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U3meHeHue napagurmbl B XXI BeKe : OT «marM4eckom nyam»
K nonandapmaKkonormyecCKomy AemncTBUIO IeKapcTB

Nature 2009, 462: 175-181.
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NMpuMepbl NpenapaTtoB, UCNOJIb30BaHUE KOTOPbIX NpeKpalleHo
U3-3a BbisiBJIEHUSA NO60OUYHbIX U TOKCHUYeckunx adpdekrToB

CTpyktypa —— ONencrBue —— HasBaHue
Oyn n
0 POTUBOBUPYCHOE CODUBVAMNH
HO/\SiTN\/Q NpoTuBoonyxonesoe PUEYA
Hoo o B HenpoOTOKCHUYHOCTb

AHTUXONecrepuHeMmmnyeckoe bankon
Pabgomunonus

AHTHMaApTpUTHOE
NMpoTuBoBOCNanuTenbHoe BaNOKC
UHrmbutop LIOI

NMHdapKT MMokappaa




NMpuMepbl Npenapartos, AJI9 KOTOPbIX MMeeTCs
ABa v 6osiee nokasaHUN K NPUMEHEHMUIO

Ha3BaHue NepBOoHa4YanbHoe AonosnHnUTenbHbIE
npenapara Ha3Ha4yYeHue nokKasaHuA

ApananeH Aepmartonoruyeckoe JleueHune pacceAHHOro
cpeacTso CK/aepo3a

Annpocragun AHTHarperaHr JpPEeKTaHT

ATOMOKCeTUH JleueHue NMNapKMHCOHU3IMA JleueHne cMHApOMaA

rTMnNepaKTMBHOCTU C
HapyweHunem BHUMaHUA

AueTtasonamump Anypetuk NMpoTtusoanunnenTuyeckoe
cpeacTso

AuetuncanuumnoBaa AHaNbreTuk, AHTHarperaHr

KUCNOoTa KaponoHuKatlowee cpeacTso

byKknapgesuH Kapaguoctumynarop JleueHMe KOXKHbIX A3B

Kpoicanosckuti C.A. u 0p. Xum.-¢hapm. xcypH., 2011.



Mpouecc pa3paboTKku nekapcrs
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KaK oueHUTb cnekTp buonornuecKkom akTUBHOCTHU
NeKapcTBeHHOro npenapara?

KAanHunyeckune nccneposaHuA:

- PUCK pnAa 340p0OBbA NALUEHTOB.

NOKANHN4YecKmne uccnenoBaHuA:

- BbiICOKMe cTommocCTb U npoAoIXKUNTE/IbHOCTb TECTOB.

KomnbloTepHOe NpPorHo3upoBaHue:

- CHUXXeHune pUCKoB, CTOMMOCTU U NPOAOKUTENIbHOCTH
uccnenoBaHus.



KaK oueHuBaTb 6MON0rMYECKYI0 aKTUBHOCTb XMMUYECKUX
coeAMHEHUMN Ha PaHHUX CTaaUAX nccnepfoBaHNn?

CToOMMOCTDb dKCNneEpUMEHTAaJIbHOro TeCtmpoeaHmsAa
MUJIZIMOHOB XMMUNYECKUX coOeAMHEHMN Ha TbICAYM
MULLUEHEN BO3pPpacCtaeT MYJIbTUNJIMKAQTUBHO.

1 MMWeHb 2 MULLEHMU 3 MULLEHMU

- e
e ——

O6pa3ubl XMMUYECKUX coeANHEHUN MOryT 6bITb
eLle He AOCTYNHbl HA PaHHUX CTaaUAX.

-

KoMnbrloTepHoe nporHo3mposaHue ' meron Bbibopa”



JIn3a¥iH, OCHOBAHHBIU HA CTPYKTYpPE MUILICHU
(Target-Based Drug Design)
TTpeanocsinku

v Hanuume AaHHLIX O NpPOCTPAHCTBEHHOU CTPYKType
makpomonekynsi-muwenu (PCA, SIMP); nyuwe -
TaKxXe O CTPYKType aKTUBHOro LeHTpa (LeHTpa
CBA3LIBAHUA).

MeTopabr
v' [IOKUHr U oueHKa 3Heprum CBA3LIBAHUA.
v KapTuposaHue akTUBHOroO LIeHTpa U AU3AUH Ae-HOBO.



JOKUHI ABYX cTepeonsomepoB NPon3Bo4HOro ctTeponaos
K IMraHA-CcBA3bIBalOWEeMY A0OMEHY agepHoro peuentopa LXR

O6pas3oBaHue A0NOAHUTENBHOWU BOoAopoAHOM cBA3K (A) N03BOANIO 06BACHUTD
Habnloaaemble B 3KcnepumeHTe pasnnuua B 3¢pPeKTUBHOCTU CBA3bIBAHUA.

Becenosckuli A.B. U dp., 2co0mosumcsa K neyamu.
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Disordering of Human Telomeric G-Quadruplex with
Novel Antiproliferative Anthrathiophenedione

Dmitry Kaluzhny'*, Nikolay llyinsky?, Andrei Shchekotikhin® Yuri Sinkevich?, Philipp O. Tsvetkov',
Vladimir Tsvetkov®, Alexander Veselovsky’, Mikhail Livshits', Olga Borisova', Alexander Shtil®>, Anna

Shchyolkina'

Kaluzhny D. et. al. PLoS One. 2011. 6. 11. e27151



In silico pn3aitH BbICOKOCENEKTUBHOTO anTamepa rno OTHOLLEHUIO

K uutoxpomy P450 51A1 (K, = 103 M)
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LllepbuHuH . C. U dp., 2012 (2comoesumcsa K neyamu).




JIn3aiiH, OCHOBAHHBIN HA CTPYKTYPE JUTAH/A
(Ligand-Based Drug Design)

TTpeanocbinku:

Hanuuuve aaHHLIX O CTpyKTYype U 6MONOru4eckou aKTUBHOCTU paaa
nuraHpos (obyuaroweur BbI6OpKA)
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(Quantitative) Structure-Activity Relationships
(Q)SAR, mopenun papmakocdopoB, n Ap.



MpuHumun cxoacrea: “Me-too-drugs”
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Losartan Eprosartan Valsartan
DuPont (1986/1994) SmithKline Beecham (1989/1997) Movartis (1990/1996)
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!

Candesartan Irbesartan Telmisartan
Takeda (1990/1999) Sanofi (1990/1997) Boehringer Ingelheim (1991/1999)

FIGURE 6.1 Angiotensin AT1 receptor antagonists derived from losartan. Despite their structural similarity of the structures, it can be assumed that the
corresponding discoveries were made independently. The first year under parentheses is the basic patent year, the second one is the year of the first launch.

Wermuth C. The Practice of Medicinal Chemistry, 3rd edition, 2008, p.126.



Konn4yecrBeHHble OLleHKM CXoACTBa

Tanimoto Coefficient of similarity for Molecules A and B:

Where:

a = bits set to 1 In A,

b = bits setto 1in B,

¢ = number of 1 bits common to both

Range is 0 to 1.

Value of 1 does not mean the molecules are identical.



Mouck no cxoactey B 6ubnanoreke ChemNavigator
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Pe3ynbratbl NOUCKa ANA au,e'mncanuu,unosoﬁ KUCNOTbI
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Collection: Archived Compounds Collection: Wirtual Custom Chemistry
Matchad by: Similarity: 99%: o Matched by: Similarity: 86%
CH o Major MW: 183.18 Major MW: 270.28
cLogP: 1.28 cLogP: 3.72
Min Purity: S0 Min Purity: 92
Shipping Window: 30 Days Shipping Window: &0 Days

TC=99% 6/“” TC=86%

H Struct ID: 26000778
[ #2: CNC-315419843 |~ cureibi 79937939 []#5: CNC-308281405 0 . _
Collection: Archived Compounds Collection: .ildn:h Marl-_cet Select Screening
Compounds
Matched by: Similarity: 87%
Matched by: Sirmilarity: B49%%
OH Major MW 194,19 .
0 Major MW 242,27
0 cLogP: 1.88 cLogP: 4,12
o Min Purity: S0 Min Purity: 9z
Shipping Window: 20 Days Shipping Window: 14 Days
o
P,
TC=87% TC=84%
f Structure ID: 69154583
[ #3: CNC-310472181 | Crocture1Ds 09134553 [] #6: CNC-310472240
Ceollection: Virtual Custom Chemistry Collaction: Wirtual Custom Chemistry

Matched by: Similarity: 86%

o
< Major MW: 200.31 | Major MW 270.28
cLogP: 4.15 cLogP: 3.72
Min Purity: 52 Min Purity: 92
Shipping Window: &0 Days Shipping Window: &0 Days
s :
TC=86% o TC=84%

Matched by: Similarity: 84%
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J. Med. Chem. 2002, 45, 4350—4358

Do Structurally Similar Mo

Yvonne C. Martin,*" James L. Kofron,

Global Pharmaceutical Research and Devel

Received April 12, 2002

To design diverse combinatori
collection, computational chej
already chosen for the combing
this report shows that for I
screening assays, there is only|
to an active is itself active. Al
screening and docking to threg
compounds occurs not only bg
similarity calculations but al
the target macromolecule in
probabilistic nature of library
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Figure 4. For five selected assays, a comparison of the
fraction of similars to a potent active that are themselves
active as a function of the similarity threshold used for the
searching.

”... BEPOATHOCTb TOTO, YTO coeauHeHune co cxoactsom TC> 0,85
NO OTHOLLEHUIO K aKTUBHbIM COeAUHEHUNAM TaKKe byaer
aKTUBHbIM, cocTaBaseT ToNbKo 30%”.




PASS: Prediction of Activity Spectra for Substances
. PASS - CHDATABASES PRESTWCK prsyi chemigon cordsl T e

File Base Predict View Options Help
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9 of 1610 Possible Gene Expresszion Regulation
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MeTtoa, peanimsoBaHHbIN B PASS, onucaH
B MHOINOUYMCJ/IEHHbIX Nybankaumax:

Filimonov D.A., Poroikov V.V. (2008). Probabilistic
Approach in Virtual Screening. In:
Chemoinformatics Approaches to Virtual
Screening. Alexander Varnek and Alexander
Tropsha, Eds. RSC Publishing, 182-216.

dUIANMOHOB A.A., NMopoukos B.B. (2006).
NMpeackasaHue CNeKTpoB 6unonornyeckoun
AKTUBHOCTM AN OpPraHMYeCcKuMx coeauHeHUM.
PoccMncKnn xmMnyecknu >xypHan, 50 (2), 66-75.

Poroikov V., Filimonov D. (2005). PASS: Prediction of
Biological Activity Spectra for Substances. In:
Predictive Toxicology. Ed. by Christoph Helma.
N.Y.: Taylor & Fransis, 459-478.

http://pharmaexpert.ru/passonline



MporHo3uposBaHue cneKkrpa 6uonorMyeckot akKTMUBHOCTU

CTpyKTypa HOBOrO COeauHEHUA

: ]

OueHKa BEepOATHOCTU HA/IMUMA KOHKPETHOro BMAaa
6uonorM4ecKom akKTUMBHOCTMU

1 2

MpeacKkasaHHbIN cneKkTp 6uonornyueckoimt akTUBHOCTH

& N

- Anxiolytic Pa Pi Action:
. Sedative 0.853 0.020 Anxiolytic
) 5HT1A Inhibitor 0.694 0.035 Sedative
Carcinogen

@O F



Kakue Buabl bnonornyeckom aktTuBHoctn nporHosupyet PASS?

NpoTtnsonHdpeKUMoOHHOEe geicTBue (Hanp., aHTUIELMaHUO3HOE).
dapmakotepanesTuueckmne apdekTbl (Hanp., aHKCUOIUTUK).
Bo3aencTBmue Ha onpeaeneHHbin npouecc (Hanp., 6n1okaga anonTtosa).

Bo3aencTBue Ha onpeaeneHHbl peuentop (Hanp., aroHuct 5HT1
peuenTopos).

Bo3aencTBue Ha onpeaeneHHbit pepmeHT (Hanp., ctumynarop ATdasbl).
Bo3pgeicTBue Ha MOHHbIe KaHanbl (Hanp., 6aokatop Ca?* kaHanos).
Bo3aencTBue Ha TpaHcnopTepbl (Hanp., MHrMbuTop TpaHcnopta TAMK).

B3aumopgeiicrBue ¢ merabonnueckumun pepmeHtamm (Hanp., cybctpar
CYP3A4).

Bo3pgeicTBMe Ha TpaHCKpUNuuio (Hanp., MHIMGUTOP TPAaHCKPUNLMOHHOIO
dakropa Rho).

Mo6ouHble 3¢pdeKTbl, cneundurueckas TOKCUYHOCTb (Hanp., KaHLeporeH).



NMporHo3npoBaHMe AJi1S aueTUJICaJimuni10BoOM
KUCNOTbI
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There are B2 known activities.,
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1217 of 3750 Pozzible Activities
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337 af 3036 Possible Molecular Mechanisms
40 of 55 Pozsible Side Effects and Tosicity

75 of 196 Pozzible Metabolizm-Felated Actions
3 of 11 Poszzible Gene Expreszion Regulation
2 of 35 Possible Transparters-Felated Actions

141
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PharmaExpert: Ot60p nMraHanos, A€UCTBYIOLLNX

Ha MHOIr'meée MUMLLUEHM

Pharmaxpert Multitargeted actions -5
File Tools View Help Effects Mumber of targets
=) | it B [EN] ‘ & B:% IPa)DmD j' | €3] LI |3 ;I Run Load Save

2
,'SD
BN N NYQ
IS .
o
&0

lal

]

4

=
N
O

Save THT Save 5D Clpbosrd Excude | @ Fi Types of Act

es |Pa-Pidescending A

E‘_- E ™ Check non predicted activities [ Calculation

0.681 0.003 Myc inhibitor
Pa x| |> = IF'l A Sort

0.323 0.005 Mcl-1 antagonist
Pa Pi AutolD 0331 0140 Kinase inkibitor
0.162 0.022 Bel2 antagonist
0.291 0.237 Interferon alpha agonist
0.145 0.034 Bokal inhibitor
0.285 0.215 Transforming growth factor agonist
0110 0.087 Interleukin 2 antagonist

Effect IMechanismsl Toxicityl Metabol\sml Transpolll Gene Expression

[M-acetylneuraminyl]-galactasylglucospleeramide M-acetylgalactos aminyltransferase inhibitor

3 Beta-hydrosy-delta 5-steroid dehypdrogenase inhibitor
5 Liposygenase inkibitor
B-Alphareductase inkibitor

ABCAT expression enhancer

Abl kinase inhibitor

Acetylcholing nicotinic antagonist
ADAM10 endopeptidase inhibitar
Adenosing A3 receptor aganist
Adenylate cyclase inhibitor

ADP riboze palymerase 1 inhibitar
ADP riboze polymerase inhibitor
Aggrecanase inhibitor

AICAR transformylase inhibitor
Alkylphosphalipid

Aminopeplidase microsomal inkibitar
Aminopeptidase M inhibitar

AMPA receptor antagonist
Andiogen antagonist

Aromatase inkititor

Aspartate carbamayltransferaze inkibitor
ATM kinase inhibitor

AT Pase [Vacuolar H+] inhibitor

Activity type

jl Drug-likeness >0 j INew Descriptors »=0 d

Number of selected compounds:

Fa =l vIIF’i LI[-]-I\mUnensE-munuuxygenasemhlbltur

|AutDID 4; » <DRUG_LIKEMESS> 0.359; 52 Substructure descriptors, 2 new; 8 Possible activities.

Mo Pa |Number |Acl|w|y type
2 Bel2 antagonist
1 Bel2 antagonist
1 Bel2 antagonist
3 Bel2 antagonist
3 Bel2 antagonist
3 Bel2 antagonist
3 Bel2 antagonist
1 Bel2 antagonist
1 Bizl-sL inhibitor
10 oza 1 BelsL inhibitor
i ono 2 BelsL inhibitor
12 031 2 Bkl inhibitor
13 0323 2 Bkl inhibitor
14 06: 2 BoluL inhibitor
18 0286 1 Belul inhibitor
16 0582 1 Cyclin-dependent kinaze 2 inhibitor

17 0167 1 Cyclin-dependent kinase 2 inhibitar

18 0.303 1 Cyclin-dependent kinase 2 inhibitar
19 0.404 2 Cyclin-dependent kinase 2 inhibitar
20 0.676 2 Cyclin-dependent kinase 2 inhibitar
al 0.284 1 Cyclin-dependent kinaze 2 inhibitor

22 0303 1 Cyclin-dependent kinaze 4 inhibitor

Bl inhibitor

Cyclin-dependent kinaze 3 inhibitar
Interferon alpha agonist

Interleukin 2 antagonist

Kinase inhibitor

Mck1 antagonist

Mye inhibitor

Transfarming growth factor agonist
Cyclin-dependent kinaze 3 inhibitar
Interferan alpha agonist

Interleukin 2 antagonist

Kinase inhibitor

Mck1 antagonist

My inhibitar

Transfarming growth factor agonist
Cyclin-dependent kinaze 4 inhibitar
Gelatinaze inhibitor

Guanylate cyclase stimulant
Kinase inhibitor

Mye inhibitor

Neuropeptide antagonist

Guanylate cyclase stimulant
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Anxotomuuyeckoe moaenmpoBaHMe PeryiaTopHbIX
CUrHa/IbHbIX ceTeun

. Active node Primary states

6 Inactive node A

——— Inactive edge of activation
— e Active edge of inhibition
—> Active edge of activation

K S(0)

Edge State of

property node j Si=1
bik=1 / \b/k—-l »
s=1 (@ Q) sw=0 J ® -n

\ J
|

Fi (S1, S2, ... ,8n) = O(ai + Y kSkbki) Effect

Koborova O.N. et al. SAR and QSAR Environ. Res., 2009, 20, 755.



UcxoaHble gaHHble Ana moaennpoBaHuA

Microarray data for
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» HER?2/neu-positive breast
carcinomas

= Ductal carcinoma

= |nvasive ductal carcinoma
and/or a nodal metastasis

= Generalized breast cancer

Regulatory network
TRANSPATH® database
http://www.biobase.de

Fragment: 2336 edges and 1405 nodes

Cascade of TNFalpha IL-6 TCFbets
o pathviay pathway pathway
Cell cycle .
chaiyns Wnt/beta-catenin VEGF HIF t1ha|pha
pathway pathway pathway
L Fas Ccli EGF MAP
athway yeuns pathway kinases

B, TRANSPATH (http://www.biobase.com)
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MOAEHMPOBBHME HOPMA/IbHbIX KNEeTOYHbIX nNpoLleccos
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NpeHTMPLMpPOBaHHbIE MONEKYNAPHbIE MULLEHU

HIF-1ALPHA

HER2/neu Invasive ductal
O
g’; Mechanism positive breast | Ductal carcinoma | carcinoma and/or a Generalized breast cancer
L
carcinomas, nodal metastasis
Cyclin D1:CDK4, Cyclin
CYCD1, CYCLIN D1

o D1:CDK6 (G1 phase)
o
$ Cyclin E:CDK2 (G1/S CYCE, CYCLIN E, CDK2, PLK1, AKT-1
> | phase), Cyclin A:CDK2 (S
= SYK N/A SRC N/A
7] phase)
o

Cyclin B:CDK1

SYK N/A N/A N/A
(G2/M phase)
BCL-2

%
3 Cytochrome C RAF-1, GRB-2, PKC, Alpha5 Betal Fibronectin
a N/A N/A
=) RACK1 receptor, Fibronectin
@©
g MKK4, PI13K, MKK6, P38ALPHA, CRKL, HPK1
o
i VEGF-A,
= Caspase-3
= N/A N/A VEGFR-2, N/A




BoisiB/IeHHBbIE JBOMHbIC U TPOMHbIE KOMOMHALIUU
MUIIICHEH Il TePaluid paKka MOJIOYHOM ’kKeJie3bl

Number of | Activity type Activity type Activity type
compounds
4 Bcl2 antagonist Cyclin-dependent kinase 2
inhibitor
10 Bcl2 antagonist Myc inhibitor
10 Bcl2 antagonist Phosphatidylinositol 3-kinase

beta inhibitor

3 Cyclin-dependent Myc inhibitor
kinase 2 inhibitor

7 Hypoxia inducible Myc inhibitor
factor 1 alpha inhibitor

10 Hypoxia inducible Phosphatidylinositol 3-kinase
factor 1 alpha inhibitor | beta inhibitor

10 Myc inhibitor Phosphatidylinositol 3-kinase
inhibitor
10 Bcl2 antagonist Myc inhibitor Phosphatidylinositol 3-

kinase beta inhibitor

Koborova O.N. et al. SAR and QSAR Environ. Res., 2009, 20, 755.




Nouck BewecTs, AEUCTBYIOLWMNX Ha
Heckonbko MmuweHen, B b1 ChemNavigator

NMporHo3 PASS npoTuBoonyxoJsieBbiX BUAOB aKTUBHOCTH
6bin nonyyeH Aana 24 MNAH XMMUYECKUX coeamHeHmn m3s bl
ChemNavigator (http://chemanvigator.com).

Okos10 335 TbIC. XMMMNYECKMNX coeaAnHeHunun 6bino
MACHTUNPUNLUMPOBAHO, KaK BEpPOSsiTHbIE NMPOTUBOONYXOJieBble
areHTbl ¢ BepoATHOCTbIO Pa > 50%.

BblJ10 BbiSIBJIEHO OKOJ10 6,5 TbiC. BellecTB, NOTeHLnalbHO
B3aMMO4eNCTBYOLWMNX C ABYMSA U TpeMa MmuueHamu (23 m 4
KOMOGMHaLUMM , COOTBETCTBEHHO).

C nomowbro nporpammbl NetFlowEx 6b110
npoaHan3MpoBaHO, Kak 6/10kafaa ABOUHbIX UJIN TPOUHDIX
KOM6MHaUuMn MmwieHen BAMSAET Ha noBeaeHue
PerysiiTOpHoOM ceTum.

Bbiy10 0oTO6paHO 64 coeanHeHun, 15 coeanHeHnmn 6bI1O
npuoébpetreHo U NPOTECTUPOBAHO HA KJIETOUYHbIX JIMHUAX B
Karolinska Institute (LUBeuun), 2 — oka3zasiMmCb aKTUBHbIMMU
No OTHOLUEHMUIO K PaKy MOJIOYHOM >efie3bl U MeJZlaHOMe.



gene Xplain

MonekynsapHble MexaHu3Mbl aerucremsa Rita n noreHumnanbHblie
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CuHeprusm geucrsmna coeguHeHmna CPIl u Rita Habnaopganca pna

HECKO/IbKUX KNETOUYHbIX IMHUU paKa MOJIOYHOMN *Kenesbl, HO He

Habnopanca gna He TPaHCHOPMUPOBAHHDBIX KNETOUYHbIX IMHUNA
ANUTENNA MNEKONUTALWNX
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Galina Selivanova, Karolinska Institute, Sweden




Bewectesa ALAB-1 n ALAB-2 nogasnAaloT poct
YyenoseyeCcKMUX onyxosen, TPaHCNIaHTUPOBAHHbIX MbllLAM
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IDENTIFYING AND DEVELOPING
NEW USES FOR EXISTING DRUGS

technologies have fallen short of achieving the desired results. Repositioning emstmg drugs 1l
new indications could deliver the productivity increases that the industry Naskess
the locus of production to biotechnology companies. More and more compa
existing pharmacopoeia for repositioning candidates, and the number of re
stories is increasing.

REVIEWS

The biopharmaceutical industry has a problem: output Pharmaceuticals), which ¢
has not kept pace with the enormous increases in extended-release niacin for
pharma R&D spending (r16.1)". This gap in productivity vance (Bristol-Myers Squib),
exists even though pharma companies have invested plus glyburide for diabetes; aj

THE VALUE OF DRUG
REPOSITIONING IN THE
CURRENT PHARMACEUTICAL

MIIATH TLONAIN . smainay

Ted T. Ashburn and Karl B. Thor DRUG REPOS|T|ON|NG SUMM|T
l ‘ FINDING NEW ROUTES TO Drug Repositioning

Biopharmaceutical companies attempting to increase productivity through novel discovery S U C C E S S

'DRUG REPOSITIONING: | | )

Highlights from the

Institute’s Third Annual

Summit, held October

Drug Discovery Today -Volume 16, Numbers 7/8+- April 2011

In silico repositioning of approved drugs
for rare and neglected diseases

Sean Ekins'%3* Antony J. Williams?®, Sean Ens “
MARKET Matthew D. Kras ich? ot o o

OPEN a ACCESS Freely available online PLOS COMPUTATIO

Drug Discovery Using Chemical Systems Biology:
Repositioning the Safe Medicine Comtan to Treat |
Drug and Extensively Drug Resistant Tuberculosis

Sarah L. Kinnings'””, Nina Liu?®, Nancy Buchmeier®®, Peter J. Tonge?, Lei Xie®”, Philip E. Boy

1 Department of Biology, University of York, York, United Kingdom, 2 Institute of Chemical Biology & Drug Discovery, Department of Chemistry, Stony
Stony Brook, New York, United States of America, 3 Department of Chemistry and Biochemistry, University of California San Diego, La Jolla, Califomnia,
America, 4San Diego Supercomputer Center, University of Califomia San Diego, La Jolla, California, United States of America, 55kaggs School of
Pharmaceutical Sciences, University of Califomia San Diego, La Jolla, California, United States of America

Invest New Drugs
DOI 10.1007/s10637-010-9422-6

Abstract

The rise of multi-drug resistant (MDR) and extensively drug resistant (XDR) tuberculosis around the world, incl
industrialized nations, poses a great threat to human health and defines a need to develop new, effective and ine
anti-tubercular agents. Previously we developed a chemical systems biology approach to identify off-targets
pharmaceuticals on a proteome-wide scale. In this paper we further demonstrate the value of this approach thrq

discovery that existing commercially available drugs, prescribed for the treatment of Parkinson’s disease, have the

PRECLINICAL STUDIES

A novel activity from an old compound: Manzamine
A reduces the metastatic potential of AsPC-1 pancreatic
cancer cells and sensitizes them to TRAIL-induced apoptosis

Esther A. Guzmin - Jacob D. Johnson -
Patricia A. Linley « Sarath E. Gunasekera «
Amy E. Wright

Received: 5 November 2009 / Accepted: 11 March 2010
(©) Springer Science+Business Media, LLC 2010

Abstract Purpose: Pancreatic cancer is the fourth leading  Introduction

cause of cancer death in the United States, and new drugs to

treat the disease are needed. Pancreatic cancer cells are  Pancreatic cancer is the fourth leading cause of cancer
highly metastatic and exhibit resistance to apoptosis. Small _ death in the United States, accounting for about ten percent

to treat MDR and XDR tuberculosis. These drugs, entacapone and tolcapone, are predicted to bind to the enzyme InhA and
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TOP 200 MEDICINES: CAN NEW ACTIONS
BE DISCOVERED THROUGH
COMPUTER-AIDED PREDICTION?*

V. POROIKOV*® D AKIMOVY, E. SHABELNIEOVAP
and D. FILIMONOV®

“nstitute of Biomedical Chemistry of the Russian Academy of Medical Sciences,
10, Pogodinskaya Sireet, Moscow, 119832, Russia; ®Medical and Biological
Faculty of the Russian State Medical University, 1, Ostrovitpanaova Street,
Moscow, 117860, Russia

{ Received 30 June 2008, M final form 21 Mareh 2001 )

Computer-aided prediction of the biological activity spectra by the program PASS was applied
tao a set of 130 pharmaceuticals from the list of the Top 200 medicines. The known phar-
macologcal effects were found in the predicted activity spectra in 93.2% of caszes. Additionally,
the probability of some supplementary effects was also predicted to be significant, including
angiogenesis inhibition, bone formation stimulation, possible use in cognition disorders
treatment, multiple sclerosis treatment, efe. Thaese predictions, if confirmed experimentally, may
become a cause for a new application of pharmaceuticals from the Top 200 lisl. Most of known
side and toxic effects were also predicted by PASS. PASS predictions at carlier R & D stages
may thus provide a basiz for finding new “leads™ among already launched drugs and may help
direct more attention to those particular effects of pharmaceuticals in clinical use which become
apparent only in a small part of the population and require additional precautions.

Keywords: Biological activity spectra; Top 200 medicines; Side effect; Toxicity; Computer-aided
pradiction; PASS



BbifiBiIeHME HOBbIX aKTUBHOCTEMN Y U3BeCTHbIX 1IeKapCTB

Example: Top 200 Pharmaceuticals
(132 different drug-like substances):
Acetaminophen/Codeine
Albuterol; Albuterol Aerosol 93% wu3BecTHLIX

(PApMAKONOTrU4eCcKux

Alendronate; Fosamax

(-]
Allopurinol 3¢ppekTos U 83%
Alprazolam NO6OYHBLIX U
Amitriptyline TOKCUYECKUX
R 3PeKToB 6L1NU
Verapamil

ycnewHo

Warfarin; Coumadin npeAackasaHsl PASS.

Zafirlukast; Accolate
Zolpidem; Ambien

Poroikov V. et al. SAR & QSAR Environ. Res., 2001, 12 (4), 327-344.



HoBble aKTUBHOCTU NPOrHO3MpPoOBaJZIMCb BO MHOIMMX
caiyvyasx, HanpuMmep, AN Kapusonpoaona:

Ao

TTpenckasaHHas
- AQKTUBHOCTD:
UssecTHas ApgiQanesis
QKTUBHOCTb: inhibitor
Skeletal muscle (Pa=0.569)
relaxant Multiple sclerosis
treatment

(Pa=0.549)



KomnbloTepHbIN NPOrH03 HOOTPOMHOM aKTUBHOCTHU

HassaHue HootponHbii

npenapara apdekT, %

m 65,5 37,8 50,9 - - 50,6 -
m 61,8 33,6 - - 44,2 56,0 -
60,9 33,4 - 37,2 35,3 39,5 -
65,1 38,3 - 37,0 - 42,9 -
m 63,3 38,6 36,9 40,9 - 37,3 -
81,7 43,3 42,5 - 38,6 34,2 -
oD | [ = |

- ------

MpumeyaHue. B Tabanue npmBegeHbl 3HaveHUA Pa, npesbiwatowme 30%, ona Kaxkaoro snaa
aktMBHoCcTuK: Al - Acetylcholine M2 receptor agonist; A2 - Acetylcholine release stimulant; A3 -5
Hydroxytryptamine release stimulant; A4 - GABA receptor antagonist; A5 - X-Pro dipeptidase
inhibitor; A6 - Glutamate receptor agonist.




JKcnpecc-oueHKa TMNoB ¢apMaKoNIorMyeckoro Aeimcremsa
NPOBOAUNACL B 3aKPbITOM KpecTtoobpasHOM abupuHTte

P.M. Canumos, *ypH. ebicwi. HepeH. deam., 38 (3), 569-571 (1988).



BauaHue nepmHAONPUAA HA NOKA3aTe/Iu UCCNe[0BaTe/IbCKoro
nosegeHUA Mmbiliei B KpectoobpasHom nabupuHre

F_PtrN
S_PtrN
PatrIN
F_ChTm
F_GITm
T_ChTm
T GITm
R_TrnN

L TrnN
rl_Ind

S_VisN

* - CTaTUCTUUYECKM 3HAYMMOE OT/IMYMeE OT KOHTpoAs (p<0,05)
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14
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14

14

14

14

14

14

KoHTposnb
M
5,2
5,8
1,9
23,7
24,6
76,0
160,1
5,9
2,7
0,7

4,8

SEM
0,2
0,5
0,2
8,7
2,1

14,9
8,6
0,7
0,5
0,1

0,8
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14

14

14

14

14

14

14

14

14

1 mr/Kr

M
5,6
4,5*
2,1
11,9
22,4
47,6*
152,4
3,3*
4,4%
0,5

4,5

SEM
0,5
0,2
0,2
2,0
2,9
3,1
8,3
0,8
0,9
0,1

1,0

14

14

14

14

14

14

14

14

14

14

14

4 mr/Kr

M
5,1
5,2
2,1
9,9
33,2
54,2*
167,6
4,1
2,9
0,6

4,7

SEM
0,4
0,3
0,1
2,1
5,9
5,3
16,1
0,7
0,6
0,1

0,6

13

12

14

14

14

14

14

14

14

14

14

8 mr/Kr
M
5,2
5,8
1,9
10,7
21,3
42,4
158,8
3,9
3,3
0,5

5,4

SEM
0,5
0,4
0,2
3,0
3,2
2,5

16,8
0,7
0,3
0,1

0,8



Pe3ynbTaTbl U3yueHUsA NoKasaTtesien NnoBeaeHUn
NaTpyMpPOBaHUA

MepuHgonpun B ao3e 1 mr/Kr Bbi3biBasl CTaTUCTUYECKU 3HaUMMOe
yAyudlleHUue nokasareneu noseaeHuA NaTpyanpoBaHua nabupumHra. B sTo
YKe A03e OH TaKXe U3MEHAN NOoKa3aTenu ABurate/sibHom acummeTpum u no
3TUM ABYM NoKa3artenam ero 3p@PeKT cxoaeH ¢ adPeKTom nupauerama B
ao3e 300 mr/Kr. Kpome Toro, nepuHaonpun 8 go3ax 1, 4 u 8 mr/Kr Bbi3biBan
YKOpoueHue BpemeHu npebbiBaHUA B LeHTpe n1abupuHTa npu nepexoge u3
TYNWUKa B TYNUK, U NO 3TOMY NOKA3aTe/1l0 OH HANOMMUHAET AeucTeue
TUMONENTUYECKUX CPeacCTB.

KeuHanpwun B go3e 10 mr/Kr Bbi3biBaa CTaTUCTUUYECKU 3HAUUMOE
yAydlleHue nokasareneun noseaeHua NaTpyanpoBaHUa nabupmHra u
YMeHbLUAN YUCNO0 CTePEeoTUNHbIX BUSUTOB.

MoHonpun 8 go3e 10 mr/Kr Tak»Ke Bbi3biBas CTaTUCTUUYECKU
3HaUYMMOe yny4dlleHMe NoKasartesieid noBegeHnAa NaTpyaMpoBaHus
nabupuHra.



NOOTROPIC-ACTION-OF -SOME-ANTIHYPERTENSIVE -DRUGS:q
COMPUTATIONAL-PREDICTION-AND-EXPERIMENTAL-TESTINGY

1
Kryzhanovsky-S.A.,-Salimov-R. M.

Institute-of Pharmacology-of-Rus.-Acad.-Med.-Sci..
Bldg.8,-Baltiyskaya-Str.,-Moscow,- 125315

)|
Lagunin-A.A.,-Filimonov-D.A.,-Gloriozova-T.A.,-Poroikov-V.V q

Institute-of ‘Biomedical-Chemistry-of-Rus.-Acad.-Med.-Sci..{
Bldg.-10,-Pogodinskaya-Str.,-Moscow, 1191219

On-the-basis-of-computational-prediction-of-biological-activity-spectra-using-computer-program-
PASS- several- antihypertensive- drugs- belonging- to- the- group- of ACE- inhibitors- have- been-
selected- for-testing- of - nootropic-activity.- Experiments-were-conducted-on-mice-by-the-test-of-
spontaneous-orientation-(patrolling-behavior)-in-the-cross-maze. -It-was-found-that-perindopril-in-
dose- of* 1- mg/kg,- and- quinapril- and- monopril- in- doses- of- 10-mg/kg- improved- the- patrolling-
behavior-in-the-maze. -This-effect-is-similar-to-the-effects-of-standard -nootropic-drugs-piracetam-
and-meclofenoxate- (in-doses-of-300-and- 120-mg-/- kg, - respectively).- The-observed-nootropic-
effectof-some-ACE inhibitors-are likely-to-be unrelated to their-antihypertensive effect, -since-the-
nootropic-action-took-place-only-at-relatively-low-doses-of-perindopril,-quinapril-and-monopril-
and-was-not- observed- with- further- increase-in-dose.-Identification- of-nootropic-action- of- the-
commonly-used-in-clinical practice antihypertensive-drugs-lead-to-new-clinical-applications-with-
regard-to-the relevant-individual -peculiarities-of -patients.

Kryzhanovsky S.A. et al. Pharmaceutical Chemistry Journal, 2012, 45 (10), 605-611.



B/l no B3ammopaencTBuio KCeHobMoTmnKos ¢ uutoxpomamm P450

2051 3anucb

® CTPYKTYPHble GpOopMybl

BELLeCTB;

® TUMN B3aUMOJENCTBUA:
cybcTpat, HrmbuTop,

NHAOYKTOP;
® CCblI/IKM Ha
NepPBOUCTOYHUKM.
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TYPTAT inducer
CYP1A2 substrate
CYP2D6 inhibitor
CYP3A4 inhibitor
N N CYP3IAL subistrate
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Tun B3aumopgenctema | Kon-so Tun B3aumopgenctema | Kon-so Tun B3aumopgenctema | Kon-so
MOIEKYN MOIEKYN MOIEKYN
CYP1A2 cybcTpar 650 CYP1A2 nHrnbutop 127 CYP1A2 nHagykTop 24
CYP2C19 cybcTpaTt 406 CYP2C19 nHrnbutop | 84 CYP2C19 nHayktop 8
CYP2C9 cybcTpar 499 CYP2C9 nHrmnbutop 143 CYP2C9 nHaykTop 24
CYP2D6 cybcTpar 592 CYP2D6 uHrnbutop 178 CYP2D6 nHayKTOp 8
CYP3A4 cybcTpar 1103 CYP3A4 nurnbutop 225 CYP3A4 nHaykTtop 71




TounocTh poruo3a ¢ momMomb PASS B3anmMoaecTBUS

JIEKapCcTB ¢ nuToxpomamu P45(0

Tun B3anmopgencreua (UMcno coeguHeHUM)

IAP, %

CYP1A2 cy6erpar (650)

77

CYP2C19 cy6cTpar (406)

78

CYP2C9 cyb6erpar (499)

75

CYP2D6 substrate (592)

79

CYP3A4 substrate (1103)

75

CpeaHssa TOYHOCTbL NPOrHo3a Ansi cyocrtpaToB

77

CYP1A2 unruéurop (127)

77

CYP2C19 unruéurop (84)

74

CYP2C9 unruéurop (143)

79

CYP2D6 unrudurop (178)

80

CYP3A4 unruéurop (225)

72

CpeaHAA TOYHOCTb NMPOrHo3a Ans UHrMoUTopoB

76

CYP1A2 unaykrop (24)

83

CYP2C9 unnaykrop (24)

69

CYP3A4 unayxkrop (71)

77

Cpem—ma TOYHOCTb NMPOrHo3a AnsA MHAYKTOpOB

77

CpeﬂHﬂﬂ TOYHOCTb MNMPOrHo3a AsnA 14 TMNOB B3anMoaencTBuUA

77




«The Top 100 Drug Interaction 2010 H&H Publications»

Pimozide — cy6cTtpatr CYP3A4

UHrmburtopsl CYP3A4, obycnhasaunsatowme
1-1 KNacc MmexKNeKapCcTBEHHOro B3aMMOAENCTBUA:

Amiodarone Indinavir
2011 Edition .
Amprenavir Ketoconazole
Aprepitant Nefazodone
Philip D. Hansten, Pharmb Atazanavir Nelfinavir
John R, Horn, Ph . . .
S S Clarithromycin  Paroxetine
Conivaptan Posaconazole
y Cyclosporine Quinupristin
* PykoBOACTBO A1 MPAKTUKYHOLLMX Bpayew i _ _
Darunavir Ritonavir
* CoepKuUT onmcaHne KOMBMHaLWIA Delavirdine Saquinavir
NeKapCTBEHHbIX CPeacTs, MPUBOAALLMX K Diltiazem Sertraline
MEX/IeKapCTBEHHbIM B3aumoaencTanam 1-ro, Erythromycin Telithromycin
2-ro 1 3-ro Knaccos Fluconazole Troleandomycin
Fluvoxamine Verapamil

* CoaepKuT TabanyHyto MHPopmaumio o
cybcTpaTax, MHrIMbuTopax n MHAYKTOpax
umutoxpomos P450 1A2, 2C9, 2C19, 2D6 n 3A4 (Hansten P. et al., 2010)

Voriconazole

http://hanstenandhorn.com/



http://hanstenandhorn.com/

lNporHo3mnpoBaHue 1-ro Knacca meXXnekapCrtBeHHoro B33VIMOAEI7ICTBI/IFI

TuopupasuH — cybcrpar 2D6, uHrubutop 2D6

HassaHue AKTUBHOCTb
TnopmuaasuH Cy6ctpar 2D6, uHrmbutop 2D6
AMMoaapoH NHrnéutop 2D6
JlpoHeaapOH NHrmbutop 2D6
MponadeHoH UHrnbutop 2D6, cybetpaTt 2D6
XVUHNOUH NHrnbutop 2D6
PaHona3unH NHrnbutop 2D6

N3 8 akTMBHOCTEN 7 NpeackasaHbl BEPHO, 1 aKTUBHOCTb He NpeAckasaHa. NoboyHble a¢ppeKTbl TnopnaasnHa
CBA3aHbl C NponoHraumen QT — uHTepBana. AKKymynauma NponadpeHoHa NpuUBOANT K MHOXECTBEHHbIM
TOKCUYEeCKMM 3dPeKTaM: arpaHynounTO3Y, al/IeprMyeckKMM peakLUnam m T.4.

BapdapuH — cybctpar 2C9

HassaHue AKTUBHOCTb
BapdapuH Cy6cTpar 2C9
ANKOronb NHrnébutop 2C9
A3anponas3oH NHrnbutop 2C9
CynbduHNMpPasoH  [MHrmbutop 2C9

Bce 4 akTMBHOCTM NpeAcKasaHbl BepHO. [MoboyHoe ,EI,EVICTBVIE O6YCJ'IOBJ'IEHO HapyweHunem CUCTem
CBEPTbIBAHNA KPOBM.




MeTabonnsm HenpAMbIX aHTUKOArynaHToB (MHrMbuToposB
BUTaMMH K anoKcmnapenyKrasbi)

BanaHue nonmmopdpunsma reHa CYP2C9

BapdapuH (Kykec B.T. c coTp., 2011)
OcHOBHOM NyTb +
6uoTtpaHcpopmauumn
CYP2C9
OCHOBHOM NyTb +
6uotpaHcpopmaumu
CYP2C9

KomnbtoTepHbin nporHo3: OcHOBHOM
nyTb 6uoTpaHcdopmaumnm - CYP1A2;
nonmmopounsm no reHy CYP2C9 He
B/INAET Ha meTabosn3m npenaparta B
opraHu3me.

OCHOBHOM NyTb
6uorpaHcpopmauun?




Pe3iome

1. KomnbroTepHoOe NporHo3npoBaHue 6uonornyecKomu
aKTUBHOCTU N MmeTabosin3ma n1eKapcTB MOXKeT bbITb
OCYLLEeCTB/IEHO C TOYHOCTbIO 77-95%.

2.Pe3ynbTaTbl KOMNbIOTEPHOrO NPOrHO3a MOryT UCMO/1Ib30BaTbCA
AN OLLeHKU creKTpa buonorMueckom akTUBHOCTU Npenapara,
4YTO NO3BO/IAET NJIAHUPOBATb IKCNEPUMEHTA/IbHOE
TecTMpoBaHMe HOBbIX papMaKoNOrMuYecKmnx BeLlecTs.

3.Ha ocHOoBe KOMMbIOTEPHOro NPOrHo3a MoryT 6biITb
naeHTUGULMPOBaHbl HOBble NOKa3aHUA ANA U3BECTHbIX
NIeKapCTBEHHbIX NpenapaTos.

4. KomnbloTepHoOe NPOrHo3npoBaHue No3BonAeT oueHUBaTb
B3aMMOAENCTBME IeKAPCTB KaK Ha YPOBHE
dapmakoguHaAMMKM, TaK U HA YPOoBHE PapPMaAKOKUHETUKMN.
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