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ABSTRACT

In recent years, important findings regarding the human IFNB gene expression have
appeared in literature. Among them, the elucidation of the Enhanceosome Assembly
process, which works in a stochastic manner and plays a crucial role in the transcription
of the IFNB gene, has been considered a great success. The activation of
Interferon — B transcription is a highly ordered process, which involves many proteins
that bind to the enhancer of the gene. These proteins bind to the enhancer in a highly
cooperative fashion. The assembled “Enhanceosome” serves as a transcriptional
switch, leading to the transcription of the IFNB gene. If a cell does not have all the
necessary proteins in abundance, it does not manage to turn the switch on and thus
transcribe IFNB. The stochasticity of the phenomenon is thus both intrinsic and
extrinsic: the Enhanceosome assembly process is intrinsically stochastic, whilst each
cell in a population seems to have a different concentration — regarding the main
transcription factors contributing to the stochasticity of the system. Only a small fraction
of cells (~20%-25%) manages to transcribe IFNP initially. This percentage is almost
doubled after a few hours, suggesting that the initially expressing cells induce their
neighbor cells. The importance of this procedure is great, since IFNB plays a very
important role in the timing of the immune system’s response, while it seems to have a
certain — protective — role against cancer.

In this Master’s thesis, we took the first steps towards creating a trustworthy Systems
Biology based computational model, able to capture the dynamics and function of the
IFNB transcription mechanism both in single cell and population level, upon virus
infection. The single cell level model we developed is capable of simulating the IFNB
transcription, through the Enhanceosome Assembly mechanism. This model formed our
basis, in order to move towards a useful and powerful population level computational
model, able to capture not only the dynamics, but also the stochasticity of the system,
the auto and paracrine induction mechanisms between the cells and the effects they
have in a population of interacting cells.

The single cell level computational model was developed as a biomolecular/biochemical
reactions kinetics model, and was trained by using available experimental data from the
laboratory. Despite the limited amount of data used, the model simulates particularly
well the observed phenomena. However, it is the population level computational model
we developed — based on the single cell model — that stands out. A very important
accomplishment is the ability of the population level model to predict the dynamic and
stochastic behavior in a population of cells, in many different cases, managing to verify
some of the most interesting hypotheses that have been only recently verified
experimentally. It manages to do so although no parameter learning procedure has
been applied specific to these cases. These results are very positive indications for the
trustworthiness of both models and for their predictive capabilities, and especially those
of the population model. Our computational models are not only capable of reproducing
the dynamic characteristics of the IFNB transcription mechanism, but, of more
importance, provide a tool for understanding and exploring the mechanisms behind
such complex dynamics, a tool for generating and testing new hypotheses in silico that
can be then validated experimentally.

SUBJECT AREA: Systems Biology

KEYWORDS: IFNB transcription, Enhanceosome Assembly, computational modeling,
biochemical reaction kinetic networks, in-silico experiments, parameter
estimation



NEPIAHWH

Ta TeAeuTaia XpoOvIa, £XOUV TTAPOUCIACTEI ONUAVTIKA EUPHHATA OXETIKA PE TNV EKPPACN
ToUu avBpwTtrivou yovidiou Tng Ivreppepdvng — B (IFNB). O1 KupldTEPEG ETTITUXIES
a@opPOoUV TNV dATTOCA@RVION TOU JNXAviohgoUu ouykpoTnong Tou EvioxuoowpaTtog
(Enhanceosome) Tou yovidiou, PUNXAVIOPOG TTOU €XEl OTOXAOTIKA XAPOKTNEIOTIKA Kal
Agitoupyia kai Traidel TToAU onuavTikd pOAo oTnv peTaypa®rn Tou yovidiou Tng IFNB. H
evepyoTtroinon Tng petaypa®ns tTng IFNB, cival pia 1diaitepa opyavwuévn diadikaoia, n
oTroia TTEPIAAUPBAvVEl TTOAEG TTPWTEIVEG TTOU CuvOEovTal PE €vav “OuvepyaTikd” TPOTTO
OTOV UTTOKIVNTHA TOU YovIdiou, CUYKPOTWVTAG TO Evioxudowpua. Auto AsiToupyei wg evag
METAYPAPIKOG OIOKOTITNG, TTou odnyei oTnv peTaypa@n Tou yovidiou NG IFNB. Av eva
KUTTOPO Oev exel Ot a@bovia  OAEG TIC ATTAITOUMPEVEG YIA TN OUuyKPOTNOn TOUu
Evioxuoowpatog Tpwreiveg, ToTE dev €lval oe Béon va petaypdwel tnv IFNB. H
OTOXOOTIKOTATA TOU @QaIVOUEVOU Eival OITTAG @UOoNG: €vOoyevhng Kal eEwyevns. H
dladikaoia ouykpotnong tou Evioxuoowpartog eival evOOYEVWG OTOXAOTIKI, EVW O€
eiTTEdO TANBUOPOU KUTTAPpWY, KABE KUTTAPO £xel KABE TTPWTEIVN O€ OIAPOPETIKA
OUYKEVTPWOT. TeAIKA, povo éva HIKPO UTTOOUVOAO Twv KUTTApwV €vog TTAnBucouou
Kata@épvel va petaypdwel Tnv IFNB apxIkd. Auto 170 TToOOOTO DITTAACIAZETAl HETA ATTO
MEPIKEG WPEG, KATI TTOU UTTOOEIKVUEI OTI Ta KUTTAPA TTou ek@palouv Tnv IFNB apxikd,
mOava eTTNPEACoOUV Ta YEITOVIKA TOUG KUTTAPA, odnywvTag Ta atnv ék@pacn 1ng IFNR.

210 TTAQiola TNG TTapoucag AIMTAWUATIKAG epyaciag, €ylvav 1a TTpwTa BrAuata yia Tnv
onuioupyia  €voG  UTTOAOYIOTIKOU  povTéAOU  2uoTnuIKAG  BioAoyiag, 1kavou va
TTPOCOMPOIWOEI TN A&ITOUpYia Kal QUVAUIKA TOU PETaypa@IkoUu unxaviouou tTng IFNB, Tooo
o€ €mTedO €VOG KUTTAPOU 000 Kal O€ €TTTTEdO TTANBUCHOU KUTTApwy, dedOUEVNG TNG
MOAUVONG TOU KUTTAPOU aTTO KATTOIO 10. TO UTTOAOYIOTIKO HMOVTEAO O€ €TTITTEDO €VOG
KUTTAPOU, TTOU avaTtTrugaue, €ival IKavd va TTPOCOMPOIWCEl Tn OTOXOOTIKN dladikaaoia
peTaypagng TG IFNB, kam Tou  emTuyxavetal PECW TNG OUYKPOTAONG Tou
Evioxuoowpuatog. To ouyKekpiuévo PovTéEAO aTToTéAeae To oMIKO AiBo, yia va KivnBouUuue
TTPOG €vaA TIPAYUATIKA €VOIAQEPOV, XPMNOIUO Kal 1I0XUPO UTTOAOYIOTIKO HOVTEAO OTO
ETTITTEQO TOU TTANBUOLIOU KUTTAPWY, IKAVO VA TTPOCOPOIWOCEI OXI JOVO TN SUVAMIKK Kal TN
OTOXOOTIKOTATA TOU OUCTAMATOG, OANG KOl TOUG  €VOOKPIVEIC KAl  TTAPOKPIVEIG
MNXAVIOPOUG Kal aAANAETTIOPACEIG HETAEU TWV KUTTAPWV.

To UTTOAOYIOTIKO POVTEAO OTO ETTITTEDO €VOG KUTTAPOU QvaATITUXONKE WG €va POVTEAO
Bioxnuikwyv avTidpdoewy, Kal eKTTAIOEUTNKE QEIOTTOIWVTAG €PYacTNPIaKA Oedouéva.
Mapd TN OXETIKA TTEPIOPIOUEVN TTOOOTNTA OEOOMEVWY, TO POVTEAO HAG KATAPEPVEI VO
TTPOCOMOIWOEI IDIAITEPA IKAVOTTOINTIKA TA TTAPATNPOUMEVA PAIVOUEVA. TO JOVTEAO OPWG
TTOU TTPAYMOTIKA EeXxwpilel, MEOCW TWV QATTOTEAECPATWY TOU, €ival TO UTTOAOYIOTIKO
MovTéAo TTou avatrtuéape oTo  ETTiTTed0 Tou TIANBuopou. Idiaitepa  evdlaPEpov
ATmmOTEAECOHUA OTTOTEAEI N IKAVOTNTA TOU OUYKEKPIMEVOU MOVTEAOU va TTPORAEWEl TN
OUVAMIKA KOl OTOXOOTIKA) CUUTTEPIPOPA €VOC TIANBUCPOU KUTTApwY OE OIAPOPES
TTEPITITWOEIG, KATAPEPVOVTOG VA  ETMIRERLAIWOEI  KATTOIEG IDINITEPA  EVOIAPEPOUTEG
UTTOB£0EIC OXETIKA PE TO BIOAOYIKO OUCTNUA, Ol OTTOIEC JOAIG TTpOC@aTa ETTIRERAIWONKAV
Kal TTelpapaTika. Karagépvel kal @TAavel o€ auTd Ta aTToTEAéOPATA TTOPOTI eV E€ixe
TTponynOei Kapia eKTTAIOEUCN TWV TTAPAPETPWY TOU OXETIKA PE QUTEC TIG TTEPITITWOEIG.
Autd Ta atroteAéopaTta atmmoTeAolv OeTikr) €vOeiEn o6oov agopd Tnv opBdTnTa Kal
IKavoTNTa TTPORAEYeWV Kal Twv OUO0 pOvTEAwv. Ta UTTOAOYIOTIKA MOVTEAQ TTOU
avaTrTugaue dev lval IKAVA va avaTrapdgouv PJovo Trn QUVOUIKA KAl TA XOPAKTNPIOTIKA
TOU PETAypa@IKoU pnxaviopou TnG IFNB, aAAd kai va atroteAéoouv epyaleio yia Tnv
Katavonon Kal TNV TTEPETAIpW £EEPEUVNON TWV PNXAVIOPWY TTOAUTTAOKWY CUCTNUATWY,
gepyaAeio yia Tnv dnuioupyia kKal OOKIYN VEWV TTPWTOTUTTWV UTTOBECEWY MPE XpAON
UTTOAOYIOTWV.
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