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1.

2YNOWH



ZKOTTOG TNG MEAETNG

Ta apxéyova PHECEYXUMATIKA KUTTAPA WTTOPOUV vVa XPnoidoTroinBolv aav duvnTiKoi BepaTTeuTIKOI
TTAPAYOVTEG YIA TNV QVTIUETWITTION QAEYHOVWOWY auTodvoowv acBeveiwyv. H peupatoeidng
apBpimida civar pia autodvoon vOoOg, TTOU XapakTnpifetal Kupiwg amd apbpikés PAAPe,
TTPOoKaAOUPEVEG atmd TO  QAeypovwdeg apBpikd  TTeEPIBAANOV. OewpnTiKG T apxEyova
MeoeyxupaTiIKA KUTTapa MTTOpoUV va  XPnoIdotroinBouv  agevog otnv  emdidpbwon TG
KAaTeoTpapuévng apBpwaong, PAon Twv avayevvnTIKWY ISIOTATWY TOUG KAl AQPETEPOU VIO VO
emava-pubpicouv 1O avoooTroINTIKG oUCTAUA Twv 0oBevwy, KABwg OIaBETOUV  10XUPEG
QVOOOKATAOTAATIKEG 1810TNTEG. H TTapoloa ueAETn digpeuvda Tn ouxvoTnTa, TN AEITOUPYIKOTNTA, TO
HOPIAKO TTPO®IA Kal TN duvaTtoTnTa dIAPOPOTIOINCNG TWV APXEYOVWY PECEYXUMOTIKWY KUTTAPWY

TOU HUgAOU TwV 00TWV 0€ a0BeVEIG e evepyd peupaTosidr apBbpiTida.

MeBodoAoyia

Me SOKIUEG TTEPIOPIOTIKAG apaiwong UTTOAOYIOTNKE N CUXVOTNTA TWV APXEYOVWV PECEYXUHATIKWV
KUTTAPWYV OTO KAGOPO TWV PHUEAIKWY JOVOTTUPNVWY KUTTAPWY, 0€ aoBeveig Kal o€ vy droua. Ta
QAIVOTUTTIKA  XOPAKTNPIOTIKA TwV KUTTAPpWY, OTTWG Kal Ta XOPAKTNPIOTIKA £TIRiwong,
EKTINAONKAV PE  KUTTOPOMPETPIA  porGg. To TTOAAATTAQCIAOTIKO OUVAMIKO TWwV  KUTTAPWY
UTTOAOYIOTNKE PE DOKIYACTIEG HETPNONG TOU XPOVOU BITTAACIACUOU, VW TO KAWVOYOVIKO OUVOUIKO
TOUG €KTINABNKE HE DOKIYAOIEG OXNMATIOHOU IVOBAACTIKWY OTTOIKIWY. H IKavétnTa TG in vitro
d1apOoPOTTIOINONG TWV KUTTAPWY TIPOG TPEIG KUTTOPIKEG YEVEAAOYIEG, TNV OOTEOBAACTIKN, TN
XOVOPOYOVIKI] KAl T AITTOYOVIKA, WETPNONKE HE I0TOXNMIKEG XPWOEIG KOBWGS Kal PE EKTIUNON
e€e1dIkeupévng yovidIaknG ékepaong. Ta Popiakd XapakTnpioTIKA agioAoyrnnkav 6cov agopd
TNV €KQPAon QAEYHOVWOWY KUTTAPOKIVWV HE BOKIMESG EAEYXOU YOVIDIOKAG EKPPOONG KOBWG Kal
pe OokiNéG ELISA, evwy TO OXETIKO PAKOG TOU TEAOMUEPOUG TWV KUTTAPWY METPROBNKE MHE TN

pueBodoAoyia real-time PCR.

AtroteAéopara

Ta apxéyova HUEAIKA JECEYXUMATIKG KUTTOPA TWV a0BeVWV (N=26) Kal TwV UYIWV atopwy (n=21)
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ATav TTapoépoia 6oov a@opd Tn ouxvoTnTa OTO MUEAS, TnVv IKavoTnTa diagopoTtroinong, Tnv
empBiwon kal Tov eaivoTutto. EvrouTtoig Ta KUTTapa Twy acBevwy, TTapousiacav diatapayuévo
avamTuglokd duvapikd, KaBwg Kkair Tpowpen yia Tnv nAKKia Toug eAdTTWON OTO HUAKOG TWwV
TEAOUEPWV OTA  XPWHOOWHATE Toug. AlammoTwlnke OTI o1 TTponyoUlueveg  BepaTreieg
(uEBOTPEEATN, KOPTIKOOTEPOEION, QVTI-KUTTAPOKIVEG Kal PBioAoyikoi  Trapdyovieg A GAAa
avTIQAEyuovwon @dpuaka) dev oxeTiCovtal he TNV diatapax Tou avatTugiakoU dUVANIKOU TwvV
KUTTApwV. To eAatTwpévo avaTrTuglakd Ouvapike Toavév o@eileTal oe TTPOWPN KUTTAPIKA

yApavan, TTou eVOEXOUEVWG TTPOKOAEITAI OTTO TO PAEYUOVWOEG HUEAIKO PIKPOTTEPIBAAAOV.

ZUPTTEPAO A

Mapd& Toug TTEPIOPICUOUG TTOU OXETICOVTAI JE TO EAATTWHEVO KAWVOYOVIKO Kal TTOAAOTTAOCIAOTIKO
OUVANIKSG TWV KUTTAPWY, Ta GUVOAIKA gUpraTa UTTOOTNPICOUV HAAAOV Tn XpHon TwV auToAoywv
OPXEYOVWV HUEAIKWV PECEYXUMATIKWY KUTTAPWY O€ BEPATTEUTIKEG TTPOOEYYIOEIG 0€ a0BEvVEiG e

peupaTosidr apBbpiTida.



2.

EIZArQrH



21 APXEIONA KYTTAPA

O 06pog apxéyova kutTapa (stem cells) xpnoiyotroicital yia yia TANBWPA KUTTAPIKWV
TUTTWYV. Ta KUTTApA auTd, ave¢dpTnTa atmd TNV TTPOEAEUCN Kal Tov TUTTO TOug, poipddovTal duo
KOIVEG XOPAKTNPIOTIKEG 1010TNTEG. [MpwTov, dIaBéTouv  IKAvOTNTA  QTTEPIOPIOTNG 1 £0Tw
TTOPATETAPEVNG AUTO-avaAVEWONG Kal DEUTEPOV, €XOUV TNV IKAVOTNTA VA TTapAyouv, YECA ATTo
SIadIKATIEG KUTTAPIKAG BIGPOPOTIOINGNG, HIA TIOIKIAICG EEEIBIKEUPEVWV KUTTAPIKWY TUTTWV . AuTé
TOTEVETAI OTI ETTITUYXAVETAI JECW ACUUMPETPWY HITWTIKWY BIAIPETEWV.

Katapxdg Katatdooouue Ta apyxéyova KUTTapa o€ dU0 PACIKEG KATNYOPIEG, avAAOya HE
TO QVATITUEIAKO OTADIO VOGS OpYaVIOHOU: OTA apXEYova KUTTAPA TwV EMRPUWY Kal TwV eVNAIKWY.
Ta apxéyova euBpuika kUTTapa (embryonic stem cells — ESC) dnuioupyouvTal Katd TIG TIPWTEG
NUEPES TNG €UPPUIKAG avaTrTuéng oTa BnAacTIKA. 2Tnv apxn eival oAoduvapa KUTTapa
(totipotent), pe duvatdTnTa dlAPOPOTTOINONG OUCIOOTIKA OE OANEG TIG KUTTAPIKEG YEVEAAOYIEG TOU
opyaviopou. 210 €UPPUIKO OTAdI0 TNG BAACTOKUOTNG OTTAVTWVTAI OTNV €0WTEPIKI KUTTOPIKN
uada, Tov euPpuoPAaoTn (eikdva 1) *. TTn ouvéxela, KaBWS TTpoxwpd n euPpuikn avamTugn,
XAVOUV TNV TTAVTOOUVAIO TOUG, ATTOKTWVTAG TTIO TTEPIOPICUEVES IKAVOTNTEG BIOPOPOTTOINONG Kal
yivovtal TToAuduvapa (pluripotent), 0TTwG Ta KUTTAPA TTOU UTTAPYXOUV OTO QAPVIOKSG uypod, Tov

OM@AAIO AWPO 1) Kal TOV TTAaKOUVTA.

EMEFYTE L EMHATKA
BAIOTOROTTN
Ty L oupang
- - oG
L
e
"B KUTTapIA] : MLEAG T
aToIpAta ‘.»-/ ooy

« ¢

Ir witro cowdrrodn .

Eikéva 1: Apxéyova KUTTapa OoTa éURpuUa Kal TOUG EVAAIKEG.
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Ta apxéyova KUTTAPA TwV evNAIKWY YeVIKA egival TTEPIcCOTEPO dlagopoTroinuéva atrd Ta
eUBpUikd, TTapoucidlovtag pia TToAuduvapikoTnTa (multipotency) Tmou ek@pPAaleTal WG IKAvVOTNTA
SIapopPOTIoiNaNG 0€ SIAPOPOUS EEEIDIKEUPEVOUG KUTTAPIKOUS TUTTOUS '. ATTOHOVIIVOVTAI OTTO TOUG
TEPIOTOTEPOUG 1I0TOUG Kal avaAoya HE Tov I0TO SlIOQOPOTTOIOUVTAlI O€ KUTTAPIKOUG TUTTOUG TTOU
oXeTiCovTal yeveQAOYIKA HE TOV 10TO TIPpoEAeuonG. lMioTeletal OTI KUpiwg XPENOIYJEUOUV oav
QTTOBNKEG KUTTAPWY, £TOIMWYV VA KIVNTOTTOINBOUV Kai va dia@opoTroinBolv, avTaTToKPIVOUEVA O€
MOPIOKA OAuUATa TTOU OTOXEUOUV OTn QUOIOAOYIKA avayévvnon Kol opoidotacn Tou I0ToU
(TTivakag 1). AGyw Twv EVTUTTWOIOKWY IBIOTATWY TOUG, T apyxéyova KUTTOPO atroTeAolv éva
eviaTikd Tedio épeuvag Ta TeAeutaia xpovia. O TTAéoV XApPAKTNPIoHEVOSG CHPEPT TTANBUO GG
EVAAIKWY apyxéyovwy KUTTApWV €ival Twv apxEyovwy algoTroinTiIKwy KuTtdpwyv (hematopoietic

stem cells - HSC) Tou pughol Twv 0oTwV °.

Mivakag 1: Katnyopieg apxéyovwyv KUTTdpwy °

Kartnyopia TotroBeoia atropdévwong Mapayopeva KUTTOPA A 10TOI

Haematopoietic stem cells [Bone marrow (BM), peripheral blood [BM and blood cells

BM, synovial membrane / fluid, muscle,
Mesenchymal stem cells [cartilage, bone, fat, placenta, amniotic |BM stroma, bone, cartilage, fat
fluid, umbilical cord

Neural stem cells cE:pNeSndymaI cells, astrocytes of the Neurons, astrocytes, oligodendrocytes

. In or near the terminal bile ductules Oval cells that subsequently generate
Hepatic stem cells

(canals of Hering) hepatocytes and ductular cells
Pancreatic stem cells Intraislet, nestin positive cells, oval Beta cells

cells, duct cells.
Skelet.al-muscle stem cells Muscle fibers Skeletal muscle fibers
(satellite cells)
Skin stem cells Basal !ayer. of epidermis, bulge zone of Epidermis, hair follicles
(keratinocytes) the hair follicles.

Tracheal basal and mucus-secreting
Lung epithelial stem cells [cells, bronchiolar Clara cells, alveolar
type |l pneumocytes

Mucous and ciliated cells, type | and Il
pneumocytes

Paneth’s cells, brush-border enterocytes, mucus
secreting goblet cells, enteroendocrine cells of
villi

Intestinal epithelial stem Epithelial cells located around the base
cells of each crypt
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2.2 APXEFONA MYEAIKA MEZEMXYMATIKA KYTTAPA

2TOV MUEAO TWV OO0TWV €dpddel Kal £vag GANOG TUTTOG APXEYOVWY KUTTAPWY, Ta dapxEyova
peoeyxupaTikd kUTTapa (mesenchymal stem cells - MSC), emiong yvwoTd oav UECEYXUMATIKA
OTPWHATIKG KUTTAapa (mesenchymal stromal cells) ~'°. Ta kUTTapa AUTG XapPaKTNEIOTNKAV APXIKE
até Tov Friedenstein kai Toug ouvepydTeg Tou, Trpiv atré 30 kai TTAéov xpdvia ' . Edpadouv oTo
MUEAIKO OTpWHA, TTAPEXOVTAG TO AVOYKAIa UTTOOTNPIKTIKG BPeTtTiIK& oToIXEio (KUTTAPOKIVEG,
€EWKUTTAPIEG OUOieg, aAAG Kal Ta SIGPOPA KUTTAPIKA OTOIXEI) ATTOPAiTATA YIA TNV QUOIOAOYIKA

aigotroinon %"

. 'Exouv Tnv IKavotnTa diagopoTtroinong o€ diId@opa KUTTAapa CUVOETIKOU 10TOU,
OTTWG IVOBAAOTEG, 00TEOBAAOTEG, XOVOPOKUTTAPA, KUTTOPO TEVOVTA, AITTOKUTTOPA Kal KUTTOpa
Agiwv Puik@v vV (eikéva 2) 18 Extoc atré 1o puehd, Ta MSC amaviwvTal Kal 6€ SIAQOPOUS

GMoug 10ToUg, OTTIWG To AITTog, 0 X6vdpog, To 00To, K.G. 722

. Ta MSC mmoTeUoupe OTi
OUMMETEXOUV OTN @QuOIoAoyiKf avayévvnon/emdiopbwon Twv 1oTwv. Kabwg edpdalouv o€
O1d@opoug 10TOUG MTTOPOUV VO  QVTATIOKPIBOUV O€ TOTIIKEG OMOIOOTATIKEG QVAYKES R/Kal
TPAUUATIOPOUG Kal va  €10éABouv o€ €va OTAdIO  evePYOTToiNONG/TTOANATTAQCIOONOU, HE
amotéAeapa TN diatipnon/avayévvnon tou 10Tou. MoTevetal 611 KaBWs o apiBudég Twv MSC

23

EANATTWVETAI PE TNV TTAPOSO TOou XPOVou “°, n 10TIKN avdatrAaon/avayévvnon yivetalr AlyoTepo

QTTOTEAEOPATIKN OE PEYAAEG NAIKIEG.

Ta puedikd MSC emmnpedlouv 10 TOTIKO TTEPIBAANOV TOUG EKKPIVOVTAG QUENTIKOUG
TTapdyovTeG, avaueoa oToug oTroioug TrepIAaupBavovtal ol stem cell factor (SCF), vtepAeukivn
(IL)-6, leukemia inhibitory factor (LIF), granulocyte-macrophage colony stimulating factor (GM-
CSF), vascular endothelial growth factor (VEGF) kai macrophage colony stimulating factor (M-
CSF). Emiong mmapdyouv xnueiokiveg, émwg IL-6, IL-11, IL-15, LIF, kai stromal derived factor-1
(SDF1). Moépia ocuvdeeiag, 6tTrwg intracellular adhesion molecule-1 (ICAM-1), VCAM-1, CD44,
KaBwg Kal Popla NG  €EWKUTTAPIAG ouciag, OTTWG  QIUTTPOVEKTIVEG, KOANayovo  Kal
yAukoCauivokAukédveg. ‘Etol  mmoTeveTal  OTI KaTteuBuvouv  Kal  eTTnpedlouv  TO  KUTTAPIKO

24-26

TTETTPWMEVO TWV YEITOVIKWY QILJOTTOINTIKWY KUTTAPWY , OAAG Kal TO OIKO TOUG.
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2€ JIa TUTTIKR duodIAoTaTn in vitro KAOAMEPYEIQ £X0UV ATPAKTOEIBEG OX A OPOoIAlovVTag e
IvoBAdoTeS. Ta apxéyova peoeyxupatik@ kuttapa (MSC) dev d1aBéTouv €EeIBIKEUPEVOUG KAl
MOVaBIKOUG ETTIPAVEIOKOUG KUTTAPIKOUG OEIKTEG, OTTWG TT.X. CUMPBAIVEI JE TO AIMOTTOINTIKY, YIO
TOUTO Kal BiBAloypa@ik& n  TTEPIYPAQPr] TOUuG TIOIKIAEl. H  TToIKINia Twv  TTEPIYPAPEVTWY
XOPOKTNPIOTIKWY TOug JTmropei va e€&nynBei pe PBaon Tnv mpoéAeucn, Tn peBodoloyia
ATTOPOVWONG N TIG CUVBNKEG TNG in vitro avdamTugng ota did@opa epyacTrpia. YTTAPYXOUV TTAVTWG
Katrola koiva BIBAIoYpa@Ika xapaktnpioTikd Twv MSC. Tevikd ek@pdlouv Ta ETTIQAVEIOKA
avtiyova Stro-1, CD29 (B1-ivreykpivn), CD44 (utrodoxéag uaAloupovikou), CD73 (peppBpavikn
€KTO-5’-voukAeoTiddon), CD90 (Thy-1), CD105 (utrodoxéag Tou transforming growth factor-j3,
TGFB-R), CD106 (vascular cell adhesion molecule-1, VCAM-1), CD146 (u6pio cuva@EIag) Kal
CD166 (activated leukocyte cell adhesion molecule, ALCAM) ?** evi) TapdAMnAa dev
EKQPACOUV TOUG ETTIPAVEIOKOUG OEIKTEG aQIUOTTOINTIKWY 1 evdoBnAlakwyv KuTttdpwy, CD11b
(integrin alpha M chain), CD14 (uovokuttapikég o¢iktng), CD31 (platelet endothelial cell
adhesion molecule, PECAM-1), CD34 (d€ikTng TTPOYOVIKWYV QIJOTTOINTIKWY KUTTApwV) Kal CD45
(Trav-AEUKOKUTTApPIKG avTiyévo) . O mpaypaTikdg in vivo @aiveTuTIog Twv KUTTAPWY OTO MUEAS
TTPOG TO TTAPOV €PeUVATAl Kal OUO akOun OcikTeg €xouv TTpokUWel TeAeuTaia, To CD271 (low-
affinity nerve growth factor receptor, LNGFR) ka1 To SSEA-4 (carbohydrate embryonic stem cell

antigen) %28,

g

e G g
® s

Eikéva 2: Ta pueAikd MSC ptropouUv va diagopoTtroinfouv o€ TTEPIOPITHEVOUG KUTTAPIKOUG TUTTOUG.
Ta MSC (kuttapiki xpwon Giemsa), ummd Tnv emidpaocn Twv KATAAANAwv onudaTtwv pPTTopouv va
dlagopotroinBolv oe AimokuTTapa (xpwon Oil Red O), xovdpokuttapa (xpwon Alcian blue) kai

00TeOBAAOTEG (XPWON AAKOAIKAG PuO@ATACNG-VITPIKOU apyUpou).
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Ek16¢ amod tnv Ikavotnta diagopoTtroinong 1a MSC SiaB£Touv Kal GAAEG EVTUTTWOIOKES
1016TNTEG. Alageuyouv ammd Tnv oAAoyevy avayvwpion Twv T-kuTttdpwv. To TTpovopio auTd
o@eileTal 1o OTI dev EKPPACoUV KaBOAOU ETTIQAVEIOKA avTIyOva TAENS Il Tou Kupiou cuuTTAGKOU
IoTOOUNPBaTOTNTAG (ETTAYWHEVN €KPpaan HETE aTTd diEyepon e INFy), i KaTTol0 AAAO POPIO CUV-
dieyépTn, TTaPOTI ekPpalouv avTiyéva TéEng | **2. "ETol SuvnTik& pTropolv va XpnoidoTroinouv
OKOMPO Kal O€ ETEPOAOYEG HETAUOOXEUOEIG.

Ta MSC emiong OIaBéTOUV  EVTUTTWOIOKEG OVOOOKATAOTAATIKEG/QVOOOPUBUIOTIKEG
ID16TNTEG.  ZUVOTITIKA: KATAOTEAAOUV Tov TIOAAATTAQCIOONO Twv T Kal B-Agp@OKUTTAPWY,
TTPOAYOUV AEITOUPYIKA Ta T-puBuIOTIKA KUTTapA, eAéyxouv Tnv TTapaywyr) TNFa atré ta tUTtTou 1
0evdpITika kKUTTapa (DC-1), augdvouv tnv mapaywyr) IL-10 amd ta DC-2, €AaTTwvouv Tnv
ameAeuBépwon INFy atméd 1a Bondntikd TH1 kUTTapa Kai Toug QuaikoUg goviddeg (Natural Killer
cells, NK) kai emméyouv Tnv Trapaywyn IL-4 amé ta TH2 kOttapa ***. Emiong epmodifouv v
QTTOTEAEOPATIK  WPIiavon TWV  AVTIYOVO-TTOPOUCIACTIKWY  KUTTAPWY  KATAOTEAAOVTAG TNV
€KPPAOT TWV OUV-OIEYEPTIKWV popiwv CD40 kai CD86 *“**'. Aev eival amapaitntn n dueon
KUTTOPIKN €TTOQN yia va emTteuxbouv OAa Ta maparmdvw. O1 avooopuBuIoTIKEG I1BIOTNTEG TWV
MSC Kupiwg emmTuyxavovtal HEow BIaAUTWY TTapayovTwy: Twv hepatocyte growth factor (HGF),
IL10, TGFB1, indoleamine 2,3-dioxygenase (IDO), rpootayAavdivwv kai viTpikou ogidiou (NO)
45;48-53.

O mAéov ouvnBiouévog TPOTTOG QTTONOVWONG TwV HUEAIKWY MSC eival e PueAkn
avappoéenaon amd Tnv otrioBia Aayovio akpologia. Kabwg avTirpoowTTelouV £va PIKPOOKOTTIKO
KAGOpPa TwV ePTTUPNVWY HUEAIKWV KUTTEpwV (TTepiou 1 ota 10° eutrupnva puehikd kOTTapa) >
gival avaykaio va avattuxBouv Kal va euTTAouTIoBOUV he OUVABEIG TEXVIKEG in vitro avdamTuéng.
2UVNBWG TO PUEAIKO Oeiyua utToKeITal o€ KAAOPATWON o€ dIaBAaduion cuykEVTpwongG QIKOANG,
atré TNV otroia AauBAVETAl TO KAGOUA TWV MUEAIKWY PJOVOTTUPNVWY KUTTAPWYV, TTOU ATTAWVETAI OE
TpuBAia. Mevikd Ta MSC avatrtiocoovTal o€ KATToI0 BaoIKG BPeTTTIKO péoo eutTAouTIOPEVO PE 10%
viv 0p6 guPBpuou ayeAddog (FCS). Z1nv kaAAiépyeia Ta KUTTapa £Xouv pop@oAoyia IvoBAGoTN Kal

TTPOCKOAAWVTAI 0TO TTAAOTIKO. ZuvrBwg péoa oTig TTpwTeS 15 PEpPES TNG in vitro avdTmTuéng, Ta
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aigotToINTIKG  KUTTAPA, TToU Oev €ival TTPOCKOAAWMEVA, ATTOPOKPUVOVTAl TTAAPWS oTTé Tnv
KaAAIEpYEIQ HETG aTTO BIADOXIKES AVAVEWOEIG TOU BPETTITIKOU PECOU.

Ta MSC, omwg TTpoava@épbnke, d1aBETouv Tnv IKavoTNTa va diagopoTroinBolv o€
KUTTapa ouvdeTIKOU 10TOU in vitro. Ooov agopd Tnv 0C0TEOoyoviK SlaQopOoTIoinan, aTTaITeiTal
ETTWACTN TWV KUTTAPWV ME QWOPO-YAUKEPOAN, aokopPIkd 0&U kal degauebalddvn. Katw armmod
QUTEG TIG OUVBNKEG Ta KUTTOPA OTTOKTOUV Hop@oAoyia ooTeOBAAOTWY, PE auénuévn evepyoTnTa
OAKOAIKNG @wOo@aTAong Kal evattoBétouv peTaAlottoinuévn €§WKUTTAPIa oucia TTAouola o€
aoBéomio. Ta Tnv xovOpoyovikr OlapopoTToinan ATTaITEITal TPIGOIACTATN KAAAIEPYEIQ KOl
BpeTtTIKG TTOU TTEPIEXEI KATTOIO PEAOG TNG uTTEp-OIKoyévelag Tou TGFB (ouvnBwg TGFBR1, TGFR3
n BMP2). Tote 1Ta KUTTApa XAvOUuv TNV aTPOKTOEId JOop@oAoyia Toug Kal oUVToPa eKQPAlouv
oToIXEia EEWKUTTAPIAG ouaiag Tou TTEPIaPBpPIKOU XOvOpou, OTTWG aggrecan Kal KOAayovo TUTTou
II. Otav Ta MSC avamTucoovTal Trapoucia iso-butyl-methyl xanthine diagopotrolouvtal o€
NITTOKUTTOPA, TTAPAYOVTOG JEYAAA KUOTIOIO JE OUDETEPA AITTN.

H un-euBpuiki TTpoEAEUC QUTWYV TwV KUTTApWY, KOBWGS Kal N eAaTTwuévn moavoTnTa
e€alayng, o€ ouvOUAOHO PE TO BUVAUIKO BIaPOPOTTOINONG, Ta KAVOUV BEAKTIKOUG UTTOWH@IOUG
VIO ETTIKEIPMEVES EQAPHOYEC TNG AVATIAAOTIKAS 1IGTPIKAS 2. Adyw Tou TmBavoAoyoUPevou poAou
TOUG OTnV I0TOAOYIKA avayévvnon, Ta MSC utropouv va Xpnoigotroinbouv wg epyaAgia Tng
I0TOAOYIKNG unxavikAg (tissue engineering), €ite yxopnywvtag otov OEKTN aAuTOAOya N Kai
eTepOAoya MSC, €ite akdua TTapEXovTag Toug KATAAANAOUG eTTaYwWYIKOUG TTaPAyovTeG TTou Ba

EVEPYyOTIOIROOUV  Ta  evdoyevp MSC  °7%¢

EmmpdoBeta  kabBwg 10 MSC  diabétouv
OVOOOKATAOTAATIKEG/AVOOOPUBUIOTIKEG 1810TNTEG, Ba  PTTOpoUcavV va  XPnoIdotroinBouv o€
BepaTreie¢ aUTOAVOOWY VOONUATWY, OTTOU N OTTopPUBNIoON TOU AvOooOTTOINTIKOU OUCTAUATOG
TTPOKAAEI 1I0TIKEG BAABEG, ouXVA e TAUTOXPOVN UTTAPEN GAEYHOVAG. EVIUTTWOIOKA evBappuvTIKG
atmroTeAéopaTa UTTApXouV SN atro Tn BepatreuTikr XpAon Twv MSC oTn vooo Tou PHoOXEUNATOG
évavT Eeviotr (graft versus host disease, GvHD) ®7®® AutAv tnv Trepiodo uTrdpxel peyého
evdla@épov digpelvnong g mlavhg Xpriong Twv MSC oTtnv avatmmAacoTIKA 1IATPIKA Kal 1I81aiTepa

7,55;69-71

otnv €mdIéPOwWoN KATEGTPAUMEVOU OCTOU Kal XOvOpPOU . Méoa oTta mAqiola autou TOoU

YEVIKOU evOIaQEPOVTOG, HEAETAOANE Ta HUEAIKE MSC o€ aoBeveig TTou TTAOYXOUV ATTO PEUPATOEIDN



14

apBpiTida, éva autodvooo véonua pe TTapdAAnAeg IoToAoyikéS BAGREG og 00TO Kal XOVOpPO.
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23 PEYMATOEIAHZ APOPITIAA

2.3.1 TENIKH NEPIrPA®H

H peupatocidnig apbpimida (PA) civar pia xpdévia autodvoon oucTnuatikl vooog TTou
EKONAWVETAI KUPIWG PE QAEypovh Tou apBpikoU upéva, TTou €xel wg atrotéAeoua BAGReG oTov
apBpIkS xOvOPOo Kal To UTTOKEIWEVO 00TO. NMpooBaiAel Trepitrou T0 1% Tou yevIKOU TTANBUCUOU, HE

TIG YUVaiKeS va TTpooBaANovTal KaTG KUpIo Adyo, oe avaloyia 3:1 og axéon pe Toug Avopeg 2.

duoiochoyikr dplpwon

Xoudpog Tévourog

ApBpiig Wifvog
OoTd ApBpIkG rypd
ApBpikd kopisio

Apbpwon npoaﬁzﬁl\npé\m HE PA
AdBpoonKaToo TpOQE ooTol
I, ﬂTlli:?\(lI Roudpou

r ' DAt prACoTIRGC
OMDAEN apbpikic wifucg
oot

OIBnpoTdes
apipisd kopidio

Eikéva 3: Peupatocidig apBpitida. 10 aploTepd KOPMPATI TNG €IKOVOG avaTrapioTatal oxXnuaTika n
peupaTocldng apbpwan, vy OTo Oefi KOPMATI TNG €IKOVAG CNUEIWVOVTAl Ol TTEPIOXEG eKORAWONG TNG

vOoou.

H véoog ouvrBwg ekdnAWveETal GOV HIA CUUMETPIKA TTOAU-apBpiTida, TTpooBaAlovTag
KUPIWG TIG TTEPIPEPIKEG ApOPWOEIG TWV Avw Kal KATW Akpwv (€IKOva 3). EKTOG atmd TIG apBpIKEG
ekdnAwoelig otn PA, TTapaTtnpouvtal Kal Ew-apBpIKEG €TTITTAOKEG, OTTwG PAABeg oTo dépua
(peupaTocidn ofidia f veKpwTIKN dEPUATIKA ayyeliTda), ota Partia (cuvdpouo Sjdégren pe Eviova
CUPTITWHATA ENPOTNTAG Twv BAEVVOYOVWY), OTOUG TTveUPoveG (SIAUECN TIVEUUOVIKA VOOOG,
voéoog Tou Caplan, tAeupimida) kai otnv Kapdid pe Kupla ekdnAwon Trepikapdimida. Mtropei

eTTiong va mpooBAnBouv TToAAG dpyava AGyw GuoTNUATIKAG ayyelTidag r Adyw deutepoTTaboug
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aupuAogidwong. MNevikd n Tpoyvwaon kal N ékBaon Twv acBevwv pe PA dev gival KaAf, KabBuwg n
uéon TTPoadOKIN Sidpkeia {WAC ival EAATTWPEVN OTOUG aoBeveic 7°.

O1 unxaviopoi Tou cuvTeAOUV oTnv évapén Tng TraBoyévelag TNG vOOOU OUCIAoTIKA
TTapauEéVOUV AyvwaoTol PHEXPI Kal oruepa. 'Exouv evoxotroinBei T0ao TTePIBAAAOVTIKOI (AOIMWEEIS),
000 Kal YeVETIKOI TTapdyovTeg. ‘Exel TTpoTabei 0TI uTmopei va o@eiAeTal o€ TPOPIKEG OAAEPYIEG i O€
O1d@opoug TTaBoydvoug MIKPO-Opyaviopoug, OTTwg 1o mycoplasma, o 16¢ Epstein-Barr, o
TapRoidg B19, n rubella K.4., aAAG TTOTE dev aTTodEiXONKE PE ETIONPIOAOYIKEG PHEAETES. OTTWG Kal
o€ GA\eg autodvooeg aoBéveieg, £xel TTpoTabei N Bewpia TNG AavBaopuévng TautdTnTag (Mistaken
identity), oUp@wva pe TNV OTTOI0 OTN OUYKEKPIMEVN TTEPITITWON KATTOIOG OAUGHOTIKOG
TTapdyovTag dIEYEipEl avOOOAOYIKN) atroKpIon, aAAG KaBwg Ta TTapayxBévra avricwuara dgv gival
OPKETA €EEIBIKEUPEVD, avayvwpifouv Kal TITIOEVTal 0TOoV apBpPIKO UpPéva, KaBwg KATTolo atrd Ta
HOpIa TOU UPEvVa «OpOoIAdE» pe péplo Tou Aoigoydvou TTapdyovTa.

EkT0¢ a1md TOUG TTEPIBAAANOVTIKOUG TTAPAYOVTEG TTOU TTpOoavVAPEPONKAVY, QAIVETAI TTWG
1I010iTEPN onuacia oTnv avaTTuén TG vooou diadpauartifel To YeVETIKO uTToRaBpo. H gugdvion
TNG VOOOU OXETICETal ME KATTOION OUYKEKPIMEVA aAANAGuop@a Twv TaéNg Il aviyovwv
iotooupBardétnrag HLA-DR, trou €xouv ovopooTei «peupaTocldeic eTTitotmom. O peupaTocidng
ETTITOTIOC VTOTTIETAI GTNV TPITN UTTEPUETARANTA TrepioxA TN DRB ahucidag ™, kdTi Trou utrovoei
évav mMOavo poAo oTn dECUEUON KOl TTAPOUCIiacT «apBpPITOYOVIKWVYY TTETITIOIWY OTOUG UTTODOXEIG
Twv T-Agp@okuttdpwy (T-cell receptors, TcR). MioTeteTal 0TI TA OUYKEKPIPMEVO AAANASUOP®a
EMTTAEKOVTQI  OTNV  AVTIYOVIKY TTapouciacn apBpitoyovikwy TTETTISiwy, 0dnywvtag oTnv
gvepyotroinon Kail Tov TTOAAATTAQCIAoNS T-AEPQOKUTTAPWY EIDIKWV VIO CUYKEKPIMEVA AUTO-

avtiyéva ?

. Ta dropya Tou OIABETOUV TA OUYKEKPIMEVA aAANAGPOp@a, OXI HOvVo £XOouv
TPodIABecN va avatrTuEouv TN vOoo, aAAd EKQPAZouV TTIO Bapid Kal TTEPICOOTEPO KATOOTPOYIKN
véoo "°. To 90% Twv aoBevidv SIaBETEl TOV PEUNATOEISH ETTITOTIO, £V QVTIOETE! TTPOG TOV UYIA

TANBUCGPO OTToU TO TTOCOOTO TwV ATOPWY TTOU OIOBETEI TOUG OUYKEKPIMEVOUG OTTAOTUTTOUG

avépxetal o€ 40%.
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2.3.2 NAOOTENEIA THZ APOPQZHZX

O apBpikdg upévag otnv TTPoaBePANUEVN ApBpwaon aTToTeALITal KUpPiWG attd apBpikoug
ivoBAdoTeg  (fibroblast-like  synoviocytes, FLS) kol @Aeypovwydn  KOTTOPQ,  OTTWG
MOVOKUTTOPO/HOKPO@AYA, AEU@OKUTTAPA, TToOAUpop@oOTTUpNVa Kal OevdpITIKG KUTTapa. Ta
TTapaTTavw KUTTapa TTIOTEUETAI OTI DIEICOUOUV OTOV (QUOIOAOYIKA OKUTTOPIKO) apbpIKO upéva,
METavaoTEUOVTAG SIOUECOU TOU ayyelakou evdoBnAiou, pe Tn Bonbeia popiwv cuvageiag (0TTwg n
E-oeAekTivn, ICAM-1 kai VCAM) Kal XNUEIOTOKTIKWY TTapayoviwy (6mmwg n IL-8 kai rapdyovTeg
TOU OUMPTTANPWHATOG). AUTO €XEl WG ATTOTEAECPA TNV UTTEPTTAACIO TOUu Upéva (TTaBOAOYIKOG
Tavvog) .

210 apbpiké uypd Tng TaboAoyikAg GpBpwong eykaBioTatal oTadiokd pia TTAnBwpa
QAEyHOVWOWY  KUTTApwWY, OTIWG evepyotroinuéva T- kai  B-AeygokuTttapa, povokuTttapa/
Makpo@aya kal apBpikoi IVOBAGoTeG. Ta T-Aep@okUTTapa BewpouvTal wg Ol KUPIOI HECOAABNTES
NG autoavoaiag otn PA . Mo cuykekpigéva, Ta evepyotroinuéva CD4* T-kUTTapa dleyeipouv
TNV TTapaywyn TTPO-QAEYHOVWOWY KUTTAPOKIVWV OTA HOKPOQAYd, OTA JOVOKUTTOPA, KaBWS Kal
oToug apBpikoug IvoBAacTeg. 'ETol TTapdayovTal Kal ekkpivovTal ol IL-1B, IL-6, tumor necrosis
factor-a (TNFa), OmTw¢ Kol peTAANOTTPWTEIVACEG TNG €EWKUTTAPIAG  ouaiag  (matrix
metalloproteinases, MMP). O TNFa trpokaAei alénon Tng éKQPaong TwV POPiIWV CUVAPEIDG OTA
ayyelakad evooBnAlakd KUTTapa Kal €Tl €AKOVTAl TTEPICTOTEPA PAEyHOVWON KUTTApa OTnV
TpooBePAnuévn apBpwaon. O1 TTapdyovteg IL-1B kai TNFa emTdyouv Tnv €KQPACT QAEYUOVWIWYV
KUTTapOKIVWV (6TTwg IL-6), xnueiokivwyv (6TTwg IL-8), augntikwv tTrapayoéviwy (611wg GM-CSF)
kai MMP ammé Toug apBpikoUs IvoBAdoTeg. Q¢ ammdppola, n @Aeydovr eykaBiotatal otnv
apBpwon Kal TTPOCPRAAEl TOV UTTOKEIUEVO XOVOpO Kal To 00TO. EmOeTIKoi Kal Taxéwg
ToAatTAacialouevol  apBpikoi  IvoBAdoTeg,  €I0BAAOUV KOl KATOOTPEQPOUV  TOV  XOVOPO,
Trapayovtag Kupiwg MMP 7. MapdAAnAa ol evOoyeveic 0GTEOKAGOTEG EvEPyOTTOIOUVTAl ATTG TOV

TNFa, TpokaAwvtag emimmAéov BAGBEC OTo XOvdpo Kai To 00Té '°

. Emmpoécbeta n IL-1B
olapecoAafei oTnv KataoTpo@r) Tou XOvdpou emrdyovrag dueca Tnv ékepacn MMP oTta
XOVOPOKUTTAPA.

Qaivetal TwWG 0 OuvOUACWOG TNG ETTITAXUVOPEVNG 1I0TOAOYIKAG BAGBNG Adyw TOU
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QAeypovwdoug  TTEPIBANAOVTOG KOl €VOG  AVETTAPKOUG  €TTISIOPBWTIKOU  UNXaviouou,

gival

uTTEUBUVOG YIa TNV KATAoTPOYR Twv apBpwocwy. O TTaBoyeveTIKOG unxaviopog NG PA @aivetal

OUVOTITIKG oTnV €Ikéva 4.

IL1p

AETMONH ,: Ta FLS sivan
TNF. GHESEESEEE |

' MSC?

ApBpIKoO uypo

Anodounon
XOvOpou ",

......

Xouwdpog

........... AT ."_\.ldﬂpmlor] S -
5 0oTOU
\
\\
QoT10 W
bt \\
m
LN N s

i ‘:"}_\.lummxr'] TOU
MutgAog nolankooiaoTikol
L duvapkou?

Eikéva 4: Movtélo kataoTpo@rig TnG dpBpwaong otn PA. e autd 1o atTAoTroiNUEVO OXNMA, €vag

AyvwaoTog avTlyovIKOG BIEYEPTNG EVEPYOTTOIEI AVOOOAOYIKN) ATTOKPION, KUPIWG NECW TwV T AUTO-EVEPYWV

KUTTApwyV, Trou Oleyeipouv TTEPETAipW TNV aTTOKPION evepyoTrolwvTag B-kUTTOpa  Kal

eAkUovVTOG

povokUTtTapa (MN) kair yakpogdya (M®).Ta evepyotroinuéva T-kUTTapa ouvinpoUv Tn QAgypovh Kai

TIPOKOAOUV éupeces BAGBeG oTov 10TO, emdyovtag ata MN, M® kai Toug apBpikoug ivoBAdoTeg (FLS), Tnv

TTapaywyr Twv TTpo-@Aeyuovwdwy Kuttapokivwyv IL13, TNFa, aAAd kar MMP. Ta yovdpokuttapa (CH)

etriong mapdyouv MMP, cuveio@EpovTag oTnv ammodounan Tou xovopou. Aleyepuévol oaTeokAdoTeg (OC)

TTpokaAouv diaBpwaoelig a1o 00Té. Ta MSC Tou apBpikol uypoU yivovTal ETTIBETIKA KAl i0wWG PETATPETTOVTAI

oe FLS. Ta pueAikd MSC utropouv va ouvelo@Eépouv  oTnv edIopOwaon ooTol Kal Xovopou, aAAd To

TTOAATTAOCIOCTIKG TOUG BuVapIKS £TTNPEAZETAI ATTO TO PAEYMOVWOEG PUEAIKSO PIKPOTTEPIBAAAOV.
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2.3.3 TA APXEIFONA MEZEMXYMATIKA KYTTAPA XTHN APOPQZzH

Z1ov TraBoloyikd apBpikd upéva atropovvovial MSC oe agBovia "®’8. Av kai autéd Ba
MTTOpOUCE KAAANIOTA va gival TO aTToTEAEOUA TNG QUOIOAOYIKAG TTPOOTIABEIOG TOU OpyavIoUoU va
avtaTrokplBei oto TOTIKO Tpauua (xOvopou Kal ooToU), MTTOPEl Kal va UuTTodnAwvel pia
ouvelopopd Twv MSC atnv aboloyia Tng vooou °. EidIkéTepa éxel TTPOTAOET 6Tl pueAikd MSC
@Bdavouv oTn QAcyuaivouca apBpwaon PECW KAVOAIWY TTOU EVWOVOUV TO OCTO WE TNV apBpwon
Kal eykaBioTavral otov apBpiké upéva. Ta MSC otnv mmaBoloyikr] dpBpwaon ek@pdlouv TOUg
€MBpUIKOUG avatrtuglakoug Trapdyovreg wingless (wnt) kai frizzled (fz), Tmou @uaoloAoyiké
gevéxovral otnv opydvwon Tou ekBAacTApaTog Twv Adkpwv (limb bud) katd tnv euPpuikh
avdamTuén, KabBwg Kal TNV avaTtugn Twv PUEAIKWY apxEyovwy KUTTApwv. To onuaTtodoTikéd
MovoTTdT wnt/fz eutTAékeTal TOOO OTO PETAYPAPIKO £AEYXO TNG auToAVAVEWONG/GlI0QOPOTTOINONG
TWV apYXEYOVWVY KUTTAPWY, 600 KAl OTAV £TTAYWYR TNG QAEYHOVNG PEOW evepyoTToinong TNg
TTPWTEIVIKAG Kivaong C 808181828285 “Eve eqrigne diotummwOei n umdBeon 6T o apOpikoi
IVOBAAOTEG €ival PETAOKNUATIOPEVO PECEYXUMOTIKA KUTTOPA, TTOU KATW atrd TNV €Tmidpacn Tou
@Aeypovwdoug  TTEPIBAAAOVTOG, PETAOXNMATICOVTAlI KOl  «TTOYWVOUV» O€ TIpwIya oTadia
olapopoTtroinong. e éva Cwikd poviéAo Tng PA, deixtnke o611 o1 apBpikoi vopAdoTeg (FLS)
meEpIEXOUV  pUeENKG MSC  pe  Siatapaypévn  duvatdtnta  AITTOYOVIKAG KAl OOTEOYOVIKNG
dlapopoTToinong, OPeINOUEVN OTO QAeyPOVWOEG MIKPOTTEPIBAAAOV (IL-1B) Kol paAIoTa péow

EVEPYOTTOINONG TOU PeTaypa@ikoU Trapdyovta NF-kB .

>& Cwika povtéda apBpimdag (collagen-induced arthritis, CIA), Ta MSC atmmouovwvovTal
o¢ TTPWIKMa oTAdIa TNG vOéoou OTo TTEPIGOTED, OTO QAOIO, OTNV ETTIPUAOT, OTOV aPOPIKO Upéva,
oAAG kal o€ kKavaAia ouvdeong ooTou-apBpwong. H Bepatreia pe anti-TNFa £xel wg ammoTéAeopa
TNV eAdTTWON Tou TTARBoUG Twv MSC otnv dpBpwoaon, uttodnAwvovtag évav Aueco poAo auTAg
TNG KUTTAPOKIVNG OTn oTpatoAdynon Twv MSC otn @Aeyuaivouca dpBpwon . Eival Aoimrév
mOavo n oTadlakr eykatdoTaon Kal 0 €TTakOAouBo¢ TTOAAATTAACIAo UGS auTwy Twv dwpwyv MSC,
va auédvel TTEPAITEPW TNV KUTTOPIKN UTTEPTTAQCIA, KABWG KAl TIG KOTACOTPOPIKEG DIEPYATIEG ME
QUTOKPIV f)/Kal TTaPAKPIVA TPOTTO (TTapaywyr KUTTAPOKIVWY, XNMEIOKIVWYV, PUBUICTWY TOu

KUTTOPIKOU KUKAOU, Hopiwv auvageiag kar MMP) 828587,
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2UVOAIKA, @aivetal TTwG pueAikd MSC oe pia mmpooTtrdbeia emdidpbwong TG TOTTIKAG
IoToAoyIKNG BAABNG otn PA eykaBiotavial otnv apBpwon, aAAd KATw attd TO0 QAEYHOVWOES
MIKpOTTEPIBAANOV TTOpPapEVOUV O€ Awpn KATAOTOON KOl CUVEICQEPOUV OTn dIATAPNON TNG

PpAeypovng.
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24  IKENTIKO EPEYNHTIKHZ EPTrAZIAX

2UVOTITIKA, n PA gival pia ouoTnuaTtiki autodvoon vooog, TToU XapaKkTnpeifetal atmdé Tnv
auénuévn TTapaywyn  @Asypgovwdwyv  Trapayoviwv  (0mwg o TNFa kar n IL-1B) oOTIg
TpooBePAnuéveS apBpwaoelg, N oTroia €xel oav Kupla eTTTTTwon BA&GBES 010 X6vdPO Kal TO 00TO.
O1wg mpoava@épdnke, Ta KUTTOPO TTOU KUPIOPXOUvV oTnv TTaboyéveia Tng dpBpwong eival Ta
Makpo@aya, Ta T- kalr B-Aep@okUTTapa kai ol apBpikoi IVOBAACTEG. H péxpl TWpa BEPATTEUTIKNA
TPOCEYYIon OTOXeUEl O KATTOIO oTrd Trapatrdvw KOTTapa. Mo trapddeiypya n pebotpetdmn
KATOOTEAAEI TO HaKPO@Aya, N KukAooTropivn-A kataoTéAAel Ta CD4" T-Aepygokutrapa. Or TTio
TTPOCQATEG KAl TTAEOV OTTOTEAECUATIKEG BEPATTEUTIKEG TTPOOEYYIOEIG UE HOVOKAWVIKA AvTICWHATA
oTOoxXeUOUV OTOUG KUpPIouG @Aeypovwdelg trapayovteg, TNFa kair IL-1B3. Ev TouToIg €ival
OTTOTEAEOPATIKEG WOVo oTo 40-70% Twv 0oBeviov Kal 6TaV OTAMOTA n aywyrh, n vooog
ETTAVEPXETAI, KATI TTOU UTTOBNAWVEI OTI QUTAG TNG HOPPAG N BepaTreia eival JAAAOV KATAOTAATIKH,
TTaPd TTPAYMOTIKG BEPATTEUTIKN.

2€ TIPONYOUUEVEG MEANETEG €xel TTPOTABET OTI Ta MSC utTopEi va OXETICOVTal TTPWTOYEVWG
HE TNV KaTaoTpo®ry TNg Gpbpwaong otn PA ®® Emiong éxel deixBei 6T n auénuévn TOTTIKA
mapaywyry TNFa utropei va aANoioel TO PUEANIKO WPIKPOTTEPIBAAAOV Kal va €TTnpedoEel Ta
apxéyova aipoTroInTIkG KUTTapa . Tuvetwg, éva kpioiuo utré e€étaon {ATNUA ival Qv Kal Ta
MUeAIKG@ MSC eAatTtwvovTal eTTiong ri/kal aAAdfouv Aeiroupyikd oToug aoBeveic. EmTpooBEéTwe,
KaBwg Ta pueAIkd MSC atroteAouv €va UTTOOXOUEVO PEANOVTIKG epyaAcio yia Tnv avammAaon Tou
XOVOPOU Kal TOU 00TOU TTOU KATAOTPEPOVTAI OTOUG aoBeveig, BewpriBnke avaykaia n PeAETN TOUG
OTOUG acBeveig, woTe va BIEUKPIVIOTEN N TBavOTATA PEANOVTIKAG XPAONG TOUG O AUTOAOYEG

METAPOOXEUOEIG TTOU Ba 0TOXEUOUV OTNV aVATTAOCH TOU KATECTPAUMEVOU 10TOU.

AuT] n PEAETN agloloyei T ouxvoTNTa KAl TN AEITOUPYIKOTNTA TWV PueAikwy MSC o¢
a0Beveig pe evepyd PA, 6oov agopd Tnv TTOAATTAACIOOTIKY KAl KAWVOYOVIKA TOUG IKavoTNnTa,
Kabwg kal T duvatdtnTa Tng in vitro diagopotroinong. EmmmAéov peAeTABNKav Ta POPIAKA
XOPOKTNPIOTIKA TWV KUTTApwy, PeE 1B1aiTepn €aTiacn oTnv yovidIOoKN Kal TTPWTEIVIKA £K@PPaon

PAEYHOVWOWY TTAPAYOVTWY.
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3.
AZOENEIZ,

YAIKA KAl MEOOAOI
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3.1 AZOENEIZ

90;91 ’ Kae(bg

MeAetnnoape pueAikd deiyparta 26 acBevov Pe evepyd peupaToEIdr apBpiTida
Kal 21 uyiv papTUpwy, avaAdyou @UAoOU Kal nAiKiog pe Toug aoBeveic. Ta KAIVIKG Kai
EPYAOTNPIOKA OTOIXEIO TWV aoBevwv UTTAPXOUV aTov Trivaka 2. [Na Tnv TTpayuaroTroinon Twv

delypartoAnWIwy PJUeAOU Twv 00TWV TTAPONKE N ypaTITh cuykaTdBeon kABe acBevoug, ouupwva

ME TN diakfpuén Tou EAGivKI.
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3.2 ANOMONQZH KAI IN VITRO ANANTY=H TQN MYEAIKQN MSC

Avappo@ruaTa JUEAIKWY KUTTAPWYV AapBdvovTav atmd Tnv oTrioBia Aayovio akpoAogia e
TTapakévinon. Ta avappo@ruata emoTpwvovtav o€ didAupa Histopaque-1077 (Sigma, Saint
Louis MO) kal @QUYOKEVTPOUVTO Yia va TTapBOouv Ta HUeAIKA povottupnva kKuttapa (BMMC).
AkoAoUBwC Ta povoTTupnva atmrAwvovTav o€ KAAMEPYNTIKEC PAGOKES Twv 25-cm? pe apXIKA
ouykévipwon 200.000 BMMC/cm? kai avarrtiooovTtav og Dulbecco’s Modified Eagle Medium-
Low Glucose (DMEM-LG; Gibco/Invitrogen, Paisley Scotland) / 10% opd euppuou ayeAadog
(FCS; Hyclone, Logan-Utah, USA) / 100 IU/ml Trevikihivn-oTtpeTrtopukivn (Pen-Strep, Gibco),
oTTWG éxel TTepypagei >¥%. To avaAuTikd TTPWTOKOAAO ATTONOVWONG KAl KAANEPYEIOS MUENIKWV

MSC trepiypd@eTal TapakaTw:

3.2.1 Amropdévwon Kal avamruén avlpwmivwyv pueAikwv MSC

1. Avappopnua HUEAIKWV KUTTApwv AauBdvetal atmd Tnv oTricBia Aayovio akpoAogia ue
TTapakévinon (5-10 ml).

2. To &eiypa apaiwvetal 1:1 o MSC-medium (DMEM-LG / 10% FCS / 1% Pen-Strep).

3. EmoroiBaon dciypatog o€ Histopaque-1077, pye avaloyia dykou 4:3.

4.  ®uyokévrpnon oTig 1700 rpm, yia 30 min, xwpig ppévo.

5. Amopovwon NG HEcdPAONG Tou HUEAIKOU povoTtrupnvikou kKAdopartog (BMMC).

6. Emavaiwpnon twv kuttdpwyv oe MSC-medium.

7. Métpnon Twv kKuTtTdpwyv oe Neubauer.

8. AmAwpa 200,000 BMMC/cm? o pAdoKeS Twv 25cm? kai emwaon o 37°C / 5% CO, /
90% uypaoia.

9. Tig TpwTEG 24-48 WPEG, APAIPECN TWV PN-TIPOCKOAAWHEVWY QILOTTOINTIKWY KUTTAPpWY,
TAUCIPO TwV KUTTApwYV Pe PBS. Mpoabrkn ¢péokou MSC-medium.

10. TMAApng avavéwon MSC-medium kdBe 3-4 nuépeg, péxpl KAAuwn TamnTa Katd 70-90%.

3.2.2 Avdarrtuén avlpwtrivwyv pueAikwv MSC og P1-P2-P3-... K.ATT.

1.  Tpuyivotroinon Twv KUTTdpwv Pe 0.25% trypsin-1mM EDTA yia 5min oTtoug 37°C.
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2. [pooBnkn ioou dykou MSC-medium yia atrevepyoTroinon Tng 6pdong Tng Tpuwivng.
3.  TAUOIPO TWV KUTTAPWYV Kal ETTavalwpenaon o€ KatdAAnAo dyko MSC-medium.
4. Métpnon Twy KutTdpwy o€ Neubauer.
5. EmavakaAhiépyeia 2000 kUtTapa/cm? oe AAOKES Twv 75cm?.

6. TARpng avavéwon MSC-medium kd&Be 3-4 nuépeg, PEXPI KAAuwn TatnTa Katd 70-90%.

AgiygoTta om0 TO UTTEPKEIMEVA TWV KUTTAPOKOAAIEPYEIWY QUAdaoovTav (-72°C) vyia
TTEPAITEPW METPNOEIG TWV ETTITTEOWY TWV KUTTAPOKIVWV pE TN péBodo ELISA (Quantikine; R&D
Systems, Minneapolis,MN). Tpuwivotroinuéva KUTTapa a1rd KUTTAPIKO TTépacua (passage - P) 2

ETTAYWVTO TTPOG dIAPOPOTToiNCN YE TO KATAAANAO BPETITIKO pECO.
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3.3 INVITRO AIA®OPOINOIHZEIZ
Mpayuatotroidnkayv dIAYOPOTIOINCEIG O TPEIG KUTTAPIKES YEVEAAOYIES: AITTOKUTTAPWY,
OOTEOKUTTAPWY KAl  XovOpokuttdpwyv. OAa Ta UAKA Twv SI0QOPOTIOINTIKWY BPETTTIKWY

TTpoépxovTav aTrd Tnv eTaipeia Sigma, eKTOS av ava@EéPETal SIOPOPETIKA.

3.3.1 Emaywyn AIttoyovikig diagopoTtroinong

H eaywyn TG AITToyoviKAg d1agpopoTroinong £yIve XPNOIUOTTOIWVTAG BPETITIKO WECO yia
MSC eptTAOUTIOUEVO PE

10%FCS

0.5mM 1-methyl-3-butylisoxanthine (IBMX)

1uM dexamethasone (Dex)

0.2uM indomethacin

10ug/ml insulin

AmAwvovTtav 80.000 MSC/cm? o TpuBAia Twv 60-mm. To BPETITIKO PECO AVOVEWVOVTAV
dUo @opég TNV eBdoudda Kal Ta KUTTapa Trapéuevav otnv KaAAiépyeia yia 21 uépeg oe 37°C /

5%CO0O,/ 90% uypaaia.

3.3.2 Emaywyn ooTe0YOVIKAG Sl1a@popoTtroinong

H emaywynl NG ooTeoyoviKAg dlagopoTtroinong £yive ot Bpemmikd péoco yia MSC
EUTTAOUTIOUEVO HE

0.1uM Dex

0.15mM ascorbate-2-phosphate

3mM NaH,PO,

Ta kOTTOpa oTTAWvovTav o€ TPUBAia Twv 60-mm pe ouykévipwaon 15.000 kUTTapa/cm?
Kal TTapéuevav otnv KahAiépyeia yia 21 pépeg o 37°C / 5%CO,/ 90% uypacia. To BpeTITIKO PHECO

avavewvovTav dUo Yopég TNV doudda.

3.3.3 Emaywyn xovépoyovikng diagopoTtroinong
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MNa v emaywyh NG XOvOpoyoviKAG d1agopotroinong €QapudoTNKE N TEXVIKA Tou
KUTTapPIKOU MIKpo-IZApaTog (micro-pellet). Ta kUTtTapa katakpnuvi¢ovrav ota 350g yia 5 min, o€
owAnvdpia Twv 15ml (250.000 MSC/ifnua) kal ev ouvexeia avamTiooovTav o€ BPETITIKO PECO
DMEM-High Glucose (Gibco), euTTAOUTIONEVO JE:

6.25ug/ml insulin

6.25ug/ml transferrin

1.33pg/ml linoleic acid

1.25mg/ml bovine serum albumin

1mM sodium pyruvate

0.17mM ascorbate-2-phosphate

1uM Dex

0.35mM L-proline

6.25ng/ml selenous acid

0.01ug/ml TGF[3;
H avamrugn twv Kuttdpwyv yivétav yia 21 pépeg oe 37°C / 5% CO,/ 90% uypaaoia, pe TTARPN

avavéwan BpeTTTikoU 2 @opég Tnv eBdoudda.
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KYTTAPOXHMIKEZ XPQZEIZ

H avixveuan Twv d1a@opoTToINUEVWY KUTTAPWY EYIVE KAl JE KUTTAPOXNMIKES Xpwaelg. OAa

T UAIKG TWV KUTTOPOXNMIKWY XPWOEWV TIPOEPXOVTAV atrd Tnv eTaipeia Sigma, ekTOG av

avagépetal SIOPOPETIKA.

3.4.1

3.4.2

Xpwon Oil Red O (xpwon oudétepwyv AITTWV)

A@aipoupe To BPeTTTIKO H€CO aTTd Ta KUTTAPA Kal Ta EETTAEVoupE 2x e PBS.
MovipoTroinon Twv kuttdpwv o€ 10%NBF (neutral-buffer formalin) yia 15 min.

A@aipeon povigoTToINTIKoU Kail TTAUCIMO TwV KUTTApwv 2X ue PBS.

Mapaokeur) working solution Tou Oil Red O avauiyvuovrag 6ml amd 1o stock sol. ORO
(0.5% oe 99% isopropanol) pe 4ml dH,O. ®IATpdpiocua ammd dINBnTIKS XapTi Kal
@IATpapiopa atré 0,45 uym syringe filter.

MpooBnikn Tou ORO oTa kUTTApPa yia 15-20 min.

ZEmAUpa KUTTGpwY 2-3X pe dH,0.

Xpwoeig aAKaAIKAG pwao@aTtdaong kail Von Kossa

Aq@aipeon BpeTITIKOU péoou Kal EETTAUMA Twv KUTTapwyY pe PBS.

MovipoTtroinon Twv Kuttdpwv o€ 10%NBF yia 15 min.

A@aipeon povigoTroINTIKoU Kal EETTAUPA Twv KUTTApwv pe dH,O yia 1 min kar GAAN pia
@opa pe dH,O yia 15 min.

Mapaokeur @PECKOU UTTOOTPWHOTOS AAKAAIKNG @uo@aTdong:

(a) 10mg naphthol AS MX-PQO, diaAupévo o€ 400ul N,N,-DMF (N,N,-dimethylformamide)
(B) MpooBnkn Tou (a) og 99.6ml Tris-HCI pH 8.3

(y) Avadeuon kail TpooBnkn 30-60mg Red Violet LB salt.

To TTapackeuaaBév didAupa @IATpdpeTal o€ 0.45um syringe filter.

MpooBrkn TOU UTTOOTPWHATOG TNG AAKOAIKAG waoaTtdong ota TpuBAia. ETTwaon 45 min
o€ Bepuokpacia dwuartiou.

ZémAupa 3-4X pe vepd Bpuong.
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7. Xpwon kuttdpwy pe Von Kossa reagent (0.25gr/ml silver nitrate oe dH,0) yia 30 min.

8. Agaipeon diaAUpatog viTpikoU apyupou Kail EETTAupa 3X pe dHL0.

3.4.3 Xpwon Alcian blue (& Topég TTapagivng)

1.  TomoBeToUNE TIGC AVTIKEIWEVOPOPOUG a€ poupvo 56°C yia 50min.

2. EpBarmTifoupe o€ xylol yia 5min. ETravaAauBdavoupe X2.

3. 96% ethanol yia 3min. ETravaAaudavoupe X2.

4. 80% ethanol yia 1min. ETravaAapBdvoupe X2.

5. 70% ethanol yia 1min. ETravaAaupdavoupe X2.

6. =emAévoupe e vepd Bpuong.

7. =emAévoupe pe dH,O0.

8. EpParmrioupe o Haematoxylin Harris yia 20min.

9. ZemAévoupe pe vepd Bpuong.

10. EpBarrriCoupe o€ 1% HCI og 70% ethanol.

11. ZemAévoupe pe vepd Bpuong.

12. TlMapaokeudloupe udaTIkO didAupa 3% w/v Alcian blue. MNapaokeudloupe diGAupa 3% wiv
CH3;COOH. Avapiyvooupe 1:1 v/v T1a 000 OdloAUpara Kal  eUPATITICOUPE  TIG
QVTIKEINEVOPOPOUG yia 10min.

13. =emAévoupe pe vepod Bpuong.

14. EppaTtridoupe X2 og 96% ethanol.

15. EpBarrriCoupe X2 o€ 100% ethanol.

16. EppaTridoupe X2 oe xylol.

17. TomoB<Tnon KaAuTrTpidag.

3.44 Xpwon Giemsa
MNa va yivouv eudidkpiteg ol atroikieg CFU-F akoAouBouoe kuTTapikr xpwaon Giemsa:
1. TAUOIMO TWV KUTTGPWYV X2 ue PBS.

2.  Movigotroinon Twv KUTTapwyv o€ peBavoAn yia Smin.
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3. Agaipeon Tng peBavOAng Kal oTEYVWHA TWV TPURAIwV.
4. TpocBrkn dilaAupatog Giemsa (3ml Giemsa + 20ml 1X Giemsa buffer) kai xpwon yia
10min.
5. Agaipeon diaAUpaTog Giemsa Kal eKTEVEG EETTAUPA UE vepO Bpuong.

6. ZTéyvwpa Twv TPUBAiwv.

Mapaokeun 1X Giemsa buffer amdé cuptukvwpévo 10X buffer pe mpooBrikn 10N NaOH yia va
pubuioTei To pH 7.0

10X Giemsa buffer: 66,3gr KH,PO,

25,6gr Na,HPO,

Méxpr 1Lt atmioviopévo vepd
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3.5 OAINOTYMNIKA XAPAKTHPIZTIKA TQON MSC KAI XAPAKTHPIZTIKA ENIBIQZHZ
Tpuyivotroinuéva MSC amé P1-P6 xapaktnpioTnkav @aivoTuTTIKd HE KUTTOPOMETPIO
PONG, XpNoIUOTTOIWVTAG EIBIKA PHOVOKAWVIKG avTicwuara: anti-CD29 (4B4; Cyto-Stat/Beckman-
Coulter, Florida, USA), anti-CD44 (J173; Immunotech/Coulter, Marseille, France), anti-CD73
(AD2; Pharmingen, San Diego, CA), anti-CD90 (F15.42; Immunotech/Coulter), anti-CD105
(SN6; Caltag, Burlingame, CA), anti-CD146 (P1H12; Pharmingen), anti-CD45 (IMMU19.2;
Immunotech/Coulter), anti-CD14 (RMO52; Immunotech/Coulter) kai anti-CD34 (QBend10;

Beckman-Coulter). AvaAuTiké:

3.5.1 Avooo0-aviXveuon ETIQAVEIAKWY AVTIYOVWYV HE XPAON KUTTAPOMETPOU PONG
2€ KABe KUTTapIKG TTépacua €yive avAAuon Twv KUTTApwY YIa Ta €ENG emIQAVEIOKA
avtiyova: CD29, CD44, CD73, CD90, CD105, CD146, CD14, CD34 kai CD45.
1.  TMAévoupe T1a kuTtTapa o€ didAupa kuttapoueTpiag (PBS / 0.5% FCS / 0.04% sodium
azide).
2.  Quyokevtpoupe oTig 1700rpm, yia 5min o€ Bepuokpaacia dwuaTtiou.
3. Agaipeon uttepkelpévou kal TpoaBnkn 40ul diaAupatog 20mg/ml human y-globulins, yia
TNV EAAXIOTOTTOINGN TNG PUN-EIDIKAG TTPOCOEONG avTiIowNaTos. ETTwaon 10min atov Trdyo.
4. [lpocBrkn @Bopiloviog HPOVOKAWVIKOU avTiowuartog (n toodértnta Oidetar amd Tnv
TTOPOAOKEUAOTIKA eTaIpEia). ETTwacon otov TTdyo.
5. TlAévoupe Ta KUTTOPA O€ OIGAUPO  KUTTAPOMPETPIOG Yyid VA  ATTOJOKPUVOUPE TNV
TAcovdlouoca TToodTNTA AVTICWHUATOG.
6. duyokevrpoupue aTig 1700rpm, yia Smin o€ Bgpuokpacia dwuaTiou.
7. AQQipeon UTTEPKEIMEVOU Kal  POVIPOTTOINON KUTTApWv pe  200ul  diaAvuatog 2%
TTapaPopHaAdeldng (paraformaldehyde, PFA).

8. Aiampnon delyudtwy aToug 4°C, uéxpl TNV avaAucn OTo KUTTOPOUETPO POIG.

3.5.2 MéTpnon aroTTTWTIKWY KUTTAPWYV pE Xpwon 7-AAD

H amomtwon  Twv  KUTTApWV  PEAETABNKE  €TTiong HE  KUTTAPOMETPIA  POAG,
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XPNOIUOTTOIWVTAG TN Xpwon e 7-actinoaminomycin-D (7-AAD; Calbiochem-Novabiochem, La
Jolla, CA) %% Ta amoteAéopara ekppdotnkav wg 7-AAD™? ({wvtava kOTTapa), 7-AADY™

(TTPWIKA ATTOTITWTIKG) Kai 7-AAD™" (dyiga aTroTITwTIKG) KUTTapa. AVaAUTIKG:

Metd TNV £TTWOON KE TO TTPWTO AVTICWHA KAl TO TTAUCIHO TWV KUTTAPWY, TTIPOXWPOUUE HE
Ta akdAouBa BAuara:
1. Emwdloupe Ta kUTTapa pe didAupa 20ug/ml 7-AAD.
2. Emwdloupe 15 min oTtov TAyo0.
3.  Quyokevrpoupe oTig 1700rpm, yia 5min o€ Bepuokpaacia dwuaTtiou.
4. Agaipeon utrepkeluévou Kal TpooBnkn 300ul diaAupaTog 2% PFA.

5. Apeon PETPNON TWV KUTTAPWY OTO KUTTAPOUETPO POIG.

H 1roooTikA avaAuon £yive o€ KuTTapoueTpo porg Epics Elite (Coulter, Miami, FL).
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3.6 MOZOTIKOMOIHZH TQN MSC XTO KAAZMA TQN MYEAIKQN MONOIMYPHNQN
XPNOIYOTTOINCAKE MIO TEXVIKA TTEPIOPIOTIKAG apaiwaong (limiting dilution assay - LDA)
TIPOKEINEVOU va UTToAoyiooupe Tn auxvoTnTa Twv MSC 010 KAGOUA TWV PMUEAIKWV PHOVOTTUPNVWY
KUTTApwyv. XpnolgoTroinoape  €@T1d  OIQQOPETIKEG  ouykevipwoelg BMMC  (250-10.000

KOTTOPa/TINYGd1) TTou omAWBNKav ot Tawid Twv 96-myadiwv >

. Merd amé avamTuén 6
eBOouGdwy, Ta TTRYAdIa TTou gixav >50 TTPOOKOAAWPEVA ATPAKTOEIDN KUTTAPA, BEWPOUVTO BETIKA
Kal n ouxveTnTa Twv MSC avTioToixoUoe oTnv apaiwon TTou Ba £815e 37% apvnTika TTNyadia ¥,

AVOAUTIKA:

1.  Tnv nuépa-0 etoipdloupe KuTTapIKG evaiwpnpa 100,000 BMMC/ml  avapiyviovTag

1.1x10° kUTTOpa o€ 11ml MSC-medium.

2. Etoipddoupe TIG TTOPAKATW APAIOEIS:
ApXIKO KUTTAPIKO Zuykévipwon BMMC / 100ul
MSC-medium
gvaiwpnua TEAIKOU EVAIWPRAHMATOG
1 4ml - 10.000
2 3ml 1ml 7.500
3 2ml 2ml 5.000
4 1ml 3ml 2.500
5 0.4ml 3.6ml 1.000
6 0.2ml 3.8ml 500
7 0.1ml 3.9ml 250

3.  Xpnoiyotroloupe 7 TAGKEG Twv 96-Tiyadiwv kair TTpooBétoupe dH,O oTta akplavda
mnyadia.

4. [a kdBe apaiwan, xpnoipotroiouue 30 Tryadia atrd tnyv TTAAKA, OTA OTTOI TTPOCOETOUE
100! a11é TNV avtioToIXN apaiwan.

5. TIAjpng avavéwon BpeTtTikou MSC-medium pia gopd tnv eBdoudda, yia 6 eBdouddeg.

6. Avixveuan Kai TTOOOTIKOTTIOINON OETIKWV Kal apvnTikwv Tyadiwv o€ KABe apaiwaon.

AvdAuon ue oTaTIoTIKN KaTavourg Poisson.
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3.7 KAQNOI'ONIKH KAI MOAAAMNAAZIALTIKH IKANOTHTA TQN MSC
H KAWVOYOoVIKHA IKavoTNTA TWV KUTTAPWY PETPABNKE PE TN YVwoTr doKIYagia oxnuaTtiopou
IVOBAQOTIKWYV OTTOIKIWV, €VW N  TTOAMATTAQCIOOTIKA TOUG IKAVOTATA  UETPNAONKE ME MIa
XPWHMOMETPIKN dokipaoia Baciouévn oto MTT, KaBwg Kal XPNOIMOTTOIVTAG TOV ATTAG TUTTO:
2"=N,/N, (610U, N, = KUTTAPIKGG TTANBUCNGG PeTd TNV TpuyivoTtoinon, Ny = apXIKOG KUTTAPIKO

TTANBUO UGG, N = APIBUAS KUTTAPIKWY TTOAATTIAAGIACUWY).

3.7.1 Aokipyacia oxnuatiopgou IvoBAacTIKWV atrolkiwv (colony forming unit-fibroblastic

assay - CFU-F)

H dokipacia CFU-F xpnoipgotroindnke yia va ekTiunBei n avaioyia Twv MSC ota pueAiké
jovoTtTUpnva: KUTTapa nuépag-0 ammAwvovrav oe TpuBAia 60-mm o€ Tpeic OIOPOPETIKEG
ouykevTpwaoelg (10000 - 20000 - 30000 BMMC) kai kaAAigpyoUvTo yia 14 nuépeg Pe BPeTITIKG yia
MSC. O apibuég Twv CFU-F utroAoyiotnke pe avaAuon ypaupikig traAivdépounong (linear
regression).

H &okipyacia CFU-F xpnoipyotroiiBnke Kal yia TOv UTTOAOYIOHO TNG KAWVOYOVIKAG
IKQVOTNTAG TwV in Vitro avoTrITuooOuEVWY  KUTTApwy. Tpuyivotroinuéva kuttapa P1-P6
amAwvovTtav e TPEiC OIOPOPETIKEG ouykevipwoelg o€ TpuBAia 60-mm (50 — 100 — 150
KUTTapa/TpuBAio). O apiBudg Twv CFU-F utroAoyi{otav pe avaAuon ypauuIKAG TTAAIVOpOUNonG.

MNa va yivouv eudIAKPITEG Ol KUTTOPIKEG ATTOIKiIEG aKOAOUBoUOE KUTTAPIKN Xpwon Giemsa.

3.7.2 XpwpopeTpik dokiyq MTT
H mroAAatTAaoIaoTIKA IKavoTnTa Twv MSC utroloyioTnke We pia Texvik Baoi{éuevn oTo
Methyl Triazolyl Tetrazolium (MTT) oe P2 kUTtTapa, KaBWG Kal PE TNV EKTIUNON Tou XPOvou
OImAaciaguoU Twv KUTTApwvV yia Ta repdoparta P1-P6.
1. Zekivdpe pe 52,500 kottapa oe 21ml MSC-medium. TeAikrp ouykévipwon 2,500
KUTTapa/mil.
2.  XpnoiyotroloUpe 7 TTAAKESG TwV 24-TTnyadiwy, Kal o€ KAOe Wia atrd auTég XpNoINOTTOIOUME

Tpia TTNYAdIa, o€ kaBéva atd Ta otroia TTpooBEéToupe 2500 MSC (1ml/TTnydad).
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3.  Avavéwon BpeTTIkoU 2 popég Thv Rdoudda.
4. EmTeAoupe TN XpwHoMEeTPIKA dokiul MTT T1ig uépeg 1, 3,5, 7, 9, 11 kai 13:
e A@aipouue 6Ao 10 BPeTTTIKO Kai TTpooBéToupe 0.5ml 1mg/ml MTT /TTnydad..
e Emwdadoupe yia 4 wpeg atoug 37°C / 5% CO..
e [lpooBétoupe 0.5ml 2-propanol og kaBe TTNyAad!.
e AvakaTeUoupe woTe va diaAuBei To TTapaydpevo formazan.
e 2&¢ TAGKa Twv 96-Tnyadiwv TrpocBéToupe 200ul ammd kaGBe deiypa Kal PETPAPE O€

QWTOUETPO TNV OTITIKA TTUKVOTNTA O0TA 630nm (ODg30).
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3.8 EAEMXOZ N'ONIAIAKHZ EKOPAZHZ

3.8.1 RT-PCR

AtropovwBnke oAk RNA ammé MSC P2, kaBwg kai atrd diagopoTroinuéva KUTTapa, aAAd
Kal atrd kKAwvoug MSC kuttdpwyv. To oAlkd RNA atropovwBnke ocUp@wva Pe TIG 0dnyieg Tng
KOTAOKEUAOTPIOG eTalpeiag pe To ouotnua RNeasy Mini Kit (Qiagen, GmbH, Hilden, Germany).
2€ OAeg TIG KaTEpyaaieg DeIlYHATWY TTEPIEANPON TO OTASIO ETTWACNG TWV VOUKAEIKWY O&Ewv JE
DNAse, waote va pnv utmdpyxouv Tpooyitelg yevwuikou DNA ota teAdikd Oceiypara. MNa tnv
atropévwaon RNA €18Ika atmé Ta XovOpokUTTapa, €I0NXON éva apXIKO OTAdIO TTPO-ETTWACNG TWV
KUTTApwv pe Proteinase K TTaAI cUP@wva Pe TIG 0dnyieg Tou KataokeuaoTh. AkoAouBwg 0.5ug
RNA o6 kdBe ociyua peteyypdenke avrtiotpoga o€ cDNA (SUPERSCRIPT IlI; Gibco),
EMAEYOVTOG WG eKKIVATEG TNG avtioTpopng Metaypagns (RT), oAlyovoukAeoTidia Tuxaiog
aAAnhouyiag. To Trpoidv NG avtidpaong RT TTOAAATTAQCIAOTNKE OTN OUVEXEID EIDIKA Of
avTidpdoeig PCR (RT-PCR). O1 avridpdoeic PCR éyivav pe 1o /50 Tou TTpoidvtog Tng RT pe TIg
ouvonikeg: 1.5mM MgCl;, 0.2mM dNTPs, 1uM eidikoug ekkivntég, 5U Taq DNA polymerase
(Invitrogen) oe 1X PCR buffer (Invitrogen). Ta TeAIKG TTpoidvTa KAvoviKOTToINBnKav cUP@Wva PE
TNV €Kepacn TnG Po-MIKpoo@aipivng (Bom), XPENOIMOTTOIWVTOG TO software TTUKVOUETPIKAG
avaAuong Imaged. O1 aAAnAouyieg Twv €IBIKWV eVapKTWYV yia TIG avTidpdoeig PCR avagépovtail

oToV TTivaka 3.

3.8.2 Real-Time Quantitative PCR

CovidiokA ékppaon Twv IL1B kai TNFa: OAké RNA atropovwBnke atmd kuttapa P1-P6

KAl HETEYYPAPN avTiOTPO®A, OTTWG CUVOTITIKA TTEPIYPAPETAI OTAV TTPONYOUUEVN TTApAypa@o. Mo
TNV TAUTOTTOINON TNG ékPpaong Twv yovidiwv IL-13, TNFa kai GAPDH xpnoigotroiiénkav Ta
ouothpaTa Platinum qPCR SuperMix-UDG (Invitrogen) kai TagMan Gene Expression Assays
(Applied Biosystems, Foster City, CA). O1 perpioeig €yivav pe 1o ABI Prism 7000 Sequence
Detection System software (Applied Biosystems). Ta amoteAéopara Twv avaAloewv

TTOOOTIKOTTOIRBNKAV SIAIPWVTAG TN PECT TTOCATNTA TOU YOVIDIOU-OTOXOU TTPOG TN Jéon TTo00TNTA
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Tou yovidiou-avagopds (GAPDH).

MéTpnon Tou TeAopepous: AtropovwBnke yevwpiké DNA ammé P2 MSC (QIAGEN). To

yovidlo TnG B-o@aipivng xpnoidoTrointnke oav ecwTePIKO control povoyovidiakou TéTTou (single-
copy-gene). . Ma 1ig avnidpdaoeig xpnaoigotoiRnke éroiuo pivua iTag SYBR Green Supermix
with ROX (Biorad, Hercules, CA). O1 aA\nAouxieg Twv €I0IKWV EVOPKTWY TTapaTiBevTal oTov
mivaka 3. To PAKOG Tou TEAOPEPOUG AVTIKATOTITPICETAI ATTO TO OXETIKO TTNAIKO TeEAouEpEG/single-

copy-gene (T/S): T/S=2T, 1oy ACT=CT = eHeross. CTh-ovapivns
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3.9 ITATIZTIKH ENEZEPrAzIA TQN AEAOMENQN

H avdAuon Twv dedopEvwy atrd TNV TEXVIKA TTEPIOPIOTIKAG apaiwong EyIve PE XPron TNG
katavoufg Poisson, oT1o oTtaTioTiké TTpdypaupa Fig.P (Fig.P Software Corporation, Durham,
NC).

OAa 1a uttéAoitra dedopéva avaAubnkav eite e Mann-Whitney, eite pe one-way ANOVA
tests oto oTamnomké Tpdypauua GraphPAd (GraphPad Software, San Diego, CA). Ta

opadoTroinuéva dedopéva eEKPPACoVTal WG PEOEG TIEG £ aTTOKAION aTTo TO pHECO (SEM).
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4.

AMNMOTEAEZMATA
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4.1 ZYXNOTHTA £TO MYEAO

H exTipnon tng ouxvotntag Twv MSC o010 pueAd Twv acBevwv €yive XpNOIUOTTOIVTOG
0Uo pebBodoloyieg. Me TNV TEXVIKN TTEPIOPICTIKAG apaiwang, n ouxvotnTa Twv MSC oT1o KAGoua
TWV MUEAIKWYV povoTtupnvwy Kuttdpwy (BMMC) uttoloyioTnke kal BpéOnke TTapOuola oTOug
aoBeveic (20.74+12.41 / 10° BMMC) kai Toug uyieic papTupeg (23.90+15.65 / 10° BMMC;
P=0.8894). Ta cuvOAIKA aTTOTEAEOUATA QaAivVOVTAl OTO APIOTEPO TUAMA TNG EIKOVAG 5.

H ouxvétnta Twv pueAikwv MSC utroloyioTnke kal pe pia dsuTepn HEBODO, auth TNG
dokiyaciag oxnuatiopou IvoBAacTikwy atroikiwv (CFU-F) ammd pueAikd povottupnva KOTTopa
nuépac-0. Ta amoteAéopaTta (eikdva 5) cup@wvoucav He Tnv TIpoavagepBeica TEXVIKA
TEPIOPIOTIKAG apaiwong. O1 acBeveic Sivouv 18.42+13.75 CFU-F / 10° BMMC kai oI uGpTUPES

19.85+18.96 CFU-F / 10° BMMC (P=0.3464).

LDA Day-0 CFU-F
30 301
. T . _
sl T :
& 20 & 201 1
u'.\g 'ﬂe
" " \
= 10+ = 10 \
[ [ 5]
0 o
RA NORMAL RA HORMAL

Eikéva 5: Zuxvotnra tTwv MSC oto puehrd. Apiotepd paBdoypappa: ZuvoAikd dedopéva (péon
ouxvotnta + SEM) amd Tnv TEXVIKA TTEPIOPICTIKNAG apaiwong, ot aoBeveic kai uyigic papTupeg. Aedi
paBdoypappa: ZuvoAikd dedopéva (uéon ouxvotnta + SEM) amrd tn dokiyacia oxnuaTiopoU IVOBAACTIKWY
aTToIKIWV aTTd KUTTOPa NUEPAG-0, o€ aoBeVEIG KAl UyIEiG HAPTUPEG.

ZUyKpivovTag TIG dU0 PeBGOOUG TTOU XpNOIKOTTOINONKAVY yIa TNV EKTIUNON TNG OUXVOTNTAG
Twv MSC, dev BpéBnkav OTATIOTIKA ONUAVTIKEG DIAPOPES OTIG TTAPATNPOUNEVEG CUXVOTNTEG
oToug aoBeveig (P=0.210) ] Toug vyigic papTupeg (P=0.199). ZuvoAikd Ta TTapatmdvw dedopéva

TTpoTEivOouV OTI N ouxvoTnTa TWv MSC cival o€ PUOIOAOYIKA ETTITTEDA OTO HUEAD TWV AOBEVWIV.
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4.2 OAINOTYMIKA XAPAKTHPIZTIKA

MpayuatotroItnke avooo@AIVOTUTTIKI avaAucT OTO TTEPAG KAOE KUTTAPIKOU TTEPACHOTOS
(passage, P), n otmoia katédelEe OTI Ta in vitro aveTTTuyuéva KUTTapa Twv aoBevwy, OTTWG KAl TwV
UYIWV HOPTUPWYV, atroTeAoucav évav OPOIoYEVH] TTANBUCHO BETIKO yia Ta avTiyova TTIQaveiag
CD29, CD44, CD73, CD90, CD105 kai CD146. Tautoxpdvwg Ta KUTTOPA ATaV apvnTika yia Ta
avTtiyéva CD45, CD14 ka1 CD34. Ta amoteAéopata (eikéva 6) katadeikvuouv 0TI Ta KUTTAPA TwV

a0BeVWV £XOUV PUCIOAOYIKO QAIVOTUTTO.

120
100 T I T Ir @ 1 & 7 I & T =
B
80 mRA
| NORMAL
40
20
1]
= [ 0 ol L0 N (2] = |0 [ = N0y 0D oM = |0y |0
CLﬂ.|Il| ﬂ|EL|I1| ﬂ-|ﬂ-|ﬂ-| D.E!l|ﬂ. |Il|l',l- (R S ¢L11I1 o o
CD2a CD44 CD73 CcDao CD105 CD14 CD34 CDa5
i
[ I I
g i B "
L L I‘} |
cD29 CcD44
c973 CD146
l
i
B b . S o g
CD14 CD45

Eikéva 6: @aivoTumikd XapakTnpIioTiKd Twv MSC. 210 avwtepo ypd@nua TapouaialovTal oI GUVOAIKEG
avaAUOEIg TTOU £yIvav OTO GUVOAO Twv OelyPdATWV yia Tpia KUTTAPIKG TTepdapata P1-P2-P3 (péoeg Tiyég +
SEM). Z10 KaTWTEPO YPAPNUA TTAPOUCIAZETAI PIA TUTTIKF €IKOVA OVOCOQAIVOTUTIWY KUTTApWY acBevoulg
amd P2. Ta kOkkiva kal PTTAE 10ToypdppaTa deixvouv Ta BETIKA Kal Ta apvnTIKA €TTIQPAVEIOKA avTiyova

QVTIOTOIXA, CUYKPIVOUEVA HE TA IGOTUTTIKA KOVTPOA (aVOIKTA IGTOYPAUUATA).
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4.3 AYNAMIKO IN VITRO AIA®OPOMNOIHZHZ

EAEyxOnKe akoAoUBwG n IKAvVOTNTA TWV KUTTAPWY Twv acBevwy va d1a@opoTroloUvTal in
vitro OTIG KUTTAPIKEG  yeveaAoyieg Twv  NITTOKUTTAPWY, TwV 00TEOBAACTWV KOl TwvV
XovOpokuTTApwy. OAeg o1 dlagopoTroinoeig Eyivav o€ KUTTapa P2. ETTIAEXBNKE TO CUYKEKPIUEVO
KUTTOPIKO TTépacpa, KabBwg atmd T1a dedopéva TG QaIVOTUTTIKAG avaAuong, KpiBnke Ot TOTE O
KUTTAPIKOG TTANBUCWOG NATav  OMOIOYEVAG, aTTaAAayuévog TTAéov  aTTd  UIKPOTTPOCHIEEIG
QIMOTTOINTIKWY KUTTApwvV. O1 KUTTAPOXNUIKES Xpwoelg €0€iEav OTI Ta KUTTOPA TwV acBevwy,
OTTWG Kal TwV PHapTUpwWYV, ATAV IKAvAa va diagopoTtroinBouyv in vitro. PwToypa@ia atrd TIG OXETIKEG

KUTTAPOXNMIKEG XPWOEIG aTTd éva Beiypa aoBevoug @aiveTal oTnv IKOVA 7.

Eikéva 7: In vitro diagopoTtroifoeig Twv MSC. 21nv eikdva Tmapouaidlovtal adiagopoTtrointa MSC atréd
P2 (A) kal in vitro diagopoTroinuéva KUTTapa TPog Tn Amoyovikh (B kai C), ooteoyovikr (D) kai Tn
XOVOPOYOVIKN KUuTapikA yeveahoyia (E kai F) ammé évav avrimmpoowreuTikd aoBevr pe PA. O1 KUTTOPIKEG
dlagopotroioeig Tautotroidnkav pe xpwon Oil red O (C), ALP/Von Kossa (D), Masson (E) kai Alcian
blue (F).

EmmrpdoBeta PeTPAONKE n OXETIKA £K@PAOn €EEIDIKEUPEVWV YOVIBIWV YIO TIG TPEIG
OUYKEKPIMEVEG KUTTOPIKEG YEVEQAOYIEG, ME OKOTTO VA UTTOAOYIOTEI KATA KATTOIO TPATTO N IKAVOTNTA
NG in vitro diagopoTToinong Twv KUTTApwyv. Xpnaolgotroienkav dUo TéTola yovidla/deikTeg TNG

d1apOopOoTTOINONG YIa KABE KUTTOPIKY yEvEAAoyia.
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To oxeTIk6 duvapikd TG in vitro ooTeoBAACTIKAS dlagopoTroinong Twv MSC peTprBnke e
TNV €ék@pacn Twv yovidiwv NG aAKaAIKAG woeatdaong (ALP), evog yovidiou pe 1diaitepa
auénuévn evepydTNTa OTOUG OOTEORAGCTEG KaI TOU PETAYPAPIKOU TTapayovTa core binding protein
factor-1 (CBF-1), mou Bewpeital eTaywyéag TnG ooTeoBAACTIKNG diagopoTroinong. Ooov agopd
TO duVaUIKO dlagopoTroinong Twv MSC Tmpog NITTOKUTTOPA, WETPRAONKE N €KPPACN TWV YOVIdiwv
adipose fatty acid-binding protein (aP2), Tou cuvteAei 010 peTaBoAioud Twv Ammdiwv Kal givai
1I01aiTepa evepyd oTa AITTOKUTTAPO KAl TOU MPETAYPA@IKOU Trapdyovia peroxisome proliferator
activated receptor-y (PPAR-y), evdg emmaywyéa Tng Aitoyéveong. TEAOG yia 1o SUVOUIKG TNG
XOVOPOYoVIKNG diagopoTroinong Twv MSC, ueTprBnke n éKPPaon Twv yovidiwy Tou KoAAaydvou
Tutou Il (COLLII) kai Tng mpwreoyAukavng aggrecan (AGR), Ta otroia atmoteAouv Bacikd
oToIxEia Tou X6vdpou. H ékppacn OAwv Twv TTApATTAvVW YOoVISiWV KAVOVIKOTTOINONKE WG TTPOG

TNV €KQPACT TOU YoVvIdiou TNG B2-UIKPOOQPaIPiVNG.
Metd amd avadAuon Twv Oedopévwyv pag Oev dIATTIOTWONKE OTOTIOTIKA SIaPOPa TOu
OUVAMIKOU Bla@opoTToinong avaueoa oTa KOTTOPA TWV 00BEVWV KOl TWV UYIWV HOapTUPpWV
(eikdva 8). Ta amoteAéopaTa uTTOdNAWVOUV OTI Ta KUTTAPA TWV ACBEVWV €XOUV QUOIOAOYIKO

duVapIKO dlopopPOTToiNoNG.
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Eikéva 8: Auvaupiké in vitro Sia@opomoinong Twv MSC. 310 apioTepd TUAPO TNG  €IKOVOG
TTapoucidfovTal Ta atroTEAéoUATA TOU EAEYXOU TNG £PPacng eEEIBIKEUUEVWY YoVIBiwv Og puehikd P2 MSC,
METG ammd emmaywyr Sl0QopoTToincng OTnNV OCTEOYOVIKF, XOVOPOYOVIKA Kal AITTOYOVIK yeveahoyia o€
QVTITIPOOWTTEUTIKA OeiypaTa acBevwv (n=3) kai uyiwv (n=3) atépwyv. 10 dei TUANA TTapouaidlovTal Ta
OUVOAIKG Oedopéva (UEaeG OXETIKEG TINEG + SEM) e€eidikeupévng yoviSIoKAG Ek@paang OAwv Twv acBevwv
pe PA (H) Kal TwV uylwv paptupwy () Tou peAeThBnkav. H ouykpion £yive e TO PN-TrapapeTpikd Mann-

Whitney test.
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4.4  ANANTYZIAKO AYNAMIKO

MeAeTiOnke 1O avaTTTuélokd SUVAMIKO TwV HueAIkwy MSC oToug aoBeveig, exTIHWVTAG
TNV KAWVOYOVIKOTNTA TWV KUTTAPWY, KABWG Kal T0 XPOvo SITTAACIOONOU TwV KUTTAPWY OThV
TTAPOdO TOU XPOVOU.

H kAwvoyovikotnTa eK@pAadeTal amd Tov apiBud Twv KUTTApWV TIOU HTTOPOUV Vva
oxnuatioouv IvoBAacTikéG aTroikieg (CFU-F) kai kat’ erékTaon cival Ikava JITwTika. Mtropei €101
va XpnoiyoTroinBei oav deikTng TG TTOANATTAACIACTIKAG IKAvOTNTAG, AAAG KAl TNG awpdTNTAG TWV
KUTTApwV. AlIammoTwinke 0TI N atmédoon Twv in vitro avatrruooéuevwy Kuttdpwy oe CFU-F rtav
alo00nTd XapnAdTEPN OTOUG aOBeveic O Oxéon WE TOUG PAPTUPES, KABOAN Tnv TTdpodo Twv
KUTTOPIKWV TTepacudtwy P1-P6 (P<0.01) (eikéva 9A), uttodnAWwvovTag EAATTWUATIKY avATITUEN
Kal TTBavov TTpdwpen yNRPEavon Twv KUTTAPWV.

To Trapatrdvw eUpnua  evioxubnke ammd Ta Oedopéva UTTOAOYIOUOU TOu XpPOVOU
KUTTapIkoU OiTAaciacpolu  ota P1-P6, o6mou @aivetar 6T 1o KUTTAPO Twv aocBevwv
moAatTAaciadovTtal o apyd amd Twv HapTupwyv (P<0.001) (eikéva 9B). Ztnv UTTapén
EANQTTWHATIKOU  TTOAAATTAQOIACTIKOU  OUVOMIKOU ouvnyopouv Kal Ta Oegdopéva ammod TN
XPWHOMETPIKN dokiun MTT, TTou QTTOTEAEI HIO TEXVIKA EKTIUNONG TOU aPIBUOU TWV KUTTAPWV.
AvoAuTikOTEpa, n dokiurp MTT €yive oe OAa Ta Treipduata EeKIVWvTag e évav OTaBePO O€
MEYEBOG OPXIKO KUTTAPIKO TTANBUOPO KOl EKTIMWVTOAG TNV AVATITUEN TWV KUTTApWV yia 2
eBOouddeg. Ommwg @aivetar otnv €ikdva 9C, yia 1o KUTTApIKG TTépacua P2 n avdmruén twv
KUTTAPWYV OTOUG 0OOeveiG TTAPEUEVE O ONUAVTIKA XAunAOTEPA ETTITTEdO O OXEON ME TOUG
MapTupeg (P<0.001). ZuvoAiKd AOITTOV BIaTOTWONKE EAATTWHATIKA QVATITUEN OTA KUTTOPA TWV
aoBevwv ag oxéon PE Ta KUTTAPA TWV UYIWV JaPTUPWV.

KaBwg n tAciopngia Twv aoBevwv cixe TTponyoupévwg uttoBAnBei o€ BepaTreieg pe
KUTTAPOTOEIKOUG KaI/f] aVOOOKATOOTAATIKOUG A AVTI-KUTTOPOKIVIKOUG TTAPAYOVTEG KAl E OKOTTO
va eheyxBei n mBavoeTnTa TTPOKANCNGS Katmolag PAGRNS ota MSC cuvétteia auThg TNG Beparreiac,
EYIVE PIa vEa avaAuon Twv dedoPévy o€ BUO UTTO-OPABEG: N MIO APOPOUCE TOUG a0oBEVEIG TTou
gixav uttoBAnBei oe katrola Bepatreia (N=20) kalr N GAAn Toug acBeveic TTou dev eixav (n=6). Oi

a0Beveig TTou dev gixav UTTOBANBEi o€ Beparteia @aivovTal oTov TTivaka 2 Pe KiTpIvo Xpwua. Kai
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01 OU0 UTTO-OHABEG TWV a0BEVWIV, CUYKPIVOUEVEG HE TOUG UYIEIC HAPTUPEG, EUPAVICaV EAGTTWUEVN
KAwvoyovIKOTNTa Katd tnv mdapodo Ttwv P1-P6 (eikéva 9D, P<0.001 yia toug acBeveig ue
Bepatreia kal P<0.05 yia Toug aoBeveic xwpig Bepatreia). Mapoduoia, kal of dUO UTTO-OPAdES
epeaviCav auénuévo xpovo dimhaaiaopou (P<0.001 yia Toug acBeveic pe Bepatreia kai P<0.05
yla Toug aoBeveig xwpig BepaTreia), KABWGS Kal EAATTWUATIKO TTOAATTAACIACTIKO OUVAUIKO PE TV
Texvikil MTT (P<0.001 kai P<0.05, avTioTolxa), CUYKPIVOUEVEG WE TOUG PAPTUPES (eikéva 9E).
TéNoG Bev BpéBNkav OTATIOTIKA ONUAVTIKES DIAPOPEG METAEU TwV dUO UTTO-Ouddwy, ooV agopd
TIG TTPONYOUNEVEG TTAPAUETPOUG. KaT €TTEKTACT, OUPTTEPAiVOUUE OTI €ival aTTiBavo va guBuveTtal

yIO TNV EAATTWHATIKA avAaTrTugn n Trponyouuevn Bepartreia Twv acBevwy.
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Eikéva 9: Avarrtuélaké duvapiké ota pugAikd MSC. (A): Méoog (x SEM) apiBudg Twv Aauavopévwyv
CFU-F, og aoBeveig (o) kal paptupeg (0). (B): Huépeg mou atrairolvral yia évav TTANBUCUIaKS SITTAACIOCUO
otnv Tapodo Twv P1-P6, oc acBeveig (o) kai pdptupeg (0). (C): Méon (x SEM) otrmiky TTUuKvOTNTA, TTOU
METPNONKE 0T dokipyaaia MTT, n oTroia AvTITIPOCWTTEUE TO TTARBOG TWV WVTAVWY KUTTAPWY, O KAEIOTA in
vitro avamtuén 13 nuepwyv, P2 MSC. (D) kai (E): avaAuoeig Twv dedopévwy, Pe dlaxwpliopd Twv acBevwv
o€ autoUg TTou €ixav uttoBAnBei og TTponyouuevn Bepartreia (RA treated) kar autolg tmou d¢ev eixav (RA
untreated). 10 didypappa (D) avaAuetal TO KAWvVOyoviKO duvapikd, evw oTo (E) To TTOAAOTTAOCIOOTIKO

OUVOUIKO TwVv KUTTGpwv. Agv dIOTTIOTWONKAY ONUAVTIKEG SIOPOPEG AvAPETA OTIG OUO UTTO-ONADES TwV

aoBevwyv. O1 oTaTIoTIKEG avaAuaoelg €yivav pe 2-way ANOVA.
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4.5 XAPAKTHPIZTIKA ENIBIQZHZ

Mia uTtéBe0n TTOU €EETACTNKE OTN CUVEXEID, ATAV EVOEXOMEVWG N EAATTWHEVN AVATITUEN
TWV KUTTAPWYV TwV a0Bevwv va OQEIAeETal 0€ augnuévn KUTTAPIKN aTmmOTITwon auTtwy. ETol
MEAETABNKaV Ta XapaKTNPIOTIKA €TTIRIWONG TWV KUTTAPWY XPNOIKMOTTOIVTOG KUTTAPOUETPIO pong

Kal TN XpwoTik 7-AAD.
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Eikéva 10: XapaktnpioTikd emiiwong Twv MSC. Na 1n yeAéTn TG KUTTAPIKAG atréTITwong, MSC atd
P1-P6 emrwdoTtnkav pe 7-AAD kal avoAuBnkav g€ KUTTOPOUETPO ponG. 2To vepeAdypaupa (B) @aiveral n
avahoyia Twv 7-AAD'" wvtaviv Kuttdpwy (R2), 7-AADY™ Tpwiua amoTITWTIKWY KuTTdpwy (R3) Kai 7-
AAD®™M™  Syiua  aTOTITWTIKGWY  KuTTdpwy (R4) oTo mopdBupo R1  (vepeAdypaupa A), evoc
QVTITTPOOWTTEUTIKOU deiypaTog amd P2 MSC. O1 pdpdol 010 KATWwTEPO BIAYPANHA QVTITTPOCWTTEUOUV TN
péon (+SEM) avaloyia wvTtavwv, TTPWIMWY KAl OWIWY ATTOTITWTIKWY KUTTApwyv o€ acBeveig (C) kal
uyigic paptupes (D) avoAupévwv wg avwTépw. Aegv dIOTIOTWONKAV OTATIOTIKA ONUAVTIKEG OIAPOPES

avaueoa aTiG dUo ouadeg pe avaiuaon 2-way ANOVA.



51

AlammoTWONKE 0TI TO CUVOAIKG TTOCOCTO TWV ATTOTITWTIKWY KUTTAPWY KUPAIVOTOV OTTO
7.68%13.70% oTo P1, péxprl 8.24+2.01 oto P6 oToug aobeveig kal amd 8.25%14.15% oTo P1,
MéXpl 8.24+2.85 o010 P6 oTOUG MdpTupeg (eikOva 10). ZuvoAikd, Otv PBpéBnkav OTATIOTIKA
oNMUAvTIKEG BIOPOPEG AVAPESO OTOUG OOBEVEIG KAl TOUG WAPTUPEG OTO TTOCOCTO TWV TTPWIHA
amoTITWTIKWY (F=0.8206<F g, N.S.) A TWV OWING ATTOTITWTIKWY KUTTApwV (F=0.9977<F"g,, N.S.)
KaTd TNV avaTrtuglakr) mepiodo P1-P6.

Ta Trapammavw &edopéva OUVOAIKA uTtrooTnpidouv OTI n eAATTWMPEVN avATITUEN TWV

KUTTAPWYV TwV aoBevwv Oev oQeileTal o€ augnuévn KUTTAPIKA amoTrTwon (eikéva 10).



52

4.6 NMAPAITOMENEZ KYTTAPOKINEZ
AkoAoUBwG epeuvnONKe TOo evdEXOUEVO T KUTTOPA TwWV 0a0Bevwv va Trapoucidlouv
QVWMOAN  TTapaywyr] KUTTOPOKIVWYV, OTTwG €xel Ndn avaeepBei yia Toug IVOBAACTEG TNG

TpooBePAnuévNG dpBpwaong oToug acBeveic V.

O £€Aeyx0G TWV KUTTAPOKIVWYV TTaPOUCIAleEl
evolag@épov yia duo Adyoug: amd T pia Ta MSC ptmopei va TTapdyouv OvOOTOAEIG Tou
ToAAaTTAacIoopoU, TTou va emdpolv oTa idia Kal Ba ptmopoloe va atoTeAei pia e€Aynon Tng
eAaTTWHEVNG TTOAAATTAGCIAOTIKAG IKAVOTNTAG Kal attd TNV GAAN Ta MSC mBavév Ba ptmopoucav

va oupBaAAouv oTnv idla TRV TTaBoyévela TNG vOoOoU TTapAyovTag QAEYUOVWOEIG KUTTOPOKIVEG

OTOV PUEAO, OTToU TTapaTtnpouvTal augnuéva emitreda IL-1p kai TNFa.

(A) 0,2 - Ixemikn yowdiekn Exppean

P=02468

0,15

O NORMAL
H RA patients

IL-1p/APDH TNFe/GAPDH

(B)

08 —e—NORMAL
07 s RA
05
05
E 0.4
03
2 F=0.1474<F",
i
4
35
3
_ 25
£ 2
e
i F=1.2373< F14s

Eikéva 11: ‘Ekppaon Twv @Aeypovwdwyv mapayoviwy IL-18 kai TNFa. (A): ZuvoAikd atroteAéopata
aTTé TN OXETIKA yovidlakn ék@paon Twv IL-18 kal TNFa, 6mwg avaAubnke pe real-time PCR, oe aoBeveig
Kal uyieig paptupeg (uéoeg Tiyég + SEM). (B): ZuvoAikG Oedopéva PETPNONG TWV TTOPOYOUEVWV
mapayoviwv IL-1B kai TNFa ota utrepkeipgeva Twv KUTTAPOKOAAIEPYEIWY oTa P2-P4-P6 (uéoeg Tiyég +
SEM).
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‘ETol1, Kat apxdg ekTiunénke n mapaywyn IL-1p kai TNFa. Ta oxetiké emimeda tou mRNA
Twv IL-1B kai TNFo (kavovikoTroinuéva wg TTpog Ta emTTeda €KQPAONG TOU yovidiou Tng
GAPDH) oto P2 &ev diépepav onuavTIKA avApeca OTOUG 0OBeveiG Kal TOug MAPTUPEG
(0.059+0.029 ka1 0.040+0.022, avrioToixa). MNapopoia pe Ta emimeda Tou mMRNA, ATav Kal Ta
ETTITTEDA TWV AVTIOTOIXWY TTAPAYOVTWY OTA UTTEPKEINEVA TWV KUTTAPOKAAAIEPYEIWY, OTTWG auTd
KaBopioTnkav pe xprnon tng TeXVIKAG ELISA. Aegv dié@epav onUAvVTIKG avAPeECa OTOUG AOBEVEIg
KOl TOUG PAPTUPEC KAT& TNV avamrTuéiakh Trepiodo P2-P6 (F=0.1474<F',s ka1 F=1.2373<F,,
avriotoixa). Kard ouvéreia Oev  SIATTIOTWONKE oNUAvTIK dlo0Qopa  OTnV  £KGPACN Twv
Tapayoviwy IL-1B kar TNFa avdueoa o€ aoBeveic kal paptupes (eikéva 11). Ta dedopéva pag
utrodnAwvouv OTi gival yadAAov atmiBavo Ta MSC Twv aocBevwv va cupBdaAlouv oTnv TTaboyéveia
NG PA, 600V a@opd TNV avdamtuén GAEYPOVAG OTO HUEAIKO PIKPOTTEPIBAAAOV.

AKoAOUBWG epeuviABnkav Ta eTTTEdA KUTTAPOKIVWY TTOU TTPOAYOUV TNV avaTrtuén Twv
MSC ota uTtrepkeiyeva Twv KUTTAPOKOAAIEpYEIWY Pe Tnv  TeXvIKA ELISA. Zuykekpipéva
epeuvABnkav Ta emimeda Twv VEGF kai SDF-1, kaBwg kai 1a emimeda mapaywyns Twv
avaOTOATIKWV/QAEyuovWOWY  KUuTTapokivwy IL-6 kai TGFBy ota P2-P6. Ze OAoug TOug
TTApaTTavwW TTapdyovTteg dev BpEOnKav onuavTikéG SIOPOPES avAUETa OTA BEiyUATa TWV 00BEVWV
Kal Twv popTUpwv (eikdva 12). TéNog peAetrioape T yovidiokn ékgpaon Twv IL-8 kai IL-15 o€
KUTTapa P2, Xwpig ANl va diamoTwBolv onuavTikKEG dIa@opEéS avaueoa o€ aoBeveic Kai
MapTUPEG (eikOVa 12).

2UVOAIKG Kal agou dev dlatmioTwlnkav dlaQopés avapeoa oe aoBeveig Kal JAPTUPES, TA
Tponyouueva Oedopéva UTTOOEIKVUOUY OTI N TTapaywyr KUTTAPOKIVWV a@’ €auTr Ogv eival
utTeEUBUVN yIa TIG TTAPATNPOUNEVEG dlATAPAXEG OTO avatrTuglakd duvauiké Twv MSC oToug

000Beveig.
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Eikéva 12: ‘Ek@pacn auinTiKwv TTapayoviwy Kol QAEyMOVWSWY KUTTAPOKIVWV. Ta dedopéva yia
Toug TTapdyovTeg IL-8 kai IL-15, apopouv Tn OXETIKN YOVIBIOKY EKQPACH TOUG, KOVOVIKOTTOINKEVN WG TTPOG
TO yovidlo TnNG B2-pikpoo@alpivng (U€oeg TIuEG + SEM). Na Toug uttdAoITToug TTapAyovTeG, TTapouaiadovTal
Ta OUVOAIK& Oedopéva PETPNONG  TWV  TTAPAYOMEVWY  TTOPAYOVTWY  OTA  UTTEPKEINEVA  TWV
KUTTOPOKOAAIEPYEIWV OTa P2-P4-P6 (uéoeg TIuEG + SEM).
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4.7 MHKOZ TEAOMEPOYZX

To PNAKOG TWV TEAOUEPWYV OTTOTEAET évav OEIKTN KUTTAPIKAG yPavong, Kabwg YeVIKA TO
MEYEBOGS Tou gival avTiIoTPOPWS avaAloyo TnG nAikiag. ‘Exel mepiypa@ei eAATTWPEVN KUTTAPIKN
avaTITugn ocuvu@acopévn pe Tpowpn atTwAEIa TEAOPEPOUG YIa TOUG TTEPIAPOPIKOUG 00TEOBAAOTEG
otn PA %. Me okoté va diamoTwOei Katd Téoo KAT avdAoyo 16XUel Kal yia Ta pueAikd MSC
OTOUG a0oBeveig, uTTOAOYICOUE TO OXETIKO UAKOG Tou TeEAoEpoUg (relative telomere length, RTL)
oe P2 MSC, og 12 aobeveig kal 12 nAIKIOKG Kal QUAETIKA TaIplooTOUG UyIEiG papTupes. H
avaAuon €yive pe peBodoloyia real-time PCR, Otmou pe €10IkoUg eKKIVNTEG METPRONKAvV Ta
TeAopepn (T) kai n B-o@aipivn wg yovidlo povou avtiypdgou (single-copy-gene, S). To OXETIKO

MNKOG Tou TeAoPEPOUG uTToAOYioBnke atd 1o TTnAiko RTL=T/S.

Mapatnperidnke pia avtioTpoPws avaioyn e Tnv nAikia eAdttwon oto RTL kai oToug
aoBeveig (r=-0.899, P<0.001), 6TTwg Kal oToug papTupeg (r=-0.906, P<0.001) (eikdva 13). MNa va
Xapaktnpiobouv 1a RTL Twv KUTTApwy Twy acBevy oav TIPETTOVTA ) UN-TIPETTOVTA yIa JIa
oedopévn nAIKia, KaBopiocapge 1O  TNAIKO  TTAPATNPOUUEVO/TTPORAETTOMEVO RTL
(observed/predicted, O/P) yia k&8¢ nAIKIOKO deiyua, CUPQWVA YE TNV £EICWON TTOU ATTOPPEEl ATTO
TNV avaAuon ypapuikAg TTaAivopopnong ouoxetiCoviag ta RTL kal tTnv nAikia (xpovia) Twv
MapTUpwyv. Bprikaue 611 T0 péoo mnAiko O/P Twv aoBevwv (0.83+0.20) ATav ekTdg TWV Opiwv
aglomoTiag 95% Twv popTUpwyv (Péoo TNAiko O/P 0.67+0.17, P=0.0226), uttovowvTtag un-
TPETTOUCA ATTWAEIO TEAOUEPOUG yia Tn dedopévn nAikia. Me pia dia@opeTikr) avadAuorn, étrou
avaAubnke 1o yéoo RTL avd dekaeTia, o€ aoBeveig Kal pAPTUPESG TTAPATNENONKE TTAAI OTATIOTIKA
onpavtik dlogopd (P<0.001) (eikéva 13C), emmpdoBeta Oeixvoviag TPowpn atmwAELId
TeEAopepoUg ota MSC Twv aocBevwv.

H eAGTTWON TOU TEAOUEPOUG OTA KUTTOPO TWV aoBevwyv, KaBWG OXETICETAl PE TNV
KUTTAPIKN yApavon, atroTeAel pia évdeign Tpdwpeng KUTTAPIKAS YAPAVONGS TWV KUTTAPWY  TwV
00BEVWV GUYKPIVOUEVWY HE T KUTTOPA TwY MapTUpwy. Ta TTapatrdvw dedouéva dev avTiTiBevTal

OTO EAATTWHATIKO aQvATITUEIAKO QUVANIKSO TwV KUTTAPWV.
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Eikéva 13: ZXeTik6 MAKOG Tou TeAopepoUg ota pueAikd MSC. 2ta Siaypdupata (A) kai (B)
avaTtrapioTAaTal n cuox£Tion TNG NAIKiag kal Tou Adyou T/S ota MSC (euBgia ypauuiKAg TTaAivopdunong +
95% opia aglommaoTiag), ota PA () kai Ta QUGIOAOYIKA (0) dtopa. Z1o diaypaupa (C) avatmapioTaTal 1o

péoo (+SEM) oxeTikd PNAKOG Tou TeEAOPEPOUG ava OekaeTia aTta PA (M) kal Ta @uaioAoyikd (C1) droua. Oi

OTaTIOTIKEG avaAloelg éyivav pe 2-way ANOVA.
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4.8 ZYMNAHPQMATIKA AEAOMENA

Mapouaoialovtal dedopéva TTOU CUPTTANPWYVOUV T HEAETN Twv PueAikwy MSC oToug
aoBeveig, Ta otroia dev Eyivav atrd TNV uttown@ia dIdAKTOopa, OAAG dnuooIElTNKAV OTAV

OAOKANpwEVN EPEUVNTIKA EpyaaTia.

4.8.1 NMPQTEOMIKH ANAAYZH

‘Eyive nAexkTpo@opnon 2 dlaoTacewy (2-D) o€ KUTTapIKG TTPWTEIVIKA ekXUAioPaTa atrd P2
KUTTapa acBevwv (n=10) kal uyiwv paptipwv (n=6) (eikdva 14A-B). Metd amd KatdAAnAn
ETTECEPYATia TWV TTNKTWHATWY KAl XPNOIMOTToIwvTag TN HEB0SO TNG 1EpapXIKAG opadotroinong
(Hierarchical Clustering) dev Atav duvaTtég o dIaxwpIoPog O€ EEXWPIOTEG OUABES, TWV KUTTAPWY
TWV aoBevwv Kal Twv PapTupwyv (eikdva 14C). O cuvteAeoTrg cuoxéTiong Pearson dev di€@epe
onPavTik& avapeca oTta KOTTapa acBevwv kal paptupwy (r=0.933+0.022 kai r=0.929+0.020,
avriotoixa). Ta mapamdvw Oedopéva CUPPWVOUV PE TNV EAAEIYN ONPOVTIKWY OAAaywv oTnv

TTAPAYWYH KUTTAPOKIVWV QVANECST OTA KUTTAPA A0BEVWV KAl JAPTUPWV.
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Eikéva 14: MpwTteopikn avdAuon Twv MSC. HAekTpopopnon 2-D pe KUTTApPIKE TTPWTEIVIKA EKXUAICHOTA
ammd P2 MSC aagBevwv (n=10) (A) kai gaptupwyv (n=6) (B). Aev diatmoTwbnke KAACPATWAON TWV acBevwv

Kal Twv HapTUpwyv o€ EeXwPIoTEG opadeg (C).
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4.8.2 ANAAYZH FONIAIAKOY MPO®IA

‘Eyive avaAuon yovidiakoU TTpo@iA YE TNV TEXVIKA micro-array, he 101aiTepn dlEpelvnon O€
yovidla TTou KWOAIKOTToIoUV yia HopIa ETTIPAVEIAG, KUTTAPOKiveG Kal deikTeg diagopoTroinong. H
emAoyr yovidiwv TTou eKQPAadovTal dIAQOPIKA OTOUG AOBEVEIG KAl TOUG HAPTUPEG, ETTETPEYE TV
EexwpioT opadoTtroinon Twv JEIYHATWY TWV AoBEVWY Kal TWV UYIWV JopTUPpWY HE TN PEB0DdO TNG
IEPAPXIKNG opadoTroinong (eikdva 15). Metd Tn ouAAoyr] kai avdAuon Twv Oedopévwv Kal
xpnoigotroiwvtag T Baon dedopévwyv Kyoto Encyclopedia of Genes and Genomes (KEGG),
avadnménkav yovidia TToU CUMMETEXOUV O KAVOVIKA KUTTAPIKA oNUOTOOOTIKA OVOTTATIO
(canonical pathways). Ta yovidia pe Tnv TTA€0V dI0QOPIKA £KPPAOCT), KWOIKOTTOIOUV YIO TIPWTEIVES
TTOU OUPHETEXOUV OTnV KUTTAPIKA TTpookOAAnon (focal adhesion) pe Tnv e§wkuttdpia ouaia. Mo
OUYKEKPIUEVA, QAPKETA yovidla TTou eUTTAéKOVTAl OTn PUBUICN TOU KUTTOPOOKEAETOU Kal KOT
ETTEKTAON OUVOEOVTAI UE KUTTAPIKN KIVNTIKOTNTA, TTOAAATTAaCIaoud Kal emiBiwon, Bpébnkav va
£XOUv OIAQOPETIK EKPPACN avAaueoa o€ aoBeveic Kal PApTUpES. 1BIaiTEPO  evdlapEpov
TTapoucialel n eAaTTwWEVN EKPPacn TNG KukAivng-D ota kUTTapa Twv acBevwv Kal n auénuévn
£EKQpaon Twv avaoToAéwv NG KUKAivng-D, Inkd4a-d kai Kip1,2, KaBwg Kal Twv ETAYWYEWY TWV
TeAeuTaiwv Smad2/3 kair TGF-B. H kukAivn-D diadpapaTifel onuavtikd péAo otn petdpaon atrd

™ G1 0TV S-@Aon Tou KUTTAPIKOU KUKAOU (EIKOVa 16).
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Eikéva 15: AvaAuon yovidiakou mpo@il Twv MSC. Xpnaoipotroilfnke RNA atré P2 MSC atrd aoBeveig
(n=3) ka1 vyigig papTupeg (n=6). H emAoyn yia yovidia TTou ek@palovTal SIaPOPETIKA OTOUG aaBeVEiG Kal
OTOUG HAPTUPEG ETTETPEWPE TO OIAXWPICHO TWV BEIYUATWY TwV GCBEVWV aTTd TWV UYIWV PApTUPWV HE TN

MEBOBO TNG IEPAPXIKAG OJadOTTOINCNG.
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H Tapolca peAETN TTPAYUATOTTOINONKE, QQEVOG WE OTOXO Tn dlgpelvnon TTBAVAG
TaBoAoyiag ota pueAikd MSC Twv aoBevwv TToU TBAvOV Ba PTTOopoUcE va GUPPBAAAEI oTnv
TTaboyévela TNG vOoou, OAAG Kal AQETEPOU HPE OTOXO TNV duvnTIKA MEAAOVTIKR Xprion Twv
autéAoywv puedikwv MSC yia emdiopBwaon ooToU Kal XOvOpou oTn peupaTosidn apbpitida, pia
vooo utTown@Ia yia HEAAOVTIKA e@apuoyn Twv MSC otnv e€mididpbwaon Twv TTEPIaPBPIKWY
dopwyv, 00ToU Kal XOVOpou. H HEAETN TWV KUTTAPWY TwV A0BEVWY PTTOPET VO QAVEI GNPAVTIKN Kal
yia évav akoun Adyo, KaBwg uttdpyouv Kdtroia dedopéva TTou uttooTnpifouv OTI Ta eTepOAoya
MSC pTropsi va unv €ival 7600 TTPOVOUIoUXa avoogoAoyIkd, OTiwe ToTeudTav */. EXTIUABNKE N
ouxVvOTNTA TWV KUTTAPWY OTO WUEAD, PEAETABNKAV TA AEITOUPYIKA KAl HOPIAKA XOPOKTNEIOTIKA
TOUG, KaBwg Kal To SUVAMIKO dIagopoTToinongG.

AlammoTwenkKe 611 N ouxvotnTa Twv MSC o010 pueAd dev DIEPepe avApeca o aoBeVEIg Kal
MapTUpEG. XpnoiyoTroindnkav dUo avegapTnTeg PEBOBOAOYIEG yIa TNV €KTIUNON TNG MUEAIKAG
ouxvOTNTaG TwV KUTTApWY, TTou atrd KoIvoUu KaTéAngav o€ autd To ouptépacua. Kabwg Ta
0edoUEVA HAG CUPPWVOUV KAl JE TTPOYEVEDTEPEG MEAETEG TTOU agopoulv Tn cuxvotnta Twv MSC
o€ QUOIOAOYIKOUG HueAOUG, uttooTnpiouv OTI oI aoBeveig BIABETOUV QUOIOAOYIKEG OTOV aPIBUO
aTroBAKeS PueAikWv MSC '®%*. EmimrpooBeta SIomoTwenke 4Tl Ta in vitro aveTrTuypéva KOTTapa
Twv acBevwv ATAV QAIVOTUTTIKA TTAVOMOIOTUTTO PE TA QVTIOTOIXO TWV HAPTUPWYV. ZUVOTITIKG

xapakmpioTnkav we CD29*/CD44*/CD73*/CD90*/CD105*/CD146* ka1 CD45/CD147/CD34".

‘Eva akopn uoloAoyikd OTOIXEIO TwV in Vitro aveTTTUYPEVWY KUTTAPWY TwV aoBevwV gival
n 1IKavoeTNTd TOUG va dlagopoTroinBouv. MeAeTABNKE n IKAVOTNTA BIAPOPOTIOINONG OE TPEIG
KUTTAPIKEG YEVEQAOYIEG: TNV AITTOYOVIKR, TNV OOTEOYOVIKA Kal TNV Xovopoyovikr. H afloAdynon
TOU SUVAUIKOU BIagopoTToinongG £yIve JE TN BOABEIO TWV AVTIOTOIXWY KUTTAPOXNMHIKWY XPWOEWV,
OAAG Kal he nuI-TToooTIKA ekTipnon (RT-PCR) Tng yoviIDIOKAG éKPpaong eEEIBIKEUPEVWV YOVIBIWY
yia Kd&Be vyeveahoyia. Ta KUTTOpPG Twv 00Bevwy Trapoudiacav  QUOIOAOYIKO SUVAMIKO
dlagopoTtroinong yia OAeg TIC TTpoavaQePBeiceg KUTTAPIKES yeveaAoyieg. Eivar yvwotd 611 ol
TTapatnpoupeves BAABeS oe 00TO Kal X6vdpo, oTnv TTpooBeBAnuévn dpbpwaon oToug acBeveig,
gival amoTéAeopa @Aeypovwdoug dIARPwWOoNG Kal KataoTpoPns Twy 1IoTwyv. QoTdoo cival moavo

VO OUVUTTAPXEl KAl évag avaTTOTEAECUATIKOG PNnXaviopog emdidpbwong. MNa TTapddeiypa, £xel
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avapepBei ammd AANeg epeuvnTIKEG OUAOEG EAATTWHEVN XOVOPOYOVIKI EVEPYOTNTA OTA HUEAIKG
MSC oe aoBeveic ue ooTeoapOpiTIda, TTOU CUCYKETIOTNKE MWE Tn SloTapPaX TOU OMOIOCTATIKOU

unxaviouou  emdIdpOwong Tou TrepiapBpikol  xovdpou .

Ta Oedopéva pag, Kabwg
utrooTnpeifouv 6T N SIOQOPOTIOINTIKA IKAVOTNTA TWwV KUTTAPpWY TwWV aoBevwv eival péoa oTta
QuUOIoAOYIKA eTTiTTEDQ, UTTOONAWVOUV OTI UTTOPOUV VA CUVEICQPEPOUV  IKAVOTTOINTIKA aTnNV

I0TOAOYIKN €MOIOPBWON.

EmmpooBeta 1a in vitro aveTrTuypéva KUTTOPA TwY acBevwyV TTapouCiacav QUCIOAOYIKH
TTapaywyr SIdQopwVY KUTTAPOKIVWY Kal auénTikwy trapayoviwy (IL-1p, TNFa, IL-6, IL-8, IL-15,
TGFB4, VEGF ka1 SDF-1). Z10 TTApATTAVW CUUTTEPACHA KATAA)YOUE PETA KAl ATTO EKTIMACEIG YE
TN MEBodO ELISA atéd ta utrepkeipeva Twv in vitro aveTrTuyuévwy KUTTdpwy, KaBwg Kal ueté Tnv
ekTipnon yovidiokig ékepaong ue RT-PCR. BiBAloypa@ikd éxel avagepBei avwuaAn Trapaywyn
QAEYHOVWOWY  KUTTAPOKIVWY atrd Toug IVOBAGOTEG Tng TTpooPePAnuévng &pBpwong Kai
uttapxouv dedopéva TTou uTTooTnpidouv OTI o1 IVOBAGOTEG TNG PEUMATIKAG GpBpwong eivai
MUEAIKG MSC e diatapayuéveg 1I810TNTEG TTOU eykaBioTavTal oTov apBpikd upéva Twy aoBevwv
8297 'H Siatapayr auth Ba PTTopoUsE va gival OTTOTEAECHA EiTE TOU QAEYHOVWISOUS apOpikoU
TEPIBAANOVTOG, €iTe va ogeileTal o€ evdoyevh diatapaxn Twv PueAikwv MSC Twv acBevwv.
KaBwg atrd 1a meipduatd  uag dev dammoTwnke diapopd avapeoa OTOUG AOBEVEIG Kal TOUG
MAPTUPEG OTNV £KOPACN TWV QAEYHOVWOWY KUTTAPOKIVWY, CUMTIEPAIVOUUE OTI deEV UTTAPXEI
KATTola evOoyevN g diatapaxr oTa KUTTapa Twv acBevwyv. EKTO¢ atrd 1o apbpikd uypo ol IL-1B kai
TNFa €xouv avo@epBei UTTEP-EKPPOACPEVEG KOl OE UTTEPKEIMEVA MUEAIKWV OTPWHATIKWV
KOANEQYEILV Twv acBeviv 2% EvrolToic Ta dedopéva amméd Ta TEIPANATE Hag KaTadeIKviouv
OTI Ta KUTTAPA TWV aoBevwv dev QaivovTal UTTEUBUVA YA TNV QUENPEVN EKQPOTN TWV TTAPATTAVW
KUTTAPOKIVWYV OTO PUEAS Twv aoBevwv. ‘ETor autr) Ba ytropoudce va atmmodobei ota pakpopdya

KUTTOPA, TTOU ETTIONG €ival TTAPOVTA OTIGC MUEAIKEG HOKPOXPOVES OTPWHATIKEG KAAMIEPYEIEG.

MapoAa autd, To avaTITUEIAKO OUVAUIKO TWV in Vitro avemTuypévwy KUTTApwyv Twv
aoBevwv BpEBnke dlATaPAYHEVO GUYKPIVOUEVO PE TWV UYIWV MapTUpwV. AlIamoTwoOnke OT1 KaTd

TNV TTAPOOO TWV KUTTAPIKWY TTEPACHATWY 0 PECOG XPOVOS BITTAACIAoHOU TWV KUTTApwY ATav
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onMavTiK& eAATTWHPEVOG OTa KUTTAPA Twv aoBevwv. ETITTPooBETwS eAaTTwuévo BPEBNKE Kal TO
KAWVOYOVIKO QUVAMIKO TWV KUTTApwvY Twv acBevwy. O1 TTapatmdvw diatapaxEg oTny avaTtuén
TWV KUTTApwyv Ogv o@eilovTal o€ augénon Tou KUTTApPIKOU BavdTou, KaBwg To TT0000TO Twv
QTTOTTITWTIKWY KUTTAPWYV OtV dIEQepe avaueoa oe aoBeveic kal pdptupeg. Emiong dev @aivetal va
ogeilovTal Kal o€ KATToIa dlIaTaPax] OTNV EKPPACN TWV EVOOYEVWV KUTTAPOKIVWV A augnTIKWV
TTaPAYOVTWY, EQOCoV dev dIATTIOTWONKE aAAOIWPEVN TTAPAYWYI QUTWV.

H mTAcioyn@ia Twv aoBevidv TToU CUMHETEIXAV OTN MEAETN €ixe utToPANnBel oe KdTTOIa
TTponyouuevn Bepatreia: YeBOTPELATN, KOPTIKOOTEPOEIDN, AVTI-KUTTAPOKIVES 1] AVTI-QAEYUOVWOEIG
TTapdyovTes. MNMpoyevéoTepeg HEAETEG ava@épouy OTI N HEBOTPECATN dev eTTNPEACEl TNV €TTIRIWON
Kal TO AEITOUPYIKA XapaKTNPIOTIKA Twv MSC, ev) Ta KOPTIKOOTEPOEIDN MTTOPEI VA KATAOTPEPOUV
70 TTOAATTAQCIAOTIKG SUVapIkG Toug . Agv €xouv avapepBei deSOpEVA yia TNV ETTIOPACN avTI-
KUTTAPOKIVWY, OUTE Kal avTl-QAeyuovwdwyv Trapayoviwv ota MSC. lNa va aTTokA€IoTel n
mOavoeTNTa HIog eTTayopevng BAABNG Adyw Bepartreiag ota KUTTapA Twv acBevwv, avaAubnkav
Ta OUVOAIKG &edopéva TTou OXETICOVTaV PE TO AvaTITUEIOKO SUVAUIKO XWwPIoTd oToug aoBeveig
TToU gixav uttoBANBEi o€ KATTOIO BeparTreia Kal 0TOUG aoBeveig Xwpig Bepatreia. BpéBnke OTI Kal
oTIg U0 UuTTo-0uddeg TO avaTTTuélokd OUVaMIKG ATav onPavTiKG eAatTwpévo. Emmiong dev
SIaTTIOTWONKAV CNUAVTIKEG BIAPOPES avaueaoa OTIG dUO UTTo-ouddeS. Ta TTapaTTdvw EupruaTa
TTpoTeivouv OTI 01 BepaTreieg PE TOUG dIGPOPOUG AVTI-PEUPATIKOUG TTAPAYOVTEG OTO OUVOAS TOUG,
Oev atmmoTeAoUV TNV AITia TNG TTAPATNPOUPEVNG avaTITUEIaKNG diatapaxig Twv HueAikwv MSC Twyv
aoBevWVv.

‘Exel SeIXBei 6T N yApavon PTTopei va eTTNPEEdel TO avaTTTUEIoKS Suvapiké Twv MSC %2,
KaBwg o1 aoBeveig kal o1 uyigig papTupeg ATav avaldyou nAikiag, poidlel atribavo ol diatapaxEg
oTO avaTTTuglakd SuvauiKO Twy KUTTApwY va gival atmdéppola TG nAikiag. EviouToig Ta KUTTapa
TWV aoBevwyv TTapouciacav Tpoéwpn, duvavaioyn TTpog TNV nAIKia, €AATTWoN TEAOPEPOUG OTA
XpwHoowuatd Tous. Kabwg utrdpyouv evdeielic TTou uttooTnpifouv OTI TO TTOAAQTTAQGCIOOTIKO
SUVOMIKG TOU KUTTAPOU OXETICETaI JE TO PXIKO MAKOS Tou TeAopepoUg 'O Siatutrwvoupe Thv
uTtéBean o1 N Tpowpen EAATTWON TEAOPEPOUC, WG OEIKTN TTPOWPNG KUTTAPIKNG YHPAVONG, MTTOPEI

va €ényei T0 eAATTWHATIKG avaTTTUEIOKO SUVAUIKG Twv KUTTApwY Twv acBevwv. Av kal dev
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OlepeuvAOnke n evepydTnTa TOU €v{UPoOU TNG TeAoupepdong, uttoBéToupe OTI KATW atmd Tnv
ETTIOPACT TOU PAEYHOVDOUS TIEPIBAANOVTOC OTOV PUEAS Twv aoBeviv %, Ta MSC utrékeIvTal o€
auénuévn avaTrTugn, YE aTTOTEAECHA TNV TTPOWPEN OTTWAEIQ TEAOUEPOUG Kal TNV TTpOwPN yripavon
Twv KUTTdpwyv. [lapopoiwg €eAATTWHEVO avaTITUEIOKO OUVAMIKG €XEl TTEPIYPOPEI OTOUG
epIapOpIkoUS 00TEOPAGOTEG OTOUG aaBeveic PA .

H cupmAnpwpatiky avdAuon yovidiakou TTpo@iA £0ci1ge 6T utmpxav dla@opig avaueoa
OTa KUTTOPA TWV A0OEVWV KAl TWV UYIWV JapTUpwV. AIOTTIOTWONKE S1agopIKOTNTA GTNV £KQpacn
yovidiwyv, TTou evéxovTal o€ JIEPYATIEG KUTTAPIKNAG TTPOOKOAANONG Kal oUvBeong eEWKUTTAPIAG
ouciag (KoAAayovou), 6mrwg etTiong SIaTTIOTWONKE UTTO-£KPPACN TNG KUKAivng-D kai utrep-
EKQPaOon KATaoTOAéWV TNG. To TeAeuTaio UTTOBEIKVUEI MIO KATAOTAATIKA €TTiIOpACN 0T YETABOON
atmd 1 G1 otnv S-@Acn Tou KUTTAPIKOU KUKAOU OTa KUTTOPA Twv aoBevwov. AUuTO atToTeAE pia
mBavr) dueon Poplokn €€rynon TnG diatapaxng oTo TTOAAQTTAACIACTIKO OUVOUIKO TWV KUTTAPWY
Twv acBevwyv. H utto-ékppacon TnG KukAivng-D iowg oxetiCetal pe TNV auénuévn TOTTIKN
mapaywyr] TGF-B 010 PUEAIKO PIKPOTTEPIBGAAOV TWV aoBevwv (PN dnuooicupéva dedouéva Tou
EPYOOTNPIOU POG, ATTO UTTEPKEINEVA JUEAIKWV JOKPOXPOVWY KOAAIEPYEIWV), TTOU gival TTIBavov va
Oieyeipel T0 onuatodoTikd povotraTi Tou TGF-f kal pia ouvakéAouBn augnuévn €kepacn
KATaoTOAEWV TNG KUKAIVNG-D oTa KUTTapa Twv aoBevwyv. H avaluon yovidlakou TTpo@il €6¢1Ee
om eivar mOavov Ta MSC Twv 0oBevwv va eu@avifouv €vav  QaivOTUTIO TTEPICCOTEPO
TIPOCKOAAWUEVWY KUTTAPpWY, HE auénuévn ouvBeon €CWKUTTAPIOG ouaiag Kal AIlyOTEPO EVEPYWV
TTOAATTAQCIOOTIKG.

Ev katakAgidl, Ta dedouéva pag atmmodeikvUiouv OTI Ta apxXEYova PUEAIKA PECEYXUMATIKA
KUTTAPO TWV aoBeVWV PQaviCouv QUCIOAOYIKO apIBUO, @AIVOTUTTIKA KAl HOPIaKAE XAPOKTNPIOTIKA
Kal duvauikd dlagopoTroinong, utrooTnpidoviag ev yévn T XpAon Toug o€ auTtOAoyeg
METAUOOXEUOEIG YIa va eTTIOIOPOWO0UV BAGBEG OTO 0OTO Kal TO XOVOPO TwV acBevwy, KATI TTOU
ouxva atraiteital JeTd amd TN pakpoxpovn véoco. Mapd tauta 10 avamTullokd SUVAMIKO TwV
KUTTAPWV €ival EAGTTWHUEVO OUYKPIVOUEVO HE TO KUTTOPO UYIWV OATOPWY Kal TO OIATTIOTWHEVO
TPOWPA EAATTWHEVO WAKOG TOU TEAOUEPOUG TBavov va oXeTiCeTan ue auTh T diatapaxn. Q¢ ek

ToUTOU Ogv MTTOPEl va aTtrokAEIoBei TO evOeXOUEVO aQUTEG oI dlATAPAYHEVES IDIOTNTEG TWV
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KUTTApWV va emnpedfouv Tn XPHAOn TOUug O€ BEPATTEUTIKEG TTPOOCEYYIOEIC OTOUG QaoBeveic.
2UVOAIKA, QUTA €ival n TTpWTN TTEQIYPAPEICA PEAETN XOPAKTNPIOHOU TWV APXEYOVWY HUEAIKWV
MECEYXUMATIKWY KUTTAPWY OTN PEUPATOEIDN apBpiTida, KATw a1rd KABOPIOPEVEG AVATITUEIOKES
OUVONKEG, ME OTOXO TN MEAAOVTIKN SuvnTIKr) KAIVIKA Xprion Twv KUuTTdpwv yia €mdIopBwTIKA

BepaTreia TNG vooou.



67

6.

EMIAOIoz

Ta apxéyova HeCEYXUPATIKA KUTTapa Ba putropolcav va XpnoidoTroin8olv o€ Jia TTOIKIAIG

oUyXPOVWYV BEPATTEUTIKWY TTPOCEYYIoEWY OTN peUPaToEIdh apBpiTida:

Me otoxo Tnv avayévvnon/emdidpbwaon xOvopou Kal ooTou, autdéAoya i eTepOAoya
KUTTapQ UTTOPOUV Va XPNOoIYoTToiNBolv Je TOTTIKN Xopriynon o€ ouvduaoud HE T

kaTdAAnAa TpIodidoTaTta Bio-UAIKG (biomaterials) %1%,

2€ JIa evaAAAKTIKA TTpooéyyion Je aTéxo TTAAI TNy €mdIdpBwaon TNG I0TOAOYIKNAG BAGRNG,
yivetal TTpooTrdBeia va evepyotroinBouv Ta evdoyevhy KUTTApA Tou aoBevolug e
EUQPUTEUCN OTOV KATECTPOAUMEVO 10TO TwV KATAAANAWYVY BI0-UAIKWY 0€ OUVOUQOPO JE

SieyepTIKOUG TTapdyovTeg 107109,

Bdon Twv avoooKATAoTAATIKWY IBIOTATWY TOUG PTTOpoUV TBavov va XpnoigoTtroindouv
ME CUOTNUATIKA 1 KAl TOTTIKA XOprynon yia va avakouioouv atmd Tn CUUTITWHATOAoyia
NG vooou. EtepdAoya MSC €xouv ndn XpnoiyotroinBei BepaTreuTiKA PE ETTITUXIO O€

{WIKG povTéAO TG vooou P,

Ev kaTakAgidl, n xprion Twv apXEyovwyv HECEYXUMATIKWY KUTTAPWY OTnv €mididpbwan

00TOU Kal XOVOpPOU gival €va TTOAAA UTTOOXOMEVO TTEDIO €PEUVAG, AV KAl UTTAPYXOUV aKOUN TTOAAG

QVOIKTA EPWTAMATA TTOU AQOPOUV TT.X. TNV AVATITUEN TTPOKTIKWY ATTOROVWONG Kal EUTTAOUTIONOU

TWV KUTTApWYV, TNV Aatrooca@nvion Twv POVOTTATIWY dlagopoTToinong ooTou Kal Xovopou, i TV

avATITUEN TWV KATAAANAWY BIo-UAIKWY TToU Ba XpnoiyoTroinBouv o€ cuvduaouo e Ta KUTTApA.
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rheumatoid arthritis

M-C Kastrinaki,' P Sidiropoulos,® S Roche,® J Ringe,* S Lehmann,® H Kritikos 2
V-M Viahava,' B Delorme,* G D Eliopoulos,' C Jorgensen,® P Charbord,® T Haupl,*

D T Boumpas,” H A Papadaki'

ABSTRACT

Objective: Bone marrow (BM) mesenchymal stem cells
[MSCs) are baing considered as potential therapeutic
agents in various inflammatory autoimmune diseases for
their tissue-repair and anti-inflammatory tissue-protective
properties. This study investigates the reserves and
function, the molecular and proteomic profie and the
differentiation potential of BM MSCs in patients with
active rheumatoid arthritis (RA).

Methods: We evaluated the frequency of M3Cs in the
BM monanuclear cell fraction using a limiting dilution
assay, the praliferative/clonogenic patential and the
capacity of cells to differentiate towards the osteogenic/
chondrogenic/adipogenic ineages using appropriate cul-
ture conditions. We also assessed the molecular and
proteamic characteristics in terms of inflammatory
cytokine gene and protein expression, the relative
telomere length and the survival characteristics of BM
MSCs.

Results: MSCs from patients with RA {n = 26) and age-
and sex-matched healthy individuals (n = 21) were similar
in frequency, differentiation potential, survival, immuno-
phenotypic characterstics, and protein profie. Patient
MSCs, however, had impaired clonogenic and proliferative
potential in association with premature telomere length
loss. Transcriptome analysis revealed differential expres-
sion of genes related to cell adhesion processes and cell
cycle progression beyond the G1 phase. Previous
treatment with methotrexate, corficosteroids, anti-cyto-
kine and biological agents or ather disease-modifying anti-
inflammatary drugs did not correlate with the clonogenic
and proliferative impairment of BM MSCs.

Conclusion: In spite of some restrictions related to the
impaired clonogenic and proliferative potential, our
findings support the use of autologous BM MSCs in RA
and may have important implications for the ongoing
efforts to repair tissue injury commonly seen in the course
of the disease.

Adult multipotential stem cells isolated from a
variety of tissues have been demonstrated to
participate in tissue homeostasis and repair under
the influence of appropriate signals. Among the
most well characterised types of adult stem cells
are the bone marrow (BM) derived mesenchymal
stem cells (MSCs).'? These cells reside in BM
stroma providing the supporting feeder cells
necessary for the haematopoietic progenitor cell
growth but they may also differentiate into cells of
connective tissue such as osteocytes, chondrocytes,
tenocytes, adipocytes and smooth muscle cells®*

Ann Rheum Ois 2008,67:741-743. doi:10.1136/rd. 2007.076174

There is currently great interest in exploring the
potential use of MSCs in regenerative medicine
with particular target the bone and camilage
defects.™™

Rheumatoid arthritis (RA) is a systemic auto-
immune disease characterised by cartilage and bone
destruction associated with local production of
inflammatory mediators such as tumour necrosis
factor o (TNFx) and interleukin (ILj1p. Joint
destruction renders RA a candidate disease for
cartilage and bone repair using MSCs. There are,
however, some specific issues concerning the
reserves and function of BM MSCs in RA that
need to be addressed before proceeding to clinical
application. In addition to the concept that BM
MSCs may be primarily involved in joint damage
in RA,"* there are studies demonstrating that
increased local production of TNFa may injure the
BM microenvironment and may affect the reserves
of BM  haematopoietic progenitor cells.”
Accordingly, a critical issue is whether BM M5Cs
are also depleted or functionally altered in RA.

This study evaluates the reserves and function of
BM MSCs in patients with RA in terms of their
proliferative, clonogenic and differentiation poten-
tial. Molecular and proteomic characteristics of
patient MSCs with special focus on inflammatory
cytokine gene and protein expression were also
studied.

PATIENTS AND METHODS

Patients

We studied 26 patients with active RA™ ™ and 21
healthy individuals, age- and sex-matched with the
patients (table 1). The Institutional ethics com-
mittee approved the study and informed consent
according to the Helsinki Declaration was obtained
from all subjects.

MSC culture and differentiation

BM mononuclear cells (BMMCs) obtained from
posterior iliac crest aspirates were cultured in
Dulbecco modified Eagle medium, low glucose
(DMEM-1G; Gibeo/lnvitrogen, Paisley, Scotland)/
10% foetal calf serum (FCS; Hyclone, Logan, Utah,
USA)/100 1U/ml penicillin-streptomycin  (MSC
medium) and MSCs were grown as previously
described.” ** Cell-free supernatants were stored {—
72°C) for cytokine measurements by ELISA
(Quantikine; R&D  Systems, Minneapolis,
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Differentiation potential and immunophenotypic characteristics of mesenchymal stem cells (MSCs). The upper panel shows undifferentiated

MSCs from passage 2 (P2) (A) and differentiated cells towards the adipogenic (B and C), osteogenic (D) and chondrogenic (E and F) lineages from a
representative patient with theumatoid arthritis (RA). Cell differentiation was identified with Oil Red O (C), alkaline phospahatse (ALP)/Von Kossa (D),
Masson (E) and Alcian blue (F) staining. G. Immunophenotypic characteristics of patient MSCs at P2. The red and blue histograms depict the positive
and negative markers, respectively, compared to the sotype-matched negative controls (open histograms). H. Specific gene mRNA expression {on the
left) of PZ BM MSCs upon differentiation towards the osteogenic, chondrogenic and adipogenic lineages in representative RA (n = 3) and contral

{n = 3) subjects as well as cumulative data (mean relative values (SEM)) of specific gene mRNA expression from all RA (solid squares) and controls

(open squares) studied {on the right). Comparisan has been performed by means of the non-parametric Mann-Whitney U test.

Minnesota, USA). Trypsinised M5Cs from passage (P)-2 were
induced for differentiation (fig 1A-F).

MSC adipogenic and osteogenic differentiation was induced
as previously described and assessed by Oil Red O and alkaline
phosphatase (ALF)/Von Kossa stains, respectively.” For chon-
drogenic induction, MS5Cs were pelleted and cultured in DMEM
high glucose (DMDM-HG, Gibco), supplemented with 625 pg/
ml insulin, 625 pg/ml transferrin, 1.33 pg/ml linoleic acid,
1.25 mg/ml bovine serum albumin, 1 mM sodium pyruvate,
0.17 mM  ascorbate-2-phosphate, 0.1 pM  dexamethasone,
0.35 mM 1-proline, 6.25 ng/ml selenous acid and 0.01 pg/ml
transforming growth factor (TGF)-fs (R&D Systems)™
Chondrogenic differentiation was identified with Alcian blue
and Masson trichrome stains. Reagents were purchased from
Sigma (St Louis, Minnesota, USA) unless otherwise indicated.

Ann Rheum Dis 2008,67:741-749. doi:10.1136/ard.2007.076174

MSC immunophenotypic and survival characteristics
Trypsinised MS5Cs from passages 1-6 (P1-P6) were immuno-
phenotypically characterised by fow-cytometry, using anti-
CD29 (4B4; Cyto-Stat, Beckman-Coulter, Fullerton, California,
USA), anti-CD44  (J173; Immunotech/Coulter, Marseille,
France), anti-CD73 (AD2; Pharmingen, San Diego, California,
USA), ant-CD90 (F15.42; Immunotech/Coulter), anti-CD105
(SN6; Caltag, Burlingame, California, USA), ant-CD146
(P1H12; Pharmingen), anti-CD45 (IMMU19.2; Immunotech/
Coulter), anti-CD14 (RMO52; Immunotech/Coulter) and anti-
CD34 (QBend1(; Beckman-Coulter) monoclonal antibodies.
Apaptosis was studied by flow-cytometry using 7-amincacting-
myyeineD (7-AAD; Calbiochem-Novabiochem, La Jolla, California,
USA) ™ * Resultswere expressed as 7-AAD™ (live), 7-AAD™ (early
apoptotic) and 7-AAD (late apoptotic) cells (fig 2A,B).
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Figure 2 Survival characteristics of
mesenchymal stem cells (MSCs). M3Cs 2™ e
from passages 1-6 (P1-PB) were stained 1922 A

with T-aminoactinomycin-D (7-AAD) and

analysed by flow cytometry for the study

of apoptosis. Scattergram B shows the

proportion of 7-AAD™ (RZ; live), 7-

AAD* (R3; early apoptotic) and 7-

AAD™¥" (R4; late apoptotic) cells in the 55
gate of R1 (scattergram A) representing

MSCs from P2. Bars in the lower panel

represent the mean (SEM|) proportion of

live, early and late apoptotic cells

timecourse in patients (C) and healthy

controls (D) analysed as above. No

statistically significant differences were
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documented between patients and 0

0
controls by means of two-way analysis of Es

variance (ANOVA).

Proporfion of MSCs
S

MSC quantification in the BMMC fraction

A limiting dilution assay (LDA) was used to evaluate MSC
frequency within BMMCs following 6-week culture of seven
different BMMUC concentrations (250-10 000 cells/well) in 96-
well plates.” Wells with =50 adherent spindle shaped cells were
considered positive and MSC frequency corresponded to the
dilution resulting in 37% negative wells*

Clonogenic potential and proliferative potential of MSCs

A colony forming unit fibroblastic assay (CFU-F) was also used
to evaluate MSC frequency within BMMUCs. Briefly, day-0
BMMCs were seeded at three different concentrations,
expanded for 14 days and CFU-F number was estimated using
linear regression analysis. The clonogenic potential of trypsi-
nised MSCs from P1-P6 was also evaluated by CFU-E. MSC
proliferative potential was evaluated by a methyl triazolyl
tetrazalium (MTT) based assay in P2 and also by estimating
population doubling time through P1-F6.

RT-PCR

Tatal RNA isolated from P2 and differentiated M5Cs (RNeasy
mini kit; Olagen CmbH, Hilden, Germany) was reverse
transcribed (SUPERSCRIFT 1I; Gibco) and amplified by RT-
PCR. Products were normalised according to fiz-microglobulin
(Bom) using the Image] densitometry analysis system (http://

84
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| Live cells D

o Early apoptotic cells

0 Lote opoptotic cells
i

Passages

rsh.info.nih.gov/ij/). Primer sequences are listed in supplemen-
tary table 1.

Real time guantitative PCR

IL1[} and TNFx expression

Flatinum®gPCR SuperMix-UDG (Invitrogen) and TagMan®
Cene Expression Assays (Applied Biosystems; Foster City,
California, USA) were used for IL1B, TNFa and glyceraldehyde
3-phosphate  dehydrogenase  (GAPDH)  identification.
Measurements were performed using the ABI Prism 7000
System (Applied Biosystems). Results were normalised accord-

ing to GAPDH quantity,

Telomere length measurement

DNA was extracted from P2 MSCs (Ciagen). p-Globin was used
as control single copy gene® * iTaq SYBR Green Supermix with
ROX (Biorad, Hercules, California, USA) was used for the
reactions. Primer sequences are listed in supplementary table 1.
Telomere length was reflected by the relative telomere/single-
copy-gene ratio (T/S): T/S =279 (ACt = Cy=emer—CPakbn)

Two-dimensional gel electrophoresis
Whole cell bysates were obtained in 8 M urea, 2 M thiourea, 4%
3-[(3-cholamidopropyl)dimethylammoniol- 1-propanesulfonate

Ami Rheun Dis 2008,67:741-749. doi10.1136/ard. 2007 076174
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(CHAPS), 50 mM dithiothreitol (DTT) (Sigma). For the first
dimension, 30 pg proteins from P2 MSCs were added to
rehydration buffer. Immobilised pH gradient (IPC) strips (pH
3-10) were re-hydrated and focalised {70 000 v/h). For the
second dimension, strips were equilibrated and proteins were
separated by SDS-PAGE. Gels were stained with silver nitrate®
and scanned using the Labscan-3 software (GE Healthcare; Little
Chalfont, Buckinghamshire, UK) after calibration by the
Kaleidoscope LaserSoft Imaging software (Kodak ref: RO20123;
Eastman Kodak, Rochester, New Yark, USA). Spot detection
and quantitation were performed by ImageMaster 2D Platinum
software (GE Healthcare).

Microarray experiments

Hyhbridisation on HG-U133 Flus 2.0 microarrays was performed
according to manufacturer (Affymetrix; Santa Clara, California,
USA). Arrays were washed, stained and scanned on a Hewlett
Packard Genearray Scanner (Affymetrix). Affymetrix GCOS 1.2
software was used to control washing and scanning, generate
DAT/CEL/EXP files and process data. Group comparison and
gene retrieval was performed by SiFaCene (BioRetis GmbH;
Berlin, Germany). Cluster analysis was calculated with Genesis
(A. Stum; Craz University, Graz, Austria).

Statistical analysis

Data were analysed by Mann—Whitney U test, one-way and
two-way analysis of variance (ANOVA) tests (GraphPad
Software; 5an Diego, California, USA). Two-dimensional gel
electrophoresis data were analysed by the Hierarchical
Clustering Explorer 3.0 software (htep://www.cs.umd.edu/
heil/multi-cluster/y and Pearson correlation coefficient *
Crouped data are expressed as mean (SD).

RESULTS
MSC immunophenotype and differentiation potential
Immunophenotypic analysis at thé end of each passage demon-
strated that cultures constituted of a homogenous cell population
positive for CD73, CDS0, CD146, CD105, CD29, CD44 and
negative for CD45, CD14, CD34 surface antigens (fig 1G)."*
Culture-expanded MSCs from patients were able to differ-
entiate into osteogenic/chondrogenic/adipogenic lineages as
shown by the respective cytochemical staining (fig 1B-F).
Furthermaore, the osteogenic/chondrogenic/adipogenic differen-
tiating capacity assessed by the relative expression of ALP and
CBF-1 mRNA, COLLIl and ACR (aggrecan) mRNA, and aP2
{adipose fatty-acid binding protein 2) and peroxisome prolif-
erator-activated receptor (FPAR)-y mRNA expression, respec-
tively, did not differ between patients and controls, suggesting
normal differentiation potential of RA MSCs (fig 1H).

MSC freguency in the BMMC fraction

The estimated frequency of MSCs in the BMMC fraction did
not differ significantly between patients (2074 (12.41)/10°
BMMCs) and controls  (23.90 ({15.65)/10° BMMCs)
(p=0.8894) by LDA. Quantification of BM MSCs by CFU-F
analysis at day 0 was in accordance with LDA data. CFU-F
number obtained by day-0 MSCs did not differ significantly
between patients (1842 (1375)/10° BMMCs) and controls
(19.85 (18.96)/10° BMMCs) (p=0.3464), further suggesting
normal numbers of MSCs in RA. No statistically significant
difference was documented between the LDA and CFU-F assays
in the estimation of MSC frequency in either patients
(p=10.210) or healthy controls {p = 0.199).

Ann Rheun Die 2008.67:741-749. doi:10.1136/rd 2007.076174

MSC clonogenic and proliferative potential

The growth potential of BM MSCs in patients with RA was
studied by evaluating their clonogenic and proliferative
capacity over time. CFU-F recovery by culture-expanded
MSCs was significantly lower in patients with RA compared
to controls through P1-P6 (p<<0.01) (fig 3A). In association to
the lower clonogenic potential, patient MSCs displayed also
defective proliferative capacity compared to controls as
estimated by the population doubling time over P1-F6
(p=<0.001) (fig 3B). These findings were further substantiated
by the MTT assay; as shown in fig 3C depicting results from a
representative passage (P2), the number of live cells remained
significantly lower in patients with RA compared to controls
(p=0.001).

The majority of patients had previously been treated with
cytotoxic and/or immune suppressant or anti-cytokine agents.
To exclude the possibility of a drug-related damage of M5Cs,
a subset analysis was performed in the group of previously
treated (n=20) and untreated (n=16) patients. Compared to
healthy controls, treated and untreated patient groups
displayed lower CFU-F recovery through P1-P6 (p<0.001
and p=<005, respectively). Similarly, treated and untreated
patients displayed increased MSC doubling time (p<<0.001 and
p<0.05, respectively) and defective proliferative potential in
the MTT assay (p<0.001 and p<0.05, respectively) compared
to controls. However, no statistically significant differences
were found between the two patient groups in the above
parameters. Thus drug-induced damage is unlikely to be the
cause of the defective clonogenic/proliferative potential of
MSCs in RA,

MSC survival characteristics

The impaired clonogenic and proliferative ability of MSCs in
patients with RA might have resulted from increased cell
apoptosis. The total proportion of apoptotic cells ranged from
768 (3.70)% (P1) to B24 (2.01)% (P6) in the patients and from
825 (4.15)% (P1) to B.24 (2.85)% (P6) in the controls, Overall, no
statistically significant differences were found between patients
and controls in the proportion of early (F=08206<Fg, not
significant) or late apoptotic (F=0.9977<F's,, not significant)
cells throughout P1-P6 culture period, suggesting that the
impaired clonogenic and proliferative potential of MSCs in RA
is not due to accelerated cell apoptosis (fig 2C.D).

Cytokine production by MSCs

To investigate whether BM MSCs from patients with RA
display abnormal cytokine production similar to RA synovial
fibroblasts” we initially assessed IL1p and TNFa production.
The relative IL1B/CAPDH and TNFa/CAPDH mRNA levels at
P2 did not differ significantly between patients and controls
(0,059 (0.029) and 0.040 (0.022), respectively). Similar to the
mRNA data, protein levels of IL1f and TNFa determined by
ELISA in culture supernatants did not differ significantly
between patients and controls through P2-P6 (F =0.1474<F g
and F = 1.2373<F';5, respectively).

The levels of the MSC growth-promoting cytokines vascular
endothelial growth facror and stromal-derived factor-1 and the
values of the inhibitory/inflammatory cytokines IL6, TGF-B,,
118 and IL15 in culture supernatants through P2-P6 did not
differ significantly between patients and controls. These data
indicate that abnormal cytokine production by MSC per se
seems unlikely to be the cause of the impaired growth potential
of MSCs in RA.
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Figure 3 Clonogenic/proliferative
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Proteomic analysis

Two-dimensional electrophoresis was performed using P2 M5Cs
in patients with RA (n=10) and healthy controls (n=6)
(fig 4A.B). By using the Hierarchical Clustering method, we
could not define any cluster that might discriminate patient and
control cells (fig 4C). The Pearson correlation coefficient was
not significantly different between patient and control cells
(r=100933 (0.022) and r=0929 (0.020), respectively). These
data corroborate the lack of significant changes in cytokine
production between patients and contrals.

MSC telomere length

Decreased cellular growth associated with premature telomeric
loss has previously been described in periarticular osteoblasts in
RA= We therefore evaluated the relative telomere length (RTL)
of M5Cs from P2 in 12 patients and 12 age- and sex-matched
healthy controls. An age-related decrease of the RTL as
estimated by the relative T/S ratio was observed in patients
(r=—10899, p<0.001) and contrals (r=-03906, p<0.001)
(fig 3D.E). To characterise patient MSC RTLs appropriate or
inappropriate for a given age, we defined the observed/predicted
RTL ratio (O/F ratio) for each sample, according to the equation
derived from the linear regression analysis of the correlation
between RTL and age (years) of the controls. We found that the
mean O/F ratio of the patients (0.83 (0.20)) was out of the 95%
confidence limits of the controls (mean Q/P ratio 0.67 (0.17),
p=0.0226), suggesting inappropriate MSC telomeric loss by
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age. By analysing the mean RTL per decade of years in patients
and contrals, a highly significant difference was obtained
(p=<0.001) (fig 3F), indicating further premature telomeric loss
of MSCs in RA that might account, at least in part, for the
defective clonogenic and proliferative potential of cells in culture.

Gene expression profiling of MSCs

Genes encoding for cell surface molecules, cytokines and
differentiation markers were analysed in particular. Selection
for genes differentially expressed in RA compared to normal
MBSCs allowed separation of the RA from normal samples by
hierarchical clustering (fig 5). Affymetrix probe sets that were
differentially expressed in more than 80% of the pairwise
comparisons between three RA and six normal M5C samples
were selected to identify objects in canonical pathways of the
Kyoto Encyclopaedia of Genes and Genomes (KEGG) database.
The most differentially expressed genes were those encoding for
proteins implicated in focal adhesions (supplementary fig 1 and
supplementary table 2). Specifically, several genes involved in
cytoskeleton regulation and therefore linked to cell motility,
proliferation and survival, were found to be differentially
expressed between patients and controls. OF particular interest
was the downregulation of cyclin-D, which plays an important
role in the transition from C1 to S-phase in cell cycle
progression, as well as the upregulation of cyclin-I¥ inhibitors
Ink4a—d and Kip1,2 and their upstream inductors Smad2/3 and
TCF-f (supplementary table 3).

Am fheun Ois 2008;67:741-749. doi:10.1136/ard. 2007 076174



Extended report

Healthy
Arthritic
Arthritic
Arthritic
Arthritic
Healthy
Arthritic
Arthritic
Healthy
Healthy
Healthy
Arthritic
Arthritic
Healthy
Arthrific
Arthritic

Figure 4 Proteomic analysis of mesenchymal stem cells (MSCs). Two-dimensional gel electrophoresis was performed using whole protein cell
extracts from P2 MSC cultures of patients with rheumnatoid arthritis (RA) {n = 10) (A} and healthy controls (n = 6) (B). After scanning, spot detection,
quarntification and normalisation, gels were compared using Hierarchical Clustering Software and Pearson test (C). No cluster could be detected using

these proteomic profiles.

DISCUSSION
To explore the potential use of MSCs for cartilage and bone
repair, we conducted the current study to evaluate the reserves,
functional, molecular, proteomic characteristics, and differen-
tiation potential of BM MSCs in patients with RA, a candidate
disease characterised by destruction of articular structures.
Characterisation of autologous MSCs in patients with RA is
important since emerging data suggest that allogeneic MSCs
may not be as “immune privileged” as previously considered.™
We found that the frequency of M5Cs within BMMCs did
not differ between patients and controls. Our findings are in
accordance with previously reported data on the frequency of
MS5Cs in normal BM suggesting that patients with RA have
normal BM MSC reserves.*® Furthermore, culture-expanded
MSCs Fom patients with RA were morphologically and
immunophenotypically indistinguishable from the controls.
Culture-expanded MSCs from our patients with RA dis-
played normal osteogenic, chondrogenic and adipogenic differ-
entiation. Interestingly, reduced chondrogenic activity of BM
MSCs has been reported for osteoarthritis patients and this
defect has been associated with the disturbed homeostatic
maintenance of the articular cartilage™ Normal differentiation

Ann Rheum Dis 2008,67:741-749, doi:10.1136/2d.2007.076174

potential of BM MS5Cs however, has been described in other
autoimmune diseases such as in systemic sclerosis®?

MS5C expansion through passages, assessed by the population
doubling time, was significantly reduced in patients with RA,
suggesting defective proliferative capacity. This finding was
further substantiated by the MTT assay. The defective
proliferative potential was in accordance with the impaired
clonogenic capacity of patient MSCs as demonstrated by the
low CFU-F recovery timecourse. In addition, the impaired
growth of MSCs in RA is not likely to be due to accelerated cell
apoptosis, since apoptosis in culture was not found to be
significantly different between patients and controls.

The majority of our patients had been treated with
methotrexate and/or corticosteroids, anti-cytokine or disease-
modifying anti-inflammatory agents. [t has been reported that
methotrexate does not affect the survival and functional
characteristics of MSCs, while corticosteroids may damage
their proliferative potential ® No available data on the effect of
anti-cytokine and antiinflammatory agents on MSCs are
presently known. To exclude the possibility of drug-mediated
damage, we have separately analysed MSC clonogenic/prolif-
erative potential in untreated patients Cellular growth and
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Figure 5 Gene expression profiling of mesenchymal stem cells (MSCs). RNA from P2 bone marrow (BM) MSCs from patients with rheumatoid
arthritis (RA) (n = 3} and healthy controls {n = 6) was hybridised to the GeneChips and arrays were processed for signal calculation and pairwise chip
comparison. Selection of genes differentially expressed in RA compared to non-differentiated (ND) bone marrow mononuclear cells (BMMCs) alowed
us to distinguish RA MSCs from normal MSCs by hierarchical clustering.

CFU-F recovery were significantly lower even in this group of
patients compared to controls, whereas no significant differ-
ences were documented between treated and untreated patients
with RA. These findings suggest that treatment with antirheu-
matic agents is not the major factor affecting MSC growth in
RA.

It has been suggested that BM derived MSCs with altered
properties may repopulate the synovial membrane in RA,
whereas abnormal expression of inflammatory cytokines has
been reported for RA synovial fibroblasts.* ™= MSCs from our
patients displayed normal cytokine expression in array profiling
and ELISA. We have specifically focused on IL1f and TNFa
since these cytokines have been found overexpressed in synovial
fluid and BM culture supernatants.™ = No differences were
found between patients and controls in the inflammatory
cytokine expression or the growth promoting cytokine levels,
suggesting that the impaired growth potential found in patient
MSCs is not due to altered cytokine expression.

It has been previously shown that aging may affect the
proliferative potential of M5Cs.™ Since patients with RA and
controls in our study were age-matched, an age-related defect in
the clonogenic and proliferative capacity of patient MSCs is
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unlikely. Patient MSCs, however, displayed age-inappropriate
relative telomere loss. Since there is evidence suggesting that the
replicative capacity of cells correlates with the initial cellular
telomere length™ ® we may speculate that the defective growth
potential of patient MSCs is due to inappropriate telomere loss.
Although telomerase activity was not assessed in our study, we
hypothesise that it is under the influence of the inflammatory
BM milieu.* MSCs in RA undergo accelerated proliferation
resulting in premature replicative exhaustion as previously
described for RA  periarticular osteoblasts.™ The recently
described accelerated telomere shortening under the influence
of chronic mild oxidative stress further corroborates this
assumption.™

In the search for direct molecular mechanisms by array
profiling, differentially expressed genes were found to be
involved especially in cell adhesion processes and matrix
(collagen) synthesis. In particular, downregulation of cyclin-D
was identified. Thus, a repressive influence on the transition
from G1 to S-phase could provide a direct molecular explanation
for the altered proliferative capacity of MSCs from patients
with RA_ This could be related to the increased local production
of TGF-p in patients’ BM microenvironment (data not shown)

Ann Bheum Dis 2008,67. 741-749. doi;10.1136/ard 2007 076174
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that may result in increase of TGF-pB signalling in M5Cs and
consecutive expression of cyclin-dependent kinase inhibitors, as
suggested from the “cell cycle” pathway from KEGG. Thus,
MSCs from patients with RA may present in vitro with a
phenotype of cells that are more adherent, produce more matrix
and are less active in proliferation. However, functional data are
needed to substantiate this hypothesis.

In conclusion, our data have shown that patients with RA
display a normal number, molecular and proteomic profile and
differentiation potential of BM MSCs, encouraging, therefore,
the use of autologous MSCs for the repair of cartilage and bone
damage associated with long-standing RA. The praliferative and
clonogenic potential of patient BM MSCs, however, was
reduced compared to normal MSCs, and this defect was
associated with decreased cellular telomere length and altered
expression of genes implicated in focal adhesion and cell cycle
pathways. This altered MSC activity may potentially influence
the preparation of the cells for therapeutic usage in RA. In
summary, this is the frst study characterising BM MSCs in
patients with RA under defined culture conditions in the
context of potential clinical use for the repair of tissue injury
associated with RA.
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