EONIKO KAI KAMOAIZTPIAKO NMANENIZTHMIO AOGHNQN
IATPIKH ZXOAH, TOMEAZ MOP®OAEITOYPIKOZ
EPFAZITHPIO IZTOAOIAZ-EMBPYOAOTIIAZ
AIEYOYNTHZ: KaBnyntr¢ k. BaoiAeiog I'. FopyoUAng

AIAAKTOPIKH AIATPIBH

“AvaTtrTugn, e@apuoyn Kal agioAoynon XNUIKwv
avaAoywyv Tou Sudan Black B otnv avBpwTrivn

vOoo.”

Pi{ou Zoopia

Mopiakni BioAdyog kai M'evetioTpia, MSc

EmBAETTwY: ETK. KaBnyrtpia XaBdkn Zogia

AGHNA, 2020
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2TolIxeia S18AKTOPIKAG d1aTpIBRG
MéAn TpipeAoUg ZupBouAeuTikhG ETTITPOTTAG
XaBakn Zogia (EmRAETTOUCQ), ETTIK. KaBnyATpia, Epy. loToAoyiag-EpBpuoAoyiag
MopyouAng BaaoiAng, Kabnyntig-AieuBuvTng Epy. loToAoyiag-EppBpuoloyiag

KouAoukouoa-I'avviou Mupaivn, AvattA. Kadnyrirpia, Epy. lotoAoyiag-EppBpuoloyiag

MéAn EtrrapeAoug ESeTaoTikAg ETITPOTIHG

MopyouAng BaaoiAng, Kabnyntig-Aieubuvtng Epy. loToAoyiag-EppBpuoloyiag

Mavrog Kwvotavrivog, KaBnyntig-AicuBuvTig Epy. ®apuakoAloyiag
KouAoukouoa-I'avviou Mupaivn, AvattA. Kadnyrirpia, Epy. lotohoyiag-EppBpuoAoyiag
Euvayyélou KwvaoTtavtivog, AvatrA. KaBnyntng, Epy. lotoAhoyiag-EpBpuoloyiag
XaBakn zogia (EmRAETTOUCQ), ETTIK. KaBnyATpia, Epy. loToAoyiag-EpBpuoAoyiag
Matépag lwavvng, Emik. KaBnyntrig, Epy. loToAoyiag-EpBpuoioyiag

Moupoulng lopddvng, Etr. Kabnyntnig, Epy. PapuakoAoyiag

Huepopunvia apxikig aitnong: 2/11/2016
Huepopunvia opiocpou TpipeAoUg ZupBouleuTikng EmTiTpotrAg: 22/12/2016
Huepopunvia opiocpou Bépartog: 16/2/2018

Huepopunvia opiocpou EtrrapeAoug ESeTtaoTikng EmiTpotrAg: 21/5/2020
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AHMOZIEYZEIZ ZE ZYNEAPIA

o

Robust, universal biomarker
assay to detect senescent cells
in biological specimens
Konstantinos Evangelou,
Nikolaos Lougiakis, Sophia V
Rizou, Athanassios Kotsinas,
Dimitris Kletsas, Daniel Mufioz
Espin, Nikos Kastrinakis, Nicole
Pouli, Panagiotis Marakos, Paul
Townsend, Manuel Serrano, Jiri
Bartek and Vassilis G. Gorgoulis
EMBO workshop on Nuclear
function and cell fate choice,
Kyllini 18-22 September 2016

NAT polymorphic variants in
primates.

Drakomathioulaki N., Giannouri
D., Marinakis N., Rizou S.,
Stefani I., Tsirka T., Zaliou S.,
Crouau-Roy B., Sabbagh A,,
Boukouvala S., Fakis G.

7th International Workshop
on N-acetyltransferases (NAT),
Trier, Germany, 18-20 June
2016

Functional in-vitro study of
polymorphisms of the NAT1
enzyme in the primate Macaca
mulatta (Rhesus).

Marinakis Nikolaos, Giannouri
Despoina, Rizou Sophia, Tsirka
Theodora, Sabbagh Audrey,
Boukouvala Sotiria, Fakis
Giannoulis.

360 Emwotnuoviko Zuvébplo tng
EAAnvikri¢ Etaupeiag
BioAoyikwv Emotnuwy,
lwavviva, 8-10 Maiou 2014.

Enzymatic activities of novel
NAT1 and NAT2 polymorphic
variants found in a population
of model primate Macaca
Mulatta (Rhesus Macaque).
Sotiria Boukouvala, Theodora
Tsirka, Nafsika
Drakomathioulaki, Despina
Giannouri, Nikolaos Marinakis,
Sofia Rizou, Sofia Zaliou,
Audrey Sabbagh, Brigitte
Crouau-Roy and Giannoulis
Fakis.

19" North American Regional
Meeting of the International
Society for the Study of the
Xenobiotics (ISSX), San
Francisco, CA, USA, 19-23
October 2014.

Pilov Zodia

MopLak6g BloAdyog kat Fevetiotpia, MSc

EKMAIAEYTIKH KATAPTIZH

Innepa

Yrioyridla S1ddktwp oto epyactriplo lotohoyiag-epuppuoloyiag tng latptkig
oxoAng ABnvwv oto epyaotrplo lotohoyiag-EpBpuoloyiag, otnv opdada
MOopLOKIG KAPKLVOYEVEDNC.

2014-2016

ALaTUNROTIKO TIPOYpappa Metamtuxtakwy Imoudwv “Moprakn latpikh” tou
EKNA.

2010-2014

Moptakr BloAoyia kat levetikr) (MBr) tng ZxoAri¢ Emotnpwy Yyeiog tou
Anpokputeiov Maveniotnpuiov Opakng pe Babuo rrruyiov 6.86.

2010

1° F'evikd AUKeLo Aptag pe Babud amoAutnpiou 18 9/10.

EPFAZTHPIAKH KATAPTIZH

10/2015-10/2016

Epyaotripto lotoAoyiag-EuBpuoloyiag, opuada MopLlakric KapKLVOyEVEDNG,
latpikry A9nvwv tou Kabnyntr k. lopyoUAn B. (vgorg@med.uoa.gr)

AuTAWHATIKA Epyaoia e TITAO: “ZUyKPLTLKN) HEAETN SelKTWY avixvevong
KUTTapLKAG ypavong”.

Texvikeé

Avoooiotoxnueia, kuttapokaAépyeleg, Lotoxnuikn xpwon Sudan Black B, SA B-gal
assay, Arnopévwon npwteivwy, Western blotting, Flow cytometry analysis, Electron
microscopy

06/2015 - 09/2015
XwpEEeLo epeuvnTIKO EpyaoTrplo Tou vodokoueiou Maibwv ‘Ayia Zopia’ ota
TAaioLa Tou PETATTUXLAKOU.

Texvikéc
MLPA, PCR, awpoAnyia, DNA extraction, RFLP, avdaAuon kapudtunou, Sequencing

11/2014 - 05/2015

Epyacotripto tou Epsuvntr I"'k.KAwvakn oto IIBEA ota mAaiola tou
petamntuxiakol. Epyaotnplakn eknaibsuon og HOpLAKA LOVOTIATLO TOU
Kapkivou.

Texviké

KuttapokaAAiépyeleg, Siaxeipion newpaparolwwy, PCR, Western Blotting.

10/2013 - 10/2014

Epyaotripto Moptakri¢ levetikrc tng Enikoupou Kabnyrtplag K.MmoukouBdAa .
(sboukouv@mbg.duth.gr) tou MBI yia tn AUTAWRATIKA epyaocia pe O€pa:
«AeLtoupyLkr HeAETN oAU opdLopwY Tou eviUpou NAT1 oto npwtelov
Macaca mulatta (Rhesus)».

Texvikeé

Texvikég avacuvduaopévou DNA (Cloning), Site-Directed Mutagenesis, Zxedlaopog

ekkwntwv (primer), AvaAuvon aAAnAouxiong, PCR, HAektpoddpnon mnKTwHaTog

ayapolng, Metaoxnuatiopog Baktnpiwv, Miniprep, Ekdpaon kat kabaplopog

npwteivwy, SDS-PAGE, Métpnon eviupatikng evepyotntag, Western Blotting.

06/2013 - 08/2013

Mpaxtikry Aoknon - EXMA 2007-2013 oto Turjua Moplakrig BloAoyiag kat
FeveTIKng oto epyaotriplo Moplakrg Mevetikrg tng Enikoupou KadnyrtpLag K.
MroukouBdAa Z. (sboukouv@mbg.duth.gr) pe Bépa “Mpaktikny doknon o
HOPLOKEG TEXVIKES amopovwong Bodoykwv popiwv (RNA, DNA, mpwteiveg) and
avOpwrvo LoTo Kal BaktnpLakd

kUTTapa.



FAQIzEZ

o AyyAwa - Certificate of

Proficiency

o TloaAAwka@ - Delf B2

ENAIAOEPONTA-AEZIOTHTEZ

EBehovrtikn epyacia oto Athens
Science Festival otnv ABrjva otig
17-22/3/2015

Ko yvwon nAEKTPOVIKWY
UTIOAOYLOTWV

SUUETOXN OTN XOPEUTLKNA
opada tou cuAGyou Kpntwv
‘EBpou

Juppetoxn otn Beatpkn opdda
Tou oUAAGYOU AaoKAAWV Kall
Nnraywywv Mpwtofaduiag
eKMaioguong

Znoudég akopvteov (5 xpovia)
JuppeToxn He SLakplon oe
Slaywviopd {wypadikng

ENAITEAMATIKH KATAPTIZH

2019

ALXAEEELG 0T TPOYPAPHUATA LETATTUXLAKWY OoTouS WV e Titho “EdappoyEg Tng
BloAoyiag atnv latpiki” kat “Molecular Biomedicine”

2015-Zfjpepa

18waitepa padrpata BlioAoyiag MpooavatoAiopou kat Mevikrg Madeiag o pabntég
" Aukeiou

AHMOZIEYZEIZ ZE ETKPITA MEPIOAIKA

o A novel quantitative method for the detection of lipofuscin, the main by-
product of cellular senescence, in fluids.
Rizou, S.V., Evangelou, K., Myrianthopoulos, V. et al.
Methods in Molecular Biology, 2019, vol. 1896, doi:10.1007/978-1-4939-8931-
7_12

o Population variability of rhesus macaque (Macaca mulatta) NAT1 gene for
arylamine N-acetyltransferase 1: Functional effects and comparison with
human.

Boukouvala S., Chasapopoulou Z., Giannouri D., Kontomina E., Marinakis N.,
Rizou S.V., et al.
Scientific Reports, 2019, vol.9, issue 10937

o Immunohisto(cyto)chemistry: An old time classic tool driving modern
oncological therapies.
Cooks, T., Theodorou, S.D.P., Paparouna, E., Rizou, S.V. et al.
Histology and Histopathology, 2019, vol.34, issue 4

o A prototypical non-malignant epithelial model to study genome dynamics
and concurrently monitor micro-RNAs and proteins in situ during
oncogene-induced senescence.

Komseli, E.-S., Pateras, |.S., Krejsgaard, T., Stawiski, K., Rizou, S.V., Polyzos,
A etal.
BMC Genomics, 2018, vol.19, issue 1, doi: 10.1186/s12864-017-4375-1

o Ageing, cellular senescence and neurodegenerative disease.
Kritsilis, Marios, Rizou, Sophia V.,Koutsoudaki, Paraskevi N., Evangelou,
Konstantinos, Gorgoulis, Vassilis G.,Papadopoulos, Dimitrios
International Journal of Molecular Sciences, 2018, doi:10.3390/ijms19102937

o Monitoring autophagy immunohistochemically and ultrastructurally
during human head and neck carcinogenesis. Relationship with the DNA
damage response pathway.

Havaki, S., Vlachou, V., Zampetidis, C.P., Selemenakis, P., Kotsinas, A.,
Mavrogonatou, E., Rizou, S.V., Kyrodimos, E., Evangelou, K., Kletsas, D.
International Journal of Molecular Sciences, 2917, vol.18, issue 9, doi:
10.3390/ijms 18091920

O Robust, universal biomarker assay to detect senescent cells in biological
specimens
Konstantinos Evangelou, Nikolaos Lougiakis, Sophia V Rizou, Athanassios
Kotsinas, Dimitris Kletsas, Daniel Mufioz Espin, Nikos Kastrinakis, Nicole Pouli,
Panagiotis Marakos, Paul Townsend, Manuel Serrano, Jiri Bartek and Vassilis G.
Gorgoulis
Aging Cell, 2016 Nov, vol.16, issue 1, doi: 10.1111/acel.12545

o lonizing radiation-mediated premature senescence and paracrine
interactions with cancer cells enhance the expression of syndecan 1 in
human breast stromal fibroblasts: the role of TGF-.

Liakou E, Mavrogonatou E, Pratsinis H, Rizou S, Evangelou K, Panagiotou PN,
Karamanos NK, Gorgoulis VG, Kletsas D.
Aging (Albany NY). 2016 Aug;8(8):1650-69. doi: 10.18632/aging.100989.



ZEMINAPIA — ZYNEAPIA

o

MapakoAouBnon anoyevpatvwy pabnudtwy Stdpketag 10 wpwv yia tn dour Kot Asttoupyia in-vitro ALoyVwoTIKWY
epyaotnpiwv Tou cuyxpovou Noookopeiou, ENnvikn Etatpeia KAwikn Xnueiag-Bloxnueiag, Abnva, 3/2-18/5 2016.

MapakoAouBnon twv epyactwv tou «Masterclass on Tumor Biomarkers», EAAnvikr} OykoAoytkr) Epguvntikr Opada, ABriva,
12-13 Maiou 2016.

MapakoAouBnon tou 16°° Metekmawdeutikou Zepvapiov Mevetikng «Nedtepa Sedopéva otnv KAwvikr MEVETIKA» TOU
Epyaotnpiou latpikig Mevetikrg tou MNaveniotnuiov ABnvwyv, ABrva, 16 Artpthiou 2016.

MapakoAouBnon tou 15°° MetekmaldeutikoU Zepvapiov MEVETIKNAG «H VE YEVETIKF) KOVTA OTOV KAWVLKO LaTpO» TOU
Epyaotnpiou latpikrig Fevetikrg tou Maveniotnuiov ABnvwy, ABrva, 28 Maptiou 2015.

Juppetoxn oto 36° Etrjolo Emotnpovikd Zuvédpio tng EAAnvikNg Etaupeiag BloAoyikwv Ertotnuwy, lwdavviva, 8-10 Maiou
2014.

MapakoAouBnon twv epyactwv tou 64°° NaveAArviou Zuvedpiov tng EAAnViKAG Etaipeiag Bloxnueiag kot Moplaknig
BloAoyiag, ABriva, 6-8 Askepuppiou 2013.

MapakoAouBnon twv epyactwv tou cuvedpiou «Sexually Transmitted Viral Infections: Current Diagnostic and Therapeutic
Approaches», AAe§avSoUmoAn, 15-17 Nogufpiou 2013.

Juppetoxn oto 12° Suvédplo «latpikn Xnueia: Ixediaopog kat Avantu§n Qappakeutikwv Mpotéviwvy. Enitipog kot
Kevtpikdg OAnTrg tou Zuvedpiou rjtav o Dr James D. Watson, Nobel in Medicine and Physiology (1962), Ndtpa, 12-15
AnpiAiou 2011.

MapakoAouBnon 3" Huepibag «DapprakoyoviSLWHATIKY Kat e§atopikeupévn Bepaneia» ano tnv Goldenhelix,
Ale€avpoUmoAn, 8" Anpihiou 2011.

MapakoAouBnon twv epyactwv tou 61°° NaveAArjviou Zuvedpiov tng EAAnViIKG Etaipeiag Bloxnueiag kot Moplakig
BloAoyiag, AAe§avEpournoAn, 18-22 OktwRpiov 2010.



EuxapioTieg

H mmapouoa Aidaktopiky diaTpIiB pe TiTAo “Avarrtugn, epapuoyn kai agloAdynon
XNMIKWV avaAoywv Tou Sudan Black B otnv avBpwTrivn véco” €KTTOVABNKE OTO
Epyaotpio loTtohoyiag-EppBpuoloyiag tnG latpikAg 2xOAg Ttou [lavermoTnuiou
ABnvwv, kata 1o Xpoviko didotnua 2016-2020. Ta atroteAéopara NG dIaTpIRRg £Xxouv
Onuooigubei oe ApBpa o€ dieBvr) ETTIOTNPOVIKA TTEPIODIKA.

lNa Tnv uAoTTOINON TOU CUYKEKPIPEVOU EYXEIPNUATOG CUVEBAAAV APKETOI AvOPWTTOI,
TOUG OTTOIOUG OQPEIAW VO aVaPEPW KAl VA EKPYPACW TIG EUXAPIOTIEG Jou. Katapydg, 6a
NBeAa va suxapliotTiow Tov KabnyntA k. BaciAn NopyoUAn yia Tnv €ukapia TTou pou
€dwoe va yivw PENOG QUTAG TNG €PEUVNTIKAG OPAdAG, KABWG Kal yia TNV TTOAUTIUN
KaBodriynon Tou. ATTOTEAECE EUTTVEUCN YIQ TNV EPEUVNTIKI JOU TTOPEIa Kal e fori@noe

va e€eAIXBwW wg epeuvnTpIa, AAAG Kal WG AvOPWITTOG.

©a ABeAaq, etTiong, va suxapliotiow TV EmPRAéETTouca KabnyniTtpia k. ogia XaBakn
yIa OAEG TIG OTIYUEG TTOU POIPACTHKAME, yIa TNV OTAPIEN TNG KAl yIA TNV EUTTIOTOOUVN
TTOoU £3¢€15E OTO TTPOOWTIO Pou. ‘Eva peydAo euxapiotw otov AvatmAnpwtr KaBnynti
K. KwvoTavtivo Euayyélou, kabwg xwpic tn Bonbeid tou d¢ Ba rrav duvarh n
oAokAApwaon TNG ouykekpiyEvng diatpiPrg. OAa autd T1a xpdvia n OTAPIEN Kal n
KaBodrynon Tou ATAV AVEKTIUNTEG.

2Tn ouvéxela Ba Bela va euxapioTiow TNV AvatmmAnpwrpia Kadnyritpia K. Mupaoivn
KouAoukouoa, Tov Etikoupo Kabnynti k. lwdavvn Tlartépa, Tov Kabnynty K.
KwvoTavtivo avro kai tov Emikoupo Kabnynti k. lopddvn Moupoudln, TTou pe
Tiunoav AapBavovrag pépog otnv EmrtapeAy Egetaotiky EmTpoty autig Tng
AlaTpIBAG, KABWG Kal yia TNV UTTEPOXN OUVEPYOOia TTOU €ixaue. 1dIAITEPO EUXAPIOTW
otov K.[Matépa kal Tov Etrikoupo KaBnyntr k.Kotoiva yia TG TTOAUTINEG OUUBOUAEG

TOUG.

Euxapiotw T1OAU, €tmiong, OAa T1a PEAN, TTPpwNV Kal vuv, TnG opddag MopiakAg
Kapkivoyéveong  Tou EpyaoTtnpiou loToAoyiag-EpBpuoioyiag  yia TNV



aAAnAoUTTOOTAPIEN Kal TO KAipa ouvepyaaciag. Oa \BeAa va euxapioTiow 101aiTEPA TV
EAévn Aapiavidou, Tnv Zogia @codwpou, Tov Anuntpn BepouTn, TNV Aavan BeAtoioTa,
Tov XprioTto Zautretidon kail TNV MNéyku TolwAn, yiati o1 o €UKOAEG Kal TTI0 OUOKOAEG
OTIYUEG €ival KAAUTEPEG OTAV TIG TTEPVAG PE TTAPEQl.

Aegv Ba pTTopouca va PNV avoQEPW Kal va €uxapioTinow Tn @iAn pou Meliva
Mntoioyidvvn, yia Tnv NOIKN Kal YuxoAoyikr) uttooThpIgn 0Ao autd 1o didoTnua. Oa
NBeAa, €TTiong, va €uxapioTow Toug @iAoug pou BaoiAn Meviwvn, Mapyapita
Mroiavn, Ztuhiavoe Aatrapidon, Xpiotiva Avdpovikou, Pagaéha @iAiTrou, Bépa
dacouAdkn kai Mavayiwtn Mavdpéka, yiati Eekiviicaue Tn oItTnTIKA {wr 6Aol padi Kai
ouveyifoupe va oTnpiCoupe o £vag Tov GAAOV.

Mavw atr’dAa, dpwg, TO TTI0 HEYAAO EUXAPIOTW AVIKEI TNV OIKOYEVEIQ JOU Kal 181aiTEPA
oTov oUVTPOo®POo pou, Niko Mapivakn, yiati oe autd 1o Taidl oTabnkav diTTAa PJou o€
KABe oTIyun, divovrag pou aioiododia kal dUvaun va oUuveXiow.



[MepiAnwn

H kuttapikf yfpavon atroteAei TO OTAdIO TNG YN avaoTPEWIUNG, OTIG TTEPICOOTEPEG
TTEPITITWOEIG, DIAKOTING TNG KUTTAPIKAG AVATITUENG, OTNV OTTOIA TO KUTTAPO TTAPAUEVEI
METAPBOAIKG evepyd.  EptTAékeTal OTnV  €UPPUIKN) AVATITUEN, OE QUOIOAOYIKEG
KATOOTAOEIG, OTO yApag (aging), kabBwg kai ot TTaBoAoyikéG KartaoTtaoels. H
OUVEIOPOPA TNG MWTTOPEI va gival BETIKR, OTTWG OTNV TIEPITITWON TNG E€TTOUAWONG
TTANYAG, ) va £XEl apvNTIKA OTTOTEAEOUATA, OTTWG OTNV TTEPITITWON TG OOPKOTTEVIAG.
H yApavon eival e§icou onuavTikr], KOBWG atToTEAEI PPAYHO TNG KAPKIVOYEVEONG. Av,
OMWG, CUVEXIOTEI N BAGBN TOU I0TOU KAl YiVEl HEIWPEVN TTIPOOEAKUON TWV JOKPOPAYWY,
TOTE N yrPAvon TTAUEl va avaoTEAAEI TNV AVATITUEN TOU AdEVWHATOG KAl dnUIOUPYEi Eva
TTEPIBAANOV €UVOIKO yia TAV avATITUEN Tou Oykou. Méxpr onuepa, o OeikTng TTou
XPNOIMOTIOIEITAI VIO TOV EVTOTTIONO TNG yhpavong, €ival o SA B-gal. O d&ikTng auTog,
OMWG, TTAPOUCIACEl TTOAAG UEIOVEKTANATA, PE OTTOTEAEOPA va yiveral OAO Kail TTIO
OUOKOAN n MEAETN TNG yhpavong ota dlagopa KUTTapikG ocucothuara. Npéoeara
AVOKOAUQONKE pia 10 BEATIWUEVN, KAl JE EUPEIQ EQAPPOYN, VEQ TEXVIKI QViXVEUONG
TWV YNPOAOUEVWY KUTTApWY, TTou Baacifetal otnv Xpwon ye Sudan Black B (SBB), n
OTTOIO YE TNV OEIPA TNG EXEI KATTOIEG TEXVIKEG TTPOKANCEIG. YTTAPEE, AoITTOV, N avaykn
yla TNV oUVOEON VEWV XNUIKWVY EVWOEWV, Ol OTTOIEG EVTOTTICOUV TN AITTOQOUCKIVN, KAl
ETTOMEVWG TA ynpacuéva KUTTapa. O1 eVWOEIG, aUTEG, DOKINACTNKAY OE€ CUCTHUATA
ava@opdg yia Tn yApavon Kal 1o armoTéAeopa Arav evBappuvtikd. To véo XNUIKO
avaloyo Tou SBB, 10 o110io ovopaletal GL13 deopevetal €10IKA Kal g euaiodnoia e
TN ANITTo@ouaokivn. Xpnoigotrolwvtag 1o avtidpaoTtripio GL13 avarrTugaue pia uBpIdikn
IOTOXNMIKA-OQVOCOIOTOXNMIKN PMEBODO Kal Oci¢aue OTI N cuCoWPEUON AITTOPOUOKIVNG
atroTeAEi OpOONPO TNG yAPAvoNng o€ hMeYAAN TTolkIAia BloAoyiKwy delyudaTwy. Katd 1
d1dpkela TNG dIOAKTOPIKAG DIATPIRNAG ECETACTNKE, ETTIONG, TO GAIVOUEVO TNG KUTTAPIKNG
ynpavong oTov opo TOU AipaTog UYEIWV KAl A0BEVWY aTOPWY, HETPWVTAG TA ETTITTEDA
NG Aimrogouaokivng. O1 uyigig Tagivoubnkav o€ dU0 KaTnyopieg avaloya pe Tnv NAIKia,
EVW ol aoBeveig Tagivoundnkav avaloya pe Tnv aoBéveia atrd tnv otroia TrTdoyouv. Ol
a00B€veIEG TTOU £CeTACONKAV €ival N KAPSIAKN AVETTAPKEIQ, N PEUPATOELIONG apBpiTida,

0 KOPKIVOG Kal Ol VEUPOEKPUAIOTIKEG TTABNAOEIG.
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Baoikn 10€éa autwv Twv TTEIPOPATWY €ival va €PEUVIIOOUPE Qv TA ETTITTEdA TNG
eAeUBEPNG NITTOPOUOCKIVNG OTOV 0PO dIAPOPOTTOIOUVTAI AvAAoya PE TNV NAIKIA Kal O€ TI
TT0000TO, KABWG €TTiONG, Av AuTA Ta ETTiTTEdA OANACOUV O€ KATTOIEG QOOEVEIEG,

QATTOTEAWVTAG, iIOWG, HEANOVTIKO TTPOYVWOTIKO OEIKTN.
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Abstract

Cellular senescence is an essentially irreversible cell-cycle arrest that can be an alarm
response instigated by numerous stressors, including exposure to genotoxic agents,
nutrient deprivation. It is a cell state implicated in various physiological processes and
a wide range of age-related diseases and contributes to organismal development,
aging, and diverse pathologies. Senescence is, also, important as an anti-tumour
barrier to carcinogenesis. However, if tissue damage continues and macrophage
attraction is reduced, senescent cells are not able to inhibit adenoma development
and carcinogenesis, creating an environment conducive to tumor growth.

To date, the most widely used method to detect senescent cells is Senescence-
associated b-galactosidase activity (SA-b-gal) assay. This biomarker, however, has
many disadvantages, making it increasingly difficult to study senescence in various
cellular systems. Recently, it has been reported specific recognition of senescent cells
in biological material including cultured cells, fresh/frozen, and archival (formalin-fixed
and paraffin-embedded, FFPE) tissues, applying the Sudan Black B (SBB)
histochemical dye. SBB reacts with lipofuscin, a non degradable aggregate of oxidized
proteins, lipids, and metals. Lipofuscin accumulates in senescent cells, as a by-
product of the senescent process, and should be considered as a new ‘hallmark’ of
senescence. There was, therefore, a scientific idea to synthesize new chemical
compounds, which detect lipofuscin, and therefore senescent cells. We designed and
synthesized a lipophilic, biotin-linked Sudan Black B (SBB) analogue, GL13, suitable
for sensitive and specific, antibody-enhanced detection of lipofuscin-containing
senescent cells in any biological material. This new hybrid histo-/immunochemical
method is easy to perform, reliable, and universally applicable to assess senescence
in biomedicine, from cancer research to gerontology.

During the doctoral dissertation, the phenomenon of cellular senescence in the blood
serum of healthy and pathological samples was also examined, measuring the levels
of lipofuscin. The healthy were classified into two categories depending on age, while
the patients were classified according to the disease from which they suffer. The
diseases that were examined were heart failure, rheumatoid arthritis, cancer and

neurodegenerative diseases.
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The aim of these experiments was to investigate whether lipofuscin levels in blood
serum vary according to age and in what percentage, as well as whether these levels
change in some diseases, possibly indicating lipofuscin as a future prognosis

biomarker.
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KEDAAAIO 1°

EIZAIMQIMH



1.1 T1 gival n KUTTOPIKA yApavon

Mpwtn @opd n ynpavon peAetBnke atmd tov Hayflick kal Toug ouvepydreg Tou, oI
oTToiol TTapatipnoav o1l avlpwTrivol IVOBAACTEG €XOUV TIETTEPOCHEVN IKAVOTNTA
TTOAQTTAOCIAOPOU O0€ CUVONKEG KOANEPYEIAG META ATTO APKETEG KUTTAPIKEG DIAIPETEI
(Hayflick, 1965). 2uepa yvwpiCoupe OTI TO CUYKEKPIMEVO PAIVOUEVO QVTIKATOTITPICE
évav €I0IKO TUTTO KUTTAPIKAG YAPAVONG, TTOU dNUIOUPYEITAl ATTO TN MEIWON TOU PKOUG
TWV TEAOPEPWYV UOTEPA ATTO TTAPATETAUEVO TTOAAATTAQCIOONO, aTTOUCia €VOOYEVOUG
dpdong TnG TeEAopepAonG. H Kuttapikf yipavon ival 1o aivouevo TnG dIOKOTIAG TOU
KUTTAPIKOU KUKAOU, evw TTAPAAANAQ TO KUTTOPO TTAPAPEVEI METABOAIKA evepyd. MEXpl
TTPOC@ATA UTTAPXE N avTiAnyn 0TI TO @AIVOUEVO AUTO gival un avaoTpéWiyo (Campisi
and D’Adda Di Fagagna, 2007), yeyovog TToU CAPEPA YVWPICOUPE TTwG OEV IOXUEL,
KaBwg €xel deIXOei TTEIpapaTIKA OTI N y\pavon Ytropei va avriotpa@ei (Komseli et al.,
2018; Galanos et al., 2019; Gorgoulis et al., 2019). To @aivéuevo TG ynpavong
arroteAei Bepehiwdn BioAoyikr diadikaoia TTou PTTopEi va ouPBEei Kata Tn dIGPKEIA TNG
EMBPUIKAG Kal eVAAIKNG CwNG Kal EUTTAEKETAI TOOO O QUOIOAOYIKEG OO0 Kal O€

TTaBoloyikég kataoTdoelg (Rodier and Campisi, 2011).

1.2 Eidn Tn¢g yrpavong

H ynpavon dlakpivetal oe dUO PEYAAEG KATNYopieg avaAoya PE TO QITIO TTOU TNV
TTPOKAAEi, TNV avadITTAac10oTIKY) (replicative) kar Tnv TTpowpn yripavon (premature
senescence). TNV avadITTAACIOOTIKI) ypavon Ta TEAOPEPN UTTOKEIVTAI Ot (PBopd
eCaitiag ™G avikavotntag Tng DNA 1ToAupepdong va avtiypAyel TIG JOVOKAWVEG
aAucideg (Gorgoulis and Halazonetis, 2010; Sikora et al., 2011). Ta TeAouepn €ival
ermavalaupavoueveg alnAouyieg 5-TTAGGG-3’, ouvdeOuEVEG PE TTPWTEIVEG TTOU
KAAUTITOUV TA AKPA TWV XPWHOCWHUATWY KAl T TTPOCTATEUOUV ATTO TNV £TTiIdpACN TOU
povoTtrariou DDR kai Tnv atroikodounon (Harley, Futcher and Greider, 1990; D’Adda
Di Fagagna, Teo and Jackson, 2004). Otav Ta TEAOPEPT PTAOOUV OE KPIOIWO EAAXIOTO
MAKOG, N TIPOCTOTEUTIKA TOUG Oourf OIaTOPACOETAl KAl EVEPYOTTOIEITAI  OIKTUO
KUTTOPIKWY JOVOTIATIWY, TA OTToia EVTOTTICOUV Kal £TTIdIopOwvouyv Tnv BAGRN oto DNA
( DNA Damage Response-DDR). H atrokpion otnv BAGRn tou DNA gival ouvdedepévn
ME TNV epgavion eotiwv (foci), BeTikwv yia TRV QWO@OpUAIwuEvn 10TOVN H2A
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(pwo@opuliwon oTo apivogu oepivn 139) kal Twv DDR trpwTeivwov 53BP1, NBS1 kai
MDC1 otov Trupriva Twv KUTTAPWV. 2Ta ynpacpéva KUTTapa Egival, €1miong,
evepyotroinuéveg ol kivaoeg ATM kai ATR (D’Adda Di Fagagna et al., 2003). Oi
KIVAOEG QUTEG, ME TNV OEIPA TOUG, EVEPYOTTOIOUV TIG KIVAOEG o€pivng-Bpeovivng CHK1
kal CHK2. H aAAnAeTTidpaon Twv DDR trapayoviwy pe Tov pnxaviopd Tou KUTTapikou
KUKAOU €TTEPXETAlI QTTO TNV QWO@OPUAIWGCN Kal TNV €EVEPYOTTOINCN OPICHEVWV
TTPWTEIVWYV TOU KUTTAPIKOU KUKAOU, oupTtrepIAauavopévwy Twv CDC25 kai p53. OAeg
QUTEG Ol  OAAayEG  MTTOPOUV  va  €TTAyouv TNV OIAKOTI) TOU  KUTTOPIKOU
TTOAQTTAOCIAOPOU, ETTITPETTOVTIOG OTA KUTTOPA va emdlopBwoouv Tnv PAABRN. H
avadITTAaCIOOTIKY) YApAvon, €KTOG ammd Tnv TpwTeivn p53, €xel ouvdeBei pe TNV

OYKOKOTAOTAATIKA TpwTteivn RB, o6mwg kai &dAoug Trapdyovteg Tou  idlou

INK4A
oNMATOdOTIKOU povoTraTtioU, CupTTepIAauBavouévng TnNG Tpwreivng p16 . H

gvepyoTtroinon Téoo Tou p53, 600 Kal Tou p16|NK4A-RB MovoTTaTiou €ival Kpiolun yia TRV
ETTAywWYN TNG ynApPavong o€ pia TToIKIAId avOpwITIVwy KUTTAPIKWY Ogipwyv. H
OUVEIOPOPA TNG EVEPYOTTOINONG TwV OUO AUTWYV HOVOTTATIWV £EAPTATAlI ATTO TNV
KUTTOPIKN O€Ipd, KABWG KATTOIEG ATTAITOUV PJOVO TNV EVEPYOTTOINOT TOU £VOG ATTO TA

duo povoTraTia, evw AAAeg kail Ta duo (Kuilman et al., 2010).

H mpdwpn ynpavon uJtmopei va TrpokUWel OTav TO KUTTOPO OTapatd va
TTOAaTTAaCIAgeTal, KATW aTTd dIAPOPEG OTPEOOYOVEG OUVONKEG, Ol OTTOIEG DEV £XOUV
ox€on ME TO UAKOG Twv TeEAopepwy. Mia karnyopia Tpdwpeng yAPAvoNng aTTOTEAEI N
ETTAYWHMEVN aTTO OyKoyovidlo yripavon (oncogene-induced senescence-OIS), otTou
(PUOIOAOYIKA KUTTAPO QVTATTOKPIVOVTAl OTNV evepyoTroinan d1a@dpwyv OYKoyovIdiwv,
Kal odnyouvTtal o€ KUTTapIKr ynpavon. H OIS atroteAei Tn pop@r TnG yrnpavong, n
OTTOIx £XEI CUOXETIOTEI TTEPIOCOOTEPO WE TIG AVOPWTTIVEG TTPOKAPKIVIKES BAGRES (Collado
et al., 2005; Michaloglou et al., 2005). To @aivougvo TTapaTnpEronke TpwTn Gopd oTo
yovidio RAS (Serrano et al., 1997) ka1 apyOTtepa €TTEKTABNKE o€ AANOUG TTAPAYOVTEG
TOU OonuaTodoTIKOU povotraTiou, oTrwg ol RAF, MEK, MOS, BRAF (Lin et al., 1998;
Zhu et al., 1998; Michaloglou et al., 2005). ‘Exel ouvdeBei, etriong, Je TNV augavopevn

INK4A
€KQPAON TWV OYKOKATACTOATIKWY p16 kal ARF, kaBwg Kai Tnv gvepyoTroinon Tou

povoTraTiou eAéyyxou Twv dikAwvwyv Bpauopudtwyv oto DNA (DNA double strand
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breaks-DSB), evOeIKvUOVTAG TIWG ATTOTEAEI TUAPA TOU @PAYMOU OYKOyEvEONG
(Bartkova et al., 2006). NapdAo 1Tou n yrpavon €TnNEEAZEl Pia TTOIKIAIQ KUTTAPIKWY
TUTTWV, TA in Vitro JOVTEAQ TTOU XPNOIYOTTOIOUVTAI VIO TN HEAETN TOU QAIVOUEVOU TNG
OIS Baoifovral kupiwg oToug IVOBAAGOTEG. Aedopévou OTI OI TTEPIOOOTEPEG CUXVEG
KakonBeieg cival €mONAIOKAG TTPoEAEUONG, N EAAEIYN PN KakonBwv TmOnAIaKwY
MovTéAwvV atroTeAei onuavTiky EAAeIyn oTo 1edio. O1 Baoikoi Adyol gival n duoKoAia
dlatipnong Tou €&EIDIKEUPEVOU ETTIBNAIOKOU OUOTAPATOG KATA Tn OIAPKEId TNG
KaAAiEpyelag (Geraghty et al., 2014) kai n QvetmTuxng aBavarotroinon JE €KTOTIN
ékppaon aveoTpappévng avBpwTrivng tehopepdong (WTERT) og emOnAiaka KUTTapQa
o€ avtiBeon pe Toug IvoBAdoTeg (Dickson et al., 2000).

1.3 XapakTnpIoTIKA TNG YAPAVONG

1.3.1 Kuttapikdg KUKAOG

Koivdé XapoKTnpIoTIKO TwWV YNPACHEVWY  KUTTAPWY QTTOTEAEI  MHia  OouoIAoTIKA
AMETAKANTN DIOKOTTH) TOU KUTTAPIKOU KUKAOU, N OTToia YTTOPEI va gival avtidpaon TTou
TTPOKAAONKe atrd emPBAaBA epeBioparta 1 avegéAeykto TTOAAQTTAACIOONS. AuTh N
QIaKOTTI) TOU KUTTAPIKOU KUKAOU dla@épel atrd TNV KATACTOON Npepiag/ adpavelag Kal
TNV TEAIKN) dlagopoTroinon (He and Sharpless, 2017). H katdotaon npepiag/adpdveiag
gival Eva TTpoowpIvo OTAdIO OTO OTT0iI0 O TTOAAATTAQCIOOUOG PTTOPEI va eTTAVEADEI
MEOWw Tou KaTAAANAou epeBiopaTog. H TeAIKN dl1a@OPOTToiNON ATTOTEAEI TNV ATTOKTNON
OUYKEKPIMEVWY KUTTAPIKWY AEITOUPYIWY, TTOU cuvodeuovTal atrd dlapKr dIaKOTTH Tou
KUTTAPIKOU KUKAOU, OTNV OTTOI0 CUMMPETEXOUV POVOTTATIA DIAPOPETIKA ATTO QUTA TTOU
gvepyoTtrolouvTal Kard tn didpkeia TG yhpavong. AvriBeta Ta ynpaouéva KUTTapa
QTTOKTOUV £va VEO aivoTuTro. MapoAo TTou n dIOKOTIF) TOU KUTTAPIKOU KUKAOU KOTA TN
dIdpKEIa TNG yPavong €ival YEVIKA QUETAKANTN, UTTOPEI TO KUTTAPO va €I0EABEI Eava
OTOV KUTTOPIKO KUKAO KATW ATTO OUYKEKPIYEVEG CUVONKEG, IDIITEPA OTA KAPKIVIKA
kKUTTapa (Galanos et al., 2016; Saleh et al., 2019).

270 KUTTAPA TWV ONAAOCTIKWY, N OIKOYEVEID TWV TTPWTEIVWV TOU PETIVOBAACTWHATOG
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(RB) kai n mpwrteivn p53 gival onuavtikéG yia tnv eykaBidpuon Tng SIAKOTTAG Tou
KUTTOPIKOU KUKAOU Katd Tn didpkela Tng ynpavong (Rodier and Campisi, 2011). H
Tpwteivn RB1 kai o1 mpwreiveg TG oikoyeveiag p107 (RBL1) kai p130 (RBL2) €ivai
PWOPOPUNIWHEVEG OTTO OUYKEKPIMEVEG KUKAIVO-e€apTwHeveG Kivaoeg (CDKs, CDK4,
CDK6, CDK2). H @wo@opuAiwon MEIWVEI TNV IKAvVOTNTA TwV TIPWTEIVWV TNG
olkoyévelag RB va kartaoTéAAouv Tn dpdaon Tou peTaypagikou trapdayovia E2F, o
OTT0IOG €ival ATTAPAITNTOG YIa TNV £CEANIEN TOU KUTTAPIKOU KUKAoU (Sharpless and Sherr,
2015). Z1a ynpacpéva KUTTAPA, OMWG, QUEAVETAI N €K@Pacon TNG TTPWTEIVNG
p21WAF1CiP1  n otroia ammoteAei avaoToAéa Tng CDK2, kaBwg Kal TNG TTPWTEIVNG
p16"NK4A - aqvaoToAéa Twv Kivaowv CDK4/6. Autf N cuocwpeuon gival aTToTEAEoUa
TNG ETTINOVNG EVEPYOTTOINONG TWV TTPWTEIVWYV TNG oikoyévelag RB ) TG Tpwreivng p53
(Beauseéjour et al., 2003). H diatApnon autrig TnG evepyoTroinong evioxueTal atrd 10
OXNMATIOPO ETEPOXPWHATIVNG OTA YOViIdIO-OTOXOUG TOU NETAYPOAPIKOU TTapdyovTa E2F
(Salama et al., 2014), Tnv €midpACN TWV KUTTAPOKIVWYV TTOU EKKPivOovTal atmod Ta
ynpaouéva kuttapa (Rodier and Campisi, 2011) kair ouxva atod 1n diapkn TTapaywyn
eAeuBepwv pidwv (ROS) (Takahashi et al., 2006).

MapoAo 1Tou oTa ynPaouEva KUTTOPA EUPAVICOVTAl OI CUYKEKPIUEVEG AAAAYEG OTOV
KUTTOPIKO KUKAO, Ogv £XEl AKOUA avayvwpIoTEl EIOIKOG DEIKTNG TTOU OXETICETAI UE TN
OIOKOTTI) TOU KUTTOPIKOU KUKAOU KATA TN IAPKEIQ TOU QAIVOUEVOU TNnG yrApavong. MNa
TTapddelyua n evepyotroinon Twv mTpwTteliviwv RB kal p53 ptropei va cupfei kal og
AaAAoug TUTTOUG OIOKOTIAG TOUu KUTTapIKOU KUKAou (Rodier and Campisi, 2011). ‘Exel
BpeBei, emmiong, TIWG AKOPA Kal N OYKOKATOOTOATIKS TrpwTteivn p16'NK4A n otroia
Bewpeital 611 evepyoTrolgiTal €10IKA 0TO OTADIO TNG YAPAVONG, HTTOPEI VA EKPPAOTEI O€
OUYKEKPIPEVA KUTTAPA TToU Ogv gival ynpaopéva (Sharpless and Sherr, 2015), kaBwg
KAl va PNV evePYOTTOIEiTAlI 0 OAa Ta ynpaouéva kuttapa (Hernandez-Segura et al.,
2017). Eropévwg n eUpeon TNG DIAKOTTNG TOU KUTTAPIKOU KUKAOU TTOU OXETICETAI JE TNV
KUTTOPIK]  yPAvon QOTTAITEl  TTOOOTIKOTTOINON  TTOAAATTIAWY  TTapayovTwy  Kal

XapaktnpioTikwy (Eikova 1.1).
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Eikéva 1.1: Mopiakd povormrdria Tng yhnpavong. oAAamAoi oTtpecoydévor kair BAGBRNG
TTOPAYOVTEG TTUPODOTOUV TNV EVEPYOTTOINON TWV ONUATOdOTIKWY HOVOTIATIWY, TA OTToia
OUYKAIVOUV  OTNV  €VEPYOTTOINON TWV OVACTOAéWV TOU KUTTAPIKOU KUKAOU Kal  TNG
OYKOKOTOOTOATIKAG TTpwTeivng RB. O1 mrapdyovteg BAGBNG tou DNA kai n oTTwAEI0 Twv

TEAOUEPWV €veEPYOTTOIOUV TO MNXAVIOUO/dikTuo povotraTiwv DDR, 1O oTroio evepyoTrolEi
WAF/Cip1
atreuBeiag TNV TpwTeivn p53 Kal ToV YETAYPAPIKO TNG KABOdIKA aTdX0 p21 i . MoAAG €idn

yApavong oxeTiCovTal e TNV ETTIYEVETIKF ATTOKATACTOAN TNG TTEPIOXNG Tou yovidiou CDKN2A. Ol
eAeUBepe¢ piegc ROS evepyotroiolv TI¢ p16™“? kai p53, péow Twv MAP Kivaowv MKK3 Kal
MKK6, koBwg kal Tng Tmpwrteivng p38. Znuatoddtnon amd oyKoyovidlo A atmwAsia
OYKOKOTOOTAATIKWY yovIdiwv evepyoTtrolouv TiG TTpwTeiveg p16INK4a kai p53, o€ ouvepyaoia pe

10 dikTuo DDR ka1 Tnv ARF. O rapdyovtag TGF- B ammoteAei onuavTtikd cuoTaTiko Tou SASP Kai
WAF/Cip1 Kip1
puBpiCel avodIKG TOUG aVAOTOAEIG TOU KUTTAPIKOU KUKAOU p21 ’ , p27 ’ Kal p15INK4b péow
WAF/Cip1
Tou cupTTAéypatog SMAD. Katd tnv avdTrtuén n yrpavon TTPokUTITEl JEGW Tou p21 ’ , aTTd

v emaywyn Twv PI3K kai TGF-B povotramiwyv. H tToAutrAoeidia Kal n KUTTapikr) ouvinén
WAF/Cip1
pubuiCouv, €1TioNg, avodIKA TNV OYKOKATOOTAATIKN TTpwTEivn p21 ’ péow Tou DDR kai Tou

p53, Kal HEoW TNG eTTaywuevng amd 10 RAS evepyoTroinong Tou PETAYPAPIKOU TTaPAyovTa
EGR1 (Mufoz-Espin and Serrano, 2014).

1.3.2 QaIvOTUTTOq €KKPIONG-OXETICOUEVOG UE TN yripavon (SASP)

Ta ynpaopéva KOTTAPA  €KKPiVvOuv  TTANBWPO  TTapAyoviwy, OTOUG OTI0IoUG
TepINauBAavovTal TTPO-PAEYHOVWON KUTTOPOKIVEG KOl XNUEIOKIVEG, PUBUIOTEG TNG

AVATITUENG, TTAPAYOVTEG ayyeloyéveong Kal peTaAAoTTpwTeivaoes (MMPs). MNa 6Aoug
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Madi Toug TTapAyovTeEG OUVOAIKGA XPnoIyoTrogital o 0pog PaivoTutiog E€KKPIoNG-
OXeTICOPEVOG PE TN yripavorn (Senescence Associated Secretory Phenotype- SASP) n
OAANIWOG OUVOAO  EKKPITIKWV MNVUPATWY OTn ynpavon (Senescence messaging
secretome-SMS) (Coppé et al., 2010).

To SASP atroteAei xapakTnPIOTIKO YVWPIOUA TWV YNPACUEVWY KUTTAPWYV Kal pUBUICEl
TTOAEG aTTO TIG TTAB0-QUOIOAOYIKEG ETTIOPACEIG TOUG. ATTOTEAEI KOTA KUPIO AGYO HIa
1I010TATA KUTTAPWYV TTOU YNPAckouv Aoyw, fj ouvodeuovTal atrd, YovISIwUATIKA BAGRN
N €mmyeveTikn diatapaxn. ‘ETol, Ta QuoioAoyikd KUTTapa TTou 0dnyouvTal 0€ ypavon
AOYW TNG UTTEPEKPPACNS TNG TTPWTeEivNG p21 1 Tng p16'NK4a Sev ekppdlouv Tov
eKKPITIKO SASP, TTapd 1O YEYOVOG OTI epaviCouv AAAQ XapakTNPIOTIKA TNG yHpavong
(Coppé et al., 2011). AvtiBeTa, Ta KUTTOPA TTOU YNnPAaokouv Adyw BAGBNg oto DNA,
OQUOAEITOUPYIKWY  TEAOUEPWY, ETTIVEVWHIKAG  OlaTapaxnig, HMITOYyOVWY onudatwy,
0ZEIOWTIKOU OTPEG KAl GAAWV €PEBICPATWY TTOU TTPOKAAOUV yripavaorn avatTuooouv
€va EKKPITIKO @aIvoTuTro SASP pe dIa@OPETIKA XOPAKTNPIOTIKA WG TTPOG TNV TTOI0TNTA
kal Tnv avtoxn (Kang et al., 2003; Bavik et al., 2006; Hampel et al., 2006; Acosta et
al., 2008; Wajapeyee et al., 2008; Coppé et al., 2008, 2010; Kuilman and Peeper,
2009; Rodier et al., 2009; Novakova et al., 2010; Pazolli et al., 2012).

H Aeiroupyia Tou SASP ptropei va yivel ye autokpivr) i rapakpivry 1poétro (Coppé et
al., 2010) ka1 va evepyoTTOINOEl TNV AVOOOAOYIKN] ATTOKPIOT TOU Opyaviouou yia TNV
eCOAeiyn Twv ynpacuévwy Kuttapwv (Mufioz-Espin and Serrano, 2014). Oi
TTapdyovTeg Tou SASP cuppeTéxouv oTnV yripavon kata tnv avattugn (Storer et al.,
2013), otnv emouAwon TAnynRg (Demaria et al., 2014), otnv TTAAOTIKOTNTA TOU I0TOU
(Mosteiro et al., 2016), oTTwg etmiong kai otnv xpoévia @Aeyuovr] (Franceschi and
Campisi, 2014). To SASP putropei va oTpaToAOYHOEI AVOOOKATAOTAATIKA KUTTAPO TOU
MUEAOU TWV OOTWV, TA OTTOIa BEV £XOUV WPINACEI, OE KAPKIVO TTPOCTATN KAl ATTATOG
Kal va OIEYEIPEl TNV KOPKIVOYEVECN 0OnyoUUEVN ATTO TNV QYYEIOYEVECH Kal TN
peraoTtaon (Coppée et al., 2010). Emropévwg, péow Tou SASP ptTopei va egnyndouv ol
EMPBAABNG, TTPOYNPAVTIKEG ETTIOPACEIG TWV YNPAUEVWY KUTTAPWV.

Evw n 010KkoT TOu KUTTAPIKOU KUKAOU puBpieTal atmmd Ta onuatodoTIKA JovOoTTaTia
TWV OYKOKATAOTAATIKWY TTPWTEIVWV p53 Kai p16'NK4A/Rb, to SASP eAéyxetal ammd tnv
avadIauOPPWAN Kal EVEPYOTTOINON METAYPAPIKWY Trapayoviwy, Omwg ol NF-kB,
C/EBPb, GATAA4 (Ito, Hoare and Narita, 2017), kaBwg ka1 Twv pgovotraTiwv mTOR kai
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p38MAPK (Kuilman and Peeper, 2009; Ito, Hoare and Narita, 2017). ZuvoyiovTtag, o
TTPOCOIOPICHOG TWV EKKPITIKWY TTAPAYOVTWY TNG ypavong o€ KABe BIoAoyiko deiypa
MTTOPEI va OUPBAAAEI OTNV avayvwpion HOPIAKWY XAPOKTNPIOTIKWY TTou BaacifovTail

oTOo QaIvopevo TnG yRpavong (Eikéva 1.2).

Mnyn: Young and Narita , 2009, EMBO Rep.
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Eikova 1.2: O poAog Tou SASP oT1n yRpavon. To SASP atmoTeAei TUAUa TOU PNXAvIGHOU
NG YNPAVONG OTNV QVTIHETWTTION TOU UN QUOIOAOYIKOU KUTTAPIKOU TTOANATTAACIOOUOU, aAAG
N €KKPION QUTWV TWV TTOPAYOVTWY OTO €EWKUTTAPIO TTEPIBAAAOV UTTOPEI va €XEl TTOIKIAEG
EMOPACEIG. TN OUYKEKPIPEVN EIKOVA TTEPIYPAPOVTAI YEYOVOTA PETALU KUTTAPWYV. A. To OTPEG
TTOU UTTOPEI va TTPOKANBEI atrd evepyoTroinan evog oykoyovidiou (TTUpPAvVag PE KOQE Xpwua)
EVTOG €VOG KUTTAPOU TTupodoTei To SASP, To otroio ptropei va etrdyel yripavon (KOUKideg e
MTTAE XpWwua) PE AUTOKPIVA f/Kal TTapakpivh TPOTTo. AUTA Ta CHPATA TTPOKOAOUV ETTITTAEOV
EKKPION, KOl €TTOUEVWG TNV gvioxuon Tou @aivotutiou. B. 'Eva yeimovikd KUTTapo £Xel
TPodIAaBeon yia TTOAAATTAACIOONO (KUTTOPO WE TTOPTOKAAI Xpwua TTupriva). O1 eKKPIVOUEVOI
TTOPAYOVTEG ATTO TO YNPACHEVO KUTTAPO TTPOKOAOUV TO PAIVOUEVO Yripavon o€ TTOAAG atro Ta
KUTTapPQ TTOU TO TTEPIBAAAOUV, aAA& TO OUYKEKPIPEVO TO 0Bnyouv aTo peTaoxnuatiopo. C. To
SASP utropei, €1TiONG, va EVEPYOTTOINTEI TO AVOCOTIOINTIKO GUCTNMKA , ME OTOXO TNV EAAEIYN

TWV ynpaopévwy Kuttapwy (Young and Narita, 2009).

1.3.3 BAGBeg o€ pakpoudpia
1.3.3.1 BAGBec oto DNA

To TTPpWTO PoPIoKS XAPAKTNPIOTIKO TTOU OXETICETAI JE TO QAIVOPEVO TNG Y PAvVONG gival
N MEIWoN ToOu PAKOUG TWV TEAOUEPWYV, AOYW TTPOBANPATWY 0TV OAOKAApWON TNG
avTiypa®ng, uoTtepa atrd TTOANEG KUTTAPIKEG OlAIPECEIG. Ta TeEAOUEPH ATTOTEAOUV
emavalappBavopeveg aAAnAhouyxieg DNA, ol oTToieg BpiokovTal 0€ TEPUATIKOUG BPOXOUG
OTa AKPA TWV XPWHOCWUATWY Kal 0TABEPOTTOIOUVTAI ATTO TO CUMTTAEYMa Shelterin.
To oUuTTAeypa auTtd KABIOTA Ta TEAOPEPH MN avayvVwEIoIUa atTd Ta £TIOI0POWTIKA
povotraria DDR kai DSB. H tehopepdon, 10 €vfuuo TToU dIOTNPEI TO PAKOG TWwV
TEAOPEPWY, OEV EKPPACETAlI OTA TTEPICTOTEPA PUOIOAOYIKA CWHATIKA KUTTApA (Ta
OTT0ia OEV ATTOTEAOUV BAAOTIKA KUTTAPA), AAAG N £KPPOACT TNG AUEAVETAI OTA KAPKIVIKA
KUTTOpa TTOU €XOouv &e@uyel ammo Tn ynpavon. H avaouotaon tng dpdong Tng
TEAOPEPAONG, ETTIONG, O PUOIOAOYIKG KUTTAPA PTTOPEI va 0dnyroel OTNV ETTIUAKUVOT
TWV TEAOPEPWV, ETTEKTEIVOVTAG TOV XPOVO avTiypa®ng Toug (Shay and Wright, 2019).

Av kal ol pIo€g amo TIG €oTieg BAABNG Tou DNA oTOov TTUpAvVa TWV YyNPACoPEVWV
KUTTAPWYV €VTOTTICOVTAI O€ TEAOUEPH, UTTAPXOUV KI GAAa oTpecoydva epebiouara TTou

MTTOPOUV va 0dnyroouv oTn yApavon, TTPokKaAwvTag averravopBwtn BAGPn oto DNA.
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MoAudpiBuol  yevoTogikoi  TTAPAYOVTEG,  OUPTTEPIANOUBAVOUEVWY  OKTIVOBOAIaG
(uTTEPIWONG KAl 10VIOYOU), QAPUAKEUTIKWY  TTapayoviwyv (T1.X. OPIoHEVWV
XNUEIOBEPATTEUTIKWYV) KOl OGEIDWTIKOU OTPEG TTPOKOAOUV yApavon. EmmAfov, Ta
EvepPYOTTOINUEVA OYKOYOVIdIa UTTOPOUV VA TTPOKAAECOUV yripavaor, TTEPIoPiIfovTag ToV
QAVECEAEYKTO TTOAAQTTAQCIOONO dUVNTIKA KAPKIVIKWY KUTTAPWY. To @aivOouevo auto
ouxVva puBuileTal aTTd TIG OYKOKATAOTAATIKEG TTpwTEiveg p16/NK4A kai ARF, ol oTToieg
KwodIkoTtrolouvTal atrd Tov yovidlakd 10110 CDKNZ2A, emBAAAOVTAG SIAKOTTI) KUTTAPIKOU
KUKAou (Serrano et al., 1997; Kuilman et al., 2010). Opwg, onuavtikG poAo oTn
ynpavon 1Tou TTPOKaAEiTal a1rd oykoyova gpebiopara, aiel, emiong, N atrokpIon TToU
evepyotroigital oTig BAABeg Tou DNA (Gorgoulis and Halazonetis, 2010; Gorgoulis et
al., 2019). Xtnv TrepiTmTwon auth 10 onua TnG PAGRNG TTpoépxeTal ammod BnAIEG
AVTIYPAPNG TTOU £XOUV KATAPPEUOEI, WG ATTOTEAECUA TOU UTTEPTTOAAQTTAQCIACGHOU TTOU
TTPOKAAEITAI ATTO T OyKOoyoVvidia. Mpdo@ata arrodeixdnke OTI TA JOVOTTATIA ATTOKPIONG
oTtn BAGRn Tou DNA kai To onuaTtodoTikd povotratt ARF ptropouv va dpdocouv padi,
ME TO TTPWTO VA ATTAITEI MIKPOTEPO OYKOYOVO £PEBICHUA YIa va EVEPYOTTOINBEI 0€ oXEoN
pe To deuTepo (Gorgoulis et al., 2018) (Eikova 1.3).

1.3.3.2 BAGBeg o€ TTpwTEiveg

H 1ogIKOTNTA TWV TTPWTEIVWV ATTOTEAEI XAPAKTNPIOTIKO TNG KUTTAPIKNG YHpavong Kal
Tou yhpatog (Kaushik and Cuervo, 2015). ETTopévwg OI KATEOTPAPUEVES TTPWTEIVEG
MTTOpOUV va BonBrAcouv OTnv TAUTOTTOINON TWwWV yNPAOUEVWY KUTTGpwyv. Mia
ONUAvTIKA TNy TTPWTEIVIKAG BAABRNGS €ival o oxnuaTtiopdg eAeuBepwyv pidwv (ROS),
OTTOU  TTPAYUATOTIOIEITAI  OGEIdWON TWV  APIVOEEWV  PEBEIOViVn KAl KUOTEIVN,
METABAGAAOVTOG TNV avadiTTAwon OTOV XWPO Kal TN AgIToupyia Twv TTpwTteivwyv (HOhn
et al., 2017). NMoANéEG pwoaTdoeg Tupoaivng (PTP) trepi€xouv apIvogika KataAoITa
KUOTEIVNG OTIG OPOOTIKEG TOUG BEOEIG, OI OTTOIEG PTTOPOUV va adpavoTroinBouv pe
o¢eidwon. AuUTi n ATTEVEPYOTTOINON MTTOPEI  va  TIPOKAAECEl  yripavon e
UTTEPEVEPYOTTOINCTN TOU PoOvVOTIaTIoOU onuatoddtnong Twv mpwreivwv ERK/MAPK,
TTAPOUOIA PE TNV ETTIOPACT TWV EVEPYOTTOINUEVWY OyKoyovidiwv (Deschénes-Simard
et al, 2013). O1 eAelBepeg piCeg ROS, Trapoucia METAANWY, MTTOPEI  va

KapBoVvUAIWVOUV Ta apIVOEIKA KaTAAoITTa TTPoAivNg, Bpeovivng, Auaivng Kai apyivivng.
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H kapBovuAiwon Tng mpwreivng ekBETEI UOPOPORES ETIPAVEIES, EEDITTAWVOVTAG TNV
Tpwrteivn (Nystrom, 2005). To kapBovUAio ptropei va avTidpdaoel Pe TIG ApIVOUADEG,
OUPBAANOVTAG 0TN CUCCWUATWON TTPWTEIVWV. Agiel va onuelwBEi OTI N CUCCWPEUOT
TWV CNUIWV OUVEXICETAI, AKOUN KAl OTAV DIAKOTITETAI N KUTTAPIKI] dIAIPEDT), KOI JTTOPEI

VO OUVEXIOTEI yIa Prveg ) kail xpovia (Eikova 1.3).

1.3.3.3 BAGBeg o€ AimTidia

Ta Aimmidia €ival atrapaitnta yia TNV aKEPAIOTNTA TNG KUTTOPIKAG MEMPBPAvNG, Tnv
TTaPAYwWYr) EVEPYEIQG KAl TN JETAYwWYN onpaTtog. Opiouéveg aoBEveieg TToU OxETICovTal
ME TNV nAIKia xapakTtnpifovtal atrd aAAOIWPEVO YETABOAIOPO AITTIdiwY, YE aTTOTEAEO A
aAAayEG 01O TTPOYIA Twv AiITTIdiwv. MapoAo TTou Ta ynpacuéva KUTTapa eu@avi¢ouv
OIaQOPETIKO TTPOTUTIO OTOV PETABOAIOUS TWV AITTISIWY, DEV Eival CAPES TTWG TO YEYOVOG
autd ptropei va oupBdaAAel oTov @aivoTtutto TNG yApavong. H piroxovdpiakn
duoAsiToupyia Katad Tn dIAPKEIQ TNG YAPAVONG UTTOPEI va 0dNyAOEl O KATACTPOYN
Ammdiwv atrd T dnuioupyia eAeuBepwyv piIlwy, oe evarmoBeon Aimdiwv (Ogrodnik et
al., 2017) ka1 oTn cucowpeuaon Aimrogouaokivng (Gorgoulis et al., 2018). H eTtakdAoubn
ouvdeon PE Ta odkyxapa Kal Ta Airmidia oxnuaTicel adIidAuTa CUCOWUATWHPATA, TTOU
ovopadetal Airrogouokivn, atrd 10 eAANVIKO "lipo" TTou onuaivel Aitrog kai "fuscus" Tmou
onuaivel okotddl. H Airogouokivn uTTopei va rapatnpnBei o€ AUCOOWUATA PE OTTTIKO
MIKPOOKOTTIO 1] UE I0TOXNUIKA HEBODOO XPNOIMOTTOIWVTAG £va BIOTIVUMIWUEVO avaAoyo
NG XNMIkNG évwong SBB (GL13) (Evangelou et al., 2017; Gorgoulis et al., 2018;
Myrianthopoulos et al., 2019) Xuykekpigéva n OCuCOWPEUCH AITTOQPOUCKIVNG OTA
yNPaouEVa KUTTAPO PTTOPEI VA OTITIKOTTOINBEI YE DIAPOPEG XPWOEIG Kal NEBOdOUG 1
XPNOIMOTIOIWVTAG TNV TEXVIKA TNG AVOOOICTOXNMEIAG YIA TOV EVTOTTIONO TTPWTEIVWIV
TToU OXeTiCovTal pe Airidia, 0TTwg n Tpwrteivn perilipin 2 (Ogrodnik et al., 2017). Eivai
ONUAVTIKO va ava@epBei 611 yovIOIOKN 1] APUAKOAOYIKI) a@AipeECn TWV YNPACHEVWYV
KUTTApWVY O€ nNAIKIWPEVA Kal TTaxUoApKa TTOVTIKIO JEiwoe Ta €mmimeda  Twv
evatmoBéviwy Aimmidiwv oTo frap (Ogrodnik et al., 2017) kai otov eyké@alo (Ogrodnik,
Salmonowicz and Gladyshev, 2019). MNapd& Tn cuoxETion Pe Tn cucowpeuon AImdiwy,
Ol YVWOEIG POG OXETIKA MPE T OUYKEKPIYEVN ouvBeon ANITTIOIKOU METAROAITN oTa

ynpaouéva KuTTapa gival replopiopévn (Eikéva 1.3).
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1.3.4 Alatapay€g otn Ooun TNG XpwuaTivng

O1 €TTIYEVETIKEG TPOTTOTTOINOEIG JTTOPOUV va OUPBOUV Katd Tn SIAPKEIA TNG yHpavong
aAAG eCapTwvTal Kupiwg atrd 10 TrEPIBAANov (Rando and Chang, 2012; Sidler,
Kovalchuk and Kovalchuk, 2017). lNa mmapddeiypa, n avadITTAAcIooTIK yripavon €XEl
OUOXETIOTEI pE aTTwAela TG pEBUAiwong Tou DNA oe vnoideg CpG. EmimrAéov n
KUTTOPIKN YNPAvOn OUVETTAYETAI €0TIAKEG augnoelgc otn peBuliwon tou DNA o€
opiopéveg vnoideg CpG, OmMwg pTTopel va Oupfei Tov Kapkivo 1 10 yApag
(Cruickshanks et al., 2013; Xie et al., 2018).

H ynpavon oxeTifeTal, €1miong, ME MOPQPOAOYIKEG OAAayEG TNG xpwpartivng. Ol
OUOXETICOPEVEG UE Yrpavaon €0Tieg eTepoxpwpativng (SAHFs) atroteAouvTal, Kupiwg,
amd Tpwreivn etepoxpwuartivng 1 (HP1). O1 eotieg SAHFs Tmpoépxovtal armod
TTAPAYOVTEG XpwuaTivng - cuutrepiAapBavopévwy g mpwrTeivng RB, Tng 10TéVNg
H2A, Twv HIRA / UBN1 / CABIN1 kai ASF1a, kai augnuévn TTukvOTNTA TTUPNVIKWYV
Topwyv (Salama et al., 2014; Boumendil et al., 2019). ApxIKa BewprBnkKe OTI 01 €0TIEG
ETEPOXPWHMATIVAG CUPPBAAoOUV oTn yovidlak pubpion. ATTodeixBnke, woTooO0, OTI
arroteAhovoav, o€ hNEYAAO PaBuo, TTEPIOXEG PE KOBUOTEPNUEVN avTiypa®ry yovidiwy,
OKOUN KAl o€ KUTTAPA PE TTOANATTAQCIAOTIKO OUVANIKO, YEYOVOG TTOU UTTOONAWVEI JIKPO
POAO OTN YoVIOIOKN) €KPpacn TTou OXeTiCetal he Tn yrpavon (Salama et al., 2014)
(Eikova 1.3).
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Mnyn: Gorgoulis et al., 2019, Cell

Eikova 1.3 Ta XapakTnpioTIKA TnG KUTTAPIKAG YAPavong. Ta ynpacuéva KUTTapa
MTTOPOUV Va eu@avioouv TE00EPIG AAANAOEEaPTWHEVA XaPaKTNPIOTIKA. O1 BEIKTEG aUTOI gival n
OIOKOTIH) TOU KUTTAPIKOU KUKAOU, n BAAGCN MOKPOMOPIWY, O €EKKPITIKOG QAIVOTUTTOG Kal O

atroppubuiouévog petaBoliopdg (Gorgoulis et al., 2019).

1.4 To povtéAo TNG yApavong

Me Bdon Ta aTTOTEAEOUATA TTOU £XOUV TTPOKUWYEI ATTO HEAETEG, QAIVETAI TTWG N Yrpavon
aTTOTEAEI CUCTATIKO KAEIDI OTNV avadIauop@wan Tou 1I0ToU, TOO0 KATA Tn OIAPKEI TNG
(QPUOIOAOYIKAG aVATITUENG OO0 Kal € TTOAATTAEG TTABOAOYIKEG KATAOTAOEIS. [EVIKA, N
KUTTOPIK yApavon ouvTovifeTal Pe TNV avadiauop@warn Tou I0ToU PEOW TPIWV
oladikaoiwy. lMNpwTta cuuBaivel otaBepry dlakoT Tou TTOAAATTAQCIACPOU KAl OTn
OUVEXEID £VaG QaIVOTUTTOG £KKPIonG (SASP) TTpooeAKUEl KUTTAPA TOU AVOCOTIOINTIKOU
OUCTNUATOG, CUPTTEPIAQUBAVONEVWY TWV BondNTIKWY T-AEPPOKUTTAPWY KAl TWV
MOoKpo@AywV. 'ETTEITa TTpay aToTToIEITAI N KIVATOTTOINGN TWV YEITOVIKWY TTPOYOVIKWYV
KUTTAPpWV TTou avadopouv Tov 1016 (Mufoz-Espin and Serrano, 2014). Xtnv
TEPITITWON TwV  KoAoNBwv Oykwy, KUTTOPa TIOU OEXOVTAl OYKOyovo stress
METATPETTOVTAI O€ YNPACHUEVA KAl JTTOPOUV, ETTIONG, VA TTUPODOTHOOUV TNV EKKABAPIoN
Tou 10TOU. E&aipeon armoteAouv o1 KaAonBelg peAavokuTTapikeG BAARBEG, OI OTTOIEG
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repIAapBdavouv peTaAAGEEIG TOu oykoyovidiou BRAF kal UTTOKEIVTQI O€ yrApavon
(Michaloglou et al., 2005)

Meta amd emigovn BAGBN 11 OTNV TTEPITITWON TWV YNPOOUEVWY 10TWYV, OPWG, N
EKKOBApIoN Kal n avayévvnon Tou I0ToU JTTOPOUV va TeBoUv o€ KivOuvo AOYyw
MEIWPEVNG OTPATOAOYNONG HAKPOPAYWV I aTEA] avayevvnTik atmokpion. Katw atréd
QUTEG TIG OUVONAKEG, TA ynPAOUEVA KUTTOPA OUOCWPEEUOVTAI KAl dnuIoupyouv uia
oT1aBepn ynpaopévn BAGRN TTou ptTopEi va emdeivwaoel TNV TTaboAoyiki katdoTaon. H
ICOPPOTTIA, ETTOPEVWG, METAEU TWV EUEPYETIKWYV KAl TWV ETTIBAABWYV ETTIOPACEWV TNG
ynpavong eCaptdrar av  Ta  ynpaopéva KUTTapa ep@avi¢ovial  TTapodikd N
oucowpevovTal 0TV TTAPodOo Tou Xpovou (Muhoz-Espin and Serrano, 2014) (Eikéva
1.4).

Damage and
developmental cues Senescence SASP Recruitment Clearance Regeneration

Functional cell
@ \,‘ Senescent cell
" 4
o6 Cytokines, chemokines and
94 matrix remodelling factors (SASP)

1 Senescence accumulation
i~ 2 Chronic inflammation

Macrophage 3 Fibrosis

CDA4' T lymphocyte

7 Fibroblast 4
Tissue dysfunction

Nature Reviews | Molecular Cell Biology
Mnyn: Munoz-Espin and Serrano, 2014, Nature
Eikova 1.4: MovTéAo TnG yRpavong. H yfipavon gekivael e Tnv avadiapop@wan Tou IoTou
MEOW TTPOCEAKUONG TWV HAKPOPAywY péow SASP. Ta pakpo@dya eCaleipouv Ta ynpaouéva
KUTTAPA, KOl T TTPOYOVIKA KUTTOPA avayevvouUv TOV KATEOTPAPEVO 10TO. AuTh n aAAnAouyia
YEYOVOTWV WUTTOPEI va ATTOMEIWOEI PETA aTmd eTTijovn BAGRN, TTABOAOYIKEG KATOOTACEIS N
yhpavon. Ta ynpaopéva KOTTopa Oev €CaAEiQovTal ATTOTEAEOUATIKA KAl O 10TOG Ogv
avayevvdral TARpws. H avdAuon g BAABNG tepIAappavel onuddl ivwong PE ynpaouéva

KUTTaPA, GAEypovwdn KUTTapa Kai Ivwdn 1016 (Muioz-Espin and Serrano, 2014).

31



1.5 To @aivouevo TnNG ypavong o€ QUOIOAOYIKEG KATAOTACEIG

O pOAog TNG yApavong €xel, KUpiwg, TTEPIYPOPEI 0 OUVONKES KUTTAPIKAG BAGBNG N
oTpeG. 'Exel Bpedei, Spwg, 0TI TO @AIVOUEVO aUTO PTTOPET VO OUUPEi o€ ueydAo aplBuo
EMBPUIKWYV dOUWY Kal 0€ OPICPEVA CEIDIKEUPEVA KUTTAPA evnAiIKwyY. To eupnua OTI N
ynpavon TTPOKUTITEl KATA TN OIAPKEIA TNG AVATITUENG £XEI OTNPIXOET KUPiWG 0€ HEAETEG
mavw o¢ EéuBpua TovTikKOU (Storer et al., 2013). To @aIVOUEVO, OUWG, EXEI
TTaparnpenBei, €tmiong, o€ €uPpua tou TTpoépyxovTal amd avbpwTtro (Muioz-Espin et
al., 2013), 6pviBa (Storer et al., 2013) kai opTuki (Nacher et al., 2006), evdeikvuovTag
OTI aTTOTEAEI CUVTNPNUEVO TTPATUTTO OTNV AVATITUEN TWV OTTOVOUAWTWV. MNapadeiyuata
TTEPIOXWV TTOU €ival BETIKEG yIa yr)pavon aTToTEAOUV TA HECOVEPPIKA TwANVAPIa KATA
TOV OXNUATIONO TOU HPEOCOVEPPOU, O €EVOOAEUPIKOG OAKOG, 1N E€GWOEPUIKN
Kopugoypauun Twv akpwv (Apical ectodermal ridge - AER) kai Tov oxnuatiopd tou
veupikoU cwAva (Mufioz-Espin et al., 2013; Storer et al., 2013).

Mo 01€0dIKA £x0UV PHEAETNOET O AVATITUGIOKEG DOUEG TWV JECOVEPPIKWYV CWANVOpPIwy,
TOU €VOOAEN@IKOU odkou Kal Tou AER. AGloonPEIWTO €ival TO YEYOVOG TTWG N YEVETIKN
avaAuon TNG ypavong o€ autég TIG DOUEG ATTOKAAUWE TO Bacikd pOAO Tou avaoTOAéQ
TOU KUTTApPIKOU KUKAoU p21WAFICIPT e ¢uBpua pe EAAeIyn Tou yovidiou Cdkn1a, evw o€
EUBpua pe EAAEIPN GAAwvV yovidiwv (Cdkn2a kai Trpb3) dev TTaparnprOnke T1o idlo
arroTéAeopa. To TTPOPIA TNG EKPPAONG TwV YoVISIwV TNG HECOVEPPIKAG OOUNG Kal TOU
AER, 6oov agopd tnv ynpavon, £€0€1Ee aAAayEG OTNV yovIDIOKN €KPPAOCT), Ol OTTOIEG
€ival XapakTNPIOTIKEG yIO TA JOVOTTATIA avATITUENG, €10IKOTEPA yia Ta TGFB, WNT,
Hedgehog povotraria, kaBuwg kai yia Tov @aivoTuTro €KKpIonG-Trapouolo Tou SASP, o
otroiog TrepIAapBavel Toug Trapayovteg FGF4 kai FGF8 (Munoz-Espin, D. et al., 2013.,
Storer et al., 2013). MnNXavIOTIKEG KAl YEVETIKEG AVOAUOEIG TNG HECOVEQPPIKAG DOUNG Kal
TOU eVOOAEU@IKOU OAKOU atrokGAuwav OTi n pUBuion avodikd Tou p21WAFCPT ki n
ynpavon eAéyxovtal atd ta povotraria TGFBR-SMAD kai PISK-FOXO (Munoz-Espin,
D. et al., 2013). ASloonueiwTo €ival, TTwG Ta DA PJOVOTIATIO CUMMETEXOUV OTNV
emaywuevn ammd BAARN ynpavon ota evAAIKO CWPATIKA KUTTapa. ETTpooBeTa, n
€KKpION augnTikwyv TTapayoviwy, omwg ol FGF4 kai FGF8, evepyotroiouv 10 ERK

MOVOTTATI OTA JECEYXUMATIKA KUTTApa TTou BpiokovTtal TAnciov tou AER kal, pe
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OgIpd TOUG, aUuTA Ta KUTTAPA onuatodoTouv Tnv diatrpnon Tng ynpavong oto AER
(Storer et al., 2013). O1 HEAETEG QUTEG, AOITTOV, TTPOTEIVOUV TTWG N TTPOYPANUATIONEVN
KAT& TNV avdarTugn yhpavon xopaktnpidetar amd avartTuglakd OToIXEia Ta OTroia

ouykAivouv oTov TrapdyovTa p21WAF/Cip1,

EkT6¢ amd 1tnv ynpavon kartd tnv avatrtuén, 1o QaivOueEVO WTTOPEl, €TTioNng, va
TTPOKUWEI PE QUOIOAOYIKO TPOTTO O €VAAIKOUG oOpyaviopuoug. AUO ONPAVTIKEG
KATNYOPIEG KUTTAPWYV €ival Ta peyakapuokutTapa (Besancenot et al.,, 2010) kai T1a
€MONAIOKA KUTTAPA TTOU KAAUTITOUV TIG XOPIOKEG AGXVEG TOU TTAOKOUVTA — OTTOTEAOUV
TN doun TNG ouykuTioTpo®ofBAdcTng (Chuprin et al.,, 2013). Z1a pEYyOKOPUOKUTTAPA
EVEPYOTIOIEITAI TO QAIVOPEVO TNG YAPAVONG, KaBWwg atroTeAei Quololoyikd BAua Tou
TTPOYPAUUATOG  WPINAVONG. XTNV  TIEPITITWON  TWV  UEYAKAPUOKUTTAPWY  TTOU
TTPOEPXOVTAl ATTO TOV TTOVTIKO KOl TOV AvOpWwTTO, N yrpavon YTToPEi va XapOKTNPIOTE
MEOW TNG OPACTIKOTATAG TOU evCUPOU B-yaAakTolidaon (SA B-gal), TG dIakoTAG Tou
TTOAAQTTAQCIAOUOU, KABWG Kal TNV cucowpeuon TNG TTpwTeivng HP1y. MeAéTeg £xouv
Qgigel TTWG N ynpavon TwWv PJEYAKAPUOKUTTAPWY, N OTTOIA €ival TTPOYPANPATIONEVN UE

TTAPOUOIO TPOTTIO PE TO QPAIVOUEVO TTOU CUMPPBAivEl QUOIOAOYIKA KATA TN JIAPKEIQ TNG

WAF/Cip1
avaTTugng, e€aptdral ammo Tnv TpwTeivn p21 P , AAAG 61 aTTo TIG TTpWTEivEG P16,

p53 1 p27 (Beauséjour et al., 2003). e deiyyata avOpwITivou TTAAKOUVTQ, €TTiIONG,
TTaparnpnénke augnuévn SA B-gal dpaoTikOTATA OTA €TMONAIOKG KUTTAPA TTOU

KAAUTITOUV TIG EUPBPUIKEG XOPIAKEG AAXVEG TOU, O OUVOUAONO PE TOUG OtikTEG p16,

pz1WAF/Cip1 Kai p53. To yeyovog TwG Kal OTIG OUO TTEPITITWOEIG QUGCIOAOYIKAG

TTOAUTTAOEIBIOG TTPOKUTITEI TIPOYPANUATIOUEVN YAPAVON QUOIOAOYIKA, UTTODEIKVUEL OTI
n ynpavon 6a PIropouce va aTTOTEAEN £V YEVIKO ATTOTEAECUA TOU TTOAUTTAOEIDIGHOU.
(Chuprin et al., 2013).

1.6 To @aivouevo TnNG yRpavong o€ TTaBoAoyIKEC KATAOTAOEIG

H kuttapikry yApavon atroTeAei BePeNILOEG XAPAKTNPIOTIKO TNG (QUOIOAOYIKAG
QVATITUENG KAl TNG OPOoIOOTOONG, OAAG UTTOPEi va TTPOKUWEI, €TTIONG, O€ TTOAAEG

TTaB0AOYIKEG OUVONKEG, OTTWG N KUOTIKA ivwon (Fischer et al., 2013), n eTTOUAwON TWV
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mTAnywv (Jun and Lau, 2010), o kapkivog (Collado and Serrano, 2010) kai ol
VEUPOEKPUAIOTIKEG vOool (Kritsilis et al., 2018).

2UYKEKPIYEVA, OTNV TTEPITITWON TOU KOPKIVOU €xouv OleCaxOei TTOAEG PEAETEG aTTO
OIaQOPETIKA €pyacTrpia yia To pOAO TnG yApavong otnv e¢ENIEN Tou Oykou. To
QAIVOUEVO TNG yNPAvVONG EVTOTTICETAI KUPIWG O KaAornBelg Oykoug. & KAKONOEIG
OYKOUG, woTOOO, Ta KUTTAPA UTTOKEIVTAI O€ yripavon HEow BAaBwv TTou cuufaivouv
0€ OYKOKATOOTAATIKA yovidla r} o€ oykoyovidla. Ta ynpaocuéva KUTTapa Tou OyKou
MTTOpOUV va KaTATTOAENNBoUV atmd Ta KUTTAPA TOU QAVOOOTIOINTIKOU CUOTANOTOG,
0odnNywvTag OTNV ATTOTEAECMATIKA utToXwpnon Ttou oykou (Xue et al.,, 2007). Auto
OQEIAETAI OTNV APED AVAYVWPION TWV YNPACHEVWY KUTTApWY aTtd Ta T-BonBnTika
Aepgokuttapa (Kang et al., 2011) 0TTwg, €TTiong, Kal TWV POKPOPAYWV KATA TN
@Aeypovr (Xue et al., 2007), Ta otroia mlavoTaTa £AKovTal ATO TOUG TTAPAYOVTEG
SASP (Kuilman et al., 2010). YTrapxouv TTOAEG eVOEIEEIG OTI, EKTOG ATTO TOV KOBOPIOKO
EKQUAIOTIKNG TTaBoAoyiag, Ta ynpaouéva KUTTOPA YTTOPOUV ETTIONG va 0dnNyHoouv o€
uTTEPTTAQOTIKY TTaBoAoyia. Ta 1Mo TTEIOTIKA OTOoIXEia yia auTth Tn OpacTnEioTnTA

TTPOEPXOVTAI ATTO HEAETEG EEVOUOOXEUUATOG.

Ooov agopd TIG VEUPOEKPUAIOTIKEG VOOOUG N KUTTAPIKH yrpavon PTTOPEl, akOun, va
OUPBAAEl ouol100TIKA OTAV TTaBoyEveon TNG vOOOU Kal va KaBopiel TNV euaiocbnoia,
TNV NAIKia ep@Aviong TnG vOOoou Kal To puBud €EENIENG TNG vooou. EIdikOTEPa, TO
QaIvOueVo TNG yHpavong TTpowodei Tnv xpovia gAeypovr) péow tou SASP, (Coppé et
al., 2010; Olivieri et al., 2018), T0 oTT0i0 YTTOPEI VO CUPPBAAAEI OTNV TTaBOYEvEDN TOU
EKQUAIOUOU Kal JTTOPET va KaBopioel TRV euaiodnaia r} Tnv TIOEIVWON TNG TTOPEIAG TNG
vooou (Campisi and D’Adda Di Fagagna, 2007). lNa rapadeiypa, n ivrepAgukivn-6 (IL-
6) TTou artroTeAei éva TUTTIKO puBuIoTr) Tou SASP, epgpavieTal ue augnuéva eTTireda o€
EYKEQAAOUG NAIKIWUEVWY aTOPWV Kal o€ deiypyata acBevwyv pe 1 voéoo Alzheimer
(Bauer et al., 1991; Huell et al., 1995; Kiecolt-Glaser et al., 2003). 'Exe1 deix0¢i, eTTiong,
OTI N UTTEPEKPPATT) TNG UTTOPEI va 0dNYNAOEl OTOV VEUPOEKPUAIOUO TOU EYKEPAAOU in
vivo (Campbell et al., 1993).
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1.7 Aviyxveuaon TnG ANITTo@ouoKivng o€ BIOAOYIKA deiypaTa

H AitTogouokivn e€ival éva pPn aTToIKOOOMNOINO TTPOIGV TOU HETAROAICUOU TTOU
OucOoWwpPEeUETal OTa  KUTTapa Adyw dlatapaxng Tng Asimoupyiag Tou  Ggova
MITOXOVOPiwV/ AUCOOWHATWY KAl TOU TTPWTEACWHATOG, META ATTO OTPEG 1} KUTTAPIKN
BAGBN (lvy et al., 1990; Brunk and Terman, 2002a, 2002b; Terman, Gustafsson and
Brunk, 2006). Ta KUTTapa TTOU £XOUV KOTACTPAQPEI I £XOUV UTTOOTEI OTPEG TTAUOUV va
TTOAQTTAOCIAdOVTal KAl CUVETTWG DEV €ival IKAVA VA £EI0CCOPOTTHOOUV TO QPOPTIO TWV
OUCOWPATWY NITTOQoUcKivng péow KuTTapikig diaipeong (Jung, Bader and Grune,
2007; H6hn and Grune, 2013; HOhn et al., 2017; Konig et al., 2017). H padda autr) Tou
ETEPOYEVOUG UAIKOU aTroTeAEiTal atmd OLeIdWMEVEG TTPWTEIVEG /| AITTOTTPWTEIVEG,
o¢eidwpéva Airmidia kal JETAAAa TTou KabBioTavtal avBekTikG otnv udpdAucn artro
évfupa Tou Aucoowpatog. H Airogouokivn Ogv gival avevepyr Kal akivouvn, aAAd
O100€T1el emIBAABNAG 1010TNTEG. APXIKA, N CUCCWPEUOT AITTOPOUCKIVNG €ival yvwaoTOo OTI
MEIWVEI TNV TTPWTEOCTAON KAl IDIAITEPA T OPAC TOU TIPWTEOCWHATOG, AVACTEAAOVTAG
€TO1 TNV QTTOTEAECUATIKI) AVATPOTIA TWV TPOTTOTTOINHUEVWY / OZEIDWPEVWV TTPWTEIVWIV.
AleukoAUvel, €TTiong, TNV TTapaywyrn eAeuBepwyv pidwv ROS, péow TnG pecoAdBnong
TWV 0&eIdoavaywyikwyv HPETAAwY TTou TTEPIEXEL. O1 1010TNTEG QUTEG UTTOPOUV VA
odnynoouv o€ augnuévn ouvoeon OgEIDWPEVWY EVOOKUTTAPIKWY POPIWV, N OTToia JE
N OoecIpd TNG TIPOWOEl EMITTAEOV TN OUCOWPEUCN AITTOPOUCKIVNG WG  BETIKNA
avratrokpion (Gaspar, Mathieu and Alvarez, 2016; HOhn et al., 2017; Konig et al.,
2017). ZuvoyicCovTag, n eVOOKUTTAPIKI) CUCCWPEUCH TNG AITTOQPOUOCKIVNG OeixVel pia

€€aoBevnuEVN KUTTTAPIKA KATAOTAOT KAl ATTOpuBuIouévn opoidoTaon.

H 1ToooTikotToinon TNG AITTogouokivng Bewpeital 0TI £€x€1 HEYAAN onuacia yia €va eupu
pacpa BIOemOTNUWY KAl OUVAQWY ETTIOTNUOVIKWY KAGdwv. Ta emitreda Tng
NITTOQOUCKIVNG QaivETAI VA TTAPEXOUV IOTOPIKO PACIKAG £KBEONG OTO NETABOAIKO OTPEG
KOl OUVETTWG OXeTiCovtal Aueca pe Tn diadikaoia TG yAPAvOoNng Kal €XOuv
TTaBo@uaioloyiky onuacia (Sheehy, 2002; Di Guardo, 2015; Gaspar, Mathieu and
Alvarez, 2016; Konig et al., 2017). OAo kai TTEPICOOTEPEG PEAETEG UTTOOTNPICOUV TN

YPOUMIKN) OUOXETION TWV ETTITTEQDWYV TNG NITTOQOUCKIVNG PE TNV NAIKIA Kal TIG A0BEVEIES
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TTou oxetiCovral pe authy (Gaspar, Mathieu and Alvarez, 2016; Konig et al., 2017,
Kritsilis et al., 2018). AuTo €ival, yaAAov, avapevouevo dedopévou OTI 0 apIBudS Twv
YNPAOUEVWY KUTTAPWY OTOUG I0TOUG KAl T Opyava augaveTal Je TNV nAIKia, KaBwg 1o
OTPEG Kal ol BAABeG ouoowpevovTal. ‘Exouv TTeEpIypa®ei OPIOPEVEG TEXVIKES yIA TOV
KaBopIiouo TNG NAIKIAG 0€ OpyavioPoUG, Ol OTTOIEG OTNPEICOVTAl OTNV TTOCOTIKOTTOINON
TWV eMTTEdWYV TNG Airogouaokivng (Bluhm and Brey, 2001; Bluhm, Brey and Klages,
2001; Puckett, Secor and Ju, 2008). 'Eva peydAo, €1miong, @AoPa dIATAPAXWY TTOU
oxetiCovral hge TNV nAKKia, 6Tmwg n voéoog Alzheimer kar Parkinson kai n kapdiakr
QVETTAPKEIQ €XOUV OUCXETIOTEI PE TNV OUCCWPEEUCN AITTOPOUCKIVNG OTOUG 10TOUG
(Sparrow, Nakanishi and Parish, 2000; Meredith et al., 2002; Nozynski et al., 2013;
Konig et al., 2017). MeA€teg, TTou TTpayuatotroinkav atrd v opada tou Beregi,
TTPoG TO TEAOG TOu 20°° auwva, €deigav augnuéva etmimeda AITTogouokKivng TTou
oupBadidouv e TNV NAIKia o€ avOpWTTIVA TTEPIPEPIKA AEUPOKUTTAPA KAl KUTTAPA TOU
aiparog (Beregi and Regius, 1983). EmITTAé0ov, n TTapoudia KOKKiwv AITTOQOUCKIVNG
EXEl ava@epBei TNV HEPPPAvVN EpuBpwV algoo@alpiwy aoBevwy TnG vooou Alzheimer
(Skoumalova, Madlova and Topinkova, 2012).

Opiopéveg PeAETEG €xOouv OEiCel TTEIPAPATIKA OTI N AITTOQOUCKIVN UTTAPXE! ETTIONG O€
dlaAuTH popen} o€ dIAPOoPa CWHATIKA uypd. EIBIKOTEPA, N €peuvnTIKr opdda Tou Feng
IOXUPIOTNKE OTI O CUYKEVTPWOEIG AITTOPOUOKIVNG TTOU aVIXVEUBNKAV 0TO TTAAONA TOU
aipaTog avlpwTTivwy OEIYUATWY E@AvIcav onuavTiKa uwnAoTepa TTITTEdA ATTO AUTA
TToU TTapartnprnénkav oto odAio (Feng et al., 2015). 'Exouv £pBel, €1Tiong, 0TO QWG
EMMEDEG EVOEICEIS OXETIKA PE TNV UTTAPEN ANITTOPOUOCKIVNG OTO TTAGOUA ) OTOV 0PO TOU
aiparog pe Baon TG 1010TNTEG auToPBopiopou (Masako et al., 1985; Roumen et al.,
1994; Sutherland, Williams and de Jong, 2007; Skoumalova et al., 2011; Kuznetsov
et al., 2015; Chmatalova et al., 2016). Opiopéveg ATTO QUTEG TIG AVAPOPEG EOTIAOAV
oTnV Teavr) CUCXETION TWV ETTITTEQWYV AITTOPOUOKIVNG OTA OCWHATIKA Uypad (KUpiwg oTo
TTAGOpA) PE TNV NAIKIQ KAl TIG OIAQOPETIKEG TTABOAOYIKEG KATAOTAOEIG, OE IO
TTPOOTIABEI0 va KaBIEpWOEI pia euaiodnTn Kal agIoTToTn HEBOOOG yIa TV AViXVEUOT)
KAl TNV TTapakoAouBnon 1600 TnG yrpavong 6oo kai Tng aoBéveiag (Roumen et al.,
1994; Madhuri et al., 2003; Skoumalova et al., 2011; Kuznetsov et al., 2015)
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QoT1000, £€xouv TTpoKUWYEl TTOANEG DUOKOAIEG OI OTToiEG OXETICOVTAI UE TN PETPNON TNG
NiTToQouokivng o€ Ploloyika Ociypata pe peyadAn okpifeia. H ouotaon Tng
NITTOQOUOKIVNG TTOIKIAEI ONPAVTIKA PETAGU BIAQOPETIKWYV 10TWYV, OPYAVWY Kal EI0WV,
odnywvTtag €101 0€ OlIAPOPEG OTNV KATAVOUN, T Xpworn, Tn OIaAuTOTATA KAl TNV
evCuuikn dpaoTikoTnTa (Sheehy and Roberts, 1991; Mochizuki et al., 1995; Yin, 1996).
EmmpdobeTa, autd 1o TTOAUTTAOKO MiyHO OGEIDWHEVWY POKPOPOPIWY TTAPOUCIACE!
1I016TNTEG auTto@BopiopoU TToU TMOAvWG oxnuaTtifovTal ammo avTIOPACEIS METAEU
KapPBovuAiwv kal apivogikwy katahoitrwy (Hohn and Grune, 2014). To ueydAo gupog
TIMWV OTN OIEYEPON KAl TNV EKTTOUTTA (UAKN KUPOTOG TTOU KupaivovTal atmo 320 £wg
480 nm kar ammo 460 £wg 630 nm avrioToixa) dnuioupyei coPapEg DUOKOAIEG o€
MEBODOUG TTOU BacifovTal OTOV AUECO PACHUATOOKOTIIKO XApPaKTNPIoNO  (Brunk and
Terman, 2002a; Croce and Baottiroli, 2014; Di Guardo, 2015).

‘Exel amodeixBei, €tmiong, o011 pia aAAayry otnv oggidoavaywyr Tng aABoupivng Tou
wOBUAaKIKOU uypouU €1TnNpEeadel TN BIWOINOTNTA TWV AVOPPOPOUPEVWY AVOPWITTIVWV
wapiwv (Otsuki et al, 2012). H ocuocowpeuon AITTOoOUCKivNG ME TN HOPPN
EVKAEIOPATWY EVTOG TWV WOKUTTAPWY OXETICETAI PE ONUAVTIKA MPEIWPEVO PUBPO
yovigoTtroinong kai duopevr avamrtugn tng BAaotokuoTng (Otsuki, Nagai and Chiba,
2007).

1.8 M£BodoI avixveuong Tng yRpavong

1.8.1 EvCupuikr) dpaoTikOTATA SA-B-gal

H 1o diadedopévn uEBODOG, N OTToia XPNOIKOTTOIEITAI WG PIOOEIKTNG TNG KUTTAPIKAG
ynpavong, atroteAei N dpaoTIKOTNTA TOU vVCUUOU B-YyaAAKTOOI0ACN TTOU OXETICETAI PE
TN yNPavon o€ cuyKekpIgéveg ouvonkes pH (Dimri et al., 1995; Debacqg-Chainiaux et
al.,, 2009). O Dimri kai o1 OuVvEPYATEG TOU PEAETNOAV TNV I0TOXNMIKY £KQPOACHN TOU
evfUuou B-yaAaktoliddon o€ KUTTapa atmd TovTIKGO Kol AvlpwTtro, Ta OTroia
avatrtuooovtav o€ KaAiépyela. Mapathpnoav 611 o€ ouverkes pH 6, oTa KUTTAPaA TA
oTToia ATav ynpaopéva, Aaupave xwpa n evCUPIKN avtidpaon. Me 1a atroteAéopara
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TOUG uTTooTApPICav OTI AUTOG O OEiKTNG TTaPEXE! in situ aTTodEigeEIg OTI gival auTd Ta
KUTTOPO YTTOPEI VA UTTAPYXOUV Kal va cucowpeuovTal Pe TNV nAikia (Dimri et al., 1995).
MapdAa autd, Eva onUAVTIKO JEIOVEKTNHA OTO OXEQIQOUO MEYAAWV KAIVIKWV HEAETWV
yia 10 pOAO TNG KUTTAPIKAG yripavong o€ avlpwTriveg BAAREG gival 0TI N Xpwon SA-B-
gal atraitei vwTo 1010, KaBwg Baailetal o€ evCupikr avTtidpaon (Debacg-Chainiaux et
al., 2009). To yeyovog autd TreEPIOPICel TNV EKUETAAAEUON TWV EUPEWG OIABECINWY
OEIYUATWY HOVIPOTIOINUEVWY OE QOPUOAN Kal eykAsiopévwy oe Trapagivn (FFPE),
OUMTTEPIAQUBAVOPEVWV KOl TWV  I0TWV-OEIYUATWY  ouadoTToINPEVWY  O€
MiIkpoouaTolxieg (Gorgoulis and Halazonetis, 2010).

EkT6G a116 TO YEYOVOGS OTI N XpWOT OTTAITE VWTTO BIOTITIKO UAIKO, AKOUN Kal N avaAuon
NG €VCUMIKNG dpaaTIKOTNTAG Tou SA-B-gal TTapdayel weudwg OeTIKG atroTeAéopara,
KATW aTTO OPICPEVESG OUVONKES KAANIEPYEIOG OTTWG EAAEIYN OPOU KAl BPETTTIKWYV UAIKWV
(Severino et al., 2000; Yang and Hu, 2005). EmimrAéov, weudwg BETIKA atroTeAéopaTa
MTTOPOUV va 000UV €AV Ta KUTTAPA A O1 I0TOI ETTWALOVTAI OTO SIGAUMA PE TOV OAKXAPO
X-gal (To omroio artroTeAei UTTOOTPWUA TNG B-yaAakTooiddong) yio TTAPATETAPEVO
XPOVIKO dIAOTNUA. Z€ AUTH TNV TTEPITITWON OAA Ta KUTTAPA TEAIKA Ba ATTOKTACOUV TN
XOAPAKTNPIOTIKA TIPKOUAZ XpwoT), AOyw Tng KAvoviKAG EVCUUATIKAG dpaoTIKOTNTAG KAl
d¢ev Ba ptropei va agloAoynBei To BeTikd ofjpa ota ynpaouéva kuttapa (Lee et al., 2006;
Georgakopoulou et al., 2013). AvTtiBeTa, oTa KUTTAPA TTOU OEV EKPPACOUV TO Yovidlo
NG YaAakToOI0Aong, dev UTTAPXEl N dpAcon Tou evqUUOU, aAAd Ta KUTTOPA EKTEAOUV
TTAPWG TO TTPOYPAPUA TNG Ypavong, divovTag Weudwg apvnTiKa arroTeAéoparta (Lee
et al., 2006). XUveTTWG yIa TNV EKTEAEON TNG TEXVIKAG ATTAITEITAI TTAVTOTE €va OEiyua
eAéyxou Kal n TTaparipnon Tou Ogiydatog Katd Tn didpkeia Tng diadikaoiag. Ol
OIAPOPETIKOI I0TOI KAI Ol KUTTAPIKEG OEIPEG ATTAITOUV DIAPOPETIKOUG XPOVOUG ETTWACNG
KAl O €TMOUUNTOG XPWHMATIOPOG ETTIAEYETAI UTTOKEIPEVIKA ATTO TOV TTOPATNENTA, N
TTUKVOTNTA KAl N €vTaon TOU XOPAKTNPIOTIKOU XPWMOTOG TTOU BewpouvTal BeTIKA

TTOIKIAAEI HETAEU TWV DIOPOPWV PEAETWV.
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1.8.2 Xpwaon he 10 XNUIKG avTidpaocTripio Sudan black B

To Sudan Black B (SBB) €ivai pia NITTé@IAn xnuIKA évwon, n oTToia avayvwpicel
NiTToouaokivn. AlaAUeTal 0€ aIBavOAn Kal UTTOPEI VO EQAPUOCTEI JE IOTOXNMIKI XPWon
Kal va xpnoiyotroin®ei o€ in vitro kai in situ peAéteg (Gatenby and Moussa, 1949;
Rasmussen, 1961; Jung, Hohn and Grune, 2010). Adyw tng AITTé@IANG @UONG TNG
évwong autng, otav £pxeTal o€ €man Pe NITTiIdIa, OouvoEeTal TTAVW OTNV AITTIOIKN
EMPAVEIQ, KABWG gival TTEPIOCOTEPO OIOAUTO OoTa AITTidI TTAPA O€ AIBAVOAN. ZUVETTWG,
10 SBB 0divel 01O AITTIBIKO GUCTATIKO TNG ANITTOPOUCKIVNG XOPAKTNPIOTIKO OKOUPO UTTAE
xpwpa (Romijn et al., 1999). Ztnpi{6uevol otnv 1816TNTA TOU QvTIOPACTNPIOU Vva
ouVvOEETal EIBIKA PE TN NITTOPOUCKIVN, KAAUTITOVTAG TOV auTo®BopIiopud TnG, Bewpeital
OTI aTTOTEAE pia ATTO TIG MO A&IOTTIOTEG 1I0TOXNMIKEG Xpwaoelg (Romijn et al., 1999;
Viegas et al., 2007; Jung, Hohn and Grune, 2010; Kumar and Kiernan, 2010). H xnuikn
évwon SBB, dAwoTe, gival KaTAAANAN yia xprion 1000 o€ TTaywuEéVO 1076, OO0 Kal O€
UAIKO TTOU €X€I JoVIPOTTOINBEI 0€ OPPOAN Kal eykAeIoTel o€ TTapagivn (FFPE) (Kumar
and Kiernan, 2010). ‘Exel, etriong, eTaAnBeuBei 611 N xpwon SBB yia Tn AImog@ouokivn
MTTOPEI va QTTEIKOVIOEI Ta ynpaouéva KUTTapa o€ Tunuata FFPE atrd mpokapkivikég
aAAOIWOEIG, OTIG OTTOIEG €XEI NON dEIXOEi N TTApPOUCia TOU PAIVOUEVOU TNG yrpavong
(Castro et al., 2003; Chen et al., 2005; Collado et al., 2005; Georgakopoulou et al.,
2013). OAa autd Ta XapakTnPIOTIKA uTtTooTNPifouv TNV uttTown@1o6tTnTa Tou SBB yia £va
IB1aiTEPA ETTIOUPNTO EPYOAAEIO yIa TN JEAETN TOU QAIVOPEVOU TNG YPAVONG O€ APXEIOKO

BIOTITIKO UAIKO.

AvtioToixa e Tn péEBodO TOUu SA-B-gal, n xpwon SBB egu@aviCel opiopéva
MEIOVEKTAMOTA. ApXIKA, n atreikovion SBB-BeTIkwv KOKKiwv  AIttogouokivng
EMPaVICOVTAl WG KUTTOPOTTAAOMATIKOI KOKKOI KUAVOU-PJaUpPoU 1 KA@QE XPWHATOG Kal
€xouv hETARANTO péyeBog. H agloAdynaon, Aoitmov, Tou BETIKOU OAPATOG OEV ival TTAVTA
€UKOAN Kal atraITel UYPNAEG HeEYEBUVOEIG OTO OTITIKO PIKPOOKOTTIO. EIDIKA, o€ deiypara
IOTWV TTOU €XOUV HUOVIUOTTOINBEI o€ QOPUOAN Kal EYKAEIOTEI O€ TTAPAPiV, TO KOKKia
MTTOPEI va gival TTOAU PIKPG o€ PEYEBOG, AOyw HEPIKAG AITTIBIKAG dIaypaPUICEWS TNG
NITTOQOUOKIVNG KATA TNV TTAPOCKEUN Tou OEiyuaTog, KaBIoTwvTag Ta €701 OUOKOAO va
avixveuBouv. Eav n avaloyia Twv ynpaouEVWY KUTTAPWY, £TTioNG, EVTOG £VOG 1I0TOU

gival xaunAf kai autd Ta KUTTOPA gival OI00KOPTTIONEVA OTO OLiyuad, N TAUTOTTOINON
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TOUG UTTOPEI va gival OUOKOAN. AguTepov, n xpwon SBB atraitei yeyaAutepn eptreipia
€€oIKiwoNG PE TNV AViIXVEUOT TWV YNPAoPEVWVY KUTTApwY. Egicou aonuavTikr €ival n
ATTOKTNON EUTTEIPIOG PE TN OIGKPION Twv TIpaypaTikd SBB-0eTikwv  KOKKiwv
NITTOQOUOKivNG  OoTa  ynpaopéva  KUTTapa  amo  «Bpwuid  TTEPIBAAAOVTOGY,
AvVTaVOKAWVTAG PN €I0IKA TTEPICOEIN KAl KABICNon TNG Xpwaong TToU UTTOPEi va BEoEl O€
Kivduvo Tnv avaAuon (Evangelou et al., 2017). TEAog Ba TTPETTEl va ava@ePBEi TTwG
EXEl avixveuBei otn xpwoTikr) SBB, peyaAog apiBuog Trpoopi¢ewy, TTou aTToTEAOUVTAI
ATTO XPWHMATIOTA KAl AXPWHA UTTOTTPOIOVTA TTPOoIdvTa. H TTapoudia Twv TTPOCHigEWV
OTA EUTTOPIKA TTapackeudopara SBB dev ernpeddel yovo tnv amodoon TnG Xpwon,
TTOU o@eilovTal 0T dlakUuavaon TNG dIAAUTOTNTAG Kal ANITTO@IAIKOTNTA KABEVOS aTro Ta
OUCTATIKA, aAAG Kal Tnv IKavoTnTa va ouleuxBouv pe GAAa utrooTpwpuata (Pfuller,
Franz and Preif3, 1977; Evangelou et al., 2017) (Eik6va 1.5).
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Eikova 1.5: Xnuiki dopn Tou avtidpaoTtnpiou Sudan Black B. H doury Tou Sudan Black B
eival (2,2-dimethyl-1,3-dihydroperimidin-6-yl)-(4-phenylazo-1-naphthyl) diazene.

1.8.3 Xpwaon e 10 XNUIKO avTtidpaoTripio GL13

To avmidpaoTtriipio GL13 artroteAei xnuIKG avaAoyo Tou avTidpaoTnpiou SBB kai gival
ouleuypévo pe popio Biotivng. H TTapackeur) Twv xpwoewv Baacifetal otnv évwon (E)-
4- (phenyldiazenyl)naphthalen-1-amine, w¢ UAKO €vapéng, n oTmoia TTPWTA
dlalwTwveTal Kal 0TN ouveExela 1o diazonium salt oueuyvutal pe 2,2-dimethyl-2,3-
dihydro-1H- perimidine. Autr) n diadikacia odnyei o€ éva TTOAUTTAOKO Miyua XNUIKWV
EVWOEWV KAl TO KUPIO TTAPAYWYO OAWV TwV EVWOEWV aTToTeAE 2,2-dimethyl-6-((E)-(4-
((E)-(phenyldiazenyl)naphthalen-1yl)diazenyl)-2,3-dihydro-1H-perimidine,
akoAouBoupevn artro 2,2-dimethyl-4-((E)-(4-((E)-(phenyldiazenyl)naphthalen-
1yl)diazenyl)-2,3-dihydro-1H-perimidine.

Me Bdaon tn oUvBeoN TOU CUYKEKPIMEVOU QVTIOPACTNPIOU UTTOPEI VA £QapuocBEi pia
KAIVOTOPOG PEBODOG YIa TNV QViXVEUOT YNPAOUEVWY KUTTAPWY OE £va €upu gaoua
BloAoylIKwWV UAIKwV. AUTO TO @QACHa  TTEPIAAPPAVEI KUTTAPIKEG OEIPEG, 10TOUG
(Evangelou et al., 2017) ka1 BloAoyika uypa (Rizou et al., 2019). O1 1010 p1TOPEI VA
gival vwtroi, diarnpnuévol oe Bepuokpacia -80°C, KABWG Kal POVIUOTTOINKEVOI O€
PopHaAdelidn/eykAeiopévol ae TTapagivn. To avridpaoTrpio GL13 ocuvdéeTal 10IK& e

TN AITTOQOUOCKIVN KAl PJE AUTO TOV TPOTTO OTTOTEAEI €va €UEAIKTO €PYOAELiO yia Tnv



QViXVEUOT YNPOOPEVWY KUTTApwY, PE TNV idla €®IKOTATA pE TO SSB, aAAG pe
EVTUTTWOI0KA BeATIWUEVN evaioBnaoia kal BEATIWPEVN avaloyia orjuaTog Tpog 66pufo.
AuTtr n véa peBodoAoyia TTapEXEI TIPWTOPAVI) TTAEOVEKTIUATA O OXEON PE TIG OOKIPEG
TTOU XPNOIJOTIOIoUVTal CAPEPQ, KABWG cival atrAr, €uaioBnTn, OUYKEKPIPMEVN Kal
EUPEWG EQAPUOOIYN, aKOUN Kal atrd pn €UTTEIPOUG XpnoTeg. EmTAéov, n pEBodog
MTTOPEI VO OUVOUAOTEI JE CUMPBATIKA AVOOOIOTOXNMEIQ TTOU ETTITPETTEI TNV TAUTOXPOVN
OTITIKOTTOINON TWV YNEAOUEVWY KUTTAPWVY KAl GAAWV, KOBOPIOPEVWVY PE QVTIOCWHA
BiodeIkTWY TOU Qaivopévou TnG yhnpavong . aAwv diepyaoiwv (Evangelou et al.,
2017) (Eikéva 1.6).

Eikéva 1.6: Xnuikq dounl Tou avmidpaotnpiou GL13. H Tapaokeury Tou Ynuikou
avTidpaoTtnpiou Bacifetal otnv évwon (E)-4- (phenyldiazenyl)naphthalen-1-amine, wg UAIKO
évapéng, n otoia TTpwTta dlalwTWVETAI Kal 0T ouvéxela To diazonium salt ouvdésTal pe 2,2-
dimethyl-2,3-dihydro-1H- perimidine. Autf n diadikacia odnyei oe éva TTOAUTTAOKO piyua
XNUIKWYV EVWOEWYV KAl TO KUPIO TTAPAYWYO OAWV TwV eVWOEWV atroTeAei n évwon 2,2-dimethyl-
6-((E)-(4-((E)-(phenyldiazenyl)naphthalen-1yl)diazenyl)-2,3-dihydro-1H-perimidine,
akoAouBoupevn atd 2,2-dimethyl-4-((E)-(4-((E)-(phenyldiazenyl)naphthalen- 1yl)diazenyl)-
2,3-dihydro-1H-perimidine.
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1.9 H y\pavon wg BepatreuTikOg aTOX0G

H evepyotroinon Tng amomTwong amoteAei TR BAon TG TTPOCOATNG KAPKIVIKAG
Bepartreiag. H eykaBidpuon NG yRpavong wg deUTEPN «ATTAVTNON» GTNV AVTIKAPKIVIKI
atmokpion KaBiotd Tnv Olgpelvnor TnG atrapaitnTn. MOAAEG PEAETEG avagEépouv
TTapoucdia TG  ynpavong, okoAouBwvrtag  Bepatreid TOU  KAPKIVOU — UE
XnueloBepatreuTikG pappaka (Roberson et al., 2005).

Mia OepatreuTIkK) TTPOCEYYION QTTOTEAEI N OTOXEUON TwV OYKOyovIdiwv, o€ Mia
TTPOOTTAOEIO va TTPOKAAETEI Jia AvTIOTABUIOTIK) OYKOKATAOTAATIKY atTtékpion. AuTd Ba
MTTOpOUCE va OUupPei oTtoxevuovrag TO Yyovidlo Skp2, pia Aiydon, n otroia
UTTEPEKPPACETAI CUXVA O€ TTEPITITWOEIG KAPKiVOoU. Opwg n avaoToAr Tou Skp2 TTpéTrel
VO €QApUOCeTal PE ETTIQUAALEIG, KOBWG Otv ATTOIKOOOMEI POVO avaOoTOAEiG TOu
KUTTOPIKOU KUKAOU, aAAG kai pépia, ottwg n Cyclin E, mou TpowBouv Tov KUTTapIko
KUKAO (Koutsami et al., 2008). Avaloyo arrotéAeopa Ba €xel kal n diaypa@ry Tou

yovidiou Cdk2 (KUukAIvo-eCapTwUEVN Kivaon 2) o€ £va TTePIBAANOV ETTAYWHEVO ATTO C-

INK4A
myc, aAAG O€ QuTr TNV TTEPITITWON N yApavon e¢apTdtal atmd TIG TTPWTEIVEG p16

Kar p53. H &emAEKTIK) KATOOTOA| TOU c-myc, €Triong, €mayel 1n ynpavon. H
PWOPOPUAIWACN TOU C-myC OTO APIVOEIKO KATAAOITTO Ser-62, yéow TNG avaoToAng NG
OpaoTikdTNTag Tou oupttAdkou Cdk2/cyclin E, €ival 181aitTepa onuavTiky yia Tnv
emaywyn ¢ ynpavons. OAa autd Tta armoteAéopata €xouv trapaxBei ox1 poévo
YEVETIKA, OAAG pE PIKPA POPIa AVOAOTOAEIG, KAVOVTAG QUTEG TIG TTPOKAIVIKEG OOKIMEG

apKeTA uTTOOXOMEVEG (Koutsami ef al., 2008) (Eikova 1.7).
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Mnyn: Gorgoulis and Halazonetis, 2010, Curr Opin Cell Biol.

Eikéva 1.7 ZT1oxeupéva oykoyovidia Jmropouv va odnynoouv aTn ynpavorn, avaAoya pe
TO MOpPIOKOG umroBaBpo. H katdpynon TG @wo@OPUAiwWONG TOU C-myc OTO QMIVOEIKO
Kat@Aoiro Ser-62, yéow TNG avaoToARg TNG dpacTIKOTNTAG Tou cuuttAdkou Cdk2/cyclin E,
eTTAyel TN ypavon. EmAekTIKA peiwon Tng Tpwreivng SKP2 puBbuilel avodiké Toug KUKAIVO-
eCaptwpevoug avaoToAeig kivaowv CIP/KIPs, o1 otroiol ye Tn o€ipd Toug avaoTEAAOUV Tn
opaaTikéTnTa Tou Cdk2/cyclin E cupttAéyuatog. MapdAa autd, 6tav n pubuion KabodIKG Twv
avaoToAéwv CIP/KIPs gival aveapTtntn TN SKP2, n avacToAr Tng SKP2 puBuilel avodikd Thv

cyclin E pe mBavég empBAaBeic emdpdoeig (Gorgoulis and Halazonetis, 2010).
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1.10 2Zko116¢ TNG dIBAKTOPIKAG dIATPIRAS

To @aIVOUEVO TNG KUTTOPIKAG YNPAVONG ATTOTEAEI TO OTADIO TNG KN AvACTPEWIUNG, OTIG
TTEPICCOTEPEG TTEPITITWOEIG, OIOKOTIAG TNG KUTTAPIKAG AVATITUENG, OTNV OTIoid TO
KUTTAPO TTapApEVEl HETARBOAIKG evepyd. EpTTAEKETAI TOOO OTNV £UPRPUIKE, GCO Kal 0TV
evAAIKN avamTugn. Agv oxeTtidetal, OPWG, HOVO PE PUOIOAOYIKEG OUVONKEG, AANG Kal e
TTOBOAOYIKEG KATOOTAOEIG, OTTWG O KAPKiIVOG. H ouvelopopa TNG, UTTOPEI va £XEI BETIKO,

KABwWG Kal apvnTIKO, QVTIKTUTTO YIA TNV QVTIUETWTTION TNG TTABOAOYIKAG KATAOTAONG.

Méxpl Twpa o1 Mo O10dedOouEVOI PIODEIKTEG YIA TOV EVTOTTIIONO TWV YNPACOHUEVWV
KUTTAPWV €ival N dpacTikOTNTA Tou €vCUUOU B-yaAOKTOOIDAON TTOU OXETICETAI UE TN
ynpavon (Senescence associated (-galactosidase-SA B-gal), kaBwg ka1 T0 XNUIKO
avTidpaoTtiplo Sudan Black B (SBB). O1 duo péBodol avixveuong Twv ynpaouEvwy
KUTTAPWYV, OPWG, TTaPOUOIAlouV TEXVIKEG TIPOKAAOEIG, Ol OTI0iEG WTTOpOUV va
eTTNPEACOUV TNV euaoBNnaia Kal TNV €I8IKOTNTA KABE TTEIpAPaTOG. YTIAPEE, AOITTOV, N
AVAYKnN va ouvTteBOUV VEEG XNUIKES EVWOEIG, avaloya Tou SBB, ol otroieg evroTriCouv
Ta ynPacuéva KUTTapa Kal Oev eNQaviCouv TeXVIKEG OUOKOAiEG. H ouvBeon Tou véou
XNUIKoU avaAdyou Tou SBB 1Tpayuatotroiménke oto epyacTiplo kai ovopadetalr GL13.
To avTidpaoTtriplo deoueveTal EIOIKA KAl JE eualocOnaia e TR AITTOQOUOKivN, N OTToid
QATTOTEAEI OUCOWMPATWHA  OCEIDWPEVWY  POKpOPopiwv. H  TToooTikoTroinon NG
NITTOQOUOKivNG Bewpeital geydAng onuaciag yia éva eupu gacua Twv Emotnuwv
ZWNAG KAl TwWV OXETIKWV KAAdwv. Ta emmimeda TNG AITTOQOUOCKIVNG QaiveTal TTWG
aTTOTEAOUV QATTOTEAEOMA MOCIKWV EKOECEWV OTO MPETAPROAIKO OTPEG Kal, CUVETTWG,
ouvdéovtal dueca e Tnv OladIKACIO TOU YRPATOG KAl TIG TTAB0QUOCIONOYIKEG
KATOOTAOEIG. YTTAPYXOUV TTOAAG OTOIXEIQ TTOU UTTOOTNPICOUV TTWG UTTAPXE! MIA YPAUMIKN
OUOXETION TWV ETTITTEOWV TNG AITTOPOUOCKIVNG ME TNV NAIKIQ, KaBWG Kal YE AoBEVEIES
TTou OxeTiCovtal e authl. AuTO €ival avapevopevo dedOPEVoU OTI O ApIBUOG TwV
YNPAOUEVWY KUTTAPWYV O€ I0TOUG Kal Opyava augavetal e TNV NAIKia, KabBwg To OTPEG
Kal ol BAGBeg ouoowpevovTal. Eival evila@Epov OTI €XOUV TTEPIYPAPEI OPIOUEVEG
MEBODOI TTPOCdIoPICHOU TNG NAIKIOG TWV Opyaviouwv Pe BACN TNV TTOCOTIKOTTOINGON

TWV AITTOQOUOKIVNG.
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O1 o1oxol TG Trapoucag OIOOKTOPIKNG OIATPIBAG E€ival, XPNOIYOTIOIWVTOG TO
avTidpaoTtipio GL13, va avarrtuxBouv TTpwTOKOAAa TTou oThpifovTal o€ Wia uBpIdIKN
IOTOXNMIKA-QVOOOIOTOXNMIKA MEBODO. H TEXVIKA auTh Ba eTTITPETTEI TRV AVIXVEUON TWV
YNPOAOUEVWY KUTTAPWY, HECW EVTIOTTIIOPOU TNG AITTOQOUCKIvVNG, O OTTOIOONTTOTE
BioAoyIkO UAIKG. Oa gival, ETTOPEVWG, EQIKTI) N HEAETN TOU QPAIVOUEVOU TNG KUTTAPIKAG
yNpavong o€ VWTTOUG KAl HOVITTOINPEVOUG I0TOUG, O€ KUTTAPIKEG OEIPEG, KABWG Kal O€
BioAoyika uypd. To QaIvOUEVO TNG KUTTAPIKNAG yrpavong Ba e¢eTaaTei, €1Tiong, o€ opod
QigaToG METPWVTAG TA ETTITTEDA TNG EAEUBEPNG AITTOPOUOCKIVNG, O OOBEVEIG KAl UYIEIG.
Ta deiypyara Ba TagivounBouv oe OUO KaATnyopieg avAAoya HE TNV TTOBOAOYIKN
kardotaon kalr 1NV nAikia. O1 acBéveieg Tou Ba e¢etacBouv eival n KapdIakn
QVETTAPKEIQ, N PEUMATOEIDNG apOPITIOA, O KAPKIVOS KAl Ol VEUPOEKPUAIOTIKEG TTABNOEIG.
Baoikn 10€a autwy Twv TTEIPAPATWY €ival N CUCXETION TwV ETTITTEDWV TNG EAEUBEPNG
NITTOQOUOKiVNG OoTOoV 0pO ME TNV nAIKia Kal o€ TToI0 BaBusd, kKaBwg €TTiong, av Ta
ETITTEdA AITTOQPOUOKIVNG PETARBAAAOVTAI O€ KATTOIEG AOBEVEIEG, ATTOTEAWVTAG, I0WG,

MEANOVTIKO TTPOYVWOTIKO OEIKTN.
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KEDAAAIO 2°

YAIKA KAl MEG©OAOI



2.1 lNpoeToipacia Tou avtidpaoTtnpiou GL13

Mpocbnkn 7.5ml amd OidAupa aiBavoAng 100% v/iv (oe dH20) oe 40mg
avTidpaotnpiou GL13. Z1n Odladikacia xpnolyotroigital parafilm, wote va pnv
utTdpxouv diappoés. Emwaon yia ouvoAikd 120 Aetrtd otoug 60°C og udatdAouTpo
Kal ava 30 AeTTTa atraAr; avadeuon UE TO XEPI, MEXPI TO avTIOPACTHPIO va JIOAUBEI
TTANPWG. Metd mnv apaiwon, 1o GL13 ptopei va ammobnkeutei oe Bepuokpaacia

dwpuariou.

2.2 KUTTapIKEG OEIPEG

O1 kuttapikég ocipég U20S, DLFs, Hela, Li-Fraumeni kai Saos kaAAigpynonkav o€
BpeTTikGO UANIKO DMEM (Thermo Fisher Scientific) ouptmAnpwuévo pe 10% opd FBS
(Thermo Fisher Scientific) | Tet-system approved FBS (Clontech Laboratories) otnv
TTEPITITWON KUTTAPIKOU CUCTHUATOG ETTAYWYIMNG UTTEPEKPPAONG UE TN TEXVOAoyia Tet-
ON ka1 1% avTiBioTikwv TTEVIKIAiVNG-OTPETTTOMUKIVNG (Thermo Fisher Scientific). Z1nv
TTEPITITWON TNG KUTTOPIKAG OEIPAG avBpwITIVwy KUTTApwY BpoyxIkou £TTiBnAiou
(HBEC) xpnoigotroinke 10 BpemTikO UAIKO Keratinocyte serum free medium,
OUPTTANPWUEVO pe 50 pg/ml ekxuAiopartog Bosiag utropuaong kal Sng/ml mdEPUIKOU
augnTikou TTrapayovta (#17005-075, Thermo Fisher Scientific). OAeg o1 KUTTOPIKEG
oelp€g ouvtnprionkav o€ kAiBavo pe otabepry mapoxr CO2 5% oTtoug 37°C.

2.3 Aciypata 1I0Twv

Ta deiyuata I0TWY TTOU XPNOoIhoTToINONKav £XOUV JOVIMOTTOINOEI € QOPPOAN Kal £XOuV
EYKAEIOTEI O TTAPAQiv. ZTO OUVOAO TOUG TA TIEPIOTATIKA QVTATTOKPIVOVTAl O€
(PUOIOAOYIKOUG 10TOUG, TTPOKOPKIVIKEG KOl KAPKIVIKEG aAAolwoelg. H emihoyry Twv
OEIYUATWY £YIVE PETA ATTO £YKPION TNG ETTITPOTIAG B1oNBIKNAG pe apiBud TTPwWTOKOAAOU
1718025215.

2.4. In situ TEXVIKEG
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2.4.1a Xpwon Je 10 XNUIKS avTidpacTtipio Sudan Black B (SBB)

lNa tnv mrpoeToipacia Tou SBB diaAupaTog, oe 100ml 70% aiBavoAng diaAuovtal 0.7g
atré 10 SBB kai 1o d1dAupa avadeUeTal ATTIA 0€ BEpPOKPATia dwPATIOU OAOVUKTIA. 2TO
TToTNPI (€oewg TOoTToBETEITAN OITTAG parafilm, woTte va ammo@euxBei n eEATUION TNG
a1BavoAng. Apou 1o dIGAUPA QIATPAPIOTEI BUO POPEG gival ETOIYO yIa XPAON.

Ta dciyuata 1MoU Ba xpnoiuoTToiNBouv yia TV Xpwon a@udaTtwvovTal apXIKa o€
d1dAupa ailBavoAng 50% v/v yia 5 Aetrtd kai ot ouvéxeia o€ 70% aiBavoAn yia Tov idlo
XpoOvo o€ Oegpuokpacia dwpatiou. Metd T1O OeUTEPO  dIGAUpa  APUAATWONG,
TOTTOBETEITAI OTNV AVTIKEIMEVOPOPO TTAAKA, PHE aUPIYya Kal QIATpo dlapéTpou 0.22um,
oTtayova SBB kal xpnoigoTrolgital KOAUTITPIda yia va KaAuyel To dgiypa. H avtidpaon
TTOPATNPEITAI OTO YIKPOOKOTTIO yia 8 AETITA. 2Tn OUVEXEIQ AQAIPEITAI TTPOCEKTIKA N
KOAUTTTPiI®a Kal 1O Ociypa EemmAéveTal yia 3-5 gopég o€ diaAupa 50% v/v ailBavoAng.
‘Emreira EeTAEveTal 0€ aTTIOVIOPEVO vEPO Kal eppaTtTiCeTal o€ didAupa Nuclear Fast Red
yia 10 Aertd o€ Bepuokpaciou dwpaTtiou. To deiypa EETTAEVETAI {AVA O€ QTTIOVIOPEVO
vepo Kkal xpnoigotrolgital didAupa 40% yAukepOAng/PBS kai kaAutrtpida yia tnv

KAAuwn Tou. Ta atToTEAECPATA TTAPATAPOUVTAI OTO OTITIKO UIKPOOKOTTIO.

2.4.1B Xpwon SA-B-gal

H péBodog oTnpiletal 0T OUuOOWPEEUON TNG AUCOOWWIKAG B-yaAakTtoliddong
(senescence associated beta-galactosidase), n otroia udpoAuel Ta B-yaAakTolidla o€
HOVOOOKXOPITEG OTa ynpaouéva KOTTapa. H avridpaon TTpayhoTOTIOIEITAl OF
puBuioTIKG didAupa pH 6.0, XpNOIYOTTOIWVTAG XPWHOYOvo uTtéoTpwua (X-gal). H
XPWaon YiveETal EUPAVAG PE TOV EVTOTTIONO YaAddiou 1ICAPaToG. To puBuIoTIKO dIGAUPa
mrepiExel 40mM Citric acid/Disodium hydrogen phosphate dihydrate (pH 6.0), 5mM
Potassium ferrocyanide, 150mM NaCl, 2mM MgCl. ka1 Tmg/ml X-gal.

Ta kUTTOpa avamrruooovTal o€ KAAUTITPIOEG Kal povihoTtrolouvTal o€ dIGAUA
POPHOAOEUONG 4% v/v o€ PBS yia 10 AeTrTd Kai eTTwadovTal yia 8 wpeg YE T pPUBUIOTIKO
O1GAupa. AKoAouBei, TTpoaIPETIKA, Xpwon Twv TTuprvwy pe didhupa Nuclear Fast Red
yia 3-5 AeTrTd o€ Ogppokpacia dwuaTtiou. H diadikaoia oAokAnpwveTal ge TN XpHon

MOVIUOTTOINTIKOU UAIKOU Kal TTAPATHPNCN OTO OTITIKO JIKPOOKOTTIO.
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2.4.2 AvoooioToxnueia

H avoooioToXNUEIa ATTOTEAEI Mia in situ TEXVIKA, n oTToIa
ouvduadel Tnv 10ToTTaBoAoyia he TNV avoooloyia kal T xnueia. ‘Eva avriowpa ou
voéeTal Pe Eva I0IKO avTIyOvo-OTOXO ME Jia XNMIKA avTidpaon, JE TNV OTToida JUTTOPEI va
Yyivel opatd TO OUMTTIAEYHA  QVTIYOVOU-QVTIOWHPATOG. 2TIG HEBODdOUG EPUEDNG
QViXVEUONG XPNOIUOTIOIEITAI VA OEUTEPOYEVEG AVTIOWHA, TO OTTOI0 OUVOEETAI PE €Va
évCupo, ouvAbwg TO €vlupo uTtrepogelddon (HRP), kar pe 1n Pornbeia evédg
UTTOOTPWHATOG, TO CANA TTAPATNPEITAI O OTITIKO JIKPOOKOTTIO.

AkoAouBeital n TTapakaTw diadikaoia:

1. ATroTrapagivwon:

e Emwaon Twv delypdatwy yia 20 Aetrtd o€ kKAiBavo otoug 60°C.
e  =UAOAN | yia 5 AetrTd
e =UAOAN Il yia 10 AettT@

2.Evuddarwon Twv Topwyv o€ udaTtika diaAupata alBavoAng e oTadiakr) heiwon

TNG CUYKEVTPWONG TNG.

AiBavoAn | 100% v/v yia 5 Aetrta

AiBavoAn 11 100% v/v yia 10 Aetrta

AIBavoAn 96% v/v yia 10 AeTrta

Ai1BavoAn 80% v/v yia 5 AeTrta

AIBavoAn 70% viv yia 3 AeTrTa

A1BavoAn 50% v/v yia 3 AeTrTa

AidAupa Tris Buffer Saline (TBS) yia 5 Aetrrd.
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3. ATTOKAAUWN QVTIYOVIKWYV ETTITOTTWV XPNOIMOTTOIWVTAG OIGAUNA KITPIKOU 0EE0G
1x, 10mM pH 6. ©¢épuavon o€ QoUPVO UIKPOKUPATWY VIO GUVOAIKA 25 AETTTA
(5' C€oTapa d/tog kal 20’ eTTwaon) fj o€ ynxavnua steamer yia cuvoAika 45
AeTTTa (5' C€oTapa /106 KAl 40 AeTrTa eTTWaon OelyHATWYV). O1 TOPEG BpiokovTal
01O OIGAUNA TOU KITPIKOU 0&EOG Kal TOTTOBETOUVTAI O€ OKEUOG UE VEPO Bpuong

yia 20 AeTITd.
4.IMAUoeig pe diahupa TBS, dUo yprAyopeg Kal pia TTAUON yia S AETTTA.

5. AdpavoTroinon evdoyevoug uttepo&eiddong pe didAupa 3% v/v H202/ dH20 yia

13 Aett1d o€ Bepuokpacia dwuaTtiou o€ OKOTADI.
6.MA\Uo¢Ig pe didAupa TBS, duo ypriyopeg Kal yia TTAUON yia 5 AETTTA.

7.Napeuttddion avtidpaong pn €I0IKWV BEoewv yia 7 AeTITd o€ Bepuokpaacia
dwpartiou Pe TN Xprion Tou avtidpaoTtnpiou Ultra V Block, amd 1o kit Quanto
Detection System HRP-DAB TL-060-QHD, tng etaipgiog Thermo Fisher

Scientific.
8.MAUo¢Ig pe didAupa TBS, duo ypriyopeg Kal yia TTAUON yia 5 AETTTA.

9.MpooBrkn TTPWTOYEVOUG AVTIOWHATOG 0€ KaBopiopévn apaiwaon. O1 ouvOnKeg
ETTWOONG KAl N apaiwon €COPTWVTAl ATTO TO €KAOTOTE AVTIOWPA TTou Ba
XPNOIUOTIOINCOUNE Kal TOV I0TO TTOU €QAPUOCeTal PETA OTTO OOKIYEG TWV
KaTaAANASTEPWY ouvOnKwyv. H eTTwacn utropei va mrpayuaTtotroinsi yia 1 wpa
o€ Beppokpaaia dwuatiou ) oAovUKTIO 0TOuG 4°C.

10. MNAUoeIg pe didAupa TBS, duo ypriyopeg Kal yia TTAUON yia 5 AETTTA.
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11. ETwaon pe OeUTEPOYEVEG aVTIOWPA. XPNOIUOTIOIEITAI TO AVTIOPACTHPIO
Primary enhancer tou kit Quanto Detection System HRP-DAB TL-060-QHD,

(Thermo Fisher Scientific) yia 10 AeTrTd o€ Bepuokpacia dwaTiou.
12. MNAUoeIg pe didAupa TBS, duo ypriyopeg Kal pia TTAUON yia 5 AETTTA.

13. Emmwaon pe 1o avrnidpaoTripio HRP Polymer tou kit Quanto Detection System
HRP-DAB TL-060-QHD (Thermo Fisher Scientific) yia 15 Aemtd o€

Beppokpacia dwuatiou. AuTo To OTAdIO YiveETAl O€ OKOTADI.
14. TAUoeig pe didAupa TBS, duo ypriyopeg Kal pia TTAUON yia 5 AETTTA.

15. Xpwon pe 10 avnidpactipio DAB (1pl DAB chromogen oe 100ul DAB
substrate) Tou kit Quanto Detection System HRP-DAB TL-060-QHD (Thermo

Fisher Scientific). H avtidpaon TTaparnpeital o€ oTITIKO JIKPOOKOTTIO.
16. AdpavoTtroinon Tng avtidpaong Pe vepo Bpuong.
17. Xpwaon pe aiatouAivn kai TTAUCT JE TPEXOUMEVO VEPOD.

18. Agpuddatwon (avtioTpo®n diadikaoia TG vudATWONG, OTTWG TTEPIYPAPETAI

oT1o BAua 2).

19. KadAuyn Twv TTapOaoKEUAOUATWY PE KAAUTTTPIOEG UE TO HEOO KAAuwng DPX,

TTOU €ival SIOAUTO OTnV GUAOAN.

Ortav XpnoluoTrolouvTal KUTTapa ETTIOTPWUEVA (o} KAAUTTTPIOEG
(avoookuTTapoxnUEia), To TTPWTOKOAAO Eekivagl aTTd To OTAdIO TNG adpavoTroinong
TNG EVOOYEVOUG UTTEPOLEIDATNG KA OEV TTPAYUATOTTOIEITAI TO BHKA TNG APUAATWONG.

2.4.3 AvoooioToxnMIKA Xpwon PeE To XNUIKG avTidpaoThplo GL13
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1. Amotrapagivwon:

e Emwaon tTwv delypdatwy yia 20 Aetrtd o€ kKAiBavo otoug 60°C.
e ETrwaon og EUASAN | yia 5 AetTTd
e Emwaon og CUAOAN Il yia 10 AetrTd
2.Evuddartwon Twv Topwv o€ diaAupaTta aiBavoAng augavouevng TTEPIEKTIKOTATOG

oec dH20.

A1BavoAn | 100% v/v yia 5 Aetrta

AiBavoAn 11 100% viv yia 10 Aetrta

AIBavoAn 96% v/v yia 10 AeTrta

Ai1BavoAn 80% v/v yia 5 AeTrta

AIBavoAn 70% viv yia 3 AeTrTa

AIBavoAn 50% v/v yia 3 AeTrTa

AidAupa TBS yia 5 Aetrta

3. AdpavoTroinon evdoyevoug uttepo&eidaong pe didAupa 3% v/iv H202/ dH20 yia

13 AeTr1d o€ Bepuokpacia dwpaTtiou o€ OKOTADI.
4.MAUoeig pe diahupa TBS, dUo yprAyopeg Kal pia TTAUON yia S AETTTA.

5. Etmrwaon pe 50% v/v aiBavoAn yia 5 Aetrtd o€ Bepuokpacia dwuaTiou.

6. Etmrwaon pe 70% v/v aiBavoAn yia 5 Aetrtd o€ Bepuokpacia dwuariou.

7. Xpwon e 10 avridpaoTrpio GL13 1Tou cival culeuypévo Pe BloTivn, yia 8
AeTrTd 0¢ Bepuokpacia dwpatiou (TTAPAAANAN TTapATAPNON OE OTITIKO
MIKPOOKOTTIO) A yia 10 AeTrtd oToug 37°C. 2e auTd TO BrPa XPNOIKOTTOIEITAI

Mia oupiyya kal KatdAAnAo QiATpo (peyEBog @iATpou 13mm, p€yebog TTOpwv
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MeEMBPdAvng  0.22um). A@ou ToTT00eTNBEi  KATAAANAN TTOCOTNTA  TOU
avTiIdpacTnpiou, XPNOIMOTTOIEITAl KAAUTITPIOO WOTE va atmo@euxBei n
e¢aTuion NG alBavoAng.

8. Amopdkpuvon TNG KOAUTITPIOAG KOl TNG TTEPIOCEIAG AVTIOPAOTNPIOU WE
XprAon dINbnTIKoU XapTIoU.

9. TAUoeIg pe 50% viv aiBavoAn yia 5 Aetrtd o€ Beppokpacia dwuaTiou.
10. MNMAUosIg pe didAupa TBS, dUo ypriyopes Kail pia TTAUON yia 5 AeTTTd.

11. ETTwaon pe didAupa 0.3% v/v Triton X/ dH20 yia 3-5 AeTTTd o€ Bepuokpaacia

dwpuariou.

12. MNpooBnkn TTPWTOYEVOUG QVTICWHOTOG £VAVTI TNG BIOTIVNG, WOTE VA OUVOEDEI
ME TO avTmidpaoThpio GL13 Trou €ival oulsuypévo pe popio Biotivng. To
avTiowpa xpnolyotrogital o€ apaiwon 1/300 oe didAupa TBS kal n eTwacn

yiveTal oAovUKTIa aToug 4°C.
13. MNAUoeIg pe didAupa TBS, duo ypriyopeg Kal pyia TTAUON yia 5 AETTTA.

14. ETTwaon pe OEUTEPOYEVEG QVTIOWPA. XPNOIUOTIOIEITAI TO AVTIOPACTHPIO
Primary enhancer atré 1o kit (a1rd 10 kit Quanto Detection System HRP-DAB
TL-060-QHD, 1ng etaipeiag Thermo Fisher Scientific yia 10 Aemra o€

Bepuokpacia dwuariou.
15. MNAUoeIg pe didAupa TBS, duo ypriyopeg Kal pyia TTAUON yia 5 AETTTA.

16. ETTwaon yia 15 Aemrtd o€ Bepuokpacia dwpaTtiou 1o avtidpactripio HRP
Polymer amé 10 kit Quanto Detection System HRP-DAB TL-060-QHD, tng

etaipeiag Thermo Fisher Scientific. Auto 10 0TAdIO YiveETAl O€ OKOTADI.
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17. MNAUoeig pe didAupa TBS, duo ypriyopeg Kal pyia TTAUON yia 5 AETTTA.

18. Xpwon pe 10 avnidpactipio DAB (1pl DAB chromogen oe 200ul DAB
substrate) ammo 1o kit Quanto Detection System HRP-DAB TL-060-QHD, g
etaipeiag Thermo Fisher Scientific. H avrtidpaon Taparnpeital oe OTITIKO

MIKPOOKOTTIO.

19. AdpavoTtroinon Tng avtidpaong Pe vepo Bpuong.

20. Xpwon pe apaiwpévn aigatoguAivn 1:2 oe dH20 kai TTAUON pE TPEXOUPEVO
VEPO.

21. KaAuyn TTapOoKEUAOUATWY PE KAAUTTTPIOEG ME TN XPHON KOAUTITIKOU UAIKOU

(40% v/v yAukepOAn) kal TTaPATHPNON OTO OTITIKO JIKPOOKOTTIO.

AvTioToixa, OTav TIPOKEITAl yIa KUTTAPO  ETMOTPWHEVA  O€  KAAUTITPIOEG
(avoOoOKUTTaPOXNUEIQ), TO TIPWTOKOAAO EEKIVAEI OTO OTADIO TNG adPavoTToinoNnNgG TNG
€vVOOYEVOUG UTTEPOEEIDAONG KAl OEV TTPAYUATOTIOIEITAI TO Bra TNG a@udATWONG.

2.4.4 AITTA avOoOO0ICTOXNMIKI XPpWOoN XPNOIMOTTOIWVTAS TO avTIOPACTHPIO
GL13

Ta BAnaTa 1-16 ival kova pe Tn dladikaoia TG avoooioToxnueiag. AKOAoUBwG:

1. Emrwaon pe 50% v/v aiBavoAn yia 5 AeTrtd o€ Beppokpacia dwuaTiou.

2. Emrwaon pe 70% v/iv aiBavoAn yia S AeTrtd o€ Bepuokpacia dwuaTiou.

3. Xpwon pe 10 avridpaotipio GL13 yia 8 Aemrtd oe Bepuokpacia dwuaTiou
(TrapdAANAN TTapatripnon o€ OTITIKO WIKPOOKOTNO) 1 yia 10 AeTTTd O0TOUG

37°C. Ze autd 1O Bra XPNOIYOTTIOIEITAI Wia ouplyya Kal KATAAANAO QIATpO
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(MeyEBoG  @iATpou 13mm , p€yeBog ToOpwv pepPpavng 0.22um). Agou
TOTT00ETNOEI  KATAAANAN TTOOOTATA TOU QVTIOPACTNPIOU, XPNOIUOTTOIEITAI
KOAUTITPIOO WOTE va atroQeuxBei n eEATUION TNG A1BavoAng.

4. Atropdkpuvon NG KAAUTTTPIOOG KAl TNG TTEPICTEING AVTIOPAOTNPIOU PE XPHoN
dINénTikou xapTioU.

5. TAUoeIg pe 50% v/iv aiBavoAn yia 5 Aetrtd o€ Beppokpacia dwuatiou.
6. TMAUoeIg pe didAupa TBS, duo ypriyopes Kail pia TTAUON yia 5 AeTTTd.

7. ETTwaon pe To avTIOWPOTOG €vavTl TNG BIoTivng yia 60 AeTrtd oToug 37°C, o€
apaiwon 1/300 ot didAupa TBS.

8. TMAUosIg pe didAupa TBS, duo ypriyopes Kail pia TTAUON yia 5 AeTTTd.

9. Emwaon pe DEUTEPOYEVEG AVTIOWHA TO OTTOIO €ival CUCEUYPEVO PE TO EVCUNO
aAkaAIK ewoeartaon (apaiwon 1/800 oe didAupa TBS) yia 60 AeTrtd o€

BepuoKkpaoia dwuaTtiou og oKOTADI.

10.MMAUo¢Ig pe diadAupa TBS, 3 @opég yia 5 AeTTTd.

11.MpogToIgacia TOu UTTOOTPWHATOG TNG OAKAAIKAG @wo@ardong. & 10 ml
dH20O (teAdik6 6yko) TtpooBéToupe 1 TaumAéta NBT/BCIP (Nitro Blue
Tetrazolium/5-Bromo-4-Chloro-3-Indolyl  Phosphate) (Sigma-Aldrich)  kai
20ul armé 100mM Levamisol. To ouptmtAoko NBT/BCIP atroteAei eupéwg

XPNOIMOTTOIOUPEVA XPWHOYOVA UTTOOTPWHATA TNG AAKAAIKAG @wo@aTdong.

12.ETTwaon pe 1o didAupa NBT/BCIP kai TTapdAAnAn TTapaTthipnon o€ OTrTIKG

MIKPOOKOTTIO.
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13.TAvoeig pe 10 didAupa KTBT ( 50mM Tris-Cl, 150mM NaCl, 10mM KCI og
1000ml dH20) 2 @opég yia 5 AeTITA, WOTE va OTAPATACEN N avidpaon Tng
OAKOAIKNG pWOo@ATAONG.

14.TTAUOE€IG O€ TpEXOUUEVO VEPO Bpuong

15. KGAuyn TTapooKEUAOPATWY PE KAAUTITPIOEG PE TN XPON KAAUTITIKOU UAIKOU

(40% v/v yAukepOAn) Kail TTOPATHPENCN OTO OTITIKO JIKPOOKOTTIO.

2.4.5 'Eppecog avooo@BopIopog e TN Xxpron tou avTtidpaotnpiou GL13

O €ppecog avooo@Bopiopog civalr PEBODdOG KATA Tnv OTroia  XPNOIUOTIoIoUVTal
Oeutepoyevy @Bopilovia avTIOWPATA yIa TNV AViXVEUON Kol TOV EVTOTTIONO
OUYKEKPIPMEVOU QVTIYOVOU PECW TTPWTOYEVWV AVTIOCWUATWY O€ 1I0TOUG ] KUTTOPA. TN
OUYKEKPIPEVN TEXVIKI] XPNOIMOTIOIEITAI, CUVNBWG, £va OEUTEPOYEVEG AVTIOCWHA TO OTTOIO
gival ouvdedePEVO PE POOPICOUCA XPWOTIKI TTOU EKTTEUTTEI OE CUYKEKPIPMEVO WIKOG
KUMATOG KAl N TTapAThPnon Yivetal HEOW MIKPOOKOTTiOU (pBOopIoPoU. 2TnV TTapouca
dlaTpIBr} TTPAYMATOTTOINONKE HPEAETN TOU QAIVOPEVOU TNG YNPAVONG OE KUTTAPIKEG
O€IPEG, OTIG OTTOIEG N yPAvVon CUPBAivel QUOIOAOYIKA AOYyw MEIWONG TOU PNAKOUG TWV
TEAOPEPWV 1] £XEI TTPOKANBEI yripavon AOyw UTTEPEKPPAONG CUYKEKPIUEVOU YOVIDIiou.
AkoAouBeital n TTapakaTw diadikaoia:

1. TIAOON Twv KaAUTTITRIdWV e didAupa PBS.

2. Emrwaon pe 50% v/iv aiBavoAn yia 5 AeTrtd o€ Bepuokpacia dwuaTiou.

3. Emrwaon pe 70% v/v aiBavoAn yia 5 AeTrTd o€ Bepuokpacia dwpuartiou.

4. Xpwon ue 10 avridpactrpio GL13 yia 8 Aetitd o€ Beppokpacia dwuatiou
(TrapdAANAN TTapatripnon o€ OTITIKO WIKPOOKOTNO) 1 yia 10 AeTTTd OoTOUG
37°C. Ze autd TO BrUa XPNOCIYOTTIOIEITAI Wia ouplyya Kal KATAAANAO QIATpO

(MeyEBOG @iATpou 13mm , pepBpdvn 0.22um). AQou ToTToBeTNOET KATAAANAN
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TTOOOTNTA TOU QVTIOPACTNPIOU, XPENOIMOTIOIEITaI KOAUTITPIdOO WOTE va
aTroQeuXOei n e€ATUION TNG A1BAVOANG.

. Atropdkpuvon NG KAAUTTITPIOOG KAl TNG TTEPICTEING AVTIOPAOTNPIOU PE XPHoN
dINénTikou xapTioU.

. MAUoeig pe 50% v/iv aiBavoAn yia 5 ATt o€ Bepuokpaacia dwuaTiou.

. MAUoeig pe diadhupa PBS, duo ypriyopeg Kal pyia TTAUON yia 5 AETTTA.

. Emrwaon pe didAupa 0.3% v/v Triton X/ dH20 yia 3-5 Aetrtd o€ Bepuokpaacia
dwpuariou.

. Mpoobnkn tpwTtoyevoug avTiIowpaTog. To avriowua Evavtl TG BloTivng

ETTWACeTA oOAOVUKTIO 0TOUG 4°C, o€ apaiwon 1/300 og didAupa PBS.

10.TMAUo¢Ig pe didAupa PBS, dUo ypriyopeg Kal pia TTAUON yia 5 AETTTA.

11.Emwaon pe deutepoyevég avriowpa ( apaiwon 1/200 og PBS), 1o otr0i0 €ival

ouvOedepEvo he @Bopifouca XpwaoTIKR yia 60 AeTTd oe Bepuokpacia

dwuartiou. H eTTwaaon yivetal oTo OKOTADI.

12.T1TAUo¢€Ig pe diadAupa PBS, dUo ypriyopeg Kal pia TTAUON yia 5 AETTTA.

13.Ta TV Xpwon Twv TTUpHvVWV xpnolidoTrolgital N ¢Bopidouca xpwoTikr DAPI

o¢ TeAIK) ouykévipwon 0.5ug/ml. Ta deiyparta emwadovTal yia 5 AeTITd 0TO

oKoTAdI 0€ Beppokpaacia dwuaTiou.

14.T1A\00ON pe didAupa PBS.

15. KGAuyn TTapooKEUAOPATWY PE KAAUTITPIOEG PE TN XPON KAAUTITIKOU UAIKOU

(40% v/v yAukepOAn) Kail TTOPATHPENCN OTO OTITIKO JIKPOOKOTTIO.
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2.4.6 In situ uBpPIBICPOG KAl AvOCOYOOPIOUOS ME TR XPON TOU XNUIKOU

avTidpacTnpiou GL13 o€ KUTTOPQ

H in situ uBpidotroinon otroteAei pia péBOdO TTOU MPOG ETITPETTEI VA
avixveuooupe €10IkA ouykekpipgéveg aAAnAouyieg RNA ( i DNA) o€ 10ToUG
KUTTOPA PMEOW TNG AAANAETTIOPAONG ME HOVOKAWVA HOPIO VOUKAEIKWY OGEWV
ME BAonN TNV apxn TNG CUPTTANPWHATIKOTATAG. 2TO TTEIPANATIKO TTPWTOKOAAO O
in situ UBPIBICKOG CUVOUAOTNKE UE EYPETO AVOTOPOOPIoHUS, XPNOIUOTIOIWVTAG
T0 avridpactipio GL13, pye o1déxo TN HEAETN Tou pdAou Tou miR34a oTO
KUTTapIkO povréAo HBEC Cdc6 Tet ON.

. ETwaon twv kuttdpwyv o€ didAupa 4% v/iv TTapa@oppaAdeidng yia 10 AeTTa
o€ BeppoKpacia dwPATIOU uE OTOXO TNV JOVIUOTTOINON TWV KUTTAPWYV TTOU gival
Non EMOTPWHEVA O€ YUAAIVEG KOAUTTTPIOEG.

. Atropdkpuvon diaAupartog kai TTAuon pe PBS yia 5 Aemitd o€ Bgpuokpaacia
dwpariou.

. Erwaon twv kuttdpwyv pe didAupa 0.3% v/v Triton X-100/PBS yia 5 AeTT1d 0€
Bepuokpacia dwuaTiou.

. MAvoeig pe didAupa PBS yia 5 AeTitd o€ Beppokpaaia dwuariou.

. AdpavoTtroinon evdoyevoug utrepoeidaong pe didAupa 3% v/v H2O2/ dH20 yia
5 AeTtTd 0€ Bgppokpacia dwuaATiou 0€ OKOTADI.

. Atropdakpuvon Tou diaAUupaTog Kal 2 TTAUoEIg pe didAupa PBS yia 5 Aetrtd o€
Bepuokpacia dwuaTiou.

. Mpoetoipacia delypdtwyv pe didAupa uBpIdOTTOINONG ATTOUCIO TOU QVIXVEUTH

(TTPOURPIBIoHAG).
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8. Emwaon pe 10 didGAupa uBpidoTtroinong (To OTToi0 TTEPIEXEI TOV KATAAANAO
avixveuTj) yia 1 wpa o€ katdAAnAn Oeppokpacia. EIBIKOTEPA, yia Tov
evromono Tou miR34a, n 1davikr) Bepuokpacia uBpidoTroinong sival Tm=58°C.

9. TAUoeig pe didAupa Saline-Sodium Citrate (SSC, 3M sodium chloride and
300 mM trisodium citrate) amé 1o kit miRCURY® LNA® miRNA ISH (Qiagen).

10.MAUo¢€Ig pe didhupa PBS yia 5 AeTitd o€ Beppokpacia dwpuartiou.

11.Emrwaon pe didAupa TTou TTEPIEXEI HOKPOPOPIa HEYAAOU poplakoUu BApoug yia
KGAuywn pn €1dikwv B€ocewv oe kKABe dciyua, yia 15 Aetrtd oe Bepuokpaoia
dwpariou.

12.ETwaon pe avriowpa €vavti tou DIG (digoxigenin) kal oufeuyuévo JE
uttepogelddon oe apaiwon 1:400 oe diIGAupa PBS 1x yia 30 Aemrtd o€
Bepuokpacia dwuaTiou.

13.MAUo¢€Ig pe diaAupa PBS yia 5 AeTitd o€ Beppokpacia dwuariou.

14.Erwaon pe 10 didAupa TSA-FITS (Tyramide Signal Amplification-green
fluorophore) TM Fluorescein System (Perkin ElImer, NEL741BO01KT/NEL), 1o
OTTOI0 OUVOEETAI UE TNV UTTEPOLEIDACN, YIa 10 AeTTTA 0€ BeppoKkpaaia dwaTiou.
ATtToQuyr €kBe0ong O€ PWG.

15.MAUo¢€Ig pe diaAupa PBS yia 3 AeTiTd o€ Bepuokpacia dwpuatiou (4 QopEg).

16.ETTwaon pe didhupa 1% v/iv BSA kai 1:20 opou oe PBS yia 30 Aemrtad o€
Bepuokpacia dwuaTiou.

17.MAUo¢€Ig pe diahupa PBS yia 3 Aetitd o€ Beppokpacia dwpuatiou

18.Emmwaon pe 50% viv aiBavoAn yia 5 Aertd o€ Beppokpacia dwaTiou.

ATtToQuyr €kBeong O€ PWG.
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19.EmTwaon pe 70% viv aiBavoAn yia 5 AeTrtd o€ Beppokpacia dwaTiou.
ATtToQuyrn €kBe0onG O€ PWG.

20.Emrwaon pe 1o avnidpaoTtripio GL13 yia 10 Aetrta o€ 37°C.

21.1MA0on pe 50% v/iv a1IBavoAn yia 1 AeTTTo o€ Beppokpacia dwpaTtiou. ATTopuyn
€KBeONG O€ PWG.

22.ETTwaon Pe TTPWTOYEVEG avTiowpa €vavTtl TG BloTivng yia 60 AeTTTd oTOoUug
37°C.

23.T1IAN0o¢Ig pe didAupa PBS yia 3 AeTtTd o€ Bepuokpacia dwuartiou (4 QopEg).

24 Emmwaon pe deutepoyevéG avtiowpa goat anti-mouse Alexa Fluor (532) og
apaiwon 1:200 o€ didAupa PBS yia 60 AeTTd o€ Ogppokpacia dwuaTiou.

25.T1N0o¢Ig pe didAupa PBS yia 3 AeTtTd o€ Bepuokpacia dwuartiou (4 QopEg).

26. KdAuwn Twv KAAUTITPIdWYV PE €IBIKO PETO KAAUWNG yia @Bopiopud: Slow Fade
Gold antifade with DAPI (Thermo Fisher Scientific).

27.TapatApnon o€ HIKPOoKOTTIo PBopiopou Axiolab fluorescence microscope Tng

eTaipeiag Zeiss.

2.5 Kuttapopuetpia poAg Ye Tn XpHnon Tou Xnuikou avtidpaoTtnpiou GL13

Kuttapopetpia porig ovoudletal n O1adIkacia KATAPETPNONG KUTTAPWY, KABWG

dlehauvouv atrd akTiva AEICEP. XTOXOG €ival N KATAPETPNON TWV KUTTAPWYV TTOU

UTTOKEIVTAI OTO QAIVOUEVO TNG yripavong. H KutTapikr) ogipd TTou XpnoldoTToinenke

gival Saos p21WAFCP1 Tet-ON oe apiBud 108 kUTTOPA TrEPiTTOU, OTTOU £XEI ViVEl

TTPOKANON TNG ynpavong MEOW TNG EVEPYOTTOINONG TNG £KPPAONG TOU Yovidiou

p21WAFTCPT  yia 3 nuépeg (Galanos et al, 2016). Q¢ apvnTIKOG HAPTUPAC

XpPNoIJoTToINenkav KUTTapa oTa oTroia Ogv €XEl TTPOKANBEl  eTTaywyr] TTPWIKNG

ynpavong.
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. Ta kOTTOPa BpuyivotTolouvTal Kol cUAAéyovTal o€ falcon.

. ®uyokevtpouvTal ota 232g yia 5 AeTtTd, 10 i(nua €TavadioAUTOTTIOIEITAI O€
O1dAupa PBS kal TTpayuaToTIoIEiTAl UYOKEVTPNON OTIG iDIEG OTPOYES yia 5
AeTTT@.

. MovipoTtroinon Twv KutTdpwyv pe didAupa 4% PFA yia 20 AeTiTd o€ Bepuokpaaia
dwypariou kai TTPooBrkn diaAuparog PBS.

. ®uyokévtpnon oTta 232¢g yia 5 AeTITA Kal aQaipeon UTTEPKEIUEVOU.

. ETTwaon pe didhupa 0.1% v/v Triton X/PBS 1x yia 15 AeTrTd o€ Bepuokpaaia
dwpuariou.

. Mpoobnkn diaAupatog PBS, guyokévipnon otig 1500rpm yia 5 Aemrtd kai
AQAipEDN UTTEPKEIUEVOU.

. MAUon pe didAupa ailBavoAng 50% yia 5 AeTiTd oe Bepuokpacia dwpariou,
QPUYOKEVTPNON OoTa 232g yIa 5 AETTTA KOl AQaipecn UTTEPKEIUEVOU.

. MAUoN pe didAupa a1iBavoAng 70% yia 5 AeTiTa o€ Beppokpacia dwuaTiou.

. Mpoobnkn Ttou avmdpaoTtnpiou GL13 apaiwpévo oe 50% aiBavoAng kai
emwaon yia 8 Aemtd ortoug 37°C umtd avadeuon. Ze autd TO BAMA

XPNOIJOTIOIEITal hia ouplyya Kal KATAAANAO @iATpo ( pueyéBog @iATpou 13mm ,

MepBpavn 0.22um).

10.TMAUoN pe didAupa ailBavoAng 50% vyia 5 Aemrtd oe Beppokpacia dwpariou,

QPUYOKEVTPNON OoTa 232g yIa 5 AETTTA KOl AQaipecn UTTEPKEIUEVOU.

11.EmavaAnyn tou BApatog 10.

12.MMpocbrkn diaAupatog PBS, @uyokévipnon ota 2329 yia 5 ATITA Kal apaipeon

UTTEPKEIYEVOU.

13.EmTwaon Tou ICAPATOG PE TTPWTOYEVEG avTiowpa Evavti TnG BloTtivng (Abcam)
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yia 60 Aetrta oToug 37°C utré avadeuon, o€ apaiwon 1/300 oe PBS 1x

14.TTAUoN pe dioAupa PBS, guyokévipnon ota 232g yia S5 AETITA Kal a@aipeon
UTTEPKEIPJEVOU.

15.ETTwaon tou ICANOTOG YE DEUTEPOYEVEG avTiowua yia 25 AeTTTd o€ TTAYO, O€
apaiwon 1/100 ot PBS.

16.TMAUON pe diaAupa PBS, @uyokévipnon ota 232g yia 5 AeTTTd Kal apaipeon
UTTEPKEIPJEVOU.

17.EmmavadidAuon e didAupa PBS.

18.Ta dciypata goptwvovtal oto unxavnua FACS Calibur, Becton Dickinson.

19.H kaTtapéTpnon kail n avaAuon yivovtal ye 1o TTpoypapua Motif Software.

2.6 Atmoudévwon kalr avixveuon TtnG AITTOQOuCKivnG peE T MEBODO TNG

XNUEIOPWTAUYEIAS Kal TN Xprion Tou avTidpacTnpiou GL13

Me Bdon Tnv €€aipeTikn €¢e1dikeuon Tou avridpacTtnpiou GL13, oxedidoaue éva
YPYOpPO, TTOAU €CEIDIKEUPEVO Kal AKPIBEG TTPWTOKOAAO yia TNV ATTOMOVWOTN, TNV
QViXVEUOT Kal TN METPNON TWV ETTITTEOWYV TNG BIAAUTAG AITTOPOUOKIVNG O€ UTTEPKEINEVO
OIdAupa KUTTAPIKAG KOAMEPYEIAG, OCWMATIKA Uypd, KaBWG Kal OPOYEVOTIOINUATA
KUTTAPWV Kal 10Twv. H TexvIKA auth €xel OxedIAoTEl XPNOIMOTIOIWVTAG TNV
TpoTtroTroINuéVN PEBODO ekXUAIoNG Folch, woTe va atropovwBei n AImrogoucokivn Kai va

MEAETNOEI TO PaIvOpeEVO TNG KUTTAPIKAG yripavong o€ BloAoyikd uypd/ deiypara.

Mé£6odog
1) Metagopd 500yl deiypaTtog o Eppendorf.
2) duyokévrpnon otoug 4°C ota 232g yia 10 AeTrTd.
3) MeTtagopad utrepkeipévou o€ Eppendorf kal atréppiyn 1CHPATOG.

4) duyokévtpnon atoug 4°C ota 37009 yia 10 AeTITa.
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5) ATTOpPIYn UTTEPKEIPEVOU.

6) MpooBrkn aTo iCnua yia dIOXWPICHO PACEWV:

a) 50ul peBavoAn — utrepkeipevn udATIKR GAON
B) 100ul XAWPOPOPMIO — UTTOKEIPEVN OPYAVIKY) PACT TTOU TTEPIEXEI TO OUVOAO
TwV AImIdiwV Tou deiyuaTog
y) 30ul NaCl 0.9% oe ddH20

7) Emmwaon utté avadeuon yia 15 AeTrtd o€ Beppokpacia dwuatiou.

8) ®duyokévipnon otoug 4°C ata 37009 yia 10 AeTrTd.

9) Amropdkpuvon UTTEPKEINEVNG UBATIKAG PACNG.

10) MeTagopd UTTOKEINEVNG OpYaVIKAG @aong o€ Eppendorf.

11) MNMpocbnkn oe péon @daon diaAuparog Proteinase K 10mg/ml (REF 740506
Macherey-Nagel).

12) ETrwaon yia 1 Aetrtd o€ udatOAOUTPO UE UTTEPHXOUG.

13) ETrwaon og udatdéhouTtpo atoug 37°C yia 30 AeTTTd.

14) duyokévrpnon otoug 4°C ota 37009 yia 10 AeTTd.

15) ATTONAKPUVOTN UTTEPKEIPEVOU.

16) MNMpocbrkn oTo i¢nua:

a) 50ul peBavoAn — utrepkeipgevn udATIKI GAOT).
B) 100ul XAWPOPOPMIO — UTTOKEIPEVN OPYAVIKY) PACT TTOU TTEPIEXEI TO OUVOAO
TwV AImIdiwv Tou deiyuaTog.
y) 30ul NaCl 0.9% og ddH20.
17) KaAr avAapeign Twv Aaoewv e vortex.

18) Erwaon yia 1 Aetrtd o€ udatOAOUTPO UE UTTEPHXOUG.
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19) Erwaon utrd avadeuon yia 15 AeTTTd o€ Bepuokpaacia dwuaTtiou.

20) duyokévipnaon otoug 4°C ata 37009 yia 10 AeTrTd.

21) ATTOPAKPUVON UTTEPKEINEVNG UDATIKAG PAONG.

22) Metagopd uttokeigevng opyavikig @aong oto Eppendorf armé 1o otddio 10
(avAMEIEN TWV UTTOKEIMEVWV OPYAVIKWY QATEWV).

23) OAOVUKTIO ETTWOCN OPYAVIKWY QACEWV PE avoixTd Eppendorf o€ atraywyo,
yla €GATUION TNG OPYAVIKAG @AONG Kal Afyn oTePeoU 1ICANATOG AITTIdiwV.

24) AvadiaAuon Tou 1I¢iuatog Aimdiwv og 200ul ETOH 50% o€ TBS.

25) Emwaon yia 1 Aetrtd o€ udaTtOAOUTPO UE UTTEPHXOUG.

26) MpooBnkn 7,5ul avnidpaoTtnpiou GL13 kar avadeuon.

27) ETwaon delyudTwy Kal apvnTIKoU paptupa eAéyxou utrtd avadeuon yia 8
AETITA 0€ Beppokpaacia dwaTiou.

28) duyokévipnaon otoug 4°C ata 74009 yia 10 AeTrTd.

29) ATTONAKPUVOTN UTTEPKEIPEVOU.

30) MAUon pe 500l diaAUuparog ailBavoAng 50% viv kal avadeuon WE
MTETAPIONA.

31) duyokévipnan otoug 4°C ata 74009 yia 10 AeTrTd.

32) EmravaAnyn twv Bnudtwyv 30 kai 31.

33) Atropdkpuvon UTTEPKEINEVOU Kal eTTavadidAuon 1ICAUNATOG AITTOQOUCKIVNG O€
100ul dioAupaTog TBS.

34) MNapaokeur) TTPWTOYEVOUG QVTICWHATOG £vavTl TNG PBIOTivng, TO OTTOIO €ival
ouCeuypévo pe HRP (Cell Signaling), oe apaiwon 1: 1.000 oe 0,5% Tween

20/TBS 1x.
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35) MpooBrikn 100ul TTpWTOYEVOUG AVTIOCWHATOG OTA OEiYUATA KAl ETTWACT UTTO
avadeuaon yia 2 WPeG o€ Bepuokpacia dwuariou.

36) duyokévipnan otoug 4°C ata 74009 yia 10 AeTTTd.

37) MAGon pe SidAupa TBS kai guyokévipnon otoug 4°C ota 7400g yia 10
AeTTT@.

38) Atroudkpuvon TOU  UTTEPKEIMEVOU  Kal  avadidAuon  Tou  ICUATOG
Airroogouaokivng o€ 90ul diaAupartog 0,5% Tween 20/TBS.

39) Metagpopad kaBe deiypatog o€ TRyad! TITA0dATNONG.

40) Avapeign iowv OyKwv UTTOOTPWHATOS XNMEIopwTauyelag Lumiglo Reagent A
kal B (Cell Signaling) ka1 rpooBrikn 10l Tou diaAupatog o€ KABe TTNyadI
41) Agpou 1repaoel 1 AETTTO, NETPAME TO QWG TTOU EKTTEUTTETAI, XPNOILMOTTOIWVTAG

10 TTPOYypaupa Fluorchem kai Tnv CCD kdauepa tng Alphalnnotech, software

V1.3.0.7. (Eikéva 2.1)
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Eikéva 2.1: IXnupaTIK poNR €Pyaciag TNG OITOMOVWONG KOl aViXVEUONG TNG

AITTOQOUOKIVNG XPNOIMOTTOIWVTAS SIaQOPETIKA BloAoyikd deiypara. To didypappa
aTTeIkoviel Ta Pacika BAuATA TOU TTPWTOKOAAOU, OTTWG TTEPIYPAPETAI OTNV TTEIPAUATIKN
diadikaoia. H Airro@ouokivn €ival atmmopovwpévn atmd OPOYEVOTTOINUEVO AvOPWTTIVO 10TO
ATTATOG, a1Td AvOPWTTIVO 0OPO QiPATOG Kal OTTO UTTEPKEIMEVO KUTTAPWY XPNOIUOTTOIWVTAG
XAWPOPOpUIo — PEBavOAn, emwdadlovTag pe 10 mg/ml mpwreivaong K kal guyokevTpwvTtag. H
AiTTooucokivn SIaAUETal OTNV Opyavik @acn, n otoia efaTuifetal kol Cuyietal. To
aKATEPYOOTO EKXUAIOHA TNG AITTogouakivng diaAueTal o€ didAupa 1% v/v Tween 20/TBS. Metd
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atrod QUYOKEVTPNON, ATTOUAKPUVETAl TO UTTEPKEIMEVO. H ANiTTopouokivn etravadioAUsTal o€
EtOH 50% ka1 TrpooTiBetanl 1o avmidpactipio GL13. To avridpacTtplo deCUEUETAI PE TN
ANITTOQOUCKivVN KAl TO avTiocwua £vavTi TNG BIOTIVNG-OUleUyUEVO PE UTTEPOEEIOAOTN OUVOEETAI UE
TNV Biotivn Tou avmidpaoTtnpiou GL13. H utepogeiddon avmidpd Katd Tnv TTPOCHNKN TOU
uttooTpwpaTog (H202) kal ektrépTeTal QWG. H ouykévipwon AITTo@oucokivng o€ KaBe deiyua

gival ypauuIka avaioyn e TNV EVTaoT TOU QuTOG.

2.7 2xeSLO0UOC KAUTUANG Babpovounong

Na Tov TTPoadIoPICPO TNG TTEPIEKTIKOTNTAG TOU CUCCWHATWHATOG TNG AITTOPOUOKIVNG
TWV AVOAUBEVTWV BEIYPATWY, HPETPATAI N QWTEIVOTNTA Kal N €viaon TOU OruaTog
TAIPIACEI PE TIG QVTIOTOIXEG TIMEG MIOG KAWTTUANG BaBpovéunong. H kautruAn autn
dnuioupyndnke akoAouBwvtag éva TTapopolo TTPwWTOKoANo (MNapdypagog 2.6), ue
eCaipeon TNV AITTOQOUCKIVN TTOU €EAYETAl ATTO QPECKO AVOPWTTIVO NTTATIKO 10TO
NAIKIwPEVOU  aTépou. Evw ota dsiyyata Twv  VEAPWY  OTOPWYV, Ta ETTITTEd
NITTOQOUOKiVNG NTaV XaUNAQ [ZXETIKEG povadeg Evraong ewTtog (RLU): 10-471], ot
auTtd TTou eAPONoav atmo nAIKIWPEVA ATOUA, TTAPATNPEACAUE augnon Katd 7,6 popEg
otn pétpnon (RLU: 486-3,252). Autd Ta eupripata OV TTapEXOUV JOVO HIa EVOEIEN TWV
Baoikwyv eMITTEdWY TNG ANITTOPOUCKIVNG OTOUG avOPWTTOUG (VEAPA TTEPIOTATIKA) KaI TNG
KATAVOMNG TNG 0€ NAIKIWPEVA ATOoUA, AAAG €TTIONG ETTIRERAIWVEI OAPWS TN YPAUMIKN
OUOXETION PETAGU TNG ANITTOQOUOKIVNG Kal TNG NAIKIAG, UTTOONAWVOVTAG TTEPAITEPW TOV

UTTOTIBEPEVO POAO TNG WG PIOdEiKTN yia Tnv TrapakoAoubnon Tng dladikaoiag
ynpavong.
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Slope (+ SE?) 835.59 (+ 21.46)
= Intercept (+ SE?) -1,149.06 (+ 79.33)
l Correlation coefficient (R) 0.998
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Crude lipofuscin content (mg mI™)

Eikova 2.2 : (a) Zxnuatiki mepiAnyn tng di1adikaoiag 1Tou e@appOdeTal yia Tn
dnuioupyia piag KapUuAng Badpovounong. H kautruAn Babuovounong KataokeudadeTal
aKOAOUBWVTOG Ta BAMATA YIQ TNV ATTOMOVWON TG AITTOQOUCKIVNG, OTTWG TTEPIYPAPETAI OTHV
meipapaTikn diadikacia (Mapdaypagog 2.6). O YETPATEIS KATAyPAPOVTAl OE UTTOAOYIOTIKO
@UA\O Excel kai Trpayparotroigital avaAuon ypappikig mTaAivopounong. O Tpoadiopiopog
TWV UTTOAOYICOPEVWV TIHWV UTTOPET va uTToonOnBEi XpnoIUoTToIWVTAG TO TIPOOBETO avAaAuong
oedopévwy Tou Microsoft Excel kai epapuolovtag pn autopareg Asitoupyieg. (b) H kaptriAn
BaBuovounong yia Tov TTPoadIopICHO TNG TTEPIEKTIKOTNTAG O AKATEPYAOTN AITTOPOUCKIVN o€
OciypaTa 10ToU ATTATOG YAl JE OXETIKEG TTAPAPETPOUG Kal PETPAOEIC. H avaAuon ypauuIKAG
TTaAIvOpOUNONG £XEl TTPAYUATOTTOINBET XWPIG OUVTEAEOTEG OTABUIONG, evw TO onpueio 0,0 dev
OUUTTEPIARPONKE OUTE N KAPTTUAN ££aVAYKAOTNKE HETW QUTAG KATA TNV TOTToB£TNONG (MTTAPES
O@AAuaTOG, N =3).

2.8 Antelkovion Aumopouokivng Ue Tn xprion NAEKTPOVIKOU LLKPOOKOTILOU

lMNa va eTaAnBeuTeEl OTI TO EKXUAMIOPEVO UAIKO TTOU OTTOPOVWVETAI PE TNV O1adIKacia n
ommoia  Tepiypdetal oty lapdypago 2.6  TreEPIEXEl  AITTOQOUOKIVN,
TTPAyMATOTTOINBNKAV TEpAITEPW  TTEIpduaTa  eAéyxou. Ta Treipduara  autd
TTeEpIEAGUBavav TTPOETOINATIa KAl BAPN EKXUAIOUATOG yIa TTAPATHPNON ME NAEKTPOVIKO
MikpookOTTio diEAeuong (Eikova 2.3).
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Mé£6odog
lMNa tnv TTOPATAPNON TOU EKYXUAIOPOTOG ME NAEKTPOVIKO HIKPOOKOTTIO OdIEAEUONG

TTPAYMATOTTOINONKE XPWON OTNV ATTOUOVWHEVN AITTogouoKivn atrd 10 BAua 23 Tng

TTEIPANATIKAG dladiakaciag TTou Treplypd@etal otnv Mapdaypago 2.6. Ta BrAuara eivai

TO aKOAouba:

MpooBrkn diaAupatog ETOH 50% (20ul) kar eTravadidAuon.

TotmoBeTnon MIKpoUu oykou Oeiypatog (otaydveg) 5-10ul madvw o€ QUAAO
Parafilm péoa o€ €va TpupAio Petri.

Mavw o€ kGBe oTaydva deiyparog TotrobeTeiTal Eva TTAEyua Cu NAEKTPOVIKOU
MIKPOOKOTTIOU WE ETTIOTPWON Qopuap / avBpaka Kal akoAouBei eTTwaon yia 5
AeTrTd o€ Beppokpacia dwUATIOU, WOTE va Yivel atToppdPnon Tou dEiYUATOG.
A@aipeon Tou emTTAéovV  deiyyatog aTmO  KABE TTAEYHA  NAEKTPOVIKOU
MIKPOOKOTTIOU €QAPUOLOVTAG TTPOOEKTIKA TO OXIOMEVO GKPO TOU XAPTIOU
@iATpou Whatman oTnv akpn Tou TTAEYPATOG.

Ta mAéypaTa ToTToBeTOUVTAI OE QIATPApPIONEVEG OTayoveg (20-30 pl) ogikou
oupavuliou 7% (udaTtikd didAupa) oe €éva @UANo Parafilm Ttou eival
ToTTO0eTNUEVO Péoa o€ éva TpuPBAio Petri, woTe va mrpooTatevlovTal ATro TIG
OKOVEG Tou TTEPIBAAAOVTOG. Bagn] yia 25 AeTrTd o€ Beppokpaaia dwuaTtiou 0To
OKOTAO!.

Ta TAéypaTa TTAEVOVTAI PE TPEXOUMEVO OTTOOTAYUEVO VEPO KAl OTEYVWVOVTAI
o€ dINOBNTIKG XapTi.

Ta mAéypara petagEpovtal o€ QIATpapiopéveg otayoveg (20-30 ul) 0,4%
KITPIKOU MOAUBOOU (udaTiké OldAupa) oe €va @UAAo Parafilm TToUu €ival
ToTTo0ETNUEVO Péoa o€ Eva TpuBAio Petri. Nopw atmd 10 @UAAO Parafiim oTo
TpuPAio Petri TotroBsTouvtal TaptAéTeg NaOH i otayovidia diaAuparog NaOH
10 N yia va dnuioupynBei aAkaAikr) atudéo@aipa, TTou Ba TTapeUTTOdIcEl TN
onuioupyia 1ICnuatwv PbCO3. KdBe mAEypa xpwuartifetal yia 3 AeTTTd O€
Bepuokpacia dwuariou.

["priyopeg TTAUOEIG ( TTEPITTOU 2S) TwV TTAeYUATWYV pE didAupa NaOH 0,02 N kai
OTnN CUVEXEIA TTAUCT JE TPEXOUNEVO QATTOOTAYUEVO VEPO.

Ta TAEyuaTa oTeyvwvovTal o€ dINONTIKG XapTi Kal atroBnKeuovTal 0€ £va KOUTi
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PUAAENG TTAEYMATWV.

e [lapatnpAon Twv JEIYHATWY PE NAEKTPOVIKO PIKPOOKOTTIO DIEAEUONG.

Absorption of lipofus-
Resuspension of ¢cin on formvar/carbon Removal of the

lipofuscin extract coated grid excess liquid

Lipofuscin extract in 50% EtOH sample

from human liver
or blood serum

O - L -

Lm ot

Uranyl acetate (UA) and lead citrate (LC) staining

Drying

|

Transmission electron microscope

Eikova 2.3: AlaypappaTtikip avatrapdoTaon Tng diadikaoiag rou akoAouBRlnke yia Tnv
TTAPACKEUR KAl TNV TrApATAPNON €EKXUAIOMOATOG AITTOQPOUOKIVNG HE NAEKTPOVIKO
MIKpookOTio BiéAeuong. H tTapackeur) kai BeTIK Xpwaon Tou OeiyuaTog AITTOQPOUCKivng
TpaydaTtotroiidnke o€ TAéyua Cu pe emioTpwon formvar/avBpaka. To TTAéyha PE TO
TTPoopoPnEVo deiypa AITTOPOUCKIVNG TTAPATNPERONKE PME NAEKTPOVIKO HIKPOOKOTTIO BIEAEUONG

TTou Agitoupyei ota 80 KV kai gival eEOTTAIONEVO hE Wwn@IoKA KAPEPQ.

2.9 Avtiowpata

Ta avTiowuarta Kal Ol avTiIOTOIXEG APAIWOEIG TTOU £X0UV XPNOIKOTTOINBE €ival o1 €GAG:

MpwTtoyevy avriowpara: anti-biotin [Hyb8] (1:300, ab201341, Abcam), 53BP1
(1:250, ab21083, Abcam), yH2AX (Ser139) (1:1000, #05-636, Millipore), p53 (DO-7)
(1:100, sc-47698, Santa Cruz), p21WAF/Cir1 (F.5) (1/200, sc-6246, Santa Cruz), p16
(F-12) (1:100, sc-1661, Santa-Cruz), Ki-67 (SP6) (1:200, ab16667, Abcam).
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Agutepoyevr) avriowpara: anti-biotin HRP-linked (1:2000, #7075, Cell Signaling),
goat anti-rabbit IgG-AP conjugated (1:800, #G-21079, Invitrogen), goat anti-
mouse IgG Alexa Fluor 488 (1:500, Invitrogen), goat anti-rabbit IgG Alexa Fluor
568 (1:500, Invitrogen), goat anti-mouse IgG Alexa Fluor 532 (1:200, Invitrogen)
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KEDAAAIO 3°

AMNOTEAEZMATA



3.1 In situ TEXVIKEG

3.1.1. MeA€tn tou dalVoUEVOU TNG YPOVONG O KUTTOPLKEG OELPEC LE TN XPrON ToU
XNULKOU avtbpaotnpiov GL13.

3.1.1.1 AvocodBoplopoc

MpayuaTotroinénke n uEBOdOG Tou avoooPOOPICUOU oTNV KUTTAPIKN ocipd U20S Cdt1
Tet-ON (avBpwTTIva KAPKIVIKG KUTTOPA OOTEOCOPKWHATOG). ZTa KUTTOPA QUTA EYIVE
ETTAywWYn TNG £KPpaong Tou yovidiou cdt1 yia 8 nuépeg. AlaTToTWONKE OTI T KUTTAPA
QUTA UTTOKEIVTAI O€ KUTTAPIKI YAPAVON KOl OXNUATICOUV XAPOKTNEIOTIKA KOKKia
Airroouokivng. MNMapdAAnAa peAeTiBnke 10 orjua auto@BopPIoPOU TNG NITTOPOUCKIVNG
O€ MNKOG KUpATog 485nm, yia va eAgyxei N IkavoTnTa Kal €10IKOTNTA TTPOCOECNG TOU
avTiIdPaCTNPIOU OTA CUCCWHOTWHATA AITTOQOUCKivNG. To orfjua Tou auto®BopIicuou
ATav apvntikd, evdeikvuovTag Ot To avTidpaoTApio GL13 deopeveTal €I0IKA PE TN
NITTOQOUOKiV KAAUTITOVTOG TRV IKavOTnTa autogBopiopou Tng (Eikéva 3.1). Qg
apvnTIKOG HAPTUPAG TOU TTEIPAPATOG XPNOIMOTTOINONKE N idla KUTTAPIKNA OEIpd, XWPIg

TNV €TTAywyn Tou yovidiou (kuttapa OFF).

U20S-Cdtl Tet-ON (8days)
Lipofuscin/SBB-A-B (GFP) SBB-A-B (rodamine) DAPI Merged

Eikéva 3.1: AvdAuon avooo@Bopionou otnv KUTTAPIKA oelpd U20S Cdt1 Tet -ON, otnv

oTroia €&l yivel €Taywyn Tng KUTTAPIKAG YAPAVONG. ZTnNV TIPWTN €IKOVA QaiveTal TO
apvNTIKG Orua Tou auto@BopIouoU TNG AITTopouckivng oTa 485nm, Adyw €18IKnG d€apeuong
atré 1o avTidpaoTrpio GL13. Z1n d€UTepn €Ikdva T KOKKia TNG AITTOQOUCKIvNG gival eudIAKpITA
ME KOKKIVN @Bopilouca XPpWwOTIKA, EVW OTAV TPITN EIKOVA QAIVETAI O TTUPFVAG TOU KUTTAPOU HE
MTTAE XOapakTNPEIOTIKG XpWHA AOyw Tng xpwong DAPIL. TéAog n TETAPTN €IKOVA ATTOTEAEN

OUYXWVEUOT TWV TTPONYOUNEVWYV TPIWV EIKOVWV.
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3.1.1.2 AvoocokuTtapoxnueia

MNa va eAeyxBei n €1OIKOTNTA CUVOEONG TOU XNUIKOU avTtidpaoTtnpiou GL13 pe Tn

NITTOQOUOKIiVN XPNOIYOTIOINONKAV aVOPWTTIVEG KUTTAPIKEG OEIPEG OTIG OTTOIEG EXEI ViVEI

TTPOKANON TNG ynpavong META ammo emaywyn €kepaong yovidiou rn xpnon UV

OKTIVOBOAIAG. ZUYKEKPINEVA XPNOIMOTTOINBNKAV OI £EHG KUTTAPIKEG OEIPEG:

U20S Cdt1 Tet-ON: avBpwTriva KUTTOPO OOTEOCOPKWHATOG, OTA OTToid £XEI
yivel eTTaywyn NG ékgpaong Tou yovidiou Cat1 yia 8 nuéEpeg (TTpwiun yripavon).
U20S E2F1-ER: avBpwTTiva KUTTOPO OOTEOCAPKWHATOG, OTA OTToia £XEI YiVEl
ETTAYWYN TNG €KPpaong Tou yovidiou E2F1 yia 7 nuEpeg, XpNOIMOTTOIVTAG TV
XNUIKA oucia Tamoxifen (TTpwiun yrpavaon).

HBEC Cdc6 Tet-ON: avBpwTriva BpoyXIKa €TIONAIOKA KUTTAPA OTA OTTOIa €XEI
Yivel eTTaywyn TNG £k@paong Tou yovidiou Cdc6 yia 5 nuEPES (TTpwiun yripavon)
(Komseli et al., 2018).

DLFs: avBpwTriva KUTTapa-IVOBAGOTEG ATTOUOVWHEVA ATTO TIVEUUOVA, TA OTTOIA
éxouv ekteBei oe UVB aktivoBoAia (Trpwiuyn yipavon) i €xouv oAOKANPpWOEl
MEYAAO apiBud KUTTAPIKWY dIaIpECEwWV (avadITTAaCIaTIKY yhpavon).

Saos p21 Tet-ON kai Saos p53 Tet-ON: avBpwTiva KapKIVIKA KUTTAPO
OOTEOCOPKWHATOG, OTA OTTOIA TIPAYMATOTTOINONKE ETTAYWYI) TNG EKPPACNS TWV
yovidiwv p21WAFICibT ka1 p53 avtioTolxa yia 8 nuépeg (TTpwiun yrpavon)
(Galanos et al., 2016).

Q¢ apvnTikoi PJAPTUPEG XPNOIYOTTOINBNKAV Ol idIEG OEIPEG OTIG OTToiEG OEV
TTpaydaToTroINOnke emaywyr) yovidiou (omig U20S Cdt1 Tet-ON, U20S E2F1-
ER, HBEC Cdc6 Tet-ON, Saos p21 Tet-ON kai Saos p53 Tet-ON) rj xprion UV
akTIVOBOAiag (yia Tnv KutTapikr) oelpd DLFs) ) kal ammokaAouvTtal kuttapa OFF.
EidikdTepQ, yia Tnv KutTapIKA 0c1pd DLFs xpnoiyotroiénkav KUTTapa he hHIKPO
apIBud KUTTAPIKWY OIAIPETEWV. ['VWPICOUPE OTI JETA ATTO CUYKEKPIPEVO apIBUO
KUTTOPIKWY OIQIPECEWV TO MAKOG TWV TEAOUEPWYV @OiveEl AOYW MPEIWPEVNG
OpacTIKOTNTAG TNG TEAOPEPAONG KAl  TTPOKAAEITAI TO  QAIVOUEVO TNG
avadimAaoiaoTikig yhpavong (Hayflick, 1965). Me tnv Taparipnon Twv
OEIYUATWY O€ OTITIKO MIKPOOKOTTIO QaiveTal OTI N AITTOQOUCKivN gP@avilel dUo

75



OIAPOPETIKA POTIRA, €iTE WG CUCCWHATWHA OPAIPIKOU OXUATOG i d1IAXUTN OTO
KUTTOPOTTAaO A yUpw a1rd Tov TTupriva (Eikéva 3.2). EmimrAéov, OTTwg @aivetal
oTnV €IKOVa 3.2, 0€ OAEG TIG KUTTAPIKEG OEIPES TTAPATAPOUNE OTI TA KUTTAPA TTOU
XPNOIMOTTOIOUVTAl WG  OPVNTIKOI  PAPTUPEG Oev  gival  ynpacpéva, Oev
OUCOWPEUOUV NITTOPOUOCKIVN Kal €ival apvnTIKA yia TNV AvOOOIOTOXNUIKA

Xpwon Je 1o avridpaoThipio GL13.
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l U208 hCdtl Tet-ON (ON-Senescence) Human Bronchial Epithelial Cells (HBECs) Cde6 Tet-ON

Present: SBB-A-B-mediated i
Post: SBB HC-staining IHC DAB reaction Tet-OFF Tet-ON (Senescence)
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Eikova 3.2: Avixveuon TwWV ynpaoMEVWV KUTTAPWY OFf KUTTOPIKEG OEIPEG,
xpnoipgotroiwvtag 1o avridpaotipio GL13. O1 KUTTOPIKEG OEIPEG TTOU XPNOIUOTTOINONKav
givar: U20S Cdt1 Tet-ON kar Tet-OFF, HBEC Cdc6 Tet-ON kai Tet-OFF, DLFs, Saos p21
Tet-ON kai Tet-OFF, kaBwg kai Saos p53 Tet-ON kai Tet-OFF. Z1a Tet-OFF kUtTapa dev €xel
Yivel ETTaywyn €KQpaong Tou avtioTolXou yovidiou. Mg Tnv TEXVIKA TNG avoCOKUTTAPOXNMEIOG
n ouvdeon Tou avrmidpacTtnpiou  GL13-Aimmrog@oucokivng  omrTikotroindnke  divovtag
KUTTAPOTTAQOMATIKO Ka®E XpwHa. O1 TTUPHVESG TwV KUTTAPWY €XOUV TO XOPAKTNPIOTIKO UTTAE

XPWHA Adyw Xpwaong YE aluatofuAivn.
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3.1.1.3 AvoooioToxnHLK LEAETN TOU GALVOLEVOU TNC YNPAVONC

Me tn péBOdO TNG avoooioToXNMEiag eAEyxOnke n euaioBnoia kail n €10IKOTNTA TOU

avtidpaoTnpiou GL13 va evrotriel T ANITTOQOUOKIVN, KOl ETTOUEVWG TA YNPAOUEVA

KUTTOPA, O avBpwTiva Ociyyara 10Twyv, KaBWG Kal Ot 10TOUG atrd  TTOVTIKI.

XpnoiyoTroIntnkav Ta TTapakaTw deiypara:

ZwiKG POVTEAO HE EEVOUOOXEUPO AVOPWTTIVWY  KAPKIVIKWY  KUTTAPWV
MEAQVWMOTOG, OTO OTI0I0  Xopnynoinke To XNMUEIOBEPATTEUTIKO (PAPUAKO
Palbociclib. To ouykekpigévo @QAPPOKO ATTOTEAEI AVOOTOAEA TWV KUKAIVO-
eCaptopevwy kivacwv CDK4/6 (Llanos et al., 2019). AlamoTwOnKe TTWG
UTTAPXOUV YNPaodEéva JEAAVOKUTTAPA HECQ OTO GEVOUOOXEUMA.

lo1ég TIVeUpova atrd CWIKO JOVTEAO OTO OTTOI0 €XEl Yivel Xopriynon Tou
avTIBioTiIkou Bleomycin 1Tou dpa wg AVTIKAPKIVIKOG TTAPAYOVTAG AVAOTEAAOVTOG
TN ouvBeon tou DNA (Mufoz-Espin et al., 2018). Me 1n xopriynon Tou
PAPPAKOU TTAPATNPABONKE ivwon Kal augnon TwV YNPOOUEVWY KUTTAPWY O€
ox€on JE ToV apvnTIKG PAapTupa.

lo16g¢ TTVEUPOVA aTTO CWIKO POVTEAO OTTOU EXEl YiVEl ETTAYWYN TOTTIKA TOU
oykoyovidiou K-rasV12 (Collado et al., 2005). lNMapatnprBnke aug¢non Twv
YNPACHEVWY KUTTAPWY O€ OXEON PE TOV apvNTIKO JApTUPQ.

AvBpwTTivn Bloyia paoTtou, YeTA atrd akTivoBepatreia. MeTd Tn xpwaon PE TO
avTidpaoTiplo GL13 evroTtrioTnKav ynpaouEvol IVOBAACTEG OTOV GUVOETIKO 1I0TO
TOU O€iyuaTog.

AvBpwTrivn Bloyia Adpuyya, YeTd atmd akTivoBepartreia. MeTd tn xpwon JE TO
avTidpaoTtiplio GL13, 10 @aivouevo TG yrpavong Traparnernénke oe KUTTapa
TOU €1TIONAIOU KQI TOU GUVOETIKOU 10TOU.

AvBpwTrivn Bloyia peAavwPaTOG OEPUATOG. 2TO  OUYKEKPIYEVO  deiyua
EVTOTTIOTNKAV YNPAoPEVA KUTTAPA OTNV TTEPIOXN TOU OUYYEVR OTTiIAOU, evw Ogv

TTaparnpnenkav Katd urkog tng emoeppidag (Eikdva 3.3).
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Palbociclib-induced tumor (melanoma) senescence mouse model

Irradiated human breast tissue
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Eikova 3.3: Avixveuon Twv ynpaoHéVWY KUTTAPWYV O€E 1I0TOUG, XPNOIMOTTOIWVTAS TO
avTidpaoTthpio GL13 pe avoooioToXnMIKA TEXVIKA. Q¢ deiypata €xouv XpnoihoTroindei
avBpwTmiveg Blowieg kal (wika povTtéAa. H avtidpaon atrd Tov uBpIdIKO 1I0TO- / avOCOXNUIKO

TPOCBIOPIOUO  TTApryaye €va  EUKPIVEG Ka@E adIGAUTO TTPOoidv TTou Bupilel TUTTIKEG

QvVOOOIOTOXNUIKEG avTIOPACEIG HE BACN AVTIOWMPOTA. ZTIG EIKOVEG QAIVOVTAI PE £VTOVN KOQE
KUTTOPOTTAQCUATIKA XPWOT Ta KOKKIa TNG AITToQouoKivng. H avixveuon Tou CAPOTOG UTTOPEI
va yivel eUKoAa kai ue akpiBeia yiati 1o avnidpaotipio GL13 givalr cufeuypévo e éva PopIo

BioTivng. Ta KUTTAPIKG CUCTHMATA KAl TA OEIYUATA IOTWV TTOU XPNOIKMOTTOINBNKAV WG apvnTIKOi




MAPTUPES (QUOIOAOYIKG A VEOTTAAOUATIKA), ATTOUCia yNPAOHUEVWY KUTTAPWY, ATAV EVTEAWG

apvnTika otn diadikaaia TNG Xpwaong, emaAnBelovtag Tnv €10IKOTNTA TNG HEBGDOU.

3.1.1.4 AutAf) avoooioTOXN LKA XPWoN XPNOLUOTIOLWVTOC To avtldpaotrplo GL13

Ma Tov eviomopd Tautdxpova TNG £K@pacng Twv Tapaydviwv pl1eNK4A ka)
p21WAF1CiP1 e 70 avTidpaoTtrpio GL13 mpayuatotroiiOnke SITTA] avOOOiCTOXNMIKN
Xpwaon oTI¢ KUTTapIkEG oelpéc DLFs kal Saos p21WAFTCiPt Tet-ON. Z1a KUTTAPA TNG
oeipdg DLF n  emaywyl TG  KUTTAPIKNAG  yApavong  TTPAYMOTOTTOINONKE
xpnoigotroiwvrtag UVB  akTivoBoAia.  AvrioToixa OTnv  KUTTAPIKA O€Ipd  Saos
p21WAFTCiPT Tet-ON emTUYXAVETQI PE TNV E€TTAYWYN TNG £KPPAONS Tou Yyovidiou
p21WAFCip1 yia 48 wpeg. ZTa KUTTAPA TIOPATNPABNKE GUVEVTOTTIOUOS TWV
TTaPayOVTWY p16INK4A - p2WAFRI/CIPT wai Tng Aimogouakivng. EiBikoTepa, o€ KUTTApA
apvNnTIKA yIOd TOUG OUYKEKPIMEVOUG TTOPAyovTeEG Oev  gu@aviovTial  KOKKia
NITTOQOUOKiVNG OTO KUTTAPOTTAaoua (Eikéva 3.4.1).

Human diploid lung fibroblasts (DLFs) Saos2 p2IWAFIOR! Te-ON

Irradiated (Senescence) 48h (Senescence)

pl 6 VKA

p2IWA (+)/SBB-A-B(+)

INK4A WAF1/Cip1
6 1

, p2 ko Ki-

67 o€ KUTTAPIKEG O€IpEG. [N TNV CuyKekpIpévn TTeipapaTikh diadikaaia xpnolyotroinénkav

Eikova 3.4.1: EvTomiopog TG éK@paong Twv Tapayoviwy p1

1WAF1/Cip1

ol KuTTapikéG oeipég DLFs kai Saos p2 Tet-ON. Ztov TTUpriva TWV KUTTAPWVY

6INK4A

EVTOTTICETAI N £KPPACT TWV TTAPAYOVTWY p1 kol p21WAFYCP! (kapé xpwpa), eV oTo

KUTTaPOTTAQO A TO KOKKia TNG AITTOQOUOKIVNG OTA ynpaouéva KUTTapa (MW Xpwua). To BEAOG
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ME AEUKO xpwpa OtiXVel TO KOKKIO TNG AITTOPOUOKIVNG, EVW TO KIiTPIVO TNV €KPPACH TwV

TTOPAYOVTWY OTOV TTUPKVA.

MapdAAnAa, n Tautdxpovn EKQPPACT TWV TTPWTEIVWV p16!NK4A p2 A WAFI/CipT ki Ki-67 pe
TO QvTIOPACTHPIO GL13 peAemnBnke o€ Ociypara 1otwv. O1 10TOi TTOU
xpnoigotroinenkav givar rvelpgovag atrd (wikd POVTEAO OTTOU €xEl Yivel ETTaywyn
TOTTIKA Tou oykoyovidiou K-rasV12, avBpwtivn Bloyia pactou (UETG Ao
QKTIVOBEPATTEIQ) KAl TTVEUUOVAG ATTO (WIKO JOVTEAO OTO OTTOIO €XEI YiVEI XOPrynon TOU
avTipiotikou Bleomycin.  AiamoTwOnke OUVEVTOTIIONOG TNG EKQpaong Twv
TTOPAYOVTWY p16/NKAA n2WAFTCiP ka1 Tng AITTo@ouaKivng, v oTa KUTTOPA TA OTToial
givar BeTika yia Tov Trapdyovta Ki-67 Ogv UTTAPYXOUV KOKKiO AITTOQOUOCKIVNG OTO

KuTTapotTAaopua (Eikova 3.4.2).

K-ras""”-induced mouse lung adenoma Irradiated human breast tissue Bleomycin-induced lung fibrosis mouse model

o AN
..»*“'f e

SBB-A-B(-)

AT it

6INK4A

1WAF1ICip1

, p2 ko Ki-

67 og deiypara 10TWV. Na TNV ouykekpipgévn Treipapatik diadikacia xpnoiyotroinénkav

Eikova 3.4.2: EVTOIONOg TNG éKPPAONG TWV TTapayoviwy p1

OeiyHaTa I0TWV PE ETTAYOUEVN KUTTAPIKY YAPAVON. ZTOV TTUPAVA TWV KUTTAPWY EVTOTTICETAI N

BINKA  p2qWAFIGRT ka1 Ki-67 (KOQE XpWHa), EVW OTO

KUTTAPOTTAOOMA TA KOKKia TNG AITTOQOUCKIVNG TWV YNPACHEVWY KUTTAPWY (MW Xpwua). Ta

EKQpacon Twv Trapayoviwv p1

KUTTapa TTou ek@pAlouv Tnv TpwTeivn Ki-67 -kal €TTOPEVWG €XOUV TTOAAQTTAQCIAOTIKO
OUVOUIKO- OEV €X0OUV KOKKia AITTOQouCKivng Kal dev gival ynpaouéva. To BEAOG pe Aeukd xpwpa
Oeixvel Ta KOKKIO TNG AITTOQOUCKIVNG, EVW TO KITPIVO TAV €KPPACH TWV TTAPAYOVIWY OTOV

TTUprva.
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3.1.1.5 2Uykplon tou xnpkou avtidpaotnpiouv GL13 pe to avidpaotrplo SBB katl tn
xpwon SA-B-gal.

MoooTikA ekTipnon dedouévwy atmod TTponyouuevn dnpoaoicuon (Georgakopoulou et
al., 2013) o€ oUyKpION YE T ATTOTEAECUATA TNG TPEXOUOOAG AVAAUONG OTIG KUTTAPIKEG
oclpég kai Ta dciyparta 1otou (Mapdaypagog 3.1.1.2, 3.1.1.3), £0¢1&e KOIVO TTPOTUTTO
€KQPaoNGg METALU TNG Xpwong SA-b-gal kal Twv avtidpactnpiwv SBB kai GL13 o€ pia
oeIpa BloAoyiKwy UAIKWYV, TTapoudia Tou @aivopévou Tng yrpavong. Atré 1a deiypara
TWV I0TWV, OTN CUYKEKPIPEVN avAAuon XpNOIKMOTTOINBNKE 10TOG TTVEUPOVA ATTO (WIKO
MOVTEAO OTTOU £xEl Yivel ETTaywyr TOTTIKA TNG €KPPAoNG Tou oykoyovidiou K-rasV12
(Collado et al., 2005). 2& OcIPIOKEG TOPEG TTAPAPIVNG AUTOU TOU DEIYUATOG, OTTWG KAl
OTIG KUTTAPIKEG OEIPEG, TTAPATNEAONKE OTI TO KUTTOPA TA OTToia ATAV BETIKA yia TN
xpwon SBB, tmapouaciadav BeTikOTNTA Kl yia Tn xpwon GL13. ETriong, kaBigepwonke
MIa oG avtioTpo@n oxéon YE Toug OcikTeG TTOAaTTAaoIoopou (Ki-67, BrdU). Autd
oupPBaivel kKaBwg Ta KUTTAPA TA OTToIa €XOuv TTOAAATTAQCIAOTIKO OUVAMIKO Oev
MTTOPOUV TAUTOXPOVA VO UTTOKEIVTAI O€ YIPavon, agou n TEAEUTAIO XapakTnpiCeTal £

opIoPOU aTTO BIAKOTT) TOU KUTTAPIKOU KUKAoU (EikOva 3.5).
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extracted data from Georgakopoulou et al, Aging 2013 current data
M Human Diploid Lung Fibroblasts (Replicative Senescence) B U20S E2F1-ER (after 7 days induction)
Human Diploid Lung Fibrobl (Irradiation-induced S ) U20S hCdt] Tet-ON (after 8 days induction)
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Eikova 3.5 : Moootikl avdAuon Twv Sedopévwv amd TIG XPWOEIG o€ BIOAoyIKA
OUCTAHATA TTOPOUCIia TOU @QaIvOHéVOU TNG yhpavong. Mapatnprbnke avTioToixia Tng
€10IKOTNTAG PETAEU TNG Xpwong SA-B-gal kal Twv xnuIKwv avtidpaotnpiwv SBB kai GL13.
AvtioTpogn oxéon Tng xpwong e To GL13 kail deIkTwv TTOANATTAaCIa0PoU (evowpdtwon Ki67
kai BrdU) atreikoviCetal oe avBpwTrivoug OimmAogideig IvoBAdoTeg Trveupovwy (DLFs) kai

avBpwTiva Bpoyxika emonAiokd kuttapa (HBEC-Cdc6 Tet-ON) o€ cuvbAKeg eTTaywyng 1 JUn
G ynpavong.

H BioTivuhiwpévn evwon Tou avTidpaoTtnpiou GL13 dokipdoTnke o€ didgopa BIoAOYIKA
Ociypara eA£yxou Kal n ammodoon TNG XPWOoNG CUYKPIONKE PE EKEIVN TOU EPTTOPIKA
dlaBéoipou SSB. Xpnoigotrolwvtag TIG KUTTApIkEG oelpEg Hela kai Li-Fraumeni n
avOOOIoTOXNUIKA Xpwaon ue To avTidpacTtriplio GL13 ouykpibnke pe 1n xpwon tou SA-
b-gal. AlamoTwOnke, Aoimmov, 611 n xpwon 1o GL13 dev TTapouoiddel weudwg BeTIKG
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KOl apvnTIKa atroteAéopata o€ oxéon pe TN xpwon SA-B-gal. O1 ouvBnkeg TTOU
eCeTdoTNKAV €ival CUOCWPEUON/CUPPON KUTTAPWYV KAl ATToudiog opou atrd To
BPETTTIKO UAIKO TwVv KUTTApwv. EIdIKOTEPA N €AAEIYN o0poU aTtd TO BPETTIKO UAIKO
ava@épETal TNV TTPOCOMOIWAON CUVONKWY aOoITiOG, VW PE TOV PEYAAo apiBud Twv

KUTTAPpWYV TTPOKUTITEI EAAEIYN Xwpou avatrTuéng (Eikéva 3.6).

HeLa Li-Fraumeni
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Eikova 3.6: Xpwoeig pe SA-B-gal kai To avridpaoTipio GL13 OTIG KUTTAPIKEG OEIPEG
HeLa kai Li-Fraumeni. O1 cuvBrikeg TTou YeAETABNKAV €ival N CUCCWPEUCT KUTTAPWY KAl N
QTTOUCIa OPOU OTO BPETTTIKO UAIKO TWV KUTTAPWY, OTTOU TO TTOCOTO TWV YNPOCHEVWY KUTTAPWYV
eivar eAaxioTto. Maparnpribnke, Aoimmdv, OTI N AvoOOoIOTOXNMUIKI XPWon KE TO avTiOpAoTAPIO
GL13 dev £dwoe Weudwg BETIKA atmoTeAEoUATA CUYKPITIKA PE TN Xpwon SA-B-gal.
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3.2. MeA€tn tou dalvouEVOU TNG YHPAVONG Kal AAAWV TTapayovItwy o€ delypata
EYKEPAAOU LE TN VOOO ZKANpUVON KATA MAGKAC.

2 CWIKO MPOVTEAO MEAETNG TNG ZKApuvong Katd TTAGKAG, N ATTOMUEAivwon
TTPOKAAEITAI JE TN XPrON TOU TOGIKOU TTOPAyovTa cuprizone. Z& autd TO YOVTENO, TO
QaIVOUEVO TNG yrpavong £xel NN HEAETNBEI xpnoipoTtTolwvTag mn xpwon SA-B-gal kai
EXOUV EVTOTTIOTEI ynpacpéva KUTTAPA OTNV TTEPIOXH TOU XPOVIA ATTOPUEAIVWHUEVOU
pMeooAOBIou (Karamita ef al., 2018). Auto To gupnpa eMREBAILONKE PE XPWON ME TO
avTidpaoTiplo GL13 o€ deiyparta atrd avlpwITivo VEKPOWIKO UAIKO, aviXVEUOVTAG TN
NITTOQOUOKivn 0€ YAOIOKA KUTTOPA Of TTEPIOXEG OAAOIWOEWV OEEiag evePYNG Kal
Xpoviag evepyng atmopueAdivwong. O apiBudg Twv ynpoaouEVwY KUTTAPWV Eival
MIKPOTEPOG O€ XPOVIEG AVEVEPYEG QTTOMUEAIVWHEVEG PBAGBes. Eival onuavtikd va
ava@ePOEi TTWG N ATTOPUEAIVWOT) TOU PAOIOU TOU EYKEPAAOU €ival KOIVI) KAl EKTETAMEV,
IBIaiTEPA OTA TTPOODEUTIKA OTAdIA TNG 2KAApuUvoNng kata TTAakag (B et al., 2003). H
xpwon ge 1o avTidpacoTrplo GL13 oe TTEPIOXEG TOU @QAOIOU PE ATTONUEAIVWMEVEG
BAGBEG Kal pe QUOIOAOYIKI) dOUN AViIXVEUOE KOKKWOEIG EVATTOBETEIG ANITTOPOUOKIVNG O€
TToAUGpIBUoUG veupwveg. H avaluon Twv atroTEAEOPATWY €O€IEE MIO ONUAVTIKNA
OUOXETION METAGU TOU apPIBUOU TwV YNPOOPEVWY KUTTAPWY Kal TNG £KTAONG TNG

ATTOMUEAIVWONG, UTTOOEIKVUOVTAG UIO OXECT METAGU TNG XPOVIOG ATTOMUEAIVWONG Kal
NG ynpavong.
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Eikéva 3.7: H cuocowpeuon Tng AITTopouokivng wg S€iKTNG TNG KUTTAPIKAG yRpavong
oe Ociyyata avlpwITivwy 10TWV eyKe@AAou pe okAfpuvon kard mAdkag. Ol
QTTOMUEAIVWUEVEG  AANOIWCOEIS TAUTOTTOINONKAV WE QVOOOIOTOXNMEID  XPNOIUOTTOIWVTAG
avTiowpa €vavtl TnG PaoikAg TpwTeivng PueAivng (MBP) kai tagivounbnkav oe TpeIg
Katnyopieg pe KaTdAAnNAo avtiowpa évavtl Tng Tpwreivng HLA-DR o€ oeIplakéG TOMEG
Tapagivng. O1 karnyopieg auTég eival ogeia evepyr), XpOvia €vePyr Kal XPOvIO AVEVEPYN
atropueAivwon (Trapp et al.,, 1998). Ztnv katnyopia (iv) evioTTiOUYE TRV AVOCOIOTOXNUIKN
xpwan e 10 avtidpaoTrpio GL13. EidikOTEPQ, OTa BETIKA-yNPACTHEVaA KUTTAPA, OTIG EIKOVEG D
(iv) kai E(iv), evToTtriCovTal KUTTAPOTTAQOMATIKA KOKKia AITTOQOUCKIVNG JE XOPOKTNPIOTIKO KOQE
Xpwua. AlommoTwenkav auénuéva TToo00TA YNPAOUEVWY VEUPWVWY OTNV TTEPIOXEG ME

ATTOPUEAIVWOTN Kal EIDIKOTEPA OTIG TTEPITITWOEIG OTTOU TTPOKEITAI YIA XPOVIO ATTOPUEAVWON.
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ZTnv Katnyopia (i) ol EIKOVEG aTTOTEAOUV OVOCOICTOXNMIKA XPWaonN XPNOIUOTTOIWVTAG AVTiICWHA
évavtl Tng Tpwreivng MBP, evw n katnyopia (ii) deixvel Ta HLA-DR™ pakpog@dya o€ KGOe
ociypa. TéAog, ol eikdveg TNG KaTnyopiag (iii) deixvouv Ta CD8+ T-Aep@okUTTOPA.

Mpappn kAipakag: A(i),A(ii),B(i),B(ii),C(i),C(ii),C(iii),D(i),D(ii),E(i),E(ii), 50 uym D(iii),E(iii)
25 pm (A(iii),A(iv), B(iii), B(iv), C(iv), D(iv), E(iv).

3.3 Kuttapopetpia porc Ue To XNHULKO avtidpaotiplo GL13

Ma 1o Treipapa XxpnoIPoTToIRdNKe N KUTTAPIKA Saos p21WAFYCIPT H gvepyotroinon Tng
£KQPAONG TOU yovidiou p21WAFICIbT ¢yive yia 3 nuEPES WOTE va yivel eTaywyn NG
ynpavong (Galanos et al., 2016) ka1 WG apvnTIKOG PAPTUPOG XPENOIMOTIOINBNKav
KUTTOpQ OTa oTroia dev €Xel yivel evepyoTtroinan Tou yovidiou (kuttapa OFF). x1n
MEBODO TNG KUTTOPOMETPIAG €XEl TTPOOTEBEI TO Pripa Xpwong HE TO XNMIKO
avTidpaoTtiplio GL13 yia Tov evIOTTIONS TWV YNPAOHEVWY KUTTAPWY Tou TTAnBucuoU.
Mpdyuati, ota KOTTapa Saos p21WAFTCPT yetd amd emaywyr NG €KPPACTNS Tou
yovidiou vyia 3 pépeg, O TTANBUOUOG TWV YNPOOMEVWY KUTTAPWY NATAV  TTOAU
MEYAAUTEPOG O€ ox€on PE autov oTta kKUTTapa OFF, émmwg BpEébnke pe TNV péBodo TNG
KUTTOpOUETPiag porg (Eikéva 3.8).

Saos2-p21 WAFI/Cipl Tet-ON

OFF 3 days ON 3 days 100 -

o o (] OFF
F Wil = . ON
Fluorophore labeled il . " 80
27 Ab | i 3
2 |, i 2 60
Anti-Biotin Ab = |2 e s
: g
Biotin i i 3 40 -
(GL13 conjugated) 273 E °
=)
Lipofuscin 20
i 0 2(;0 v 4(’)0 6(‘]0 B(I)O !0‘00 = 0 2(;0 4(‘)0 5(‘)0 8(;0 YD'OD
> =
Forward scatter

Eikéva 3.8: AmoteAéopara amd TO TEipAUA XPnoIgOTTOIWVTAS Tn HEBOBO TNnG
KUTTOPOUETPIOG pORG 0€ ouvdUaouo6 pe To avTidpaoThpio GL13. Me Tnv KUTTOpOUETPIa
PONG EVTOTTIOTNKE QUENUEVOC apIBUOC YNPACUEVWY KUTTAPWY OTa KUTTapa Saos p21WAF1/CiPT

Tet-ON yia 3 pyépeg o€ oxéon pe 1a kKuTTapa OFF.
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3.4 Mel€tn tng ékppaonc tou MiR34c o€ ynpaoueva KUTTapA.

To @aivopevo NG yApavong artroteAei Bepehidng PioAoyiky dladikaoia Trou
EMTTAEKETAI O€ dIAQopeg TTaBoAoyieg, oupTrepIAauBavouévou Tou Kapkivou. Ooov
a@opa TNV KAPKIVOYEVEDT, N YNPAVON ONUAiVEl, TOUAAXIOTOV OTIG APXIKES TNG PACEIG,
MIa QVTIKAPKIVIKA ATTOKPIOT TTOU TTOPAKAUTITETAI KATA TNV TTPO0d0 TOU KapKivou. Ta
micro-RNAs, atroteAoUV pia uttokatnyopia puBuIoTIKwY RNAS, TTOU CUMPETEXOUV OTN
puBuion Tou @aivopévou TnGg ynApavong. Me T ouykekpigévn  peBodoloyia
TTOPOAKAUTITOVTAI TEXVIKOI TTEPIOPIOUOI, ETTITUYXAVOVTAG YIO TTPWTN QOPA TAUTOXPOVN
avixveuon 1600 evog micro-RNA 6oo kal TG mpwteivng 53BP1 o1o BioAoyikd TTAaiclo
TNG KUTTOPIKAG yripavong, aglotrolwvtag 1o xnuikd avtidpactrpio GL13. H pébodog
EQPAPUOOTNKE OE €vav TTPWTOTUTTO avOPWTTIVO PN Kakonon emoOnAiokd povTéAo
ynpavong, oTo OTT0I0 N y\Pavon TTPOKAAEITAI ATTO OYKOYOVidIo Kal dnuIoupynonke yia
TOUG OKOTTOUG TNG MEAETNG. H KUTTAPIKA O€Ipd TTou XpnolpoTtroinenke civar n HBEC
(Human bronchial epithelial cells), oTnv oTroia TTpayuaToTTOLiTAI ETTAYWYI) TOU YOVIDioU
Cdc6 (Komseli et al., 2018). Na 1nv in situ TQUTOXPOVN AViXVEUON OKOAOUBRCAUE HIa
dladikaoia avooco®Bopiopuou Tpiwv oTadiwv: i) YBpidotroinon in situ ¢Bopiopou (FISH)
yia 10 miR34c, akoAouBoupevn atrd ii) xpwaon he 1o XNUIKG avtidpaotipio GL13 yia
va EVTOTTIOOUNE Ta yNPaopéva KUTTOPA, Kal TEAOG iii) avixveuon 0TIV TNG TIPWTEIVNG
53BP1 oTov TTUpriva Twv KUTTApwV. AIaTmoTwenke o1l Ta mmiteda Tou miR34a oT1o
KUTTapOTTAao A, KaBwg Kal o1 €0Tieg TNG TTpwTEivnNg 5S3PB1 aTov TTupriva ival aiodntd
augnuéva oTa ynpaopéva KUTTapa, o€ OXEON JE Ta KUTTAPA TTOU XPNOIJOTTOIOUVTAl WG
apvnTikoi paptupes (Eikova 3.9 kai 3.10).
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HBEC CDC6 Tet-ON

OFF

6d ON

DAPI Step 1: FISH Step 2: Sen
miR34c GL13

Eikéva 3.9: In situ avixveuon Tou miR34c og ynpaouéva HBEC Cdc6 Tet-ON kuTtTapa.

Merged

AITTAR Xpwaon TTpayuatotroifonke o€ dUo dIadOXIKEG KATAOTACEIG: TNV KatdoTtaon OFF 6ttou
o TmoAAatTAaciacuog Twv HBEC eival eppavAg ("OFF") kal 6 nuépeg PMETA TNV €TTAYWYN TNG
ékppaong Tou Cdc6 O1Tou T KUTTOPO UTTOKEIVTAI OTO Qaivouevo Tng yrpavong ("6D ON").
BApa 1: ®Oopioudg ue in situ uBpidotroinon Tou MiR34c xpnoiyotroiwvTag avixveutr) LNA
OITTANG onpavong e 10 popio DIG. H ékgpacon Tou ouykekpigévou miR evroTTiCeTal oTO
KUTTaPOTTAQOMA PE TTPACIVO XpWwHa (EKTTOUTTA oTa 518 nm). BApa 2: Xpwon pe 10 XNUIKO
avTidpaoTtripio GL13, TO OT0I0 ATTEIKOVICETAlI OTO KUTTOPOTTAQOUO HE MW  XPWHQ,
Xpnoigotroiwvtag  deutepoyevéG  avtiowua Alexa Fluor (647 nm). , evw HE MTTAE
XOPOKTNPIOTIKO XPWHA O TTUPAVAG Tou KUTTAPOoU AGyw Tou TnG ¢pBopifoucag xpwoTikhg DAPI.

Mpapun kKAipakag: 50 ym
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HBEC CDC6 Tet-ON

Control (omission steps) 6d ON

ESCAPED 6d ON OFF
-GLI3 -miR34c

- 53BPI

:

Step 1: FISH Step 2: Sen

DAPl =)
miR34c GL13

Eikova 3.10: Tautéxpovn in situ peAétn Tnv ék@paon Tou miR34c kal TPpWTEIVWYV KATA
TN SIAPKEIA TNG YAPOAVONG TTOU TTPOKOAEITAI OTTO TNV EVEPYOTTOINON OyKoyovidiou
(oncogene-induced senescence-0OIS). AlamoTwOnKe ouvevioToudg Tou MiR34c¢ Kal Tng
mpwrteivng 53BP1 o€ ynpaouéva kUTTapa, xpnoigotroiwvTag 1o cuotnua HBEC Cdc6 Tet-ON.
MpaypatotroinOnke TTOAAQTIAR xpwon o¢ TPeEIG OI0dOXIKEG KATAOTAOEIG: OTNV KATAOTAON
“OFF” (un eTaywyn Tou yovidiou Cdc6) 61Tou ival ep@avig o TToAatTAacioopog Twyv HBECs
("OFF"), 6 nuépeg petd Tnv eTaywyn Tou Cdc6 étav Ta kKuTTapa gival ynpaopéva ("6d ON") kai

oTnv Katdotaon "amoédpacn amd Tn yrnpavon" tou ovoudletar "ESCAPED". BApa 1:
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®Oopiouds pe in situ uppidotroinon Tou miR34c xpnoipotroiwvTag avixveutr) LNA dITAng
onuavong pe 10 MOpio DIG. H €ékgpaon Tou Ouykekpigévou miR  evroTmietal OTO
KUTTaPOTTAQOA PE TTPACIVO XPpWHA (EKTTOUTTA oTa 518 nm). BApa 2: Xpwaon pe 10 XNUIKO
avTidpaoTtripio GL13, TO OT0i0 QTTEIKOVICETAI OTO KUTTOPOTTAQOUO ME MWB  XPWHa,
XPNoIhoTroIwvTag deuTePOYEVEG avTiowpa Alexa Fluor (647 nm) (ektrouTrAi o1a 668 nm). BApa
3: Avooo@BopIoPOG yia Tov eVIOTTIONO TNG TTpwTEivng 53BP1, TTou atreikovideTal wg KOKKIVEG
€0TIEG OTOV TTUPAVA, XPNOIMOTIOIWVTOG OtuTepoyevEG avTiowpa Alexa Fluor (568 nm)
(extTOTIA) OTA 618 NM). H €181IKOTNTA KABE PHEPOVWPEVOU QVIXVEUTH/AVTIOCWHATOG OKIJAOTNKE
TTapaAeiTrovrag d1adoxika Ta akdAoubBa avTidpacTripia: avixveutig miR34c, avtidpaaoTrpio
GL13 kal TTpwToyevEG avTiowpa EvavTi TG TTpwTeivng 53BP1 o€ ynpaopéva kuttapa (6d ON).

Mpapun kKAipokag: 20 ym

3.5 Métpnon twy erumedwy tnc Autodpouokivne oe Bloloyikd delypata

Baoikn 10€éa autwv Twv TIEIPAOPATWY €ival va €PEUVIIOOUPE Qv TA ETTITTEdA TNG
eAeUBePNG AITTOQoUOKiVNG Ot PBIOAOYIKG uypd, 10TOUG Kal EKXUNIOPO KUTTAPWYV
dlagopoTrolouvTal avaloya PE TNV nAIKia Kal O€ TI TTOO0OTO, KOBWG £TTiong, av

aAAGCouv o€ KATTOIEG AOBEVEIEG, ATTOTEAWVTAG, ICWG, MEAAOVTIKO TTPOYVWOTIKO DEIKTN.

3.5.1 Métpnon twv erumedwy TnN¢ Aumodpouokivng oe kOTTAPA

Me Bdon Tnv €€aipeTikn €ge1dikeuon Tou avtidpacTtnpiou GL13, oxedidoaue éva
YPrYOPO, TTOAU €CEIDIKEUPEVO Kal OKPIBEG TTPWTOKOANO yia TNV avixveuon kai Tn
METPNON Twv €mMTTEOWV TNG OIAAUTAG AMITTOQOUCKIVNG O€ UTTEPKEIUEVO KUTTAPIKAG
KAAAIEPYEIQG Kal EKXUANIOPA KUTTAPwYV. [a TO TTEipapa XpnOIMOTIOINONKE N KUTTAPIKN
oecipd HBEC Cdc6 Tet-ON kai ta avriotoixa kuttapa OFF (6tmou dev €xel yivel
ETTAyWYN €KQPAoNg Tou yovidiou) Kal TTpayhaToTroinenkav 3 eTavaiAfyelg oe KABe
ouvOnikn. AlaTmoTwONKE 6T Ta ETTITTEdA TNG AITTOPOUOKIVNG gival 8 POPEG HEYOAUTEPQ
OTa ynpacuéva KUTTapa O€ OXEon ME TOV apvnTiKO pdapTtupa (kuttapa OFF) kaBe
KUTTOPIKNG o€1pdg. Ooov agopd Tn PETPNON TWV €MTTEOWY TNG NMITTOPOUCKIVNG OTO

UTTEPKEIYEVO TWV KUTTAPWY, Ta aTTOTEAEOPATA £D€1IEav OTI OTA yNPaAouEéva KUTTOPA TA

91



eTTiTTeEda ival 4 PopEG uYPnAOTEPA O0€ OXEoNn ME Ta un ynpaouéva (Eikova 3.11).

/
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Supernatant Cell extract
HBEC-CDC6 Tet-Off HBEC-CDC6 Tet-On | HBEC-CDC6 Tet-Off HBEC-CDC6 Tet-On __Saos-2 p21WAFVCP1 Tet-Off  Saos-2 p21WAFICP1 Tet.Q
easurement 1 68 279 171 1005 212 1466
easurement 2 89 317 153 1068 143 1789
easurement 3 97 364 146 1221 167 1235
verage 84.66666667 320 156.6666667 1098 174 1496.66¢
umber of
ases 3 3 3 3 3
tDev 14.97776129 42.57933771 12.89702808 111.0810515 35.02855978 278.270:
tErr 8.469556233 27.98681809 6.99825567 76.42484443 22.64761181 194.645¢

Eikova 3.11: Avixveuon atmropovwpévng AITToQouoKivng JE To avtidpaoTtipio GL13 kai

TN MEBOSO TNG XNMEIOPWTAUYEIOG OTTO UTTEPKEIMEVO KUTTOPIKAG KOAAIEpYEIOG Kal

KUTtTapIk Auon. (1) Eikéveg TOoU Oeixvouv €viaon @wTOG XNUEIOPWTAUYEIAG aTTO

UTTEPKEINEVO TwV KUTTapIKwy oeipwv HBEC-CDC6 Tet-OFF kai Tet-ON. (2) Eikoveg 1ToU

Oeixvouv évtaon QwTog XNHEIOPWTAUYEIAS OTTd EKXUNIOHA KUTTAPWY TTOU TTPOEPXOVTAl aTTd
KUTTOPIKG povTéha (HBEC-Cdc6 Tet-ON kai Saos-2 p21WAFYVCP! Tet-ON) ue kaBiepwpuévn

yhpavon (METa atrd emmaywyr TNG éKepaong Twv yovidiwv Cdc6 kal p21 avtioToixa) o€

oUyKpION WE TOUG avTioToIXoUG, apvnTikoug pdpTtupeg (HBEC-Cdc6 kuttapa OFF kai Saos-2

p21WAF1ICPT  srrapa OFF). (3) Mivakag Trou Seixvel TIC TIMEG KAl Ta OTATIOTIKG SeSopéva TWV

METPAOEWV EvTaong QWTOG Pe TN PEBOSO TNG XNUEIOPWTAUYEIaG o€ KABE oudda kai deiyua.
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3.5.2 Métpnon twv ernedwy TN Aumodpouokivne oe opol¢ alpatoc

2TNPICOPEVOlI OTA QTTOTEAEOUATA TWV TTEIPOPATWY QAVIXVEUONG KOl PETPNONG TWV
eMTEDWV TNG OIAAUTAG AITTOPOUOKIVNG OE UTTEPKEINEVO KUTTAPIKNAG KAAAIEPYEIOG Kal
EKXUANIONO KUTTAPWYV, OXEOIAOAME £va TTPWTOKOAAO EVTOTTIONOU TNG AITTOPOUOKIVNG
OTOV OpO TOU QipaToG. ZUYKEKPIYEVA TO @AIVOPEVO TNG KUTTOPIKAG yrnpavong
MEAETABNKE O€ OciyuaTa UYEIWV Kal a0BeVWV aTOPWY, PETPWVTAG Ta ETTITTEdA TNG
NiITToouokivng pe Tn xprion Tou avtidpaoTtnpiou GL13. O vyigig Tagivouribnkav og duo
utToKaTNYopieg Ye BAon Tnv nAiKia, evw ol aoBeveig Tagivounonkav avaloya Pe TNV
aoBévela atro Tnv otroia TTdoyouv. O1 aoBEveleg TTou €GeTACONKAV €ival N KAPdIAKD
QVETTAPKEIQ, N PEUPATOEIDNG apOPITIdA, O KAPKIVOG KAl OI VEUPOEKPUAIOTIKEG TTABNOEIG
(Mivakag 3.1). EmMAEXBNKav o1 OUYKEKPIUEVEG TTABOAOYIKEG KATAOTACEIG AOYW
BIBAIOYPA@IKWY QvAQOPWY TIOU TIG OUOXETICOUV PE TNV aAugnuévn €PQAvIOoN
YNPAOUEVWY KUTTAPWV. ATTO TOV 0pO TOU QiNOTOG ATTOPOVWONKE N AITTOQOUCKIVN Kal
n avixveuon Tng €yive Pe TN PEBOOO TNG XNMUEIOPWTAUYEIQG, XPNOIMOTIOIWVTAG TO
XNUIKS avTidpaoThpio GL13 (Mapdaypagog 2.6).

Mivakag 3.1 Aciyuata opwv aigaTog TTou JEAETHONKAV yIa TN METPNOT TWV SIGAUTWYV ETTITTESWV

NiITTOQOUCKiVNG avaAoya PE TNV KATAOTAOT TNG UYEiag Twv SOTWV Kal TNG NAIKIAG TOUG.

BioAoyik6 UAIKO Tuvlnkn/aoBéveia ap1OuoC SelyUATWY

Opob¢ aipartog VEOI UYIEIC 21-25 10
Opo¢ aipaTtog NAIKIWUEVOI UYIEIC 65-94 10
Opob¢ aipartog KApdIaKK aveTTAPKEIA 62-85 10
Op6¢ aipaTtog VEUPOEKPUAIOTIKEG VOO Ol 49-94 10
Opob¢ aipartog PEUPATOEIONG apBpiTida 27-67 10
Opo¢ aipaTtog KapKivog 55-83 10

To TTPWTOKOAAO €QAPUOOTNKE YIO TOV TTPOCOIOPIOPS TNG ANITTOPOUCKIVNG O 0poug
aiparog ato véoug (deiypaTta eAEyxou) kal NAIKIwPEVOUG. ETTiong €yive EAeyxog Twv
EMTEDWV TNG MITTOPOUOCKIVNG O€ «UyIA» ATOPA, Ol OTTOIOI OEV QPEPOUV UTTOKEIPEVA
VOO PaTA, KOBWG Kal 0€ A0BEVEIG TTOU TTACYKOUV ATTO OIAPOPETIKA €idN TTABOAOYIKWV

aoBevelwy, OTTWG KAPOIOKN QVETTAPKEIA, VEUPOEKPUAIOTIKEG TTabnoelg (avoia),
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peupaToEldn apBpiTida Kal Kapkivo. AT kaBe opdda xpnoipoTtroijénkav 10 dtroua Kai
T0 nAIKIOKS €Upog K&Be kaTnyopiag avagépetal oTov lMivaka 3.1. Mapatnproape O
oTta deiypata opou aoBeVWV Pe KapKivo ol TINEG ATav 11.9 @opéEg TTIo UWNAEG O€ OXEoN
ME Ta deiypata ava@opds. AvTioToixa o€ deiypaTa aoBevwv e peupaTocidr apbpitida
Ta €TTTTEdA TNG AITTOQOUOKIVNG ATAV 12.2 QOpPEG PEYAAUTEPA OE OXEON PE QUTA TWV
oelyuatwy avagopdg (Eikéva 3.12). Autd pag Ocixvel OTI Ta eTTiTEda NG
AITTOQOUOKivNG augdvovTal o€ TTABOAOYIKEG KATAOTACEIG O€ OXEDT ME TIG QUOIOAOYIKEG.
Mapatnproaue, JAAIOTA, TTWGS AUTA N algnon dev gival ATTOTEAETUA TOU YrPATOG AAAG
TNG TTOBOYEVEING. ZUYKEKPIPMEVA OTIG OPAdES TTOU apopoUV TO YAPAG, MEAETABNKav
a0BEVEIG XWPIG UTTOKEINEVO VOO UATA, WOTE VA UTTAPXEI HOVO Jia TTapAPETPOG.

Blood serum
3500

3000

*
“' *
2500 .
*
2000 T
*
1500 T
1000
500
[

Young  Aged ._1 Rheum. Heart
healthy DeMeNtia o ritis failure

Age (years): 21-25 65-94  49-94 27-67  62-85 55-83

7.6 5.3 12.2 8.4 1.9

Eikéva 3.12: Mpa@iki avamrapdoTaon TWV ATTOTEAECHATWY. 2€ KAOe deiyua HETPABNKE N

Luminescence (RLU)

Cancer

Fold increase vs
Young healthy

€vTaoNngG TNG XNMUEIOQWTAUYEIOG UoTEPQ aTTd £TTWwacn pe To avnidpaoTtrpio GL13. Ta deiyuara
0poU TTOU XPNOIYOTTOINONKAV TTPOEPXOVTAI ATTO SIOPOPETIKEG OUAdEG ATOUWYV (O apIBUOS TwV
atéuwyV TToU Xpnoiyotroinenkav oe k&Be oudda civai 10). YTTApPXOUV OTATIOTIKA ONPAVTIKEG
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OIaPOPESG OTIG TIUEG TwV ETITTEOWV TNG ANITTOPOUCKIVNG METAEU TwV SEIYUATWY aTTd VEOUG Kal
NAIKIWPEVOUG BOTEG, KABWG €TTIONG Kal JETAEU VEWV UYIWV ATOPWYV KAl ATOPWV PE dIAPOPES

TTaBOAOYIKEG KATOOTACEIG.

3.5.3 Métpnon twv ermedwv TN Aumtodouokivne o€ woBUAAKLKO LypPO

"0 TO CUYKEKPIPEVO TTEIPAPA ATTOPOVWONKE WOBUAAKIKO UYpO aTTd YUVAIKEG, Ol OTTOIEG
XwpioTnkav o€ dUOo PeYAAeG KaTnyopieg. O1 UOIOAOYIKEG OOTPIEG WAPIWY AVIIKOUV OTO
€UPOG NAIKIOG 23-27 £Tn KAl O YUVAIKEG OI OTTOIEG €ival OTEIPEG AVIKOUV OTO NAIKIAKO
€Upog 33-46 £1n. ATTd KABE ouGda £¢eTAOTNKAV 5 ATOUA-OOTPIEG WOBUAAKIKOU uypouU.
Ta emmireda TNG AITTOQPOUCKIVNG OTEIPWYV YUVAIKWY gival 8 TTEPITTOU YOPES UWPNASTEPQ
OUYKPITIKA PE TIG QUOIOAOYIKEG OOTpIeG. Ta atmoteAéopaTta  evioxuouv Tnv

BIBAIOypa®IKA ava@opd TNG TTaPOUCiag TNG ANITTOPOUCKIVNG 0TO WOBUAAKIKS uypo.
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Eikova 3.13: I'pd@nua 1rou Seixvel TNV éviaon QWTOG TG XNMEIOPWTAUYEING TWV
SeIlypaTWY WOBUACKIKOU uypoU TTou TrpoépXovTal amd dU0 SIaPOPETIKEG OUAdEg
aropwv (n=5 o KGBe opdada) pe Tn xpron Tou avridpactnpiou GL13. MNapartnpouvral
oa@eic dIaPopEG oTa ETTITTEdA AITTOPOUCKIVNG METAEU SEIYUATWY ATTO QUOIOAOYIKEG OOTPIEG
wapiwv Kol oTeipwv  yuvaikwy. Ta amoteAdéopard pag empBeBaiwoav Tnv Trapouadia
AITTOQOUCKiIVNG 0TO WOBUAAKIKG uypo, deixvovTag OKTATTAACIA TTEPITTOU AUENON TWV ETTITTEO WV
TNG AITTOQPOUOKIVNG O€ OTEIPEG YUvaiKEG O OUYKPION HE TIG QUOIOANOYIKEG OOTPIEG.
ZUYKEKPIMEVA, Ol HETPAOEIG aTTd auTd Ta OgiyuaTa avTioToiXouv o€ 7,5 Qopég augnaon Twv

EMITTEDWY AITTOQOUCKIVNG.
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3.5.4 [Mpoobloplopog twv emumedwyv NG Amodouokivng O€ OLOYEVOTIOLNUEVO
avBpwTLvO LoTO AMATOC.

Q¢ éva emTTPOCOETO ETTTTEDO ETMKUPWONG TWV TIPONYOUPEVWY ATTOTEAEOUATWY,
Xpnoigotroinenkav  dgiyyata nIraTtikou  avBpwTrivou I0TOU  XWPIoPEVA 0e  dUO
KATNYOPIEG, ME KPITIPIO TO NAIKIAKO £UPOG. ‘Eva KOPUATI TOU 1I0TOU JOVIUOTTOINONKE O€
POPMOAN Kal €YKAEIOTNKE O€ TTAPAQiV, EVW TO UTTOAOITTO OUOYEVOTTOINONKE OTTWG
TTEPIYPAPETAI OTNV TTAPAYypa®o 2.6. Koivdg TTapavouaoTiS Kal TwY dUO TTEIPAPATWV
ATav n xprion Tou avtidpacTtnpiou GL13 pe dIAQPOPETIKEG TEXVIKEG, AVOOOIOTOXNMIKN
MEBODO Kal xnUeEIoQwTaUyEIa. Ta atTOAEOUATA ATAV EVOOPPUVTIKA, KABWG avadeixOnke
Kal OTIG dUO TIEPITITWOEIS N eualoBnoia kal n akpifeia Tou avTidpaoTnpiou. Kal
agloAoyninke 1o TTO0OO0TO TWV YNPOOUEVWY KUTTAPWY, TO OTT0I0 E€UPAVICE KOIVO

TTPOTUTTO KAl OTIG OUO TTEPITITWOEIG.
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Eikova 3.15: ZXnpartiki amreikévion n omoia ouvoyidel 500 evaAAAKTIKEG SladIKaTiEg
TTOU UTTOPOUV VA OTTEIKOVIOOUV T OCUOOWPEUON AITTOQOUOKivNG OTOV avBpwTrivo
NITaTiké 1016 pe TR Xpron Tou Biotivuliwpévou SBB avaAdyou GL13. (a) Aciypata
avOpPWTTIVWV NTTATIKWY I0TWV atropovwenkav atmmod veapd (apioTepd) Kai nAIKIwpéva (Oe€id)
aroua. (b) Mépog Tou 10TOU POVIPOTTIOINONKE WE QOPHOADEUdN, €yKAEIOTNKE OE TTAPAPIVN
(FFPE) Kol YEAETABNKE MPE OTITIKA MIKPOOKOTTIO. ZUYKEKPIMEVA €QAPUOOONKE N I0TOXNMIKA-
avoooioToxnuik HéBodog o€ 10T0UG FFPE xpnoiyotmoiwvtag 1o avtidpacTthpio GL13,

ocixvovtag epgpaveic dla@opég oTa eTTimeda AITTOQOUOCKIVAG METALU TWV VEWV Kal Twv
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NAIKIWPEVWY delypaTwy o€ peyeBuvoelg x1000 kai x4000. (¢) ‘Eva aAAo pépog KaBe deiyuaTtog
avepwTTIivou nNTTaTikoUu 10ToU  OPOYEVOTTOINONKE, 1N AITTOQOUCKIiv  aTTONOVWONKE  Kal
XPNOIMOTIOINONKE O€ TTEipapa XnuelopwTauyelag e 1o avnidpacTtipio GL13. H TpokuTTouca
QWTEIVOTNTA PETPABNKE OTTWG TTEPIYPA®ETal oTNV TreipapaTikh diadikacia (Mapdypagog 2.6).
H avdAuon &eixvel pia oktatrAdoia augnon Twv emTTEdWY AITTOQOUCKIVNG O€ 1I0TOUG TTATOG
NAIKIWPEVWY O OUYKPION PE T OEiYPATA TWV VEWV ATOPWYV. Ta OTTOTEAECUATA CUVADOUV [E

TIG MIKPOOKOTTIKEG TTAPATNPENOEIG. TUTTIKO o@dAua, n=3, P <0,05.

3.6 Antelkovion tnc Aumodouokivng Pe NAEKTPOVIKO ULKPOOKOTILO

MNa va eTaAnBeuTei 0TI TO EKXUNIOPEVO UAIKO TTOU OTTOPOVWONKE HEOW TNG dIadIkaaiag
(n omoia Teplypagetal  otnv  lMapdypago 2.6) artroTeAei  AITTOQOUCKIVN
XPNOIMOTTOINONKE N nEBODOG TOU NAEKTPOVIKOU HIKpookoTriou diEAeuong (MNapdypagog
2.8). Maparnpndnke OTl TO €KXUAMIOPEVO UAIKO TTAPOUCIACEl  HOPPOAOYIKA
XOPAKTNPIOTIKA TTAPOMOIA YE QUTA TNG aTTopovWPEVNG AITTogouokivng (Siakotos et al.,
1970, 1973), kKoBWG OTTOTEAEI €va OCUCOWMPATWHA OLEIdWHEVWY  AITTIdiwV  Kal
TTPWTEIVWV. ZUYKEKPIPEVA, O OXNUATIOPOI NITTOPOUCKIVNG XAPaKTNEIiCovTal aTro PIKPEG
NAEKTPOVIODIAUYEIG TTEPIOXEG, Ol OTTOIEG UTTOONAWVOUV TOV EVTOTTIONO TWV CUOCTATIKWY
TWV NITTIBIWV KAl EUPEIEG NAEKTPOVIOTTUKVEG TTEPIOXEG TTOU EU@AVICOUV TTOAU AETTTOUG

KuoTIOIOKOUG oxnpaTiopoug (Eikéva 3.16).
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Eikova 3.16: Maparpnon eKXUAIOHOTOG AITTOQPOUCKIVNG ME NAEKTPOVIKO HIKPOOKOTTIO

Si1éAeuong. Mapartnpeital 0TI oI oXNUATIOPOI AITToQOoUCKivNG epgavifouv Thv idia pop@oAoyia

AITTOQOoUCKivNG XapakTnpifovTtal atrd HIKPEG NAEKTPOVIODIAUYEIG TTEPIOXES (KEQPAAEG BeEAWV)
TTou Ocgixvouv Tnv Trapoucia  AITTIOIWV Kal PEYOAUTEPEG NAEKTPOVIOTTUKVEG  TTEPIOXEG

(aoTepiokol). Mpapun KAipakag: 200 nm.
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KEDAAAIO 4°

2YZHTH2H



210 TTAQioI0 TNG OUYKEKPIYEVNG BIaTPIBAG MEAETATAlI O KOBOPIOTIKOG POAOG Tou
PAIVOUEVOU TNG YAPAVONG O QUOIOAOYIKEG KOl TTABOAOYIKEG KATOOTACEIG, ME TN XPAON
TOU XNMIKOU avTidpaocTtnpiou GL13.

To @aivOpevo TNG KUTTAPIKAG yNPAvong TTEPIYPAPNKE yIa TTPWTN Qopda TIpIV ATTO
TTepiTTou TTEvTe OgkaeTieg Otav o Hayflick kar o ouvadeA@og Ttou (Hayflick and
Moorhead, 1961; Hayflick, 1965) £dei§av 611 Ta uCIOAOYIKA avOpwTTIVa KUTTApPA (OTNV
TTPOKEINEVN TTEPITITWON IVOPAAOTEG) dev TTOAAATTAACIGlovTav €11 'adpioTOvV OTNV
KaAAIEpyela. AuTd Ta KUTTapa dIATTIOTWONKE OTI €ixav TTETTEPACHEVN AVATTAPAYWYIKN
d1dpkela CWNAG KAl 0T CUVEXEIQ UTTORBAAAOVTAV O€ avadITTAQCIACIACTIKY ) KUTTOPIKN
ynpavon. O apiBudg Twv diaIpECEWV TTOU OAOKANPWVOUV Ta KUTTAPA OTaV GTACOUV
OTO TEAOG TNG AvVATTAPAYWYIKAG dIAPKEIAG (WG TOUG EXEl XOPAKTNPIOTEI WG TO OPIo
Hayflick. O ouvdeopog peTagu Tou opiou Hayflick kai Tng yripavong rnrav, yia TToAAG
XPOvIa, adUVANOoG — KUPiwg yiaTi @aivotav OTi Ta ynpacuéva KUTTapa ek@uAidovTal, av
Kal TTapEPEVaAY BIWOIPA Kal METABOAIKA evepyd. H oxéon ue Tov KApkivo ATav TTIO
eMeavng. Akdua kai TTpiv atro 50 xpovia, ATav TTPOPAvES OTI T TTEPICOOTEPA KAPKIVIKA
KUTTOpa Ogv £XOUV TTETTEPACUEVN avaTTapaywyikr didpkeia (wnig (Sager, 1991). Tig
ETTOUEVEG DEKAETIEG OI MEAETEG TTAVW OTNV KUTTAPIKA yrpavorn, TOV KAPKivo Kal TO
YNPAG €XOUV EVIOXUBEI.

O poAog NG yrpavong oTig avlpwTTIVEG A0BEVEIEG €ival OAPAG ATTO TIG KUTTAPIKEG
MEAETEG, EVW UTTAPXOUV OpPKETA in vivo dedopéva (Mufioz-Espin and Serrano, 2014;
Childs et al., 2015). EmiTTA0V, OTOIXEIO TTOU OUVOEOUV T YAPAVON PE AOBEVEIEG TTOU
oxetiovral Pe TNV nAIKia  €xouv TTpoKUWEl TTPOo@aTta. AUTEG Ol AoBEveleg
TTEPIANANPBAVOUV TA VEUPOEKPUAIOTIKA vooruata, Tov OIaBriTn, ToV KaTappdkTn, Td
Kapdlayyelakd vooruara Kai Tnv ivwon Tou fnrratog (Mufioz-Espin and Serrano, 2014;
Childs et al., 2015; He and Sharpless, 2017). ZTIG TTEPIOCOOTEPEG MEAETEG N AViXVEUON
NG YApPavong YiveTalr 0€ ex Vvivo KAANEPYEIEG KUTTApwY 1 O0€ VWTIO 10TO
XPNOIhoTTOIWVTAG TNV Xpwon SA-B-gal 1 EgUECOUG BEIKTEG TTOU XPNOIKOTTOIOUVTAI O€
IOTOAOYIKG Ogiypata povigotroinuéva o€ oppaideudn deiypata (Serrano et al., 1997;
Haugstetter et al., 2010; Mufioz-Espin and Serrano, 2014; He and Sharpless, 2017).
MapoAa autd, n xpwon 1Tou oTnpifeTal oTNV eVCUMIKN dpaoTIKOTATA SA-B-gal dev gival
KATAAANAN yia PJOVIUOTTOINUEVOUG 1I0TOUG, YE ATTOTEAECHUA N PEAETN TNG ypPAvong O€

avBpwTiva deiyuaTa va atroTeAei TTpOKANON. H avixveuon Twv ynpaoPEVWY KUTTAPWY
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MTTOpEI, €TTIONG, VO TTpayUaTOTTOINGEN ME TNV I0TOXNUIKA Xpwon Sudan Black B (SBB),
n otroia ouvdéeTal HPE TN NITTOQOUOKIivN, €évav akopa O€ikTNG Tng yhnpavong
(Georgakopoulou et al., 2013). H AITTo@oucKivn atroTEAEI CUCCWUATWHA OGEIDWHEVWV
MOaKpOMOopiwy, dIaTNPEITAI € JOVIYOTTOINUEVA OEiYMATA Kal £XEI BPeOEi OTI €ival apKeTA
AvOEeKTIKA, KABwG armopovwlnke armmd avlpwTrivo atroAiBwpua nAikiag 210.000 eTwv
(Harvati et al., 2019; Myrianthopoulos et al., 2019).

2TNpICouEvol oTn XNUIKA doun Tou avTidpacTtnpiou Sudan Black B, mpayuatotroménke
n ouvleon €vog XnUIKOU avaAoyou trou ovoudletal GL13. MNa va ytropei va yivel
eUKOAa kal €I0IK& n avixveuon Tou avTidpaoTnpiou GL13 €xel ouvdeBei pe Eva podpio
Biotivng, n otroia TTEIPAPOTIKA  evTOoTTiCeTal €UKOAa. Me autd Tov TpoOTTIO TO
avTidpaoTiplo GL13 gival KaTAAANAO yia va XpNOoIUOTTOINOEi O TTOAAEG TEXVIKEG, OTTWG
N QavoOOIOTOXNUEIQ, N KUTTAPOUETPIA PONG, O EPUECOG avOOoOPOOPICUOG Kal N
XNUEIOPWTAUYEIA, WOTE VA EVTOTTIOEl TA KOKKIO TNG AITTOUCKIVNG TWV YNPACHEVWV
KUTTAPWV.

210 TTAQioIa TNG TTapoucag dIaTPIBAG, ApXIKA TO avTIOPAOTHPIO DOKIUACTNKE, HE TN
MEBODO TNG aVOOOICTOXNMEIAG KAl TOU avooO®BOPIOUOU, OE KUTTAPIKA POVTEAQ OTa
OTTOIa €ixXE YiveEl €TTAywyr TOU QAIVOPEVOU TNG yrpavong. Ta €idn TG KUTTAPIKNAG
ynpavong 1ou PeAETABNKaAv ATav n avadiTTAacIacTIKA KAl N TTpwihn yApavon (e
ETTaywyn £k@paong oykoyovidiou 1} £€kBeon oe akTivoBoAia). Q¢ apvnTIKoi JAPTUPEG
XPNOIMOTTOINONKAV 01 iDIEG KUTTAPIKEG OEIPEG XWPIG TNV ETTAYWYN TOU QAIVOPEVOU. 2€
autd Ta Ociypata Trapatnenénkav augnuéva TTooO0TA YNPAOPEVWV KUTTAPWY OE
oX€0n ME TOUG apVNTIKOUG HAPTUPEG, EVOEIKVUOVTAG TNV aKPIBEIa Kal TNV EUKOAN Xprion
TOU avTIdPACTNPIOU.

MapaAAnAa, n xpwon Tou GL13 ouykpiOnke e GAAOUG BIOBEIKTES, OTTWG N EVCUMIKN
opaoTtikdTNTa SA-B-gal ka1 n xpwon SBB, oTig kuttapikéG ocipég Hela kai Li-
Fraumeni. O1 oTpeocoydveg OUVOAKEG TTOU XPNOIYOTIOINBNKAV yia TN OUYKPION TWV
XPWOEWV NTav EAAEIYN BPETTTIKWV UANKWV (OUVOAKEG aoITiOg) Kal HEYAAOG apIBuOg
KUTTAPWV (EAAEIPN XWPOU AVATITUENG). 2ZUYKPIVOVTAG EIKOVEG OTITIKOU UIKPOOKOTTIOU
KAl TTOOOTIKOTTOIWVTAG TOV apIBUO TWV ynPaoPEévwyY KUTTApWY o€ KABE ypwon,
TTPOEKUYE TO CUNTTEPACHA OTI N HEBODOG EVTOTTIONG TNG YAPAVONG UE TO avTIOPACTAPIO
GL13, oe avtiBeon pe TIG AANEG DUO XPWOEIG, XOPAKTNPICETAlI ATTO €I0IKOTNTA KAl
evaioBnoia. Auté oupfaivel, KOBWG N AVOOOIOTOXNMIKA XPWoN ME TO avTIOPACTAPIO
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GL13 dev €dwoe Weudwg BeTikKA Kal apvnTIKA ATTOTEAEOMOTA, OTTWG O AAAEG dUO
XPWOEIG.

Ooov agopd Ta deiyuata TWV I0TWV TTOU ATTOTEAOUV ApPXEIaKO UAIKO, hE TN HMEBODO
EVTOTTIONG YNPACHEVWY KUTTAPWYV HE TOo avTidpaoTripio GL13, utmpxe n duvarotnta
odpwong PEYAAoU aplBUoU OEIYUATWY MPE TTPOKAPKIVIKEG | KAPKIVIKEG AANOIWCEIG.
EmmAéov, emBeBaiwbnkav BiBAIoypa@ikad dedopéva yia Tnv augnon Tou apiBuou Twv
YNPACHEVWY KUTTAPWY PETA aTTd aKTIvOBepaTtTeia, xnueloBepatreia f ékBeon oe UV
akivoBoAia. [MpayupatotroimOnke, e€mmiong, TAPAAANAN  PEAETN NG €KQPaONG
TTapayoviwy OTTwg ol TTpwreiveg p53, 53BP1, kabwg kal n ékppacn mi-RNAs (mir-
34a) oe ox€on PE TO QAIVOUEVO TNG YNPAvong o€ Oeiyuata I0TWV KAl KUTTAPIKA
MOVTEAQ.

MeAETeG £xouv avaEpel TNV UTTAPEN EAeUBEPNG NITTOPOUCKIVNG OTOV OPO TOU QiNATOG,
N OTToia YTTOPEi va OUVOEETAI e TTABOAOYIKEG KATOOTAOEIG i} e TO ypag (Brunk and
Terman, 2002a; Jung, Hohn and Grune, 2010; Feng et al., 2015). ZxedIAOTNKE,
AoITTOv, €va TTPWTOKOAANO TO OTToi0 OTNPICETal OTNV €I0IK) OUVOEDN QvVTIOPACTNPIOU
GL13-NITTo@OoucKivngG Kal n avixveuon Tou ONPATOG YiveTal JEOW TNG TEXVIKAG TNG
XNUEIOQPWTAUYEIOG. Ta deiypata PEAETNG XwpPIOTNKAV O€ 3 JEYAAEG KATNYOPIES, UYIEIG
o€ veapn nAikia (21-25 etwv), nAIKIwpEvol (>65 €TWV) XWPIG UTTOKEIYEVA VOOTUATA KAl
aoBeveic. O1 aoBéveleg TTOu pEAETHOBNKAVY TTEPIEAGUBAvAY TNV KOPDIOKA AVETTAPKEIA, TIG
VEUPOEKQPUAIOTIKEG TTABNOEIG (Avola), Tn peupartocidry apbpiTida Kal Tov KApPKivo.
Maparnprijoaue o011 0Ta dEiypuaTa opou aoBevwy e Kapkivo ol TINEG ATav 11.9 popég
MO UYPNAEG O0€ oX€on ME Ta deiypata ava@opdg, Ta otroia dev gival aAa atmd Ta
OciyuaTa TWV UYIWV atOuWV o€ veapr nAIKia. AvtioToixa o€ Ociydata acBevwyv Je
PEUPATOEIDN apBpPITIdA Ta ETTITTEDA TNG MNITTOPOUCKIVNG NTaV 12.2 opEG neEYaAUTEPQ O
oxéon ME autd Twv OElyPATwyv ava@opds. Autd pag deixvel OTI Ta ETTTTEdA TNG
NITTOQOUOKiVNG augavovTal o€ TTaBOAOYIKEG KATAOTACEIG O€ OXEON UE TIG PUOIOAOYIKEG.
Maparnprioaue, JAAIOTA, TTWG AUTA N Augnon dev gival ATTOTEAEOUA TOU YPATOG AAAG
TNG TTaBoYEVEIQG.

2UMTTEPACHATIKA, O POANOG TNG YAPAVONG €ival KOBOPIOTIKOG O€ TTOIKIAEG ouvOnkeg. T
auTto Tov AOYO, N eUpeon KATAANAWY BIODEIKTWY PE UYNAR €10KOTATA Kal euaicOnaoia
€ival atrapaiTnTn yia TOV EVTOTTIOHO TWV YNPAOUEVWY KUTTAPWY Kal TN eupuTEPN MEAETN

TOU POAOU TOU @QAIVOUEVOU TNG KUTTOPIKAG yrnpavong. Ta atmmoTteAéopaTta Twv
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TTEIPANATWY OTOUG OPOUG QiPATOG Eival IDIAITEPA EVOOAPPUVTIKA, KABWG av n TEXVIKN
EQPAPUOOTEI O€ HEYAAN KAIJOKA EIYUATWY, TOTE Wia ATTAN HETPNON TWV ETITTEOWY TNG
AiTToouokivng otov opd pe 1o avtidpaoTiplio GL13 Ba ptropouce va armoTeAEoEl Eva
VEO OIAYVWOTIKO OEIKTN.

NAauBdavovrag umown OAa 1A TTOpPATTAvw,, OTNV  Trapouca  OlaTpIRnA
TTOPOUCIAZETAl  €va OUVOAO TTEIPAPATIKWY TTPOCEYYICEWY EVTOTTIONOU YNPACHEVWV
KUTTAGpWV pPéow Tou avtidpaoTtnpiou GL13 A pérpnong Twv emmmédwv NG
NITTOQOUOKIVNG PE HEYAAN gualioBnaia Kal €1I0IKOTNTA ATTOTEAWVTAG VA ONUAVTIKO KOl
KAIVOTOPO ETTIOTAPOVIKO €PYAAEio OTn PEAETN TNG KUTTAPIKNAG yRpavong. To
avTidpaoTipIo Adyw TNG QUONG TOU KAl TNG OUVOEDH TOU PE Eva NOPIO PBIOTiVNG PTTOPEI
VO EVTOTTIOTEI EUKOAQ KAl va TTPOOTEDEI O€ NdN UTTAPXOVTA TTPWTOKOAAQ in Situ Kal un
TEXVIKWYV. XTOV TTAPOKATW TTivaka TrapouciddovTal ol eBodoloyieg kal Ta €idn Twv
BloAoyikwv OelyNATWY  MPEAETNG TNG KUTTAPIKAG yApavong pe 10 GL13, TTOU
MEAETABNKAV OTA TTAQICIO TNG CUYKEKPIPEVNG DIATPIPNAG KAl OI AVTIOTOIXEG dNUOCIEUOEIG

OTTOU TTEPIYPAPOVTAL.
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Abstract

Lipofuscin accumulation is a hallmark of senescence. This nondegradable material aggregates in the
cytoplasm of stressed or damaged cells due to metabolic imbalance associated with aging and age-related
diseases. Indications of a soluble state of lipofuscin have also been provided, rendering the perspective of
monitoring such processes via lipofuscin quantification in liquids intriguing. Therefore, the development of
an accurate and reliable method is of paramount importance. Currently available assays are characterized by
inherent pitfalls which demote their credibility. We herein describe a simple, highly specific and sensitive
protocol for measuring lipofuscin levels in any type of liquid. The current method represents an evolution of
a previously described assay, developed for in vitro and in vivo senescent cell recognition that exploits a
newly synthesized Sudan Black-B analog (GL13). Analysis of human clinical samples with the modified
protocol provided strong evidence of its usefulness for the exposure and surveillance of age-related
conditions.

Key words Lipofuscin, GL13 (SenTraGor ™), Senescence, Biological fluids, Aging, Age-related
discases

1 Introduction

We have recently shown that cytoplasmic lipofuscin aggregation is a
landmark of senescence [1, 2]. The latter represents a cellular
response mechanism against stress or damage [3-7]. Subsequently,
we developed a novel reagent (GL13) and a hybrid histochemica-
l-immunohistochemical method that allows for recognition of
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equally to this work.
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senescent cells in vitro and in vivo, with high specificity and sensi-
tivity [8]. GL13 is a biotinylated Sudan Black-B (SBB) chemical
analog (commercially available as SenTraGor™ by Arriani Pharma-
ceuticals Greece, Catalog number: AR8850040-AR8850080).
GL13 interacts potently and specifically with lipofuscin and can be
detected via an antibody-mediated chromogenic or fluorescent
assay [8-11]. As a result, the application of GL13 outperforms
most of the available and widely used senescent cell-staining meth-
ods with respect to their technical challenges, inherent limitations
and systematic errors [8]. Interestingly, unprecedented quantifica-
tion capacities also emerge, as shown herein. The currently
described protocol represents an advancement rendering lipofuscin
levels measurable in biological fluids. More specifically, we present a
novel quantitative detection method of soluble or extracted lipo-
fuscin levels in cell culture supernatants, body fluids and tissue
homogenates that utilizes an antibody-mediated chemilumines-
cence assay.

Lipofuscin is a nondegradable substrate of metabolism that
accumulates in cells due to impaired mitochondrial/lysosome
(mitochondrial-lysosomal axis theory) and proteasome function,
upon stress or cellular damage [12-20]. Stressed or damaged cells
have ceased to proliferate and are therefore not able to degrade this
substrate by cell division [17, 20]. The bulk mass of this heteroge-
neous material consists of oxidized proteins/lipoproteins, oxidized
lipids and metals that become resistant to hydrolysis by lysosomal
enzymes [17-19]. Lipofuscin is not inactive and harmless but
harbors detrimental properties. Firstly, lipofuscin accumulation is
known to reduce proteostasis and, particularly, the proteasomal
activity, thus inhibiting the effective turnover of modified /oxidized
proteins [17, 19, 21]. Secondly, it facilitates production of reactive
oxygen species (ROS) via the Fenton reaction, mediated by its
integrated redox-active metals [17, 19, 21]. Together, these lead
to increased formation of oxidized intracellular molecules which, in
turn, further promote lipofuscin aggregation in a positive feedback
loop [17, 18, 21]. Based on the above, intracellular aggregation of
lipofuscin signifies an impaired cellular status and deregulated
homeostasis.

The quantification of lipofuscin is regarded as being of high
importance for a wide range of life sciences and related disciplines.
Lipofuscin levels seem to provide a lifetime history of cumulative
exposure to metabolic stress and, thus, are directly related to the
aging process and bear pathophysiological relevance [19, 21-23].
Increasing evidence supports a linear correlation of lipofuscin levels
with age and age-related diseases [19, 21, 24]. This is rather well
anticipated given that the number of senescent cells in tissues and
organs increases with age as stress and damage accumulates [3-7,
20]. Interestingly, some age determination methods of organisms
based on the quantification of lipofuscin have been described
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[25-29], while a broad spectrum of age-related disorders, includ-
ing Alzheimer’s and Parkinson’s disease, age-related macular
degeneration, heart failure and others, have been associated with
tissue and organ lipofuscin accumulation [19, 30-33]. Of note,
early studies showed increased lipofuscin levels with age in periph-
eral human lymphocytes and plasma cells [34]. In addition, the
presence of lipofuscin pigments was reported in erythrocyte mem-
branes of Alzheimer’s patients [35].

A number of studies provide indications that lipofuscin also
exists in a soluble form in different body fluids. More specifically,
Feng et al. claimed that lipofuscin concentrations detected in the
plasma of human cases exhibited significantly higher levels than
those observed in the saliva [36]. Similarly, detectable lipofuscin
levels have also been reported in the plasma of mice [37]. Indirect
evidence regarding the existence of lipofuscin in the plasma or
blood serum based on its autofluorescence properties (soluble
lipofuscin fluorophores) have also come in light [38—45]. Some of
these reports focused on the putative correlation of lipofuscin levels
in body fluids (mainly plasma) with age and different pathologies,
in an attempt to establish a sensitive and reliable method for detect-
ing and monitoring both aging and disease [38, 40,42, 43, 46].

Yet a number of inherent difficulties are related with the mea-
surement of lipofuscin to a good precision. Lipofuscin composition
varies considerably between different tissues, organs, and species,
thus leading to differences in distribution, staining, solubility, and
enzymatic activity [47—49]. Additionally, this complicated mixture
of oxidized macromolecules exhibits autofluorescent properties
that possibly rely on Schiff bases formed by reactions between
carbonyls and amino residues [18]. Broad deviations in excitation
and emission (wavelengths ranging from 320 to 480 nm and from
460 to 630 nm, respectively) pose serious difficulties to methods
based on direct spectroscopic characterization [14, 24, 50]. As a
result, both the accuracy and the credibility of the available quanti-
fication methods to date, most of which rely mainly on lipofuscin
autofluorescence, have received severe criticism.

Based on the excellent specificity of GL13 reagent, we describe
a rapid, highly specific and precise protocol for detecting and
measuring soluble lipofuscin levels in cell culture supernatants,
body fluids as well as cell and tissue homogenates. In brief, lipo-
fuscin is initially isolated from the studied biological samples
according to the modified Folch extraction method [51], resus-
pended and treated with GL13 to saturation. Then, a primary anti-
biotin antibody is applied and after incubation, a secondary anti-
body is used for detecting the lipofuscin—-GL13 complex via a
chemiluminescence reaction. Finally, lipofuscin levels are quantified
on the basis of the resulting signal intensity (see Fig. 1). For deter-
mining the crude lipofuscin content of analyzed samples, lumines-
cence is measured and signal intensity is matched with the
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Fig. 1 Schematic workflow of lipofuscin isolation and detection procedures using different biological speci-
mens. A diagram depicting key components of the protocol, as described in experimental procedure.
Lipofuscin is isolated from homogenized human liver tissue, human blood serum, and cell lysates using
chloroform—methanol and 10 mg/ml proteinase K incubation and centrifugation. Lipofuscin is dissolved in
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corresponding values of a calibration curve created by following a
similar protocol with the exception of lipofuscin being extracted
from fresh aged human liver tissue. While in the young samples,
lipofuscin levels were low [ Relative Light Units (RLU): 10-471],in
those obtained from aged individuals, we observed a 7.6-fold
increase in measurement (RLU: 486-3.252). These findings not
only provide an indication of the baseline levels of lipofuscin in
humans (young cases) and of its distribution in elderly individuals,
but also clearly confirm the linear correlation between lipofuscin
and age, further denoting its putative role as a biomarker for
monitoring the aging process (see Fig. 2). A stepwise scheme has
been applied for validating the protocol (see Fig. 3). First, cell
extracts from cellular models with established senescence and
their corresponding, senescence-negative controls were analyzed
and differences in lipofuscin levels were measured (see Fig. 3). Mea-
surements showed a significant increase in soluble lipofuscin levels
in the samples obtained from senescent cells in comparison to those
from untreated cells [HBEC-CDC6 Tet-Off vs HBEC-CDC6
Tet-On (6 days on induction), Saos-2 p21"VAFI/CiPl Ter Off vs
Saos-2 p21VAFL/CPL Ter-On (10 days induction)] (see Figs. 1
and 3). Subsequently, we extracted intracellular lipofuscin from
the same cellular models and repeated the quantification assay
(see Fig. 1). The protocol was then implemented for determining
lipofuscin in blood sera from young (controls) and aged but
“healthy” individuals as well as patients suffering from different
kinds of pathologies. These included heart failure, neurodegenera-
tive disorders (dementia), rheumatoid arthritis and cancer
(see Table 1, Fig. 4a, b). Clinical sample collection and their experi-
mental use were approved by the Bio-Ethics Committee of Medical
School of Athens, in accordance with the Declaration of Helsinki
and local laws and regulations. Written consent was also obtained
from the patients. As an additional level of validation, lipofuscin
levels measured in human tissues by the herein presented GL13-
based chemiluminescence assay were correlated with lipofuscin
concentration in the same tissues as assessed by the hybrid histo-
chemistry—-immunohistochemistry method [8] (see Fig. 5). Further
control experiments included electron microscopy in order to verify
that the extracted material exhibits morphological features similar
to those described for isolated lipofuscin [54] (see Fig. 6).

The current method allows for an accurate estimation of solu-
ble lipofuscin levels practically in any biological material. Given that

A
Y

Fig. 1 (continued) organic phase, which is evaporated and weighed. Crude lipofuscin extract is resuspended
in 1% v/v Tween 20/TBS. After centrifugation, the pellet is resuspended in EtOH 50% and the biotin-
conjugated SBB analog (GL13) is added. GL13 binds to lipofuscin and the anti-biotin HRP antibody binds to
the biotin moiety of GL13. HRP will react upon addition of luminescent substrate (luminol and H,0,) and light
will be emitted. Concentration of lipofuscin in each sample is linearly proportional to light intensity
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Fig. 2 (a) Schematic summary of the procedure implemented to create a calibration curve. The calibration
curve is constructed by following steps 1-1ll to 34 as described in experimental procedure, with the exception
of preparing 57 serial dilutions of the sample obtained after step 31 (dilution of each sample by 20% using
0.5% v/v Tween 20/TBS buffer). Measurements are recorded on an Excel spreadsheet and linear regression
analysis is performed. Determination of back calculated values may be assisted by using the Data analysis
add-in of Microsoft Excel and implementing manual functions. (b) The calibration curve for the determination
of crude lipofuscin content in liver tissue samples along with related parameters and metrics. Linear
regression analysis has been performed with no weighting factors, while the 0.0 point was neither included
nor the curve forced through it upon fitting (Error bars, 95% confidence intervals; n = 3). The LOD and LOQ
values are determined as 3.3 x Sy/slope and 10 - Sy/slope, respectively, where Syis the standard error of the
response at low concentration. Back calculated values exhibited error values lower than 10.6%, demonstrat-
ing the validity of the calibration curve

lipofuscin concentration has often been associated to age and vari-
ous age-related diseases [19, 25-33], the applicability domain of
the protocol presented herein is particularly broad. The determina-
tion of lipofuscin distribution in human body fluids according to
age, gender or any other epidemiological characteristic is now
feasible in the general population. To our knowledge, this issue
has not been sufficiently addressed in the past. Furthermore, the
method itself may well promote biomedical and clinical investiga-
tions on whether soluble lipofuscin levels could serve as a putative
biomarker of aging and/or disease. In this context, wide-scale
screening of populations, as well as groups of differences in age
and disease, is likely to assist in determining cases that are at “risk,”
despite a “young” and /or “healthy” phenotype, hence providing a
new tool for early detection. Additionally, monitoring lipofuscin in
the blood serum could provide valuable information on patient
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Fig. 3 Lipofuscin detection with GL13 and chemiluminescence after isolation from cell culture supernatant and
cell lysis. (1) Images showing chemiluminescence intensity from supernatant of HBEC-CDC6 Tet-Off and
Tet-On cell lines. (2) Images showing chemiluminescence intensity of cell extracts derived from cellular
models with established senescence (HBEC-CDC6 Tet-On and Saos-2 p21"A"" Tet-On) in comparison with
their corresponding, senescence-negative controls (HBEC-CDC6 Tet-Off and Saos-2 p21"WAF" Tet-0ff).
(3) Table showing the values and the statistical data of chemiluminescence intensity measurements in
each group and sample

Table 1
Groups of human specimens used for measuring soluble lipofuscin levels along with their health
condition and number of individual samples

Biological specimen Condition/disease (age, in years) Number of samples
Blood serum Young healthy (21-25) 10
Blood serum Aged healthy-MRMF* (65-94) 10
Blood serum Heart failure (62-85) 10
Blood serum Neurodegenerative diseases/dementia (49-94) 10
Blood serum Rheumatoid arthritis (27-67) 10
Blood serum Cancer (55-83) 10
Follicular fluid Infertile women (33-46) 5
Follicular fluid Oocyte donors (normal) (23-27) 5

*Medical record plus medications-free
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outcome, recurrence of disease and response to therapeutic inter-
ventions toward a personalized medicine strategy. Moreover, new
drug leads could be screened in a high-throughput manner for
their effect on cellular senescence, thus facilitating discovery of
senolytics, an emerging and highly promising class of bioactive
compounds [55]. Other potential applications might involve the
food industry, where monitoring superior quality properties such as

a Blood serum
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7.6 5.3 12.2 8.4 11.9

Fig. 4 (a) Graph showing luminescence intensity of serum samples derived from different groups of individuals
(n =10 in each group) after treatment with GL13. Clear differences in lipofuscin levels are evident between
samples from young and aged “MRMF” individuals but also between young healthy individuals and others
falling under various pathological entities. The measurements in aged and pathological samples correspond to
increase of lipofuscin levels ranging between 5.3-fold and 12.2-fold in comparison to young healthy samples
(Error bars, Standard Error; *, P < 0.05). (b) Graph showing chemiluminescence intensity of follicular fluid
samples derived from different groups of individuals (n = 5 in each group) after treatment with GL13. It has
been previously shown that an altered redox state of follicular fluid albumin influences the viability of aspirated
human oocytes [52]. Lipofuscin accumulation in the form of inclusions within oocytes is associated with a
significantly reduced fertilization rate and unfavorable blastocyst development [53]. Clear differences in
lipofuscin levels are evident between samples from normal oocyte donors and infertile women. Our results
confirmed this notion in follicular fluid, showing an eightfold increase in lipofuscin among infertile women
compared to normal donors. The measurements obtained from these samples correspond to a 7.5-fold
increase of lipofuscin levels in comparison to normal donor samples (Error bars, Standard Error; *, P < 0.05)
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age, freshness and health of consumable organisms are of great
commercial importance. A similar approach has been followed in
demographic analyses of economically important species (e.g., the
blue crab Callinectes sapidus) by measuring extracted fluorescence
[29], yet with the drawbacks of conventional methodologies
[28, 56, 57]. Finally, the method could be exploited by the cos-
metics industry in order to monitor the efficiency and response to
rejuvenation-treatments and antiaging products.

In only a limited number of available reports, soluble lipofuscin
levels were measured using a spectrophotometer according to the
Tsuchida method that is based on lipofuscin autofluorescence in the
blood serum. The concentration of fluorophores is expressed in
arbitrary units in comparison to the fluorescence of a quinine
sulphate reference [29, 40, 57]. The major disadvantage of this
approach is that, apart from lipofuscin, several other fluorophores
exist in the blood and its derivatives, as is the case with other tissues.
These fluorophores include a wide spectrum of molecules such as
amino acids (tryptophan) and proteins (albumin, enzymes and
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Fig. 5 Schematic illustration summarizing two alternative procedures that can depict lipofuscin accumulation
in human liver tissue with the use of the biotinylated SBB analog GL13. (a) Human liver tissue samples were
isolated from young (left) and aged (right) individuals. (b) Part of the tissue was formalin fixed, paraffin
embedded (FFPE) and used for light microscopy. The histochemical-immunohistochemical assay was
performed in FFPE tissues using GL13, showing evident differences in lipofuscin levels between young and
aged samples at the 100 x and 400 x magnifications. (¢) Another part of each human liver tissue sample was
homogenized, and lipofuscin was isolated and treated with GL13. The resulting luminescence was measured
as described in experimental procedure. The analysis shows an eightfold increase of lipofuscin levels in young
compared to aged liver tissue samples, in agreement with the microscopic observations (measurements in
Relative Light Units 4= Standard Error, n = 3; *, P < 0.05)

others), porphyrins, carotenoids, vitamins (vitamin A, riboflavin,
thiamine), pyridine nucleotides (NADH/NAD®*, NADPH/
NADP"), pyridoxic acid lactone, pyridoxal phosphate Schiff bases,
and protein-bound bilirubin [23, 57-59]. Given that their fluores-
cence spectra are highly similar to those of lipofuscin, they may well
interfere with measurements, thus producing serious analytical
errors. Therefore, the specificity of the aforementioned method in
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Fig. 6 Lipofuscin extract observation under a transmission electron microscope (TEM). (a) Diagrammatic
representation of the procedure followed for the preparation and positive staining of the lipofuscin sample on a
formvar/carbon coated grid. The grid with the absorbed/stained lipofuscin sample was observed under a TEM
operating at 80 KV and equipped with a digital camera. (b) Transmission electron micrographs of lipofuscin
formations exhibiting the same morphology whether extracted from human liver tissue (i) or from blood serum
localization of lipid components, and wide electron-dense areas exhibiting very fine vacuolization (asterisks).
Scale bar: 200 nm

determining lipofuscin levels has been strongly questioned. In
addition, the estimation of lipofuscin levels is rather relative and
lacks accuracy when using a standard curve based on a quinine
sulphate reference [29, 40, 57]. In line with the above, fluorimetry
has been extensively criticized when exploited in marine biology for
determining the age of aquatic organisms. The main concerns
raised were the absence of specificity which is not counterbalanced
by high-throughput assays, the poor correlation between extracted
fluorescence and in situ lipofuscin levels, and the lack of evidence
that normalization to cellular protein content actually leads to a
reliable lipofuscin assay [56]. A flow-cytometric (FACS) approach
for the quantification of extractable neurolipofuscin again exhibited
fundamental precision pitfalls [22]. Our proposed method specifi-
cally detects lipofuscin by exploiting the unique features of GL.13 in
a rapid, simple and straightforward manner. Electron microscopy
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analysis confirmed the morphological characteristics of lipofuscin in
the extracted material [54] (see Fig. 6). Moreover, the calibration
curve presented herein is designed to directly correlate crude lipo-
fuscin concentration with its corresponding chemiluminescence
signal, thus enabling self-consistent, precise and convenient mea-
surements in a range of different samples (see Fig. 2). Lastly, a
strong correlation between chemiluminescence measurements
(amount of crude lipofuscin) and in situ lipofuscin concentration
was observed in control experiments (se¢ Fig. 5).

Another approach described by Feng et al. used an enzyme-
linked immunosorbent assay (ELISA) kit provided by the Shanghai
Huyu Biological Technology Co. Ltd. to estimate lipofuscin levels
in human saliva and plasma [36]. A comparison with our method is
not feasible since no details regarding the kit or its composition
(particularly which component of lipofuscin the applied primary
antibody reacts against) are available in the literature. Since its
publication in 2015, and to the best of our knowledge, the above
method and its accompanying kit have never been used elsewhere
by the same or other researchers. Similar issues exist with the
Human Quantitative Competitive ELISA Lipofuscin (LPF) kit
distributed by MyBioSource (catalog # MBS7230952). Since the
composition of lipofuscin varies considerably among different tis-
sues and species [47—49], particularly with respect to the protein
fraction, the ELISA assay raises serious concerns about the lipofus-
cin module targeted by the primary antibody and, to an extent,
about the specificity, sensitivity, accuracy and suitability of the
overall method. No information on this matter exists in the
literature.

2 Materials

2.1 Lipofuscin
Isolation

Chloroform.

Methanol.

0.9% sodium chloride in dH,O.
10 mg/ml proteinase K.

20x TBS. Dissolve 121 g of Tris ultrapure in 800 ml of
dH,O. Adjust the pH to 7.4 with concentrated HCL.

1x TBS in dH,O0.
50% (vol /vol) ethanol absolute in 1x TBS.
Greiner Microlon Black 96-well plate.

A

0 ® N

Centrifuge.
10. Homogenizer.

11. Rotary evaporator with vacuum controller and vacuum pump.
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2.2 Lipofuscin
Detection Using GL13
and Chemilumine-
scence

2.3 Positive Staining
of Lipofuscin for
Electron Microscopy

12.
13.
14.
15.

1.

92

N O W N

High vacuum pump.
Ultrasonic bath.
Analytical balance.

50 ml round bottom flask.

80 mg SenTraGor. Dissolve 80 mg of SenTraGor in 14.5 ml
100% ethanol and incubate for 120 min in water bath at 37 °C.

. Chemiluminescence Reagent. Add equal volumes of Lumi-

GLO Reagent A and Reagent B.

. Anti-biotin HRP-linked antibody diluted 1:1000 in 0.1% v/v

Tween 20 /TBS.

. Tween 20.
. Fluorchem HD2 system equipped with a CCD camera.

. Uranyl acetate.

. Lead citrate.

. Formvar/carbon-coated copper grids, 200 mesh.
. Tweezers, antimagnetic stainless steel, style #5.

. Grid-box for storage of grids.

. Electron microscope.

3 Experimental Procedure

3.1 Lipofuscin
Isolation (Timing:
4-5h)

1.

1. Human blood serum: Transfer 500 pl of serum in 1.5 ml
Eppendorf (see Notes 1 and 2, Table 2).

1I. Cell lysis: Incubate cell pellet with Co-IP lysis buffer for
60 min at 4 °C.

1I1. Liver tissue: Homogenize tissue using PBS 1x 2-3 times
for 20-30 s each, pausing for 10-15 s between each homoge-
nization and placing samples on ice.

. Centrifuge at 6-8 °C for 10 min at 232 x 4.
. Transfer supernatant in 1.5 ml eppendorf.

. Centrifuge at 6-8 °C for 10 min at 7400 X g to sediment

lipofuscin (see Note 3).

. Resuspend the pellet in a mixture 2:1 chloroform and metha-

nol (see Notes 4 and 5).

. Dilute sample by 20% using a solution of 0.9% NaCl in distilled

water and vortex.

. Use ultrasonication for 1 min to enhance resuspension and

transfer lipofuscin to organic phase (see Notes 6 and 7,

Table 2).
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Table 2
Troubleshooting

Step Problem

Possible reason

Solution

1I Low amount of pellet

7 Large amounts of lipofuscin
trapped in intermediate
phase

23  Solvent is not completely
evaporated under a

474 mbar vacuum

24  Incomplete precipitation of

lipofuscin

25 Amount of GL13 not
sufficient to saturate
lipofuscin content of

sample

32 Poor resuspension of crude
lipofuscin extract in 0.5%

v/v Tween 20/TBS buffer

Low lipofuscin content in
blood serum

Sonication conditions not
optimal

Traces of the aqueous phase
have been isolated along
with the organic phase

Speed of centrifugation

High levels of lipofuscin in
analyzed sample

Excess amount of lipofuscin

Increase volume of blood serum
sample

Increase sonication time. This step is
crucial to transfer chloroform-
insoluble lipofuscin components
in organic phase

Gradually increase vacuum in rotary
evaporator down to 72 mbar and
extend evaporation time

Increase centrifuge acceleration up
to 7400 x g4

Increase volumes of GL13 stock
solution and EtOH 50%
resuspension solution in same
proportions

Incubate for 5-10 min in water bath
at 37 °C

13.
14.

15.
16.

17.
18.
19.
20.

. Incubate the samples for 15 min at room temperature with

gentle shaking.

. Centrifuge at 3700 x g for 10 min at 6-8 °C.
10.
11.
12.

Remove the aqueous (upper) phase using a pipette.
Transter and keep organic phase in 1.5 ml eppendorf.

Incubate intermediate phase with 10 mg/ml Proteinase K for
30 min at 37 °C with gentle shaking (se¢ Note 8).

Centrifuge at 3700 x g for 10 min at 6-8 °C.

Discard supernatant and resuspend pellet in a mixture 2:1
chloroform: methanol (se¢ Note 4).

Dilute by 20% using 0.9% NaCl in distilled water and vortex.

Incubate the mixtures for 15 min at room temperature with
gentle shaking.

Centrifuge at 3700 x g for 10 min at 6-8 °C.
Using a pipette, remove (upper) aqueous phase (see Note 9).
Transter and keep organic phase in 1.5 ml eppendorf.

Merge organic phase samples from steps 11 and 19, transfer
into a preweighed 50 ml round bottom flask and evaporate
solvent using a rotary evaporator apparatus and a heating bath
at 37 °C (see Notes 10 and 11).
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21.

22.

23.

24
GL13

and Chemilumine- 25

scence (Timing:

4-5h)

26.
27.

28.
29.

30.
31.

32.

33.

34.

35.

36.

3.3 Positive Staining 1.
of Lipofuscin for

Electron Microscopy 2

(Timing: 1 h)

Connect the round bottom flask to a high vacuum pump for
10 min.

Use an analytical balance to weigh the spherical flask and
determine the weight of the dried crude lipofuscin content.

Resuspend crude lipofuscin extract in 1% v/v Tween/TBS
using ultrasonication for 5-10 min at 37 °C (see Notes 12
and 13, Table 2).

. Centrifuge at 7400 x g for 10 min at 6-8 °C (sec Note 14,

Table 2).

. Resuspend pellet in 200 pl EtOH 50% and add 7.5 pl of the

GL13 stock solution. Incubate for 8 min at room temperature
with gentle shaking (see Notes 15 and 16, Table 2).
Centrifuge at 7400 x g for 10 min at 6-8 °C.

Wash with 500 pl of EtOH 50% and centrifuge at 6-8 °C for
10 min at 7400 x g (see Note 17).

Resuspend pellet in 100 pl of TBS 1x.

Add the anti-biotin HRP-linked antibody diluted 1:1000 in
0.1% v/v Tween 20/TBS to each sample. Incubate for
120 min at room temperature with gentle shaking (see
Note 18).

Centrifuge at 7400 x g for 10 min at 6-8 °C.

Wash with 200 pl TBS 1x and centrifuge at 7400 x g for
10 min at 6-8 °C. Repeat this step twice.

Resuspend the lipofuscin pellet in 90 pl 0.5% v/v Tween
20/TBS and transfer the solution in a 96-well plate (see
Note 19, Table 2).

Mix equal volumes of chemiluminescence substrate Lumiglo®
Reagent A and B in a plastic tube protected from light (see
Note 20).

Add 10 pl (dilution factor: 1,/10) of chemiluminescence solu-
tion in every sample-containing well.

After 1 min approximately, measure emitted light using a mul-
tiplex chemiluminescence imaging system.

Quantify luminescence intensity with AlphaView software
v1.3.0.7.

In samples derived from step 19 of the experimental procedure,
add 20 pl EtOH 50% and resuspend.

. Place drops of 5-10 pl of liquid sample onto a sheet of Parafilm

in a petri dish.

. Place formvar/carbon-coated 200 mesh copper grids on drops

of liquid sample and allow to absorb for 5 min at RT.
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4.

10.
11.

Wick away excess liquid sample from each grid applying care-
fully the torn edge of Whatman filter paper at the edge of
the grid.

. Immediately float the grids on filtered drops (20-30 pl) of 7%

uranyl acetate (aqueous solution) onto a sheet of Parafilm in a
petri dish. Stain for 25 min at room temperature in the dark.

. Wash grids under a stream of distilled water.
. Drain the grids.
. Float the grids on filtered drops (20-30 pl) of 0.4% lead citrate

(aqueous solution) onto a sheet of Parafilm in a petri dish. Place
NaOH tablets or 10 N NaOH solution droplets around the
Parafilm sheet in the petri dish to create a dry alkaline atmo-
sphere, lacking CO,. Stain each grid for 3 min at room tem-
perature (see Note 21).

. Immediately apply very short (~2 s) washes of the grids with

0.02 N NaOH solution and then wash thoroughly under a
stream of distilled water.

Dry the grids and store them in a grid box.

Observe the grids under a transmission electron microscope.

4 Notes

General: Precise and caveful handlings during varvious steps of the
protocol ave requived.

1.

Fresh—or stored for a short period of time—biological mate-
rial is preferred. It has been shown that during long term
storage, blood derivatives may lose their osmotic, hemostatic,
immunologic and other physiological properties, as more pro-
teins included in the samples tend to transform into lipofuscin
with time [60].

. Low amount of pellet indicates low lipofuscin content in the

sample. To overcome this, increased sample volume should be
analyzed.

. The molecular weight of lipofuscin is similar to that of

mitochondria.

. Chloroform and methanol are hazardous chemicals. Avoid

contact with skin, eyes and airways.

. The usage of chloroform when extracting lipofuscin is asso-

ciated with a variety of health, security, and regulatory issues.
Dichloromethane /methanol could replace the employed chlo-
roform/methanol steps in order to bypass these issues [61].

. Ultrasonication contributes in dissolving chloroform-insoluble

lipofuscin components.
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7.

10.

11.

12.
13.
14.

15.

16.

17.

18.

19.

20.

21.

Iflarge amounts of lipofuscin are trapped in intermediate phase
increase the duration of sonication. This step is crucial to
transfer chloroform-insoluble lipofuscin components into the
organic phase.

. Proteinase K will release lipids from lipoprotein structures in

order to enable quantification of chloroform-insoluble
lipofuscin.

It is important to remove the aqueous phase without entering
the organic phase to avoid decrease in lipofuscin levels.

Chloroform should be totally evaporated. If possible, use a
rotary evaporator connected to a vacuum controller and set
the cut-off value at 474 mbar. Evaporation time depends on
total solvent volume.

If the solvent is not completely evaporated under 474 mbar
vacuum, probably due to traces of the aqueous phase that have
been isolated along with the organic phase, gradually decrease
vacuum in rotary evaporator down to 72 mbar and extend
evaporation time.

It is important to ensure that lipofuscin is entirely resuspended.
Samples can be stored for 12 h at 4 °C.

Upon incomplete lipofuscin precipitation increase centrifuge
acceleration up to 7400 x g.

The GL13 stock solution should be passed through a 0.22-pm
filter before use. For further details, see Evangelou et al. [8].

GL13 amounts should always be adjusted in a manner that
ensures sufficient saturation of sample lipofuscin content.

Repeat this step several times (2—3 minimum). Observe color
of supernatant. Washing has been sufficiently performed when
supernatant is clear and transparent, without any blue haze or
floating particles of SBB analog.

Avoid repeated freeze—thaw cycles of the anti-biotin HRP con-
jugate antibody which may result in reduced activation of the
HRP enzyme.

Poor resuspension of crude lipofuscin extract in 0.5%v/v
Tween 20/TBS buffer indicates excess in lipofuscin amounts.
To address this issue incubate for 5-10 min in water bath at
37 °C.

The volume of chemiluminescence substrate depends on the
number of samples.

Avoid breathing over the grids in order to prevent the forma-
tion of lead precipitates due to the addition of CO, in the
atmosphere.
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pl6!NK4a (CDKN2A) is a central tumor suppressor, which induces cell-cycle arrest and
senescence. Cells expressing p16/NK4a accumulate in aging tissues and appear in pre-
malignant lesions, yet their physiologic effects are poorly understood. We found that pro-
longed expression of transgenic p16/NK42 in the mouse epidermis induces hyperplasia and
dysplasia, involving high proliferation rates of keratinocytes not expressing the transgene.
Continuous p16/NK42 expression increases the number of epidermal papillomas formed after
carcinogen treatment. Wnt-pathway ligands and targets are activated upon prolonged
p16INK4a expression, and Wnt inhibition suppresses p16/NK4a-induced hyperplasia. Senolytic
treatment reduces p16/NK4a-expressing cell numbers, and inhibits Wnt activation and
hyperplasia. In human actinic keratosis, a precursor of squamous cell carcinoma, p16/NK4a-
expressing cells are found adjacent to dividing cells, consistent with paracrine interaction.
These findings reveal that chronic p16/NK4a expression is sufficient to induce hyperplasia
through Wnt-mediated paracrine stimulation, and suggest that this tumor suppressor can
promote early premalignant epidermal lesion formation.
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Running Title: /n situ assays guiding cancer therapy

Abstract

In the era of precision medicine immunohistochemistry (IHC) and immunocytochemistry (ICC)
share some of the highlights in personalized treatment. Survival data obtained from clinical trials
shape the cut-offs and IHC scoring that serve as recommendations for patient selection both for
targeted and conventional therapies. Assessment of Estrogen and Progesterone Receptors along
with HER2 status has been among the first approved immunostaining assays revolutionizing
breast cancer treatment. Similarly, ALK positivity predicts the efficacy of ALK inhibitors in
patients with non-small cell lung cancer (NSCLC). In recent years, Programmed Death Ligand 1
(PD-L1) IHC assays have been approved as companion or complimentary diagnostic tools
predicting the response to checkpoint inhibitors. Anti-PD-L.1 and anti-PD-1 monoclonal
antibodies have inaugurated a new period in the treatment of advanced cancers, but the path to
approval of these biomarkers is filled with immunohistochemical challenges. The latter brings to
the fore the significance of molecular pathology as a hub between basic and clinical research.
Besides, novel markers are translated into routine practice, suggesting that we are at the
beginning of a new exciting period. Unraveling the molecular mechanisms involved in cellular
homeostasis unfolds biomarkers with greater specificity and sensitivity. The introduction of
GL13 (SenTraGor®) for the detection of senescent cells in archival material, the implementation
of key players of stress response pathways and the development of compounds detecting
common mutant P53 isoforms in dictating oncological treatments are paradigms for precision

oncology.

Key words: biomarkers; immunohistochemistry; immunocytochemistry; oncology; therapy
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Abstract

Background: Senescence is a fundamental biological process implicated in various pathologies, including cancer.
Regarding carcinogenesis, senescence signifies, at least in its initial phases, an anti-tumor response that needs to be
circumvented for cancer to progress. Micro-RNAs, a subclass of regulatory, non-coding RNAs, participate in senescence
regulation. At the subcellular level micro-RNAs, similar to proteins, have been shown to traffic between organelles
influencing cellular behavior. The differential function of micro-RNAs relative to their subcellular localization and their
role in senescence biology raises concurrent in situ analysis of coding and non-coding gene products in senescent cells
as a necessity. However, technical challenges have rendered in situ co-detection unfeasible until now.

Methods: In the present report we describe a methodology that bypasses these technical limitations achieving for the
first time simultaneous detection of both a micro-RNA and a protein in the biological context of cellular senescence,
utilizing the new commercially available SenTraGor™ compound. The method was applied in a prototypical human
non-malignant epithelial model of oncogene-induced senescence that we generated for the purposes of the study.
For the characterization of this novel system, we applied a wide range of cellular and molecular techniques, as well as
high-throughput analysis of the transcriptome and micro-RNAs.
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Abstract: Ageing is a major risk factor for developing many neurodegenerative diseases. Cellular
senescence is a homeostatic biological process that has a key role in driving ageing. There is evidence
that senescent cells accumulate in the nervous system with ageing and neurodegenerative disease
and may predispose a person to the appearance of a neurodegenerative condition or may aggravate
its course. Research into senescence has long been hindered by its variable and cell-type specific
features and the lack of a universal marker to unequivocally detect senescent cells. Recent advances
in senescence markers and genetically modified animal models have boosted our knowledge on the
role of cellular senescence in ageing and age-related disease. The aim now is to fully elucidate its role
in neurodegeneration in order to efficiently and safely exploit cellular senescence as a therapeutic
target. Here, we review evidence of cellular senescence in neurons and glial cells and we discuss
its putative role in Alzheimer’s disease, Parkinson’s disease and multiple sclerosis and we provide,
for the first time, evidence of senescence in neurons and glia in multiple sclerosis, using the novel
GL13 lipofuscin stain as a marker of cellular senescence.

Keywords: neurodegeneration; cellular senescence; ageing; Alzheimer’s disease; multiple sclerosis;
Parkinson’s disease; lipofuscin; SenTraGor™ (GL13); senolytics

1. Ageing and Neurodegeneration

Ageing is a universal process characterized by the accumulation of biological changes that lead to
the organism’s functional decline over time. Human ageing is accompanied by a gradual build-up of
cognitive and physical impairment and an increased risk of developing numerous diseases including
cancer, diabetes, cardiovascular, musculoskeletal and neurodegenerative conditions. Age-related
disability and morbidity adversely affect the quality of life; they are ultimately associated with an
increased risk of death and bear dire consequences for the individual, the family and society.

Ageing is the most important risk factor for the development of neurodegenerative disease and
typically, most neurodegenerative disorders manifest in the elderly [1]. The annual incidence of
Alzheimer’s disease (AD) has been shown to increase exponentially with advancing age [2,3]. Notably,
Down syndrome, a progeroid condition, has been associated with AD, and mouse models of premature
ageing have been reported to overproduce Af3 and show impaired learning and memory [4-7].
Incidence of Parkinson’s disease (PD), the second most common age-related neurodegenerative
condition also increases with age [8,9]. The great majority of AD and PD cases are sporadic and
typically manifest at a much older age than hereditary ones. Despite the differences in pathology
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Abstract: Autophagy is a catabolic process that preserves cellular homeostasis. Its exact
role during carcinogenesis is not completely defined. Specifically in head and neck cancer,
such information from clinical settings that comprise the whole spectrum of human carcinogenesis
is very limited. Towards this direction, we examined the in situ status of the autophagy-related
factors, Beclin-1, microtubule-associated protein 1 light chain 3, member B (LC3B) and sequestosome
1/p62 (p62) in clinical material covering all histopathological stages of human head and neck
carcinogenesis. This material is unique as each panel of lesions is derived from the same patient
and moreover we have previously assessed it for the DNA damage response (DDR) activation
status. Since Beclin-1, LC3B and p62 reflect the nucleation, elongation and degradation stages of
autophagy, respectively, their combined immunohistochemical (IHC) expression profiles could grossly
mirror the autophagic flux. This experimental approach was further corroborated by ultrastructural
analysis, applying transmission electron microscopy (TEM). The observed Beclin-1/LC3B/p62 IHC
patterns, obtained from serial sections analysis, along with TEM findings are suggestive of a declined
authophagic activity in preneoplastic lesions that was restored in full blown cancers. Correlating these
findings with DDR status in the same pathological stages are indicative of: (i) an antitumor function
of autophagy in support to that of DDR, possibly through energy deprivation in preneoplastic
stages, thus preventing incipient cancer cells from evolving; and (ii) a tumor-supporting role in the
cancerous stage.

Int. J. Mol. Sci. 2017, 18, 1920; d0i:10.3390/ijms18091920 www.mdpi.com/journal/ijms


http://www.mdpi.com/journal/ijms
http://www.mdpi.com
http://dx.doi.org/10.3390/ijms18091920
http://www.mdpi.com/journal/ijms

E 192

o)

Aging Cell (2017) 16, pp192-197

| SHORT TAKE

Doi: 10.1111/acel.12545

Robust, universal biomarker assay to detect senescent cells in

biological specimens

Konstantinos Evangelou,'* Nikolaos Lougiakis,?*

Sophia V. Rizou," Athanassios Kotsinas," Dimitris Kletsas,>
Daniel Mufoz-Espin,* Nikolaos G Kastrinakis," Nicole Pouli,?
Panagiotis Marakos,? Paul Townsend,® Manuel Serrano,*
Jiri Bartek®” and Vassilis G. Gorgoulis'>®

"Molecular Carcinogenesis Group, Department of Histology and Embryology,
Medical School, National and Kapodistrian University of Athens, Athens,
Greece

Department of Pharmaceutical Chemistry, Faculty of Pharmacy, National
and Kapodistrian University of Athens, Athens, Greece

3Laboratory of Cell Proliferation and Ageing, Institute of Biosciences and
Applications, National Centre for Scientific Research ‘Demokritos’, Athens,
Greece

“Tumor Suppression Group, Molecular Oncology Program, Spanish National
Cancer Research Centre (CNIO), Madrid, Spain

>Molecular and Clinical Cancer Sciences, Manchester Cancer Research
Centre, Manchester Academic Health Sciences Centre, University of
Manchester, Manchester, UK

®Danish Cancer Society Research Center, Copenhagen, Denmark

’Science For Life Laboratory, Division of Translational Medicine and Chemical
Biology, Department of Medical Biochemistry and Biophysics, Karolinska
Institute, Stockholm, Sweden

8Biomedical Research Foundation, Academy of Athens, Athens, Greece

Summary

Cellular senescence contributes to organismal development,
aging, and diverse pathologies, yet available assays to detect
senescent cells remain unsatisfactory. Here, we designed and
synthesized a lipophilic, biotin-linked Sudan Black B (SBB) ana-
logue suitable for sensitive and specific, antibody-enhanced
detection of lipofuscin-containing senescent cells in any biolog-
ical material. This new hybrid histo-/immunochemical method is
easy to perform, reliable, and universally applicable to assess
senescence in biomedicine, from cancer research to gerontology.

Abbreviations

BCIP/NBT, 5-Bromo-4-Chloro-3-Indolyl phosphate/Nitroblue tetrazolium salt;
DAB, 3,3’-Diaminobenzidine; DCC, N,N’-dicyclohexylcarbodiimide; DMAP,
4-dimethylaminopyridine; DMF, N,N-dimethylformamide; HPLC, high-performance
liquid chromatography; NMR, nuclear magnetic resonance; SA-B-gal, Senescence-
associated B-galactosidase; SBB-A-B, SBB-Analogue (GL13) Biotin; SBB, Sudan
Black B.
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Cellular senescence is a fundamental biological process involved in
normal embryonic and adult life and implicated in various pathological
conditions and therapeutic interventions (Campisi & d'Adda di Fagagna,
2007; Halazonetis et al., 2008; Gorgoulis & Halazonetis, 2010; Rodier &
Campisi, 2011; Munoz-Espin & Serrano, 2014; Georgakopoulou et al.,
2016). Therefore, detection and measurement of senescent cells in
biological material, with a sensitive, precise, and easy-to-perform assay
would be highly desirable and provide major benefits for research and
clinical practice.

We recently reported specific recognition of senescent cells in
biological material including cultured cells, fresh/frozen, and archival
(formalin-fixed and paraffin-embedded, FFPE) tissues, applying the
Sudan Black B (SBB) histochemical dye (Georgakopoulou et al., 2013;
Galanos et al., 2016; Liakou et al., 2016; Petrakis et al., 2016). SBB
reacts with lipofuscin, a non degradable aggregate of oxidized proteins,
lipids, and metals (Jung et al, 2007). Lipofuscin accumulates in
senescent cells, as a by-product of the senescent process, and should
be considered as a new ’hallmark’ of senescence (Jung et al., 2007;
Georgakopoulou et al., 2013; Galanos et al., 2016; Liakou et al., 2016;
Petrakis et al., 2016). On the contrary, the most widely used method,
measuring senescence-associated B-galactosidase activity (SA--gal;
Dimri et al., 1995), is applicable only in fresh samples. Additionally,
SA-B-gal assay has been shown to produce false-positive results, under
certain cell culture conditions (confluence and serum starvation), as well
as negative ones in certain cells that fully undergo senescence, but do
not exhibit SA-B-gal activity (Georgakopoulou et al., 2013; Munoz-Espin
& Serrano, 2014). Hence, the SBB histochemical assay bypasses these
weaknesses and broadens the spectrum of applications (Jung et al.,
2007; Georgakopoulou et al., 2013; Munoz-Espin & Serrano, 2014;
Galanos et al, 2016; Liakou et al, 2016; Petrakis et al., 2016).
Although the SBB-based method is easy and fast, it exhibits some
technical challenges that can compromise the overall sensitivity and
utilization of the assay, when performed by non pathologists (Geor-
gakopoulou et al., 2013).

First, the visualization of SBB-positive lipofuscin granules that appear as
variably sized blue-black or brown cytoplasmic granules is not always
straightforward and requires high magnifications (up to x 1000) for light
microscopy. Especially, in FFPE sections, the lipofuscin granules can be very
small, due to partial lipid striping of lipofuscin during sample preparation,
thereby making the granules hard to detect. If the proportion of senescent
cells within a tissue is low and these cells are widely scattered, their
identification could be challenging. Second, the SBB staining requires
longer experience to become familiar with the detection of positive cells,
especially when evaluating the staining reaction under the light micro-
scope without any counter stain. Equally important is to gain experience
with discrimination of true SBB-positive lipofuscin granules in senescent
cells from "background dirt’, reflecting nonspecific excess and precipita-
tion of the dye that can compromise the analysis.
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ABSTRACT

The cell surface proteoglycan syndecan 1 (SDC1) is overexpressed in the malignant breast stromal fibroblasts, creating a
favorable milieu for tumor cell growth. In the present study, we found that ionizing radiation, a well-established treatment
in human breast cancer, provokes premature senescence of human breast stromal fibroblasts in vitro, as well as in the
breast tissue in vivo. These senescent cells were found to overexpress SDC1 both in vitro and in vivo. By using a series of
specific inhibitors and siRNA approaches, we showed that this SDC1 overexpression in senescent cells is the result of an
autocrine action of Transforming Growth Factor-B (TGF-B) through the Smad pathway and the transcription factor Sp1,
while the classical senescence pathways of p53 or p38 MAPK - NF-kB are not involved. In addition, the highly invasive
human breast cancer cells MDA-MB-231 (in contrast to the low-invasive MCF-7) can also enhance SDC1 expression, both in
early-passage and senescent fibroblasts via a paracrine action of TGF-B. The above suggest that radiation-mediated
premature senescence and invasive tumor cells, alone or in combination, enhance SDC1 expression in breast stromal
fibroblasts, a poor prognostic factor for cancer growth, and that TGF-B plays a crucial role in this process.

INTRODUCTION an activated stroma can support tumor progression [1-7].

The stroma is composed of extracellular matrix (ECM)
While the research on cancer development and components (such as collagens and proteoglycans) and of
progression is focusing mainly on neoplastic cells, many cell types. Among them, fibroblasts play a key role
increasing evidence points to a decisive role of the as they are responsible for the deposition and remodeling
stroma and its interactions with cancer cells in tumor of ECM constituents, as well as for the release of
growth. Indeed, numerous studies indicate that a normal cytokines and growth factors acting in a paracrine
microenvironment can hamper tumor development, while manner on cancer cells [8-11].
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