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53BP1-p53 binding proteim 6 A 012 @gANONOS Lo

AMPK- 5'AMRactivated protein kinasekinaza AMPK

ALR- autophagic lysosome reformatioh,dzii 2 ¥ 3AOT yI 2Ry 24l f Al 242
APS amonium persulfatenadsiarczan amonu

ATG- autophagyrelatedgeng ISy T gANT Fye 1T Fdzi2FIF 3ADN

ATM- ataxiatelangiectasia mutatell 0 A I O] 2 1 Y dzielRahdieyt&ji 6 | G 1 &a2A
ATR- ataxia telangiectasia and Rad®@lated protein

BCE2- Bcelllymphoma20 A  ©1F 1 -2NBRT Aye& . /]

BrdU¢ 5-bromo-H -@eoxyuridine 5-bromo-2-deoksyurydyna

BSAc bovineserum albuminl £ 6 dzY Ay &adz2NRPgA O& o6& Rft OS2
CCFscytoplasmic chromatin fragments, cytoplazmatyczne fragmenty chromatyny

CCl: GC motif chemokine ligandhemokiny z rodziny CCL

CHK- checkpoint kinasekinaza punktu kontrolnego

CMA- chaperonemediated autophagy; dzi 2 ¥ 3A I T 1t S0yl 2R 0Al OS®
cPD- cumulative population doubling, | dzy' dzf 2 6 yI f AOT 6l L2 Rg22S2Z

DAMPs - damageassociated molecular patternsQT R&a G SOT 1A ae3ayl 024

uszkodzeniem

DAPI-n Qdiamidine2-phenylindol&  rdi@naidyno2-fenyloindol

DMSO- dimethyl sulfoxidedimetylosulfotlenek

DDR- DNA damage respons2,RLJ2 6 A SR1 y I dzal { 2RI Sy A 5b!

DEG differentialy expressedgenes 3Sy & 2 T N3 dyA 0246 yS S1 & LINZ
DNASEZ deoxyribonuclease 2leoksyrybonukleaza 2

DSBs double strand breaksiza 1 { 2 RT SyAl L2 Rgs2yS yAOA 5b!
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DTT- dithiothreitol, ditiotreitol
ECMc extracellular matri€ Y OASNI 1T SoynNGNI {2YsN] 251
ERc endoplasmic reticuluprsiateczkd Nk RLJ | T YI G & OT y I

ESCRTendosomal sorting complex required for transport Sy R2 a2 Yl f ye& 12YLX S

odpowiedzialny za transport

EVs- extracellular vesiclesJt OKSNJ @ 1A T S6ynNGiNI {2Y35N]26S

FBS Fetal Bovine Seruin & dzNB ¢ A O LJO2R24l OAStt OF

FC-foldchange] NR Gy 216 1T YAl ye

FDR-false discoveryratag & LJs OOT @ yyA]l FlLoalegeOK 2RI NEOG

HDLc high density lipoprotelh £ A LI2 LINPGSAy e 2 geaz21AsSe 3Atadz2l 0

IL ¢ interleukin interleukina

ILVs-intraluminal vesicles LJt OKSNJ @1 A 6So6yNIiNI SyR2az2YlfyS LR

b®@ny endosomu

ISEV International Society for Extracellular Vesicles

LADs- lamin-associated domaing 2 YSy & LR gANDT I yS T fFYAyYyD

LAMP- lysosomeassociated membrane prot&in 0 A ©12 T 6ANRT FYyS T 602yDN
LDELSLC3dependent EV loading and secretioG3l | t SOy S OIFIR261yAS A H&R]
LDLc low density lipoproteie £ A LR LINP G SAy & 2 yAiailiasSe At adz2l OA
LIR- LC3interacting regionNS 3A 2y 2 RRIT Al 0dz2nde 1 [/ o

MAP1 LC3 microtubuleassociated protein 1 light chain 3

MDC1- mediator of DNA damage checkpoint protein 1

MMP ¢ matrix metalloproteinasemetaloproteinaza macierzy

MRN- protein complex consisting of: Mre11, Rad50 and ®bs1] 2 YLJX S1a o0Al U1 268
(Mrell, Rad50, Nbsl)

MTOR- mechanistic Target Of Rapamycin
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MS- mass spectrometngpektrometria mas

MVBs- multivesicular bodieDA I 01 A St 2Lt OKSNI @126S

NBR1- neighbour of BRCA1 gene 1 protein

NFC B - nuclear factor kappdight-chainenhancer of activated B cells

Nh-cell harvestnumb& t A OT 6l 1T SoNFyeOK 12YsNB|
Ni-inoculumnumber £ A Ol 61 geaAly@aOK 12YsNB]

NTA- Nanoparticle Tracking Analysisy I €t AT I Tt SRT Sy Al NHzOKdz yI y
OIS- oncogeneinduced senescencgtarzenie przyspieszone indukowane onkogenami

OPTN optineurin optyneuryna

p70S6KE ribosomal protein S6 kinase beta

PARPZ poly [ADFibose] polymerase 1

PAS-phagophore assembly sité,A S2a4 0SS (1 62NJ SyAl ait FF327F2N
PBS phosphate buffered salile NRBT (i g5 NJ a2t A FAl 22f 231201 ySe
PCA- Principal Component Analygis | yI f ATl 305 6y@ 0K &1 0l R2gé 0
PD- population doublingpodwojenie populacji

PE¢ phosphatidylethanolamindpsfatydyloetanoloamina

PFA¢ paraformaldehydeparaformaldehyd

PI3K Il class Il phosphatidylinositoli®nase, kinaza 3 fosfatydyloinozytolu klasy Il

PI3P- phosphatidylinositol $hosphatefosfatydyloinozytol3-fosforanu

RBPs RNAbinding proteinsp A 1 6ANRdONOS whb!

RS- replicative senescengstarzenie replikacyjne

SAI -gal- senescencassociated -galactosidasée,-3F €  { 2T @RFTF T 6ANT Iy

SAHFssenescencassociated heterochromatioci,a { dzLJA &1+ KSGSNR OKNR Y|

starzeniem
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SASP( senescenceassociated secretory phenotype TSy 2(GeéLl] aSiNBoOeaye

starzeniem

SCAFs; senescenceell adhesion fragmenis 1 2Ys5NJ 26S FNI IYSyde &L
12Ys5NB] aidl NeOK

SDS sodium dodecyl sulfatesiarczan dodecylu sodu

SIPS stressinduced premature senescenséarzenie przyspieszone indukowane stresem

SQSTM1/p62 sequestomel/ubiquitin-binding protein p620 A | ©1 2 LJc H

SSBssingle strand brealyszkodzenie pojedyncgeici DNA

STRING Search Tool for the Retrieval of Interacting Genes/Proteins

TBST tris-buffered saline TweeR0> NRB T G635 NJ a2f A FAl 22t 23A01ySe
Tween20

TCH tiocarbohydrazidetiokarbohydrazyd

TCl-totalcellysatg € AT G OF 021 2YsNJ] 268

TEMED Db Q% b QtétrangebhyeediaminE b Q X dbe@amebtyibEtyleRodiamina

TMT- tandem mass tagznacznik tandemowej spektrometrii mas

UBA- ubiquitin-associated R2YSyl NRIT LR2T Yyl 2n0lF dzmAlgrdeyt y
ULK1/2-unc51 like autophagy activating kinase 1#naza ULK1/2

UPR- unfolded protein respons@, RLJ2 6 A SRT Yy I YASLIN}I 6AR0O262 &FI| OF
VSMG- vascular smooth musclecefls2 Ys NJ A YAt T yA 3JOFR]{AOK yI Ol &2

x-gal- 5-bromo-4-chloro-3-A y' R 2-D-galiktopiranozyd
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ABSTRACT

Cellular senescence is a stress response characterized by irreversible cell cycle arrest and
intense morphological, metabolic, and functional remodeling. This phenomenon can be
divided into early and late stage, each associated with dynamic phenotypicgefan
Accumulation of senescent cells in tissues contributeadimg of a whole organisand the
development of ageelated diseases, including atherosclerosis. It has been demonstrated
that vascular smooth muscle cells (VSMC) undergoing senescence prathetesclerotic

plaque progression, including through the increased secretion of bioactive factors collectively
referred to as the Senescenéesociated Secretory Phenotype (SASP).

One of the processes accompanying senescence is autophagy. This process is involved in
maintaining cellular homeostasis, preventing senescence by removing damaged organelles or
proteins. When cellular stress becomes chronic, autophagy may support theogeweht of

the senescent phenotype, including by sustaining SASP.

The aim of my study was to investigate changes occurring in vascular smooth muscle cells at
different stages of stresmduced and replicative senescence, with particular emphasis on the
role of autophagy in the regulation of extracellular ves¢E\s) secretion.

In the first stage of the study, | characterized the senescent phenotype. Analysis of classical
markers of this process was complemented with transcriptomic and proteomic studies, which
enabled identification of differences and similarities between diffeérg/pes of senescence
(induced vs replicative), as well as between its stages (early vs late). Transcriptome analysis
revealed a global decrease in gene expression in senescent cells, particularly of genes involved
in the regulation of proliferation and DA repair. Additionally, | found that the progression of
senescence is accompanied by changes in the expression of genes encoding proteins
associated with extracellular matrix remodeling. Proteomic analysis revealed a substantially
higher number of signifantly altered proteins in VSMC at late stages of senescence and in
replicative senescent cells. Among these, proteins involved in metabolic regulation and
immune responses were overrepresented.

Next, | analyzed extracellular vesicles secreted by cells at different stages of senescence.
| demonstrated that senescent VSMC release significantly more EVs than young cells, and their
number increases with senescence progression. Over time, following senescence induction,
the proteome of EVs released by senescent cells becomes increasinggfidigeindicating
dynamic remodeling of the secretome. Comparison of the cellular proteome with the EVs
proteome allowed me to identify potential markers of shprocess present in extracellular
vesicles, which could potentially be used to assess cellular senescence levels in cardiovascular
diseases based on EVs circulating in the blood.

| showed that both replicative and stressluced senescence in VSMC are associated with
reduced autophagic activity. Inhibition of autophagy using bafilomycin A1 markedly increased
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E\ssecretion in VSMC, indicating a functional link between impaired autophagy and elevated
vesicle release by senescent cells.

| also examined the effect of simvastatin, a widely used drug for the prevention and treatment
of cardiovascular diseases, on the secretome of senescent cells. | found that this drug reduces
the secretion of soluble SASP factors by senescent VSMC, butatcsftect the level of B/
release.

In summary, this dissertation presents findings that contribute to a better understanding of
the changes occurring during vascular smooth muscle seflescenceand provides

a foundation for future studies on the use of senescence markers for diagnosis and evaluation
of therapeutic outcomes in vascular diseases associated with the accumulation of senescent
cells. Moreover, my research indicates a link between autophagy impairmbserved in
senescent cells and B¥ecretion.
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g R22NJ S yA dzc ATEAI 2AFE7, haukgestarzeleR 1T | A OK FAONROE I &l
G2 T6ANDTIYS T 3IANBYIFRISYAS)¥s alNE @raRTI|{RPGRIR yYRDK G

poziomu reaktywnych forrtienu 213,

Bl KFEY26FYyAS dzi2FF 3AA  LIKEnG Olspzigehtyfikodal tzynRkk A y R dz]
transkrypcyjny GATA4 jako kluczowy regulator starzenia i wydzielahi@ y ySABRE4

W warunkach fizjologicznych GATA4 jest degradowaaydrodze selektywrej autofagi

I I tef ddySQSTMI62, jednak proces ten zostaje zahamowany podczas starzenia.

Akumulacja GATA4 prowadzi do aktywacji czynnika transkrypcyjnego.NE O2 | 121 ¢
LINT @ OT eyAl aaAt R2 AYRdzl O2A { !¢t tA2 RENHZNEBEZ DO
g6 T 1FLtSoy2TOAF 2R 61 NHzy1 1356 | dzi,2FRIAlI LKEROT RYALF €

01N SyAl 12ND28BEC oL)FRYS 414 BOKIBSPRIZNE RT | 2
A8t 81dGesyl fdo yrsasStsldeslyls S8l Ldz adl Ny Sy

przedziale zachodzi ten proces.
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1.6.3. Autofagia a sekrecja

@ egzosomy

¢

btona komérkowa

aparat Golgiego

wczesny
endosom

ATGS (ATG16L
b)) (sl

|o® — OO b 1
J-o ° f
D = ‘-\"‘N S / i
Inicjacja Elongacja Dojrzewanie — == autolizosom
LC3HI autofagosom )
/' Degradacja
-

(Lea)

Ryc.1.4. Schemath f dz& (i NHz2 DpfoeesulLantdfgiot A2SH NG 1 2622 LINB{ dzN& 2
NRBT &alT SNIi+ ag2e2S I NFgtRIAST (62NJTnG ASHi 2272 al%
cytoplazmatyczne lub organelley A INHz2 N ¢ 1 AsSONE20dz A BAT 2BDY Fdz
fAT 282YFYAD |t GSNYIFGesgyASs | dzi2 Tl AehdoSomamiOstatetihie
Fdzi2 F 32&82Ye fdzo | YFAazyvye onoin &aiat 1 Wikanard aray
dd & OAdz . A2wSYRSNWO2Y

WgegAt 1al 21 OA Sdzl F NA2Ge80T yeOK 12Ys5NB|l 6&RI AS
12ys6SyoOe2ylfyS3a2 aifl{dz aSiNBOeacyS3I2s 2068
SYR2LI FT YI G0l yS3a2 69wy R2 LI NYiGdz D2t 3AS3z
wp2 OSaAsS S3aiz20edz21eed {TftF+]1 GSy gevyl3ar 20680
aeyiaSaei26lyS 0AL012 R2 LINISRIAIFOUsg aS]INBOe
OALF Ot Y23an 0eo S1aLR2NI2sl yS FEGSNYyI Geg
niekanonicz® OK f dzo yAS12ysSy 022yl ftyeaOK YSOKIYyAT Y:
jak i aparat Golgieg8?®.

WSRyeyY 1T ylratSLiasSe aOKFENITGOSNERT 26l yeOK LINJ
sekrecyjnapdpowiedzialna zéi NI y 8 L2 NI oAl 08§11 OedG2LiX T YIFGed
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6SHYNINI 12Y5N] 2680Kd 2 2RNbOYASYyAdz 2R (fl a&ol
R2 NRIT {OFRdz YIFGSNALFOdz OddG2LX LT YIGedlyS3az 6 Al
GeRTASEIYAS R2 LINI S&AGNJI SyAaA T SéyniNbcesjest NJ 2652
sekrecja prozapalnej cytokingMi > {05 Nl Y20S 06&06 a2Nlz2slyl R?2
prekursora ic LJ2 LINJ S1 a1 G 0O0SyAdz LIKIOSU212YRBEBLasAGTFRE
12YLX S1a yArASag2raiSe 2RkaROEKBRY Arz W RynIUBEFNDOA 2 6 S
Fdzi 2 Fl 32a2Ydz 1T B8R yIDy y[@WsdNAI2BINDASY geRTAStEIyeyYy
autofagii jest alarmina HMGB3® [/ 2 A &ad20y ST I dzi2FF3Al &S] NB
g 6@RIASEIYAdz 0AF OS] LRRFEIGyeOK yI F3aNB3AFOat =
OK2Nbl 060 YySdZNPREBISYSNI Oedzye OK

/| 2N} T o6At OS2 R2¢2Rs¢ oallldz YAS12ysSy(
LR2gANT FyS 1T o0A23SySIin LIXOKSNIelség 1SeynGNI 2
21kl FLy2x ©8S o0ALFLD12 ! ¢Dp dzOl SadyAadi e ¢ LINBRA
zakwaszeniexxk 0S| A St 2L OMSNR N2 SE OK2¢aNRft AydSNI
ATP6V1E1 kompleksu VIXUPazy2 @ RT ASf I yS L}t OKSNIi &{1A T 1 6ASNI
Fdzy 1 022yl fyS LRsANIFYAS LIROS&sg | dziz2FF IAA A

Zz ©
(0p))
™M
O
0]

t 20N0T SyRS I azk2FFA2a2YF YA LINBgFRIA R2 LR2gaily
y6IabdtLWyAS FdzZ 22606 1 002yN 12Ys5NJ] 26N dzol f
1 SeyNGNI 1{2Ys5N] 26532 w%I 260l SNBSSy &y 251 BREDGIRAYRIBS t adA
6 oveOKgetesl yAdz oAl US] 6ANONOBOK wb! A AO0OK L
(IL\&) 221 (Ryc. 1.4)

2 fAGSNIGdzNI S 2LIA&lI Y2 NbEoyASd LINRPOSa 21 NBIT Iy
EVs (LDELS, arigC3dependent E¥loading and secretian> ¢ | (5 NBYC3If A LAR2 & |
zlokalizowary I 002y AS SyR2a2Ysg aSsSft & aieesyy oSk e 0K gseAin
wb ! AnieXddmBeRNA (sncRNAA ¢ ONOT Isor&dzy R&f A gkl g RI ASE I
wwyniku fuzjiMVBT 6 02y N $2YsN] 260N

2 NB3IdzZ | 02t +Fdzi2FF3IAA &ASINBAR2ANDSE {HRIVE Y 1DD2 & Ny
I dz( 2 T 3 At Zhekinablh XTG5, ATGYM ATG16L oraz B Zaproponowano kilka
YSOKIYyATYs g yAS|{lIy2yAO0lyS3d2 HeRIASNBYFRE TIFHTSHO
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kompleks ATGBATG12! ¢ Dmc | LINEYdz2S (62NI SyAS I dziz2 ¥l
10G5NB3I2 T IFgFNI216 YyAS GNITFAIF R2 Al 2a2VYdz f
VIEG2YAlL a0 a8dASNHz2SE Ad oAl U1l Oedz2 L letoyl G&cC
Fdzd 2 Fl 32a2Ydzz 105 NB s aliet2L84 ABO T YO A& 2@kt | Y
I 002yN 12Ys3N] 26N dzY20tAg6Al2nNn0 geRiIASESYyA.
geaYl3al 20S0y21 OA &aLISOeTAOIl yeOK 0A OS] 1{AbS Ng
LY OKSNI 81 6 al0NRPP4¥2B2 o602ye 1 2YsNJ26S52

L dz 2 FF 3A L aSiNBOeayl! dzO1 S&aGy A Ol & 6 oHeRIl A
cytoplazmatycznycg2 R 60 A ©S1 A 2NBIyStfA L2 Ol nadGia
2@ RTASTEIYS (12YLRYySysygnalizadrah t RT RR@NE NR2F 8> ¢
INFOYAO26lYyS 2RLIRGASRI AT ¢ GeyY NBIAKOD®Sa 1 I LI
G832 altl1dz ylIadtLldzZS 6 2RLR2SASRI A YyIERNF O Y &
2RLIZ2 6 A SRINIWIA RODRS 2 04 F 0P R 2 duhfgiddd>proteiy @spondeczy
blokad® 0 NI yaLI2 Nlidz ¢6S¢y Bl Kd jsbtves Nikkanwvéhgaohalne szlaki
aSTNBOea2yS Y23an LISOYyAd NRft YSOKIYATYdz I F
GeRTIASEIYAS O0AFLDS1Z 10G5NB 6 61 NHzy1+ OK FAT 23
ERD2f 3AX £ SOT 6 61 NUaBSRRGAK N2 DNEEAS RAK | dzfi SWy/ 2

228

aAY2 TyFOlyS3az2 1L1adt Lz 6 1 NRT dzYASyAdz | dzi2¥FI
YSOKIYyAT Ysgs T LRITINBRYAOGSSY 1lGsNRBOK O0Al U]
L1221 2ad0F2S yASLISOYyF® /2NIT @At OS2 RIzghéewdK 6 a
1tdz01 268 St SYSyid aaSOA 12YdzyAll O2A YAt RI &1 2

A 6@8RIAStEIYAlF ¢ ReylIYAOTye aeadSy NB3IdzZ dz2and

1.7. w2fl adalridey ¢ él’flI'NjS)/)\dZ°[2Y5NJ[2é€
Inhibitory reduktazy HM@oA & G I ( & gtésawangnllekamig OK2NBOAS 6AS
20yA0l 2n0& YA \WikdrzystyWanefv Aecdkniishépapcholesterolemii poprzez
20YA0SYAS &0t dSYyAl OF0O1286A0S32 OK2f SAa0GSNEPT
A Nk 23t AOSNERsg> LINJ @& 2SRy201Sayey 1é6At1]a
(HDL). Konwersja -I8ydroksy3-metyloglutaryloeCoA (HM@Co0A) do mewalonianu przez
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NB R dz] ( [-GoA w hepalbcytach jest pierwszym etapem biosyntezy cholesterolu. Statyny
KIFI'Ydzz2n NBRAZRGET R LADST gANTIFYAS aitl YIALyYyxSaao

konformacyjfdw jego strukturze?®d a SOKF yAT Y GSy LIRYF3IlF TYYyAS2:
L2 LN ST TYyAaAS2al SyAS LINIY 6 R2 L2 R29RWEKaiagol INER Y|
0SS adGrdeéeye LRLNIXgAlL2ND Fdzy102S T NINROOZEEIT ¥
A TFdzy1022y246FyAS YIFINRFFIAs g LIRLINI gAlF2nO LINI
2RLI2G6ASRIA TIFLItySe 2NI1T a®boprfiyabyge otINBBBRI
T oAt 1al 2y SyBtazyINBRdzZldDO2 A 2 dz L2 OK2RI nNOS2 TS 1T Nk RO
Gf Syldz +T 20dz A gaLR2Yl 3l NPoal INHRYMS yil201®SD
f Sdz{l 208562 T 1 LI2oASI I INBIIOBWNs RIS (ySA]  FINBRA] AAC
yI Ol @z 1 NB®2A@&YR YIan T R2fty21 065 R2 X2I¥R45!| Y
OF32RT A6 adly TFrLIfye LRLNIST TyyiasSaalSyaAsS L.

adhezyjnych, takich jak ICAM®®,

{dFrdeye Y23an ¢gLI0eslo6 ¢ I Nb3OYyAO24lye all2aso Y
Fd2NBLFadrdeylr TFLR2oASIE adl NI Sy A # Natbntiast] 2 Y5 NB |
aAYglaidlaeylrs RIAFIOEF aSy2Y2NFAOTYyAS (2o 4LIO
Ol eyyaAalse {!{t ¢ &ail RI\®aegace O Kadania prowddkoheNd o f | & G |
12YsN]lFOK T Ns}RoOOU2Y 1l 61! +9/ 0 R26ASRIA2y23 0S5
FfS YyAS LINIgladladeyls LR2RFIYS g g&az2{1AYZI YA
aSy2fA0801 yAS: geg20dz2A®®B] YASND 12YsNB{1 aidl NJ

Y% RNHzZAAS2 &aidNRye adlrdeyes KFYdznO {(2YsN]26S
12YsN]lA yIF &aiGFNISyAS L¥ yITgASGElIYyAdz LINRYASYA
LadyArAS2n R2g2Res OK206 60ANDd yASioed tAO0IySs
Kulshreshtha iwsp®2 Ry 2 i2¢ t A 1Tyl Ol ye aLl RS|1 LRI A2Ydz &
YEoOU2y 1l A Y2y20e (i AQR SLARRIEY R RIONVIADBISYME L21
9+a 2NIT T oAt a$eSyor2a sO2RABACKE gy AOK29f+Sa G SNRE T | ;
g 12Ys5N] I OK, SHOW, li Ne{T @4 yeOK Fa2NBlFadldeyns C
T oAt NDEE QK (@NIsNBAS2T 6 yI PHBKSYA2(GISNI LISdzi e | A
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AyadzZ Ayt O0L590 ¢ YBAAOK 1 2YsNJlOK YA]INRIAf SeE
amyloidul LINI ST LINRPGSHFTt L59@®

23Rl 2SS aAat TFGSYZT S RIAIFIOIYAS aidldey yI &
12Y5NB]1 A oO6FRIFIyS3a2 12yiS1addz oA2f23A01yS3azd
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2. Cele pracy
{GFNI SyAS 12YsN]26S 2Sai LINRPOSaASY ¢geaz20S8 Re
12YsNJA dzf SIIFra2an TYALYy2Y TIENssy2 yI LR2TA2YA
TYALye Y230 ait LANIISNB®IRRDEBHERNR (d 2ZNAMY AT Y
& MAtaz z wiekienub w wynikuLINE O Patotogicznych wtkankach.@ { ' T Fy2 y I LIN
0S GFNB 12YsNJA +£{a/ an 26S0yS ¢ ofl ai 1l OK
g Ol LISOT QBy b O D @2 & IRBed®nicefgklywngj Bapravikptaszki, co

A

ax

LINR 6 | R R2 2S2 LX{yAtOAl | ¢ 12yasSieSyoOeca
przez stard 2 YsNJlak/ &LINJ @21 2N RS&adGlFroAft Al O2A o6fl a
RSANI RIFO2A YIFIOASNI @ TSoynNiINI{12YsN]l26S2d WS
a0 NI SyAdz 1 2YsN]26SYdz 2Sad Fdziz2FF3aAalr o 2 ¢

A

pro- jak ianty-2 G F NI SyA2¢623 dzOT SaidyAol no 6 LINRPOSAAS

pewne jego cechy, w tym fenotyp sekrecyjny.

DUOsgyeYA OSitl YarA Yz2eSe LN} Oe 6e&0

1. / KF NI¥ 1 G SNE avVisMpdzt SR YasNIRIOK  a il NI Sy Adz NBLIX
AYRdZl 26 ySYdz aGNBaSy yI g0l Sayey A Lkiye
LIt OKSNI 81356 1 S6ynNiINI 12Y5N]2680K 069+au0vo®
2. %ol RIyAS dzRT A ®dz NS BHdzZA i DERAA s&8RI ASE YAl
1 S6yNGNI {2YsN] 268 0K LINBMCI YUO2RS A aidl NB
2 T gANT {dz 1T LRaGlFIsgA2ye&YA OStflYAZ & Nleel OK vy
al 01 S3as5026S

T t2NsoyFYyAS TYALY TFOK2RTNOBOK g (GNI1C
A NBLX A{ Il OavBMC&I 2 LI NYsANIB |2 I-)/I-fATt’ L2 Rai
starzenia.

T Y2YLX S1a26l = 21121 0A261 A Af210A261! |
VSMC dzf S3I 2nodeé OK a0 NI SyAdz AyRdz1 241 y S
dz6 1 3t t RYASYASY T YAlLY T OK2RTI ndeokK ¢ Ol

51
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LY OKSNI 815 ¢ 1 S6ynNGNI 12YsN)]268e 0K LING §
I dzol 3t t RYASYASY T YAlLY T FOK2RTNOeOK ¢ OI I
T hi{NBT tSyAS TYAlLY 1T OK2RINO&eOK ¢ LINRPOSa&aAS

a0 NI SYAVSMEC 2 Y5 NB

T { LN 6RT SyAS 6alLls 0Ol fSdoy2i OA LRYAtRI & | dzi

1 S6ynNGNI 1 2YsN] 268 OK LINJ SUsm@z S3F2n0S &Gl NJ
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3.alGSNAIFO& A YSG2Re

31 al GSNAI O

311. 1 2R2¢f I hates NB |

2 0FRFEYAIFIOK ge12Nleadly2 fdzRT1AS {2YsN]JA VY,
Vascular SmoothMuscleCeélls T I+ { dzLJA 2y S 1T o6l yldz {2Ys5N]26S32
Collection).Y2 Ys N]J A 0&0& K2R2¢lyS ¢ aLlSo2rftyArsS LU
112086 0S =+ aoOdzZ NI/ Stf . lalf aSRAdzy 0! ¢¢/ 0 o
ang.Fetal Bovine Serum 2N} 1T T S&aidl 6SY &dz) SYSyils®BY p 1
5 ng/ml EGF, 10 mM-ALf dzi F YAy N 2N} 1T pn x3IkYE (16kasSy |
K2R2gly2 ¢ Ayldzoli2NIS ¢ GSYLISNI GdzZNJ S oT1c/
gAfA20Gy 21 OA @

312.t NI SOA6OAI DI

t2yAdS2 4 ¢lFoStA odm LINI SRa
FyFftAT & oAlFOS] YSG2RND 2S3GSNYy of2d 2NII

¢-oStl odmd 2@ 11T &aid2a26l ye@OK LINI SOAG6OAL O LIASNBAT 2 NJ
Masa oL
Antygen Pochodzenie w2l OASZ . dzF 2 NJ 61 Producent
[kDa]
Cell
ATG16L 64 1T NBt A 1:500 mleko o
Signaling
Cell
ATG5 55 1T NB A 1:500 mleko _ .
Signaling
BD
beklina 1 60 mysz 1:500 mleko
Biosciences
BD
Brdu - mysz 1:100 BSA
Biosciences
CD63 26 mysz 1:500 BSA Abcam
CD81 22 mysz 1:500 BSA Abcam
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EEA1l

flotylina-1

HMGB1

Ql H! -
(S139)

GAPDH

lamina B1
TOMM20

LAMPR2

LCB

LCA

PARP

p16|NK4
p21

p53

p-p53 (S15)

p62/SQSTM1

p62/SQSTM1

Rab7a

Rab27a

STX17

S6

160

48

29

15

35

72
20
100-120

16-18

16-18

113

16
21
53

53

62

62
23

27

33

32

mysz

mysz

1 NBt AQ

mysz

mysz

mysz
1 NB t AQ

mysz
1 NB t AJ
1 NE A
mysz

1 NBt AQ
1 NBt AJ

mysz

1 NBt AQ

mysz

kawia domowa

1 NBt AQ

1 NB t AJ

1 Nb £ A7

mysz
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1:500

1:1000

1:1000

1:500

1:50000

1:500
1:1000
1:1000

1:1000

1:250

1:500

1:500
1:500
1:500

1:500

1:500

1:250
1:500

1:500

1:500

1:500

mleko

mleko

mleko

Mleko/BSA

mleko

mleko
mleko

mleko

mleko

BSA

mleko

mleko
mleko

mleko

BSA

mleko

BSA

mleko

mleko

mleko

mleko

BD
Biosciences
BD
Biosciences

Abcam
Abcam

BD
Biosciences
Santa Cruz

GeneTex
Invitrogen
Sigma
Aldrich
NovusBio

BD
Biosciences
Proteintech
Santa Cruz
Santa Cruz

Cell

Signaling

BD

Biosciences
PROGEN
GeneTex

Cell

Signaling
Sigma
Aldrich
Cell
Signaling



p-S6 Cell
32 I NFEA] 1:500 mleko
(S235/236) Signaling
Cell
S6K 70-80 1INt A 1:500 mleko o
Signaling
Cell
p-S6K (T389) 70-85 1 Nb £ A 1:500 mleko _ _
Signaling
53BP1 214 1 Nb A 1:500 BSA NovusBio
Cell
GM130 130 ITNFEA] 1:500 mleko _ _
Signaling
TSG101 50 1 NB t A 1:500 mleko Abcam

t2yAdS2 6 ¢FoStA odu LINI SRaGFgA2y2 LINI SOAgC
oALFUS]T YSG2RND 2SAaGSNYy o6ft2G 2NIi. 6 oFNBASYALl
¢oStr odHd 281FT adz2az26l yadOK LINI SOAGOAI U RNHzZA2NI t R:
NAZWA POCHODZENI wh %/ L9 c/ KONIUGAT PRODUCENT1
[ ¥%B| O
B | peroksydaza
Ywj [ L/ koza 1:2000 DAKO
chrzanowa
IGG
I ¥%B| O
Bl fluorochrom Alexa .
Ywj [ L/ koza 1:500 Invitrogen
Fluor 488
IGG
[ ¥%B| O
Bl fluorochrom Alexa .
Ywj [ L/ koza 1:500 Invitrogen
Fluor 555
IGG
/| %B| 0 peroksydaza
koza 1:2000 DAKO
MYSICH IGG chrzanowa
/I %B| 0O fluorochrom Alexa
koza 1:500 Invitrogen
MYSICH IGG Fluor 488
/| %B| 0O fluorochrom Alexa
koza 1:500 Invitrogen
MYSICH IGG Fluor 555
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3.1.3. Odczynniki i oztwory

z

3131 %eANT 1A ge12Nl eadeslryS R2 NI (1G24

w2T 0g2NE LINJ ed2G26eé6ly2 A LINI SOK2geély2 gSRO:

¢toStl odod 281FT A 60T OAE2T OA NRIT (62N 6 atizazsl ye oK
. {¢BAD9
TEMP. ROZPUSZCZALN { ¢BA9bD Yol h
C <
%2 | + %9 ) PRODUCEN PRZECHOWYWANI  ROZTWORU ROZTWORU W
ROZTWORU 2 W|/Lh2 2 W|/Lht )
thA, 2
Sigma
DOKSORUBICYN _ -Hnc/ DMSO 25 mM 150 nM
Aldrich
BAFILOMYCYNA
Bioshop -Hnc/ DMSO 100 mM 100 nM
Al (BAF Al)
CHLOROCHINA . woda 18-60
Bioshop -Hnc/ o 60 mM
(CQ) dejonizowana KM
Merck
SIMWASTATYNA _ 100-250
(Sigma -Hnc/ DMSO 10 mM
(SMV) _ nM
Aldrich)

A 7

3132 w21 g2Ne aiz2az2s6lyS R 21 ol 1y
i S éurNjéy

IFfF1d21 @RET & iéxnﬂmyéa

_,NJ

w21 G635 NJ dzNRB litsls 2D D& 6 A SNI 2N O &Aldniek) ord&d R I f RSK @&
glutaraldehyd (Sigmaldrich) w PBS.

w21 635N NRBABOBI T I-gal A(Zbhine4iidogo-3-ittolilo- -D-
galaktopiranozyd, substrat SA3 I f 0 2 aidt dSyAdz m Y3IakYESZX p Ya KS
(GFekNs0 = p Ya KS{al Og 2l y sk, 150 mMythlotek sotlutoraz LJ2 G | &

2 mM chlorek magnezu w buforze fosforanowym o pH 6,0.
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Bufor fosforanowy o pH 6,@ NPT (635 NJ LINI 32026 y2 L3 LINI
0,1 M roztworu NabPQ (13,79 g/l) z 12,3 ml 0,1 M roztworu 3PQO mT Z 7T 0 A K E 0 X
T L2Y20n dneidieOK NRIT(G62NF g a12NB3IA261 y2 LI

3.1.3.3. Roztwory wykorzystywane w barwieniach cytochemicznych

w21 G635 NJ vm: LI NI 20 §FRA{(SRBMJECR) dpzpiisza2dnd w 90
Y t.{ 1T R2RIG1TASY 62R2NRGf Sy 1dz a2Rdz 6bl hl 0
Ll2gadl 08 NRITGG5N R2LINBGIRIFyYy2 R2 LI T13n LI
uzupgyAz t . { R2 122Z202¢S2 202t 021 OA wmMaAmncy/fd A

. STLRTNBRYA2 LINI SR dzoeOASY NRIT G635 NI Sy NRIT Y
3.1.3.4. Roztwory wykorzystywane w metodzie Western blot

Bufor 1 M TrigHCl o pH 6,8 60,57 g Tris rozpuszczono w 400 ml wody dejonizowane;j.
t2 R20AS dzadlt2y2 LI T LRY20N 6 adz OKf 2 NP
202t 02T OA pnn Yt B2RN RS22yAT 2461 yNod

Bufor 1,5 M TrigdCl o pH 8,8 90,85 g Tris rozpuszczono w 400 ml wody
RS22yAl 246lySed t2 R20AS dzadlfz2yz2 L [ l
A dzd dzLISOy A2y 2 R2 (1 22026S2 262t G421 O0OA pnn Y

CdzF 2N [ F &YIINJASAR2 61 y2 NRBIT 635N geal OA 2
2 A0t O0SyAdd mbp2YRI ¢NEw>S m: {5{X Hm: 3IfAOSNI
(GoHoOsBr{ 0 6 62RI AS RS22yAT 2g6FySa2d w2l {65 NJ LN
OKNBYANO LINJ SR R2ai0GtLISY T gAlLdord tNISR T1:
dodawano DTT €io:S0 X 0@ 1220262 20N eyYlo adGtoSyas

. dzZF2NJ R2 St S|TGNRERNBH2 (24 P81 NP |-kiothie N4 & &
adtozyeuv 2 &aitHCS35\Myglicyna n1%BRBS wwoiizé dejonizowanej. Przed
Trad2az26l yASy NET G65NI NBI OASZOI | y2 RT AS&
A LINJ SOK2gesgly2 ¢ nc/ ® ¢l {1 LINJe3az2d26lye NRI

. dzF2NJ R2 GNJ ya&TFSNHz QLANT eS| 2 (il 2 60l Sff2dz NPT (YBSsYND
ITNROGYAS adGtd2yeo -HCl, ANdlidra yoste SBSpwwodzia dejpriidhviane;.
t

NI SR Tlradgz2az2¢lyASY NRIG635NI NBIT OASZOI I y2

(0p))
Py
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YySiet2¢S32x ¢ Gl 1A &alLkRasoxr loé (1 2202¢6S aato
LINJ @ 320G2¢6F yAdz LINJ SOK2gesgly2 ¢ f2Rs560S A ge12N
TBSTLINI 6320 26Fy2 NRI OA4NRINFAS ANz d@ y®.0{ 20 it

~

Trisl / £ 2N} 1T wmZoTt a OKft2NB] a2Rdz ¢ 62RIAS RS22y.

1 /f A LINJ SOK2geglty2 6 nc/d® tNISR doeOASY Ne

idodawano Tweem n > o6& 2S32 12Z026S alGtdOSYyAS g@y2aA0
w2l G635 N tcNFO8Mzzl OT 2y2 ™M 3T NbOdz t 2y OStdz {

2 alGtoSyAdz oo d w2l Gges N LI2 LINJe3d2d261 yAdz LINJ

i wykorzystywano wielokrotnie.

w21 (65 NJ 60t i¢lotpdszczopa2)jICaotnasSe Brilliant Blue R 250 (Sigma
l'f RNAOKO A nXp 3 /2YYF&aaArsS . NRftAFyd . €dzS D |
alkoholu etylowego, 5% alkoholu metylowego i 8% kwasu octowego w wodzie dejongowa
blFadtLlWAS NRITG635NI LINI Sanoiz2y2 LINJ Si anoil $
w temperaturze pokojowej i wykorzystywano wielokrotnie.

3135 w21 0 g2NR R2 LINJ é32026eé6l yAaAl o0StA |
WR2T gAl ROT SyAlF OK gel2Nleadesgly2 0StS LRfAF]NE
MH2 2NFT mpz2 A 0S8t LREAF{INBEFIYAR2ge 113t al Of
przygotowania podano w Tabeli 3.4.

¢-oStl odnd {10FR NRITG2NFg6 R2 LINJe3dz2i26es6l yAl O0StA LR

ASt NPT RT ASt|lAST T F3tcal Ol |
OYt8 Yyl p Yt|loYte yl p Yt

{4t 0 {a4t 0

0S1100 |12% 15% 0 S 150

Odczynnik Odczynnik

woda 2,35 2,1 1,72 | woda 3,61

58



40% 40%
akrylamid/bis- 1,25 15 1,88 | akrylamid/bis- 0,64
akrylamid 29:1 akrylamid 29:1
1,5 M TrisHCI8,8 1,5 M TrisHCI®6,8

1,3 1,3 1,3 0,63
pH pH
10% SDS 0,05 0,05 0,05 | 10% SDS 0,05
10% APS 0,05 0,05 0,05 | 10% APS 0,05
TEMED 0,002 | 0,002 0,002| TEMED 0,005

3.1.3.6. Buforyiroztworya 12426 yS ¢ LINJ é&3d2i26e4!
mikroskopii elektronowej

N
Qx

T2ad1AS NRITGg2NR LINJe32G2¢6e0lyS o0eve o0SIL
0,4 M HEPES o0 pH 7G3NR T LJdza 1T OT 2y 2 pXp 3T 19t 9{ ¢
RSatetz26lySes | ylLradaGtLyAS dadalktly2 LI NI G5

. dzF 2 NJ dzicNdzpuszezé® D@ PFA (Sigmé RNA OKUO ¢ nn Y &+
Satet2gslySea I R2RFG1ASY {NRBLXA p a 62R2NRI
NBT LlJdzal Of SyAdz R2RI y2 pn Yt nIn a |1 9t9{ 2
@OASY wpr Jtdzib N} f RSKE@Rdz 69a{ovad ! adlftz2y:

~

e
I yFAGt LWYAS dz dzllSOy A2y 2 LR Rgs2yAS RSadet2g!

. dzF2NJ 66 8RB d22@De Ol 2y 2 nXp 3 |fodzyYAyeé &dz

saponiny oraz 0,27 g chlorku amonu w 100 ml PBS.

02 NRT G635N 0SSt TcNRPO ILIdaa T O 2ly 2| de>lal2 BF DT |
(SigmaAldrich) w 10 ml 0,2 M buforu fosforanowego o pH 7,4.

M3 NRT G065 N T NBRdz]l 2 6 ENBIA26 iGNNGS @ NISY T 87 2dE
> 0! 3FN {OASYGATFAOD T YAS&ATLFy2 1T NRIT(G62NBY
LI2Rgs2yAS RSaideft26lynNn g2RN ¢ LINR L2 NO2I OK MY
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2 NBT G635 N GSqNBIGE S3/NIdzi ENIdZi € Sy {dz 2&aYdz 2
{OASYGATAOOD TYASaAlly2 1 LRRgsa2yAS RSadGetz26lyDNn

Tiokarbohydrazyd (TCH)rozpuszczono 0,1 g TCH (Sighhdrich) w 10 ml wody
L2Rges2yAS RSaGet26lySe A LRRINISGLy2 6 (GSYLIS
1AE1FYFET OAS YAydzio

M3: NRBT (65 N Z@ipusfaipnaldlgyd@ahudaranylu (Ted Pella) w 10 ml
g2R@ L2 Roes2yAS RSadeftzgelySe A ylFLadtLyAS LN
.STLRTNBRYA2 LINJI SR deOASY NRIT Gos NI LINI STAL (NP
destylowafd 62 RN ®

w2T 065 NJ FaLl NI IAYEINEdzLI DR OR 2y 2 Angge I |1
(Sigmal f RNAOKUO ¢ wmn Yt nXno a (6Fadz | &L} N¥ AAY
g GSYLISNI GdzZNJ S cnc/ ® bladtLlWAS dzadltlry2 LIyl

A gAOl SL21aeRdEIsA 6 tizNID adANIAidh) yprzygotovamd |
L2 LINI ST T YASaAaTlyAS yoo 3 &a10FRYA(ll !'k-aX yZoo
30.

3.1.4. Sondy molekularne

LysoTrackerTM Red DMD (Invitrogen)

{2yRI &ad2az2¢6lyl 6 OStdz gAldz t AT O2A 2NBIySt A
M Ya NRBT(Og¢s5NI a2yReé LINJe3dz20261y2 4 -uaf{/tE 7 SUINT
R2alt Lz T 6AFGOFr® tNISR Tladz2az2é6lyASY NRIT G635 NJ
omMmnnnn NYT &@o R2 dzZeailyAiAl mnn ya aG§tdSyAl 122

al 3AOwWSRT /! ¢19t{Lb lFaalea oLYYdzy2/ KSYAaidN.

{2YyRIF at2az26lyl R2 LRYAFINYz FlGesgy21 OA (Il GSLAe

przygotowano poprzez rozpuszczenie w DMSO i przechowywano w temperaturze / = 0 S

R2aGt LJdz R2 T gAlLGOFd tNISR Tlaldz2az26lyAd8Y NRI G

g 2RI AS RS22yAl246lySe2 A R2RIgLYy2 2RLI2G6ASRYADN

6nn xfkYt 6 LINJ @@Ll R1dz LINBLI NI Gs g6 YA{INRA]2LR G«

Aft21 0A26S832 ¢ OleldyAldz LGS0 ¢+ LINJe320G2¢6
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315 »Sall ge& 2ROT @yyAlsd
LEGENDplexHU ProinflamChemokine Panel 1 StandaRloLegend
LEGENDplexHU Proinflam. Chemokine Panel 2 Stan¢dBidLegend

RNeasy Plus Mini Kit (50 probes) 74134, Qiagen
3.2. Metody

321. hOSyYy !l LR{GSyO2l 0dz LINPt AFTSNI OedayS3s
ad1dzvydzZt 261 yn tAOl o6t LIRRg22SZ LI Lz |
Y2Y5N]JA YAtTyA 3F0FR]TAOK yI Olrévz goe+a{Aay a0l yy2l 66 ¢
35tys./cmiA LI A O 2¢pl RY A@2 t® ROT Ia 1FO0RS3I2 LI &l ddz
komorze Neubauera w celu monitorowania podwojenia populacji (PD, pogulation
doubling, ze wzoru:
. aée D aé D
aeR

gdzie:
Ni¢ (ang.inoculumnurberd = € AOT o0 geaAl yeOK 12YsNB]
Nh¢ (ang.cell harvest nuiber), liczba zebranychJ2 ROT & (2t S2yS3235 LI al

blFradtLlWyAS R2 20Syeée LR{ISyoO2l 0dz LINPf ATSNI Oéea
LI2Rg22SZ L2 Lidzuimulaivd poputiod doubling® ®&Y 2 Ys NJ A 0@ 08 ¢
L2 iSyoOaltyAS adGFNBZ 1ASRe LINI Sadlglove ait F
3.2.2. Indukcja starzenia z wykorzystaniem doksorubicyny

2 OSfdz AYyRdz1 O2A &GFNJI SyAl LINJeaLmhasSalzysS3z
g At a i 2ys.Of nasynia hodowlanegp Yy I a0t LWYAS L322 wn 3I2RI
NI 10G26Fy2 12Ys5NJA R21a2NdzoAOdyn 2 1220248
12Ys5N]l2Y G&YASYyAly2 LRdeglt yI TgASdONn A K
LI20@g 1t 6SROUOdAZA LIRGNI SopD@DYENYX ARG VBT 26100y |
2R NI 1026 yAl R2142NUz0A08YyNOD
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2 OSfdz oFRIFYAIF ¢gLIO@gdz aAYgl aGraeye ylI 12Ys5N]A
gel 2Nl eadlry2 Y2RSt &adFNISyAls ¢ 104sNRBY 12YsN
H A2RITAyes | yFLaGtLyAS 68YASYAlLy2 LRoeg|t VYl

3.2.3. Wyznaczanie indeksu autofagicznego

52 gl yl Ol SyAl AyRS{1adz Fdzi2FF3A0TyS3a2 RtF 119
L+> w{0 LINJe3dz2dz2¢esly2 (NI & o4FINARFIyGe 112YsNB
GNIF130§26FyS wmnn ya olFFAt2Yal0yn !'m LINI ST 2aidl i

~

tNF 103261 yS cn xa OKf2NROKAYND Nk gYyASOd LINI ST o

Ge0OK 21T yFOlly2 LRI A2Y oOoALFO1lF [/o. L 2NX1T [/
g NRIRIAFES odHdndI ylLaldtLWAS RSYXKe2AYSHS mieéiy
gl ylL Ol ly2 aitzzadzyyS1 [/ o. LLK[/ o. L RfF 119

Fdzi 2 F1 3A0T yS32 adz2az2eoly2 61 s5NY

0 @0 00 0 @ 00
s o T s 2 e o 0,@0 0, 0 @0 O
Q¢ QOOI0 £ QO QQ HH—o—— 55
L @ O

324. 1 Y26l YAS geRlFIa2ay21 OA Fdzi2FI IAA

2 O0Sfdz AYVKAOAO2A | dzi2FF3IAA RflF {{FORS3I2 Lizy| id
{Lt{ LX {Lt{ L+x0XZ LINJe3az2id2s¢ly2 GNI& gFNRIYy(S
GNIF130G26FyS mnn ya o6FFAf2yeaodeyn | v NBNJ §|i2 Y2saNi| A
traktowanel8k aOKf 2 NR OKAY N Nl gyASO LINI ST 2adFdyAS ny
325. .  RFYAS LRTA2Ydz oAl 0S]1 YSiUi2RND 2SS4
FRFYAS LRTA2Ydz 60AF0S]T NRILROI&yly2 2R geaAi
g 0dziSt 1l OK K2R2gflye@OK® Y2YsNJA 6 RIyeyY Lz

2ROT SLIAlLY2 2R LRROU20IF T LR2Y20N nIup: NRIGg2
A 20NJaYlyn TFgASaAyt 1 2Ys NJLING IBT 6 ApNBYGFyyo2i dLING |- &
12YsN]lA LRYy26yAS LINI SLIOdz] A ¢ 679 prrez § mint. BBS NB 6 | y 2
1tSgl y2 I yIR 24l Rdz 12YsN]l26S32> | L2 1 2

w temperaturzeH nc / ®
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3251. t NI 832026 yAS S{1TaGNX1Gs96 O 021 2"
AL OLE AT 2261l y2 L2 NEaNINREedHKI &a Rl VR RS
NET YNRPOSYAdz 24l Re 12Ys5NJ26S 1TIgASally2 g 2
alyn 2o02ti2i06 adtdo2yS32 RoedzZINRIGYAS 06dzF 2 Nz |
LINI @ doeOAdz &GNT @1 o830 YyARDAYYSAOK Yy db RBR
g UGSYLISNI GdzNI S dpc/ @ t2 Gey O0500§mwz8z 5LdaHt0 | A«
I adzLISNY Gl yide LINI Syz2alz2y2 R2 y2680K LINRPOS ¢

w temperaturzeH nc / ®

3.252. w21 RIT Al O

o 6 0S8tdz LIREAFTN
YSYONI Yt A 6A

;iréar oAl OS]
wsgyS Af21 OA o0AlLO|lF o0évée ylyz2alz2yS ylI 0SSt L
L322 RRI g y& OK RSGS102Azx R 2 St STGNRBT2NBG&OI
L2t A I NBEFYAR26S 2 aGtdSyAl OK mME:»Z MHE? A Mf
L212226S2 LRR aidlvey ylILAtOASY pn =+ ¢ 0dzFz
I yFabdt LWYyAS mun = LINI ST 21202 H -BRAEREANYBOD 2
Rad).

t2 1T +F12Z01 SyAdz St S{GNRF2NBT & NRBIRIAStE2yS
YAGNR OSt dzf 2T 260N LINI SLINR S| RT I 2 nN-Blot BBRaborzylii NI Y
aldlvey ylLratdoSyAdz LINDRdz nnan Y! & ¢ NI yaFSNI LIN]
nc/ ® 52 20Syeé geRIFIay21 OA (NI YAaAFSNHz 0Al TS

czerwieni Ponceau S.

aSYO NIyt RTASt2y2 VyI FNI IYSyide TFsASNFran
ge12Nl eaidesgly2 412N SO YlrLad bladtLlyAS FN
6 GSYLISNIGdZNI S L1 2226S2 ¢ o0dzF2NI S R?2

g RIEf&T @O0K SilLTLIgOKS NING IBAA B0 AR O 2 RGOdzal O 2y S
t2 Gay OTlFaAsS YSYONryt Ayldzm2z2ély2 LINI ST vy

0f ;

LINI SOA6OA OSY LIASNBal2NItR26eY 6¢l oSt oodwm
przez 5 minut w TBST i inkubowandNb S M 3J2RT Ayt 6 (GSYLIS]
I 2RLRSGASRYAY LINI SOA6OALOSY RNUzZEZ2ZNIt R2geY
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FtEd2NRBOKNBYSY 6¢I106Stfl odHOU® aSYONIye Lodz !l y?2
RNHZZ2NI t R26S32 LINI SOASOALFOF &ALINIJtoz2yS3a2 1T LISN
do chemiluminescencji ECL Western Blotting Detection Reagent (GE Healthcamie zgod

I TFtSOSYAlFIYA LINBRdzOSY (Gl ® aSYONryt SlalLlRyz2sly
T LRY20N dz2NJ DRT SyAl Cdz2A Cta ynn! fdzo . A2wl |

RSGS7102A LINI SOAGOALl OF RNHZA2NI t R26S32 &ALINI t 02
ul DRT SYAS . A2wltR /KSYA520 LYIF3Ay3a {eadaSyo ! yI
LINJ @ dzoéOAdz LINRPANF Ydz LYIF3ISWE | AyGaSyaesyz21
Y2NXYIFfAT 26Fy2 R2 LRI A2Ydz 0AF 011 NBFSNByOezayS3
3.2.6. Barwienia cytochemiczne

VIEINEG126S mMp YY E mMp YYO VI8 Yool wykigniai NB f vy S
Y6EG2YAlL&ad LT 2adG6F0S 12YsN]JA GNIX1d28ly2 211
g 21NBITf2ye@O0K Lldzy{dlF OK Ol az2g¢geOK®

2 O8tdz 6el12ylyAl oOFNBASZ O8i(i20KSYAOTyeoOK g&

~ ~

326.1. hT yI Ol I yAS ‘ARGRPY2T ORI T& T 6ANDT I yS«
(SAi -gal)
Y2Ys5N]JA K2R24lyS yI al1ASO1FOK ylI{1NEg|12680K 2
QNI @I NRGYAS t.{ A ylradtLyirsS Ayldomz2ély2 25 LINJ
dzi NB It 2ndeYd bl adtLyAS ¢-3I10SK ddi 24 18yRH O1eSyiag A nNH
starzeniem (SA-QF f 00X (1 2YsNJA LRY26YyAS LIOdz1Fy2 GNI &1 NJ
oFNBANO_Y 1 kg X 3NIta2n Oy FEF2RI Ayl OK Ayldol O2A &
LJodz2l Fy2 GNI@{NBOGYAS t.{X O0FNBA2Y2 2NDRN} {2VYs
2 aAGtOoSyYyAdz v x3IkYEIX LIRYy26yAS LIOdzZAG(yvirogen) { A T | o
Y I a1l 1AS01dz LRRaillgz2eeyYd tNIeaz2i2s6tyS 6 (S
A FyFEAT26Fy2 T LIRY20ND YA{NRAa]2LlMz bAlz2y 9O0OfA
wSaSINOKd hRaASGHIS]T 12MsINBRPINBIElLgesyad 1! aidza
TFoFNBA2Yy@OK (1 2Y3sBBY aR2¥IRPBPYSO{! R2 fA0Toe
12YsN)| 5ee Ot Al & Af21 OA26S2 T 2adGlF02 doedsS 2 LN
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3.2.6.2. BarwienieF {Geéye ¢ 12Ys5NJI OK

Y2Ys Nl A NRaynosS yI ail1AS01+F0K yI{Negl2seOK
trzykrotnie PBS i utrwalano 4% roztworem PFA w temperaturze pokojowej przez 15 minut.

blradtLWYAS 12YsNJA LINI SLIOdZl A6l y2 GNI @1 NRGYAS
m2YSyilGdz 6FNBASYAlId® tNISR o6FNBASYASY (12YsN
roztworem 0,1% Triton¥nn ¢ t . { ¢ GSYLISNI GdzNI S Ll2]1222;
6 t.{Z 12YsNJA Ayldzoz2ély2 LINI ST on YAydzi 1

Fluor4 OLY@GAGNRIASYT ¢ OSftdz AT dzZf AT O2A Ol
g t.{d t2 Gey OTF&aAsS 12YsNJA LIdzl+y2 Rgdz
roztworem DAPb & it 8 Sy Adz m x3IkYf LINI ST wmp YAydzio
A T FOGFLALFY2 LINJ 8D dadley@indz N A&/ NE W2 dzyEil { A ST dz
F202aANF F26Fy2 A FYylFLtAT26ly2 T+ LIY20OND YA]NZ
Elements Basic Research.

~

3.2.6.3. Wizualizacjapomiarf AT 2a2Ys5 96 2N} T | 10@sySc
Y2Ys5N]JA NRaynosS yI ai{1{AS0]1lF0K yI1Neg|2se0K
LINI ST 2adGlGyAS on YAydzi K2R2gfA ¢ GSWRISNI G
fdzo al 3AOwWSRt /1 ¢19t{Lb laalréea ¢ OStdz 6Al d:
NatyOK YAl ad L2 Ayldzoml O2A {1 2YsNJA LIOdAFy2 t.{
mikroskopu fluorescencyjnego Nikon Eclipse Ti i oprogramowania NIS Elements Basic
wSaSINOKd 2 OStdz Af210A26S2 IylfAaT & {12Ys5 N
LY FAYAMSt dINJ @8 ROdzA21T OA FlLf 61 0dzRT SyAl A SY)
3.2.7. Barwienia immunocytochemiczne

2 OSfdz g 12YlFYyAl O0FNBASZ AYYdzy208G20KSYAOI Yy
YIE1INEGS126S mMp YY E mMp YYO VI8 YA otl wybignid,i NP f

YEG2YALad LT 2adF0S 12Ys Nyl A (dN22lilamwibng2 21|
g 21NBIT f2ye@O0OK LlzylialkOK OlTlaz2zg¢eOK®
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3271 hT1yI Ol FyAS T R2ty21 OA 12Ys5 NS5
bromodeoksyurydyny do DNA

bl 2adlradyAn R20t K2R2gfA R2 12Ys5NB]1 NRaynoeé OK
Mp YY E mMp YYZI R2RIgly2 oOoNRY2RS21aé&diNBEREYyt 6.
Gey OTIF&aArAsS 12YsNJA LWOdAFYy2 t.{3X dziNnBlfly2 A
w temperaturze-h nc/ LINI ST  YAYyAYdzY uwn 3J2RIAyeéd t NI SR
dwukrotnie przez 5 minut 0,5% roztworem TritovXn 1 6 { A3AYIl | f RNAOKO ¢ t
12YsN]JA Ayldzo26l y2 LINNStasuehiorovoklofateégo @(HCHINBPBS, 6 2 NI S
RedzZl NPGYAS LIOdziFy2 t.{ LINI ST p YAydzi A Ay dz
tetraboranu sodu (Sigmhf RNA OKUO ® t 2 LI2glsNyeyYy RgdzZl NRlyey
12YsN]lA Ayldzo2gly2 LINISdew LENIRS Gxad OAll ULIAYS NaplLag G
BrdU WNRB T OASZOl SyAdz mYmnnd t NI SOA6OAI B2 G2 NI O
i 0,5% Tweer20 (Sigmd t RNAOKUVL ¢ t.{® DblaGtLIWYAS 12Ys5NJ]A
roztworem Twees n ¢ t . { A Ayldz2g¢ly2 LINI ST m 3F2RIAYL
ALINI toz2yey 1T Tfd2NROKNRYSY £ SEII Cfd2N nyyo t
samyy 0dzZF2NJ S 217 LINI SOA6OAI T2 LASNBATI 2Nl t R24S¢
roztworem 0,5% Tweea n & t . { A OFNBA2Y2 NRIGHE2NBY 5! tl
minut. bl 3Gt LWYAS LIOdzAlFy2 12YsNJA GNI@]INRBRGYAS LINT
L2 RaAGEIg268Y 1T LRY20DY @TX d2INBYREy § kR2t OAl  g@&|
mikroskopu fluorescencyjnego Nikon Eclipse Ti i oprogramowania NIS Elements Basic

Research. Nait LIy AS FyFf AT 26Fy2 LINJ & dzoeé OAdz 2 LINR INI Y
2l 12 2RaSGS17 12YsNB] 60dzR2gdz2cnNO& OK . NR! g A&
21NBIl f2yS2 2112 OFro126Adl tfAO0T 61 2NRSNJI 1 2YsN]

o0& dzal {2R1SZ 5b! ¢ 21

~

3272. 'y EAT I A0
po.twm 2NJI 41 H

— —)
1

Y2Ys5N]lA NRAYNOS yI al1AS01F0K yIlI1NeEgl2680K 2
trzykrotnie PBS i utrwalano 4% roztworem PFA w temperaturze pokojowej przez 15 minut.

blFradtLWyAS 12YsNJA LINJI SLIOdAA Agly2 GNI@iNROIYyAS t
m2YSyilGdz oFNBASYAlI® tNIS OFNBASYASY 12Ys5NJA

R
SYLISNI GdzZNI S L1 2228S2

roztworem 0,5% TritonX¥nn ¢ t . { &
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t. {2 12YsNJA o06ft2126y2 LINI ST wmp YAydzi 6 NERI
koziej oraz 0,1% Triton-nn ¢ t . {® bl adt LYyAS Ayldm2ély
LIASNB Al 2 NI t-B3B@Ie ofdz a1l - = NRBT OASZOT 2y@ YA

stosowanym do blokowania w wilgotnej komorze przez 2 godziny w temperaturze pokojowe;j.

t2 Geay O11aas aitl1ASo1r T 12YsN)QFYA LINI SLIOAZ
g OASYYy21 OA 1T LINI SOAGOAI OFYA RNHAZ2NI t 8258 YA
fdo ! fSElI Cfdz2NJ ppp® t2 1112201 SyArdz Ay dzx
12Y5N] 26S oFNBAZ2Yy2 LINI ST o avipt 08N MNRPH TikdgREN3
LIN SLIOdz1 Fy2 t.{ A TFGFLAFIY2 yI &l 1A8017dz
OLYGPAGNRISYOLd %R2t OAl gel2yesly2 LINI & dze OA
A 2LINRPANIY26F YAl bL{ 9fSYSyilaz é.Ily®2A OLING $a Sd
2LIINPANF Y241 YAl LYIF3ISWO Y2YsNJA [T 21NBIf2y
12Ys5N] 268y YRRLASOD2VENHZI mMd 12YsNJA o6ST 4

I 28SRyeY 6AR201yeyY a1l dzLJi &p| ASS|YdZLIMo&dH [ Y2AYS NG| v {1
YAOD p &ildzLAail YA 2NIT pd 12YsNJA T VyYASLIR2E A

LINE OSy i OF012¢AGS2 tA0Tloe FylLtAl26lyeOK 2nF

3.2.8. Mikroskopia elektronowa

52 FyFtAlT & TF LR2Y20N YAINRA&A]l2LIAA StS]TINRyY?2
YSG2Ré= 6 1 1+tSoy2i OA 2R OStdz rylLtATed bAST
LINBLI NF iis¢g o6eve 2yS FyltAalz2élyS T LI ON i

Mnnan OW9h[ /200 g¢gellaldoz2yS3a2 ¢ 1FYSNY ahw!5

3281 hoNIT26FyAS &GNHzZL GdzNJ 1 2YsN] 268 O°F

52 YAINRAaA]2LAA StS{TUNRYy2¢S2 {2narspadjiine szalizer Sg |
szklanym dnem (MatTek, p38g5-1403aINRUO A  LINJ SLINRP s+ RT Fy2 &aC
OAYy Rdzl 02t adGlF NI SyAlo 211 2LA&lLY2 6 NRBIRI AL
NET G6g2NBY nZu a 19t9{ 2 LI wId 2i00 NAgRIs2INERPY
NET G62NHz R2 LIdeg¢l1A VYI p YAydzwi ¢ GSYLISNI i
T 6AS0S32 NRTOG62NHz A dziNBIFtFy2 LINI ST den YAy
dz NB I £ 2yS 1 2YsNJA LIOdzly2 LAt OA21INRBGYAS LIN
I yFAGt LIYAS LAtOA2INROYAS TAYYye@Y NRIGg2NB"
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bladtLyeYAr SGlFLI YA oeve (2tS8S2y2yY Ayldoml o2t ¢
osmu przez 30 minut na lodzie, 20 minutowa inkubacja w temperaturze pokojowej

w przefiltrowanym przez filtr strzykawkowy TCH oraz inkubacja w 2% roztworze tetratlenku
2a4Ydz 6 GSYLISNI (GdzZNJ S L212226S2 LINI ST wn YAydzd
LAt OA2 T NROY@YA LIOdzZIF YAl YA 62RND LR RogswayoA S RSa
yI OFL02y20ynN Ayldzml 02t ¢ GSYLISNI NIdz2NI S. nc/ ¢
Y2t S2yS832 RyYAFSZ 12YsN]JA LINJI SLIOdA AGly2 LAt OA
A Y96IEaldt WyAS dzyaSai ol ty2 ¢ LASOdz ¢ GSYLISNI GdzNI
Ayl1dzo2ély2 ¢ NBIGE2NI S AL NI IAYAFIYdz 20206Adz 2
A LIOdZlFy2 2R3IFT26FyND g2RND LI2Rgs2SyAS Ré&adet2g1
12Ys5NB] Ff12K2tSY Sietz2gey LINJe& dzoeOAdz NRI (67
TE?Y ymE*T pmrr 2NFT Rl NIXT @& wMnm:r:rd hRgGlFRYAF YA
aldyasS f12K2fdz Stet2S320 t2 2ai0l0yAY 2Rgl Ry
g prr NRITGG2NI S degA0e 5dzNOdzLdy ¢ Sily2€tdz |
5dz2NDdzLJ yd Y22f S2ayS32 RyAl R2 aitl1AsovsSy 1S T1yle
1 LAadzolt 1T 200AtGe8Y RYSY A g@8LASIIYy2 6 LASOdz
J2RTAyee t2 Gy Ol FaAS {11 LAJZOIA 68LISOYAly?2
g GSYLISNIGdzZNI S Tnc/ @ blFadtLlyAS (FLAdZOlt 2RNE
iwyjiY2gly2 o0t20T1A oegArlded .f201 1A (S oeve OAt

Leica) na 70 nm skrawki i zbierane na miedzianych siatkach pokrytych formvarem (Agar
{OASYGATAOO® ¢ 1 LINJe3a2026lyS LINBLINIGE o0&0
mikrod { 2LJdz St STUNRYy2¢6S3I2 W9a wmMnan OWOh[ [/ 2d0 &
(EMSIS GmbH).

3282. LYYdzy2RS(iS1 02l oAl O I /| 5¢co [
mikroskopii elektronowej

Y2Ys5NJ A 6@aASg!l y22nasszakiza seiahyd dnddlatTelke gReek5a1 ¥
cgrd)A LI2adtLRély2 1 32RYAS TS &A0KSYIF{GSY R21 6AL R

Y2Ys5N]JA Ayldzm2s6ly2 6 0dzF2NI S dziNBIl fF2noey 1T m
Sminutl yIFadt LWYAS 6 GSYLISNI GdzZNI S LI2{12226S2 LINI S|
0dzF2NBY dziNBIFtl 2ndey TF6ASNIra2noey m:x tC! A L
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6 GSYLISNI GdzNI S Li212226S82¢ t2 Gey Ol Faras @GN
g 0dzZF2NI S o6f21dz2ndey LINJI ST ylLaldtLyS on YA
YEAaGdt LYyAS LT 2801 6A y2 y I y20 6 At 320
T LIASNBAT 2NJ t R2anB-ED6RINA I SMIAXTHFNBEYY 0 dzF2 NI S ¢
blFadtLlyS32 RyAlF LIOdz1lIy2 12YsNJA &l ST OA271 NP
L2l 222852 LIN ST H J2RT Aye I LINI SOA 6 OA |
zy L y201 naGa SR OXE2DMgp2yiédy 0dzF2NI S o6f 21 dz2nde Y«
GNT @I NROGYAS LINJ SLIWdAlty2 t.{X GNI&@iNRBUOYAS

Ayldowz2ély2 1 2ROT@yyA1ASY D2fR 9yKFIyOSc¢ta 6
g1 Y2O0YASYyAl aedyl ok qIHEROKY Al azid ILANT tSNEOLAE] M1
RSadGet26lyn A t.{ 2N}¥T LRY26YAS dziNBI f I y2

2122282 t2 wmn YAydzil OK LINBLI NI dGe LINJ S
LAt OA2INRGYAS TAYYRY nim22alBa&liZNBY | T2a02 N @
OPHPTOMP NRT LI2OT éylFa2n0 2R on YAydzizégSe Ay d

osmu na lodzie.

3.2.9. Analiza wydzielania wybranych cytokin

3.2.9.1. Test ELISA
2 OStdz Aft21 OA26S2 | yitetlehking 6 osai RdstbsBriahoyfestEKISAO & (i 2
Gelddz aal YRGAOKED® Y2Ys5NJ A oRAAABIGE R20t5 FINIAS

TYASYAlLyYy2 LRoeéesglt yIF T6ASOND (2YIRYA Of x @RS
Y2NXIFfATFO2A g8@YyA1s56d %SONI YN LI2noced g |R2 LING YSSE
1T SONIYAlFI galeadiAoK LIN36S]T I RIEIyS32 R21 6AL
IT32RYAS 1T AyaidNdHz 02n R2 2R¥TBOISWALIOSDE] tOS P

LINI SOA G OA I OF YA 2160I0OKiglRY) Sxe tvdd Waz 1 | v S LIHT SOA ¢
2RLIOAZA Agly2d blaildtLyYyAS LINISLINRgEFRILFY2 Ayl
YAST 6ANT FyeOK o0AF0OS]T yIF{1OFREFEY2 LINI SOAGOAL T
LINI SOA612 IylLtATl26lyeY O0ALFD12YD t2 ¢geéLlodzgl
peroksydazychrzanowejA LINR g RT 2y 2 NBIF {02t R2 Y2YSyi
TFTOFNBASYALFS L2 Ol ey NBF{Oat T FiNJevyegly?2
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12t 2NBEYSGONEOT yS32 LINJ & RUOdzEA2T OA FLEA npn YyY

6¢SOFyOod !'TeallyS 6eyAlA Foaz2zNblyO2A LRNbsoyegs
3.2.9.2. Analiza cytometryczna

t NEFAE OelG21Ay dzlfyAlye@OK LINJI ST 12YsN]JA +af

LEGENDplex HU Proinflammatory Chemokine Panel 1 oraz 2 (BioLegend, USA), opartych na

dz0 EYORUNR { dzf S1 LRI NRBGE@OK alLlSOoeFAOl yeYA LINJI SOA g4«
YSG2RN Oed2YSGNRA LINJ SLIveg26S2d | yIEtAT 261 yé

LJ2 6 NI Y | T YIR 12Ys5NB1 = LIASNB2GYAS T ANR Y RI
1 S6yNGNI 1 2Ys NOAZ g 20KS3R Y.216RINER { A B2 arsidyahne $o 96
godzinach od wysianiaiitre Y& 6 yS ¢ LI20e&s0S Tl 6ASNIr2n0O0Se 5.

dzft S3+2Nn0S &0 NI SyAdz AyRdz1 261 ySYydzz 20SyAlyS &
R21a42NiraR @2 ym ¢ &it oSy AldNIM (x2ag YIS W5 ad 2hR T Adyde 0& A
g alGtoSyAlr OK wmnn 2NI lanaligpNS Iyfad 28ayead grRy & &I 1
producenta zestawu.

52 LIRoNIySe2 LRdeglA R2RIFEgly2 YAINRB{dz {A Tyl {:
Ayldzo2ély2 LINI ST W 3F2RTAye yI @GN Nalk NOS 06\
112201 SyAdz Ay1dzl O2A LNk 0{MS &R o dy] ANRt (I yAAS2 GLEO/OR]
LINI SOAGOALF D NRIT LRI YIFI3NORYKIzo2Igy V@l | WIS Sd A | P2 1
g LyLft23A01lyeOK 4l Ndzy 1+ OKod bladtLlyAiAsS R2 1Fd
ALINI t o2y N 1 (fikokrgzgnV® OKNNRGYISRT 2y 2 Ay dzol 02t LINJ Si
VI gemeNd DABYLISNI GdzNJ S Lk21222¢6S2d t2 Geay Sl
R2RI gl y2 0dzF2NJ LJ0dzOTl nOé A LINJ SOK2geglty2 R2 OIf
przeprowaday 2 Yyl adt LlyS3I2 RyAl 1T ge{(d eadlyAasSy Oed:
1TealtyS RIyS LR2RRIy2 20N»3060S A FyFftATAS LINJ @
online na stronie producenta BioLegend.

3210LT 2t O02F A OKFNY(1dSNRadGell L}t OKSNJ ¢
(EVs)

52 Al 2ftlF02A LWHXOKSNIielsesg 1 SoynNINI{12YsN]268e0K 1

Clotide Thery*3T 1 Af 12Yl Y2ReFA1lI O2FYAd 2 OStdz AT 2t O
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8tys/ecntfyl o0dziSf 1A K2R2¢flyS Gellz ¢tp A LRait
R2T 6 Al ROT Sy A tozdadlei3.2.20UJA &RI2yox 4INJ SR AT 2t 02n LJ
LI2oég |t LRTolFIégA2yN adiNRPgAO@d t2 wn 3TA2RI AYy
2INBT fEFyn 2112 YSRAdzY (2yReéeO22y26lySo 10A
I 12YsN]JA L2 2RO1T SLIASYAdz 2R Wwzc8indrindlizadji | LJ2
GRYA|I56d t208461 1t GANRGlI Y2 LINGWSIsANS ¢ BERGzd 2 LIN
bl &G8 L ®RLISNYF G yd LINI Syz2alz2zy2 R2 aLlS02lfyea(
| 2dzt GSNDL A yIF2LIASNY dzf G NI 6 A NB g lgyt2 yLUWINSIGSTLIYAS
LINI SYASaASYyAdz R2 T gA SHRY KLININE 6 5IMISR WaaystiE R /A
GANRGI YAl 2Ro0&gl 0& &aAt ¢ GSYLISNIGdAzZNIS nc/ o
Beckman Coulter Optma XRNn 1 A NRG2NJ} Geldz np¢Aid t2 111
TrgASailly2 ¢ pn xf &aGSNEfyYyS3IA2nowtemgefatizez 20 6
yncl @

32101t 2YALF NI g6AStE 121 OA A Af21 OA geArl 2¢
{GtdSYyAS 2NIT NRBT1OFR 6ASt 121 OA geAl 2t26l ye
NTA (angNanoparticle Tracking Analysis T dzd @ OASY | LI N»¥ ddz bl y 2|
LY&adNHzySyGdaoe be! o1 dzeS yI 601 OAg21 OAl OK
g OStdz yFftAT & NBT{10OFRdz 6ASt 121 0A yly201nai
Yy 1dsNBY OlNwgSilen 12n 1 4ABHOy S Lidzy1iezr 25ai

~ 1%

2LINPINF Y261 YAS 2NIT getAOllye 288a4aNR #lAyBaO0
2ASt12106 o0FRIFIye@OK OinaidsSy 2%ada oelBmstéidal yI L

gdzie:

D-6 4Ll 001 8yyA|l ReéTFddZd 2aA OTNaGS]y 6Yukaovs:
Ko-adFoF .2t G1%0KYyl o6mdoy PRmn

“Y-temperatura absolutna (K),

—-t S 276 OASOI & o6tliaos
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1 -LINRYASZ 06fdzo LINPYASZ T1adGt IO ev OTNaGlA 6Y0 @

t NJ SR LR2YAFINBY {FdRI LIN»o6ll o0e&0F NBIOASZOI Y
T NB2SaiaNRslyAS LIAtOAdz GNIeRI ASatGz2aS{dzyR2pec
wbudowanego oprogramowania NanoSight NTA 3.2. Build 3.2.18] @ { OF R2g& NRIT |
GASE 121 OA YASNI 2yeOK LIt OKSNIiels¢ LINI SRadlgAz2y

AT p8~11-0048
A7 p8~1101-23
A7 p8~11-0158
A7 p.8 ~11-0247
A7 p8~11.03.35

Stezenie[1079 czastek/ml]
Stezenie[1079 czastek/ml]

| I | | I
300 400 500 600 700 800 900 1000

500 "‘T()’J 7‘00 RI')O 900 1000
Rozmiar [nm] Rozmiar [nm]

Rycodm® t NI 81 0FR26S 6A0dINB® 8LINT SbRrayiz {6M 3 k2D OS¢ N2 |
[ Sg& 61 NBa& LINI SRaldl oAl geyAlA LAt OAdz LR2SRe:
LAt OAdz L2 YAl Nk 6@

3.2.11.Sekwencjonowanie RNARNAseq)

3.2.11.1.1zolacja RNA
wh! Al 2t261Fy2 LINJ@ dzoneOAdz 1 Sadlgdz R2 AT 2t O2A
IT32RYyAS 1T 1T1ftSOSyAlFYA LINRPBRdzOSYy Gl A T FgAaSall
geAl 2t26lyS32 wb! YASNI2y2 ¢ge&12NIleaddzend aLls
Scientiic), gdzie stosunek absorbancjisfdo AsoY A Sa 1l O NOeackod 1,8 dg2,ENI y A O
gelllegl U 2RLROASRYAN 2112106 wb!X 2RLERSASRYADN

3.2.11.2. Przygotowanie bibliotek cDNA do sekwencjonowania mRNA

AV EAT I T2adl Ol LINI SLINE G| RT 2y | g t NI O2gYyA
521 gAlFROTIFfyS2 AYDd ad bSyO1AS32 t!bo
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Pl

WE121T6 wb 2 wh! aSl aLRNAMRErty fummbseParbidelr et 2 N O
Gl yl Ol lye 680 LINI @& d e @ity dedykoviahyBhydia hiege m n n
1 SaiGl 6596 2ROT éyyAalsse !'3AtSyd wb! cnnn tA02

(@]

N

t NEOSRdzNF LINJ e@32G2é6FyAl o0A0ftA20S]1 R2 &aS1 6
dzo @ OAdz T Sadlkégdz Y!'t! {GNFYRSR Ywb! aSl YAG o
LINE RdzOSy G+ S YSiG2RI 128Gl 0F TIFFRFLG26! yI
I LizZ A OFO126AGS32 wb! 2LIASNI &At ¢ Gey LN
I LINJ eonol 2yexx R22yisWB OKI2 tallSOe FAOI yA S LI
LR2fe&!b Ywb! ® WFH{2 YIGSNAITDO geal OA2g&NA  LINE
Y2t SayeyY {NRB1ASY L2 geAiAiz2ft26lyAdz YwboC, 2S5ai

P YAydzi RflF LINk306ST]T T ¢ RIZ2T00AYR yudkibe oRAtI] aLUN
wLb yAd&ain yaAd T10d 2 ylLadtLyey SGilFLAS Ywb!
12ftS2y2 LASNBall A RNMYzZAI yAd6 O5b! d® tASNBAI

LINTI @ 0NnOT I 2nde OK &ATA Xysae sveindBrn2primgis ® 320 10ASOK aNB
dzZl @a1Aélyl 2S&d LINI S271 OwhB b E yplaam LdydaNg LENT 6S\E
2Said ¢ RodzyAOA26S O5bDb! I 2SRy201 Sayey 60
{LISOeFTAOT y21 6 yAOA ddeailisglyl 2Sad ¢ OI I &aA

N>

'Tea1tyS RodzyAOA26S O5b! 201T@al Ol tyz2 1 dmdec
Sl G2 tA3r 02l &aS1¢SyO2A | RIFILWG2NRgeOK:E 10
Y6EAGtLYAS T2adl06 LINI SOAtGS LINIT ST L $SAy | OT 2
dzY20ft A6A06 1121 OAS LINROSadz 12zdggaSa |
YAO 5b! T F6ASNIF2NROF R! ¢t yAS
Geft12 Rfl ydAtS2(GeRs¢6 beaatLIid
die LIROK2RI NOS 0S1 L1221 NBRyzgofne £ odézddmyR2 | NEB |
RITnoey 1 &aSipaddedie2y 26l yAl @& Lz

N Q¢ QX -
N O« E (] (@]]
O W< o
—_ O« <
D U
—|-| [N
> (D
O —
- N
S
<

—
[}
O«
e
N D

Y2Z026S aiGtoSyAS ddeallySa o0A0fA20S aebeso2 NI 1

GT I TNBE LN 6ARU2680KZIwb NYIRS A2 vy 2 NI Iy SUINYZ ™iIT y
6 ¢ KSNI2 {OASYGATFTAOLZT | Gr10S8 1 g1 2Nl @a
A RSRe(12¢FyS3a2 Rfl yAasS3I2z2 1 Saidlsdz 2ROT &yyA
al RAa2ys 2Aa02yaAiAys ' {!0d hOSye 2121 OA 0AGQ
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Bioanalyze(Agilen)A RSRe& (126 yS32 Rl yAS32 1 S&adGl é6dz 2ROI
DNA Kit.

Sekwencjonowanie nowej generacji wykonano z wykorzystaniem sekwenatora Illumina
b2@F{Slfj cnnnd .A0fA20S1A aS16SyOcdsredéeddy2 ¢ «N
sequencing HEmMpm® / St SY 62802 dd e&allyAaAsS up Yty 2ROI

32113t NI SGéF NI FyAS ¢aidtLlyS RIFIyeaOK A |yl

Y2YOUNREIl 2121 OA 2ROT elsg T2aidl 0F LINJI SLINRSI RI
'adzol yAS aS16SyO2i IRIFILIISNF G 2NIT LINJe@OAylyAS
2RLI2GASRYAZ2 T+ LRY20nN Odzil RILIWI o06@® ametmy 2 NI |
2121 OA 6 C¢NRYDI f 2NB Odzayiylzéddp@wird do/refereadyjefo2 T 6 H p
genomuOil 02 4JNS @ dNBDNIdXY dz { ¢! w 00D HPTDPPI O [T R2Ye
LX A1 | Ry2il02A D¢C gel2Nleaidly2 FtRyz2GF02S8 1
2Ty Ol 2y2 LINIJ @ dzeOAdz yIFNItR{BIt {tIAROHINIR Yaz ANQ S
12y 0NREL 21 11R240AY I 210N @O dzd &@ANidz adzZ GAv/ 00D ™

I w{Sv/ oO60d odndm0 2NIT gedS2 B8YASYyA2y&@OK Yyl

%t AOT FyAS 2ROIT @ldsg LINJeLAalyeOK R2 OSOK 3ASy2Y
featureCounts (v. 2.0.0) dla danych sparowanyphirédend) ¥ dzg1 I3t t RYAlF 2RO ¢
LIASNB2GYS R2LI a26FyAl 2NI 1T 2ROIiraverse strgdRy S 1 2
aAYAYLEYylF gIFNI216 21121 0A YILRsIYALF oal!tvo
g 1TEtAOTSYyAlIOK T2ail0F dzadGlgA2yl ylI oo

lylFrtAT @ NsoyAO2gS2 S{TaLNBazcgi 2NIT FylFtAl @ Fdz
Ly FEAT T NEOYyAO26S2 S{1alLINBazcA LINI SLINRgI RI 2y 2
I R2Ye@lTftye@YA LINIFYSONIYAD /SOKex RflF (G5 NEOF
galeaidiAOK LINko0o|1lFIOKxX T12aidlove g¢getdOizyS 1

LINI SLINP gl RT 2y2 1T gel12NleadlyAaASYy Fdzy1 02A Sy NRC
1 Salw ASysg oD{9! 0 1T de@OASY TFdzy1 02A 3FaStl iKgl
Z2 Aad2aGyS aidrieadeadl yAS ddyleély2 geyAlir 1T & N

2 AT dzl t AT FO2S geyAlseg ve3ISYSNBgly2 LINJe& doeOa
(v. 1.14.1) oraz ComplexHeatmap (v. 2.10.0).
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3.2.12.Analiza proteomiczna

Ly FEATE LINT SLINPSIFRTI 2y2 6 | NPR26AA&A126S2 t NI C
Biofizyki PAN.

Ly FEATE LINRPGS2YAOT yn LINI SLINRPgIFRT2y2 1T 11 &l
izobarycznego TMTpro 46 SES dzy20f Ao Al 2n0S2 2SRy 201 Sayr
biologicznych w jednym eksperymenciegMS/MS. Zastosowanie znakowania TMT pozwala
naa/lltAlt galead|iAOK LIN»06S|T ¢6O0OK2RI NOeOK ¢
g1 NHzy 1 OK FylfAGeOl yeOKz | GF10S8 dzy2doft AsAl
LISLIWieRsgd ¢F1AS LIRRS2TOAS TylLOoindz2 TgAatrial
identyfil 2 6 y@OK o0AlF0US1x 02 2Said ai Ol S3astyAaAsS A&l
aitdoSzZ oAl OS] A geaz|iAsSe 10202y21 OAZ G ]
SoyNINI 12YsN]26S 6eRTIASEIYS R2 LIoesgS| 11 ¢

—)

LylFEfATAS L2 RRI y 2 tATFde@ VTREOEARRIBS LIVAK S M
SoyNINI 12YsN]26S 09+a0 LINI ST yAS geRIASEIY

—)

32121t NI 83203261 yAS LINKk6SY

t NkOo1A LINJ @322 ¢ 8 aigySngleRos BaidRhseefhanced Sample
Preparatiom ¥ (G35 N} dzvY20ftAgAl 201 &ail Ol lyAS A N
YAYAYlIfyeOK ai0N) GF OK YIOSNARFOdzd . AFO1F Ayl
20S0Oy 21 OA M ND2lA™NBESdH20F2aFTAYye ¢ OSftdz NB
blraldtINEAR (A2f26S OeaitSAy T lroft2126y22 LINJ
52 1Fd0RS2 LINkO61A R2RIFESlIY2 nn xf YMa§GathoxylA y &
KERNRFAf26280K A KeRNRF20602480K0 2NIX1T OS2y
dzZl @a1dz2nO 1220268 &itoSyAS | 0SG2yAGNRtdz &
prowaRT 2y 2 LINI ST on YAydzi ylI é6&idNJInalkNOSsT LR
GNI @1 NROGYAS yp: Sily2tSY 2N}¥1T 2SRY21NRGYA
I FyASOi eal 01 Szo

¢NF 6ASYAS Syl evlIaedlyS LINI SLINRgI RT 2y 2 LI LINJ
kf mMnn Ya 0dzF2Nd¥z ¢9! . A Ayldz:l O2t LINkO6S] LI
GNF 6ASYAl NBTGOGgs5N LISLIIeRsg LINI Sy2ai2y2 R?2
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LISLIieRe Std2ély2 R2RIFIG1262 LINJe& doedOAidz m: 5af

suszono w SpeedVac i rozpuszczano w 100 mM buidad.

3.2.12.2. Znakowanie TMTpro

{GtdSYyAS LISLIWieRsg 2TylLOTFy2 YSi2RN 12f2NRBYS
Tyr126FyAl LINI STyl Ol 2y 2 LJ2 on x 3 LISLJi @ Rs
1 SoynNiNI {2Ys5N)] 268 0K Tyr126l y?2 202t G216 LINF
geRIASt2yeY LINJ ST 2RUBRPAN-RT D2EAMEBLE Q86D Lt 271 C
9+a YyAS geNkssyesly2z2 LINISR Tylr126FyASYS o6& T ¢

L)Xt OKSNI @156 2NIT AOK o0AlIOD126S32 OFNH2X LINJ e&za)
gealtlLlRel o AaG20F8. NFOYAOS 6 &a10FRIAS

Byl 126FyAS LINRBglIRI2y2 1T 32RYyAS 1T AyaidNdz 02an L
{OASYGATFTFAOOL ¢ Ttn xftf wmnn Ya o0dzF2NHz ¢gMS & 2 @RI
A 6@y 2aA0lF dpXc: Rl fATIFGs56 12Ys5N]J26e80K 2N

TFTGNI evYegly2 LINJe doneOAdz KERNRlaefz2lYAyes LR
1 Sadl gdz ¢a¢c ONOT 2y 209

32123.h 01 2a1 0T FYyAS A FTNI1022y246YyAS LISLI

t 20001 2yS LISLIWieRe 20T eal Olly2 YSG2RND OKNRYI (2
12fdzYy hlaira I [. 2 YILaAS a2NbSyiddz on Y3 yI {1}
YSGlFIy2tSY 2NI1T wmZIp> | OSU2yAGNRESY 6 nZm: (61
LINE {WO0dzl Fy2 A Stdz2égly2 LISLIeRe dgmr>r FO0Si2yAilN.

suszono i rozpuszczano w 10 mM wodorotlenku amonu.

CNI} 1022y26lyAS LINISLINRPgIFRT2y2 YSi2RND OKNRBY!I {7
warunkach wysokiego pH na kolumnie XBridge Peptide BEH C18 z wykorzystaniem systemu

Waters Acquity UPLGOIf | 4 3 W2 gA dzORB 6 y2 LINJ @ ROdzZA2T1T OA FI A
Rz LIORa@DA2dS2T NRI LROT &aylrand 1T6ASNIYAS L2 W Y
YAydzit s dzZ @aldzeno onOiyAS ny FNI{O0O2Ad t2 gea
ONOT SYyASNIOROa#AM=®d dzl 841 dz2NO wHn FNI 1028 1220268
Y6IE&adt LWYyAS NRIT LHzaT OTtty2 ¢ FLE1IAS ' R2 [/ 6n3Zwm>
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3.2.12.4. Analiza LEMS/MS

vy I fctirdmtografi cieczovej & LINJ &f © & y & LIS | G NR(IYGMS, Nahg) liguiell &
chromatographygmass spectrometdyprzeprowadzono z wykorzystaniem systemu Evosep
hyS &aLINJtodo2yS32 1S ALISTINRYSGINBY YIa hNDAID
21202 H ¥x3I LISLIWieRséd tNFO|IA yly2alz2y2 ylI
I NRTRITAFID OKNRYFG23INIFAOTI y& LINRgLFRI 2y2 LI
44-minutowego przeprogramowanego gradientu.

5yS TOoASNIry2 ¢ GNBOAS R2RIFGYAY 1T TlLradz2az;q
2 ARY a{m NB2SailiNRBgly2 LINJe& NRIRIcA78d OT 21
I Fdzi2aYFGeOlyey O1TFasSy | 1dzydz | O2A 22ys5g 2N
22ys5g6 LINB]dzZNE2NRgeOK R2 FNIIYSydal OociA 2LI NI
aStsSioat 22ys¢g 2 ylatSLaAalIdY R2LI a26l yAdz Al 2
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3213 Y E ATl LERNBogYyl Ol I 2NIT @Al dzl £ AT I (
transkryptomicznych i proteomicznych
Do wizualizacji Rt y&@ OK 6ASt 1241 f 208 OKR205iRtdNhed 2 y2
VolcaNoseR, InteractiVenn, STRIMGRPHEUS

3.2.14.Analiza statystyczna

t NBT Syii26lyS seyralir adGly26Aan T NBRyAS 1T 02 yI
fAOT O6F LRoGsNI Sz 12adF0F 1T1FYASAT Ol 2yl ¢ 2LAa&l
g NI2T OA TS &0l YRl NR2ubs ¥ NInBhimBnS(Vin) kizaNyA1iQWHz 6 { 9a 0
mediana, kwartyl 3 Q3, I NI 21 6 Yrhak)ad® Y deliRfofrhacja zamieszczona
wopisachfigp 52 21 NBT t SyAl y2NXIfy27 OA WERIDoOF Rdz T Y
L2 NE gy FyAlF 3INHIGZRADEdIZ fidad 23Ry 2 OljieANGMAl 2610 |y
o yFadt LyRBO (iSdnyiy $R &G 06 LINI @LJ Rldz LI2NBGY | YA
testpostK 2O ¢dzl Se@dl o0¢ LINJ @LJ Rldz LRNFSYlYAl gai e
2@dyYAlA T2al0lol0e ddyleglySXKIihsapd20¢62ayi2ili@aa
21 yF Ol Fy2 61 3ttRSY 2RLIGASRYASIA2 G NRFyihGdz 12
g1 NBaAS:T 3IRTAS fF OLKNZINpOT FF OLIKAZAMOT FF
statystycznej wykorzystywano program GraphPad Prism 9.
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4. Wyniki

PézZny etap

Wczesny etap starzenia Starzenie

starzenia replikacyjne

dOKSOVHPEQa‘ . 2 tydziefi 3 tydziend 4 tydzief \\”\
£ ‘L'\e \ \
A ‘V

e @ ) R

o p “
@ SIPS | hodowla ok. 3 miesigce SIPSIV > ﬂ

proliferujace VSMC -

Ryc. 4.1. Schemat dwiadczenia.Konsrki bt'dite na wczesnych paSsch wysiewano, a nagpnie w celu

indukcji starzenia, kosrki kontrolnetraktowano po 24 godzinach doksorubidyd & it 08 Sy A dz m
a nast' pnie zbierano pd (SIPS )4 (SIPS IMygodniach od traktowanidW celu uzyskania kasnek starych
replikacyjnie (RS) kasrki hodowano do momentu wyczerpania poteridjaeplikacyjnego (0K3 miesixe).

. FRIEYAl o6&0e& LINRglRI2yS yI f dzRT | ZadyKvastudal' s NJ |
smooth muscle cells® 2 R2T 6A ROT SyAlFIOK ge{1 2Nl eadl
NELINBT Syidz2n0S Rgl Nb 0y Sc sibdnle indukdviaheNsireSgfmi | |
(SIPS,ang. stressinduced premature senescenceraz starzenie replikacyjneRg, ang.
replicative senescense® WI 12 Ay Rdzl 62NJ adF NI SyAl 6Y¥2RSt
inhibitor topoizomerazy Ilb (TOP2@yc. 4.1)Zahamowanie topoizomerazy |l provzadio

L2 6 & 0 | y AdwunidioWyoiBNAGD 2 OT ST yAS2al S LINF OS LINR G|
2452461 321 g2t A& yI dzadlFtSyAS a YAl R2 1 &2 NXHz
oFRFYy@OK 12Ys5NB{1 LINJé& 2SRy201Sayey oO6NI{dz 6L
Lddzy 1 GSY geé&al OAl Rfl LINRBgIl RIT 2 K oFRFZ 2LA3
{GFNTSyAS 12Ys5N]26S 2Sayi YLANR/OIa S tR &gy OF A Gl Ay
GSy FIr10zX gl ylL Ol 2y2 Rgl Lidzyiie Ol az26Ss o
do starzenia z wykorzystaniem doksorubicyny. Etap wczgsny dniach od indukcji starzenia

601 60 {Lt{ clpd kolgjnyd B tygodnic/i dodowls L1200 & ¢ OS LI21 6|
doksorubicynyn @ 32RYyAS 2R AYyRdzl O2A &l NI SyAlLo ¢
SIPS IV).

Drugi model eksperymentalnyad G NI Sy A S NBLIX Al Oéa2ayS ow{ 00X z
12YsNB1S 10G5NB df 8302802 G6NDBY DAz ABLIK A | OB
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3miesi t QI YR2R26f N1 4 2Ns NBINSRG | di MIodte LR GSyOal dz N
A GNBFOS3I2 1T KELYR k¥ ENRLNY S RIYSSENIOBRN t AO0T 6N

We wszystkich przeprowadzonych analizagh2 Ys NJ A &dGFNB o{Lt{ A w{
[ 1 2Ys5 NJ I Y Akontoldg,26RBI YSAE y 8 LJI, @ | zacBawanyhdr pbténcjale

proliferacyjnym.

nodmd / KIF NF 1 GSNE & (\BSM@rzepipwabtzord yah I 1 2 Y5 NB |
L2 RAGI 6AS 620Nl ye@OK YINJ] SNk ¢
4.1.1. Zmiany morfologiczrel I OK 21T PHY s WOMBAK NI 0y & OK
etapach procesu starzenia indukowanego stresem oraz replikacyjnego

Y2Ys5N]JA LR2RRIYS RIAIFIOFIYAdz R21&2NHz0A0&ye& 2NI
LINPf AFSNI Oedaye OKIF NI {GSNERT 2461 D@ aAt T YASYA?
6Nl SOAz2y2¢l Ge 1alGrodg 2NFX1T 2PRRNR 12YsNJ26S 1
12YsNBfAd 26102 6 T oASGHES LINI SOK2RT noevyz 02 ¢
a0 NI SyAl s OAl OROZAZ =S NIBG A t NBIT LWI@RINOT Gd 422N L2 6 A
Y2Ys5NJ A Yyl LliyeyYy SioelLimeSdzed ®F NIyS\YSA | ¢ Ad {{LAtT{S Ly#A0
wezesnY SGFLIAS (GS32 LINRPOS&adz 6{Lt{ LOZ TRFEO&2YsN]
NET YAINE To0ftAd2yS R2 12YsNB]l ylI 601 Sayey Si
t 2R20YAS 21 | LIDAAORE 1 ENERY®&SSEIRCNRNR® bl LR2GASH
starych obserwowanoliczne, kuliste2 LJ- £ AT dz2Nn 0SS A g LISOYyA2YyS |10
LIN} 6R2LJ12R20YAS RNRBOYE@YA FTNIIAYSYll YA OALFOlF AYyY
teo e PBR2t AOT yAS2al S 6 K2R24f I OK 12Ys5NBJV), ot RnoOeC
21 A 12Ys35NB] adl NEROK 1 REBING T I0®e 2ayiA S\N® OK 2 yLIN (S
OeiGizal {ASt SGd 2 OpoprybleniditdilRgR B So dABEAXS2 6AR201y
20aSNBIFO2S gailidzens d8S T YAlFLye Y2NF2f 234071 y¢
S62fdzdz2N A LI2IVOL AW 2N aAt ¢ Ol FaArsS oweldo
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W procesie starzenia obserwowane@ BB 6y A Sd [T YAl yeée yI LT A2YS
(Ryc430 @ 2 1 2Ys N] I OKO A RYyQKNR { Woes@a@irie 2ul iRt O &
geRUOdD 2y N aAS0d 2SSy nNiNI Ydar@uskne gieichie.6 6 & NI
W procesie starzenia mitochondria ulég@&t OT YA Sy A O ASNBA &b A ISINE 1 &
02 4O sIdaghAINE SO ASYAd { Al GSOT, dnlg.entioplasRitt T Y G
reticulumd 1 2 Ys NB1 adl NBWE wWwikwRddEd Q& 00 §My e 6 LIR2N
R2 9w 6 12Ys5N]% OK2 Y2 N INEKIo#at O KNGEIOKF 2NN | & LIO| ¢
cystern aparatu Golgiego ulegdR I LINR &1 Sy A dzDbbserwasvand 2 L3 62fyAD dz
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412 . %YAlLye& 6 LRIA2YAS 680N ye&OK Yl NJ[éNJs
VSMQdzf SAF 2NnO0eOK a0l NI SyAdz AYyRdz1 26 ySYec

replikacyjnemu
Y2Ys5NJA adlFNB OKFNFY¥{GSNEBT dz2n  aaAt L2 Rgedal 2y
I -gabktozydazy aktywnej w pH 6.0 (SAgal,ang. senesceneassociated -galactosidasg
1G5 NI 253 ipowstdchdp SINBY2 6 y&Y 1 g0t aih Gtiol 008y tY2 RSt |
F1deoy2igldWINI{ILINR S RT I aAt aiéz2adz2znd GSada 12f2
dochodzi do przemiany bezbarwnego substrattgék Sbromo-4-chloro-3-indolylo-beta-D-
JLEF1G2T @R0O ¢ LINPRdAZl G yIFRIF2NDO& 1 2Ys5N]2Y yASoA
popodaniuR2 1 a2 NHzo A Oy e LRyd Rl IBRY ePAV2NIR] 4 &Rlsly 21
Syl eYydz 612YsNJA TFOoFNBA2YS yI yASOAS&A|120d 2
2RASGST 12YsNBAIT It iaeeRNGARIt YA S/ HTORAYBM Akl L2 3O
Ay 0 Sy aihszgbarivienia (Ryt4! = . 0®d Y2YsNJ A dzf S3IFanosS adl
NE 6YyASO Quwihxwed] (9nNRbsadal2yNn | -0 NBRYMNQALB kESI2YS
0eBROIFINBAZYI yI yASoASal2s & AlARSy aels yIad 164 2 Y
1 2 Y5 NBvczesylyim etapie starzenia (Ryg4! = . 0® t 2y RG22 6 12YsN
YAST I £t SOYAS 2R ciyRI)JIdmzjedoetdpu$SIRBISIPS {V). dbseomwano
L2 Rgedal 2ye LEdazy LBEWE&YdzyAdz R2 {1 2Y448B1 12y
2] NRrad tAO0T o6& 12YsNBl [14-galkeer &dl D] diphezing G oy 21
T R2fy21 OA R2 ¢ 0 azRspnteycanegd Adnalogu NyRjdyny, co dowodzi
o zahamowani NBLJ A {1l O2A 5b! g 12Ys5N]I OK LdmRRI yeOK
12Ys5N] I OKIJ SNk B &2 0O Sy O2 | WynikiiNsufinkoFpSraidi Bréle y @ 6 w{
gealti o8 Ad cum: 1 2YsghBinlING 5yad NB f yOXK@O NI O A NLaNdz &
5b! > 02 T gAlFROT & 2 GevYI 0SS gAry1aaS 24 ot 4S ay AyOKd
1 2 Y5 NB ftraktdwignu R2 1 a2 NHz0 A Odyn o6&02 IR 4D OK R2
h ROdA20GNBIOeY TIKFEY26lF yAdz LINPEfAFSNI O2A T 6AL R
4 tygodni od indukcji starzenia, w warunkalsbdowli 3 tygodnie,bez doksorubicyny Co
Aadz2iySs tA01 o | 2¥8RDOANGISEE LI RYF sONS {LR2LIAREBI2Y &
R21a2NdzA0eyes 02 1 6Al Rirbstosodand dalinfubtziji stedzerdad O y S 3
dawki (Ryc44E).2 T N3 R 1 2Ys5 NB| dZf A anNOOGR ySFIdNI2RESHES |
LINR £ A FSNHz2NO& OK dziNJ eYvYeégl @Dait ylI LRTA2YAS 2]
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WSRyeyYy i L2 RaAGI62680K YIFENJSNsg &aidl NI Syal 28
YASYFLINI g6A2ye OKc¢ Raidzl RBA BFedKw! LIOBY 8z 62 1 NBT £ Sy A
Rodzy AOA268 OK dzal 1 2R1 SZ 5b! ge12ylty2 AYYdzy20¢8ei
I F1dGegl 02n 2 RLI2 g A Shstodu HZAX ufdstorylpwaegohaSegiynie 139 b !
641 H! -0 2NIXT OAFO1llF po.tmMd hoéRgl OoOAlFOTLI f
LIt {1 YAt OAL 5b! aRwykipwanet W} Xormié Ehéadikterystycznych skupisk.

W pierwszym tygodniu » L2 Rl yAdz R21 &2 MizNRABPEOIH vy DY HRNB-
z uszkodzeniami DNA. W kolejnych tygodniach procesu starzenia uszkodzeni &ilkga

OTtT OA26S2 YILINIgASE 2 Ofey TgAlrROT & FrHlGXZ o
12YsNB 12 6 (0GsNBEOK yAS acbmuBNRILAEL 53BRPIRY @ OK  d:
Togratl1alevislardy2sp02ey yAS YyAaSas g RIEfaley (
12Ys5NB|l A0IORRIKENAGI y2R¥2Yl fdzo oAt OSA Fdzal 1 2RI
g1 Nk R {I2NBINBSTSNUz2 D O0& OK URH12A02  {M2oFksy we KA |myadi ¢ NS
replikacyjniesg @ { ' T @ g+ 08 LRTA2Y dzal {1 2 RILEA NBRY A0 [LRYIAT R
LI2T A2YSY dzal 1 2RT SZ 20 INK2 4l yfe Y La {] 2¥2N] DR 0 3
L2 YAt RIT & fAOT 6N &1 dzLJdA a1 1d ARYs NB1 pol.2tyMidNE thy[
OKI NI | (&MET 260S®Dy 21 OAN LINJ eylayyisSe 2SRyS3az aj

2RaS0S]T 12YsNB]l] 1T 02 VyI BcYpPNATE NBSAY RE &3 2O2RI
W kolejnych tygodh  OK LJ2 GNI {026l yAdz NRBT{1OFR ftAOioe
LINI @ L2 YAYFO GSy T F20aSN¥2glye ¢ 12YsN]FOK 2
dzt S3ve &0GF NI SyAdz NBLIE Al Oda2aySyYydz OKIFNI{GSNET 2
podobnym do tego obserwowaS32 ¢ 12YsNJ Il OK vyl g0l Sayey

AYRdzl 26 yS32 aiuNBaSY o{Lt{ LO® ho&Rgl O0AlIOI =
LISOYAN 2RYASYYS TFdzy]1 02Sd ! | mici5b la 1A AyDa0dka 120 YAIS
T RFNI SZ3 (G5 NHZOKRFEBRKR RRLINA g& 5b! & 2  yI LINI «
OALO122pdotimM®]dz T Gey 20aSN¥26lyS NxoyAOS 4
12Ys5NB1 T 271 NBIofl2R 1y efKO [0 B MBS | AR BE1 06 1T Reayl YA

identyfikacji i naprawy uszkodzonego DNA.
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markery starzenia

2 12fSayey SGIFILAS LRNbsgyly2 T YAlLye ¢ L2221 A2YAS
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