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ATayopevETaL 1| OVTLYPAPT], ATOONKEVGOT KOt S1OVOUN TG TOPOVGAS EPYOCING, €5 OAOKANPOV
N TUNUOTOS ALTAG, Yo EUTOPKd okomo. Emtpéneton n avatdnwon, amobnkevon Kot dtovoun
Yo 6KOTO PN KEPOOOGKOTIKO, EKTOOEVTIKNG 1| EPELVNTIKNG PVOTG, VIO TNV TPOVTAOEGN VoL avaL-
QEPETOL 1) TTNYN TPOEAELONG KOl VO, dtoTnpeiTat To Tapdv unvopa. Epotmuata mov agpopovv

XPNOMN NG EPYUGING Y10 KEPOOGKOTIKO GKOTO TTPEMEL VO ameLHVHVOVTUL TPOG TOV GLYYPUPEQ.

Ot amdyelg Kot To. COUTEPAGLOTO, TOV TEPIEXOVTAL GE AVTO TO EYYPAPO EKPPALOVV TOV GLY-
Ypapéa Kot 0ev TPEMEL vaL epUNveLdel OTL avTimpocmrevovy T1g enionueg Bécelc Tov EOvikod

Metoofov [Torvteyveiov.



IHepiinyn

H napodoo SmAopotikn epyacio ETKEVIPOVETOL GTOV GYEOAGUO Kot TV avAanTuén £vOG OAO-
KANPOUEVOL, CVTOUATOTOMUEVOL KO 1] ETEUPATIKOD VTOAOYIGTIKOD TANLGI0V, TO OTTOT0 ATOTE-
A&l PaCIKN CLVIGTOGA Y10, TNV AVATTLEN EVOS YNOLUKOD O1OVIOV TOV KVTTOPIKAOV KOAAMEPYELDV
™g avOpdTIVNG EviepIkng oepdg Caco-2. H mpotevopevn pebodoroyia a&lomotel mponypévoug
aiyopifuovg Babiag Mabnong ko Yrnoroyiotikng Opaong, KoATToviag T060 GUUPATIKES O10-
dldotates KOAEPYELEG 6€ TPUPATD OGO Kol TPIGOAGTATO OLVAUIKE UIKPOPEVGTOVIKG GLGTH-

poto «Opyovo-ce-Toum.

To vToAOY16TIKO aVTO GVGTNUA SLOPOPDOVETOL GE TPELS OLAKPLTOVS AEOVEC TAPUKOAOVONONG Kol
avdivong. Apyikd, vAomoteiton ay®yog OVTOUATNG KOTATUN OGNS OTUYOTOTTOL Ko e€arywyng pop-
POLOYIK®V JEIKTAV, OTMG 1) GLPPOT], TO TANO0G SOUDV, | KUKAIKOTNTO KOl O AOYOS SIOCTACEWMV.
O aywyoc Paciletal oe TPOTOHTLAN ETAVOANTTIKY] GAPWOT TOALATADV KAUAK®OV GE GLVOLO-
ono pe to poviéro Cellpose, avtipetonilovtog to TpdPANUA TG LIO-KOTATUNONG GE GLVOT-
KEG VYNAOD KLTTOPIKOD GUVOGTIGHOV YOPIG avVAYKN XEWPOKIVITNG EMONUEIMONG. 2T GUVEXELX,
OVOTTTOGOOVTOL TPOYVMOOGTIKG LOVTELQ Yo TV £YKOPT TOEVOUNGT TOV puOUoy avamtuéng g
KAAMEPYELNG, AE10TOIDVTAG OMOKAEIGTIKA TO OMTIKO ATOTOTOUO TOV TPAOTOV 48 0pdV omd T
omopd. Xvvolkad a&torloyovvtal 11 apyrtektovikés, cvpmepthappavopévav otatik®v CNNs,
TOATPOTKAOV HOVTEA®MV GUVINENG EKOVOGS-YPOVOL KOl YOPOYPOVIKAOV LOVTEAMV AKOAOLOLDV.
Télog, yio v avdAvor og PkpopevoTovikd teptBdiiov, avanticoetal KaboAkod poviéio U-
Net y1o TN oMUOGIO0A0YIKT KATATUNGN Kol ATOUOVOGCT] TOV HMKPOKAVAALOD, EVED EICAYETOL 1) LLE-
tpkn| «ITvkvdtrag Qpitovongy Yo TV TOGOTIKOTOINGT| TNG TPLCOICTUTNG LOPPOYEVESTC KOt

NV EYKALPN OVIYVELCT| ATOPPAKTIKNG VIEPAVATTVUENC.

To amoteléopata detyvouv OTL Ta YOPOYXPOVIKA povtéda pe Avadpoutkd Nevpovikd Aiktva
EMTLYYAVOLV TNV VYNAOTEPN €midooT oty Tpdyvwon ¢ avantuéng, pe 100% akpifela oe
eminedo avaxkarlépyelag kat 99,4% oe eninedo akorovbiag vid LOGOCV gnucvpwon. [apd-
AnAa, To kaBolkd U-Net yevikehel emTuy®dg o€ Ayvoota Towr, enttuyydvovtog péco loU 0,95
kot Dice Coefficient 0,97. Ot avamtuyfévieg aymyol EVOOUATOVOVTOL GE SLOOPACTIKT d1odt-
KTLOKY] EPOPLOYT, 1 oTtoia avtopatomotlel T palikn enegepyacio ypovoseEP®V VYNANG oVAAL-
oG KOl TN GTOTIOTIKY GUYKPION TEPOUOTIKMOV OUAd®V. ZUVOMK(, 1 EPYOCI0 LETATPETEL TV
onTIKN a&lOAGYNON TOV KVTTAPIKAOV KOAAEPYELDV OO VITOKEWEVIKT KO EUTEIPIKT OLAOIKOGIO

O€ OVTIKELLEVIKT], TOGOTIKOTOMGIT KOl OVOTaporydyipn pebodoroyia.

A&EeIG-KAEOWA: Babid Mébnon, Opyavo-ce-toirn, Kuttapikég Kadhépyeieg (Caco-2), Ka-
tdTunon Ztrypotomov, Xnpactoroyikn Katdtunon, Zvveliktikd Nevpovikd Alktoa, Avadpo-

pika Nevpovika Aiktvo, Mikpopgvotovikr|, Ymoroyiotikny Opaon, Ynoewoko Aidvpo






Abstract

This diploma thesis focuses on the design and development of an integrated, automated, and non-
invasive computational framework, which constitutes a core component for the development of
a digital twin of human intestinal Caco-2 cell cultures. The proposed methodology leverages
advanced Deep Learning and Computer Vision algorithms, covering both conventional two-
dimensional cultures in well plates and three-dimensional dynamic microfluidic Organ-on-Chip

systems.

The computational system is structured around three distinct axes of monitoring and analysis.
First, an automated instance segmentation and morphological feature extraction pipeline is
implemented, extracting indicators such as confluence, structure count, circularity, and aspect
ratio. The pipeline is based on a novel multi-scale iterative scanning approach combined
with the Cellpose model, addressing the problem of under-segmentation under high cell
crowding conditions without requiring manual annotation. Subsequently, predictive models
are developed for the early classification of culture growth rate, relying exclusively on the
visual footprint of the first 48 hours after seeding. In total, 11 architectures are evaluated,
including static CNNs, multimodal image-time fusion models, and spatiotemporal sequence
models. Finally, for microfluidic environment analysis, a universal U-Net model is developed
for semantic segmentation and microchannel isolation, while the “Maturation Density” metric
is introduced to quantify three-dimensional morphogenesis and enable the early detection of

obstructive tissue overgrowth.

The results show that spatiotemporal models based on Recurrent Neural Networks achieve
the highest performance in growth prediction, reaching 100% accuracy at the reculture
level and 99.4% at the sequence level under LOGOCYV validation. In addition, the universal
U-Net model generalizes successfully to unseen chips, achieving an average IoU of 0.95
and a Dice Coefficient of 0.97. The developed pipelines are integrated into an interactive
web-based application, which automates the bulk processing of high-resolution time-series
and the statistical comparison of experimental groups. Overall, this work transforms the
visual evaluation of cell cultures from a subjective and empirical process into an objective,

quantifiable, and reproducible methodology.

Keywords: Deep Learning, Organ-on-a-Chip, Cell Cultures (Caco-2), Instance Segmentation,
Semantic Segmentation, Convolutional Neural Networks, Recurrent Neural Networks,

Microfluidics, Computer Vision, Digital Twin






Evyoaprotieg

Ba nBera va gvyapionom Beppd v emPAénovca kadnynpla K. Kovortavtiva Nwknta yo tnv
EVKaPiO TOV OV £0MCE VO EPYOSTM TAV® GE £VO. TOGO GLVOPTUCTIKO KOl OTTOLTNTIKO EMLOTI-

HOVIKO OVTIKEIPEVO, KOOGS Kat Yo TV TOAVTIUN Kafodnyn o g 6€ OAX TO GTAOL0 EKTOVIONG

g epyaciog.

[MapdAinia, opeilw gvuyaplotieg otnv Kadnynrpia k. Aéomowva MOGYOL Yo T GUGTNUOTIKTY

EMKOVAOVIOL KOl GLVEPYNGIN TOV GLVEVTEAEGOY TNV OUOAN €EEMEN avTG TNG TpooTadELag.

dvokd, avt n Tpoondbeia dev Ba giye To 1010 OmMOTELECUO YOPIC TOV HETASIOUKTOPIKO EPEV-
vnm Koota Mrton. H duetpn vroompién, Katavonon, EXGTNUOVIKY Kot GUUPBOVAEVTIKY KO-
Bodnynon mov moté de dicTace va dMoel LINPENY KABOPIGTIKES TOGO Yo TNV OAOKANP®GN TNG
epyaciag 660 Kol YEVIKOTEPQ Y10, TO TEAELTALO PILLOTO TOV GTOVIMV OV KOl Y1 0VTO TOV EVYO-

PLOTO EMKPLVAL.

Téhog, Ba NBela Vo EVYOPICTNC® TNV OIKOYEVELD KOl TOVS GIAOVG LoV Ol omoiot vnp&av va

OVEKTIUNTO GTAPIYMO V1o LéEva Kaf'OAN TN S1APKELN TOV GTOVIMVY LOV.
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o1dlovTal Kot S1epOPOTOLIOVVTOL LE TV TAPOJO TOV NUEPDOV KAAMEPYELNS. XTO
KutTopKO povoostpopa tv Caco-2 apyilovv va epgavifovial TTuYOCES 0mo
™mv 4n nuépa g KaAMEpyeag. O TTuxdoelg ovTég KabioTavTol To EVIOVES
amd TV SN nuépa kot Enerta (VTodekvoovtal pe kokkvo BEAN). Emmnpocheta,
amd v N nuépa EeKvobv va epeavifovtol oKOTEWVES KNAIOEG, Ol Omoieg
yivovtor €vTovOTePES Kol O EUPOVEIS amd Tnv 8N MUEPO TNG KLTTOPIKNG

KaAMEPYELag (VTodgkvoovTol pe umhe Bérog) [14]. . . . . . . . . . ..o L.

ZHAMUATIKY OTEIKOVIOT] TOV TPOTEWVOUEVOD VITOAOYIGTIKOD OIKOGUGTNLOTOG KO
1 OPYOVIKT] TOL EVEMUATMOT 6TOV Blodoyikd KOKAO {®NG TOV KLTTOPIK®OV KOA-
Mepyewwv Caco-2. Xtnv oplotept] GTHAN OTOTUTAOVETOL 1] TEPALUOTIKY POT|, OTN
de&10 6THAN TaPOLGLALETOL TO TPOTEVOUEVO GUGTI LA AOYICUIKOV, OTTOV Ol TPELS
VTOAOYLOTIKOL AEOVEG TPOPOOOTOVVTAL LE OTTTIKE OEOOUEVOL KO ETIGTPEPOVY OLV-
TOLOTOTTOU LEVOLG TOGOTIKOVG JEIKTEG Yo TV KaB0odnyNnon tev kpiciumy Pio-
AOYIKAV OTTOPACEMV. . . v o v v v e o e e e e e e e e e e e e e e e e
Lepapyicn devopikn dopun g Kotavoung twv dedopévav yro to Organ-on-Chip
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2T0010KT OTEIKOVIOT] TOL OAYOPIOLOV KATATUNONG TOAOTA®Y KAIUAK®VY GE EVa.
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ATOIKIDOV YOPIC TNV ELPAVIOT] YEVLODV TEYVOLPYNUATMV VITO-KATATUNOTG.
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OKOTiOL Kot TO Oe&l TUN L TV avTIGTOUYN LACKO KOTATUNONG TOV TP YOYE TO
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1 Ewoayoyn

H xvtrapikn koAAMépyeio cuVIGTA £va Ao To OTULOVTIKOTEPO EPYAAELR GTN GUYYPOVI LEAETT) TNG
KLTTOPIKNG Kol LOPLOKTG BloAoyiag, KafioTdVTag EPIKTN TV ATOUOV®GCT), TI] GLVTHPNON KOl TOV
eLeYYOUEVO TOALATANGLOGLO KVTTAPIKOV TANOVGUOV EKTOS TOV PLGIKOV TOVS UIKPOTEPPAALO-
vtog. H enitevén avtod 1ov 61000 TPoHTOBETEL THY QLGTNPT TPOGOUOIWGT TOV PLGLOAOYIKMV
oLVONKOV TOV UNTPIKOL opyavicuov (in vivo) oto gpyactnplokd meptPdriov (in vitro). ['a va
eEaoaMotel 1 PlocudTNTA Kot | OHOAN avATTLEN TOV KLTTAP®V, amonteitol 1 xpnon EE0t-
KELUEVOV LEGMV TTIOL TOPEYOVV TO OTOPAIiTNTO OPENTIKG GLOTATIKA KAOMG KOl 1) EXMOCT TOVG
€VTOC awotnpd puOlopeveV TopapéTpmy BEPLOKPAGING, VYPACING KOl GVYKEVTPMONG 0EPimV

[1].

Xapn o€ ot N SuvaTOTNT OKPPOVG EAEYXOV TMV TEPUUATIKAOV TAPUUETPOV GTOVG EMMAGTY-
pec (incubators), N KOAAMEPYELD KLTTAPWV AEI0TOLEITON GE £VOL EVPVTAUTO PAGLLOL EPAPLOYDV, OO
TNV OVOKGADYT] Kol OVATTUEN VEOV QOPUAK®V £0G T UNYOVIKT 10TOV, LE POCIKO TAEOVEKTN LA
TNV OULOLOYEVELD KOl EVKOAIN OVATOPOY®MYNS TOV OmoTEAESHATOV [2]. QoTOG0, 01 GVUPOTIKEG
LEB0J01 KaAAMEPYELOG, O1 0TTOTEG O1EEAYOVTOL KVPIME GE O10010GTATI GTATIKT LOPPT EVTOG TOPL-
doctoKaV TpuPAimv Petri, mapovcidlovv optopévoug meploptopovs. To BacikdTepo HelOVEKTN UG
TOVG £YKELTOAL GTNV AOLVOUIO TIGTNG AVATOPOYMYNG TOV TOADTAOKOV, SUVOLKOD HKPOTEPPAA-

AOVTOG 6T0 0moi0 OVATTOGGOVTOL TO. KUTTAPA in VIVO.

[Na v vépPacn avtod tov TEPLOPIGHOV, N cOyypovn Prolatpikn unyaviky a&lomolel v
tevoloyia TG pikpopevotovikng (microfluidics) [3]. Xe avtifeon pe 116 cupPaTikég oTOTIKEG
KaAMEPYELEG, OMOL TO OPENTIKO VAIKO TOPAUEVEL GTAGIULO, Ol UIKPOPEVGTOVIKOL OdAapot
(microfluidic chambers) mepthapfdavovy diKTLO KAVOAM®Y KPOUETPIKNG KAMOKOC, Ol 0TToiot
EMTPEMOVV TN GLVEYN KOl EAEYXOUEVT POT| PELGTAOV. AVTH M duvoKn pon EacPoAlel
SLPKT OVOVEDGCT) TV BPETTIKOV GLGTATIKAOV KOl TAVTOYPOV OTOUAKPVVOT) TOV UETAROAMKOV
amoPANTOV, EVO TOPAAANAL 0CKEL GTO KOTTOPA PLGLOAOYIKEG EUPLOUNYOVIKESG SUVANELS OT(OG M)
STUNTIKT TAGT PEVGTOV, Ol OTOIEG GUVIGTOVV KPIGILO TOPEyoVTO Y10 T CWGTH LOPPOAOYIKT
avATTLEN KOl AELITOVPYIKT SLOUPOPOTOINGT TOAADY KVTTAPIKAOV TOT®V [4].

Q¢ mepaltépm €EEMEN ALTOV TOV LUKPOPELGTOVIKOV GUGTNUATOV OvOTTOYONKaY Kot kabiepod-
Onkav Ta cvouata «Opyavo-ce-toum» (Organ-on-a-Chip), mponyrévo LIKpOQLGLOAOYIKE [Lo-
vtéla ta omoio cLVOVALOVY TN UIKPOPEVGTOVIKY| LE TNV TPLGOLAGTATH KVTTOPIKT KOAMEPYELQ,
HE GTOYO TNV TPOCOUOIMOT O)L OTAMG EVOC AMOUOVOUEVOL KLTTOPIKOL TANOBVCUOD, 0ALL TG

TOADTAOKNG OPYLTEKTOVIKTG KOL TV PUGLOAOYIKAOV AELTOVPYLDV EVOG OAOKANPOL 0pYAVOUL [5].

[Mopd v Te)VOAOYIKT TPOOSO GTO. GUCTHUATO KOAMEPYEWNG, N AVAALGT Kol EEQYMYN CLUTE-
POCUATOV OO OVTA T TEWPAUATO TAPAUEVEL Lo ONUAVTIKT TpOKAN o). [Tapadociokd, n a&lo-

Adynon g popeoroyiog, Tng Katdotaong Kot g avantuéng tov kuttdpov Baciletotl ot yel-
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POKIVITN WKPOGKOTIKY TOpATpNoN.201060, avth 1 drodikacio eivor eEapetikd ypovoPBopa
KOLL VITOKELLEVIKT], YEYOVOG OV TTEPLOPILEL TNV OVOTOPAYOYLLOTNTA Kot TV KAUAK®OGN T®V TTEL-
popatov. EmmAéov, o1 6Oyypoves TEXVIKES OTEIKOVIONG KOl TO AVTOUOTOTONUEVO GUGTILOTOL
KOTOYPAPNG OTIYUIOTUT®OV TOPEYOVV TEPAGTIONS OYKOUG ded0UEVAV, KAOIoTOVTOG TN XEWPOKi-

VN avaAVoT| TPOKTIKE advvarn [6].

e autd 10 onueio, N evoopdtwon g Texyvntg Nonuoosvvng (Artificial Intelligence - Al) ko
eddtepa TS Mnyavikng Mabnong (Machine Learning - ML) éxe1 T duvatdtnrta va petocyn-
patioet préikd Tov Tpdmo avaivong Tov ProAoyikdv dedopévav [7]. Ot aiydpiBpot Babibg Mdaon-
ong (Deep Learning), 6mwg ta Zuvelktikd Nevpwvikd Aiktva (Convolutional Neural Networks
- CNNs), mpocpépovv efaipetikn axpifela oe epyacieg 6mmg 1 aviyvevon Kot 1 ZnUoGIOA0YIKY
Tunpatoroinon (Semantic Segmentation) HEPOVOUEVOV KUTTAP®V, 1] ATOUOVMOGT THG TEPLOYNS
evoropépovtog (Region of Interest) amd o vTOPAOPO TOL VAIKOV TOV LUKPOTGIT KO O1 TOGOTIKES
LETPNOELS TV LOPPOAOYIKDV YOPOKTNPIOTIKOV TOV KLTTAP®V Yopic TV aviykn avlpomivng
napéuPaong. MapdAinia, pmopovv va avardfovv v taybtarn taSvounon TV KUTTapmV 1
Baon v vyeia, TNV KATAGTAGCT), TOV TOTO TOLE 1] VO EVIOTIGOVV £YKO1pa BLOAOYIKEG dlEPYUCIES
pe axpipela mov dev vroeinetal ekeivng Tv eWK®V.Idaitepa Kpioyn etvon emiong n cupuPoAn
G TEYVNTNG VONMUOGHVIG GTNV avAALGT ¥povocelpav.Eneldn n kuttapikn avdmrtoén sivor pia
SUVOLLKT S0OKAGTN, | GTOTIKT OVAAVGT) LELOVOUEVOV EIKOVOV dgv emapKel. O GUVOVAGHOG X®-
PIKOV OEGOUEVOV LLE TT) POVIKT SLAGTACT), LEG® TOALTPOTIK®V (multimodal) Ttpoceyyicemv kot
Avadpopkadv Nevpovikav Awktdmv (RNNs), onovpyel 1o amapaitnto TAaicto yo v KoTo-
vOnom Kot avaALGT) TG KIVNTIKNAG Kot TOL puOULoD avAaTTuéng TV KUTTOPIKOV KOAAMEPYELDV [8].
210 TAOIG10 OWTO, 1| £VVOL0 TOV YNPLOKOD O1OVHIOV ATOKTA 1O10UTEPT) CUOGIO Y10, TN GVUYYPOVN
Brototpikn punyavikn. Q¢ yneroko 6idvpo pmopet va BewpnOel pio LTOAOYIGTIKY AVOTOPAGTACT)
€VOC PLGIKOV GLGTHLOTOG, 1] OTTOL0L EVIUEPMVETOL OO TEPAUATIKE SES0UEVA KO EMTPETEL TNV
TOPOKOAOVONGN, TNV AVAALGN Kot TNV TPOPAEYT TG LEAAOVTIKNG TOV GUUTEPLPOPAC. TNV TE-
PITTOON TOV KLTTAPIK®OV KOAMEPYEIDV, VA TETO0 dIOLHO deV YpetdleTal amapoitnTa Vo EYEL TN
LOPPT TAPOVS TPIGOACTATNG YEMUETPIKNG TPOGOUOImONG aAAG pmopel va vAomoindel mg pia
SUVOUIKT), 0E00UEVOKEVTPIKT] OVOTAPAGTAGT TNG PLOAOYIKNG KATAGTAOTG, OOV Ol KPOGKOTL-
KEG EIKOVEC, 01 LOPPOLOYIKEG LETPIKESG KOLL T TTPOYVIOGTIKA LOVTEAN GUVEVAOVOVTOL GE VAL EVIOLO

GUGTNHO VITOGTNPIENS amoPdoewV [9].

Me yvopove T TOPATAV®, OVTIKEIEVO TNG TAPOVGOS SUTAMUATIKNG EPYACING OTOTEAEL O OYE-
OLIGOG KO 1 OVATTTUEN OVTOUATOTOMUEV®V GLGTNUATOV TOV TEPIAAUPAvouY alyopiBpovg
Babibg pddnong yo v ta&vounon tov puOuod avdmrtuéng kot v mapoakorovdnon g wpi-
LLOVONG KVTTAPIKAOV KOAAEPYELW®V. [0 TNV AOTTOIN G T®V GLGTNUATOV AVTAOV, adlonoteiTot Eva
oVvBeTO GHVOLO dedOpEVMY, TO 0moio TapaywpnOnke anevbeiog and to [Tovemotiuo tov Bath
Kol TEPIAAUPEVEL OTTIKO VAIKO TPOEPYOUEVO TOGO amd GLUPATIKES KAAAEPYELEG OGO KOl OO
LKPOPEVOTOVIKES Olatdéelc. Méow g mpotevopuevng pebodoroyiag, emtyelpeiton n petdfoon

amd T POovoPOPa KO VITOKEIEVIKT YEPOKIVITN TOPATHPNON G L0l TOYELD, CVTOUATOTOUEVT
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dadwocio EnymYNG TOGOTIKMV ddOUEVAOV. ATMOTEPOS GTOYOS tvat 1 Tapoyn evOg epyaieiov
VooTNPIENG NG Proroyikng €pevvag, To omoio Ba dtevkoidvel TNV e€aymyT| Kot avaAvo™ TTEL-
POLOTIKAOV OTOTEAEGUATOV KOODS Kot TV £yKoupn TpdPAEYN TNG KLTTOPIKNG KOTAGTOONC, PEA-
TIGTOTOLOVTOG £TGL TOV TPOYPULUUATIGUO TOV EPYACTNPLOKAOV TOPEUPAcEDV Kot eEaleipovTag

TNV oVAYKN Yo O10pK QUOIKNY EMLTHPNOM).

Aopn TG gpyaciog

H mapovca Simhopatikn epyacio dtapOpmdvetat e €51 ke@dlota, To omoia kafodnyohv Tov avo-
YVoOot omtd TN Oempntiky OepeMwoon £m¢ TV VAOTOINGN Kot TV TEPALATIKT] 0ELOAGYOT) TOL
TPOTEWVOUEVOL GLGTHUATOS. MeTd TV mapovoa elcaywyn, to Kepdiowo 2 avoivel 1o amapai-
™mro ProAoykd vofabpo, eoTidlovtag oTIg KUTTAPIKES KaAMEPYeLeg TG oelpds Caco-2, Tig pt-
Kpopevotovikég dratasels Organ-on-a-Chip kot Tig peBd60vg HIKPOGKOTIKTG AMEKOVIONG. AKO-
AovBme, 10 Kepdloto 3 eivar apiepopévo otn Bewpntikn OepeMmon Tov TEXVIKOD UEPOLS, KO-
AMmTovTag IS Bactkég apyEg TNS YNOOKNG enegepyaciog EOVAG Kot TIG apYITEKTOVIKEG Pabidg
péonong mov amoteAovv T Pdomn g epyacioc. Xt cvvéyeta, To Kepdiato 4 mapovcialet ava-
AvTikd 1 pebodoroyia TG £pevvag, TEPLYPAPOVTING TOV GYESIOGLO KOt TNV avATTLEN TV VTTO-
AOYIOTIKOV Qy@y®V Y10 TNV QLTOUAT KOTATUNGN, TNV TPOPAEYN TG KLTTOPIKNG OVATTUENG
Kot TV avdAvon oe mepdriov pikpopevotoviknig. To Kepdiatio 5 mapabétel Ta mepapatikd
OTOTEAECUATO, TNV TOGOTIKTY TOVG a&loAdyNon Paoel eEEO0IKEVUEVOV PETPIKAOV KOODS Kol T
Aertovpyik] agloAdynon twv avartuyfEviov cueTNUATOV omd £101KOVE EMIGTUOVES TOV TE-
dtov. Téhog, N epyacia orokAnpavetot pe o Kepdiato 6, To onoio mepapfavet tn cvlnmon
KO TIG LEAAOVTIKEG EMEKTACELS, TPOYLOTOTOUDVTOG 10 KPLTIKT] OTOTIUNOY| TNG EPYOUCTNPLOKNG
a&lag Tov CLGTNHOTOG, AVAAVOVTAG TOLG TEPLOPICUOVS TNG UEAETNG KO YOPTOYPOPDOVTOS VEES

KatevhOVoELS Yo TN peALOVTIKY €EEMEN NG EpEvVaG.
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2 Bwolroywko YnopaOpo kau

Yvotnuoto Kvtrapikov Kailgpyerov

2.1 Boaowéc Apyés Kutropik@v Kaiepyermv

H avantuén xuttdpov og teyvntd ereyydpeva mepipdriovta emrpénel T peAén (OVIavay KuT-
TAPIKOV GUGTNUATOV ££® 0O TOV TOAVTAOKO 16TO TV {OVIAVAOV OPYOVIGL®V, TPOGPEPOVTAG
GTOVG EPEVVNTES EVOL ATAOTOMUEVO KOt EAEYXOUEVO LOVTELO. O KOPLOg 6TOHYOC AVTMV TMV d1001-
KAo1dV ivat 1 010 Tnpno” TG PUGIOAOYIKNG CUUTEPIPOPAS TOV KLTTAP®Y PECH TNG aKPLPBOVG
POOIONG TOV OPETTIKOV GLOTATIKAOV Kol TOV TEPPAALOVTIKGOV GLVOINKAOV, DCTE Ol EPYACTNPLN-
k&G TapaTnpNoels va avtikatontpilovv pe akpifela v froioykn tpaypatikotnta. H xpnopd-
TNTO QVTOV TOV CLCTNUATOV EKTEIVETAL GE VA ELPVLTOTO PAGLO ETIGTNUOVIKDOV EQOPLOYDV.
[Tépa amd ) Pacikn €pevva Yo TNV KATOVONOT] TOV KLTTOPIKAOV UNYAVICU®V Kot TG Tof0A0-
viog dlpopmv acBevElDV, 01 KOAMEPYELES AE10TOLOVVTOL GTN POPHOKOAOYIO Y10l TOV EAEYYO TNG
TOEIKOTNTOG KO TG ATOTEAEGLOTIKOTNTAG VEDV YNLK®V EVOGEDV TPV A0 TIG KAVIKESG OOKIUEG.
[TapdAAnia, Tpo@OS0TOHV KAVOTOUOVS KAAOOVS OTTMC 1 OVOLYEVVITIKT] LTPIKY] KOL 1) [IYOVIKT)

otov [10].

210 TAOIG10 OVTO, 1 TAPOVCH EVOTITO TEPLYPAPEL GUVOTTIKA TN OladIKaGio avamTLENG TV
KaAMepYELDY, KOOGS Kat TIc HeBdd0VG amekdvions, mopakolovONoNG Kot HEAETNG TOV EQAP-
polovtat, mpokelpévou va tebovv ot BAGELS Yo TNV KOTavOnon TG XPNOUOTNTAG TNG TEXVNTAS

VONLOGUVTG GTO O16POPOl GTAIN TMV TEIPOULUATIKOV SLOOIKOGIDYV.

2.1.1 IIpomroyeveic Kaimépyeieg évavtt AOavatov Kuttapikov Xeipov

To KOTTOPO TOV YPNGYLOTOLOVVTOL GE GLVOT|KEG in Vitro dtakpivovtal kuplwg e 600 Katnyopieg:
To TPOTOYEV KLTTOPO (primary cells) kot Tig abBdvarteg Kutrapikés oelpég (immortalized cell

lines).

To TpTOYEVT KOTTOP, OITOUOVAOVOVTOL ATELOELNG 0O 16TOVG SOTOV HEG® UNYOVIKNG 1 evivo-
TIKNG 0140TOoNG KOl AOTEAOVVY £val eEQPETIKO LOVTELDO PLGI0A0YING, KaOMG dtotnpohv TN Hop-
(OLOYi0, TOLG KLTTOPIKOVG SEIKTEG KOl TN PUGIOAOYIKT AEITOLPYIKOTNTO TOV 16TOV TPOEAELONG,
OTOTLIMOVOVTOG EMOPKDS TNV in Vivo cuumeptpopd tove. 'Eva axdun mheoveKTna e xpnong
TOVG amOTEAEL 1 OLVATOTNTO HEAETNG TOPAYOVTOV OGS 1 NAKia, TO VA0 Kol TO 1GTOPIKO TOV
d0TN, TPOCPEPOVTAG ETGL VYNAY] LETAPPACTIKY] a&io Kot T SuVaTOTNTA OVATTTVENG LOVTEA®Y
e€oTopikeLUEVIG 1aTPIKNG. 26TOGO, 1 XPNOT TOVG TAPOLGLALEL KO OPIGUEVOVS TEPLOPIGLLOVG.
H yevetikn mowkilopop@io Tov TPOKHATEL OO TO YOUPAKTNPIOTIKE TOV SEKTT), OV Kol EXEL EPEV-

vtk o&ia, g1yl éva emmpoceTo eMinedo TOAVTAOKOTNTOS GTO GYESOGUO TEPAUATIKMOV

20



dwdwocikav. EmmAéov, o BactkdTepog TEPLOPIGUOS TOV TPMTOYEVAOV KOAMEPYEIDV £YKELTOL
oV memepoacpévn ddpketo LoNg TOV KLTTAPOV POl EIGEPYOVTOL GE KATAGTAOT] YPAVONG
(senescence) PETE Amd GLYKEKPIUEVO aPlOUO JLOPEGEMV, L0 GUUTEPLPOPH TTOV TALPOLGLALOVY

K0l GTO UOTKO TOVG TEPIBAALOV.

Avtifeta, o1 aBdvateg N cvveyeic KuTTapikég GePES, 0TS omoieg mepthapPdvovtot Kot to KOT-
tapa Caco-2 mov a&tomombnkoy oty Topovca LEAETN, £XOVV TNV KOVOTNTO VO, TOAAOTANGLA-
Covtau e’ aOproTov. AvTi N €€APETIKA YPT|OIUT WO1OTNTO OPEIAETOL GE YEVETIKEG LETOUALAEEIS M)
YPOUOCOUKEG OVOUOAMES, O1 0TOTEG TOVG EMTPETOVY VAL TOPAKAUTTOVY TOVG UNYOVIGLOVS EAEY-
YOV TNG KVTTOPIKNG O1aipeonc, 0TS GLUPAIVEL GTNV TEPITTMOT KVTTAPMY TOV OTOLOVAOVOVTOL
and 6ykovs. AOY® avToD TOL AGTAUATTOV TOAAATANGLOGLOV, TA KUTTOPO aLTE cuveyilovy va
drpovvTaL PHEXPL VAL KAADWYOLV TANPMOS TNV EMLPAVELD TOV TPVPATIOV 1 TG ELAANG KAAMEPYELQG
otV omoia avortvocovtol. H opotoyévela, 1 eukolio cuvtipnong, n tayeion avamtuén, 1o yo-
UNAO KOGTOG KOt 1] VYNAY] avamopay®yoTnTe Kaf1oTouV TIG GEWPES AVTEG TOAVTILO EPYOAEiD

Y10 TUTTOTOUNUEVOL EPEVVNTIKG TPOTOKOAAX [11].

[Top' 6Aa avTd, 1 HOKPOYPOVIQ YPTOT) CLVEXDV KVTTAPIKMV GEPDV EVEXEL ONUAVTIKEG TPOKAN-
o€lg. Katd v mépodo twv KaAlepyeidv, Eva KLTTOPIKO 6TEAEXOG Lmopel va dtopopomoinOel
ONUOVTIKA, TOGO YEVETIKA OGO Kot Agttovpyikd, oe Pdbog ypdvov. Emmpochitmg, ot abdvateg
OELPEC GLYVA LPICTUVTOL KVTTOPIKO LETAGYNLATIOUO, XAVOVTAG 1O10TNTES Kot ERPaviovTog amo-
KMGELS OTN PLGLOAOYIKT] GUUTEPLPOPH GE GYEOT LLE TOL TPWTOYEVT] KOTTAPO. LVVETMOC, EVA Ol
aBAvaTEG GEPES TPOSPEPOVY EVKOAIN OTN dLOYEIPIOT, 1] AELTOVPYIKT TOVG TOVTIOT LE OVTIGTOLYOL

TPMTOYEVT KLTTOPA Ogv etvan dedopévn [12].

2.1.2 Awygipion Kvtrapikov Xepov og Hopadoorokd Tpopfirio

H dwdikacio g in vitro Kuttapikng KOAAMEPYELWNS 6TO epyactiplo Eekivd cuvnbwg omd v
KOTAGTAOT) TNG KPVOGLVTIPNONG Kol TEPIAaUPEvEL Lo avotnpd kabopiopévn aliniovyio oto-
dlov. H apykn katdyoén tov kuttdpomv tpaypatonoteitol pe eAeyyopevo, apyo pulud aote va
elayotomon et 1 dnpovPYio KATAGTPOPIKMV EVOOKVTTOPIKMOV KPUGTAAA®MY TéyoL Kot 1 [Lo-
KpoypoVia omobnKevon Toug yivetar o€ vypo Almwto otovg -196 °C. e avtd T0 GTA0 YPNCUO-
TO10VVTOL TPOGTOTEVTIKOL TAPAYOVTES, OTTMG TO d1peBvAocovApoleidio (DMSO) 1 1 yAvkepoAn,

OLYVA GE GLVOLAGHO LE VYNAO T0c00Tod epfpuikov Bostov opov (FBS).

To TpdTO GTAGI0 TNG ETAVAPOPAS TOV KLTTAPWV Eival 1 amdYvén, 1 omoia, oe avtibeon pe v
KaTayoln, arottel eEQPETIKT TaOTNTO TPOKEUEVOL VO, EAIoTOTONOEl 1) OCUOTIKY] KOTOmO-
ynon kat va dtacaliotel 1 Prociudtnta Tov TAnbvopon. Moig oAokAnpwBel 1 amdyvén, T0
DMSO npénet va amopoakpuvOet toyvtoto, Kadms N Topapovy Tov og Beppokpacio dmpation
elvar évrova kuttapotolikr. ['a To A0yo avtd, T0 KLTTOPIKO EVOLOPNLUO OPULDVETOL [LE TTPO-
Oeprocpévo Bpentikd HEGO Kol VITOPAALETOL GE IO PLYOKEVTPNOT|, DOTE VO OTOUOKPLVOEL TO

VIEPKEIUEVO VYPO.

21



Axolovbwc, mpaypatoroleitol 1 dtadikacio g omopds (seeding). To kvtTapd inpa evoim-
peltat ek véov oe PpEcKo, TANPeS Bpentikd VAKO T0 omoilo mapéyet voatavOpakes, apvolea,
Brrapiveg kol avENTiKoHg TaPAYOVTEG Kl LETAPEPETAL OE TOPASOCIAUKA dOYElD KOAMEPYELNG,
ommg TpuPAia Petri 1} puaheg (T-flasks). Metd tnv andyvén, to KOTTOPO £X0VV GPOIPIKT LOPPT),
AL KOTA TIC TPMTEG 24 DPEG TPOCKOAADVTOL 6TV EMPAVELD TOV doyelov, aAlalovTag Hoppo-
Aoyia KaOdC dNUovpyoHV E6TIOKEG GUVOEGELS LE TO LITOGTp. [1a T BEATIOT TPOGKOAAN O
KOl oVATTUEN TOVG, T doYEln TOTOOETOVVTIOL GE ENTMOGTIPES TOV SATNPOVV AVGTNPA EAEYYO-

LEVO LKPOTTEPIBAALOV.

A@o¥ TpookoAAnBohv, Ta KOHTTOPO TEPVOVV amO L OPYIKT] PACT] TPOGOUPUOYNG KOl EIGEPYO-
vtol otV ekfeTikn eaon avdmtuéng, 6mov dtoapovvror toyvtota. Kabdg moAlamiacidlovral,
KOTAAQUPAVOUV TPOOSELTIKA HEYOADTEPO TUNLA TNG Olaféciung empdveloc. To T0600To NG
EMPAVELNG TOV KOAMEPYNTIKOV dOYEIOV TOV KOADTTETAL Ad KOTTOPO OPilETOL MG «GLPPON»
(confluency). Katd ) d1dpketa avtg g @dong, ta KOTTopa Katavaildvovy Opentikd cuoto-
TIKG Kot amelevfepdvouy To&ikovg HETOPOATEG, KOOIGTOVTAG OmOPAiTNTN TV TOKTIKT OVOVE-

®OMN TOV HPEMTIKOV HEGOV.

Ortav 10 eninedo ocvppong mincidcel to 100%, ta kOTTOPA LVEIGTAVTOL AVAGTOAN AVATTVLENC,
JLOKOTTOVTAG TOV TOAAATAAGLOGHO Tovg e€attiog g éAAenyng dwabéoipov ydpov, g €A~
VIANGONG TOV OPENTIKOV GUOTATIKAOV KOl TG GLGGMPELOTG amoPANT®Y. T'lar T dratypnon ¢
KaAMEPYELag oty eKOeTIKN Ao avamTuéng, epapuoleTot 1 SadKaGio TG AVAKOAMEPYELNG
(passaging), m omoia Wovikd mpaypoatonoteitor 6tav 1 cvppon kvpaivetor petald 70% kot
80%.

Katd ™ swdikacio g avakaAAEpyelag, N Kuttapikn ototBdoa apyikd Eemiévetal pe puOut-
oTikd dtddvpa, 6Tmg 10 PBS. Xt cuvvéyeto, to KOTTOpo amoKoAA®VTOL amd Tov muluéva e )
xpnomn evOOUIKOV Tapaydvtomv, 6mwg to dtdivua Opuyivng-EDTA, to omoilo dtoomd Toug mpm-
TEIVIKOUG 0EGHOVE TOGO PETAED TV KLTTAP®V OGO Kot e TNV ETPAVELD TOV doyeiov. H dpdion
g Opuyivng Tpémel va adpavoroindel eykaipmg, cuviBmg pe T TpocsOnkn HEGOV TOV TEPIEXEL
op6 FBS yia va amopevybei n exktetopévn kuttopikn PAGSN.

"Enetra, ta {ovtavd KOTTOpa apaidvovtol 6T 6MOTH CLYKEVIPMGOT Kot EITE AVOOIAVELOVTOL GE
véa doyela, ONovVPymOVTAG d1ad0yIKES YeveES (passages) Kot cuveyilovtag Tov KOKAo {ong TG
KaAMEPYELOG, £iTe aELOTOOVVTOL OE TTEPANATO, EITE EMOGTPEPOVY GE KATAWYVEN Y10 LEAAOVTIKT

xpnon [10].

2.1.3 Muikpopevotovikn kot Zvotipate Organ-on-a-Chip

270 TAOUG10 TV GUYYPOVOV TEIPOULOTIKMY EPAPUOYDV, Ol TOPAUIOCIUKES OTATIKEG KOAMEPYELEG
dvo dwotdoewv, Onms To TPLPAia Petri kot o1 p1dAeg, mapovsialovy yyeVeic TEPLOPIGLOVG, KO-

0BG advVATOHV VO LOVTELOTIOGOVV T TOAVTAOKO SUVOLLKE KOl PUGIOAOYIKE YOLPOKTNPLOTIKL

22



TOV HKPOTEPIPAAAOVTOC TV KVTTAP®WV in vivo [1]. Mo cOyypovn, EVOALOKTIKY TPOGEYYIoN
¢ KAootkng peBodoroyiog eival n EVEOUATOGN TOV KVTTAP®V GTO AEYOUEVO LKPOPVGLOAO-

YIKQ cvoetnuota 1 cvotiuato «Opydvov-ce-Mikpotoiny [S].

H teyvoroyia avt Baciletot otig apyéc e pikpopevotovikng (microfluidics), dniadn g emnt-
OTNUNG OV aoyOAElTOL LE TOV aKPPn EAEYYO KO XEPIOUO AmEPOELAYIGTOV OYK®V VYpDV. Ta
ovotnuota Organ-on-a-chip amoTeAOVV OVCICTIKG N Vitro TPICOLACTATES LUKPOYpapies Pro-
AOYIKOV 0pydvav, o1 omoieg £xovv cuVNO®G TO PEYEDOG OG KOVIG OVTIKEILEVOPOPOV TAAKAG
pcpookoniov [13]. O oyediaopog toug meptrappdvet £va mepimAoko 6ikTvo KOTA®V HKpOopEL-
OTOVIK®OV KOVOAIDV UE OIAUETPO TNE TAENG TV UIKPOUETPWV, EVTOG TMV OTOIMV GIEPVOVTOL KOl

avVaTTUGoOoVTOL To KOTTOpa [3].

H xatoockev avtdv tov pkpotsin yivetal pe m xpnon Pocupfatdv, aepodlomepaT®my Kot oo~
QovaV ToAvpep®V. O KupLOTEPOS KL O SLAOEOOUEVOS EKTPOCMITOS GTNV KOTAGKELT TOVG Elvail
10 ehactopepEC moAvdiedvrocihosdvio (PDMS) [2]. H emloyn té€t01mVv dtopavady vAKOV givat
Kpioyng onpaciog, Kadmg EMTPETEL T GLVEYN, UM KOTAGTPOPIKT] OTTIKN TOPAKOAOVON O TV
KUTTAP®V GE TPAYHATIKO YPOVO HEGM OMTIKNG LUKPOGKOTING VYNANG avAALONG Kol KPOGKO-
wtiag eBopiopov. Qotoco, a&ilel va onuelmbel 6t vAkd dmwg 0 PDMS napovcidlovv opiopé-
VOUG TTEPLOPIGUOVG, OGS M TAGT TOVG VO ATOPPOPOVY LKPE VIPOQOPa LopLa, OTWS PAPLLOKOL,
yeYovog OV 00N YNGE TNV TPOGPOTY £PELVO KOl GTNV 0EIOTOINGCT EVOALIKTIKOV TOADUEPDV,

Omm¢ 10 ToAvpebviopedakpvikd (PMMA) [5].

H oapyutektovikn €vdg T€TOI0V  HIKPOPELGTOVIKOD GLOTHHOTOS Paciletar cuvnbmg o
SLOTPOUATMOOT TOAATADY TOAVUEPIKADOV EMTESMV, TOL OTOI0 SLUUOPPDOVOVY EEEIOKEVUEVES
dopkég povaodeg. O mupnvag g drataéng omaptiletatl and Tovg PKpoBUAGLOVS KAAMEPYELNG
(microchambers), €vidc twv omoimv Aapfdaver ydpa 1 kuttapikny ovartuén.H emkowvovia
KkéOe pikpoBordpov pe to e£MTEPIKO TEPPAALOV EMITLYYAVETOL HEG® KOOOPIOCUEVOV OTTOV
elo600v (inlets) kol €£6dov (outlets). Ot €i60d01 O10.6VVOEOVTOL HECH WMKPOGMOANVOGEMY UE
OVTOUOTOTOUNUEVES EEMTEPIKES MKPOAVTAES, Ol OTTOIEG TPOPOSOTOVY TO GUGTNHO LE 0ELYOV®-
pévo Bpentikd HEGO 1 PUPUOKEVTIKOVS TOPAYOVTEC. AVTIGTOIYMC, HECH TOV OTMV ££6S0V, TO
eEaVTANUEVO BPETTIKG LAIKO KOl TO KUTTAPIKG LETAPOMKA OTOBANTO ATOUOKPVVOVTOL GUVEYMS
pog doyelo cvAloyng. H petapopd tov pevotdv evidg g dwdtadng mpoypotomoleitot
péom evog SkTvov pkpokavoAi®v [4]. Ot HIKPOUETPIKES SLOGTAGELS QVTOV TOV Oy®Y®OV
eEaoparilovv avotpd otpwt) pon (laminar flow) kot emtpémovv Tov akpiPpn EAeyyo TV
VOPOSLVOUK®Y SVVAUEDV TOL ACKOLVTOL GTNV KLTTOPIKY KoAMépyswn [3]. EmmpocsOétme,
o€ TPONYUEVES OTAEELS, O GYESOOUOG EMITPEMEL TV EVOMOUATWOOT LUIKPONAEKTPOSI®V ,TOL
omoio. TaPEYOLV TN SLVATOTNTA UM TOPEUPOTIKNG TOPAKOAOVONONG TG OKEPALATNTOS TOV
16700 G€ TPAYUATIKO YPOVO, LECH TNG UETPMOTG TNG OEMONAOKNG NAEKTPIKTG AVTIGTOONG TNG

KLTTOPIKNG oTiPdoag [14].

SOUTEPAGLOTIKA, TO OepeEM®OEG TAEOVEKTN L T®V cuaThUdTeOV Organ-on-a-Chip éykeiton otnyv
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adlaKoTn POy PELOT®V. H eVEOUATOON [MKPOOVTADV ETITPETEL TN GLVEYT, OLVOLLKT] KO
amoOALTO EAEYYOLEV PON] TOV BPEMTUKOD VAIKOD HECH OTO LKPOKOVAALD. AT 1| GLVEXNS PO
TPOGOUOLDVEL e ENPETIKT aKpifEla TIC In VIVO GUVONKEG TNG OUOTIKNG HKPOKVKAOQOPIaG,
TPOGPEPOVTOG GTO KOTTOPO 6TAfEPN Tapoy1 0EVYOVOL Kol OPETTIKMOV GLGTATIKAV, EVA TOPAA-
Ao amopoKkpOVeEL amoTeEAecHATIKE Ta ToSkd petafoiikd amofanta [15]. Emiong, oe mAnpn
avtifeon pe Ta TOPAdOCIOKA CTAGILO GUGTHLOTO, TO KOTTOPA VTOPAAAOVTIOL GE PEOMOTIKES
euPropmyavikég OUVALELS, LE KUPLOTEPT TN OTUNTIKY TAOT, 1| omoia Bempeiton WavIKN Yia TNV
TPOCOUOIMGCT TOV pEMCUATOV OV dEYOVTAL TO KUTTOPO GTOV OpYAVIGUO [4].ZvvoAkd, avt)
N OPYITEKTOVIKT KAEIGTOV KUKADUOTOG O10GPOAMIEL OTL TOL KVTTAPO OVATTOGGOVTOL GE £VOL OV-
VOLKO, GUVEXDG TPOPOSOTOVUEVO LUKPOTEPPAALOV, TO OTTOT0 AVOTAPAYEL LLE VYNAN TGTOHTNTA

T1G in VIVO QUGLOAOYIKEG GUVOTKEG.

2.2 H Kvtropu) Xepd Caco-2

H xvttapikn oepd Caco-2, n omoia mpoépyetan amd avOp®OTVO 0dEVOKAPKIVOLO TOV ToXE0G
evtépov, amotelel éva amd ta TAov kabiepopéva in vitro poviéda otn Protatpikn épevva [16].
[Topd ™V Kapkivikn Tovg TPoEAevo, Ta KOTTOPA VT YopakTnpilovol omd T HOVASTKY| 1Ko~
votta va veiotavtol avfopuntn dtapopomoinon vd TG KATAAANAES GLVONKES KOAMEPYELOG.
Katdé ™ dwdikasio avt, amoktodv LopeOAOYIKE KOl AEITOVPYIKA XOPOKTNPIOTIKE TOV TPO-
ocopotalovy oe peyaro Babuo ta puceloloyikd, dpe KOTTapo TOV AemTov eviépov. H gupeia
amod0oYN Kol ¥PNON NG CLYKEKPIUEVIS KVUTTAPIKNG GEPAS OPEIAETOL KUPIMG GTNV TKOVOTNTA
™g va oynuatifel évo TAP®S TOA®UEVO KVTTAPKO povootpopa. Kabdg ta kbtrapa wpiud-
Couv, avamTHGGOVV 1oYVPES OUKVTTOPIKES GLUVOEGELS, TOLG GTEVOGVUVOESUOLG (tight junctions),
01 omoiot kaH16TOVV TO HOVOSTPOUO OVGLACTIKG ASOTEPAGTO OO LOKPOUOPLOL, TPOGOUOIDVO-
vtog pe vynAn axpifeta t Aettovpyio tov evreptkod paypov. [apdAinia, epeaviCovy coen
TOA®ON, AVATTOGGOVTAG UIKPOAAYVES GTIV KOPLOAID ETIPAVELD TOVG KOl EVEPYOTOLOVV TOAD-

TAOKO GUGTILLOTO LETOPOPES 10OvVTOV [17].

H wovomta tov kuttdpov Caco-2 vo avamopiotody TeTE TOV EVIEPIKO Qpayrd to kadiotd
ePYOAELD avapopds Yoo TANBmpa epevvnTIK®OV pedet@v. Emiong, Adym ¢ kopKvikig ko abd-
VaTnG OGNS TOVG, T KOTTAPO VTA O1BETOVY TNV IKAVOTNTO GLVEYOVS KOl 0EVALOV TOAALUTAN-
OGOV GE EPYOCTNPLOKEG GUVONKES, OMOPEVYOVTOG TNV KVTTAPIKY YNPAVGeN Tov Teplopilet
11§ TpToYEVElS kKaAlMépyetes. To yeyovog avtd Ta Kabiotd avikd yio T dnpovpyio peydrmv,
TUTOTOUN UEVAOV KO OVOTTAPAYDYIUOV GUVOA®V d£d0UEV@V. O1 KOPLEG EPAPLOYEG TOVG TEPTAULL-
Bavouv v in vitro a&loAdyNn o TG SOTEPATOTNTOS KOt TG OTOPPOPTONG POPUAKEVTIKMV OV-
oMV, TN HEAETN TG TOEIKOTNTAG KoL TV OVOAVGN TOV OAANAETIOPAGE®V LOPI®V LLE KVTTAPIKOVG
petapopeig [14]. Qo1660, TEPAV TOV QUAPUAKOKIVITIKOV EQPAPUOYADV, 1) SL0OIKAGT0 SLopopo-
moinong tov kuttdpmv Caco-2 amotehel 10aviKo medio peréng yio ) Proroykn wpipavon. H

OTOOWOKY] HETAPOOT amd HEUOVOUEVA KOTTAPO GE VO GUVEKTIKO LOVOGTPMLLO. GUVOOSEVETAL OO
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EVOLAKPITES KO LETPNOLUEG LOPPOAOYIKES HETAPOAES, TPOGPEPOVTOG OTTTIKA dEGOUEVA DYNANG

nowotntog [18].

210 mAaiclo ¢ mopovoag epyaciag, n Kuttapikn oepd Caco-2 ypnopomoteitor og 10 factkd
TEPAATIKO LOVTELO Y10 TNV OVATTTLEN Kot AElOAdYNON TOV TPOTEWVOUEVOV HeBOd®V. QoTdGO0,
M xPNo1 TG Aettovpyel TpoTicTmg ¢ peAétn mepintmons. O andtepog 6TOHYOG TOV VTOAOYIGTL-
KOV TPOGEYYIGEMV TOV AVATTUGOOVTOL Eivat 1) tkavOoTnTa Yevikevong. [davikd, n pebodoroyia
oxedraeTal Le TETOOV TPOTO MGTE Vo KabioTatol aveEApTnTn amd 1oV EKAGTOTE KLTTOPIKO TOTO,
EMTPENOVTOG TNV ATPOCKOTTI KOl EVPVTEPT] EPAPLLOYY| TNG GE OMOLAONTOTE in Vitro KLTTOPIKY

KOAMEPYELQ Y10 TNV OVTOUOTOTOMUEVT] OVAAVOT) KO EEQYMYT| YOPOKTPLOTIKAOV.

2.3 Mikpookomkn Aneikovion Kvtrapikov Kalepyeimv

H pikpookomikn amewoévion amoterel Oepelmoeg epyoleio yia T LEAETT) TOV KUTTAPIKMOV KOA-
Mepyelnv, TapEyovtos KPIoES TANPOPOpieg oYeTIKA Le TN popeoroyia, TN Plociudtnta, TV
avATTLEN KO TN AELITOLPYIKOTNTO TOV KLTTAP®OV GTOV Y®PO Kot Tov ¥povo. Kabdg n épevva
petafaivel amd Tig anAéc d160146TOTEG LOVOOTIBAdEG GE TOAVTAOKE TPLGOIAGTOTO GLGTHUATA,
ommg ot dlataéelg Organ-on-a-Chip, o1 amalTNGELS Yo TPONYUEVES TEXVIKES ATEKOVIONG OVEA-

VOVTOL CTULALVTIKGL.

2.3.1 Anewkovion og Aroordotates Kalhépyaieg

2116 oVUPOTIKEG S1GOLAGTATEG KOAALEPYELES TOL KUTTOPO OVOTTUGGOVTOL MG EMITESN LOVOSTIAdN
otov Tuhpéva Tov KoAMepyNTIKoD doyeiov. ['a tnv TapakoAovdnom tovg, ot teyvikég Mikpooko-
mtiog Atamepatod Pmto¢ (Transmission Light Microscopy - TLM) amoteAo0V TV 10 O1KOVOUIKT
Ko dradedopévn tpocéyyion [19]. H arhodotepn popen g eivarn Mikpookomnio Pmtevo Ile-
dtov (Brightfield), n onoia @ot0G0 Y10 Ta dSrapovn Proroyukd deiypato amaitel cuyvd T xpnon
LOTOAOYIK®V YPOOTIKAOV TPOKEUEVOD Vo eMTeELYDel emapkng ontikn avtiBeon. Exedn avt n
dwdwocio propel va elval katasTpoPkn Yo T {ovtova KOTTapa, Yo TNV in vitro mopakoAov-
Onomn emoTpaTeELOVTOL EEEOIKEVUEVEG OTTIKEG TEYVIKES, OMMC N MKPOoKOTio avTifeonc gdong
(phase-contrast) Kot 1 pkpookonio dtapopiknc cvpfoing (Differential Interference Contrast -
DIC) [20]. Ot uéBodot avtég emTpEMOVY TNV TOPAYMOYN EWKOVOV VYNNG avtifeong yopic ™
xPNON EEMYEVAV XPOOTIKMOV, EKUETOAAEVOUEVEG TN O140AaoT Kot TIG AAAAYES PACNG TOL PMOTOG

KOTA T O1EAEVOT| TOV OMO TIG KVTTAPIKES OOUEC.

[MapdAinio pe T TEQVIKEG damepaToy QMTOC, 1 Mikpookornio ®Bopiopov (Fluorescence
Microscopy) ypnowionoleitor gupémwg vy TV  €EEOIKEVUEV ONUOVOT GULYKEKPUEVAOV
KUTTOPIKOV dopmv [21]. Avtd emtuyydvetar péow g ypnong eBopllovcdv TpoTeivov M
@OopLOYPOUATOV, TO OTTOT0 EKTEUTOVY MG CLYKEKPIUEVOD UIKOVS KOLOTOG KATOTLY O1EYEPCNG.

‘Eva yapoaktnptotikd Topddetypo TG dpopds oIV OmEIKOVIOT UE UIKPOGKOMIO OTTIKOD
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