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Thesis abstract

Systems pharmacology methods aim to prioritize compounds that not only exhibit maximal binding
affinity to the specified target, but also cause the desirable biological effect. One specific approach that
has gained considerable attraction is modeling the cellular system as a complex network of molecular
interactions, in order to identify changes in the signaling mechanism that best explain the experimental
response data. In this thesis, we first present a concise review of omics repositories and knowledge bases
of molecular interactions, along with network-based methods for their analysis. Furthermore, we present
two novel deep learning pipelines, called deepSNEM and deepSIBA, which can be used to investigate the
connection of a compound’s signaling network and chemical structure to its mechanism of action (MoA)
and biological effect.

DeepSNEM is a novel unsupervised graph deep learning pipeline that is trained to encode the information
in the compound-induced signaling networks into fixed length high-dimensional representations.
DeepSNEM is a graph transformer network, trained to maximize the mutual information between whole-
graph and sub-graph representations that belong to similar perturbations. By clustering the deepSNEM
representations, we were able to identify distinct clusters that are significantly enriched for specific MoAs.
In order to increase the interpretability of deepSNEM, we developed a subgraph importance method to
elucidate the important subgraphs that cause the signaling networks to cluster together. As a case study,
deepSNEM was applied to cluster the representations of signaling networks created from gene expression
profiles of various experimental platforms (MicroArrays and RNA sequencing). In order to take into
account the structural attributes of compound perturbations, alongside deepSNEM, we developed the
deepSIBA pipeline to investigate the connection between a compound’s chemical structure and its
biological effect.

DeepSIBA is a supervised Siamese graph convolutional model that is trained to predict the biological effect
distance between a pair of compounds, using their molecular graphs as input. The proposed model was
able to encode molecular graph pairs and identify structurally dissimilar compounds that affect similar
biological processes, with high precision. Additionally, by utilizing deep ensembles to estimate
uncertainty, we were able to provide reliable and accurate predictions for chemical structures that are
very different from the ones used during training. Finally, we present a novel inference approach, where
the trained deepSIBA models are used to estimate the signaling pathway signature of a compound
perturbation, using only its chemical structure as input, and subsequently identify which substructures
influenced the predicted pathways. As a use case, deepSIBA was used to infer important substructures
and affected signaling pathways of FDA-approved anticancer drugs.

The research has been co-financed by the European Union and Greek national funds through the
Operational Program Competitiveness, Entrepreneurship and Innovation, under the call RESEARCH —
CREATE — INNOVATE (project code:T1EDK-02829).



Graphical abstract
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NepiAnyn

OL péBobol mou edpapuodlovral otn pappokoloyia cuotnuatwy Bacilovtal otnv emidoyr] GappAKwy mou
EMLSELKVUOULV TN PEYLOTN Suvaun MPOodeon oTNV MPWTEIVN-0TOXO Kal cuvapa odnyouv oto emtBuunto
BlLoAoyko amotéAeopa. Mo CUYKEKPLUEVN TEXVLKN, N oTtola €XEL ouyKevTPwoel LPNAS evlladEpov, sival
N HOVTeAOMOINOoN TOU KUTTAPOU WG Eva SIKTUO HOPLOKWY AAANAETILOPACEWY, UE OTOXO TNV avakaAun
TOU ONUATO80TIKOU UNXOVIOHOU, TIou Teplypadel pe BEATIOTO TPOTO TA TELPAUATIKA Sedopéva. ITnV
napovoa SlatpLpr], MPWTA MOPOUGCLAIOUE ULa EKTEVH GUANOYN TOCOo BAcswv dedopévwy TUTTOU omics
000 Kal HopLaKWV aAANETUOPACEWY, OUVOSEUOUEVEG MO TIG avtioTolxeg HeBodoug SikTUwY ylo Thv
avaAuon autwv. MNepattépw, mapouoidlovpe Vo véeg peBodoug deep learning, mou ovopdalovrtot
deepSNEM kot deepSIBA, oL omoieg £XoUV W OTOXO VA EPEUVIHOOUV TOV TPOTIO LIE TOV OMOI0 TOCO TO
onNUATod0TIKO SikTUO 600 Kal N XNUKN Sopn evog papUakou CUCGXETI{OVTAL LIE TO PNXAVIOUO 8pAang Kal
10 BLoAoyLkO amotéAeopa Tou GAPUAKOU O KUTTOPLKA LOVTEAQL.

To povtélo deepSNEM eival éva unsupervised deep learning 8iktuo to omoio ekmaldeVeTolL POKELUEVOU
Vo KWOLKOTIOLNOEL KAl VA OPLOBETNOEL TO ONUATOSO0TIKO SikTUOo £vOCg dapudkou og otabepol peyEBoug
TIOAUSLAOTATEG QVOTTOPOOTACEL,. TOo HOVTEAO eKMALOEVETOL WOTE VA HEYLOTOMOLAOEL TV apolfaia
mAnpodopia peTaly avamopaoTAcEWYV SIKTUWVY KoL UTTOSIKTUWY, TIOU TPOKUTTOUV OO TapopoLa
nelpapata. Opadomolwviag TIG OVOMOPOOTACELS, KOTOPEPAUE VO aVAKOAUPOUUE CUYKEKPLUEVEG
OMASEC, Ol OTIOlEG lval EUMTAOUTIOUEVEG CNUAVTIKA UE GAPUAKA, TIOU LOLPpAloVTOL EVOl CUYKEKPLUEVO
punxaviopd paonc. Me otdxo tnv KaAUTepn enefrynon Twv OMOTEAECUATWY avamtuxOnke pia pEBodog
ovadeltng Twv onuaviikwyv UumodSIktuwyY, Ta omola odnyolv otnv ekdotote opodomoinon Twv
avamnopactdoewv. H p£Bobdog deepSNEM edapooTnKE yLa tnv opadonoinon Twy avanapactdoewy mou
TPOKUTITOUV amod onpatodotikd Siktua dapupdkwyv, ta omola Pacilovtal os Sedopéva yoviSLAKAG
ékdpaong amno Sladopeg nelpapatikeg mAatdpopueg (Microarrays and RNA-sequencing). ©@€Ahovtag va
AdBoupe umOYNV Kal TN XNHUWKNA Sourn Twv ouolwyv, apdAAnAa pe to deepSNEM avamtuyxbnke kat To
povtého deepSIBA, pe otoxo tn Slepelivnon TNG CUCXETLONG TOUG HE TO PLOAOYIKO QATIOTEAECHO TWV
dapuaKkwv.

To povtélo deepSIBA eival éva supervised deep learning povtélo to omolo skmaldevetal ya v
npoPAedn NG amootaong MeTatl Twv Bloloylkwv Slepyaclwv  €vog  {elyoug  GAPUAKWY,
XPNOLLOTIOLWVTAG T LOPLAKA Toug Siktua wg €i0odo. To poviého kwdikomoinoe kal avakaAue Leuyn
dapudkwv pe Sladopetikn XNk doun, ta omola emnpealouv mapouoleg PLoAoyikEG Slepyaoieg, e
vPnAn esuotoyxia kat akpifeta. Ev ouvexelo, xpnotpomolwvtog MARO0C HOVTEAWY, TIPOKELUEVOU Vo
ekTnooupe tnv aBeBatdotnta twv mpoPAEPewy, kotadEpape va £XOUUE €UOTOXEC TIPOBALPELC Yo
dappaka, ta omoia éxouv evteAwe SladopeTikr Sdour) amd ekelva TTOU XpnoLpomoliOnkav Kotd tTn
Slapkela tng ekmaibeuong. Ev katakAeiSl, mopoucoldloupe pa véa pEBodO yla TNV efaywyn
XOPAKTNPLOTIKWY CNUATOSOTIKWY HOVOTIOTLWY, XPNOLULOTIOLWVTOS WG (0060 HOVO TN XNULKA SO TwvV
dapudkwy. Zav edappoyr, TO HOVIEAO YXpNOLUOTOWRONKE ylwa TNV avakGAuPn OnUOVIKWY
ONUATOSOTIKWY LOVOTIOTIWY KOL XOPOKTNPLOTIKWY XNULKWV SOUWV Ot €va CGUVOAO EYKEKPLUEVWV
OQVTLKOPKIVIKWY GOPUAKWV.
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