O6pa3zar 4.

®dakynreT dapMaleyTcKu YHUBEP3UTET V¥V BEOTPAOY
01 6poj 2259/1-1 Behy Hayununx ob1acTu MeJUIMHCKUX HAyKa
(Bpoj 3axTeBa) (Ha3ug Beha HayuHe 06acTi KOMe ce 3axTeB ynyhyje)
10.09.2026. S3AXTEB
(Matym)

3a JaBame carjacHOCTHU Ha OJJIYKE O yCBajamy u3BelTaja Komucuje 3a oneny
JOKTOPCKE JUCepTalMje U O UMEHOBalbY KOMHUCH]E 3a 010paHy

Monumo na, cxomHo wiany 47. cr. 5. tau. 4. Craryra Yuusepsurera y beorpany ("I'macuuk Yuusepsurer", 6poj 186/15-
npeuninhienu Teket u 189/16), nate carnacHOCT Ha OTYKY O yCBajamy u3Belnraja KoMmucuje 3a olieHy JTOKTOPCKE JHcepTalyje:

KAHJMJAT MJAJEH (IEJAH) KOPABOBU'h

(¥Me, UMe jeTHOT O/l POAUTEbA U IIPE3NUME)

CTYACHT NOKTOPCKUX cTyauja Ha ctyaujckom nporpamy JJOKTOPCKE AKAJEMCKE CTYAUJE, PAPMAINIEYTCKE HAVYKE,
OAPMAIIEVTCKA XEMHUJA

NPUjaBHUO je JJOKTOPCKY TUCEPTaIH]y MO Ha3HBOM:

. JAM3ajH, CHHTEe3a M OMOJIOIIKA KapaKTepu3anmja MaJuX OPpraHcKux MoJIEKYJia KOju MHAVKY]jY aerpagamujy HSP90 u
BET nporenna“

13 Hay9IHE 00JIacTH: DOAPMAIEYTCKA XEMHUJA

Vuusepsurer je mana 30.11.2021.rommue cBojum akrtoMm mox Op. 02-01 6poj 61206-4569/2-21 nao carmacHocT Ha

TIPEIJIOT TeME JOKTOPCKE AUCEpTaIlije Koja je riacuia:

2JIM3ajH, CHHTE3a M OMOJIOIIKA KAPAKTEPU3AIMja MAJMX OPraHCKUX MOJIEKYJIa KOju MHAYKY]jY nerpaganujy HSP90 u
BET nporenna®

HNme 1 mpe3nMe MeHTOpA . 1.1p cu. Bmamgumup Casuh, pemoBHm mpodecop, YHuBep3uteT y beorpamy —
dapmarieytcku dpaxynrer (Vika HaydHa obnact: Oprancka xemuja)
2.]p cu. bojam MapkoBuh, pemoBHm mnpodecop, YHuBep3urer y beorpamy —
Menmnunackn dakynrer (Yika HaydHa oOmact: PapMarieyTcka-MenIuIInHCKa XeMHja |
CTPYKTypHA aHaJIn3a)

KoMucuja 3a oLieHy TOKTOPCKE AUCepTallje HMEHOBaHa je Ha cexuuuu onpxkanoj 14.05.2026.ronuHe

OIITYKOM (paKyinTera mogu op. 01 6p.1078/2 , y cacTaBy:
Nwme u mpe3ume dnaHa 3Bambe Hay4YHa 00JIacT YcraHoBa y K0j0j
KOMHCH]e je 3amociieH

1. JIp cu. Karapuna Hukonuh, penosuu npodecop, Yausepsurer vy beorpany - ®@apmaneyrcku dakynrer (Yrka HaydHa
obnact: PapManeyTcKka-MeIUIMHCKA XEMHU]a U CTPYKTYDHA aHIU3a)

2. JIp cu. I'opnana Tacuh, Baupennu npodecop, Yausepsurer v Beorpany — ®apmaneyrcku dakynrer (Yka HayyHa
obsact: Oprascka xemuja)

3. Jp cu. Munena Kosauesuh, nouent, Yausepsurer v beorpany - @apmaneyrcku daxyarer (Yka HaydyHa 00JIaCT:
PapMaKkOKHHETHKA YU KIMHUYKA (papMariyja)

4. p cu. Tatjana Cpauh-Pajuh, Hayyau caBeTHUK, MHCTUTYT 3a OHKOIOTU]Y U pajuonorujy Cpouje (Yxa HayyHa o0sacrt:
ExcnepuMenTaiHa OHKOIOIHja)

Hamowmena: ykonuko je unan Komucuje y neH3uju HaBeCTH aTyM NEH3NOHHUCAA.



JlaTym craBibama u3Bemraja Komucuje u gokropeke aucepranuje Ha ysua jasaoctu: 18.06.2026.roaune.

HacraBHo-HayuHO Behe dakynrera ycBojuio je m3Bemraj Komucuje 3a oneHy JOKTOpPCKE QUcCepTalje HACEAHHUIM OIP>KAaHO]

JaHa 10.09.2026.roauue

Komucuja 3a on0paHy JOKTOPCKE IHCEpTallfje UMEHOBaHA je Ha ceauuiu oapxkanoj_ 14.05.2026.ronune

omnykom (akysrrera noa 6p. 01 6poj 1078/2, y cacrasy:

Nwme u pe3ume diaHa 3BabE Hay4YHa 00JIacT YcraHoBa y K0j0j
KOMHCH]e je 3arocieH

1. JIp cu. Karapuna Hukonuh, penoBau npodecop, YHusepsurer v beorpany - @apmaneyrcku dakyiarer (Yka HaydyHa
obsact: dapMalneyTcka-MeIMIMHCKA XEMH]a U CTPYKTYDPHA aHJIM3a)
2. Ip cu. 'opnana Tacuh, Baapenau npodecop, YHusepsurer vy beorpaay — @apmaneyrcku dhakyarer (Yrxa HayuyHa 001acT:

Oprancka xemuja)
3. JIp cu. Muiena Koaueuh, mouent, Yausepsurer v beorpany - ®@apmaneyrcku dakynrer (Y:ka HaydyHa 00JIACT:

dapMaKOKMHETHKA Y KIMHAYKA GapMarmija)
4. p cu. Tatjana Cpauh-Pajuh, Hayuau caBerHuk, MHCTUTYT 3a oHKOJIOTH]Y U paguonorujy Cpouje (Yxa HayuHa o0acT:

ExcriepuMeHTaIHa OHKOJIOTH]a)

Hanomena: ykonuko je wiaH KoMucuje y IeH3Mju HaBECTH AAaTyM NEH3UOHUCAHA.

JEKAH ®AKVIITETA

Onnyka HacraBHo-HayuyHor Beha o ycBajamy m3Bemraja Komucuje 3a olieHy JOKTOPCKE AMCEPTAIIH]je

IIpunosu: 1. . :
U oAyKa o MMeHoBamy Komucuje 3a onOpaHy qOKTOpCKe AHCepTalyje

2. WM3Bemraj Komucuje o olieHu JOKTOPCKE TUcCeEpTanuje

ITpumenGe Ha u3BemTaj KoMucuje o omleHn JOKTOpPCKe auceprarmje (YKOIHKO UX je GUiT0) U
Munubewe Komucuje o mpumendama

Hamowmena: ®akynTer goctaBiba Y HUBEP3UTETY 3aXTEB ca MPWIO3UMA Y eNEKTPOHCKO] GOPMH H Y jeTHOM IHCAHOM HPUMEPKY
3aapXuBy YHUBEpP3UTETA



YHUBEP3UTET V BEOI'PALTY
OAPMALEYTCKU ®AKVIITET
11000 - BEOI'PAL

V. Bojoae Creme 450.

01. 6poj 2259/1

10.09.2026. roaune

Ha ocnoBy wrana 28. Craryra u mpemiora Komucuje 3a MOCIEIUIUIOMCKE CTyIHje —
NoKTOpcke crynuje, HacraBHo-Haydno Behe YHuBepsutera y beorpamy — ®dapmarneyrckor
¢dakynrera Ha cemauiy oapxkanoj 10.09.2026.romune, noHENO je

ONJYKY

IMPUXBATA CE no3utuBan u3Bemnitaj Komucuje 3a oreny u o0paHy 3aBpIiieHe JOKTOPCKE

mucepranuje, kanaumara mar.gpapmanuje KopaBosuh Muajaena mos HaciaoBoMm: ,, JIu3aju,
CHHTe3a M OMOJIOIIKA KapaKTepHU3alMja MAJMX OPraHCKMX MOJIEKYJIa KOjU HHIAYKYjY
perpagauujy HSP90 u BET mporenna® u ynyhyje Behy HaydHnx 0OnacTéi MeITUIIMTHCKHX
HayKa Ha ycBajame, a Mo J0OMjeHO] MHCAHO] CarjlaCHOCTH 0/I00paBa jaBHA OJ0paHa Tpe.
Komucujom y cacrany:

1. JIp cu. Karapuna Hukonuh, penoBuu mnpodecop, VYuuepsuter y beorpany -
dapmaneyrcku  dakynrer (Yka HayuHa oOmact: dapmareyrcka-MeIUIIMHCKA XEMHja U
CTPYKTypHA aHJIH3a)

2. [Ip cu. 'opnana Tacuh, Banpennu npodecop, YauBepsuret y beorpany - ®@apmaneyrcku
daxynrer (Vka Hayuna obmact: Oprancka Xemuja)

3. p ci. Munena KoBaueBuh, nonent, Yausep3uret y beorpany - ®apmaneyrcku dakynrer
(Vxa nayuna obmact: ®apMaKOKHHETHKA M KIMHHYKA (hapMarirja)

4. Jlp cu. Tarjana Cpauh-Pajuh, Hayuynu caBeTHHK, THCTUTYT 32 OHKOJIOTH]Y ¥ PaJINOJIOTH]Y
Cp6uje (Y:xa nayuna obmact: EKCriepuMeHTaIHa OHKOJIOTH]a)

VYuusepsureT je gana 30.11.2021.rogune cBojum akrom 6p.: 02-01 6p: 61206-4569/2-21 nao
CarjacHOCT Ha MPEUIOT TeMe JOKTOPCKE JMCEepTaIlHje.
Kanmunar mar. ¢apm. Mimanen Kopaposuh, o0jaBHO je pe3yinrare w3 OBE JOKTOPCKE
TUCEepTalMje y jemIHoM pany kareropuje M2la um jemHomM pany karteropuje M23 vy
MehyHapoauum yaconucuma ca CLIU nucre:

1. Koravovic, M.; Mayasundari, A.; Tasic, G.; Keramatnia, F.; Stachowski, T.R.; Cui,
H.; Chai, S.C.; Jonchere, B.; Yang, L.; Li, Y.; et al. From PROTAC to Inhibitor:
Structure-Guided Discovery of Potent and Orally Bioavailable BET Inhibitors. Eur. J.
Med. Chem. 2023, 251, 115246, doi:10.1016/j.ejmech.2023.115246.

IF (2023) = 6,0; Chemistry, Medicinal (8/72) M21a

2. Koravovi¢, M.; Kovacevi¢, M.; Jovanovi¢, M.; Tasi¢, G.; Mayasundari, A.;
Nishiguchi, G.; Markovi¢, B.; Rankovi¢, Z.; Savi¢, V. Comparative in Silico/in Vitro
Analysis of Pharmacokinetic Profiles of BET Inhibitors. J. Serbian Chem. Soc. 2025,
90, 837-856.

IF (2024) = 0,7; Chemistry, Multidisciplinary (201/239) M23



Onnyky MOCTAaBUTH. KaHIHUIATY, YHHUBEP3UTETY, WIAHOBHMMA KOMHCH]jE, JIEKaHy, CeKpeTapy,
MPOJIEKaHy 3a MOCIEAUIUIOMCKE cTyIuje, MeHTopuMa (ipod ap. Bmagumup Casuh u npod ap.
bojan Mapxkosuh), Ojicexy 3a HACTaBy M CTyJACHTCKa muTama, OJCeKy 3a MpaBHE M OIIIITE
MIOCJIOBE, TIOCIIOBHOM CeKpeTapy, mpeaceanuky Kommcuje 3a MOCIeTUIIOMCKE CTyAuje —
nokropcke cryauje (IIpod. np bupana ArronujeBuh) u apxuBH.

MPEJACEJTHUK
HACTABHO-HAYYHOT BERA
®APMALEYTCKOT
®AKYJITETA

IIpo¢. ap Harama borasan
Cranojesuh
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HACTABHO-HAYYHOM BERY
VHUBEP3UTETA Y BEOT'PAJY — ®PAPMAIEYTCKOT ®AKYJITETA

KOMHUCHJINA 3A TIOCTEAUILIOMCKE CTYINUJE — IOKTOPCKE AKAJITEMCKE
CTYIUIE

HNPEIMET: U3BEINITAJ KOMUCHJE 3A OLIEHY U OJGPAHY 3ABPIIIEHE
JOKTOPCKE THUCEPTAIIAJE

Ommyxom Hacraro-nayunor sehia Vaurepsutera y Beorpany — ®apmaueyTekor daicynrera 01. 6poj
1078/2 posieroj na cepmuim onpkanoj 14.5.2026. umenopana je Kommucuja 3a OIeHy W oabpany
3aBpUICHE JIOKTOpCKe NMucepranmje kamampara Mianena Kopasosuha, maructpa dapmanmje, mox
HasuBoM _J[u3ajH, cWHTE3a W OGHONOIIKZ KapakTepu3alfja MalMX OPTaHCKUX MOJIEKyJIa KOju
HHAYKY]y ferpananujy HSP90 u BET nporeuna®, v crenehem cacrary:

1) Jip en. Karapuna Huxonuh, penosrm npodecop, Yausepzuter y Beorpaay — DapmarneyTeKu
thaxynrer (yxa nayuna odmact: dapmarieyTeka-MeJMIAHCKA XEMH]a 1 CTPYKTYpHA aHaIu32)

2) Ap cu. lopmama Tacuh, mampegrm mpodecop, Yuusepsuter y Beorpany — Papmaueyreki
haxyurrer (yxa nmayana obmact: Oprascka XeMuja)

3) Hp en. Munena Kosauernh, nonent, Yausepzurer y Beorpany — Mapmaneytekn daxynrer (yxa
nay4Ha obact: GapMakoKHHETHKA K KIMHHYKA (hapMalja)

4) [p cnt. Tarjaita Cppuh-Pajuh, nayunu caperimk, MHCTHTYT 3a OHKOJIOTH]Y H pagucnornjy Cpbuje
(yxa Hay4ra obnact: ExcriepaMenTania onksIoraja)

Menropu moxTopeke mucepranuje ¢y Ap ci. Bmagumup Carnh, penopuu npogecop Kareape 3a
OprancKy xemujy Veusepsutera y Beorpamy — @apmaueytckor (akynrera (yxa HaydHa o6mact:
Oprancka xemuja), u Ap cu. Bojan Mapkosuh, peosru npodecop Karenpe 3a (hapManeyTcky XeMujy
Vumeepsutera y beorpany — ®apmaneyrckor daxyarera (yxka Hayuna obuacr: dapmaneyTcka-
MEJIHLMHCKA XEMH]a U CTPYKTYPHA aHaJIH3a).

Komucnja y mapesienom cacrasy nperiejana je JOKTOPCKY AMCEPTALA]Y M CAYHIUTIA Hzpewntaj y
ckaagy ca umaHoM 23. IlpaBuiHuka O JOKTOPCKHM aKajeMCKHM CTyimjama YHHBep3HTETa y
beorpany — ®apmaneyTekor daxyirera kojn moamocy HacrasHo-Hay 4HOM Behy.

‘SUTET Y BEOIPAAY
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1. OCHOBHMU NNIOJALIX O KAHAUJAATY U JOKTOPCKOJ TUCEPTALIUIN
Kannunar: Mnanen KopaBosuh

TpeHyTHO cTpyUYHO/aKaIeMCKO 3Bame KaHIuaara: Marucrap dpapmaiuje

YcranoBa: YHuBep3urtet y beorpany — @apmareyTcku GakyiaTer

HacnoB nokropcke aucepranuyje: ,,Jlu3ajH, CHHTe3a 1 OMOJIONIKA KapaKTepH3alrja MaJliX OPraHCKHX
MoJIeKyJa Koju uHayKyjy aerpananujy HSP90 u BET mporenna“

JlocTaBibeHa €NEKTPOHCKA Bep3uja aucepTanuje caapxu 263 crpane y PDF dopmary. OcHOBHH TEKCT
j€ OpraHuM3OBaH y celaM HyMepHucaHuX ImoriaBba: 1. YBom, 2. LluibeBH wHcTpakuBama, 3.
Excnepumentu, 4. Pesynaratu u aumckycuja, 5. 3akipyyak, 6. Jluteparypa u 7. Ilpunosu. [Ipema
HYMEpaLUju Y TEKCTY, TUcepTaluja caapxu 66 cnuka, 36 Tabena u 39 mema.

Ha moueTky gocTaBjbeHe qUcepTalrje Hajla3e Ce HACIIOBHE CTPaHE Ha CPIICKOM U CHIVIECKOM jE3HKY,
noJlalii 0 MEHTOpUMa W wiaHoBuMa Komucuje 3a onOpaHy IOKTOPCKE JHcCepTaluje, 3aXBaJHUIIA,
CaKEeTaK Ha CPIICKOM U CHIVICCKOM je3UKY, JINCTA CKpalhieHHIIa 1 CaipiKaj.

2. IPEAMET U IMJBEBU JOKTOPCKE JUCEPTALIUJE

IIpenmer nucepranuje jecTe AM3ajH, CHUHTe3a U OMOJIOLIKA KapakTepu3aluja MajJuX OpraHCKHX
MOJIeKyJia YCMEpEeHHX Ha NpoTenH TomioTHor moka 90 (eur. Heat Shock Protein 90, HSP90) u
poTenHEe ca OpPOMOIOMEHOM M EKCTpa-TepMUHAIHUM JOMEHOM (eHT. Bromodomain and Extra-
Terminal Domain Proteins, BET npoteune). ctpaxuBame 00yxBaTa JIBe UCTPa)KMBAUKe [EIUHE: a)
pa3Boj MOJIEKYJIa 3aCHOBAHUX Ha CTpaTerrjama IujbaHe Jerpanaiuje nporenHa, omnocHo PROTAC
(enr. Proteolysis-Targeting Chimera) n HyT (enr. Hydrophobic Tagging) monekyna ycMEepeHHUX Ha
HSP90 u 6) pa3Boj ONTHMMH30BaHMX HMHXMOMTOpa Maje MoJjekylcke Mace ycmepeHux Ha BET
MIPOTEHHE.

[HumeBu aucepraruje cy cienehu:

- mm3aji U cuHresa PROTAC u HyT wmonekyna ycmepenux Ha HSP90 xopuctehn
KpucTanorpadcke 1nojarke u Tpu kinace juranaga 3a HSP9O;

- Ouosomka U papMaKOKMHETHYKa KapaKTepHu3alMja CHHTETHCAHUX MOJIEKYJIa YCMEPEHHUX Ha
HSP90, y3 nnannpano MEXaHUCTUYKO UCIIMTUBAKE HaJaKTUBHUJHUX JeIU-EHha U MPOIIEHY 01a0paHux
(U3NIKO-XeMHUJCKUX U (hapMaKOKMHETUYKUX CBOJCTaBa,

- pa3Boj amua u3BeaeHux u3 (+)-JQ1 xao maxuburopa BET mpotenHa u mpolieHa BUXOBOT
Be3MBama 3a OpomMosioMeHe U edekara y henujama;

- (dapmakoknHeTHUKa eBaiyalnuja uHxuOutopa BET mporeuna, yxipyuyjyhu in vitro
npoduincame, in vivo GapMakKOKMHETUUKY NPOLIEHY HajaKTUBHHU]ET jeIubemba, opeheme in silico n
in vitro mapameTapa 1 Kpucraiorpad)cka HCIIUTHBAaKkA 0a0paHUX jeTUbCba.
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3. IPUKA3 CAAPKAJA JOKTOPCKE JUCEPTALIUMJE

Jlucepranyja je OpraHu30BaHa y cellaM NoIvIaBJba M 00yXBaTa TEOPHjCKHU YBOJI, Ne(UHHUCAE ITUIHEBA,
OIUC EKCIIEPUMEHTAIHUX TOCTyIaKa, MPUKa3 W IUCKYCH]y pe3yliTara, 3aKJbydKe, JUTeparypy H
npusiore. CTpykTypa nucepranuje omoryhasa npaheme HCTpakUBauKoOT TOKA, Of] KOHIIETITA [TUJbaHe
Jerpajaiyje mpoTrerHa W u30opa OWOJIONIKMX TapreTa, 0 CHHTE3e, OWOJIONIKE eBalyaldje Hu
(apMaKOKHHETHYKE MPOLIEHE HCIUTUBAHUX jEIUHCHHA.

[Tornasibe ,,YBOA“ oOyxBara JeCeT TEMAaTCKUX IeTUHA. Y HBUMa Cy pa3MOTpeHHU (apMakoloruja
TPaIUIIMOHATHUX HHXHOUTOPA, TEPATIHjCKH IPUCTYITH U3BaH KJIIACUYHE HHXUOUIIN]E, (hapMaKOJIOIIKU
MOJIEJIH 3aCHOBAaHU HA OKYNMHPAHOCTH IMJBbHUX NPOTEHHA U Ha MOKpeTamy Aorahaja Koju J0BOAE 0
pasrpagme MUJBHUX MPOTEUHA, KOHIENT IMJbaHE Jerpajaluje MpOTenHa, YOMKBHTHH-IIPOTEA30M
cucteM, PROTAC wmonekymu, mosnekyicku JyienkoBu, HyT monexymnu, 3nagaj HSP90 u ynora BET
MPOTEUHA Ka0 EMUTEHETCKUX PeryliaTtopa.

[Tornasibe ,,[{nibeBU MCTpakuBama™ NePUHUINE ONMIITH Wb U YSTHPH HUCTPAKUBAUKA IHJbA KOja
o0yxBaTajy AM3ajH, CUHTE3y U CTPYKTYpHY eBallyauujy Mojekyna ycmepenux Ha HSP90 m BET
MpOTEeHHE, OMOJIOMIKY KapaKTepu3aujy u GapMaKOKHHETUIKO Mpoduircame.

[Tornasibe ,,ExciepuMeHTH® 00yXBaTa ONUC ONIITUX CHUHTETUYKUX M AHAJIUTUYKUX IOCTYIIaKa,
nu3ajH ¥ cuate3y PROTAC monekyna yemepenux Ha HSP90 3acHOBaHMX Ha TpH pa3iIMuuTa CKeleTa,
nu3ajH u cuHtedy HyT monekyna yemepenux Ha HSP90 u jenumema ycmepennx Ha BET nporeune.
VY uctom nornaespy onucanu ¢y TR-FRET (enr. Time-Resolved Fluorescence Resonance Energy
Transfer) TeCTOBU 3a HCITUTHBALE Be3nBama jenumemna 32 HSP90a u 6pomogomene BET nporenna,
CTG (enr. CellTiter-Glo) Tect BujabwiIHOCTH henuja, TECTOBH CTAaOWMIHOCTH y IUIa3MU U
(buU3M0I0UIKOM pacTBOpY IydepoBaHoM (ocdaTuma, TeCT pacTBOPIbUBOCTH, TECT NMPOITYCTIBUBOCTH
napasenHe Bemrauke MmemOpane (eHr. Parallel Artificial Membrane Permeability Assay, PAMPA),
tect Ha Caco-2 henujama, HCIIMTUBAKE BE3MBaba 3a MPOTEHHE IJIa3Me, UICIIUTUBAKE MUKPO30MaIHE
CTaOWIIHOCTH, in silico M in vivo (hapMaKOKMHETHUYKO NpoQuiINcame, MpoLeHa CEIeKTUBHOCTH,
aHanu3a HuBoa c-Myc Western blot ananu3zom u kpuctanorpadgcka anamuza. CBU MOJEKYIH
oOyxBaheHH IucepTalnjoM JU3ajHUpaHH Cy M CUHTeTHCaHM Ha KaTeapu 3a Oprancky Xemujy
VYuuep3uteta y beorpany — ®apmarneyrckor ¢akynrera. Jleo eKCrepuMEHTATIHOT paja Koju ce
OHOCH Ha (PU3HYKO-XEMM]CKY, OHOJOIIKY M (papMaKOKMHETUYKY KapakTepusalH]y MOJeKyla
peain30BaH je TOKOM UCTpakuBauykor OopaBka kanaunara y St. Jude Children'’s Research Hospital
(Memduc, CAJl) y oxBupy I[Iporpama capaname cpricke HayKe ca JHjacliopoOM: BayuyepH 3a pa3MEHY
3Hawa PoHja 3a Hayky Penmybnuke Cpbouje (akponum: DeSyHPRO, eBuneHunoHu 6poj: 6463913),
Kao M KpO3 HaCTaBJbE€HY Hay4yHy capajiiby u3Mel)y HaBeJeHMX yCTaHOBa.

[Tornasibe ,,Pesynratu u auckycuja™ nmonesbeHo je Ha Tpu miaBHe nenuHe: PROTAC monekyne
ycmepene Ha HSP90, Hy T monekyne yemepene Ha HSP90 u jenumema ycmepena na BET mporeune.
VY OKBUpY OBOT IOINIaB/ba MPUKA3aHU Cy pE3yITaTH CUHTE3€, OMOXEeMM]CKUX TECTOBa, TECTOBAa Ha
henmujaMma u wucnuTHBaka (U3MYKO-XEMHUJCKUX U (PapMaKOKMHETHUYKUX I[apamerapa, Kao H
MHTETpUCaHa MPOLIEHA jeIHbEbHa.

[Mormasswbe ,,3aKkibydak cagpKu jelaHaecT 3aKJbydaka KOjH Cy TPYMHCaHH MpeMa UCTPaKUBAYKHM
uenuHama. HaBeneHo je na cy uctpaxuBama ycMepeHna Ha HSP90 mpyxuia monekyne 3a Oynyha
MEXaHUCTUYKA UcTiuTHBama. 11ITo ce Tnue ncrpaxuBama ycmepenux Ha BET mporeunne, moceOHO je
U3/IBOjEHO jenumeme (85) kao Bonehe.
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[Tornarsee ,,Jluteparypa‘ canpxu 458 Hymeprucanux ouobIuorpad)CKux jeIuHUIIA.

[Tornasswe ,,[Ipuno3u caapxu omodpeme 3a Kopuitheme pesyarara J00MjeHUX Kpo3 capaamy ca St.
Jude Children’s Research Hospital v opuriHaJIHA U3BeIITa] O (hapMAKOKHHETUYKOM MPODHUINCABY
jenumema (85) y in vivo yciaoBuma.

4. IPEIVIEZ PE3YJITATA IPEACTAB/BEHUX Y JOKTOPCKOJ JUCEPTALIUJHU

VYV neny ucrpaxuBama nocBeheHoM PROTAC wmonekynuma ycmepenuMm Ha HSP90, mmsaju je
3aCHOBAH Ha TPpH Kiace moyiazHux jmranana 3a HSP90: mupono|2,3-d|nupuMuanHCKoM, THEHO[2,3-
dmupumunauackoM u 4,5,6,7-terpaxunpo- 1 H-unga3zonckoM ckenery. Jucepramnuja mokasyje aa je
MUPOJIOMUPUMUIMHCKY CKeJleT HajOoJke 0uyBao CHaXXHO BesuBame 3a HSP90, kxao u aa cy jeaumema
(3) u (7) mokaszama Hajoosbe oaroBope y CTG rtectry mHa MV4-11 henujckoj muamju. Kon
TUEHOTIMPUMUANHCKE CepUje OuyBaHO Be3uBame 32 HSP90 nuje 6uno npaheHo nogjeHako CHAXKHOM
akTuBHOIIhy y henujama. Y cepuju 3aCHOBaHO] Ha TeTpaxXUAPOUH/A301y, OCH3aAMUIHU JIUTaHy 61O
je CYIepHOpHHUJU y OIHOCY Ha OCH30HUTPWIHY aJTepHATHBY. MehyTum, MmoBOJbHHja (DH3UUKO-
XeMHjcKa U papMaKOKMHETUYKA CBOjCTBAa OCH30HUTPUITHOT MHXUOUTOPA HICY HAIOKHAAUIIA TyOUTaK
apuauTera npema HSP90. Y3epmm y 063up 1a PROTAC monekynu HUCY UCTIOJBIIIN (DEHOTUTICKH
oOpazal] Koju OM jacHO 3aXTeBao OOjallllEHE YCMEPEHO Ha Jerpajanujy, AUPEKTHA Mepera
nerpanauuje HSP90 Western blot metomom Hucy wusBereHa. Melytum, noOujeHH pes3yinTaTu
oMoryhapajy wuIeHTH(UKAIM]y CKeleTa M IOjeIMHAYHUX jeIUhCHha NOroAHMX 3a Oymyha
MEXaHHUCTUYKA UCTIUTUBAbA.

VY neny ucrpaxxuBama nocsehenom HyT monekynuma ycmepenum Ha HSP90 cunrerucano je mecr
MOJIEKyJla 3aCHOBAHHUX Ha TETPAXUAPOMHAA30JICKOM CKEJeTy, y3 Kopuilheme aJaMaHTaHCKOT
xuzpodoOHOT 0berekja U BapHpame MoJa3HoT JIMraHAa U JIMHKepa. Pe3ynTtatu cy mokasanu 1a je
OCH3aMUJIHM JIUTaHJ TMOTOAHUJU O]l OCH30HUTPWIIHOT aHajora 3a odyBame Be3uBama 3a HSPIO0.
Jenumeme (65) U3IBOJEHO je Kao HajyCIEUTHU]U TMPEICTaBHUK OBE CEpHje, ca CyOMHUKPOMOIAPHUM
Be3uBameM 32 HSP90 u Hajuzpaxenujum oaroBopoM y CTG tecty mehy HyT monexynuma. Mnak,
nujenan HyT monekyn Huje mokaszao mpoduit koju Ou onpasaao najby npoieny aerpagamnuje HSP90
Western blot MeTomOM.

VY neny paga nocsehenom BET nporennuma, kpucranorpadceka ananuza PROTAC monekyna (71) y
xomiiekcy ca BRD2(BD2) mocnyxuna je kao ocHOBa 3a AM3ajH amuja u3BeneHux u3 (+)-JQI.
JlonaTHe MHTepakiyje y OJIM3MHU aMUJHOT peruoHa Ouse cy MoJa3uIITe 3a ONTHUMM3AlN]y HOBUX
nuraHazna. Hekonuko XeTepoLMKIMYHUX aMujJa MOoKa3alo je MOBOJbHHUjEe pe3yiTare Be3UBama y
onHocy Ha (+)-JQ1 u 6upabpecud y TR-FRET Tecty, a jequmemne (85) u3aBojeHO je Kao jeaad o
HAjTIOTEHTHUjUX JIMraHajaa 3a OpOMOJOMEHE y HCIUTHBAHOM CKyIly. VcruTaHa je U CeleKTUBHOCT
jenumemna (85), re je mokasaHo Ja ce Be3yje 3a CBuX ocaM ucnutanux opomogomena BET nporenna
y HaHomonapHoMm orcery. Hajsehu apunurer yrBphen je 3a BRD4(BD1), rne je nobujena Kp
BpenHoct ox1 0,4 nM. lonatHo, jenumeme (85) je y MV4-11 henujama ucnospuino oyeKuBaHu edexar
cHIbKewa c-Myc. Ha HuBOy QapmakokuHeTHuke NpoleHe, jenumeme (85) je mokazano BeoMma
MOBOJBAH YKYIHU NMpodui, a in vivo TeCTHpamke Ha MUIIEBHMA II0KA3aJI0 j€ HU3aK KIUPEHC HAKOH
WHTPAaBEHCKE TPUMEHE W BHUCOKY oOpaiHy OuopacmoioxuBoct 60-70%. OBa in vivo
(dapMakoKMHETHYKa MCIUTHBaka oO0aBJbe€HA Cy YCIy)KHO y KoMmmanwju Sai Life Sciences
(Xajnepaban, Muauja) Ha ocHOBY yroBopa usMel)y oBe xomnanuje u St. Jude Children'’s Research
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Hospital, a opuruHamHM u3BemMTa] O (HAPMAKOKHHETHYKOM TMPOPUIUCAKY TPUIIOKEH je
mucepraiju y  Opespky  7.2. KommapartuBHa aHanmza in silico W in  vitro J00WjeHUX
(dapMakoOKMHETHYKUX TapaMeTapa IoKas3ajla je Ja padyHapcka IpeaBuljamba HHCY PaBHOMEPHO
penpoaykoBajga EKCIIEPUMEHTAIHO Jo0ujeHe pesynrare. llpexBuhama cy Owiia KOpUCHA Kao
MHUIMjAJHA anaT, 10K cy TecT Ha Caco-2 henwjamMa M MCIUTHBAKE MUKPO3OMAlHE CTaOMIIHOCTU
ounm omrydyjyhu 3a mporeHy (hapMakOKHHETHYKE MMOTOJHOCTH jelumbera. OBakaB MHTEIPUCAHU
MIPUCTYII IOBEO je 10 n30opa jenumemna (85) 3a naspy in vivo eBaimyanujy.

5. YIIOPEJHA AHAJIM3A PE3VIITATA KAHIMJIATA CA INOJAIIMMA U3
JIMTEPATYPE

VY neny uctpaxupama moceehenom PROTAC monekynuma ycmepenum Ha HSP90, Hajaenocpennauje
nopeheme ca muTepaTypoM OHOCH c€ Ha Hpoio[2,3-d|nupuMUIUHCKY cepHjy. Liu u cap. onucaiu
cy PROTAC wmonekyne 3acHoBane Ha BIIB021 kao nuranmy 3a HSP90 u uznsojum BP3 monekyn
kao epukacan nerpagep HSP90 y monenuma kapuunoma aojke [ 1]. [lupononupumunuucku PROTAC
mostekynu (3) u (7) onmcaHu y JUCEPTAllMjU MMOKA3alu Cy HEJBOCMHCIICHO OYYyBam¢ BEe3WBarmba 32
HSP90, xao u Hajuzpaxxenuje oarosope y CTG tecty Ha MV4-11 henujama. OBu pesynraru cy y
CKJIaJy ca JINTEpaTypHUM IOJallMMa KOjH MOKa3yjy Ja MUPOJIONUPUMHIMHCKU jurasa 3a HSP90
MOJKe OUTH MOTO/IaH ImoJia3Hu eieMeHT 3a qu3ajH PROTAC Morekyna ycMepeHrX Ka OBOM IPOTEHHY.
Honatny notnopy peneBanTHOocTH HSP90 kxao Oumonomixor taprera PROTAC monekyna npyxkajy
PaioBU Y KOjUMa Cy ONUCcanu pa3muuuTh aerpagaepu HSP90. Jiang u cap. onmucanu cy X10g Momnexyn
kao cenekTuBHU nerpagep HSP90o y monmenuma kapuuHoMma nojke [2], mok cy Wurnig u cap.
npuKazanu pas3Boj npBux xerpagepa HSP90 3acHoBaHMX Ha reijjaHaMUIMHY Kao HPUPOAHOM
nHXHOUTOpY oBOT IpoTenHa [3]. ¥ Tymauewmy noteHuujanHux orpannuera PROTAC monekyna koju
perpytyjy uepebnon (CRBN), pereBaHTaH MEXaHUCTHUKHM KOHTEKCT MpeJicTaBiba pax Powell u cap.
y KOME Cy ONMCAaHHM MOJEKYIH Koju MHIYyKy]y aerpaaaunjy CRBN-a u omoryhaBajy ucnutuBame
o6uonoruje ose E3 nurasze [4]. [lopex Tora, y nurepaTypu Cy ONHCAHU JAETPAAECpPH KOJU KOpHCTE
unTepakToM HSP90 3a ycmepaBame Apyrux nporerHa ka aerpananuju, ykibyayjyhu HEMTAC (enr
HSP90-Mediated Targeting Chimeras) nm HIM-PROTAC (enr. HSP90 Interactome-Mediated
Proteolysis Targeting Chimera) monekyne [5,6]. OBu momanu npyxajy MEXaHUCTHUYKU OKBHp 3a
oynyha ucnutuBarwa PROTAC monexyna yemepenux Ha HSP90 koju perpytyjy CRBN.

3a HyT monekyne yemepene na HSP90, nuteparypHa moTmopa olHOCH c€ Ha KOHIIETT XUApohoOHOT
obenexxaBama U Ha u36op nuranana 3a HSP90. Neklesa u cap. cy nokazanu aa mana xuapodobHa
rpyna, NOomyT ajJlaMaHTaHa, MOXKe Ja UHAYKyje Jerpajalujy NpoTeHHa, YUME j€ eKCIEepPUMEHTAIHO
YCTaHOBJbEH TPHUHIUT XUApodoOHOT obenexaBama [7]. OBaj pan moapxkasa u300p aJaMaHTaHCKOT
xunpodoOHor obenexja kao enementa Hy T monekyna. M360p SNX-2112, kao 6eH3aMUAHOT TUTaHAA
3a HSP90, 3acHOBaH je Ha TUTEpaTypHUM MoJanumMa. Zhao 1 cap. OAPEAUIIU Cy KPUCTAIIHY CTPYKTYPY
komIuiekca N-trepmunansor gomena HSP90 u SNX-2112 u nokazanu fja ce oBaj HHXUOUTOP CMeIlTa
y ATII-Be3yjyhu gen HSP90 [8]. Ocum Tora, y aucepranuju je JUPEKTHUM €KCIIepUMEHTATHUM
nopehemem mokazano ga cy 6enzamuaau Hy T monexymu nzBenenu n3 SNX-2112 6wim noBoJbHHU
071 OEH30HUTPUIIHUX aHAJIOTa U3BEIeHUX U3 uHXuouropa (37).

VY neny ucrpaxuBama ycmepenoMm Ha BET nmpoteune, nopeheme ca nureparypom je HEMOCPEIHH]E.
Min u cap. omucanu cy (eHWI-IIIyTapuMuae kKao antepHaruBHe nuranae 3a CRBN y nuzajay
PROTAC monexyna u npukazanau kpuctanorpadceke nogarke 3a PROTAC monexyn y KOMILIEKCy ca
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BRD2(BD2) [9]. V nucepTtanuju je oBaj CTpyKTYpHHU oOpa3all yroTpeOJbeH Kao MoIa3uITe 3a JU3ajH
amuaa u3BeneHux u3 (+)-JQ1, mpu yeMy cy pe3y/iTatd CHHTETUCAHUX jeluibema rmopehenu ca (+)-
JQl u Oupabpecubom kao pedepeHTHUM HHXHOUTOpUMA. Pa3BOj MOTEHTHHMX M OpaHO
ounopacnonoxuBux naxuOuTopa BET nporenna uzBeaenux u3 (+)-JQ1 06jaBibeH je y OpUrHHATHOM
pany Koravovic u cap. [10]. I3BeneHo je u mopeheme padyHapcku mpeaBul)eHuX U eKCIIEPUMEHTAITHO
onpehenux papmakoxkunnernukux napamerapa. Codprsep ADMETIab 2.0 je y nutepaTypH OIUCaH Kao
uHTerpucaHa tiargopma 3a mnpensubhame (QU3UYKO-XEMHjCKHX, (HAPMAKOKMHETHYKUX H
TOKCHKOJIOIIKUX CBOjCTaBa Majux MoJiekyna [ 11], mrro mompikaBa \beroBy MpUMEHY Kao ajiaTa 3a paHo
npoduircame jenumema. KomnaparusHa in silico/in vitro ananu3a hapMaKOKHHETHYKUX Tpoduiia
amua uzBeneHux u3 (+)-JQI1 o6jaBibeHa je y opurunamHoM pany Koravovié u cap. [12].
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7. OBPA3JIOKEILE HAYUYHOI' JOITPHMHOCA JOKTOPCKE JUCEPTALIUMJE

Hayunu ponpuHOC OBe JucepTalyje oriefa ce y CUCTEMaTHYHOM IOBE3MBamby JIM3ajHA, CUHTE3E,
Onoxemujcke W henujcke eBanyanuje W (PapMaKOKMHETHYKOT MpoQuiIncama MaluX OpPraHCKUX
mornekyna yemepenux Ha HSP90 u BET nporeunne. [TocebHa BpeiHOCT paja je y ToMe LITO pe3yaTaTu
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HUCY TyMau€HU HCKJbYYMBO KpPO3 aKTUBHOCT TOjeMHAYHUX jeIUIbCHa, Beh Kpo3 omHoce u3Mely
CTpYKType, apuHUTETA NpeMa MUJPHOM NPOTEHHY, ToHalama y henujama u (papMakOKHHETHYKHX
CBOjCTaBa.

VY neny mucepranmje koju ce omHocu Ha HSP90, mayunu mompuHOC ce cactoju y AcPUHHUCAY
orpanndema 1 Moryhnoctu nmpumene PROTAC u HyT monekyna ka OBOM OHOJIOIIIKOM Taprery.
HcnutuBame BUIE Kiaca JIMTAHAAA, PA3jIMYUTHX JIMHKEpa W PAa3IMUUTUX CTpaTerdja au3ajHa
oMoryhuiio je Aa ce u3Boje CTPyKTYPHH €JIEMEHTH KOjU MOBOJHHO YyTUYY Ha OYYyBarb€ Be3WBamba 3a
HSP90, anu 1 1a ce mokaxke a ouyBaH aQUHUTET ITPeEMa OBOM ITPOTEHHY HHjE caM I10 ceOH JOBOJbaH
3a cHaxaH edekar y hemujama. Takohe, mokazaHo je Ja TOBOJbHHMja (U3UYKO-XEMHUjCKA U
(hapMaKOKMHETHYKA CBOjCTBA MOJa3HOr OeH30HUTpIIIHOT Juranaa 3a HSP90 e mory na nHagokHane
M3pakeH ryoutak ahuHUTETa Ka Bhemy. Jlucepranyja je npyxuiia palnoHallHe CMEpHHUIIe 3a Oynyhu
mu3ajH gerpagepa HSP90 um wucTOBpeMeHO jacHO yKazajia Ha MOJIEKyJie IIOTOJHE 3a Jajba
MEXaHHCTUYKA UCTIUTUBAbA.

VY neny pana yemepenoM Ha BET nporenne, HaydHU JOPUHOC j€ U3paKeH KPo3 KopHUITheme ca3Hama
nobujenux w3 oxaroapajyher PROTAC wmomekyna 3a pa3Boj yHampeheHHX WHXHOUTOpA.
Kpucranorpadcku nopamu o kommiekcy PROTAC monekyna (71) ca BRD2(BD2) uckopunrhenu cy
Kao TOJa3uINTe 3a MU3ajH amuaa m3BeaeHux u3 (+)-JQI1, umMme je mokaszaHo aa mHDOpMaluje o
CTPYKTYpH J100UjeHEe Y KOHTEKCTY Jerpajiepa MOry OUTH MPUMEHEHE Y ONTUMU3AILN]U PePEPEeHTHUX
nHXuOUTOpa. Pa3zBoj XeTepOUMKINYHUX amMHuaa OMOTyhHo je yCrocTaBibamke OJHOCA CTPYKTYpe H
aKTHBHOCTH y KOje€M Cy TOJI0KajH XeTepoaToMa M MHTEpaKiyje y Onu3uHn aMuaHe QyHKINOHATHE
rpyne O6unu 3Ha4ajHHU 3a noBehame nmoTeHTHocTU. [locebaH HayyHM 3Ha4aj UMa HACHTU(UKAIK]a
jenumema (85) kao Boaeher y cepuju ammna usseneHux u3 (+)-JQ1. OBo jenumeme je Mmokasano
CHa)XXHO BesuBame 3a OpomomomeHe BET mporemHa, akTHBHOCT Yy TECTOBMMAa Ha heujcKUM
JTuHUjama, Moaynauujy c-Myc y MV4-11 henujama, kao ¥ moBoJbaH (papMaKOKMHETUYKHU PODUI y
in vitro u in vivo ucnutuBambuMa. Ha Taj HaumH nucepTraiyja moxkasyje a onTuMu3aiija HHXuouTopa
BET nporenHa He MOXe Ja ce 3aCHMBA caMO Ha IMOTEHTHOCTH y OMOXEMHjCKOM TecTy, Beh 3axTeBa
HMCTOBPEMEHO pa3Marpame akTUBHOCTH Yy henmjama, mepmeabmiHOCTH, eduiykca, CTaOUITHOCTH y
IUIa3MH, MHKPO30MajlHE CTaOMJIHOCTH M TOHAllama jelAHIbemha Yy KMBOM opraHusmy. JlomaTHu
JIOMIPUHOC JUCEpTalHje NpPEeACTaB/ba KPUTHYKA MPOICHa NPUMEHJBHBOCTH (HapMaKOKHHETHUKUX
ocobuna mnpensuheHux in silico merogoMm y pas3Bojy muHxubutopa BET mnpoteuna. Ilopehewmem
padyHapcKy npeABUleHHUX U eKCIIEPUMEHTAIHO ofipel)eHHnx mapaMmerapa MoKa3aHo je Jla pauyHapCKH
aJIaTH MOT'Y MHUIIMjaJTHO OMTH KOPUCHH, aJIH J1a HE MOT'Y 3aMEHUTH eKCTIEPHUMEHTAITHO Tpodurcame,
noce0HO ucnuTuBame Caco-2 nepMeadbuIHOCTH U MUKpo30MaliHe cTabuiaHOoCTH. OBakaB 3aKJbydak
MMa TpakTUYaH 3Haua] 3a IUIAHUpame NajbUX HCTpaKHWBama, jep yKaszyje Ha moTpely Ja ce
padyHapcka mpenBuhama KOpHCTe Kao MOMOhHHU, a HE Kao OmIydyjyhul KpUTepHujyM Mpu H300py
Jjenumbena 3a 1ajby eBallyalujy.

VY nenuHu, Hay4YHU JOMPUHOC JUCEpTalllje OIIea ce y MHTErpaliju KpucrajiorpadCKux noaaraka u
BUIIIECIIOjHE OMOXeMHjcke, OuoJomke U (QapMaKOKMHETHYKE eBaldyaldje IMpH pa3Bojy Malux
OpPTraHCKUX MOJIEKYJIa YCMEPEHUX Ha JiBa TepalujCKU pejieBaHTHA NMPOTEHHA. Y JieNy Koju ce 06aBu
HSP90, nucepranyja npyxa cMepHule 1 orpannuea 3a Oynyhu pazsoj PROTAC u HyT monexyna,
yKIbyuyjyhu Qopmynncame MexaHUCTHUKEe XHIoTe3e Ja HeHamepHa neruienidja CRBN-a ycnen
nejctBa PROTAC wmonekyna ycmepenux Ha HSP90 koju perpytyjy oy E3 nmrazy moxe
Mpe/ICTaB/baTH MEXaHM3aM KOjU OrpaHudaBa e(HUKacHOCT Jerpajanyje LHUJBHOI MpOoTeHHa U
KOMIUIHKYje TyMadewe (peHoTurckor oaroopa. ¥ aeny koju ce 6asu BET nporennuma, nonpuHoc
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ce ornefa y pasBojy amuia uspegeHux u3 (+)-JQ1 Ha ocHOBYy kpucTamorpa)ckux Iojparaka,
uaeHTUGUKANMjH jeumena (85) ka0 ONTHMH30BAHOT, MOTEHTHOT W OPAIHO GHOPACHOIOKUBOT
Bozeher jefumema Ha 0CHOBY GHOXeMUjCKHX, fienjckuX i hapMakoKUHETHUKIX Pe3yiITaTa, Kao | y
QHAM3KM  [IPUMEHJBUBOCTH  padyHapckuX (apMakOKHHETHUKMX [peisuljara y ofgHocy Ha
eKCIepUMeHTanmo ofpeljeHe mapaMeTpe 3a OBY Cepujy jeliHILEba.

8. IPOBEPA OPUT'HHAJTHOCTH MNOKTOPCKE JJUCEPTAIIUJE

Kopnmihemem nporpama iThenticate y Vausepsurtercko] 6Gubmuorerm ,,Crerosap Mapxosuh® y
Beorpazy usBpuieHa je mpoBepa OPHIMHAIHOCTH JIOKTOpPCKE IMCEPTAMje KAHAMAATa Mar. QapM.
Mnanena Kopasosuha nop maciaoBom: ,JIW3ajH, cHiTesa W OWOJOIIKA KapaKTepH3alyja MaInX
OPTAaHCKUX MOJIEKya Koju HHAYKY]y nerpanarmujy HSP90 u BET nporensa™ u ga ¢y ca pe3yjararoM
MpoBepe yHnosHarH WwiaHoBK Komucuje 3a oneny u o0pany 3aBplicHe JOKTOPCKE AWCEpTanmje: ap
ci. Karapuna Hukonuh, pefosrn mpodecop, Yausepsuter y Beorpany — ®@apmarieyTekn dakymnter;
ap cu. T'oprana Tacuh, Barpenuu npodecop, Yuusepsuter y Beorpany — @apmarieyTeku daxyirrer;
Ap cu. Munena Korauernh, nouent, Yuusepsurer y Beorpany — ®apmaneyTcku dhakyirer, Jp c.
Tatjana Cpauh-Pajuh, sayunu casetnuk, WHCTHTYT 3a oEKOMOTHjy 1 paguonorujy Cpbuje.

llporpam iThenticate je permerposao 5% moknanama ca 12 m3sopa. V CBIM H3BOPUMA je CHUTHOCT
TEKCTA y Te3! ca N3BOpoM u3HocwiIa 1% nunm <1%, mTo je mocneauna omNTuX MECTA ¥ HO1ATAKA.

Y cxnagy ca [IpaBuiHuKOM 0 TIOCTYIIKY MPOBEPE OPUIHHAIHOCTH JOKTOPCKHAX THcepTandja Koje ce
Opanc Ha VYuuBepsuTeTy y Beorpagy, pesynrard IpoBepe yKasyjy Ha OpPHTHHATHOCT HABCACHC
JIOKTOPCKE JucepTalMje (TMO3UTHBHA OLEHA), T¢ ce HOCTYNAK NMPATIPEME 3a FeHYy of0paHy MOXKe
HACTABUTH.

¥V Beorpany, 10.6.2026.
Mewntopn:

ldlle e

Jp c1. Bnagumup Casuh, pegosun upogecop

Yuusepsutet y beorpajy — ®apmaueyTcku (akynret

Zr_ ! L//Z((" 7@‘}\(&6 LV%L—
7

Hp cu. bojan Mapkosuhi, peosuu mpodecop

Vuusepsurer y Beorpany — ®@apmaueyrckn dakyirer
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9. MPEQJIOT KOMHMCHJE 3A OLHHEHY 3ABPIIEHE TOKTOPCKE MTUCEPTALIUJE

Ha ocuosy ctpyune onene mayuwor cagpxaja, Komucuja 3akibyuyje na JOKTOpCKa JMCEpTALHja
kaHmuaaTa Mnanena KopasoBuha, Maructpa dapmainvje, cajipkM CHCTEMATCKM ITPUKA3aHO
UCTpa’KMBaFe M TPEACTABIbA OPUTUMHATHO W aJleKBATHO HaNMCaHO Hay4dHo Jeno. Kammmmar je
YCHCUIHO DEAIM30BA0 TOCTAB/hEHE MW/BERE HCTPAXKMBAKLA, a pE3YIATaTH MPUKA3AHH Y OBOj
HOKTOPCKO] ITHCEPTAIMjH MpeficTaBlbajy 3HadajaH HayuHW JAONpUHOC y obnactn dapmaieyTcke-
MEJUITHHCKE XeMH]e.

Pesynratn qokropeke auceprauuje myGIHKOBAHM ¢y y neT 6GubmmorpadycKux je MHIIA: j€HOM pajly
y Bonehem mehynapognom yaconucy xareropuje M2la, aBa pana y mehyHaponHuM uwacolucuma
kareropuje M23, jennom pajy y BofiehieM HWanmoHamHOM Yacolmcy kareropuje MS1 um jemmom
CaoIIITERY Ca CKyIa HAllMOHATHOT 3HaYaja MTaMIaHOM Y W3Boay Kareropuje M64,

Ha ocHoBy cBera msnoskenor, KoMrcHja mo3HTHBHO olemyje NTOKTOPCKY AMCEPTALM]Y KaHAMIATA
Mnanena Kopasoswha mon masmeom ,JluzajH, cuHTesa u OHONOWIKA KapaKTepH3allHja MamuX
OPraHCKHMX MoJieKya Koju MHayKy]y Aerpaganujy HSP9O u BET nporeuna® u npeanaxe Hacrauo-
nayurnom Behy Yausepsnrera y beorpany — @apmareyTckor dakynreta fa mpuxsaru osaj MsperrTaj
u ynyTH ra Behy Hayunux obnacru MEIMUIMHCKHX HAayKa pajd MOGWjarka CAITacHOCTH 3a jaBHY
of0pany JOKTOPCKE IUCepTalMje.

Y Beorpany, 12.6.2026.

Nora

Ap cu. Karapuna Huxonufi, penoau npodecop, npexcenaux Komucuie

Vuusepautet y Beorpany — ®apmaneyteku Qakyirer

[/ - ;
"’JJ-r L % o o
J O op /f/ Q f-f-r‘/\
s - "
Hp cu. Topnana Tacuhi, Baupegau npodecop

Yuusepsurer y beorpagy — ®apmarieyTcku daxyirer

/ 1 L [
%{%d ch’ﬁu-t -/L(Lf/L(f.tstL

Jp c1i. Munena Kosayeswh, goment

Yaugepsurer y Beorpany — Qapmaneyteku daxyarer

/ } T

Ugh- It o
Hp cu. Tatjana Cpauh-Pajuh, nayunu casetank
WrcrutyT 3a onkonornjy u pagmonorujy Cpbuje
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YHUBEP3UTET Y BEOT'PAZLY - PAPMAIIEYTCKH ®AKYJITET
HACTABHO-HAYYHOM BERY

KOMMCHJIM 3A ITOCJEJTUILIOMCKY HACTABY - IOKTOPCKE CTYJANJE

HU3BEIITAJ O OPUT'MHAJTHOCTH JOKTOPCKE JUCEPTALIMJE
[TomrroBann,

O6asemrasaMo Bac na je kopumhemem nporpama iThenticate 'y YHUBEP3UTETCKO]
oudmuorenu ,,Cserozap Mapkosuh” y beorpaay 3aBpuieHa mnpoBepa OpPHUIHHATHOCTH
NOKTOpCKe Jucepraumje Kanaupara mar. ¢dapM. Mnanena Kopasosuha mox HacnoBom:
,Jlu3ajH, cuHTe3a ¥ GMONIOIIKA KapaKTepH3alija MaTuX OPraHCKAX MOJIEKYJIa KOjH HHIYKY]Y
nerpaganujy HSP90 u BET nporenna™ n 1a cy ca pes3yJiraTtoM IpOBEpe YIO3HATH YIaHOBA
Komucrje 3a oleHy M onbpaHy 3aBplieHe XOKTOpCKe mucepramuje: Ap cu. Karapuha
Hukomuh, penoun npodecop, Yuupepsutet y Beorpany — ®@apmaneyTcku dpakynrer; ap CI.
Topnana Tacuh, Banpeanu npodecop, Vuusepsuter y beorpaxy — ®apmaueyTcku Qakyret;
1p ci. Munena Kopauesuh, nouent, Yuusepsurer y beorpany — ®apmaueyTcku (akynrer:
ap cu. Tarjana Cpauh-Pajuh, maysnn caetHuk, MHCTHTYT 3a OHKOJOTHjY H PanHONOTH]Y
Cpbuje.

Iporpam iThenticate je peructpoBao 5% mokiamama ca 12 u3Bopa. Y CBHM H3BOpHMA je
CJIMYHOCT TEKCTa y Te3W ca M3BOpoM M3Hocwna 1% wmm <1% wTo je mocneauna ONmTHX
MECTa M 1ojiaTaka.

Y cknagy ca [TpaBHIHMKOM O TMOCTYNKY MPOBEPe OPUTHHATHOCTH JOKTOPCKHX JHCEpTallija
Koje ce Gpame Ha YHuBepsuteTy y beorpaiy, IOCIaTH pe3yiTaTH TpoBepe yKasyjy Ha
OPHTHHATHOCT HaBEJeHe JIOKTOpPCKe Aucepranuje (MO3MTHBHA OLEHA), T Ce IPONUCAHH
TMOCTYIAK IPHUIIpeMe 3a BeHy 00paHy MOXe HaCTaBUTH.

V Beorpany, 10.06.2026.

MenTopH:

. e

[Ipod. ap Bragumup Casuh

Yuusepsuter y beorpany - ®apmaneyTckn dakynrer

7 L--’((r(“k,b{;(t, qffL

/ ITpo¢. ap bojan Mapkosuh

Vuusepsurer y Beorpany - ®apmarnieyTcku GpakyiTer
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-Komucuju 3a nocneduniomcke cmyouje — 00KmopcKe akademcke cntyouje-

U3JABA

UsjaBibyjeMo Ja HHjeJaH €0 [OKTOpCKe JMCEpTallHje noa HasusoM ,JIH3ajH, CHHTE3a H
6HOTIOIIKA KAPAKTEPH3aIlHja MATTHX OPraHCKAX MOJIEKYJ1a KOjH HHAYyKyjy Aerpajauujy HSP9O
u BET nporeuna® vuje ypaljen y 3/ipaBCTBEHO] YCTaHOBH.

JeqaH €0 EKCIePUMEHTATHOT pala Koju Ce ONHOCH Ha in Viro (PH3MIKO-XEMH]CKY,
6uonomKy ¥ (hapMaKOKHHETHYKY KapakTepH3alldjy MOJIEKy/la pealu3oBaH j€ TOKOM
HcTpaxkuBaukor Gopaska kanauaara y Department of Chemical Biology and Therapeutics y
St. Jude Children’s Research Hospital (Memduc, CAJI) y oksupy [Iporpama capazise Cpricke
HAayKe ca JMjacriopom: BaydepH 3a pasmeHy 3Hama Qomnza 3a nayky PemyOumke Cpbuje
(akponum: DeSyHPRO, eBuaenumonn 6poj: 6463913), ka0 M Kpo3 HAacTaB/beHY HAay4Hy

capaamy u3Melh)y HaBeJleHHX yCTaHOBa.

VY Beorpany, 12.06.2026. Mnanen KopasoBuh, 10KTOpaH/
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ARTICLE INFO ABSTRACT

Keywords: An X-ray structure of a CLICK chemistry-based BET PROTAC bound to BRD2(BD2) inspired synthesis of JQ1

BET inhibitors derived heterocyclic amides. This effort led to the discovery of potent BET inhibitors displaying overall improved

j\Ql'd profiles when compared to JQ1 and birabresib. A thiadiazole derived 1q (SJ1461) displayed excellent BRD4 and
mides

BRD2 affinity and high potency in the panel of acute leukaemia and medulloblastoma cell lines. A structure of 1q

co-crystalised with BRD4-BD1 revealed polar interactions with the AZ/BC loops, in particular with Asn140 and
Tyr139, rationalising the observed affinity improvements. In addition, exploration of pharmacokinetic properties
of this class of compounds suggest that the heterocyclic amide moiety improves drug-like features. Our study led
to the discovery of potent and orally bioavailable BET inhibitor 1q (SJ1461) as a promising candidate for further

development.

1. Introduction

Histones are positively charged proteins that enable cells to pack and
protect DNA molecules via interactions of lysine residues with acidic
phosphate moieties of DNA creating chromatin [1,2]. Stability of this
complex can be affected by acetylation of the e-amino functionality of
lysine, a transformation that eliminates basicity of this group and pre-
vents its involvement in the ionic bond formation with the phosphates
[3-5]. A consequence of the acetylation is a loss of DNA-histone contacts
and formation of a complex with weak interactions which consequently
promotes gene expression. One of the major mechanisms of chromatin
activation involves recognition of N-acetyl lysine residue at the N-ter-
minal tails of histones by the Bromo- and Extra-Terminal domain (BET)

* Corresponding author.
** Corresponding author.

family of proteins [6-8]. Four members of this family have been
described to date: BRD2, BRD3, BRD4 and BRDT [9-14]. The structure
of BET proteins comprises of two bromodomains (BD1 and BD2), an
extraterminal domain (ET) and a C-terminal domain (CTD) [15]. The
BDs are hydrophobic regions created by four a-helices (Z, A, B and C)
and two loops (ZA and BC) and can recognise N-acetyl residue in his-
tones and other proteins [16]. The ET domain is involved in recruitment
of various components of the transcriptional complexes while CTD,
present only in BRD4 and BRDT, interact with positive elongation factor
(p-TEFb) [17,18]. BET proteins are involved in various pathophysio-
logical processes, but particularly important is their role in cancer
development [19-21]. In recent years a range of BET inhibitors have
been described in the literature (Fig. 1) [22-25].
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The first amongst them was diazepine derivative 1a known as JQ1,
now widely used as a tool in studying BET biology [26]. JQ1 displaces
BRD4 from chromatin and induces differentiation, G1 cell cycle arrest
and apoptosis in cancer cells such as human-derived NUT midline car-
cinoma [27]. However, the compound’s short half-life in vivo prevented
its progression into clinical studies [28]. On the other hand, its amide
derivative known as birabresib, 1¢, entered clinical trial demonstrating
dose-proportional exposure, favourable safety profile and activity in
NMC [29]. Our interest in BET inhibitors sparked from an X-ray struc-
ture of a CLICK chemistry-based BET PROTAC bound to BRD2(BD2)
revealing novel ligand-protein interactions. This observation followed
by an optimization effort described here led to the discovery of potent
BET inhibitors displaying overall improved profiles when compared to
JQ1 and birabresib.

2. Results and discussion
2.1. Background of the study

Proteolysis-targeting chimeras (PROTACs) have received consider-
able attention in recent years as a promising novel paradigm in drug
discovery [30-38]. Our interest in developing novel BET-PROTACs led
us to the discovery of a series of CLICK-based degraders such as 7 (Fig. 2)
that displayed significantly increased affinity in BRD2 TR-FRET assay
compared to parent JQ1 1la and related PROTACs such as dBET1 8
(Fig. 2) [39-41].

This finding suggests that the side chain of the click PROTAC forms
additional interactions resulting in improved BRD affinity. Indeed, the
crystal structure of CLICK-PROTAC 7 in complex with BRD2/BD2 that
we previously generated (PDB: 6WWB) showed several additional in-
teractions with the protein compared to JQ1, which included a water-
bridged hydrogen bond network between NH-amide/Asn429 and CO-
amide/Leu381, and hydrogen bonding between the amide triazole/
His433 (Fig. 3A) [39]. The electron density around the thalidomide part
of ligand 7 was weak and its role is not clear. The crystal structure
generally revealed that the network of H-bonds created by 7 is similar to
1a (JQ1) in the corresponding region except JQ1 is lacking an interac-
tion with Leu381 (Fig. 3B) (PDB:3ONI) [26]. Similarly to 1a, 1c (bir-
abresib) in complex with related BRD4 (PDB: 5WMD) adopts an
analogous conformation with the key interactions involving the amide
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functionality (Fig. 3C) [42]. Here the H-bonding network is more
complex and includes water-mediated H-bonds with Leu92, Asn140, and
with a non-conserved Aspl144 in lieu of His433 in BRD2. The phenol
moiety of 1c that is projecting towards the solvent may be important for
balancing other properties of this ligand. All three ligands maintain
H-bonding with the conserved Tyr386 via a water molecule. These re-
sults suggest the critical role of the triazole moiety in improving the
affinity of the PROTAC ligand towards BRD2/BD2.

2.2. Chemistry

To explore and further leverage these novel interactions, we syn-
thesised several JQ1 amide derivatives and compared their properties
with the parent inhibitor as well as with a more potent birabresib 1c
(Table 1). Our focus was on substituents that can probe the subpocket
occupied by the 1,2,3-triazole in 7. Consequently, majority of com-
pounds contained heterocyclic substituents with the potential to create
H-bonding interactions. All amides were synthesised from the appro-
priate acid 9 and amine using either HATU or DEPBT as coupling re-
agent in presence of DIPEA as base and in DMF as solvent, Scheme 1. The
amides were isolated by column chromatography in 20-95% yields.

2.3. BRD2/BRD4 binding assay

Binding affinity of the synthesised amides were determined in TR-
FRET assay against BRD4 and BRD2 proteins, as shown in Table 1. For
both proteins BD2 seems to be more sensitive towards the ligands with
several compounds showing sub-nanomolar activity and better potency
than JQ1 1a or birabresib 1c. In general, majority of compounds pos-
sessing a heterocyclic ring within the amide moiety showed higher af-
finity to BRD2 than the parent JQ1 1a or birabresib 1c. Interestingly,
glycine ester derivative 1m (ICso BRD2/BD1 3.4 nM), also showed a
high affinity in this assay, possibly having the ester group engaged with
the protein in a similar, bioisosteric fashion to five membered hetero-
cycles [43,44]. This is well exemplified by comparing the activities of
1m (ICs9 BRD2/BD1 3.4 nM) and oxazole derivative 1i (ICso BRD2/BD1
9.2 nM). Derivatives with the benzyl type of structure, 1d-f, 1h, 1i and
1k, were less potent than the most active thiadiazole 1q (ICsg
BRD2/BD1 1.6 nM) with the shorter amide chain. Notably, structurally
similar to 1q, thiazole derivative 1o (ICsy BRD2/BD1 10.9 nM)

/N~
/N OMe
s NX OMe O
&l H
=N >fR _N NH
d 8! NMe _
oo /g MeO N
N~ 0
H O/\/OH
1 a.R=Ot-Bu (JQ1) 2 3
cl b. NH,
¢. NHCgHgp-OH (birabresib) _
+
O~ |
0 7 N\ §
NP
N
I HN
N F
Z>N-N
\
© N \N/g
EtSO,HN F .
2 A ""SOH 6

Fig. 1. Selected BET inhibitors reported in the literature.
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Fig. 2. JQ1 derived PROTAC compounds.
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Fig. 3. Comparison of ligand binding modes of BET family members. Crystal structure of BRD2/BD2 in complex with (A) 7 (magenta, PDB: 6WWB) and (B) JQ1, 1a,
(yellow, PDB: 30NI). (C) Crystal structure of birabresib, 1¢, bound to BRD4/BD1 (purple, PDB: 5SWMD). Hydrogen bonds are shown as dotted lines.

demonstrated lower affinity suggesting significance of an additional
nitrogen or perhaps better positioning for the H-bonding interacting
group. Surprisingly, we did not observe a difference between 1k (ICs
BRD2/BD1 16.3 nM) and the N-deleted analogue 1g (ICso BRD2/BD1
21.7 nM). This may suggest that positioning of heteroatom in the amide
moiety is important for the affinity. A similar trend was observed in the
BRD4 assay. Derivative 1q (ICso BRD4/BD1 6.5 nM) was amongst the
most active compounds with isoxazole 1h (ICsg BRD4/BD1 5.7 nM)
having comparable activity and glycine derivative 1m (ICso BRD4/BD1
2.8 nM) being even slightly more potent.

Overall, several of our most active compounds described above
performed better in both BRD4 and BRD2 binding assays than JQ1 1a or
birabresib 1c¢ (Table 1).

2.4. Cell-based assay

Encouraging initial results prompted further profiling of the syn-
thesised amides in cancer cell viability assays. The cell line selection was
influenced by our general focus on high risk paediatric cancers such as
acute leukaemia (MV4-11, NALM-16, MOLM-13) and medulloblastoma
(HDMBO03, D283), the two leading causes of childhood cancer death.
(Table 2). Cells were treated with compounds over 72 h, and their
viability was assessed using the CellTiter-Glo assay kit (Promega). The
ICs¢ values were determined by the proprietary software Robust Inves-
tigation of Screening Experiments (RISE), developed in house on the
Pipeline Pilot platform (Biovia, v. 17.2.0) [45]. Medulloblastoma cells
HDMBO3 showed high sensitivity towards 1i (ICso 1.0 nM) and 1q (ICsp
6.6 nM), which were very potent in biochemical assays as well. Com-
pound 1i was ~90-fold and ~130-fold more toxic than JQ1 1a (ICso
90.3 nM) and birabresib 1c (ICso 134.3.3 nM), respectively. It is also
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Table 1
Potency of the JQ1 amide derivatives.®.

compound 1, NHR ICso [pM]” BRD4  ICsq [M]” BRD2
(BD1) BRD4(BD2)  (BD1)BRD2(BD2)
1a (JQ1) - 0.0482  0.0132  0.0285  0.0095
1c H 0.1810  0.0098  0.0587  0.0032
(birabresib) N \©\
OH
1d u 0.0790  0.0013  0.0086  0.0018
H [ N
.-N N
1le I 1.4127 0.0261 0.6396 0.1616
N‘
H | .N
N N
1f | 0.0823  0.0006 0.0176  0.0030
N
H
ALY
1g 0.7251  0.0003  0.0217  0.0002
H
1h = 0.0057  0.0002  0.0031  0.0001
H [0
NN
1i 0.0104  0.0003  0.0092  0.0001
- N
1j H 0.0346  0.0065 0.0321  0.0096
.N._COOMe
N
R
N
H
1k =z 0.0405  0.0007  0.0163  0.0003
H |
/N \N
11 H 0.1058  0.0004 0.1467  0.0003
.N__COOH
1m H 0.0028  0.0001  0.0034  0.0001
.N__-COOMe
1n H 0.0212  0.0033  0.0222  0.0025
—'N\/\OH
10 H 0.5138  0.0016 0.0109  0.0026
,’N\|4N
S\/)
1p H 0.7401  0.0600  0.2529  0.0505
NeoN _< >
|
N
H
1q (8J1461) i 0.0065  0.0002  0.0016  0.0001
g
s\//N

# See Supporting Information for SD values.
b TR-FRET assay.

worth noting that heterocyclic amides 10 (ICsp 4.6 nM) and 1d (ICsq 3.8
nM) showed >20-fold better potency than 1a or 1lc. Leukaemia cells
NALM16 displayed similar sensitivity towards 1i (ICsg 0.8 nM) and 1q
(ICso 3.6 nM), while birabresib 1¢ (ICsg 14.0 nM) demonstrated
~15-fold lower potency than 1i. Additional heterocyclic amides such as

Cl

HATU or DEPBT S
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1d (ICs0 7.3 nM) or 1o (ICsg 6.4 nM) also showed significant potency
against this cell line supporting generally observed trend for the JQ1
heterocyclic amide derivatives. A similar tendency was observed in
other cell lines, although, with less significant differences in activity of
the most active amides 1i/1q and JQ1 la/birabresib 1¢ (Table 2).
Glycine derivative 1m showed differences between the results obtained
in two assay formats. Specifically, 1m showed considerably higher af-
finity in TR-FRET assay (ICso BRD2/BD1 3.4 nM, ICso BRD4/BD1 2.8
nM) compared to its activity in cell-based assays (IC5p 9.9-359.2 nM).
Similar trends were obtained with other two amino acid amide ana-
logues 11 and 1j. The observed lower potency in the cell-based assays
might indicate susceptibility of the amino acid derive amides to hy-
drolytic transformations affecting activity of these compounds.

Based on overall properties compound 1q was selected as a lead
compound and progressed to BROMOscan™ profiling, where it showed
high affinity for all BET isoforms (Fig. S2). Furthermore, the lead com-
pound 1q effect on MYC was assessed in MV4-11 cell line by immuno-
blotting. In this study 1q showed a very similar profile to JQ1 and
birabresib. After 6 h incubation at 100 nM concentration of 1q MYC
protein abundance were reduced to around 50%, while at 1 pM con-
centration of 1q MYC protein levels were down to 22% (Fig. S3/4).

2.5. Structural studies

Given the promising activity of JQ-derived heterocyclic amide ana-
logues we set to explore interactions of these derivatives with BRD
proteins in more detail. We solved the X-ray crystal structures of two of
our compounds, 1k and 1q, bound to BRD4/BD1 (Fig. 4a-b). At reso-
lutions of 1.05 A with 1k (PDB: 7RN2) and 1.18 A with 1q (PDB: 7RMD)
the electron density for placement of the ligand is unambiguous
(Fig. S5). Analysis of the binding mode shows that both 1k and 1q
occupy the same position in the active site of BRD4/BD1 as JQ1 1a and
birabresib 1¢, Fig. 4c-d. In all cases, the conserved diazepine fragment is
located deep in the pocket and H-bonds with Tyr97 through a water
molecule. The amide substituents, pyridine in 1k and thiadiazole in 1q,
are oriented in the same area of the binding pocket as the ester moiety in
JQ1 1a or the amide fragment of birabresib 1c¢ and interact with ZA and
BC loop residues. Like 1a/1¢, 1k and 1q H-bond directly with the amide
NH moiety of Asn140 in the BC loop. Although 1k and 1q both contain a
triazole functionality, the amide substituents are oriented orthogonally
to one another and thus interact with the CO moiety of Asn140 in
different ways. The conserved water bridging the H-bond with Asn140-
CO binds to the secondary amide in 1k but interacts with the thiadiazole
nitrogen of 1q. This allows the pyridine nitrogen of 1k to interact with a
second water creating an additional H-bond with Asn140-CO like in JQ1
la and birabresib 1c. This second water-mediated H-bond involves
Aspl44 as well, which 1q lacks. Yet, 1q contains a unique interaction
where the thiadiazole interacts with Tyr139 in the BC loop, again
through a water-mediated H-bond. Another water-mediated H-bond
bridges the amide carbonyl in 1k to the backbone oxygen of Leu92 in the
ZA loop and is also observed in birabresib 1c. This interaction requires
two waters in 1q and is missing in JQ1 1la. The variability in water
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Scheme 1. Synthesis of amide derivatives.
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Table 2
Cell lines studies of the amide derivatives.”.
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amide HDMBO03, IC50, uM D283, IC50, uM NALM16, IC50, uM MOLM-13, IC50, uM MV-4-11, IC50, uM
1a (JQ1) 0.0903 0.0609 0.0189 0.0247 0.099
1c (birabresib) 0.1343 0.0669 0.0140 0.0112 0.022
1d 0.0038 0.9645 0.0073 0.0035 0.253
le 0.0407 0.2275 0.0145 0.0110 0.059
1f 0.3589 0.7892 0.0938 0.0526 0.143
1g 0.6190 0.5763 0.4524 0.3857 0.729
1h 0.0173 0.0252 0.0121 0.0147 0.032
1i 0.0010 0.0187 0.0008 0.0022 0.018
1j 1.2443 2.9340 0.7914 0.2002 1.138
1k 0.2630 0.2280 0.0148 0.0089 0.444
11 9.3408 >8.8486 >8.8486 2.4027 3.055
1m 0.3592 0.3374 0.0164 0.0099 0.297
1n 0.0427 0.4132 0.0071 0.0088 0.033
1o 0.0046 0.1493 0.0064 0.0220 0.040
1p 0.2546 0.7492 0.1723 0.3189 0.182
1q (SJ1461) 0.0066 0.0562 0.0036 0.0102 0.020

@ See supporting information for full data.
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Fig. 4. High-resolution structures of JQ1 derivatives bound to BRD4(BD1). (A) 1k interacts with Asn140, Asp144, and Leu92 (PDB: 7RN2). (B) 1q interacts with
Asn140 and Tyr139 (PDB: 7RMD). (C) JQ1 1a (PDB: 3MXF) interacts with Asn140 and Asp144. (D) birabresib 1¢ (PDB: 5SWMD) interacts with Asn140, Asp144, and
Leu92. Dotted lines represent hydrogen bonds and red spheres represent ordered water molecules. Ligand electron densities are shown in SI Fig S2.

placement between 1q, 1a, and 1c/1k is most likely a consequence of
the orientation of the analogues. This suggests that the amide group is
critical for high affinity but also demonstrates that additional important
H-bonding interactions are possible by the amide substituent. It is also
worth noting that all these additional contacts are created on the rim of
the BD binding pocket towards the solvent. Therefore, this provides
opportunity to further derivatise the amide moiety to optimise, for
example, physico-chemical properties without diminishing binding

affinity.
2.6. Physico-chemical and ADME studies

Upon demonstrating the beneficial effect of the heterocyclic sub-
stituent for the anti-tumour cell activity of JQ1 derivatives, we sought to
determine how this moiety influences their drug-like properties
(Table 3, and Supporting Information) [46]. Solubility for the



M. Koravovic et al.

compounds was established in phosphate buffer solution after 18h in-
cubation period at room temperature (Table 3) [47]. Concentration of
dissolved compounds was measured by UV spectrometry. The solubility
of heterocyclic amides was found to be generally greater than that of
JQ1 1a (37.5 pM) or birabresib 1c¢ (23.4 pM), with triazole 1e (80.8 pM)
being the most soluble. The solubility of pyridine derivative 1k (72.5
uM), was comparable to 1e, whereas thiadizole derivative 1q (12.0 uM),
showed lower solubility than its derivatives, including JQ1 1a and bir-
abresib 1c. Next, we evaluated permeability of the amides using parallel
artificial membrane permeability (PAMPA) and Caco2 assays [48,49].
PAMPA assay was performed in parallel with compounds dissolved in
DMSO and further diluted with phosphate buffer solutions. Donor and
acceptor plates were analysed by UV spectrometry after incubation
period of 0.5h. The results outlined in Table 3 suggested that the pres-
ence of polar NH/OH bond slowed down permeation of compounds (1d,
2.1; 1n 20,8; 1j, 0; 11, 0.5 x10~%cm/s) through the nonpolar PAMPA
membrane while the heterocycle ring seemed to have a balanced effect.
Lead compound 1q (534.0 x10 %cm/s) demonstrated good perme-
ability, while the compounds with lipophilic amide groups showed the
highest permeation (1a >1800, 1g 1797.1; 1p > 1800 x10 %cm/s). In
Caco2 assay we observed low permeability for the above mentioned
NH/OH derivatives while 1h (Pap, 150.34 nm/s), 1k (Papp 98.4 nm/s)
and 1q (Papp 66.5x nm/s) performed better than others. Compared to the
heterocyclic amides birabresib 1c (P,,, 221.6 nm/s) showed better
permeability in Caco 2 than PAMPA assay. Interestingly, whereas some
of the analogues such as 1f and 1e were subjects of a high efflux, lead
compound 1q displayed low efflux ratio in the Caco2 assay.

Plasma protein binding of a drug or a studied compound is important
pharmacokinetic parameter as it can be often related to their efficacy
[50]. Lower level of protein binding makes larger proportion of the
drug/compound available to reach the biological target. Our experi-
ments to determine this factor were performed using Rapid Equilibrium
Dialysis (RED) Assay (Table 3). The results suggested high level of
binding for all heterocyclic amides (>90%) including JQ1 1a and bir-
abresib 1c. With the current set of compounds, we did not observe sig-
nificant changes in this parameter with variations of the heterocyclic
ring. Human plasma stability experiments were performed by incu-
bating the compounds for up to 48h followed by LC-MS/MS analysis.
Majority of the compounds showed excellent stability including deriv-
ative 1q (100%), Table 3. Finally, we investigated metabolic stability of
the synthesised amides in human microsomes (Table 3) [51]. Amongst
the amide derivatives lead compound 1q (t;,2 3.2h) showed moderate
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transformation. Notably, the human microsome stability of lead com-
pound 1q was also better than that of JQ1 1a (t; /2 0.4h) or birabresib 1c
(ty /2 1.7h).

2.7. In vivo pharmacokinetic studies

The promising overall properties of 1q warranted its progression into
in vivo pharmacokinetic studies [52]. This was carried out in female
CD1 mice following a single intravenous (at 1 mg/kg) and oral admin-
istration (at 3 mg/kg and at 10 mg/kg). Blood samples were collected
over a time course and they were analysed by LC-MS/MS method. The
critical pharmacokinetic parameters are outlined in Table 4, Fig. 5.

Compound 1q showed low plasma clearance (Cl = 10.6 mL/min/kg)
and volume of distribution typical of non-basic compounds (Vss = 0.8 L/
kg), with elimination half-life of 1.5h. Subsequent P.O. experiments
performed with 3 mg/kg and 10 mg/kg doses suggested good absorption
(Tmax 1hr and 0.5hr, respectively) and high bioavailability (Table 4).

3. Conclusion

A follow up on an observation from our CLICK-derived BET-PRO-
TACs program led to the discovery of JQ1-derived amides with overall
properties comparable or better to those of JQ1 and currently clinically
studied birabresib. Biochemical assay demonstrated >20-fold better
potency of thiadiazole derived 1q (SJ1461) towards BRD4/BRD2, while
investigation in a panel of cancer cell lines suggested particular sensi-
tivity of HDMBO3 towards oxazole 1i (~130- fold more potent than
birabresib 1¢). Initially studied pharmacokinetic parameters of the
amides are comparable to those of birabresib 1¢ but the drawback for 1¢
is the potentially toxicophoric p-aminophenol as constitutional part of
its structure. Analysis of the crystal structure of BRD4(BD1)-1q/1k
provided an insight into the protein-ligand interactions revealing novel
contacts that can be exploited for improving activity of JQ1 derivatives.
The heterocyclic moiety was also shown to project towards the solvent
implicitly suggesting potential route to optimise physicochemical
properties of the studied compounds. The overall in vitro/vivo proper-
ties of SJ1461 makes this compound promising candidate for further
exploration.

4. Experimental

metabolic stability while pyridine derivative 1k (t;,2 0.1h) and benzyl All experimental procedures are delineated in Supporting

derivative 1g (tj2 0.1h) were subjects of rapid metabolic Information.

Table 3

Physico-chemical and ADME properties of the JQ1 derived amides.”.
amide Solubility (pH 7.4, pM) PAMPA" (10~%cm/s) Caco2 A/B (nm/s) Caco2 B/A (nm/s) Efflux Ratio PB (%) PS¢ (t1/2,h) MS (t1,2,h)
la 37.5 ULOQ 64.0 46.7 0.7 99.2 ULOQ 0.4
1c 23.4 315.1 221.6 485.4 2.2 97.3 ULOQ 1.7
1f 65.7 0.0 9.2 311.2 34.0 98.5 ULOQ 0.5
1d 57.4 2.1 2.5 28.0 11.2 94.8 ULOQ 0.6
1g 34.1 1797.1 42.2 44.5 1.1 98.7 ULOQ 0.1
le 80.8 14.0 6.2 246.5 39.9 97.5 ULOQ 0.5
1h 56.9 274.5 150.3 777.9 5.2 93.5 ULOQ 0.4
1k 72.5 177.5 98.4 568.4 5.8 97.2 ULOQ 0.1
1n 76.1 20.8 7.0 83.3 11.9 86.9 ULOQ 3.2
1m 63.3 231.3 63.8 307.3 4.8 91.0 15.8 1.1
1i 62.0 97.2 30.4 297.4 9.8 94.1 ULOQ 5.8
1o 12,41 544.8 19.1 41.1 2.2 98.2 ULOQ 1.1
1j 68.4 0.0 7.7 14.2 1.8 92.7 24.7 4.7
11 66.4 0.5 4.5 7.8 1.7 85.6 ULOQ 11.3
1p 1.9 ULOQ 5.7 13.8 2.4 99.6 ULOQ 0.3
1q 12.0 534.0 66.5 180.1 2.7 97.2 ULOQ 3.2

# See supporting information for full data; PAMPA: Parallel artificial membrane permeability assay; Caco2: human colorectal adenocarcinoma cells permeability
assay; PB: human plasma binding; PS: human plasma stability; MS: metabolic stability (human microsomes).

> ULOQ on the PAMPA value indicates compound quantification was upper the limit of quantification (>1800 x10~°cm/s).

¢ ULOQ on the PS value indicates compound quantification was upper the limit of quantification (>100 h).
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Table 4

In vivo pharmacokinetic studies for 1q.
Route Dose (mg/kg) Tmax (h) Co/Cmax (ng/mL) AUC,s (hr*ng/mL) Ty (hr) CL/CL_F (mL/min/kg) Vss/V.F (L/kg) F (%)
v 1 NA 1931.3 1567.1 1.5 10.6 0.8 NA
PO 3 1.00 1555.3 3275.4 3.9 15.2 5.2 70
PO 10 0.50 3155.6 9473.0 3.9 17.5 6.0 60

Tmax: the time to achieve the highest concentration of drug in the blood; Cy,ax: maximal concentration of drug; AUC: area under the curve; T /o: elimination half-life; CL:

clearance; Vgs: volume of distribution; F: bioavailability.
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Fig. 5. Plasma concentration of 1q over 24h period.
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Abstract: Pharmacokinetic limitations are a common cause of drug development
failure, making early-stage profiling essential to mitigate financial risks and
guide compound optimization. The computational tools capable of predicting
pharmacokinetic properties offer a valuable resource for the prioritizing of
candidates during early discovery phases. This study provides a comparative
analysis of in silico and in vitro pharmacokinetic profiles of bromodomain and
extraterminal domain (BET) inhibitors (Bls), focusing on sixteen (+)-JQ1-
-derived compounds we previously synthesized. Using ADMETlab 2.0 software,
we predicted key absorption, distribution, metabolism, and excretion (ADME)
parameters and compared them with experimentally determined data. Strong
correlations were observed for plasma protein binding, whereas notable dis-
crepancies were identified in permeability and clearance values. Additionally,
the analysis underscores the role of CYP3A4 as a critical enzyme in the meta-
bolism of several Bls. These findings demonstrate the utility of computational
tools like ADMET]Iab 2.0 for early pharmacokinetic profiling while highlighting
the need for validation and refinement of predictive models. This work provides
valuable insights into the pharmacokinetics of Bls and supports the integration
of computational and experimental approaches in drug discovery.
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INTRODUCTION

The challenges related to pharmacokinetics frequently contribute to the failure
of drug development, emphasizing the importance of early evaluation and refine-
ment of these properties during drug discovery. In the context of drug develop-
ment, particularly for orally administered agents like bromodomain and extra-
terminal domain (BET) inhibitors, the desirable pharmacokinetic properties inc-
lude: high intestinal absorption and permeability to ensure sufficient bioavail-
ability; moderate to high metabolic stability to avoid rapid degradation; balanced
plasma protein binding to ensure the adequate free (unbound) drug concentration
and avoid the potential variability related to the albumin concentration; optimal
volume of distribution, indicating the ability to reach the target tissues, including
those with poor blood supply; reasonable half-life to maintain the therapeutic
plasma levels without frequent dosing; and the low potential for drug-drug
interactions, especially via cytochrome P450 (CYP450) enzymes like CYP3A4.
For BET inhibitors (Bls) targeting systemic or central nervous system (CNS)
malignancies, additional desirable features include blood—brain barrier (BBB) pen-
etration and resistance to P-glycoprotein (P-gp)-mediated efflux, which can hinder
CNS drug delivery. These criteria guide early-stage screening to prioritize can-
didates likely to exhibit effective and safe pharmacological profiles in vivo.

The computational tools, such as ADMETIab 2.0, enable the prediction of
absorption, distribution, metabolism, excretion, and toxicity (ADMET) properties,
offering valuable insights for drug design.! Building on our previous research,?
this study evaluates the pharmacokinetics of (+)-JQ1-derived, Bls using a com-
bination of in silico and in vitro approaches.

The BET protein family, comprising BRD2, BRD3, BRD4 and BRDT, plays
a crucial role in transcriptional regulation by recognizing the acetylated lysine
residues on chromatin.3-5 These proteins are implicated in various diseases,
making them attractive therapeutic targets. Bls have shown efficacy in hemato-
logical malignancies such as acute myeloid leukemia,” multiple myeloma8 and
diffuse large B-cell lymphoma,? as well as in solid tumors including triple-negative
breast cancer, 10 glioblastomal! and NUT midline carcinoma.!2 Beyond oncology,
BET inhibition is being explored in inflammatory and autoimmune disorders such
as systemic lupus erythematosus!3 and rheumatoid arthritis!4 and even in fibrotic
diseases!’ and cardiovascular conditions. !¢ The wide range of potential indications
highlights the clinical relevance of pharmacokinetically optimizing Bls for both
systemic and tissue-targeted therapies. Among the Bls, (+)-JQ1 has shown remark-
able preclinical efficacy across numerous disease models.17 However, its limited
pharmacokinetic properties have posed challenges for clinical application.!8

To address these limitations, our group has developed a series of potent (+)-
-JQ1-derived amides.2 Expanding on this work, we utilized ADMETIlab 2.0 to
predict the pharmacokinetic profiles of these novel compounds and compared the
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computational predictions with experimental data to identify correlations. These
findings enhance the understanding of Bis’ pharmacokinetics, facilitating the
development of next-generation Bls and enabling the selection of promising can-
didates for further evaluation. This study systematically correlates in silico and in
vitro ADME results for Bls, offering a comprehensive pharmacokinetic discussion
that integrates computational predictions with experimental findings.

The chemical structures of the studied Bls are presented in Fig. 1.
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Fig. 1. Chemical structures of the studied (+)-JQ1-derived Bls (parts of molecules marked in

red indicate structural differences among the studied Bls).
MATERIALS AND METHODS

In this study, ADMETIlab 2.0 was used to predict the ADMET properties of previously
characterized Bls in vitro.2 This platform utilizes a comprehensive ADMET database for pre-
dicting various pharmacokinetic and toxicological parameters using QSAR models built from
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288,967 chemicals.!:!? The predictions are based on six modelling algorithms: random forests
(RF), support vector machine (SVM), recursive partitioning regression (RP), partial least square
(PLS), naive Bayes (NB) and decision tree (DT).! ADMETlIab 2.0 includes 17 physicochemical
properties, 13 medicinal chemistry properties, 23 ADME properties, 27 toxicity endpoints and
8 toxicophore rules (751 substructures).2® The structures of Bls were drawn using ChemDraw
Ultra 12.0, with SMILES input and output retrieved as .csv files. ADMETIab 2.0 was chosen
for its accuracy and large database,!-20 providing the comprehensive pharmacokinetic predict-
ions that align with the study’s needs.

Additionally, MarvinSketch 4.1.13 was used to predict ionization and logD values.
Statistical analysis was performed using IBM SPSS Statistics 28.0. The strength and the
direction of association between ADMETlIab 2.0 output and experimental data were evaluated
using bivariate Spearman’s correlation, with Spearman’s rank correlation coefficients (p) and p
values reported. Correlation interpretation followed these criteria: p > 0.700 (strong), 0.400 < p
< 0.700 (moderate) and p < 0.400 (weak).2! The correlations were also assessed using the
Wilcoxon signed-rank test, and the results were visualized with box-and-whisker plots. Pharm-
acokinetic parameters were represented by median values and interquartile ranges (IORs).

A sample of sixteen compounds was selected to balance dataset robustness with detailed
analysis. This structurally diverse set allows evaluation of pharmacokinetic properties and their
relationship to structural variation. The focused nature of the study provides detailed data for
further research.

To ensure the clarity and the consistency throughout this study, we introduce a specific
notation: results obtained through computational predictions, referred to as in silico, are denoted
with the superscript “IS” (e.g., predicted pharmacokinetic parameter'S). Similarly, the results
derived from experimental assays, referred to as in vitro, are denoted with the superscript “IV”
(e.g., measured pharmacokinetic parameter'Y). This notation is applied consistently throughout
the text to provide a clear and immediate distinction between the two types of datasets. How-
ever, in tables where the data are already explicitly classified into in silico and in vitro groups,
the superscripts “IS” and “IV” are omitted to maintain visual simplicity.

RESULTS AND DISCUSSION
Absorption

A total of seven pharmacokinetic parameters relevant for absorption were
predicted using ADMETlab 2.0: three parameters predicting the extent of absorp-
tion — HIA prob.IS, F(20%)!S and F(30%)!S, two parameters predicting the perme-
ability — Caco-2 perm.IS and MDCK perm.1S, and two parameters predicting whether
the studied Bls act as P-gp substrates or inhibitors — P-gp sub.IS and P-gp inh.1S,
respectively. The obtained in silico and in vitro results regarding absorption are
presented in Tables I and II.

Heatmap is based on an in silico empirical decision. The cells marked in green,
yellow or red denote excellent, medium or poor results, respectively.22

The extent of the human intestinal absorption (H/A) was reported through the
probabilities (HIA4 prob.IS values) of the tested compounds to have HIA below 30 %.
Hence, the lower the HIA prob.fS, the higher the intestinal absorption. These
probabilities ranged from 0.004 to 0.047. Thirteen out of sixteen tested candidates
had HIA prob.IS below 0.010, appropriate for orally administered drugs. The
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compound MK-881 showed the best HIA prob.S of 0.004, similar to birabresib as
the reference drug. Interestingly, the lowest value of intestinal absorption was
predicted for (+)-JQ1, whose HIA prob.IS was as high as 0.047.

TABLE I. Absorption-related in silico results

Compound s FRO PG00 e e perme,am s sl _inh
(H-JQ1 0.047  0.002 0.022 4475 334.97 215.99 0.006 0.001
Birabresib  0.004  0.001 0.001 —4.787 163.31 187.98 0.714 0.001
ADMP-042 0.007 0.001 0.218 —4.656 220.80 268.83 0812 0
ADMP-043 0.007 0.001 0.002 —4.826 149.28 171.63 0992 0
ADMP-044 0.005 0.001 0.001 —4.703 198.15 182.99 0.033 0.002
ADMP-049 0.018 0.002 0.009 —4.590 257.04 263.26 0.860 0
TG-159 0.007  0.001 0.001 —4.616 242.10 195.39 0243 0
TG-160 0.006  0.001 0.001 —4.615 242.66 259.52 0.129 0
TG-161-3  0.006 0.001 0.003 —4.718 191.43 171.08 0989 0
TG-163 0.005 0.001 0.001 —4.672 212.81 235.96 0.043 0.001
TG-164 0.008 0.001 0.001 —4.793 161.06 246.16 0.685 0.001
TG-165 0.014 0.002 0.004 —4.587 258.82 255.60 0.606 0.001
MK-880 0.005 0.002 0.002 —4.512 307.61 276.85 0730 0
MK-881 0.004 0.001 0.002 —4.696 201.37 253.39 0285 0
MK-884 0.006  0.001 0.009 —5.026 94.19 164.93 0.430 0.034
MK-885 0.005 0.001 0.002  —4.712 194.09 277.64 0936 0

2The output values, ranging between 0 and 1, represent the probability that the compound has human intestinal
absorption < 30 %. The output values, ranging between 0 and 1, represent the probability that the compound has
bioavailability <20 %. “The output values, ranging between 0 and 1, represent the probability that the compound
has bioavailability <30 %. dOptimal is >—5.15. “Low permeability: < 20 nm s™'; medium permeability: 20200 nm s
high permeability: > 200 nm s™!. The output values, ranging between 0 and 1, represent the probability that the
compound is a P-glycoprotein substrate. 8The output values, ranging between 0 and 1, represent the probability
that the compound is a P-glycoprotein inhibitor

The last two parameters used to predict the extent of absorption were F(20%)15
— the probability of a drug having oral bioavailability below 20 % and F(30%)!S —
the probability of a drug having oral bioavailability below 30 %. As for the pre-
vious parameter, lower probability values denote higher oral bioavailability. The
range of F(20%)!S values (0.001-0.002) was narrow, thus not particularly inform-
ative for comparing the compounds, although it did suggest that the studied com-
pounds have very low probabilities of exhibiting bioavailabilities below 20 %. In
contrast to F(20%)1S, F(30%)!S highlighted ADMP-042 as the compound with the
highest predicted value, indicating the greatest probability of having bioavail-
ability below 30 % among the studied Bls. The extent of the human intestinal
absorption (HIA) was reported through the probabilities (HIA prob.IS values) of
the tested compounds to have HIA below 30 %. Hence, the lower the HIA prob.1S,
the higher the intestinal absorption. These probabilities ranged from 0.004 to
0.047. Thirteen out of sixteen tested candidates had HIA prob.S below 0.010,
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appropriate for orally administered drugs. The compound MK-881 showed the best
HIA prob.1S of 0.004, similar to birabresib as the reference drug. Interestingly, the
lowest value of intestinal absorption was predicted for (+)-JQ1, whose HIA prob.IS
was as high as 0.047.

TABLE II. In vitro permeability data from PAMPA and Caco-2 assay; Avg. P — average
permeability; Avg. Pap A-B — average apparent permeability coefficient from apical to
basolateral side; Avg. Papp B—A — average apparent permeability coefficient from basolateral to
apical side; ER — efflux ratio; R — recovery; SD — standard deviation

PAMPA Caco-2 permeability assay

Compound  Avg. P+SD, Avg. Papp A-B£SD Avg. Py

10‘g6 cms’! RESD 1'% ¢ nfrli s BfAiS%D, nl;i’l s ER
(H)-JQ1 > 1800 59.52+16.79 63.97+11.63 46.67+12.91 0.73
Birabresib  315.13+£23.20  95.20 £1.42 221.60+67.35 485.39+142.68  2.19
ADMP-042 0 44.20+6.33 9.16+0.39 311.21492.63  33.96
ADMP-043  2.09+0.68 23.68+1.17 2.50+0.41 28.03+8.54 11.20
ADMP-044 1797.07+277.74 71.66+11.23 42.20+14.58 44.51£13.17 1.05
ADMP-049  14.04+3.37 32.25+2.47 6.17£3.15 246.45+133.88  39.93
TG-159 274.52+41.45  65.06+1.82 150.34+40.42 777.89+185.65  5.17
TG-160 97.17+7.28 61.69+1.68 30.39+7.46 297.37+55.89 9.79
TG-161-3 0 33.64+0.78 7.74+10.38 14.18+5.75 1.83
TG-163 177.45420.63  74.32+3.59 98.37+9.55 568.43+106.65 5.78
TG-164 0.54+0.93 8.524+0.26 4.51£0.95 7.81+5.20 1.73
TG-165 231.31453.54  47.45+5.58 63.76+8.53 307.31£35.59 4.82
MK-880 20.80+1.19 31.11£1.22 6.98+0.95 83.32+15.08 11.94
MK-881 544.83+34.50  80.49+1.47 19.10£12.38 41.09+8.55 2.15
MK-884 >1800 90.51£N/D 5.69+1.43 13.79+7.81 242
MK-885 533.96+237.40 91.83+4.43 66.46+26.53 180.11+54.68 2.71

The predicted Caco-2 permeability was reported through Caco-2 perm.’S with
a subsequent calculation to derive Caco-2 perm. calc.’S. All candidates showed an
acceptable Caco-2 perm.!S since all values were greater than —5.15. The compound
MK-884 showed the poorest Caco-2 perm.1S, followed by ADMP-043 and TG-
-164, whereas (+)-JQ1 showed the best Caco-2 perm.IS The set of in silico- (Caco-
2 perm. calc.IS, Table 1) and in vitro-obtained results (Avg. Py, A-B"Y, Table II)
regarding Caco-2 permeability were compared through the Wilcoxon signed-
-ranked test (Fig. S-1A of the Supplementary material to this paper). The median
value regarding predicted Caco-2 permeability notably surpassed that determined
through in vitro assessment with the respective values of 207.09 nm s1 (/OR
170.34-253.44nm s 1) and 24.74 nm s~! (IQR 6.37—65.84 nm s~!1). Thus, the direct
comparison between in silico- and in vitro-obtained Caco-2 permeability results
demonstrated a statistically significant difference (p < 0.001). A bar plot with
paired data (Fig. S-1B of the Supplementary material) provides a visual repre-
sentation that more effectively highlights the relationship between in silico and in
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vitro results, offering a clearer perspective on their degree of alignment. In general,
all Bls exhibited higher predicted Caco-2 permeabilities compared to those deter-
mined in vitro.

MDCK permeability was predicted as well and reported through MDCK
perm.IS. Based on this parameter, the studied compounds were classified as
medium (0.2x1075-2x10-5 cm s~1) or high permeable (above 2x10-5 cm s~1). Ten
candidates, including (+)-JQ1, had high, whereas six candidates, including bira-
bresib, had medium predicted MDCK permeabilities.

The final two predicted parameters, P-gp sub.’S and P-gp inh.1S, keep to abs-
orption and predict whether the tested Bls perform as substrates or inhibitors of
P-gp, respectively. Tested compounds differed significantly in terms of being
P-gp substrates, having P-gp sub.S values from 0.006 to 0.989. This variability
might affect drug distribution and therefore requires attention. The highest pro-
bability of being a P-gp inhibitor was predicted for MK-884, with P-gp inh.IS of
0.034. In contrast, other candidates showed substantially lower P-gp inh.1S com-
parable to birabresib or (+)-JQ1. Interestingly, nine candidates had P-gp inh.IS
equal to zero.

In vitro assessment of absorption of the studied Bls was performed via
PAMPA and Caco-2 permeability assay.2 A notable dispersion of results was
observed, signifying substantial variability in permeabilities of the tested com-
pounds. PAMPA reported the highest permeability for ADMP-044, approximately
six times higher than for birabresib. Also, high permeabilities were observed for
MK-881 and MK-885, followed by birabresib. Only four compounds (MK-881,
MK-884, MK-885 and birabresib) had recovery (R) above 80 %.

Table S-I of the Supplementary material provides a detailed overview of the
statistical correlations between in silico- and in vitro-assessed pharmacokinetic
parameters relevant to absorption. Moderate negative correlations were noted
between HIA prob.tS and PAMPA results, P-gp sub.IS and Avg. PV, and P-gp
inh.IS and ERIV.

Distribution

The pharmacokinetic parameters relevant for distribution include BBB penet-
rability (BBB pen.IS), plasma protein binding (PPBIS and PPB!Y), volume of
distribution (VS) and unbound fraction (F,fS). The results obtained from
ADMETIab 2.0 and in vitro assessments are presented in Table III.

The predicted BBB penetrability showed high values ranging from 0.808 to
0.992, with birabresib having a probability of 0.923. The lowest BBB pen.’S was
estimated for compound TG-164, likely due to its higher hydrophilicity resulting
from the presence of a free carboxylic acid. Despite the high values being marked
in red according to the ADMETIab 2.0’s empirical decision, BBB penetrable Bls
are generally desirable for certain CNS diseases.23
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TABLE III. Representation of in silico- and in vitro-obtained results regarding distribution;
Heatmap is based on an in silico empirical decision. Cells marked in green or red denote
excellent or poor results, respectively;22 V4 — volume of distribution; F,, — unbound fraction; SD
— standard deviation

In silico-obtained results In vitro-obtained results
Compound s PPB®. % Vg Lkg! Fdi% PPB%SD, %
(+)-JQ1 0.987 93.97 1.419 9.76 99.15+0.03
Birabresib 0.923 96.10 1.17 5.97 97.27+0.15
ADMP-042 0.904 82.36 1.674 26.74 98.53+0.40
ADMP-043 0.940 91.87 1.683 13.73 94.77+0.32
ADMP-044 0.991 94.89 0.933 11.07 98.68+0.14
ADMP-049 0.931 91.08 1.686 20.18 97.54+0.04
TG-159 0.971 93.59 1.239 11.02 93.45+0.45
TG-160 0.981 86.44 1.030 23.21 94.08+0.57
TG-161-3 0.937 77.41 1.105 28.23 92.68+0.71
TG-163 0.984 90.26 1.238 17.14 97.21+0.24
TG-164 0.808 85.37 0.876 15.73 85.57+2.50
TG-165 0.992 86.02 1.478 22.58 91.03£1.46
MK-880 0.985 79.77 1.607 24.88 86.90+0.67
MK-881 0.985 91.96 1.136 11.16 98.24+0.14
MK-884 0.983 95.93 1.210 6.92 99.59+0.03
MK-885 0.983 93.57 1.248 7.87 97.22+0.37

¥The output values, ranging between 0 and 1, represent the probability that the compound is blood-brain barrier
penetrable. ®Optimal is <90 %. “Optimal is from 0.04 to 20 L kg™'. YLow is <5 %, medium is 5-20 % and high is
>20 %

The in vitro experiments revealed higher affinities for 14 out of 16 tested
compounds compared to in silico predictions. The Wilcoxon signed-rank test (Fig.
S-2A of the Supplementary material) showed a statistically significant difference
(p<0.001) between PPB!S and PPB!V, with median values of 91.47 % (IOR 85.69—
—93.78 %) and 97.21 % (IQR 92.87-98.46 %), respectively. A bar plot with paired
data (Fig. S-2B of the Supplementary material) visually depicts the relationship
between in silico and in vitro results, providing a more intuitive understanding of
their degree of alignment.

The V4!S ranged between 0.876 and 1.686 L kg1, with TG-164 predicted to
have the lowest V4/S. ADMP-049 demonstrated the highest V45, despite not being
classified among the most lipophilic compounds.

Table S-I provides a comprehensive representation of the statistical correl-
ations between in silico- and in vitro-assessed pharmacokinetic parameters relev-
ant to distribution. Moderate positive correlation was observed between BBB
pen.tS and Avg. PIV. Additionally, PPBIS exhibited strong positive correlations
with both Avg. P!V and R!V. Moderate positive correlations were also found
between in silico- and in vitro-assessed plasma protein binding values, as well as
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between V4!S and ER!V. Notably, a strong negative correlation was identified
between Fy!S and Avg. P!V, while F /S and R!” demonstrated a moderate negative
correlation.

Metabolism and excretion

In silico evaluation of metabolism included predicting the probabilities of the
BlIs being substrates or inhibitors of CYP1A2, CYP2C9, CYP2C19, CYP2D6 and
CYP3A4. Results are shown in Table IV.

TABLE IV. Probabilities of the studied bis being cyp450 substrates and/or inhibitors; the output
values, ranging between 0 and 1, represent the probability that the compound is cytochrome
P450 substrate and/or inhibitor

CYP1A2 CYP2C9 CYP2CI19 CYP2D6 CYP3A4
Compound
Sub. Inh. Sub. Inh. Sub. Inh. Sub. Inh. Sub. Inh.
(H)-JQ1 0.943 0.098 0.115 0.837 0.909 0.635 0.019 0.040 0.959 0.458
Birabresib 0.952 0.173 0.728 0.890 0.744 0.495 0.078 0.399 0.960 0.665

ADMP-042 0.933 0.170 0.057 0.371 0.748 0.251 0.055 0.008 0.956 0.863
ADMP-043 0.889 0.186 0.085 0.430 0.708 0.209 0.032 0.010 0.952 0.662
ADMP-044 0.864 0.143 0.177 0.900 0.856 0.643 0.077 0.069 0.958 0.861
ADMP-049 0916 0.136 0.066 0.327 0.912 0.228 0.060 0.007 0.956 0.646

TG-159 0.668 0.144 0.096 0.791 0.858 0.391 0.068 0.014 0.956 0.862
TG-160 0.671 0.126 0.067 0.746 0.852 0.382 0.071 0.011 0.957 0.768
TG-161-3 0.893 0.094 0.072 0.669 0.637 0.252 0.014 0.177 0.960 0.932
TG-163 0.626 0.144 0.121 0.639 0.873 0.311 0.070 0.010 0.956 0.863
TG-164 0.377 0.113 0.762 0.095 0.829 0.114 0.073 0.013 0.949 0.079
TG-165 0.644 0.129 0.084 0.448 0.876 0.262 0.071 0.008 0.959 0.750
MK-880 0.778 0.164 0.115 0.232 0.856 0.156 0.057 0.007 0.957 0.450
MK-881 0.979 0.378 0.648 0.821 0.844 0.590 0.043 0.104 0.961 0.799
MK-884 0961 0.197 0.740 0.942 0.773 0.847 0.076 0.649 0.960 0.956
MK-885 0.979 0.581 0.442 0.686 0.690 0.459 0.021 0.125 0.963 0.833

The predicted metabolic pathway predominantly involves CYP3A4, as all
compounds appear to be good substrates for this enzyme. In addition, CYP1A2
was expected to have a significant contribution to metabolic transformations, with
most compounds showing high probabilities of being CYP1A2 substrates.
However, TG-164 exhibited distinct behaviour, with a lower probability of being
a CYP1A2 substrate (0.377) and a much higher probability of being a CYP2C9
substrate (0.762) compared to other Bls. Interestingly, apart from TG-164, all
studied Bls seem to be potential inhibitors of CYP3A4. This is an important
information for considering potential drug-drug interactions.

Table V presents the pharmacokinetic parameters relevant to elimination:
clearances (CL!S and CL;p(") and half-lives (12 prob.1S, t1» calc.IS and t1 7).
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CLI!S values ranged from 0.851 to 3.344 mL min~! kg~!. The highest values
were reported for (+)-JQ1 (3.291 mL min~! kg!) and TG-161-3 (3.344 mL min~!
kg1), whereas CL!S for birabresib was predicted to be 1.365 mL min~! kgL

TABLE V. Clearances and half-lives of the studied compounds; Heatmap is based on an in
silico empirical decision. Cells marked in green, yellow, or red denote excellent, medium, or
poor results, respectively;22 CL — total clearance; ¢,, — half-life; CL;,, — intrinsic clearance; SD
— standard deviation

In silico-obtained results In vitro-obtained results
a .
Compound . mcirLrl kgt e prob® tpcale./h ﬁ;{‘ﬁ/ k! f2ESD/h
(+H)-IQ1 3.291 0.117 4.98 51.21 0.41 +0.01
Birabresib 1.365 0.172 9.90 12.33 1.69 +0.08
ADMP-042 2.352 0.442 8.22 42.52 0.49 +0.03
ADMP-043 1.419 0.359 13.70 35.87 0.58+0.02
ADMP-044 1.687 0.105 6.39 329.76 0.06 + 0.00
ADMP-049 2.708 0.199 7.20 38.79 0.54 +£0.02
TG-159 1.406 0.184 10.18 60.09 0.35+0.01
TG-160 1.589 0.219 7.49 3.60 5.78 £ 0.47
TG-161-3 3.344 0.434 3.82 4.40 472 +0.59
TG-163 1.538 0.191 9.30 229.14 0.09 +0.01
TG-164 0.851 0.465 11.89 1.84 11.29+2.41
TG-165 1.620 0.307 10.54 19.23 1.08 £0.03
MK-880 1.851 0.300 10.03 6.52 3.19+£0.13
MK-881 1.562 0.120 8.40 18.86 1.10+0.11
MK-884 2.644 0.108 5.29 79.26 0.26 +0.03
MK-885 1.246 0.103 11.57 6.52 3.19+0.13

aHigh is >15 mL min! kg'!, moderate is 515 mL min"! kg'!, and low is <5 mL min™! kg'!. ®The output values,
ranging between 0 and 1, represent the probability that the compound has half-life >3 h

The calculated values ranged from 3.82 h (TG-161-3) to 11.89 h (TG-164).
Birabresib had t1/, calc.IS of 9.90 h, while it was 4.98 h for (+)-JQI. In general,
the calculated half-lives were greater than those experimentally assessed. In line
with this, the Wilcoxon signed-rank test (Fig. S-3A of the Supplementary material)
showed a statistically significant difference (p < 0.001) between half-lives
obtained in silico and in vitro. The corresponding median values are 8.85 h (/QR
6.59—10.45 h) and 0.83 h (/QOR 0.36-3.19 h). A bar plot with paired data (Fig.
S-3B) provides a visual representation that simplifies and makes the understanding
of calculated and in vitro-assessed half-lives more straightforward. The best
agreement was observed for TG-164 (11.89 and 11.29 h, respectively), and very
good agreement was noted for TG-160 and TG-161-3.

As already described, a metabolic stability assay using human liver micro-
somes was employed to assess intrinsic clearances (CLin!") of the studied Bls.2
The obtained results were as follows: ten compounds showed high CL;n?, while
three compounds had moderate CLjp(" (birabresib, MK-880, MK-885). These
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molecules might be considered to have appropriate metabolic stability. By cont-
rast, compounds showing low metabolic stability (i.e., having very high CL;,{")
had quite short #1,/¥, which ultimately makes them unsuitable for further inves-
tigation (ADMP-044 and TG-163).

Table S-I provides a detailed representation of the statistical correlations
between pharmacokinetic parameters relevant to metabolism and excretion, obtained
from both in silico and in vitro studies. Summarily, t1/, prob.lS showed strong
negative correlations with both Avg. P!V and R!" and a moderate negative
correlation with PPB!V. On the other hand, #1 /5 calc.’S showed a moderate negative
correlation with PPB!V.

This study assessed the pharmacokinetic properties of Bls derived from (+)-
JQ1 using in silico predictions from ADMETIlab 2.0, which were subsequently
compared with in vitro data. An effective in silico model would streamline the
optimization of Bis’ structures and facilitate the selection of candidates for further
development, reducing the need for extensive experimental efforts. ADMETlab
2.0 was chosen for its comprehensive database and proven accuracy in predicting
ADME properties.!-20 While some discrepancies were noted between the predict-
ions and experimental results, the tool still offered valuable insights. These dif-
ferences highlight the challenges in accurately modelling pharmacokinetics com-
putationally and emphasize the need to validate predictions with experimental data.
Rather than detracting from ADMETlab 2.0’s utility, the findings suggest areas for
improvement in predictive models. The study focused on sixteen structurally
diverse compounds, providing a detailed comparison and forming the basis for
future research with larger datasets.

Absorption

Newly synthesized Bls are intended for oral administration in contemporary
anticancer therapy, requiring sufficient intestinal permeability. A moderate negat-
ive correlation was observed between HIA prob.’S (indicating the likelihood of
human intestinal absorption being below 30 %) and PAMPA-obtained in vivo
results (Avg. P!V and R!"). This relationship reflects the shared focus of both
methods on gut wall permeability: HI4 prob.!S predicts the likelihood of absorpt-
ion through the gut wall using a computational model, while PAMPA experi-
mentally assesses passive permeability across a lipid membrane in an in vivo
setting. The observed correlation aligns with the expectation that compounds pre-
dicted to have poor absorption by HIA prob.IS are also less likely to exhibit high
passive permeability in the PAMPA assay.

In contrast, no significant correlation was found between F(20%)1S or
F(30%)!S and PAMPA-obtained in vivo results (Avg. PV and RIV, Table S-I). This
discrepancy arises from the distinct scope of these methods. Unlike HIA prob.1S,
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which exclusively evaluates gut wall absorption, F(20%)!S and F(30%)!S incorp-
orate presystemic metabolic processes, such as metabolism occurring in the gut
wall or liver, to provide a broader estimate of a compound’s efficiency in reaching
systemic circulation. The absence of correlation with PAMPA-obtained in vivo
results, which do not account for metabolism, highlights the differences in these
methods’ focus. Consequently, the moderate negative correlation between HIA
prob1S and Avg. P!V and RV reflects their mutual emphasis on gut wall perme-
ability. In contrast, the lack of correlation between F(20%)!S or F(30%)!S and Avg.
PIV and RIV underscores the influence of presystemic metabolism on these broader
pharmacokinetic predictions.

No significant correlation was found between in silico-predicted and in vitro-
assessed Caco-2 permeability (Fig. S-1A, Table S-I). This suggests that the in
silico model may not fully capture the complexity of the in vitro conditions, which
involve multiple biological processes, such as transporter interactions and efflux
mechanisms, that are difficult to simulate accurately. High Papp A-B!/ values may
suggest good permeability, but many Bls exhibited undesirable ER!Vs over 3
(Table II), indicating potential active efflux involvement that could significantly
impact bioavailability. These findings highlight the limitations of relying solely on
in silico predictions for permeability assessment, as they may overlook critical
biological factors influencing drug absorption. The further refinement of predictive
models, considering transporter activity and efflux mechanisms, could help
improve their alignment with experimental results and enhance their use in early
drug development phases.

No correlation was found between Caco-2 permeability assay obtained Avg.
Papp A—B!V and MDCK perm.S. The Caco-2 assay assesses intestinal absorption
using cells derived from human colon adenocarcinoma, forming tight junctions
and mimicking intestinal epithelium characteristics.24 The alternative cell-based
permeability assay employs MDCK cells. These exhibit rapid growth and differ-
entiation, significantly shortening the duration of in vitro transport studies. Using
MDCK cells in permeability-based assays offers an appealing substitute to Caco-
2 cells, enabling the enhanced throughput and the expedited completion of trans-
port studies for novel compounds.25 The lack of correlation between in vitro
assessment of Caco-2 permeability and in silico prediction of MDCK permeability
could be due to differences in their origins, membrane composition, metabolic
activity, and transporter expression.20

A negative correlation between P-gp sub.’S and Avg. PIV (Table S-I) is due to
the physicochemical properties of P-gp substrates, which are typically larger, more
polar, and have multiple hydrogen bond donors and acceptors.2’ These properties
hinder passive diffusion across lipid membranes, which PAMPA measures. Thus,
PAMPA assesses passive permeability, which is inversely related to P-gp substrate
recognition traits.
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PAMPA showed variability in Avg. PV and R!V values among Bls (Table II).
The highest absorption was observed for (+)-JQ1, birabresib, ADMP-044, MK-
-881, MK-884 and MK-885, likely due to their high log D values (Table S-II of
the Supplementary material). Combining PAMPA and Caco-2 permeability assay
results (Table II) suggests these Bls exhibit favorable permeabilities, with minimal
ionization at physiological pH, except for TG-164 (Table S-II).

A negative correlation was observed between P-gp inh.IS and ER!V (Table
S-I), suggesting that compounds more likely to inhibit P-gp tend to have lower
ER!Vs. In other words, substances that inhibit P-gp-mediated efflux may lead to
reduced ER!"s in the Caco-2 permeability assay. This could be due to P-gp inh-
ibitors blocking efflux activity, thereby decreasing the active drug efflux in the
Caco-2 assay. Thus, higher P-gp inh.IS values may result in lower ER!Vs. It can be
hypothesized that the studied Bls reduce their efflux by inhibiting P-gp.

While no statistically significant correlation between P-gp sub.lS and ER!V
was observed (Table S-I), a trend was noted wherein some compounds with higher
P-gp sub.IS values also exerted higher ER!V values. For instance, as shown in
Tables I and II, the compounds such as ADMP-042, ADMP-043, ADMP-049 and
MK-880, which exhibited higher P-gp sub.fS values (0.812, 0.992, 0.860 and
0.730, respectively), were also associated with elevated, double-digit ER!" values
(33.96, 11.20, 39.93 and 11.94, respectively). This observation aligns with the
hypothesis that the substrates of P-gp may exhibit increased efflux, as reflected by
higher ER!Vs. However, this relationship was not strong enough to be conclusive.
Notably, phase I/II clinical trials have confirmed that new Bls are P-gp substrates
but still show favourable absorption rates after oral administration.28-32 This
discordance suggests that additional factors, beyond P-gp substrate status, influ-
ence Bls’ absorption.

Distribution

The distribution phase is responsible for delivering a drug to its site of action.
For Bls, BBB penetration is crucial, particularly for CNS tumor treatments. Based
on BBB pen.!S values (Table III), all studied Bls, including TG-164 (despite its
ionized carboxylic acid at physiological pH; Table S-II), are likely to cross the
BBB, which in some cases might be desirable as birabresib has been investigated
for recurrent glioblastoma multiforme.23 A moderate positive correlation was obs-
erved between BBB pen.IS and Avg. P!V (Table S-I), suggesting that higher passive
permeability, as assessed by PAMPA, is associated with an increased probability
of BBB penetration. This correlation likely reflects the overlapping physico-
chemical properties required for both processes, such as optimal lipophilicity and
molecular size. While passive permeability is an important determinant, other
mechanisms such as active transport may also influence BBB penetration. For
instance, TG-164’s predicted BBB penetration, despite its ionized carboxylic acid
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moiety at physiological pH, could be attributed to its amide-bound glycine group,
which might facilitate LAT-1-mediated transport, similar to what is observed with
levodopa.33

The plasma protein binding plays a critical role in drug distribution. Based on
PPBIS values (Table III), ten out of sixteen Bls exhibited high plasma protein
binding (more than 90 %), with the highest PPB!S (96.10 %) predicted for
birabresib. Generally, greater lipophilicity corresponds to higher plasma protein
binding, as hydrophobic compounds preferentially bind to plasma proteins for
transport. This relationship was supported by strong positive correlations between
PPBIS and both Avg. PIV and RIV (Table S-I), indicating that lipophilic compounds
tend to exhibit higher permeability and recovery in the PAMPA assay as well as
greater protein binding. Conversely, strong and moderate negative correlations
were observed between F;/S and Avg. P!V, and between F,,/S and R!V respectively,
suggesting that lower unbound fractions are associated with higher permeability
and recovery. This highlights the interplay between lipophilicity, protein binding,
and permeability. Additional factors, such as acid-base properties and specific
protein interactions, should also be considered.

A moderate positive correlation was observed between in silico-predicted and
in vitro-assessed plasma protein binding values using bivariate Spearman’s correl-
ation, indicating that the in silico model effectively captures relative trends in
plasma protein binding among the studied compounds. However, the significant
differences between the two datasets, as identified by the Wilcoxon signed-rank
test (Fig. S-2A), suggest some systematic discrepancies in their central tendencies.
This implies that while the in silico model is useful for ranking compounds based
on the relative plasma protein binding values, further refinement is needed to
enhance its predictive accuracy for absolute values.

The volume of distribution describes the apparent distribution extent of drugs
within the body.3* ADMETIab 2.0 predictions place V45 values within the optimal
range (0.04—20 L kg1),22 specifically from 0.876 to 1.686 L kg!. Predicted V4/S
values exceeded the total body water (0.5-0.6 L kg1),35 suggesting high tissue
affinity. Multiplying V4!S values by 70 kg indicates distribution between 61 and
118 L. A moderate positive correlation was observed between V4!S and ER!V, sug-
gesting that higher efflux activity, often associated with tissue partitioning, may con-
tribute to greater apparent distribution volumes. For example, TG-164 had a V4S
of 0.876 L kg1, which is linked to its low log D, likely due to the free carboxylic
acid moiety (Fig. 1). However, its high probability of BBB penetration may be
attributed to active transport mechanisms, as discussed earlier, potentially involv-
ing its amide-bound glycine group facilitating LAT-1-mediated transport. ADMP-
-049 had the highest V4!S (1.686 L kg1), despite its low log D (1.72; Table III and
Table S-1I). Overall, predicted V4/S values align with those from first-in-human BI
studies, which report steady-state V4/S values of approximately 70 L.36-37
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Metabolism and excretion

ADMETIab 2.0 predicts the probabilities of compounds being substrates or
inhibitors of CYP450 isoenzymes, including CYP1A2, CYP2C9, CYP2C19,
CYP2D6, and CYP3A4 (Table IV). It was predicted that CYP3A4, CYP1A2 and
CYP2C19 are dominant in the metabolism of the tested Bls, and that these
compounds are also likely CYP3A4 and CYP2C9 inhibitors. These insights are
valuable for guiding the future research into (+)-JQ1-derived Bls. The genetic
polymorphism of CYP450, particularly CYP2C19,38 can significantly affect drug
exposure and clinical outcomes, which is important as CYP2C19 is predicted to
play a major role in BI metabolism (Table 1V).

Selecting the optimal BI is challenging due to in silico results’ inability to
predict competition among CYP450 isoenzymes for a given compound. None-
theless, these results align with findings that CYP3A4 is key in producing (+)-JQ1
metabolites in vitro.18 Apart from its role in hepatic clearance, CYP3A4 also
participates in first-pass metabolism in the gut, potentially reducing bioavail-
ability, which could apply to the studied BIs.3? The detailed metabolic profiling of
the studied Bls might identify active metabolites; for example, molibresib forms
two active metabolites via CYP3A4.40 Evaluating Bls for CYP450 inhibition or
induction is crucial for assessing drug-drug interactions. All Bls, except TG-164,
were predicted to inhibit CYP2C9, CYP2C19 and CYP3A4.

Elimination of the compounds studied was evaluated through CLIS, ¢,
prob.IS and t), calcIS (Table V). No correlation was found between CLLS and
CLind”, as intrinsic clearance reflects intrinsic organ clearance independent of
blood flow or binding.#! Similarly, there was no correlation between ¢/, prob.IS
or 11,2 calc.!S and t15!7, potentially due to a non-hepatic component of clearance,
such as renal elimination. These discrepancies highlight that calculated half-lives
might not fully capture in vivo dynamics. Despite these limitations, in silico
predictions provide a basis for designing new (+)-JQ1-derived Bls.

Based on the comparative analysis of in silico and in vitro pharmacokinetic
profiles, metabolic stability appears to be the most limiting factor for many of the
studied Bls. Several compounds exhibited high CL;,/" and short #,5!" values
(Table V), suggesting the rapid hepatic metabolism that could compromise sys-
temic exposure and therapeutic efficacy. Notably, metabolism appears to be medi-
ated by multiple CYP450 isoenzymes, especially CYP3A4, which is involved in
both hepatic and intestinal first-pass metabolism, as well as CYP1A2, CYP2C9
and CYP2C19 (Table IV). This broad CYP450 involvement raises concerns not
only about fast clearance but also about potential drug-drug interactions, especially
in polypharmacy contexts like oncology. While some Bls demonstrated promising
absorption and distribution profiles, their advancement into preclinical develop-
ment may be hindered unless metabolic pathways are optimized through structural
modifications or formulation strategies. Thus, metabolism — and the complexity of
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CYP450-mediated biotransformation — is currently the most critical pharmaco-
kinetic barrier for further development of these compounds.

Among the tested Bls, (+)-JQ1, ADMP-042, ADMP-049, TG-161-3 and MK-
-884 were predicted to have significantly higher CL/S than birabresib, indicating
rapid elimination (Table V). Other Bls, excluding TG-164, had CL%S values com-
parable to birabresib. MK-880 and MK-885, alongside birabresib, showed moder-
ate CLini!” values, making them suitable for further development. Compounds with
low metabolic stability, such as ADMP-044 and TG-163, exhibited high CLjnd"
and short half-lives (3—6 min), limiting their potential for further research.#? Con-
versely, highly stable compounds like TG-160, TG-161-3 and TG-164 demon-
strated relatively long in vivo half-lives.

Taking into account the balance of absorption, distribution, metabolism, and
excretion parameters, our data suggest that MK-880 and MK-885, along with the
reference compound birabresib, are the most promising candidates for further
investigation. These compounds exhibited moderate CLin” values (Table V),
indicating acceptable metabolic stability, and had favorable plasma protein binding
(Table III), adequate permeability (Tables I and II), and appropriate V¢S values
(Table III). MK-885, in particular, showed a favorable balance between in silico
and in vitro data, including high passive permeability (Table II), moderate ¢1/5!"
values (Table V) and a manageable CYP450 interaction profile (Table IV).
Although CYP3A4 involvement was predicted, the overall interaction profile does
not suggest an unmanageable risk of drug-drug interactions. While the compounds
such as TG-160 and TG-164 demonstrated prolonged #1,,!" (Table V), other lim-
itations — such as high ER observed for TG-160 or low permeability (Table II) and
high ionization (Table S-II) of TG-164 — may reduce their immediate suitability.
Therefore, from a pharmacokinetic standpoint, MK-880 and MK-885 offer the
most balanced profiles, supporting their prioritization in further preclinical dev-
elopment.

CONCLUSIONS

This study provides a comprehensive analysis of the pharmacokinetic profiles
of (+)-JQ1-derived Bls, expanding on prior work. By comparing in silico and in
vitro data, we evaluated the efficacy of ADMETIab 2.0 as a screening tool for these
compounds. This is the first study to explore in silico/in vitro correlations for the
pharmacokinetics of newly synthesized (+)-JQl-derived Bls. Our findings
revealed a moderate negative correlation between HIA prob.!S and PAMPA-
obtained in vivo results (Avg. PV and RIV) (Table S1), while a moderate positive
correlation was observed for plasma protein binding despite statistically significant
differences (Fig. S-2A). Both approaches indicated the plasma protein binding
values above 90 % for most compounds (Table III). The predictions of interactions
with CYP450 isoenzymes were instrumental in understanding the potential of
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drug-drug interactions (Table IV). While discrepancies between CLLS and CL;, "
(Table V) were observed, these were reasonable, given the insight CLjnd" offers
into hepatic clearance. Overall, most compounds exhibited favorable pharmaco-
kinetic characteristics, with MK-880 and MK-885 standing out alongside bira-
bresib for their superior CLi,!" values.

We emphasized the importance of integrating in silico predictions with
experimental data to achieve a more complete understanding of pharmacokinetic
profiles. The combination of these approaches enables researchers to validate and
refine predictive models, ensuring reliable data applicable to real-world drug
development. Early-stage ADME screening, as demonstrated through ADMETIab
2.0, is essential for identifying promising candidates and accelerating their prog-
ression through the drug development process. However, the discrepancies
between in silico and in vitro results highlight the need for further refinement of
computational predictions.
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H3BOI

KOMITAPATHUBHA AHAJIU3A PAPMAKOKMHETUUKUX ITPOOUJIA BET MHXUBEHUTOPA:
YBUJ U3 IN SILICO U IN VITRO IIOJATAKA

MJIAIEH KOPABOBUR!, MUJIEHA KOBAYEBWUR?, MAPHUJA JOBAHOBUR?, TOPIAHA TACHUR!, ANAND
MAYASUNDARI?, GISELE NISHIGUCHI?, BOJAH MAPKOBHWR*, 30PAH PAHKOBUR® u BTADUMHUP CABUR!
"Katuegpa 3a opiancky xemujy, Ynusepsuiie y Geoipagy — @apmaueymicku Qaxyniiei, Bojsoge Ciuetie 450,
11221 Beoipag, ’Kategpa 3a papmaxoxkuHemiuky u KIunuuxy papmayujy, Ynusepsutmen y beoipagy —
Dapmaveymicku paxynmen, Bojeoge Cimetie 450, 11221 Beoipag, *Department of Chemical Biology and
Therapeutics, St. Jude Children’s Research Hospital, 262 Danny Thomas Place, Memphis, TN, 38105, USA,
‘Kaiuegpa 3a papmayeymicky xemujy, Ynueepsuiueini y Beoipagy — @apmayeyiicku Gaxyniteid, Bojeoge
Cuene 450, 11221 Beoipag u >Centre for Protein Degradation, Institute of Cancer Research, 15 Cotswold
Road, Sutton, London, SM2 5NG, UK

dapMaKOKMHETHYKA OTpaHWYeHa MPENCTaB/bajy YecT y3pOK Heycrexa y pa3Bojy JIeKOBa,
IITO YMHU paHy TpoueHy GapMaKOKHHETHYKOT podHia K/byYHOM 33 CMamerme (HUHAHCHjCKOT
pH3MKa U yCMepaBame ONTUMH3alHje jenumera. PauyHapcku anaTty criocodHu na mpensubajy
(apmakokrHeTHUKe OCODMHE IpeACTaBsbajy IparoueH pecypc 3a onpehusame mpHopUTeTa
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KaHJujara y paHuM (asama oTKpHBamwa jgekoBa. OBa cTyaMja npyka KOMIapaTUBHY aHalIU3y in
silico v in vitro papmakokuHeTHUKUX poduna BET (enr. bromodomain and extraterminal domain)
WHXUOUTOpA, Cca NocedHUM OCBPTOM Ha LIECHAEeCT jelHmera usBeleHUx u3 (+)-JQ1 xoje cmo
nperxopHo cuHTeTUcany. Kopuirhemem cod1eepcke mnardopme ADMETIab 2.0, npensuhenu cy
K/bYYHH [apaMeTpH ancopnuuje, JucTtpudyuuje, metabonusma u exckpeuyje (AIIME), koju cy
3aTUM yriopeheHH ca ekcriepuMeHTanHo Jo0WjeHUM ITofalMa. Yo4eHa je jaka kopernanyja y Be3u
Ca Be3MBabeM 3a IJIa3MaTcKe POTeHHe, JOK Cy 3HavyajHa ofcTynama npuMeheHa Koy, BpeqHOCTH
nepMeadUTHOCTH U KIIUpeHca. AHan3a, Takohe, Harnaurasa yory eHsuma CYP3A4 kao kby4HOT
¢daxropa y metadonusmy Hekonrko BET unxuduropa. Jobujenu pesyntaTyu NoTBphyjy KOPUCHOCT
pauyHapckux anarta nonytr ADMETIab 2.0 y paHoj dhapMakOKUHETHYKO]j IPOLIEHH, alli U YKasyjy
Ha noTpedy 3a BaIMAALMjOM U HOINATHUM yHanpehemeM NpeauKTUBHUX Mogena. OBO UCTpaKu-
Bame Npy’Ka AparoueHe yeune y hapmakokuHeTuky BET nuxuduTopa U noppxasa UHTErpaLujy
padyHapCKUX U eKCIIepUMEHTaTHUX ITPUCTYIIA Y MPOLIecy OTKPHBaha JIeKOoBa.

(ITpumreno 11. neuemdpa 2024, pesunupano 18. maja, mpuxsaheno 15. jyna 2025)
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YHUBEP3UTET Y BEOI'PALY
OAPMAILIEYTCKHU ©OAKVIITET
IToca.6poj: 5/86

Jlana 13.09.2024. roqune

Ha ocHosy Craryra YHuBep3uTeTz v beorpany, mpoaekan Qakyirera je JaHa
13.09.2024. roguHe, 1OHENA

OAJdYKY

OJIOBPABA ce KOPABOBHUHR MJIAIEHY, crynenty ®@apmaneytckor haxynrera,
unzekc 6p. 17/2018, nponyerak poka 3a 3aepieTak CTyAuja y mkonckoj 2024/2025.

Obpaszsooceme

KOPABOBUh MJIAJIEH, crymest Ha cryadjckoM mnporpamy JAC -
®apmaueyTcka xemuja, moAHeo je 3axreB Opoj 5/86 ox 13.09.2024. romune nponexaHy
dakynTera na My ce 0A00pH MPOYXKETAK POKa 3a 3aBPIIETAK CTyAMja y mKonckoj 2024/2025.

Iponexan Pakynrera je pasmaTpana saxtes 13.09.2024.roanHe 1 OLEHUNIA [1a j€ 3aXTEB
OCHOBaH, T€ j& ZOHETO PELICHE Ka0 Y JUCIO3HTHBY.

IMPABHA IMOYKA: IIpoTuB OBe OAnyKe MMEHOBAHHM MMa TPABO MPUIroBOpa AEKaHy
daxynrera y poky oa 8 (ocaM) AaHa Off JaHa MpHjeMa HCTOT.

Onnyky mocrasuti: MmeHoBaHoj-oM, nexany u OJceKy 3a HacTaBy U CTYIEHTCKA
MUTAkA.

27, 09, 200 TPOJTEKAH 3A TIOCJIEMIUIOMCKY

Maogos Kopabobult™ TV HPAH

I/I KOHTUHYWUPAHY EAVKAIIUTY

e _“ °: g\J\C)\ ’\Af\

pocl) p Canpnpa Besmap Kosauesuh




YHUBEP3UTET Y BEOI'PATY
OAPMAIIEYTCKHA ®AKVYIJITET
IToca.6poj: 3/108

Jlana 04.11.2025. roauue

Ha ocroBy CratyTta YHHBep3uTeTa ¥ Eeorpajy, IPOJIEKaH 3a MOCIEAUIOMCKY HACTABY
M KOHTHHYMpaHy efykanujy Qakynrera je aa== +.11.2025. rogune, qoHena

OAAVYKY

OJOBPABA ce MJIIAJIEHY KOPABOBHRY, crynenry ®apmaneyTckor
¢axynrera, uagexc 6p. 17/2018, npoayxkeras poka 3a 3aBPHIETAK CTYAHja Y IIKOJICKO]
2025/2026 roguHmH.

Obpazzsoxnemwe

MJIAJIEH KOPABOBUWHh, cryas=r Ha cryamjckom mporpamy JAC -
®apmaneyTcka XemHja, IOJHEO je 3axTe: 3aseieH moj mocioBHHM Opojem 3/108 on
04.11.2025. romune mpozeKkaHy 3a MOCIEIRITIOMCKY HACcTaBy M KOHTHHYHpaHy €IyKaldjy
QaxynTera Aa My ce 04o0pH NpOXYKETAK pOKAa 3a 3aBPHIETAK CTYAHja Yy MIKOJCKOJ
2025/2026 ropunun.

IMponexan a MOCNENMIOMCKY HAacTaBy ¥ KOHTHHyHpaHy enykauujy ®axynrera je

pasmarpaia 3axteB 04.11.2025.roniHe 1 ONEE®1a J1a je 3aXTeB OCHOBAH, T€ j€ JOHETO PEIIEHEe
Ka0 y JHUCIO3UTHBY.

IMPABHA ITOYKA: IIpoTHB OBe 0/TYKe HMEHOBaHHM HMa IIPaBO NPHIoOBOpa JEeKaHy
@axynTeTa y poKy o1 8 (ocam) naHa of laHa MpHjeMa HCTOT.

Opnyky nocTaBUTH: CTYAEHTY, OfCeKy 2a HacTaBy M CTY/AEHTCKA IMTamba.

[TPOJTEKAH 3A INIOCJIEAUIITIOMCKY
HACTABY
U KOHTUHYUPAHY ENYKALIATY

,7%/7 yolodr

ITpod. xp J¥ymanka Kpajaosuh
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