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ABSTRACT

The term Inflammatory Bowel Disease (IBD) refers to a group of chronic diseases
involving inflammation of the gastrointestinal tract, initiated by the immune system
response against gut microflora. The inflammatory activation of the immune cells aiming
to eliminate the bacterial population, also cause the secretion of inflammatory cytokines.
These cytokines in turn affect the epithelial barrier function, by destroying the tight
junctions between epithelial cells. This damage allows for the invasion of even more
pathogens which amplify the immune response, thus closing a positive feedback loop
leading to the perpetuation of the inflammatory conditions instead to remedy. In healthy
individuals, this is avoided by the existence of a regulatory mechanism of the
inflammatory response. This mechanism is triggered by the gut microflora, and involves
the regulatory activation of the immune cells and the production of anti-inflammatory
cytokines which indirectly inhibit inflammatory response. Additionally, several studies of
the past few years support a possible role for other systems as well in the dynamics of
IBD. The Enteric Nervous System (ENS) as well as the vascular system have both been
observed to undergo major changes in IBD patients, thus opening new research paths.

In this Master’s thesis, we took the first steps towards creating a trustworthy computational
model based on Ordinary Differential Equations, able to capture the dynamics of intestinal
inflammation. We propose the first mathematical and computational model of bowel
inflammation and regulatory pathways integrating ENS, angiogenesis and epithelial
response. Our model consists of 21 Ordinary Differential Equations (ODEs) and was
was calibrated by machine learning approaches by exploiting experimental data. The
model was validated under three different conditions: acute inflammation, baseline
conditions and chronic inflammation. In all cases, the model was able to simulate
particularly well the observed phenomena.

This model, which could be extended in light of new biological knowledge, forms the
basis for in silico experimentation to form new testable hypotheses and facilitate
biological research and the development of treatment strategies for IBD.

SUBJECT AREA: Computational Systems Biology

KEYWORDS: Inflammatory Bowel Disease, Intestinal Inflammation, computational
modeling, in-silico experiments, parameter estimation



NEPIAHWYH

O 6pog PAeypovwrdng Noocog Tou Evrépou (PNE) avagépetal o éva oUvOAO aTro
XPOVIEG QOBEVEIEG, TTOU TTEPIAAUPBAVOUV PAEYUOVI] TOU YOOTPEVTEPIKOU CWAAVA, AOYyW
TNG ATTOKPIONG TOU AVOCOTTOINTIKOU CUCTHHATOG EVAVTIQ 0T MIKPOXAWPIOA TOU EVTEPOU.
H @Aeypovwdng evepyotroinon Twv KUTTAPWY TOU AVOOOTIOINTIKOU CUCTANOTOG TTOU
OTOXEUEI OTNV €6a@AVIOn TwV TTABOYOVWY POKTNPIWYV, TTPOKAAEI ETTIONG TNV TTAPAYWYN
PAEYHOVWOWYV KUTOKIVWV. AUTEG PE TN OEIPA TOUG, ETTNPEACOUV TNV AEITOUPYIKOTNTA TOU
ETMONAIOU TOU EVTEPOU, KATAOTPEPOVTAG TIG OTEVEG OUVOECEIG PETAGU TWV ETTIONAIOKWYV
KUTTApwyv. AUTAl N KATAOTPO®NH ETMITPETTEl OTN  OUVEXEID Tnv €I0BOAR  akdun
TEPIOCOTEPWY  TTABOYOVWY  BaKTNpiwv evioxuoviag €101 TNV  avoooaTTOKpPIOon, Kal
KAgivovTag éva KUKAO BeTIKAG avadpaong TTou odnyei otnv diaiwvnon TNG GAEYPNOVAS
avTi yia TNV iaon. Z€ vy dropa, autd ammo@EuyeTal AOyw evog puBUIOTIKOU PUNXaviouou
NG QAEYHOVODdOUG ATTOKPIoNG. AUTOG O UNXAVIOWOG TTUPODBOTEITAI ATTO TN MIKPOXAWpPIda
TOUu ¢evTépou, Kal TTeEPIAaNPBAvEl TNV PUBUIOTIK) €vEPYOTTOINON TWV KUTTAPWV TOU
QvOOoOTIOINTIKOU KAl TNV  TTapaywyr avTl-QAEYHOVWOWY KUTOKIVWV TTOU  EUNECWG
KAaTtaoTEAAOUV TN @Aeypovr). ETTIITAEOV, OPKETEC €PEUVEC KATA TA TEAEUTAIO XPOVIA
utrooTnpifouv Tov TBavo poAo kal AAAwv cuoTnuaTtwy otn GNE. To Evrepikd Neupikd
2uoTtnua (ENZ), kaBuwg kal To ayyelokd ouoTnua, €Xouv TTapaTnenOei va UTTOKEIVTal O€
aAAayég o€ aoBeveic pe PNE, avoiyovtag €101 vEa €PEUVNTIKA UOVOTTATIAL.

2Ta TAQioId authg NG JIMAWMATIKAG €pyaciag €yivav Ta TTpwTa BAPOTA yia Tn
onuioupyia €vog agIOTTIOTOU  UTTOAOYIOTIKOU povTéAou Baociopévou o€ 2ZuviBelg
Alogopikég EClowoelg, 1Kavou va TIPOCOUOIWOCEl TN OUVAMIKA TNG QAEYUOVAG TOU
evrépou. poTeivoupe TO TTPWTO PABNUATIKG Kal UTTOAOYIOTIKO MOVTEAO yia TN QAEYUOVA
TOU €vTEPOU TTOU TTEPIAAUBAVEI TOUG OXETIKOUG PUBUIOTIKOUG pnXaviopoug, 1o ENZ, tnv
QYYEIOYEVEDN KAl TNV OTTOKPIoN TOU €TTIONAIOU TOu evTépou. TO JOVTEAO POG QTTOTEAEITAI
armo 21 2uvnBeig Alogopikég EEIoWoeIC Kal eKTTAIOEUTNKE ME TEXVIKEG MNXAVIKAG
MABNONG XPENOIYOTTOIWVTAG TTEIPAMOTIKA Oedopéva. To PoviéAo eAEyxBnke o€ Tpeig
OIAPOPETIKEG OUVONKEG: ofcia pAeyuovr], ouoidoTach Kal XPOVIa QAEYUOVI]. Z€ OAEG TIG
TTEPITITWOEIG TO HOVTEAO ATAV IKAVO VA TTPOCOMOIWOEI IBIAITEPA KOAA TA TTAPATNPOUMEVA
Qaivopeva.

AUTO TO POVTENO, TTOU UTTOPEI VO ETTEKTOBEI UTTO TO QWG VEWV BIOAOYIKWY gupnudTwy,
atroTeAei TN BAon yia UTTOAOYIOTIKA Trelpdpata pe oToxo Tn dnuioupyia VEwv TTPOG
€Aeyx0 UTTOBECEWV Kal TV TTpowBlnon TNG £€pEUvag Kal TG avAaTTuénNg BEPATTEUTIKWY
oTpaTnyikwy yia 1 ONE.

OEMATIKH NMEPIOXH: YtroAoyioTiKA ZuoTnuikr BioAoyia

AEZEIZ KAEIAIA: ®Aeypovwdng Noéocog Tou Evrépou, Evrepikry  @Agyuovn,
YtmoAoyioTiky  MovteAoTtroinon, in  silico  TreipduaTta,  €KTiNON
TTAPAUETPWV.



