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To kUplo avukeipevo tns akuvoBioloyias enikevipwvotav oty dueon Spdon tns
akuvoPohias. Méxpl kar us teheutaies duo Sekaeties Oswpoulvtav nws n loviifouoa
AxtivoBolia (IA) éxel aueANTéES KUTTAPIKES ENIMTWOEIS OE YEITOVIKA popIa f kal e181kdTepa
o€ eKkelva ektos s {Wvns aktivoBOANoNs. LXeTkd npdogpatd, napatnpnonkav kar AANes
enimtwoels s A, onws n napaywyn €viovwv anoteAecpdtwyv oe Mn-Ltoxeupeva
kUttapa, ta onoia nepidapBdvouv yowvidiakn actdBeia, Kapkivoyéveon, HPETAMNAEES,
avtaMayn adeApwv xpwpatidwy, npdwpn XpWHOOWHIKA CUHNUKVWON, alAayes otn
yoviSiakh kal Npwteivikn ékppaocn, kuttapikd Bdvato kar BAdBes DNA, énws or SSBs kal
ol DSBs. Autd ta Mn-Ltoxeupéva-AnoteAéopata €xouv anodobei, kdtw and OpICUEVES
ouwbnkes, ws [Mapakeipeva  anoteAéopatalbystander — effects) A Andkpion
Anopakpuopévwy 1oty (abscopal effects). TloMd and autd ta anotedéoparta
pEAETNONKaV peTd tnv aktivoBOANon kal €xouv ouvdeBEl pe v enippon evos OYKOU o€

I0TOUS, €KTOS TOU OYKOU.

la autd npoxwphoape oto oxedlacpo kal uAonoinon evos neipduatos, onou
aktivoBoAnBnkav novtikia oto nédi, pe duo texvikés kal Suo Siapopetikés SOOEls, Kal
peAethoape us opadonoinpéves BAABes nMou endxOnkav o€ ANOPAKPUOHEVOUS 10ToUsS,
Onws ol WOBNKES kal N onAAva. LUYKEKPIPEVA, HETPNOAPE TIS aBacikés neploxés kdvovtas
xpnhon tns evdovoukAedons APET kal us odeifwtikés PAABes pe v yAukoouAdon
hOGG1. O petphoeis nou nhpape yia ta Seiypata nou gite napahhpdnkav petd and 24
eite petd and 96 wpes €8ei€av augnpéves PAGBes katd 1.7-2.1 kal 2.2-2.6 Qopés ot
oxéon pe ta Seiypata twv pPn aktivoBoAnpévwy NOVIKIOV Nou peAethOnkav yia to APE1
kar hOGG1 avtictoixa. Akdpn, dgv napatnphBnke onpaviikn nocotikn Siapopd ous

BAGBes nou npokAnBnkav and diagopetikh SOon kal S1aPopETIKN TEXVIKA aKTIVOBOANCNS.

Ta anoteAéopata autd eival NoAd onpaviikd yia v aktvoBioloyia Kal CUYKEKPIHEVA TV
aktivoBepaneia, kabws €vw pnopei pe tnv aktivoBepaneia va otoxevovial OyKol O€
OUYKEKPIPEVA ONPEia Tou owpatos ald va endyovial BAGPRes og napakeipeva kUttapda nou

Napapévouy Katd v ndpodo Tou xpoOvou.



ABSTRACT

Radiobiology has focused on the so called ‘direct’ action of radiation. Until the last
two decades the central tenet has been that lonizing Radiation(IR) has insignificant
cellular effects on adjacent cells and especially those outside the radiation zone.
Relatively recently, other effects from IR have been realized such that IR produces
profound effects in non-targeted cells which include genomic instability, tumorigenesis,
sister chromatid exchanges, mutations, premature chromosome condensation , gene
and protein expression changes, cell death and DNA damage such as SSBs and DSBs.
These Non-Targeted-Effects (NTEs) under specific circumstances, have been designated
as bystander effects or abscopal effects. Many of these NTEs observed after irradiation
have also been linked to the influence that a tumor has on extra-tumor tissues.
Therefore, it is crucial to widen our knowledge on whether radiation doses induce

effects in tissues distant from the radiation zone.

Thus, we proceeded in developing and carrying out an experiment, where mice were
irradiated , with two different techniques and doses, on the leg and studied the damages
induced in distant tissues, such as ovaries and spleen. Specifically, we quantified the
abasic sites by using the APE1 endonuclease and the oxidative clustered damages with
hOGG1T glycosylase. The measurements we recorded for the samples taken either 24 or
96 hours after irradiation, revealed increased level of damages up to 1.7-2.1 and 2.2-
2.6 times above the unirradiated ones for the APET and the hOCGG1 probe respectively.
Yet, we did not observe a significant quantitative difference in lesions caused by the

two different doses and techniques of irradiation.

These results are extremely important for radiobiology and specifically radiotherapy,
since radiotherapy is used for targeting tumors in specific body parts and may induce

damages in nearby cells , which remain over the course of time.
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Ta mBavd opérn tns lovtiCouoas AkuvoBoias yia tn Bgpaneia kapkivou avakaAipOnkav
vwpis PETA v avakdAuyn twv aktivwv-X and to Rontgen 1t01895. And tnv eicaywyn
ToU otnv KAIVIKN npaktikh to 1896 , and tov Emil Grubbe, n akuvoBepaneia uioBethBnke
yla v Spactikn Tns IKAvoTNta va MPOokKaAei kuttapikd Bdvato tou Oykou HECW NS

npOKANoNs tns avenavopBwins BAABNs oto DNA kal tns Siakonns tou kuttapikoU KUKAOU.

l2c gt Lz L1 8207 L] 9

lovtidouoa xapaktnpidetal n aktivoPoAia MOU PETAPEPE! IKAVA EVEPYEIA WOTE VA NPOKAAET

IOVIOHS TwV atOpWV Tns UANS, katd tTnv aANnAenidpacn tns HE autn.

GO I HZOKUYUEZAMMWTIT LY 8 Y

Y us lovtidouces aktivoBoAies katatdocovtdl

O Ol NAEKTPOHAYVNTIKES aKtIVOPBOAIES, ONws N -y kai n =X,
0 ol owpaudIakes, OnNws ol —a (nuphves He), -B (npwtévm Kal no&tpévm), e
VETPOVIA Kal kdnola cwpatidia nou napdyovial Texvntd h anoteAolV CUVICTWOES

NS KOOHIKNS akTIVOBOAIas.
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H nAektpopayvnukn aktuvoBoAia, oUppwva pe tov SUIopo tns UANS, €yKeital o€ UVONO
KBavtiopévwy kupatonakétwy nou ovopddovial pwtovia. Ta gwtdvia gival tagivopnuéva
oUppwWVa PE TOV TPOMO NPOEAEUCHS TOUS Kal OXI tnv evépyeld tous. Etol, ol aktives-y €ival
Ol NAEKTPOHAYVNTIKES aKTVOPBOAIES, MOAU HIKPOU PAKOUS KUPATOS Mou cuvodelouv TS
NUPNVIKES PETABACEIS, Ol CUVEXES aktives-X €ival 1O anotéAecpa s enitdxuvons Twv
eNeUBEPpwV NAekTpoViwy N AMwV POPUCHEVWY cwpatidiwy, Kal Ol XapaktpIOTKES
akTives-X €KNEPNOVTAl OIS PETABACEIS TwV ATOHIKWY NAEKTPOViwY HETA&U Twv oTtoIBAadwv
ota dropa pe v aktvoPBolia e§alilwons va exnépnetal otav cuvduddetal £va nodtpdvio

HE €va NAEKTPOVIO .
H kBavtikn evépyeia onoiacdnnote and autes Ts aktivoBoAies PNOpPEi va ekppactel ws :
E =hv= hc/A

onou to v €ivarn cuxvotnta, h n otaBepd tou Planck, ¢ n taxitnta tou PwTtos kal A 1o

HAKOS KUPATOS NS aktivoBoAias.

O aktives- X €xouv pnkos kupatos and 10 nm -10 pm kai evépyeia nou kupaivetal and
100 eV- 100 keV. Oi aktives —y €xouv pnkos kupatos and 10 pm €ws 0.1 pm kai

evépyeia and 100 keV ws 10 MeV.

Ortav n akuvoBoiia X n —y anoppo@dtal h nepiOAdtal and ta dropa twv 10TV evos
opyaviopoU undpxouv BIOAOYIKES €NIMTWOElS KaOWs N evEPYEIA MOU HETAPEPOUV 1A
PWTOVIA PETAPEPETAl OTaA ATOA TwV I0TWV KAl Twv opydvwy. Eved n anoppdenon tou
opatol pwtds etaptdtal kupiws and wn popiakh Sopn tou UAIKoU, and tnv dMn n
anoppdPNoN NS evePyYeIas Twv aktivwy — X kal =y dev etaptdtal and wn didtagn twv

atopwV oto poépIo Al eaptdtal and tov atopikd aplBpd tou UAikoU.

YUuyKekpIpéva, HETA TNV akuvoBOAnon pe aktives —X napatnpoUpe nws O Noocooto
anoppoé@Nons evepyelas eivarl id1o ous NPWTEIVES Kal 1a VOUKAEIKE oféa evds Kuttdpou-

otOXOU.

[ R



Mo ondvia, ws lovtilouca aktivoBoAia pnopei va §pdocouv oe UEPIKES NEPIMTWOEIS KAl
PWTIOVIA NAEKTPOPAYVNTIKAS aKTtiVOBOAias tou unepiwdous pdopa Ttous He PhKos KUPAtos

and 210 nm ews 10 nm kar evépyeia pikpdtepn twv 100 ev kaBws kdnoia pépia pnopouv

Va IOVTIOTOUV HE OXETIKA HIKPOTEPN EVEPYEIQ.
OMes o1 aMnAenidpdoers, ektds and €va NoAU pikpd Noocootd e€nyolvial and us TPEIS

napakdtw S1adikaoies:

a) To pwtonhektpikd Pavépevo

B) H okéSaon Compton
y) H &iupn yéveon i napaywyh Zebyous

122185 zvuvslIRzm1 Jd 341441 REU

Katd to pwtonhektpikd ¢paivopevo, aneheubepwvovtal nAektpdvia and pia emepaveia

aywyou, Otav Of autn TNV €NIPAVEId MNPOOCMECEl NAEKTPOHAyVNTIKA  aktivoBoAia

OUXVOTNTAs TETOIas WOTE Ta NAEKTPOVIA va KAtopOwoouv va unepnndnoouv o Gpdypa

Suvapikns evépyeias nou ta "eykAwPidel" otnv enipaveia autn.

i 0

Eikédva 1.1 Qwrtoniektpikd Qavépevo. E€aywyn
atopikoU nAektpoviou pe kivntikn evépyeia K=Ey-O

Orav n evépyeia pwrtoviou gival peyalltepn and v evépyeia clvOeons 1 tn cuvdptnon

10



€PYOU NAEKTPOVIOU, TOTE EKNEUNETAl €vA ATOUIKO NAEKTPOVIO LIE KIVNTIKA EVEPYEIQ:
T=hv-O®

To 80% nepinou twv PWIONAEKTPIKWY palvVOpévwy apopd ot nAektpdvia s K
otolBddas. To napaydpevo pwtonAektpdvio éxel kivntikh evépyeia K=Ey-O , onou O
gival n evépyela olvSeons. Anapaitntn npolindBeon eival va ioxUel n avicdtnta EyO O.
To kevd nou Snpioupyeital PeTd TNV eKMOPNM TOU PWTONAEKTpOViou kaAdntetal and éva
dMO nAektpdvio Mnou npoépxetal and KANoIO avTeEPO atopikd PAoIS  evEPYEIAs

ouvdeons odnywvias og SUo eVaANACCOPEVOUS PNXAVICHOUS :

1.0B0piopd  aktivwv-X: Katd 1o @Oopiopd twv akuvwv-X  napdyovtal

Seutepeliouoes aktives-X kal TO PpOoPTio Tou evanopeivavios 16vios Siatnpeital.

2.Qavépevo Auger: To pwtdvio nou éxel ekneppOei and v avukatdotaon tou

kevoU pnopei va anoppopnBei and kdnoio Ao NAEKTPOVIO Tou iSlou atdpou

SNHIoUPYOVTAs VEO PWTONAEKTPAVIO (MAekTtpOVIo Auger) aphvovias VEOD Kevo.

To QWIONAEKTPIKO PaIVOPEVO, NAPATNPEiTtal kKupiws o aktivoPoAia OXEUKA XaunAns
EVEPYEIQs KAl yIa anoppOPNTES pe UPNAS atopikd aplOpéd Z. Yn Biohoyika UAn (xapnhod

Z) n miBavoTnta ekMopnhs XapaktnpIoTikAs aktivoBohias eival moAU pikpA.

1.2.2.2t [ O Cofnpton

Ytn okédaon Compton éva Pwtoévio aANNAenIdSpd pe €va NAeKTPOVIO PECA TOU UAIKOU
anoppogpnons. Katd tv diadikacia auth n KIvntikn evépyela Tou NAekTpoviou augdvetal
kal petaBdMetal n S1ebBuvon tou pwtoviou. To pwtdVIO PETapEPEl PEPOS TNS EVEPYEIAS
TOU OTO NAEKTPOVIO TO onoio Hetd tn okedaon ovopddetal «avakAWpevo nAektpovio». H
evépyela tou okeda(opevou pwrtoviou petd and authv v aMnienidpaon diverar and

v napakdtw e&iocwon :

11



, E .
E., =—YX (1 — cosf
¥ 1+ E},rz [ :}

mc

onou Ey eivar n evépyeia tou apxikoU ¢wtoviou, Ey n evépyeia tou okedaopEvou

pwrtoviou, mc? gival n uada npepias Tou nhektpoviou kai O eival n ywvia okédaons. And
v e€icwon auth cuvendyetal T ApKeETd CNPAVUKES NAPEKTPONES UNOpPEl va cUpPBoUV e
NoAU pikph anwieia evépyeias (yia napddeiypa, yia pwtovia evépyeias 511keV, éva
oupBdv aMnAenidpaons katd Compton katd to onoio xdvetal 1o 10% s evépyeias tou

pwrtoviou, Ba éxel ws anotéAeopa pia anodkAion and v apxikn nopeia katd 25 poipes.

: Recoil
R lec
Incident photon g pron
(energy = Av) ¢
T e

6

Scattered photon
(energy = Av')

Eikova 1.2 Xkédaon Compton. To npoonintov pwtdvio, To
QVAKAWHEVO NAEKTPOVIO KAl TO OKESAOHEVO PWTOVIO.

H mBavétnta tns okédaons Compton gival avahoyn tou apiOpoU twv NAEKTPOViwy Tou
anoppopnth (kai ouvenos tou Z) Kal avuotpOpws avdloyn s evépyelas E, s

aktvoPoAias-y :
Dz=,DZ ¢ DZ= ng
D¢
énou ol napdayovies o, kal o, (0.=0,Z) avapépovial ws YPauUIKOS OUVIEAEOTAS
anoppoenons (anoppdenon Klein - Nishing) kal ypappikés ouviedeotis okédaons

(okéSaon Klein-Nishina), kai apopolv ta Seutepoyevh (aivopeva s okeSaldopevns

aktivoBoAias.

12
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O tpitos pnxaviopds clUppwva Pe Tov onoio pnopei va anoppo@nBsei pia aktivoBohia
eival n napaywyn evos (elyous moditpoviou - nAektpoviou. Edv n evépyeia eival
peyaAUtepn and to dBpoiopa twv padwy NPePias Tou NAEKTPOViou Kal tou noditpoviou
(Zmec2 = 1,02 MeV) eivai Suvatd, otn Béon s aktivas-y va napaxBei €va (elyos

nhektpoviou-noditpoviou. H kivnuikn  evépyeia, Ty, tOU JeUyous nAektpoviou-

nogitpoviou Ba €ivar npogavews ion pe  diagopd : Ty, = E, - 2m.c?

H oxeukn ouveiopopd twv tpiwv diadikaciwv nou €idape yia ta Sidpopa UNKd
anoppPOPNTWV Kal TS EVEPYEIES TwV aktivwyv (aivetal onv Eikéva 1.3. H ypappn ota
apiotepd avunpoownelsl TNV EVEPYEIA OTNV OMoid N PWTONAEKTPIKA ANoppoOPnon Kal
okédaon Compton eival e€icou nmBavés ws napdyovias Tou atopikoU apiBuou tou
anoppo®nth. H ypaupn ota 8€€1d avunpoownelel TNy evépyeia otnv onoia n okedaon
Compton kal n napaywyn Cedyous eivarl egicou nmiBavés, kabBopilovias €10l Us TPEIs

MEPIOXES HECQA, OTIS OMOiES O KABE pnxaviopos unepioxUel avtiotoixa.

l e B B B RARA! SRR AR R FR ER R B R 1 L0

120 [ =

| 4

= ‘00[' OOQTOHAEKTPIKO AIAYMH -

= s ®AINOMENO IENEXH -

g 80r .

= 60 - & -

-t — W\ -4

N 40+ GAINOMENO * &

- COMPTON -

20 - =

(_)_ L 313 ] L NN L1l |
0.01 0.05 0.1 05 1 5 10 50 100
hv  Mev

Eikéva 1.3 : Xto oxnpa gaivovtal ol NEPIOXES, OE OXEON HE TOV atopikd apiBpd tou
anoppo@nth kai tnv evépyela E tns akuvofolias , dnou kabévas and tous napandvw
TPEIS PNXAVICHOUS KUPIAPXE,

13
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O tpeis kUplol Tpdnol aMnAenidpaons s aktivoPoAias pe tv UANn, nou eidape pEXpI
wpa, €ival Suvatdv va CUVEICPEPOUV ONOI OTNV anoppoOPNnon tns aktivoPoAias pias
dedopévns nnyns. [Nocotikd éxel napatnpnBei ou, kaBws pia NMApAMNAN povoEevEPYEIQKN
Séopn aktivwv- y N X, évtaons lo, Siépxetal and anoppo@ntikd UAIKO Ndxous x upiotatal
ekOeTKN peiwon s €vtaons tou, AOyw Tns anoppoPnons N okESAoNSs Twv PWIoViwy ,

nou &idetal and tnv ekBsTIkA oxéon:
= — X
Lj =53

Onou [y O OAIKOS OUVTEAEDTS anoppopnons Kal ekppdlel tnv niBavétnta avd povdada
pAKous va anopakpuvOel éva pwtdvio and mn S€opn, dnhadn eivar to dBpoiopa twv

enIPEpouUs MIBavotnTtwy anoppoPnons N okedaons.

O oAikés padikds OUVIEAECTNS AnoppoOPNons, Ky , Oa divetal and th oxéon :

Ho=Hpe T Hc T Hp,

OMou phe O OUVIEAEOTNS AnoppoPnons AGYw (PWTONAEKTPIKOU PAIVOUEVOU, H. O

ouvieheotis - anoppognons  Adyw  @aivopévou Compton kal p, O OUVIEAECTAS

anoppd®nons Aoyw Sidupns yéveons avtiotoixa.

Onws €idape, 1600 01O PWTONAEKTPIKS PaIvVOpeEVO 6oo kal otn Sidupn yéveon, AN n
evépyeia E, s aktivas y anoppogdral, eve oto paivopevo Compton tunpa pévo s

evépyelas anoppopdrtal anod to niektpovio Compton.

14
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To kUttapo eival n Baoikn povada s {wns. Anotelel pia OAOKANPpwHEVN HETABOAIKA
povada agpou nepiéxel OAa ekeiva ta XnHIKG ouotatkd Mou givalr anapaitnta yia mn

Siatnpnon kai tov NoAanAaciacpo tou.

OMol o1 {wvtavoi opyaviopoi anotehouvtal and kittapa n and npoidvia Kuttdpwy. Ta
VvEa kuttapa dnpioupyouvial kai npoépxovial and diaipeon Npoundpxoviwy kuttdpwy. H

XNpIkA cUotacn Kkai o1 SIEPYACES TwV KUTIApwV eival NapOPOIEsS.

Ta kUttapa diakpivovtal pe Bdon th HopPoAoyia Tous O MPOKAPUWTIKA KAl EUKAPUWTIKA.
[Npokapuwtikd ovopdlovial ta anhoeidn KUTIApd NouU €XOuv ws Yevetlkd UAIKSO éva
SikAwvo kukAikd popio DNA kal nepiéxouv éva aviiypapo tou yoviSimuatos. 2e NOANG
tétola kuttapa undpxel n Suvatdéinta petagpopds tou kupiou popiou DNA and to éva oto

dM\o, £101 WOTE va pJetaoxnpatiovial kar va anoktolv Kaivouples 1IS10TNTES.

Eukapuwtikd ovopddovtal ta KUTtapd Twv Onoiwy 1o Yevetikd UNKO mepIKAEiETal o€ éva
ouykpotnpévo nuprva. ONo to kUttapo nepIBdMetal and v KUTIAPONAAoHATIKA
pePBpavn, pia Suvapikn dopn nou ws AGyo Unapéns €xel tnv dnopdvwon Tou KUTIApou
and to nepiBdMov tou. AUo and us PacikOTeEPES AEITOUPYIES TNS KUTIAPONAAQCHATIKNS
LeUBpavns gival n eicaywyh UNIKOV and to nepiBdMov péca oto kittapo (ecwkittwon)

al\d kai n e€aywyh UNIKGV and to KUTtapo oto nepiBaiov (e€wkittwon).

Méoa oto kUttapo kal yUpw and Tov nuphva Bpioketal 1o KUTtaponAacpa péca oto

onoio Bpickovtal pia ceipd and pikpookonikés Sopés (100nm-10pm), ta opyavidia.

Ta Paoikdtepa opyavidla tou €ukapuwtkoU kKuttdpou €ival ta pitoxovdpia, 1o
evoonhaopatikd Siktwo, ta pioowpata kar 1o oupnieypa Golgi, pe Siapopetikn
Aertoupyia 1o kabéva. [a napadeiypa, 1o PItoxovOpIo Asitoupyei ws povada napaywyns
EVEPYEIQS TOU KuTtdpou. Akopn,Opws, o autd PBpioketal éva anhd SINAG KUKAIKO pHOpIo,

1o pitoxvodpiakd DNA, to onoio éxel pikph npootacia otnv |A. Télos, éva akdpa
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oNpaviikd ouctatikd TOU KUTIApoU gival O KUTIAPIKOS OKEAETOs Mou anoteAeital and 3
SIaPOPETIKES KATNYOPIES ENIPNKWY Hopiwy: Ta Ividia aktivns, Tous HIKPOCWANVIoKOUS Kdl
ta evdidpeoa 1vidia. Onws kar pe ta opyavidia, kabe katnyopia popiwv tou kuttapikou

okeAeToU eniteAel kal S1apopetikés Aeltoupyies péoca oto kUTtapo.

Mrtoxévdplo

Auvocéowpa BAegpap(®a
Miaopatikt) —m— .~ AN A G:-
e Y o
HepBpavn e (\) S G _A———— Baowé owpémio

anua'now.sq\ b = : > 3
xKuond(ou s = { FopurmAoko Golgi
Aefo evdormiaoparnkd
SixTtuo
MoAdowpa PiBéowa

NMupnwvikr pepBpavn

& Tpaxy evdonAaouanxks
e L] Sixruo
KevrpiéAilo — Mupnvioxkog
i NMuprjvag
‘\}Q‘ ‘;nb : \ - Kevordéro
i |
MixpoowAnvioxkot ‘\ i 4
- X g
3
Z e S,

Nnudama axtivng E—
Mikpoividia e

ol
Kutrapdérhaopu Sewperivn

Eikéva 2.1: H Sopn kai ta opyavidia evds eukapuwtikoU {wikoU kuttdpou.

To yevetukd UAKO anoteleital and peydAa, enmpnkn popia DNA. Ta pdpia tou DNA
naketdpovial pe Npwieives kal oxnpati¢ouv ta 1vidlia xpwpativns. To voukAedowpa
anotelei n Bacikn povada opydvwons tns xpwpativns kal anoteAeitar and DNA phakous
146 (euywv Baoswv kal and oKW PoOpIa NPWIEIivVwY, Nou ovopdlovtal iotoves. To DNA
eival TUNIypévo yUpw and To OKTAHEPES 1I0TOVAQYV. Ta voukAeoowpata avadiniwvovtal,
oxnpatidovias teAikd ta vidia xpwpativns. Ta vidia xpwpativns  cupnukvovovtal
NeEPAItéPw  ONHIOUPYWOVTIAs 1O  XpwpoOowpa. To  yeveukd UNKS  epgavidetal e

S1aPOPETIKES XAPAKTNPICTIKES HOPPES avaAoya pe To otddio Tou KuttapikoU KUKAOU.
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To DNA &1aBéter pia akdpa povadikn 1816tnta: v 1Ikavotnta va avuypd@el ToV €auto
tou, 6nAadn va avanapdyetal. Me tov 1poéno autd pnopouv and €va apxikd KUTtapo va
napaxBouv, pe Siadoxikés SlaIpEoEls, EkATOPPUpIa kUttapa ta onoia Ba nepiexouv To id1o

YEVEUKO UNIKO.

C8pg@Eziz i m fdlviwwydz[PP vAzZCc11 1 Zuz

Eva kUttapo avanapdyetal Sieknepaicyvovtas pia 1papxikn akohoudia yeyovotwy katd m
Si1dpkela Twv onoiwv OINAAcIAdel TO MEPIEXOHEVO ToU Kal katomv Siaipeital ota Suo.
Autds o kukhos dinhaciacpou kal diaipeons ovopddetal Kuttapikos KUKAOS kal gival o
Baoikds pnxaviopds pe tov onoio avanapdyovial 6Aa ta €ppia évra. H Sidpkeia tou

KUTTapIkoU KUKAOU MOIKIANEl MOAU avdloya pe To €i§0s Tou KUTtdpou.

O eukdpuwtkos kuttapikds kUkAos Siakpivetal otn Mecdpaon kal otn ¢don M. H
Meodpaon €ival n nepiodos avdpeca oe Suo Siadoxikés pdoeis M. AnoteAeital and us
paoes G1, S, G2. Katd m Sidpkeia s pdons S (S=synthesis), to kittapo avuypagel 1o
DNA tou nupnva tou, nou gival pia anapaitntn npolndBeon yia va cupBei n kuttapikn

Siaipeon.

H @don S nhaiociovetal and duo gAocels katd Us Onoies 1o KUTIapo ouvexilel va audvel.
H pdon G1 (C=gap) eival to Sidotnpa avaueoa oto Aos ts pdons M kai tv apxni ths
paons S, evey n pdon G2 1o pecodidotnpa avdpeoa oto TEAOs Tns ¢pdons S kal v apxn
s @dons M. Yndpxouv cuykekpipéva xpovikd onueia ous pdoeis G1 kar G2 énou 1o
kUttapo «anogaciler» av Ba npoxwphaoel otnv endpevn ¢don h av Ba avaBaiiel yia va
npogtolpactel. Katd twn Oidpkeia OAns tns pecod@aons, €va KUTtapo ouvexidel va
pETaypAapel ta yovidia tou, va ocuvbEtel npwteives kal va au§avel og pdala. To npwrto
cages onpa ot €va kUttapo eival €toipo va e10éN8el otn gpdon M egival n npoodeutikn
OUMNUKVWON TWV XPWHOCWHATWY TOU, Ta OMnoia €xouv avilypagei MpoONyoUHEVWS Katd
n Sidpkeia s @don S (oto otddio autd ta duo avtiypapa kdbe XPWHOCMUATOS

napapévouv 1oxupd ouvdedepéva o éva pe to dMo). H oupnikvwon  twv
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XPWHOOWUATWY onuatodotel 1o tAos tns gdons G2, dieukoAlvovtas To SIaxwpIoHO

tous otn Mitwon.

H @don M anoteAeital and tn Mitwon, énou npaypatonolsital n Siaipecn tou nuphva,
kal tnv Kkuttapokivnon, onou Siaxwpiletal 1o kuttaporAacpa. Y’ éva ouvnOIoHEVO
kUttapo BnAactikou, oAOkAnpn n edon M Siapkei nepinou pia wpa, Snhadn anotelei éva

OUVTOHO KOPHATI Tou CUVOAIKOU KuTtapikoU KUKAOU.

Nfo QuyaTpixo
KOTTOpO.

Mitwon * [ ‘Evapin Auinnkoi mopdyovicg
(= OyKoyovitnu
G2 HKuxAiveg & CDK's
»

/ \G‘ @
O xuUTTOPIKOC

JovBeon DNA KOKAOC

AmTAcowwopuioc
YVEVETIKOD UAIKOUD. @
- o,

R AvooToAfog Twv CDK's
< P OYKOKOTOOTOATIKG yovidia

NMpoouvBenKr
Pdon (GAP)

Eikova 2.2: O kuttapikds KUKAOS Kal ta otddia tou padf e ta onpeia ehéyxou otis S1dgopes pAsEls.

2121 [ tvAs zvz [zzz imyiJuy [xflvuvz

Eva kevtpiké ovotnua eAéyxou nupodotei tis kUpies Siepyaoies tou kuttapikoU

kUkAou

Ta yeyovota tou kuttapikoU kUKAOU Mpgnel va cupPaivouv oUppwva pe OpPIoHEVN
akohouBia, n onoia npénel va tnpeital €0tw kal av éva and ta enipépous otddia s
Siapkei nepiocdtepo and 1o kavovikd. Autd onpaivel ou npiv and tn ¢don M npénel va
éxel nponynOei pia nAnpns ¢pdon S 1 av n ouvBeon tou DNA eniBpaduvbei n ctapathoel,

n pitwon kar n kuttapikn Siaipeon npénel enions va kaBuotepnoouv. To olotnpa eAéyxou
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TOU KUTIapIkoU KUKAOU €nituyxdvel T SIakonA Tou KUTtdpikoU KUKAOU pe tnv unapén
Siapopwv onpeinv ehéyxou (checkpoints). Me autdv tov Tpéno, to oloTnpa eAéyxou
Sev nupodotei 1o endpevo BApa Tou KUKAOU av MPONYoUEVwSs Sev €XEl MPOETOINACTE! TO

kUttapo.

AUo onpavtikd onpeia ehéyxou undpxouv ous edoeis G1 kar G2. To onpeio eAéyxou tns
@dons G1 e€akpiBwvel av undpxouv ol KAtdAANAEsS CUVONKES yia ToV NOAAANAQCIAoHO
TOU KuTtdpou npiv pnel otn @don S. Av o1 g§wkuttdpies ouvBnkes eival Suopeveis, ta
kUttapa otapatouv own ¢pdon G1 kar pnopei akdpa kal va nepdoouv OE Hia katdotaon
npepias (GO). MoMd kittapa, petafl twv Onoiwv Ta VEUPIKA KAl T YPApHWTd Huikd
kUttapa, napapévouv o€ ¢pdon GO dia Biou. To clotnpa eréyxou tns gpdons G2 enitpénel

oto olotnpa va otapatd npotol NupoSoThael Tn pitwon. EninAéov enitpénel oto kUttapo

va eNéy€el av €xel ohokAnpwOei n avtiypapn tou DNA npotol npoxwphoel otn pitwonB].

Ta onpeia eNéyxou éxouv onpacia kal and pia GMn dnoyn: eival onpeia tou kuttapikol
kUKAOU ota onoia to cUcTtnpa eAEyxou pnopei va pubpiotei and ohpata nou Npogpxoval

and dMa kuttapad. Mepikd and autd ta ohpata npodyouv tnv €6€NIEN Tou kuttapikoU

KUKAOU £vw AANT TNV avAoTEANOUV B].

213t v AYAzst 1 RYOr?2vz zvz [zZz1m1J vV

To clotnpa eAéyxou tou kuttapikoU KUKAoU S1acpalilel tn cwoth €EEAIEN Tou KuttapikoU
KUKAOU PEOW NS KUKAIKAS EVEPYOMOINOCNS KAl Anevepyornoinons KPioIUwY NPWIEIVWOY NouU
nupodotouv h pubpidouv tnv avuypapn tou DNA, tn pitwon kai tnv kuttapokivnon.
H pwopopuliwon/anopwopopuliwon eival évas and tous Mo Kovous pnxavicpous

nou xpnalgonololy ta kUttapa yid va PetaBdAouy tn Spactikdtnta Hids npwreivns.

O1 avudpdoeis PpwoPOPUNIWONS NMoU EAEYXOUV TOV Kuttapikd KUKAO Sievepyouvtal and
pia €181kh opdda npwIeivIKOV Kivaowy, SnAadhn evUpwv Nou kataAJouv tn petagopd
HIas pwopopikns opddas and to ATP otnv nAeupikh aAucida evos CUYKEKPIMEVOU

apivo€éos s npwteivns-otdxou. O ouvéneles s PwOPOPUNIWONS HNopel  va
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avaotpagoUly ypryopa e TNV apaipecn s Ppwo@opikns opadas (anopwopopuliwan),
pia avtidpaon nou Siedyetal and pia AAMn opdda evqUpwy, TS MPWTEIVIKES PLWOPATACES.
2ta noA\anAacia{opeva kUttapd, ol NPWIEVIKES KIVACES TOU OUCTAPATOS €AEYXOU TOU
kuttapikoU kUkhou e€ival napouces o€ OAes US (pAcels Tou Kukhou. Qotdoo,
gvepyornololvidl HOVO O€ OPICHEVES KATAAMNAES XPOVIKES MEPIOSOUS Kal apécws PETd
anevepyonolouvial. Enopévws, n evepyotnta kaBepids and us kivaces audver kai
ehattwvetal pe kukAikS tpono. [a napddeiypa, PHEPIKES NPWIEIVIKES KIvaoes kabiotavtal
evepyEs Mpos 1o T€Aos s pdons G 1 kal npowBoulv to kUTtapo otn Gpdon S, evw dAAN

Kivdon evepyonolgital Aiyo npiv tn ¢don M kal npowBei 1o kUttapo otn pitwon.

[la tnv evepyonoinon A thv anevepyonoinon s ev{upikns 6pdons Twv KIVACWV oUS
KQTAANAES xpoVIKEs nepiodous eubuvetal, v pEpel, pia Seltepn opdda NPWIEIVWY Tou
oUOTARATOS EAEyxou Nou anokahouvtal kukhives (cyclins). H evepyonoinon enituyxdvetal
HEOw NS NPOodeons twv KUKAIVQV ous kivdoes. [1a to Adyo autd ol kivaoes tou
OUCTAHATOS €AEYXOU TOU KUTTAPIKOU KUKAOU ava@eépovial ws KUKAIVO-£6apTWOEVES
npwreivikés kivaoes (cyclin-dependent protein kinases, Cdks). O1 Cdks puBpiovtal and tn

OUCOWPEUCN Kal TNV anoSOpNCN TwV KUKAIVEV.

H kukAivn nou npowBei ta kuttapa otn epdon M ovopddletar M-kukAivn kal To cUPNAOKO
s pe tnv avtiotoixn Cdk ovopddletar M-Cdk. H olvBeon tns M-kukAivns apxidel apéows
petd wn Siaipeon tou kuttdpou kal ouvexifetal otaBepd kaBSAn tn Sidpkeia s
Mecopaons. H kukAivn cucowpeletal kal n cuykévipwon s otadiakd augdvetar. Autd
OUPBANNEl OTO XpoVIKO NPOYPAppatiopd s apxns s pitwons. H enakdAoubn taxeia

€NATTIWON TNS CUYKEVTPWONS NS KUKAivns nupodotei tnv é€0do and tn pitwon.

Ynv nepintwon s M-kUukAivns, éva npwIeivikd SUPNAOKO YVwoTd Kal ws CUMMAOKO Nou
npodyel tnv avagpaon (anaphase promoting complex, APC) npocBéter ouBikourtivn
(Npwteohutkd clotnpa nou odnyel oe anoSGPNoN) otnv KUKAIVN kal o GAes Npwteives
nou gpnAékovial otn pUBpion s pitwons. Qotdoo, to APC Sev eival evepyd oe OAa 1a
otadia Tou kuttapikou kUkAou. H dpdon tou evepyornoleital og Npoxwpnuévn pAaon s
pitwons og pia Sigpyacia nou eaptdrar and n Spdon s M-Cdk. H evepyonoinon tns
M-Cdk pe AavBavovta xpévo evepyonolei 1o oupnioko APC. Autd odnyei oe anoddpnon

tns M-kukAivns kai €tol oe anevepyonoinon tns M-Cdk.
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H avodos kal n ntwon twv eninédwv twv kukAivev naidel onpavukd poAo otn pubuion
s dpdons twv Cdk katd tn Sidpkeia tou kuttapikoU KUkAou. Xtnv nepimwon s M-Cdk,
n ouykévtpwon ths M-kukAivns au§dvel otadiaka oe OAn tn Mecdgpaon, eva n evepydtnta
tns M-Cdk au€dvel andtopa npos to t€hos tns Meodgpaons. lNa tnv evepyonoinon tns M-
Cdk anarteitar kdu nepiocdtepo and v ankii CUCCWPEUCN TS KUKAIVNS. LUyKeKpIpéva
NPOkKeIpévou va ekdnAwaoel tnv ev{UHIKA s Spdon n Kivaon NpéEnel va pwopopuliwBel
o€ pIa h neplocotepes BEoels kal NApdANAa va anopwoPopuliwdsi oe dMes Béoels. H
apaipeon Ttwv avacTtaAlKWY PWOPOPIKOV Opadwv and pia  €dikn  NpWIEIVIKN
Pwopatdon gival to Bhpa nou evepyonolei tnv M-Cdk oto téAos ths Mecdpaons. MoAis
evepyonoinBei to oupnAoko M-kukAivns — Cd kivdons evepyornolouvidl nepiocotepa
avdloya oupniokd. Auth n Betkn avatpo@oddtnon NPokaAel tnv aipvidia, eKpnKTIKN

augnon s evepydtntas s M-Cdk nou npowBei andtopa to kittapo otn gpdon M.

YTOV €NEyXO TOU KUTTAPIKOU KUKAOU TWV NEPICOOTEPWY EUKAPUWIWY EUNAEKOVTAl MOANG
€idn kukAivaov kal Cd kivacwv. Alapopetikd oupnioka kukAivns-Cd kivdons nupodotolv
Siapopeuikd BApata tou kuttapikoU kUkhou (n.x. n MCdk Spa otn pdon G2 kai nupodortel
v eilcodo ot pdon M). Or kukhives S kar G1/S eubldvovral yia thv eicodo oth pdon S,
ol onoies yia 1o okond autd npoodévovial oe Siagopetikd popia Cd Kivacwv npos to
thos s gdons G1 yia tnv npowbnon tou kuttdpou otn ¢pdon S pe t Snpioupyia
oupnAokwv G1-kukAivv - Cdk. H Bpadeia cucowpeuon pias KUKAIVNS €ws €va OpIoPEVO
kpioipo eninedo anoteAel £vav 1pdno e Tov onoio 1o cUoTNUA €AEYXOU TOU KUTTapIKoU

KUKAOU peTpd ta pecodiacthpata avapeoa otous S1adoxikous KUTtapikous KUKAOUS.

KdaBe olpnioko kukAivns-Cdk enidpd o€ pia Siapopetikn opdda NpwIEVOY OTOXwY HEca
oto kUttapo. Etor kdOe clpnioko nupodotei tn petdBaon o’éva Siapopetikd Bhpa tou
kUkAou. [a napddeiypa, n M-Cdk pwo@OpUNIVE! KPICIHUES NPWIEIVES NOU NMPOKAAOUV
OUMNUKVWON  TWV  XpWHOoWHdtwy, anodopnon tou nupnvikoU nepIBAAPATOS  Kal
avadiopydvwon twv PIKPOCWANVIOKWY TOU KUTIAPOOKEAETOU Yid TO OXNUATIOPS NS

HITwTikNs atpdktou. Autd ta yeyovota onpatodotoly v icodo otn pitwon.

Y€ oplopéves NepIntwaoels egniékoveal iSikoi avactoleis twv Cd kivacwy (Cdk inhibitor

proteins), ol onoiol AvacTEANOUV T CUVAPHOASYNON A T §pdon evds A NEPICOSTEPWV

21



(3]

OUMNASKWV KUKAivns - Cd kivaons Etol wote av to DNA éxel unootei BAGBN, éva and

1a onpeia eNéyxou otapatd tov kuttapikd kUkAo otn ¢pdon G1, e€acpaiidovias ot 1o

kUttapo Sev Oa avuypdyel kateotpappevo DNA.

O1 BAaBes tou DNA npokalolv ad€non tns cuykévipwons kal tns Spactikdtntas tns
puBpictikns npwteivns p53. MoAis evepyonoinBei, n npwteivn p53 ekkivd tn petaypapn
evos yovidiou nou kwdikonolei pia avactaAukn npwteivn twv Cd kivaocwy, v p21.
Etol, autdvetal n cuykévipwon tns npwteivns p21, n onoia npoodévetal ous NPwieives
G1/S-Cdk kar S-Cdk nou npowBouv to kUttapo otn ¢don S kal avactéMel tn §pdon
tous. H &iakonn tou kuttapikoU kUkhou otn @don G1 npoogépel oto kUTIapo tnv
eukaipia va enidlopbwoel to kateotpappevo DNA npotol to avuypdyer. Av n npwteivn
p53 anouciddel n av eival EAaTIwPAtiKA, N anpOOKOMTN avilypapn ToU KATECTPAPHEVOU
DNA ouvodeletal and upnhi cuxvétnta Petaldewy, pe ouvénela va napdyovial

kUttapa pe npodidbeon va yivouv Kapkivikd.

Eva Mo onpavukd onpeio ehéyxou tou kuttapikoU kUkAou undpxel otn Mitwon. Le autd
10 onpeio To KUttapo kabopilel av OAa Ta XPWHOCWHATA TOU NPOCdEVOVTAl OWOTd OTNn
HITwukh dtpakto. H pitwtkh dtpaktos eival pia pnxavA tou KUTtapookeAetoUu Mnou
Siaxwpidel ta SINAACIACHEVA XPWHOOWHATA KAl Ta lcokatavépel ota duo Buyatpikd
kUTtapd, ano@elyovias €101 Holpaies kataotdoels yia 1o kuttapo. [a va eléyEer v
NPOCSEcN TwV XPWHOOWHATWY, TO KUTIapo alonolei €va apvnukd onpa: ta ehelBepa
XPWHOOWUATA dNOCTENOWV €va ONpd  «TEPUATIOHOU» OTO oUCTNUA €AEYXOU TOU
kuttapikoU kUkAou. To onpa avactélel Ty nepartépw eEENIEN Tns pitwons epnodilovtas

v evepyonoinon tou APC. Ortav to APC eivar avevepyd, 1a xpwpoowpatd napapévouy

KOMnNpEva. )

214yRrRo9 5 A s

H diepyacia pe tnv onoia oxnuatiovtal ta yapetkd kuttapa eival Siapopetikn and ekeivn

twv SINhoeIdwyv Kuttdpwy, epoédoov ot kdBe yapeukd kuttapo napadidetal povo pia
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opdda xpwpoowpdtwy tou apxikou Sinhogidouls kuttdpou. Auth n digpyacia eival
yvwoth ws peiwon kal ouviotatal oe SINAaciacpd  kdOe  XPwHOOWHATOS Mou
akohouBeital and duo S1adOXIKES KUTTAPIKES OIAIPETEIS. 2ToUs AvSpes n peiwon Slapkel

24 npépes, eV otis yuvaikes pnopei va SiapkEcel SekagTies.

H npwtn ¢@don otn peiwon, Onws kal ot pitwon, €ival o dINAAcIacpods twv
XpWHOOWHATWV twv SINAoeIdWV Kuttdpwy. Ta véa XpwHOOWHATA ApxIkd Napapévouv
NPOCKOAMNpEVA TO €va oto ANO. Ltnv €ndpevn (pdon tns peiwons kaBe SINAaciacpévo
natpikd XpwHOowWHA (eUyapwVvel pe 10 pNTPIKO OpdAoYOo tou. Autd to €€eISIKEUpEVO
Ceuydpwpa Siacpaliel 6t ta opdAoya Ba Siaxwplotolv cwotd Katd us enakdAoUBEs
KuTtapikes Siaipeoels, Wote kabgvas and Tous Napayopevous YAapETes va napahdBer pia

nAnpn anAogidn opada XpWHOCWHATWV.

22.y| tte1 6yttt goahoatit

221t mUur M1t t1z1 A1t 080y [2Z2z M1 JY

Orav ta kUttapa ndyouv va ival anapaitnta nebaivouv pe pia diadikacia yvwoth ws
npoypappatiopévos  kuttapikods Bdvatos (programmed cell death, PCD) A alNids
anéntwon. Xtous evhAIKous 1otols, O kuttapikds Bdvatos avupponel tov kuttapikd

NOANANAAcIacpo €101 WOTE Ol I0TOI OUTE va au§dvouv OUTE va CUPPIKVOVOVIAL.

2211 ys?1 81 At dy 1: MEvh AkEtdpd oY ugiotatal  andmtwon
OUPPIKVWVETAl KAl CUPMUKVVETAI, O KUTTAPOOKEAETOS KATAPPEEl, TO NUPNVIKO nepiBAnpa
anocuvappoloyeital kal 1o DNA tou nuphva Bpuppati¢etal o pikpd kAdopata. [Siaitepa
onpavukd eival To yeyovos OT N KUTIAPIKN €MpAveld TPOMOMNOIETtal Kal ekSNAWVEI

1I810TNTEs Nou MpokahoUuv v duecn (payokuttdpwon Tou €T and ta yertovikd kUttapa
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gite and €éva pakpopdyo xwpis kapia Sigppon twv ouctatkwyv tou. H taxeia
anopdkpuvon tou OvACKOVIOS KUTIAPOU aroTpEnel TS KATAOTPOPIKES OUVEMEIES TNS
Kuttapikns vékpwons. Enions anotpénel va avakukAwBoUv ta opyavikd cuoctatkd tou

anoMtwtkou Kuttdpou and to kUTtapo nou to kataBpoxBidel.

O pnxaviopds tns anontwons eival napopolos o OAa 1a (wikd kuttapa. [lepihapBavel
Hia oikoyéveld mpwteaowv (evlipwv nou Siacmolv dM\es npwreives), ol onoies
ovopaZovtal kaondoes. O1 kaondoes napdyovtal ws avevepyd popia (npokacndoes) nou
evepyonololvial Pe npwtediuon o€ andvinon npos Sidpopa ohpata nou endyouv
anémwon. Or evepyonoinuéves kaondoes Siacnoulv, kal €1ol evepyonololy, kal dh\a
HEAN tns iS1as oikoyévelas. Ln cuvéxela, dAes Bacikns onpacias npwteives diaonwval
kal Bavatwvouy 1o kUTtapo ypnyopa kal aboépuBa, onws n Sidonacn twv AQUIVOV ToU
NUPAVA PE AMOTEAECHA TN PN avuoTpentn anodopnon tou nupnvikou upéva. Autn n

akohouBia €ival KaTaoTPOPIKA, QUTOEVIOXUVOHEVN KAl N AQVTICTPENTA.

['a autd kar n diadikacia tou kuttapikou Bavatou npénel va ehéyxetal auotnpd. O kUpies
npwteives nou pubpidouv tnv evepyonoinon twv KAonaowv eival ev&oKUTIApIES Kal
avnkouv oTnv olkoyévela tns npwteivns Bel-2. Opiopéva péAn autns s OIkoyEvelas

NPOAYOUV TNV EVEPYOMOINCN TwV NPOKACMACWY kal dpa Kai tov kuttapikd Bdvato (Bax,

Bak), eve dMa avactéNouy autés tis Siepyaces ( n iSia n Bel-2)

To evdokuttdpio mpdypappa Bavdtou enions pubBpidetal and chpata nou npogpxoval

and dM\a kUttapa, ta onoia €ite To evepyonololV €ite TO KATACTEANOUV.

22123011 O0Y 11 YR1ZUZzMr1 1 JOY 1Y) gr
IANdJANZIKS

MNa va noManAaciactel éva kittapo Sev prdvouv poévo ol Opentikés oucies aANd
xpeidfovtal eninhéov kar Sieyeptikd xnpikd ohnpata and dAAa kittapa, ouvhBws ta
yertovikd. Ta nepioodtepa eGwkuttdpia onpatodotika popia, Ta onoia ennpedlouv

Siaipeon, v augnon kar v enifiwon twv KUTtdpwy €ival SIGAUTES MPWTEIVES MOU

24
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ekkpivovtal and dA\a kUttapa N npwteives nou npocdévovial otny enipdveld dAAwv
KUTTApWVY TOU €6WKUTIAPIOU OTPWHATOos. Ta nepiocdtepa endpoulv Betikd otis napandvw

Siepyaocies, pepikd Spws avacTEANOUV €MAEKTIKE pia and autes.

O1 onpatodotikés npwrteives pe Beukn dpdon Siakpivovtal pe Baon tn Asitoupyia tous o€

TpeIS BACIKES KATNYOPIES:

1. Mitoyova: OSigyeipouv tnv  kuttapikn  diaipeon, Kupiws UNEPVIKWVIAS Td
evOoKUTIAPIa «PPEVAy» MOU AvaoTEANOUY TNV €€ENIEN TOU KUTTAPIKOU KUKAOU.

2. Autnukoi napdyovies: Sieyeipouv tv alfnon twv kuttdpwv (alnon tns
Kuttapikns padas) npodyovias th olvBeon kal avactéEMovTas v anoddpnon
NPWTEIVWV KAl ANV pHaKpOHOopiwy.

3. Tlapdyovtes eniBiwons: npodyouv tnv enifiwon twv KUTtdpwy, KaTaoTENOVTas

v andntwon.

Yndpxouv Opws Kkal onpatodotikd popia nou €xouv SUO N Kal NePICCOTEPES ANd TS
napandvw AsItoupyies, dnws ta pitoydéva kai ol augntkoi napdyovtes. Mo cuykekpipéva,
1a NEPICOOTEPA HITOYOVA Eival EKKPIVOPEVES ONPATOOOTIKES MPWTEIVES MOU Npocdévovtal
o€ unodoxXeis TNs KUTTapIkns enipaveias. MOAis cUpBEel autd ol unodoxeis evepyonololv
noikiAes evdokuttdples onpatodotikés odous nou digyeipouv tnv kuttapikn diaipeon. Ol
onpatodotikés 0Soi kupiws Spouv yia va apBoulv o1 avactoAeis tns petdBaons and tn G

otn ¢pdon S.

Lnpavukd napddelypa evos TETOIOU MEPIOPICTIKOU pnxaviopou €ival N mpwieivn tou
peuvoBAactwpatos (Retinoblastoma protein, pRb). To peuvoBAdotwpa eival évas
onavios oPOaipikos Oykos Naidiwy, MoU xapakinpidetal and eéAelyn A SuoAeItoupyia tns
npwteivns Rb, n onoia npoodévetal og cuykekpipéves pUBHICTIKES NPwIEives yoviSiwy kal
us eunodidel va Sieyeipouv TN petaypapn yovidiwv anapaitntwyv yid Tov KUTIapikod
noAManAaciacpd. Ta pitoydva evepyonololv evéokuttdples onpatodotikes odols nou
odnyouv oe evepyonoinon twv oupnhokwv  G,Cdk  kar G1/S-Cdk. Autés ol kivdoes
PwoPOpUNIVOLY TNV mpwteivn Rb kar €tol tpononoiolv tn diapdppwon ws. H

PWOPOpUNWHEVN Rb eAeuBepdvel s Npoodedepéves puBUICTIKES NPWTEiVES O OMoies
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Hrnopouv NAov va evepyonolincouv avepnoddicta ta yovidia nou anartouvidl yia Tov

kuttapikd NoAAanAaciacpo.

Onws ta nepioodtepa pitoydva, ol e€wkuttdpior auéntikoi napdyovies npoodévovial
oe UNoOOXEls NS KUTIAPIKAS  €NIPAVEIQS MOU evepyornololv MolkiAes evookuttdpies
onpatodotkés odous. H onupatoSoukn mpwteivn PDGF  (Platelet-Derived Growth
Factor), Spa ws auéntikds napdyovias Kai pitoydvo kai Sieyeipel 1éoo v alténon twv
KuTtdpwv 600 Kal tnv Nnpdodo tou kuttapikoU KUKAou. Autés ol npwteives Siacpaiidouv

ot ta kuttapa Ba Siatnpolv 1o cwotd péyedos kabws noAaniacidloval.

(8¢8¢8 yYyrz3z14B YylzlAzmu3s

H Mrwukn kataoctpopn eivar pia kabuotepnuévn pop®n kuttapikol Bavdtou nou

[

. . , . . . . . 21] .
kataAnyel and tnv nNpwipgn n akatdMnin eicodo tou kuttdpou otn Mitwon ™ . Auth n

poppn kuttapikoU Bavdtou katahiyel dand 10 CuvOUACHO TWV AVEMAPKWY TEAIKWV
ONpEgiwV TOU KUTTapIKoU KUKAOU kal tns kuttapikns BAABRNs . [Nupodoteital cuvnBws o€ un-
aipgonoinukd kUttapa OyKwvY, OUYKEKPIPEVA eKeiva PE PETAAaypévn n avevepyn p53,

kaBws kal oOtpwpatikd h napeyxupatkd kitapa, ws andkpion oty  lovtidouoa

. [24] ; ; , , , . .
aktivoBohia™ ~. Kuttapikds Odvatos péocw HITWTKANS KAtaoTpopns, Nou endyetalr anod

[25,26]

aktivoPBohia €xel SeixOei o Npo-kAIvIKd pHoviéAa otepeoU kapkivou kal Oswpeital va

€ival €vas onpavikos TPOmnos aktivoenaywpevou Bavdtou oe KAIVIKA Bepangupevous

. [20]
oykous™ .

¢8¢8a0 hO[mdAs

O 0pos vékpwon avagépetal ws pia naénukn popepn kuttapikou Bavdtou, n onoia

xapaktnpidetal and tnv anwAeld tns akepaidtntas tns KUttdpikns pepBpdvns and v

. 27 . , e ,
unoBdBpion tou DNA. 27 véKpwon oxetietal pe uPniés SOoels s aktvoBepaneias
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kal pnopei va nupodotnoel NPOoOoTateutikn avooia katd Tou OYKOU PECW NS €kAUCNS

HopIakwV npotunwy oxeti{dpeva pe BAGBes (Damage- associated molecular patterns,
DAMPs) 28] a1 voukheotidia nou prnopouv va SIEyEipouv XNPOoKIVNoN HOVOKUTTAPWV.

Autés o1 pAeypovwdEls anokpioels PNnopouv va MEPIOPIcOUV TNV AVIoXN aulwyv Twv

, , 29
AVTIKAPKIVIKWY avOoCOdrnoKpICEWV. [29]

22422z 03, 9]

H autopayia eivar pia kataBoAikn Siadikacia nou nepidapBdavel tn AUCOOCWUIKN
unoBabpion NaAiy, EAATIWHATIKWY N UNEPSPACTAPIWY KUTIAPONAQOHATIKWY CUCTATIKWY
n opyavidiwy, ta onoia und @uoioloyikes ouvbnkes BonBolv otn Siathpnon tns
KUTTapIkns opolootacns kai s Biwoipodtntas tou kuttdpou. [Napatetapévn h unepBoAikn
eENaywyn s autogayias, nou €xel MpokAnBei and €kBeon oe Oepaneies Snws n
akuvoBepaneia, pnopolv va odnyhcouv oe kuttapikd Bdvato péow tns katavdAwons
TOU KuTtdpou anod tov «idlo Tou Tov €autd» O€ pia Mpoonddeia va anopakpUvel KUTTapIka

ouctatkd pe B?\sts'BO].

C8C8uL 3 Bemesaerficls

H yhpavon €ival pia petaBoAikn evepyn katdotacn tns npoowpivas SIakomnns tou

KuttapikoU KUKAoU, Mou npokaAsital ouvhBws and t POopd twv TEAOHEPWV WS

[31

. . ] Ny . , . . .
andékpion otn BAGBn DNA™ “. Tap’ éAa autd, n yhpavon nou endyetal and aktivoBolia

ouvdEeTal NEPICOOTEPO PE TNV evepyonoinon s p53 kal tnv €kPpaocn tns puBPIoTIKAS

npwteivns p2 1 tou kuttapikoU kUkAou kai/h evepyonoinon s oikoyéveias p 16INK4/pRb

3

TWV KATAOTAATKWV MPWTEIVIOV ]. Kai n 1ovtiouoa kar n pn-iovti¢ouca aktvoBoAia

3

pnopolv va nupodothoouv yapavon nou endyetar anod orpss[ ! IMpaopéva kittapa

éxouv Bpebei va ekkpivouv noAamioUs pAeypovmdels napdyovies , 6nws ol [L-1B, I1L-6,
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IL-8 kar MCP-1/CCL2, o1 onoiol anaptiouv Tov ekkpITIKO PaivOTuno nou oXeTidetal e

yhpavon (Senescence-associated secretory phenotype, SASP) 24

226t r forovgppur4uvrJul1z1Az11z1{cC

Ta npoiévia twv npwto-oykoyovidiwv und PUCIONOYIKES ouvBhkes Sieyeipouv Tov
noAanAaciacpd twv Kuttdpwy. O HETAMNAYHEVES HOPPES TwV NpwTo-oykoyoviSiwy, 1a
oykoyovidia, evtoni{ovtal ota kapkivikd kUttapa kai €ite €ivar nEPIccOTEPO evepyd, €ite
eival evepyd oe akatdnho xpoévo. Ta npwrto-oykoyovidia Spouv enitaxdvovias tnv
kuttapikn  avdnwén katd v G1 ¢don tou kuttapikoU kUkAou. [MoAN npwrto-
oykoyovidia nai(ouv onuaviikd pOAo otnv gPPpPUOYEVESN yIati cuxvd gunAékovIal otn
Siéyepon s kuttapikns augnons kal MoAAanAaciacpd katd v avdnwgn  evos
opyaviopou, Opiopéva npwto-oykoyovidia pnopei va pubpidouv apvnukd tnv KUTIAPIKN
Siapoponoinon. Ta npwto-oykoyovidia navouv tn  Spactnpidtnta tous otav
olhokAnpwBei n avantuiakn Asitoupyia otnv onoia cuppetéxouy. Opws, av Siatnpnoouv

™ SpactnpidNta tous N enavevepyonoinbouv tote Pnopei va avantuxOei kapkivos.

Ta npoidvia twv oyKoKATaoTAATKWY YoviSiwy €xouv Kataotaitikd pOAo otnv avdantuén
kal tn Siaipeon tou kuttdpou . Otav kal ta duo aMnASpoppa evos OyKOKATaoTaATKoU
yovidiou anevepyonoinBouv xdvetal n katactaAtikh tous Spdon kai to kuttapo odnyeital

o€ ave&Aeykto MOAANAAcIacpd. Ynpavikd oykokataotaAukd yovidlo yia tnv opain

, . . . 3
Aeltoupyia tou kuttapikoU KUKAOU €ival oI oykokataotoAeis p53 B

28
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23t DNAJ J1 s 1utitB ZvLvLz38

H avakdhuyn tns dopns tou DNA npaypatonoin®nke npiv 6 Sekacties and dUo opddes
gpeuvntwy, s R. Franklin kar M. Wilkins kaBws kar twv J. Watson kar F. Crick, kai

anotéAece ealpeTikns onpacias e6ENIEN yia TNy €NICTAPN kal Tov avBpwno.

C808p ¢tPNAROGH |1 Z VU

To DNA (DeoxyriboNucleic Acid) h Seo€upiBovoukheiikd o€U eival éva pakpopdpio nou
anoteAeital and voukAeotidia, to kabéva and ta onoia anoteleital and pia neviddn,
SeobupIBoln, evwpévn pe pId PwoPopikn opdda kal pia alwtouxa Bdon. rta
voukheotidia tou DNA n alwtolxos Bdon unopsi va €ivar ite pia noupivn: adevivn (A),
youavivn (G) eite pia nupipidivn: Bupivn (T) A kutooivn (C) . Ze kdBe voukieotidio n
alwtouxos Bdon cuvdéetal pe tov 17 avBpaka tns deoupiBOIns kal n pwoPopikh opdda

pe tov 5’ dvBpaka.

@ ® ®©
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Eikova 2.3: Aopn Sikhwvou DNA kar o1 Soploi nou avanticoovtal avdpeoa oTous KAWVOUS.
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YUppwva Pe TO HovIEAO Tns OINAAS €Aikas, nou avagépetal otn dopn tou DNA oto

XwWpPO:

U To DNA anoteeital and duo avunapdAnAes MOAUVOUKAEOTSIKES aAusides mou
oxnpatidouv oto xwpo pia Segiootpodn SINAA AKa.

U H &inA €hika €xel éva otaBepd okeletd, nou anoteAeital and enavahapBavopeva
popla  Pwo®opikns  opadas-SeofupIBolns  evwpévwy HE  PWOPOSIECTEPIKO
Seopd. O okehetds autds eival uSpo®INos kal Bpioketal oto €EwTtepIKO TOU
popiou. [lpos 10 eowtepikd tou otabepoU autou okeletou Ppiokovial ol
alwtoUxes Bdoels nou gival udpOPoPEes.

U  Or alwtolxes Bdoels tns pias alucidas cuvdéovial pe Seopous udpoydvou pE TS
alwtouxes Pdoels s anévavu alucidas pe Pdon tov  Kkavova - Tns
oupnAnpwpatkdtntas. H adevivn cuvdéetal pdvo pe Bupivn kar avtiotpopa pe
Suo deopoUls udSpoyovou, Ve N KUTOCIvN POVO e youavivn kal avtiotpo®a, He
tpels Seopous udpoyodvou. Or deopoi udpoydvou nou avantiooovial Hetagy twv
Bdoewv otaBeponoiolv tn Ssutepotayn Sopn tou popiou.

U  Or1 duo alucides evos popiou DNA eival cupnAnpwpatikés kadl autd unoSnAwvel
du n aMnlouxia s pias kaBopilel v aMnlouxia s dMns. H
OUPNANpwHAatIkSTNTa €xel tTepdota onpacia yia tov autodinhaciacpd tou DNA,

pia 1816tnta nou 1o kabiotd To KAataMnASTEpO popIo yia tn Siatnpnon kar

petaBiBaon s yevetikns nAnpogopias 59,

Mia noAuvoukheotuSikn aAucida oxnpatifetal and v €vwon NMOAWY VOUKAEOTISIwV pE
opolonohikd Seopd. O Seopds autds Snpioupyeital petafl tou upo€uliou (OH) tou 3
avOpaka s nevtodns tou 1% voukAeoudiou kal s Gpwo@opikns opddas nou eivai
ouvdedepévn otov 5 avBpaka tns neviddns tou endpevou voukieotdiou. O deopds
autds ovopdletar 3-5" pwopodiectepikds  Seopds. Me tov pdéno autd n
noAuvoukAeotuSikh aAucida nou oxnpatidetal €xel éva OkeAetd, nou anoteheitar and

enavédAnyn twv HOpIiwv Pwo@opikn opdda-neviddn-pwo@opikh opdda-neviddn. H
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EVEPYEIQ MOU anaiteital yia m dnpioupyia tou Ppuwododiectepikol SecpoU Npogpxetal
and tn Sidonaon tou ATP (popiou nou anoteheitar and adevivn kai pIBOGd kal oto onoio
€xouv MPOOKOMNBET Tpels Pwopopikés opddes) oe ADP, tou avtiotoixou popiou oto

Onoio £xouv NPOCKOAMNBE SUO PWOPOPIKES OHADES.

KaBe ahucida éxel katelBuvon 5°-> 37, epdoov 1o NPWTO tns VOUKAeOTiSI0 éxel Ndvta pia

eAeUBepn Ppwopopikn opdda ouvdedepévn otov 5 dvBpaka tns neviddns tou kal To

] e , . , . [99]
TENEUTAO NS VOUKAEOTISIO €xel eAeUBepO 1o USPOEUAIO Tou 3™ Tns neviddns Tou .

232¢1vlvuvr1 B Ast1J Aoy zvze $.!

To DNA anotelei 1o yevetikd UNKO TwV NEPICTOTEPWY KUTTAPWYV KAl TWV NEPICOOTEPWV
1bv. Kanoiol 1of éxouv ws yevetkd uhikd RNA (RNA-1of). O1 tpeis Baoikés Siapopés mou
1o Siakpivouv and to DNA eival n xphon s piBddns , avti tns deotupiBddns, tns
oupakiins (U) avt s Bupivns kal éu to RNA eival oxeddv ndvia povékiwvo. O
Siapopés autes eival nou divouv oto RNA pia cgipd and 1816tntes anapaitntes yia
Spdon tou ws evdIAUeECO POPIO HE TNV pPdvion Twv Tpiwy Bacikwv twnwv RNA: to

ayyehiopdpo RNA (MRNA), to petagopikd RNA (tRNA) kai to piBoowpikd RNA (rRNA).

O1 Aertoupyies nou kaBiotouv To Yevetikd UNIKO TO onpavtukotepo Biopdpio gival Ot oto
DNA anofnkeletar n veveukn ninpogopia. Yto DNA (A oto RNA twv RNA-icv)
nePIEXOVTAl Ol MANPOPOPIes Nou kaBopiouv OAA Ta xapaKINPIOTIKA evOs Opyaviopou, Ol
OroIgs OPYyavWVoVTdl O AEITOUPYIKES HOvAdes, ta yovidia. H ékppaon twv YeVETIKWY
NANPOPOPIWV ENITUYXAVETAl LE TOV EAEYXO NS NpwielvoolvBeons. Xdpis otnv Ikavotnta
tou va autodinhacidletar diatnpeital kar petaPiBddetal n yevetkn nAnpogopia and

kUTTIapo o€ KUTIapo KAl and opyavicpo o€ Opyaviopo.

23324z1rm] 38Bh Of3miAs [J11 my[ft1Ahs z
Al smu3uUme Y
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O1 Watson kai Crick gavtactnkav pia SinAn €Aika, n onoia getuhiyetal kal kaBe aAucida
Aertoupyei cav kahouni yia t clvBeon pias véas cupnAnpwpatikns akucidas. ‘Etol, ta
dUo Buyatpikd popia Mou NMPokUMTOUV €ival MavopoIotunad HE TO PNTPIKO Kal kaBéva
anoteleital and pia kaivoupia kai pia naiid ahucida. O pnxaviopds autds OVOHAoTnKe
npicuvtnpnuikos. [a va apxioel n avuypagpn tou DNA, or DNA ehikdoes diappnyviouv
Tous SecpoUs udpoyovou petal twv duo alucidwv ous BEoels évapins tns avuypapns.
To kuttapo éxel €va €181kd oUUNAOKO ev(Upwy, TO NPIHOCWHA, TO OMNoio CuvBEtel otis
O¢oeis €vapins tns avuypapns pikpd tpnpata RNA, cupnAnpwpatkd npos Us PNTPIKES
ahuoides, kal ol DNA noAupepdoes enipnkUvouv Td TPAWATA autd, TOnoOetwvias
SeotupiBovoukieotidia cUppwya Pe Tov Kavova s CUPNANpwUatikdTntas. Ta véa popia
DNA apxiCouv va oxnpati¢ovtal kaBws Snpioupyouvtal deopoi udpoydvou Petagl twv
OupnAnpwpatikyv — Bdoewv  twv  deofupifovoukieotidiwv. O noAupepdoes
emdlopbwvouv AdOn nou oupPaivouv katd v aviypapn: avayvwpidouv  Kai
anopakpuvouv voukAeotidia nou ol idies tonobetolv katd napdBaon tou kavova s

OUHNANpWHAatikéTNTas, kar tonoBetoly 1a owotd evw anopakpuvouy ta tpnpata RNA kai

ta avukaBiotouyv pe tphpata DNA 591

24 ¢ vyoe gt + ¢ i $. !

O1 BAdPes oto DNA Siakpivovtal og evdoyeveis kal eCwyeveis. Or evdoyeveis BAAPes
npokahouvtal katd tn Sidpkela kuttapikwy S1adikaciwy, onws n avuypapn tou DNA «ai
o petaBoliopds. Or eCwyeveis BAABes npokalolvial and e§wtepikoUs Napdyovies Onws n

unepiddns aktuvoBolia (UV), n Beppikh Sidonacn ouciwy, Togives, KANvIopa, Xxnpikda

petaAagoyova. 3

241689185 rl)1r24 zuvazs $.!
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O1 BAGBss tou DNA katatdooovtal oe

U  «Tunoypaikd» AaBn tns noAupepdons katd v avuypapn tou DNA

U TlMpooBhkn/andheyn 1-4 Bdcewv A €1I660XA N GUUNANPwHAtIKAs Baons

U AMoicoers Baoswy (o€eidwoers, HEOUNIOOEIS, anOMOUPIVWOEIS, orlopwd)oas)

U Y&pdiuon

U ©pavton s pias aluoiSas tou DNA (Single Strand Break, SSB)

U Aipepn nupipidivav @ Ogeidovtal kupiws otnv unepiwdn aktivoBoAia. lMNpokalel
ouvévwon yertovikwv Bdoewv T n C kar Snpioupyei ta Sipeph TT 1 CC.

U TNpocbnkn oykwdwv XnpIKWV popiwy.

U  ©palon kal twv Suo aAuciSwv tou DNA (Double Strand Break, DSB)

i ye3t L t 6 dg ab-e wAxidative ClusteredDNA lesions
(OCDLSs)

H 16éa twv opadonoinpévwyv BraBwv eionxbn and tov Ward ws Tonikés [lepioxés

MoANanAwv BAaBv, Snhadn Sidgpopes kovtivd tonoBetnpéves PAGBes evids evds pikpoU

35, 36

tpnpatos DNA nou pnopei va napaxBouv and Al | O Ward elonyaye v 16€a twv

OCDLs yia va avagepOsei otnv autnpévn Bvnoipdtnta nou endyetal and v LA, n onoia
dev pnopei va €gnynBel nAnpws and 1o noocd twv DSBs mou oxnpatidovtal, av kai ol

ouykekpipeves BAaBes, av Sev emdiopOwbBoulv h enidiopbwBolv ecpalpéva, pnopoulv va

[37].

odnyhcouv ocg Bavatnpopo yeyovos Onws €idape n akuvoPBohiia pnopei va

Snpioupynoel BAdBes oto DNA péow tns dueons evandBeons evépyeias oto DNA, kaBws

Kal HECW NS EUPEONS SPAONS TwV SPACTIKWV XNHIKWY HOPPLV NMou oxnpatifovial kovid

oto DNA #5:4¢ o éupeoes PAABes opeilovtal kupiapxa oTo oxnPAToHS tns eAeUOepns

piZas uSpofuliou(OH) péow s padidhuons tou vepou kovid oto DNA ( <10 nm). H
[47]

péon andotaon Sidxuons tou OH oto kuttapikd nepiBdAov eival nepinou 6nm ,

nepinou 3 gopés n Siduetpos ts éAikas tou DNA. Adyw tou pikpou elpous tou OH' kal
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s avaykaidntas va oxnpaticel kovuvd tonoBetnpéves PAdBes evios tou DNA, ta

Clusters dnpioupyouvtar tunikd pévo étav cupBolv TouldxioTtov 2-5 1ovicpoi evids h

(48]

kovtd og €va tpnpa DNA 1-4 nm . Ta noAU pikpd tpnpata DNA evids cuvBetou SSB

(1-2 voukheotidia) kai evids olvOetou DSB (2-6 voukheotiSia) mbavov 8a xaBouv katd

v e€aywyn DNA [

S, DSB

- DNA (DSB -

keV

DSB

DSB
DNA

(DSB )
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