SCHISM

Supporting chemoinformatics via interactive unsupervised and semi-supervised
data mining

Ronan Bureau, Alban Lepailleur, Jean-LLuc Manguin, Jean-Luc Lamotte, Bertrand Cuissart

Le projet SCHISM est financé par I'Union enropéenne dans le cadre du programme opérationnel FEDER/ FSE 2014-2020."/""The European
project “SCHISM?” is funded by the European Union within the framework of the Operational Programme ERDF/ESF 2014-2020

*k**

REGION UNISN EUROPEENNE
onds européen de

N o R M A N D I E développement régional



DATA : Kinome (535 kinases humaines)
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More than 95% of current kinase inhibitors target the largely
conserved ATP (cofactor) binding site (type |)

DATA : Kinome (535 human kinases)
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Kinase inhibitors with high-confidence activity data
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Jirgen Bajorath (University of Bonn). Emerging Big Data: Chemoinformatics-Driven View of Kinase Drug Discovery



Kinase Inhibitors - Selectivity

® Promiscuous human kinase inhibitors with high-confidence data

ChEMBL 23

Inhibitors active against 2 or more human kinases

10,060 Active against 266 kinases

Formation of target pairs that share = 10 inhibitors

Kinase; — Kinase,: > 10 shared inhibitors
Kinase, — Kinase;: > 10 shared inhibitors

596 pairs 141 kinases

Jirgen Bajorath (University of Bonn). Emerging Big Data: Chemoinformatics-Driven View of Kinase Drug Discovery



Compilation des données kinases / ChEMBL24
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Compilation des données kinases (ChEMBL

CMPD_CHEMBLID | TARGET_CHEMBLID CANONICAL_SKILES MOL_PREF_NAME | PROTEIN_ACCESSION b1 Vascular |Tyrosine-| Platelet- | Tyrosine- | Fibroblast| ALK | Tyrosine- | Glycogen | Glycogen | Glycogen | Tyrosine- | COKS/cyclin
endothelial| protein | derived | protein | growth | tyrosine | protein | synthase | synthase | synthase| protein ™
growth kinase | growth | kinase factor kinase kinase | kinaze-3 | kinase-3 | kinase-3 | kinase
factor | receptor | factor | receptor | receptor |receptor| ABL alpha beta FvN
receptor 1 RET receptor| FLT3 1
beta
CHEMBLE5%43 CHEMBL3516 CCOC(=0)c1c(CHnH]cOC=C\2/C(=0)Nc3ceccoc23)e1 P35969 0,63950 7.16 6.12 5.4 5.37 53 5.27 472
CHEMBLZ96586  CHEMBLZ850 Bretcec2[nHlc3c(CC(=0)Ncdccoee34)c2el KENPAULLONME P45340 -0,24354 6.4 58 6.8 8.1 77 7.54 7.2 719
CHEMBLZ98445 = CHEWMBL301 CeinciN)scicZeenc(Ne3cooc(c3)N+1(=0)[0-1in2 P24341 -0,74855 6.8 77 2.4
CHEMBLZ88813 = CHEMBL18562 CCIC@HI(NC(=0)C@H](Ccl coc{cot JC{F)FIP(=0}(0)0NC(=0)CIC(=0)N(C)CCCC2CCCCe2 PO0S1S 0,88552 58
CHEMBL29%477 = CHEMBL267 CCC@H](CHC@HINC{=0}C@HI(CCC(=0)0INC(=0)C@H]I(CCC(=0)0INC(=0)C@HI(Cc1 ccc{OP(=0)(0)D)cc1 INC{(=0)C)C (=0 N[C@@H](CCC(=0}0)C(=0)0 P12931 0,99336 5.1 5.96
CHEMBLZ29%707 = CHEMBLZ3S COclcccceiCi=0)NcZecoo(Ne3nceo(n3jcdcocencd o2 P17252 0,57659 572
CHEMBL300817 = CHEMBL18562 Clc1ccoc{NeZneco(n2)jc3coenc3)cl PO0S1S 0,89453 5.82
CHEMBL301845 = CHEMBL267 CCIC@H](NC(=0)C@H](Cclcecc{OP(=0)(0)D)cc NC(=0)C)C{=0)N{C)CCCC2CCCCC2 P12931 0,52065 482
CHEMBL306380  CHEMBL4223 Ceicec{cet)cZnn(c3ncnoiN)c23)C{CHC)IC P42685 -0,60201 6.8 & 57 6.5 6.83 7.57
CHEMBL31Z214 = CHEMBL267 CCCHc1nc(SCincZelcnn2CC{Cl)c3coceoed P12931 0,88327 5.32
CHEMBL1092734 CHEMBL262 Cn1cclC=C\2/0c3ceec{0)c3C2=0)cdcicenc14)cicoo(ce3)C(=0INCCO Paga41 -0,36722 7.3 8.01 787 8.23
CHEMBL1092826 CHEMBL2371 Felco(co{F)c1CNZCCOCC2)c3cceodnce(ne34)cSenn(c3)CECCNCCE 050674 -0,28213 71
CHEMBL10S7700 CHEMBL3587 CNc1co(0)c2C{=0)0[C@@HIC)C@HICHC=CIC{=0)[C@@H](0NC@@HI(0 )C\C=ChcZct Q02750 -0,64117 7.04 6.67 7.33
CHEMBL1163016 CHEMBLZTS CC1(C)CC(CTICHCINONN=C{0)cZeeecic2)c3cedncoc(NeSceoc(0)eSndn3 P35968 -0,58582 8.3 83
CHEMBL1164180 CHEMBL4247 CN1CCN{CC1)cZecc{cn2)c3cncdNCON{CeSec{Cl)coeSCiF )(F)Ficdcd QsUMT3 -0,14550 | 5.8 6.2 6.2 59 ] 6.1
CHEMBL1164265 CHEMBLSS27 CN1CCN{CC1)cZecec{en2)c3cncdNCON{CeSciF jeoo(F)eSClcdc3 P29376 -0,74855 6 6.9 6.1 7.96 7
CHEMBL194%855 CHEMBLSS03 Clc1ccoc2C(=0)NC=Nc12 Q04771 0,57659 5 5.3 45 5 4.4 44 45 47
CHEMBL1964441 CHEMBL2007 CNCC#Ccicne(Njc2e{csc12)c3cco(NC{=0Ncdccoo(Chcd joc3 P16234 -067872 7.4 76 8.5 79 6.7 56 6.8 56
CHEMBL1964718 CHEMBL4203 CC1=CN2CC{=0)NN=C2C=C1 Q8HAZ1 0,70867 43 4
CHEMBL196516% CHEMBL4035 Ceicec{cet )c2ec3nc(Bricne3[nH2 Q00535 -0,24354 56 6.1
CHEMBL1965170 CHEMBL1913 COclcoc{NC(=0)NcZecee(cc2)c3cscdc{onc(N)c34)cSenn(CC(0)CO)cS)cet P0S515 -0,99223 &2 9 9.3 & 6.3 56 a7 56 [
CHEMBL1965570 CHEMBL1858 Neince{cZeocc2)cisco{cdcco{NC(=0)NcScooccSFiccd)c13 P17945 -0,74855 &7 76 6.7 7 6.9
CHEMBLZ003657 CHEMBL417% CC(C)S(=0)=0n1ciNincZeee(ce2)c3cincdscon34)cSoec(Fccs P45334 0,15337 57 6.3 7.1
CHEMBLZ003785 CHEMBL4203 Fclcceo{CNeZnenc3[nHlcnc23)ct QSHAZ1 0,88552 4.1 49 49 45 42 43 43 43
CHEMBLZ004025 CHEMBLZ2147 COCOc1cecc{OCOC)c 1 c2ecc(NS(=0){=0)C)cc2C(=0}0C P11309 0,85540 57 6.2 6.2 58 57 6.2 6.4 5.8
CHEMBLZ2004118 CHEMBL1075104 = CCcinc(NcZcco(N3CCOCC3)c(Clc2)ncd[nH]ccc14 Q55007 0,053855 6.3 5.4 58
CHEMBLZ0042%0 CHEMBL1913 COclcoo{NC(=0)NcZeee(cc2)c3cscdc{enc(N)c34)cSenn(CC(C)H(C)0)c5cet P0S51% -0,86544 | 837 85 8.9 a871 6.8 59 8.5 66
CHEMBLZ004311 = CHEMBL4835 Celco(Cloo(NC{=0)Nc2eoo(c(C)c2)c3ccecdC(=0)NCe34)c P30330 0,053855 71 7 76 55 6.8 6.2
CHEMBLZ004515 CHEMBL4203 C10cZccc{cc201)c3IncncdnHlccc3d Q8HAZ1 0,52608 5.3 56 45 48 53 5.1 5 45
CHEMBLZ0045637 CHEMBL2007 CCN(CCN)C{=0)c1ccce(ct)n2ne(cc2ZNCi=0)Nc3ccocdcoooe34)CCH T P16234 0,85540 5.5 6.3 6.4 55 58 56 57 5.4
CHEMBLZ004716 CHEMBL1858 CCN(CC)CCNC(=0)C=Ccicnec{Njc2eicsc2)c3cce(NC{=0)Ncdccoe(Chcd joc3 P17948 -0,9995% 9.4 83 7.3 7.5 6.2 86 76
CHEMBL388431% CHEMBLSS00 CC1(C)C{=0)N({[C@H]2CCc3c(0)cccc23)cdnc{NeScooecs)ncel 4 P27448 -0,87528 a1 5.84 5.48 5.53 58
CHEMBL3889745 CHEMBL18562 FC{F){F)0c1cecciNC(=0)cZenco(c2)c3ceencl)oct PO0S1S -0,20458 8.06
CHEMBL38%0053 CHEMBL18562 Felcoe{colc2onenc2)C{=0)Nc3ccc{OCIF)NF Flcc3 PO0S1S -0,58400 8.49
CHEMBL38%0055 CHEMBL18562 O[C@H]1CCN{C1)c2nee{ccZe3enc(Clc(F)c3)Ci=0)Ncdccc(OC(F)(F)F)ccd PO0S1S -0,99959 9.4
CHEMBL38%027% CHEMBL1852 N[C@H]1CCNI(C1 jc2nee(cc2e3enenc3)C(=0)Ncdcoco(OC(F)(F)F jccd PO0S1S -0,83931 8.85
CHEMBL38%0327 CHEMBL1852 OlC@@HI CH{CIC@@H]10)c2Znec{ccZedence(F)c3)Ci=0)Ncdcec(OC(F)(FIF)ccd PO0S1S -0,77456 874
CHEMBL38%0630 CHEMBL18562 CCN(CCO)cince(cct c2enenc2)C(=0)Nc3cec(OC(F)FIF)ccl PO0S1S -0,79318 877
CHEMBL38%0658 CHEMBL18562 CN({CCO)cl1cce(cclcZenes2 )C(=0)Mc3coe(OC(F)(F)Fjccd PO0S1S -0,43138 8.3
CHEMBL3891044 CHEMBL1852 NC12CC1CN(C2)c3nce(ce3cdenencd)Ci=0NcScoe(OC(F)(F)F)ccs PO0S1S -0,76178 872
CHEMBL38%1108 CHEMBL1852 O[C@H]1CCN{C1)c2nec{ccZe3ceec(F)c3)C(=0)Ncdcoc{OC(F )(F)Fjccd PO0S1S -0,87911 9.22

CHEMBL3891624 CHEMBL1852 O[C@H]1CCN(C1 Je2neolccZe3enene3)C(=0Nedcec{OCIF)(F)C{F)(FIFjccd PO0OS1S -0,70755 864
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OThe “one drug — one target — one disease” paradigm
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OThe “one drug — one target — one disease” paradigm

* Polypharmacological drug behavior
* Many known drugs elicit their therapeutic effects by acting on multiple targets
e But such drugs can also bind antitargets responsible for side effects
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Case study : PKIS

Q Polypharmacology of kinases
@® Most tumors can escape from the inhibition of any single kinase

® The GSK Published Kinase Inhibitor Set (PKIS) as a source of knowledge 1!

PKIS2 [2]
406 kinases
645 inhibitors

367 small molecules

ATP-competitive kinase inhibitors

367 Inhibitors

31 diverse chemotypes

[1] Drewry DH et al. Seeding collaborations to advance kinase science with the GSK Published Kinase Inhibitor Set (PKIS). Curr Top Med Chem. 2014;14(3):340-2
[2] Drewry DH et al. Progress towards a public chemogenomic set for protein kinases and a call for contributions. PLoS One. 2017 Aug 2;12(8):e0181585.
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Case study : PKIS

Q Kinase Miner

@ Interactive tool dedicated to polypharmacology of kinases

https://chemoinfo.greyc.fr/metivier/kinase_miner/finder.html
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Case study : PKIS

Q Kinase Miner
@ Interactive tool dedicated to polypharmacology of kinases
® Example: dual inhibition of ERBB2 and EGFR

CHEMBL1962281 ERBB2 Tyr kinase family

CHEMBL1962259 EGFR  Tyr kinase family

https://chemoinfo.greyc.fr/metivier/kinase_miner/finder.html
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Case study : PKIS

Q Kinase Miner

@ Interactive tool dedicated to polypharmacology of kinases
® Example: dual inhibition of ERBB2 and EGFR

CHEMBL1962281 ERBB2 Tyr kinase family

CHEMBL1962259 EGFR  Tyr kinase family

https://chemoinfo.greyc.fr/metivier/kinase_miner/finder.html

Valid Molecules: 21

Molecules in agreement with the dual
ERBB2 and EGFR inhibition

14




Case study : PKIS

Q Kinase Miner

@ Interactive tool dedicated to polypharmacology of kinases
® Example: dual inhibition of ERBB2 and EGFR

CHEMBL1962281 ERBB2 Tyr kinase family

CHEMBL1962259 EGFR  Tyr kinase family

https://chemoinfo.greyc.fr/metivier/kinase_miner/finder.html

Valid Molecules: 21

ERBB2 73.03 % inh @ 1uM
ERBB4 96.64 % inh @ 1uM
EGFR  94.13 % inh @ 1uM

CHEMBL529066

15




Case study : PKIS

Q Kinase Miner

@ Interactive tool dedicated to polypharmacology of kinases
® Example: dual inhibition of ERBB2 and EGFR

Valid Pattern: 531
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CHEMBL1962259 EGFR  Tyr kinase family

https://chemoinfo.greyc.fr/metivier/kinase_miner/finder.html 16



Case study : PKIS

Q Kinase Miner
@ Interactive tool dedicated to polypharmacology of kinases
® Example: dual inhibition of ERBB2 and EGFR
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Case study : PKIS

Q Kinase Miner

@ Interactive tool dedicated to polypharmacology of kinases

® Example: dual inhibition of ERBB2 and EGFR

CHEMBL1962281 ERBB2 Tyr kinase family

CHEMBL1962259 EGFR  Tyr kinase family
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Case study : PKIS

Q Kinase Miner

@ Interactive tool dedicated to polypharmacology of kinases
® Example: dual inhibition of ERBB2 and EGFR
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