwv PCR nAektpogopnrbnkav o€
TAKTWUA ayapdlng ouvotaong 1,5% wote va emBefaiwbdei n  emTuxia NG
avtidpaong. Z1a Tnyaddkia «@opTwonkav» 5 pl ammd 1o Tpoidv TG avtidpaong PCR
META ammd avapeign pe 2 ul XpwoTikAG-dlaAupaTog @épTwong kai 5 uyl H,O. Z10
TAKTWHA QOPTWONKE Kal JdapTupag poplakoU Papoug (Low MW DNA Ladder). H
aTTeIkOVION TOU aTTOTEAEOUATOG TTPAYMOTOTIOINONKE WE TNV TOTTOBETNON TOU
TINKTWPATOS KATW atrd TNV €18IKA AduTra UV.
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2.2.4. KaBapiopog Twv mpoidviwyv Tng PCR

MpwtokoAro

Mpokeipévou va emTeuxOei N aAAnAoUxIon Twyv TTPoIdVTWY TNG PCR TTPETTEl €K TWV
TTPOTEPWYV VA Yivel 0 KABAPIOPOS TOug, €101 WOTE va a@aipeBolv Ta UTTOAEiUuaTa
OAGTWY, e€vCUPWYV, OIJEPH EKKIVATWY TTOU €XOUV TTapaueivel atmd TIG eVCUMOTIKEG
avTidopdoelic. O kabapiopdg Tou Tpoidviog NG PCR  éyive ocUu@wva e TO
TTPWTAKOAAO TOU KATAOKEUAOTH TNG eTaipiac MACHEREY-NAGEL, NucleoSpin® Gel
and PCR Clean Up.

H diadikaoia epiAauBdvel Ta akdAouBa oTddia: apxIKd, TTPOCAPUOCTNKE O OYKOG
Twv delyuaTwyv ota 50 ul, ye TTPOCOAKN ATTECTAYUEVOU VEPOU. ZTNV GUVEXEIQ EYIVE
TPOCOAKN KATAAANANG TT000TNTAG PUBUIOTIKOU SlaAupaTog NT1. ZOpowva JE TIG
00nyieg Tou TTPpwTOKOAAOU, N avaAoyia Tou puBICTIKOU BIGAUMATOG TTPOG TO BEiyHa
givar 2:1, yia kd@Be €vav Oyko Oeiyuatog TTpocBEToune 2 OyKOug PUBUICTIKOU
olaAluarog, €101 yia kaBe 50 ul Tou PCR Tpoiévtog mpooTébnkav 100 ul diaAuuartog
NT1. 'Emeira, akohouBbnoe n déopsuon tou DNA oTtnv hePBpdvn TnG €IBIKAG OTAANG.
MNa 10 oKOTTIO aUTO, TOTTOBETABNKE 0 KABE owArva cuAhoyrg (collection tube) Twv 2
ml pia oTAAN éKAouong Kal ETTEITA TTPOCEKTIKG QOPTWONKE OAN N TTO0OTATA OEiyUATOG
OTO KEVTPO TNV PEPPBPAVNG. MeTd attd QuUyoKkéVTpnon TnG OTHANG, o€ Taxutnta 11,000
X g yia 30 OeutepOAeTITa, a@aIpEBnKe TOo aTToppéwv Uuypd Kal N GOTAAN
emavaTomofetiOnke oTo collection tube. Emoéuevo PApa Atav n €kAouon Tng
MepBpdvng Trupitiou (silica membrane). ‘Etol, mpooTtéBnkav otn otiAn 700 ul
puBuioTikoU dlaAupaTtog NT3 Kai akoAouBbnoe @uyokévipnon o€ Taxutnta 11,000 x g
yia 30 deutepOAeTtTa. MeTd TO TEAOG TNG PUYOKEVTPNONG APAIPEBNKE TO QTTOPPEWV
uypé amd To collection tube. H diadikacia €ékAouong TnNG MePPBpPAvNG,
TTPAYHMATOTTOINBNKE Kal yia deUTEPN Yopd KOBWG ouvioTaTal atrd TOV KATAOKEUAOTH.
TeNkd n oTAAN @uyokevTprBnke oe Taxutnta 11,000 x g yia €va AETTTO, WOTE va
emteuxBei n TAApn amopdkpuvon Tng aiBavoAng, Tou  TrepIAauBaveTal  OTO
puBuIoTIKG diGAupa NT3, n otroia PTTopei va 0dnynoel o€ TTapeUTTOdIoN EVCUPATIKWY
avTidpdoewyv. MNa v ékAouon Twv TTPOIGVTWY TNG PCR n oTAAN TOTTOBETHBNKE O€
véo eppendorf cwAfva (xwpnmikétnTag 1,5 ml) kai akoAouBnoe TPOOBRKN
KAatdAANANG TToodTnTag pubpioTikoU dlaAuuaTtog ékhouong NE (elution buffer NE). Ol
OyKol £€KAoucng TTOU XpNOoIJoTToINBnKav KupdaivovTal JeTagu 15 pl — 25 ul, avadAoya ue
TNV TToodTNTA TOu KABE TTpoidvTog PCR, o1 otroiol ammogaciotnkav avadloya pe tnv
évraon TnG ¢wvng TTOU TTPOEKUWYE ATTO TNV €IKOVA TNG NAEKTPOPOPNONG O€ TINKTWUA
1,5% ayapolng. MNpayhaToTroIindnke eTTwacn Tou SIAAUUATOS EKAOUONG OTIG OTRAEG,
yia éva AeTrté o€ Bepuokpaaia dwuartiou (18 ° -25 °C) kal akoAoUBnoe QuUYoKEVTPNON
oe Ttaxutnta 11,000 x g yia éva Aemrtd. TéAoG, Ta kKaBapiouéva tpoidvra Tng PCR
avaAuBnkav pe NAEKTPOPOPNON O€ TTAKTWHA ayapolng trepiekTikdéTnTag 1,5% yia Tnv
EKTIMNON TNG CUYKEVTPWONG TOUG Kal dlaTnprRbnkav o€ KATaWuKTn BgpuoKpaaiag -
20°C péxp!l TNV aAAnAoUxIoT Toug.
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2.2.5. AAAnAouyxion Twv KaBapiocuévwy TTpoiovTwy Tng PCR

H aAAnAouxion Twv mpoidviwv NG PCR ekTeAéoTnke ammd pia eeidikeupévn
eTaIpEia PIOTEXVOAOYIKWV KAl HOPIOKWY TEXVIKWV ME TNV emwvupia CEMIACA
(Cellular and Molecular Immunological Applications) (Adpioca). Ta atroTeAéopaTa TWV
aAAnAouyicewv oTdABnKav uTTd PoPPN XpwHATOoYPAPNUATWY, Ta OTToia avaAuBnkav
OTO £PYQOTHPIO PE TNV PonBeia Tou e€eIdIKEUUEVOU AoyIoMIKOU TTpoypduuaTtog BioEdit
v7.2.5 (developer Tom Hall, Ibis Biosciences, Carlsbad CA92008).

Eival onuavtiké va avagepBei 611 yia Tnv aAAnAouxion Twv Trpoidviwy Tng PCR
xpnoigotroimnénkav 1600 ol TTPpdaBiol 600 Kal o1 avAoTPoPol EKKIVNTES Tou [Mivaka 2.
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3. AtroteAéopara — ZulATnon

3.1. Evioxuon Tng utré PeAETN TTEPIOXNG TOU YyoVvidiou
TERT pe TNV aAuoidwTnh avTtidpaon TToAupepdong

To yevwuiké DNA 1Tou atropovwBnke atd BIoYies I0TWV eviIoXUONKE PE TNV XPAON
KAaTAAANAWYV  ekKKIVATWY OTnv TEPIOX Tou yovidiou TERT pe tnv péBodo TIg
aAucIdWTAG avtidpaong TmoAupepdong. EvoeikTikd, otnv eikéva 13 atreikovifovtal Ta
TpoidvTa evioxuong pe PCR TnG €mBUPNTAG TTEPIOXAS DIAQPOPETIKWY OEIYUATWYV Yia
TIG METOANGEEIG C228T, CC242-243TT kai C250T avrioToixa.

1 2 3 4

Eikova 13: HAektpopodpnon oe TAKTwPA ayapolng 1% Ttng Trepioxng Tmou TepIAauBAavel TIg
MeTaAAGEEIG Tou yovidiou TERT petd amé evioxuon diagopeTikwyv DNA pe avtidpaon PCR. Aladpoun 5:
Aciyua DNA 245 bps. Aladpopuég 1-3 & 6-7: Evioxuon yevwpikou DNA twv dsiypdrwy 8, 15, 52, 44, 45.
Alodpopég 48&8: Agiypa apvnTikoUu pdpTupa éEAeyxou Tng avtidpaong PCR.

3.2. Ka@apiouog mwpoidvrwy Tng PCR

O kaBapiopdg Twyv TTPoidvTwy TG PCR TTpaypaToTroleital pe OKOTTO TNV BEATIOTN
aAAnAouyxion yia Tnv avdAuon Twv PeTaAGEEwvV Tou yowvidiou TERT. Me tnv
d1adIkaoia auTr, ATTOPAKPUVOVTAI UTTOAEIUPATO EKKIVNTWY, OEO0EUVOUKAEOTISIWY Kal
pun €dika Tpoidvta Tng PCR. Ztnv ekéva 14 Trapabétovral opiouéva amd Ta
kaBapiopéva trpoiévta PCR.

300 bp -

200 bp  —»
«— 134 bp

100 bp  —p

Eikova 14: HAekTpopopnon og TTHKTWHA ayapdlng 1% Twv TTPOIOVTWY evioxuong TnG TTEPIOXAG TTOU
TePIAaUBAver TIG HETAAAGEEIG TOU UTTOKIVNTH TOU Yovidiou TERT petrd amod kabapiopd Toug. Aladpoun 1:
AeikTnG Popiokwy peyedbwy, 2-Log DNA Ladder (100-1000 bq). Aiadpouég 2-4: KaBapiouéva TpoidvTa
evioxuong Tou yevwpikoU DNA Twv delypdrtwy 30, 32 kai 36.
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3.3. AAANAoUXION TWV TTPOiIoVTWY TG PCR

Ta mpoidvta TNG PCR aAAnAouxrbnkav Kal Ta aTTOTEAECPOTO QUTWVY gP@avifovTal
o€ Jop@n xpwpaTtoypaeriuatog. H aAAnAouxion twv trpoidéviwy g PCR £dwoe 97-
100% opoAoyia pe TIG UTTO MEAETN TTEPIOXEG Tou yovidiou TERT, perd amod
€UBUypAuMION We TO TTPOYpauPa BioEdit.

2TIG €IKOVEG 15-18 aTtreikovifovTal opiouéva ATTO TO XPWHATOYPAPHUATA T OTToia
€oTIAlOVTOl KUpiwg OTIC TrepIoXEG Tou yovidiou TERT trou TmeplAauBaver TIg
METOAAGEEIG C228T, CC242-243TT kau C250T . l

Eikéva 15: Xpwpatoypdenua tng TrepIoxAg Tou yovidiou TERT yia 710 deiyya 21. Me BéAog
onMeEIWVETal N BACN TTOU CUVAVTATAI OTNV TTEPIOXN TOu UuTToKIivnTtr oTn B6éon -146 bp (C250T). H
TTapouaia TnNG Kutoaivng dnAwvel TNV atroucia HETAAAAENG.

Vo

Eikéva 16: Xpwpartoypdenua Tng Treploxrig Tou yovidiou TERT yia 10 &eiypa 21. Me BéAog
ONUEIWVETAl Ol BACEIG TTOU ouvavTwTal oTIG Béaelg -139 bp kal -138 bp (C243T & C242T). H mmapoucia
KUTOGivNG dnAwvel TNV atroucia JETAAAAENG OTO CUYKEKPIPEVO Oeiyua.

}

Eikéva 17: Xpwpatoypdenua Ttng Trepioxhg Tou yovidiou TERT yia 10 deiyya 21. Me BéAog
onueiwvetal N awToUxog BAcn TTOU CUVAVTATAI TNV TTEPIOXK] TOU UTTOKIVNTH 0Tn 8éon -124 bp (C228T).
H trapouacia Tng kutooivng dnAwvel TNV atroucia HETAAAAENG OTO CUYKEKPIPEVO Beiya.
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Eikéva 18: Xpwpuartoypdenua Tng TEPIOXAS TOU UTTOKIVNTA Tou yovidiou TERT yia to deiyua 4. Mg
BéAog onuelwveTal N alwTouxog Bdacn Tou cuvavtdral oTn 8éon -124 bp (C228T). H tautdypovn
TTapouaia TnNG Bupivng Kal TG KUTOaivNG dNAwWVEl TNV TTapouaia HETAAAOENG OTO CUYKEKPIPEVO BEiyHa.

ZTnv Tapouca epyacia dev TautotroiBnkav PETaAAGgEIS oTig Béoeig C250T,
C243T ka1 C242T oe kavéva ammod T1a egetaldopeva deiypara. Mévo n yetdAAagn otn
B8¢éon C228T tautotroi®nke o€ 1 amod 1a 34 deiypata TTou peAeTAONKav. H petdAAagn
auTr BpiokeTal o€ eTepoCUywWTIaL.

3.4. zulATnon

2Tnv Trapouca epyacia dev TauTtoTroiBnkav PETOAAAELEIC OTOV UTTOKIVNTA TOUu
yovidiou TERT oTig Béoeig C250T, C243T kai C242T o€ kavéva atréd Ta deiyuarta TTou
etetaotnkav. Ocov agopd Tnv peTdAAaén otn Béon C228T TautotmoIROnke €va
ociyua, TTou @épel TNV aAAayr kutooivng o€ Bupivn o€ etepoluywrtia. To deiyua TTou
@épel auTr) TN METAAAAEN eival €va BnAwdeg Kapkivwua piag acBevolg nAikiag 72
eTwv. O1 petaAAGEelg otov utrokivnT Tou yovidiou TERT éxouv OUOXeETIOTE pE
a0Beveig e TTpoxwpnuévn NAIKia, Kal To eUpnua NG TTapolcas £pyaciog CUUPWVEI
Me TN BiBAioypagia (Liu et al. 2014). H petdAAagn avixvelbnke o€ €va OyKO ME
MEyEBOG > 40 mm Kai ETMITTAEOV EPPAVIOE PETAOTAOT OE AEPPAOEVES. AUTH N KAIVIKN
€IKOVO OUVADEl MPE ETTIBETIKOTNTA TOU OCUYKEKPIMEVOU KOPKIVWUATOG. EmimAéov, n
METAAAQEN C228T TTou TOUTOTTOINBNKE OTNV €pyacia auTr €ivar n 1o ouxvh
METAAAQEN TOU UTTOKIVNTHA TNG TEAOUEPAONG OTOV KAPKIVO Tou Bupeoeidoug, OTTwg EXEl
OcIxBei atrd AAAeg peAéTeS (Xing et al., 2014). Mpdoeateg PEAETEG £xouv Beigel OTI N
ouxvoTNTa TWV PETOAAGEEWY OTOV UTTOKIVATH ToU Yovidiou TERT dia@épel avaloya e
TOV TUTTO TOU KOPKIVWUATOG ToUu Bupeocidoug Kal eIDIKOTEPA o1 PeTaAAGgelg TERT
TAUTOTTOIOUVTOI O€ ETMOETIKA KapKivwpata. ‘ETtol, o kalorBeig oykoug dev
TTapaTnEouvTal JETAANGEEIG, evy TO TTOO00TO avépxeTal o€ 12-14% oTtov BnAwdn Kai
BuAakiwdn kapkivo kal oto 38-46% oTov XaunAng SlapopoTroinong Kapkivo Tou
Bupeoeidolg Kal aTov avattAaoTIKO Kapkivo (Liu et al., 2013). Ztnv TTapoloa epyacia
oev TepIAapBavovTal xaunAng diagopoTroinong Kal avaTrAaoTIKA KaPKIVWPOTA, KAl TO
Too00TO Twv PETOAGEEWY Tou TERT ekmiydtanl oe 3,5% yia OnAwdn kai 0% yia
BuAakiwdn Kapkivwuata. Ta TTOCO00TA autd €ival PIKPOTEPA OTTO AUTA  TTOU
avagépovtal otn BiBAIoypagia, oAAd autd UTTOPEI VO OQEIAETAI OTOV OXETIKA MIKPO
apIBuo delyudTWY TTOU PEAETABNKAV. ZNUAVTIKO eUpnua TNV TTapoloa PEAETN ATAV
TO YEYOVOG OTI OTO KapkKivwua TTou @Epel TN METAAAaEn C228T TautotToinOnke Kai n
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peTAAAaEN BRAFVE00E. O cuvduacuog autwy Twv HETOAAGEEWY €xel DeixBei 6T dpa
OUVEPYIOTIKA Kal augavel Tnv €mMOETIKOTATA TOU OYKOU, PE ATTOTEAECOUA CGNPAVTIKA
augnaon Twv UTTOTPOTTWY Kal TNG BvnoipotnTag Twyv acBevwy (Liu & Xing, 2016).

ZUPTTEPACUATIKA, 0TV TTAPOUCO EPYOCTIO QVIXVEUTNKE N TNO Ouxvr METAAAAEn
otov utrokivnTi Tou yovidiou TERT oe¢ kapkivwpata Bupeoedols atov eAANVIKO
TTANBUCPO, aAAG pe TTOAU XaunAd TTooooTd. EvrouTolg, n petdAAagn Tou TERT Ttrou
QVvIXVEUBNKE OUVUTTApPXEl KAl PE GAAEG METAAAGEEIG, €10IKOTEPA TNV TTIO OUXVA
MeTAAAOEN BRAF o€ kKapKkivwpaTa TTou XapakTnpifovtal atrd €TMIOETIKA CUUTTEPIPOPA.
H epyacia autr gival povadikfy otov eAAnvIKG TTANBUC PO, eviouToIg yia TNV £€aywyn
OOQOAWY CUPTTEPACUATWY €ival aTmapaitnTo N PEAETN va €TTEKTOBEI O PEYAAUTEPO
apIBuo delyudTWY.
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