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Biological activity: many faces of the entity
Identification of the most promising targets
- Net2Drug
Identification of the most promising lead compounds
- PASS
- PharmaExpert
- GUSAR
Examples of applications

Finding of multi-targeted pharmaceutical agents among
the available samples or rational design de novo?

Summary



Due to biological

activity, chemical

compound may be
used as a medicine
for treatment

of certain disease.

Due to biological
activity, chemical
compound may
cause adverse

or toxic effects

IN human.
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Depending on the Dose and Route of Administration,
the Substance May Be either Drug or Poison

Botox

If Botox was not exactly a hongehold word before the last presidential campagn, it became one durmng it. For a bref period of tume, the
campaign's leitmotiv was whether one of the candidates was being injected with Botox to erase the frown lines from lus well-lived-in face. He
demied using it. but the publicity put this nonsurgical wrinkle eraser on the map.

Botox ig the trade-marked name of Allergan's punfied protem--botulinnm toxin Tvpe A--denved from the anaerobic bacteriom Clostridinm
botulinum. According to the company, Botox has been approved m more than 75 countries to treat 20 different neunrological disorders. In

addition to its cosmetic application, the toxin has been nsed m the U.S. for about 15 vears for a range of therapeutic apphications, mncluding thy
treatment of crossed eves and excessive sweating,

Allergan spokeswoman Caroline Van Hove notes that Botox "ranks as the number one muumally mvasive cosmetic procedure m the U.S..
according to recent statistics from the American Society of Plastic Surgeons." But itz therapeutic nses outweigh the cosmetic, acconnting for a
60% of Allergan's worldwide sales of $705 mullion in 2004

Type A 1= one of seven distinct botulinum toxins (1dentified by A-G) produced by different straimns of the bacterinm. Each toxin type produces
different immunologic response and 12 made by a different manufacturing process. In the UK. and Europe, Ipsen markets a Type A toxin as
Dveport that differs slightly from Botox. The only Type B toxin available is made by Solstice Neurosciences and is sold as Myobloc Neuroblo
No other antigenic toxins are avalable for therapeutic nse.
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Beginning of XX Century: “Magic bullet” concept

During the XX century
the dominant paradigm
In creation of new
drugs was based on
suggestion about
selectivity of action on
a _certain_molecular
target that should lead
to the normalization of
pathological process.

Paul Erlich, 1854-1915.
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Beginning of XXI Century: Multitargeting Reality
For example, “... popular statins, prescribed to

decrease pathologically elevated cholesterol levels,
Interfere with cholesterol biosynthesis at the Cg level
(hydroxymethyl glutarate), and therefore interfere
with the biosynthesis of farnesyl residues, cholic
acids, sexual hormones and corticosteroids; it is
really surprising that these drugs do not produce
more severe side effects. Olanzapine, a successful
neuroleptic and one of the top-selling drugs, acts as
a highly unspecific, nanomolar antagonist of at least

ten different neurotransmitter receptors.

Kubinyi H. Nat. Rev. Drug Discov., 2003, 2: 665.
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Examples of Adverse and Toxic Effects
Due to the Multitargeted Drug Action

Structure —— Biological Activity —— Drug/Chemical
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If some positive outcomes could
be found In the multitargeted

drugs action?



Multitargeted Drugs: The End of The
“One-Target-One Disease Philosophy?”

update | discussion forum

The [ Fanum provides a medium for alring your views on any issues
reflated to the pharmaceutical industry and obtaining feedback and
discuision on these views from otheri in the field. You can discuss isaues
that get you hot under the collar pr actical F'-.-q-hln-rn- at the bench, recently
published literature, or just something bizarre or humorous that you
wish to share. Publication of letters in this section is subject to editorial
discretion and company-promotional letters will be rejected immediately
Furthermore, the views provided are those of the authors and are not
intended to represent the views of the COATEpanies thi ¥ work for. Moreover

these views do not reflect those of Elsey

ier, [ v or its editorial

team, Please submit all letters to Steve Carney, Editor

e-mall; 5 Carney@elievier.com

Multitargeted drugs: the
end of the ‘one-target-one-
disease’ philosophy?

In a recent issue of Drug D¥scovery Today,
Morphiy ef al. [1] discuss the
opportunities and advantages
associated with the design of ligands
that act on two (or mone) specific
targets in an articke entitled “From magic
bullsts to designed multiple Bgands'.
Several highly specific drugs that have
only ane target have clearly proven the
usefulness of monotarget medicine.

inhibitors and one protease nhibitor &
administerad, in the treatment of
Infection, where the f-lactamase
Imhibitor clavulanic acld Is wsed in
conjunction with amasicilling and in the
treatment of Parkinson’s disease, where
L-4-dihydroxyphenylalanine (DOPA) is
concomitantly administered with
DOPA-decarboxylase and catechal-O-
rmethyltransferase inhibitors, The risk
with combination therapbes is that the
use of multiple drugs introduces
proflems with pharmacokinetics,
tomicity and patient compliance. To
circumvent these difficulties, and after

DOT Vol. 9, Mo, 19 October 2004

authors use the term pharmacophores
to define functional or structural
elements that possess biokogical activity,
However, this does not cermespond to
the official definition [6]: *A
pharmacophore s the ensemble of steric
and electronic features that is necessary
to ensune the optimal supramobecular
interactions with a specific biological
target structure and to trigger (or to
bock) its biological response.” A
pharmacophore does not represent a
real molecule or an actual association of
tunctional groups, but is a purely
abstract concept that encompasses the
commaon molecular interactions of a
group of compounds with their target
structure. Pharmacophores are not
‘pleces of molecules’, and for this reason
a truly rational computer-generation of
D ligands shoubd not be based on the
interactions of structural elements, but
rather the comparison and assoclation
of tree pharmacophores,

The second approach {screening
approach) to DM ligands is based on
the screening of large libraries for the
two relevant bioassays. The substantial
screening of a large number of
compounds, which therefore have a

“In conclusion, the
preparation of dual- or
multiple-ligands on an
almost rational basis is now
conceivable and it can be
expected that many of these
molecules will yield drugs of
superior clinical value
compared with monotarget
formulations”.

Wermuth C. Drug Disc. Today, 2004, 9.
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Needs for Multi-Targeted (Anticancer) Agents

v In order to optimize the efficacy of single target
therapy, we should be able to identify in each patient
the oncogene to which the tumor Is addicted, If any,
but this Is at present unrealistic.

v In many tumors, cross-talks between different
signalling networks have been identified and
Inhibition of a single pathway might not be sufficient
to hamper tumor progression.

v' Almost invariably patients treated with single target
agents acquire pharmacological resistance and
undergo relapse, often due to the activation of
alternative signalling pathways.

Petrelli A. et al. Cur. Med. Chem., 2006, 15, 422.
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Simple Case of Negative Feedback

(A) signal

.

receptor

proliferation

(B) signal

v
receptor +— drug

L |

f=———

— N < X

proliferation

Hornberg J.J.

Active Z (%)

drug concentration

Active Z (%)

drug concentration

et al. BioSystems 83 (2006) 81—-90.
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Loss of Expression of the Ubiquitous Transcription
Factor cAMP Response Element-Binding Protein (CREB)
and Compensatory Overexpression of the Activator
CREM~ in the Human Adrenocortical Cancer Cell

Line H295R*

LIONEL GROUSSIN, JEAN FRANCIS MASSIAS, XAVIER BERTAGNA, avo

JEROME BERTHERAT

Groupe o Etude en Physiopathologle Endocrintenne, Centre National de la Recherche Scientifique,
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How Many Drug Targets are There?
(Overington J.P et al. Nat. Rev. Drug Discov., 2006, 5: 993-996)

Table 1| Molecular targets of FDA-approved drugs

Class of drug target Species Number of
molecular targets
Targets of approved drugs Pathogen and human 324
Human genome targets of approved drugs Human 266
Targets of approved small-molecule drugs Pathogen and human 248
Targets of approved small-molecule drugs Human 207
Targets of approved oral small-molecule drugs  Pathogen and human 227
Targets of approved oral small-molecule drugs  Human 186
Targets of approved therapeutic antibodies Human 15
Targets of approved biologicals Pathogen and human 76
400 —
350 —
300 —
g 250—
ot
150 —
100 —
50—

15 25 33 38 43 48 53 58 63 68 73 78 B3 88 93 95 103 105 113 118
-Log 10 affinity
Figure 2| Frequency distribution for small-molecule drug potencies.

B Rhodopsin-like GPCRs

O Nuclear receptors

O Ligand-gated ion channels

B Voltage-gated ion channels

B Penicillin-binding protein

B Myeloperoxidase-like

O Sodium: neurotransmitter symporter family
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B Fibronectin type Il

B Cytochrome P450
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Search for New Targets in P53 Pathway
Using Names of Known Targets as a Query
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TRANSPATH Database (http://www.biobase.de)
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In silico method for identification of promising anticancer drug targets’

O.N. Koborova™®, D.A. Filimonov®, A.V. Zakharov", A.A. Lagunin®, S.M. Ivanov",
A. Kel® and V.V. Poroikov®

:hmimre of Biomedical Chemistry of Russian Academy of Medical Sciences, Moscow, Russia;
BIOBASE GmbH, Wolfenhiittel, Germany

(Received 7 July 2009; in final form 1 October 2009)

In recent years, the accumulation of the genomics, proteomics, transcriptomics
data for topological and functional organization of regulatory networks in a cell
has provided the possibility of identifying the potential targets involved in
pathological processes and of selecting the most promising targets for future drug
development. We propose an approach for anticancer drug target identification,
which, using microarray data, allows discrete modelling of regulatory network
behaviour. The effect of drugs inhibiting a particular protein or a combination of
proteins in a regulatory network is analysed by simulation of a blockade of single
nodes or their combinations. The method was applied to the four groups of breast
cancer, HER2/neu-positive breast carcinomas, ductal carcinoma, invasive ductal
carcinoma and/or a nodal metastasis, and to generalized breast cancer. As a
result, some promising specific molecular targets and their combinations were
identified. Inhibitors of some identified targets are known as potential drugs for
therapy of malignant diseases: for some other targets we identified hits in the
commercially available sample databases.
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Dichotomic Modeling of Regulatory Network
IN NetFlowEX program

. Active node Primary states

. S(0
Inactive node ©)

L 4
— 5 Inactive edge of activation
o Active edge of inhibition

— s Active edge of activation

W
Edge State of
property o node i Si=1

bik=1 / \bik:-l »

Sk=1 ° ) =0

Fi (S1, S2, ... ,Sn) = O(ai + TKSkbki) Effect

Koborova O.N. et al. SAR and QSAR Environ. Res., 2009, 20, 755.
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Input Data for Breast Cancer Modeling

Regulatory network
TRANSPATH® database

Fragment: 2336 edges and 1405 nodes

Cascade of TNFalpha IL6
caspases pathway Dathway
Cell cycle
- ch a;:.,s_ Wnt/beta-catenin VEGF
pathway pathway
b Cyclins EGF
pathway y el

TGFbeta
pathway

HIF-1alpha
pathway

MAFP
kinases

Microarray data for
breast cancer
Cyclonet database
http://cyclonet.biouml.org

»HER2/neu-positive
breast carcinomas.

>»Ductal carcinoma.

>»Invasive ductal
carcinoma and/or a
nodal metastasis.

>Generalized breast
cancer.
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HER2/neu Invasive ductal
g _ positive Ductal carcinoma _
= Mechanism _ Generalized breast cancer
L breast carcinoma and/or a nodal
carcinomas, metastasis
Cyclin D1:CDKA4,

% | Cyclin D1:CDK®6 (G1 CYCD1, CYCLIN D1
)
% phase)
o |Cyclin E:CDK2 (G1/S CYCE, CYCLIN E, CDK2, PLK1, AKT-1
g phase), Cyclin
© SYK N/A SRC N/A
D A:CDK2 (S phase)
O | cyclin B:cDK1

SYK N/A N/A N/A
A2 BCL-2
S
@  Cytochrome C RAF-1, GRB-2, | Alpha5 Betal Fibronectin
o N/A N/A _ _
S PKC, RACK1 receptor, Fibronectin
(V-
2 MKK4, PI3K, MKK6, P3BALPHA, CRKL, HPK1
-8 VEGF-A,
S Caspase-3
3 N/A N/A VEGFR-2, N/A
c
- HIF-1ALPHA
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Known Functions of Novel Identified Targets

*RACK1 has a role in protecting cancer cells from
apoptosis by regulating the degradation of BImEL,
which together with CIS could play an important role
of drug resistance in chemotherapy.

eH-Ras-specific activation of Rac-MKK3/6-p38
pathway has a role in invasion and migration of
breast epithelial cells.

CrkL plays a specific role in integrin-induced
migration as a downstream mediator of Src by
activating small G proteins at focal adhesions.

«Growth factor-independent survival occurs during
monocytic differentiation by caspase-mediated
processing of HPK1 towards HPK1-N.
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Some Double and Triple Targets’ Combinations
Identified For Breast Cancer

No | Number of | Activity type Activity type Activity type
compounds
1 4 Bcl2 antagonist Cyclin-dependent kinase 2
inhibitor
2 10 Bcl2 antagonist Myc inhibitor
3 10 Bcl2 antagonist Phosphatidylinositol 3-kinase
beta inhibitor
4 3 Cyclin-dependent Myc inhibitor
kinase 2 inhibitor
5 7 Hypoxia inducible Myc inhibitor
factor 1 alpha inhibitor
6 10 Hypoxia inducible Phosphatidylinositol 3-kinase
factor 1 alpha inhibitor | beta inhibitor
7 10 Myc inhibitor Phosphatidylinositol 3-kinase
inhibitor
8 10 Bcl2 antagonist Myc inhibitor Phosphatidylinositol 3-

kinase beta inhibitor
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PASS: Prediction of Activity Spectra for Substances ==&

£ PASS - D:\AUREUS\Data Sets\Top 200 Drugs 2009.sdf
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PASS Approach is Described in Detail:

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

Filimonov D.A., Poroikov V.V. (2006). Prediction of
biological activity spectra for organic compounds.
Russian Chemical Journal, 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
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How PASS Predicts Biological Activity Spectrum?

Structure of new compound

.

Estimating the probability that it has a
particular biological activity

;.

Predicted biological
activity spectrum

& N

oL Anxiol_ytic Pa Pi Action:
: Sedative 0.853 0.020 Anxiolytic
0 SHTIA Inhibitor 0.694 0.035 Sedative

Carcinogen

. F
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Structural Formula of Acetylsalicylate

1 C:"'.AC"IUAL‘-.DATAHAEEE\TEST;NLGLEEULFS\::WH!MTEE?L‘

.. = = o —

GRAPH | TEXT | MMa |

| No Selected Activity -]
Chatt | General | Effects | Mechanisms | Tosicity | Metabolism | Genes | Transporters |

25 Substucture Descriptors; 0 new
These ste B2 known sclivities
Dug-Likeness: 0554

1217 of 3750 Possible Actraties

160 of 417 Pogsible Pharmacologcal Effects
937 of 3036 Possble Molecular Mechanisms
40 of 55 Pozsible Side Effects and Tosicity

75 of 195 Possible Metabolizm-R elated Actions
3 of 11 Possible Gene E xpression Regulstion

2 of 35 Possible Transporters-Related Actions
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GRAPH TEXT | MNA | | No Selected Activity R |
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3 of 11 Possible Gene Expression Regulation
2 of 35 Poszible Transporters-A elated Actions
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MNA Descriptors of Acetylsalicylate
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| Mo Selected Activity

Chart |Genera|| Effects | Mechanisms | Tosicity | Metabolism | Genes | Transporters |
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25 Substructure Descrptors: 0 reew
There are B2 known actties
Drug-Likeness: 0554

1217 af 3750 Passble Activities

160 of 417 Possible Pharmacological Effects
937 of 3036 Possible Molecular Mechanizms
40 of 55 Possible Side Effects and Towcity

75 of 196 Possible Metabolizm-R elated Actions
3 of 11 Possible Gene Expression Fegulation
2 of 35 Possible Transporbers-Felated Actions
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Biological Activity Predicted for Acetylsalicylate

Iﬁuﬁahdadﬁctiﬂ? 'I

Chait General | Effects | Mechanisms | Towicity | Metabolism | Genes | Transporters |

1217 of 3750 Possible Activites at Pa » 0,300

0956 0.003 Fibrnolytic

0935 0.013 Transferase shrulant

0,924 0.002 Prolyl aminopeptidase inkibitor

09271 0.004 Arnbizebonkeic

0917 0005 Alkeryiglycenaphosphocholine hydiolase nhibitor
0.912 0.005 Chiotdecans reductase inkibilod

0309 0.003 Udﬁﬂﬂhﬂdﬂbﬂhﬂdﬁu

0,907 0.002 Arginine 2-maonooxygenase inhibilos

0.910 0003 Methdenstetahpdiofolate reductase [NADPH) mhibitor
0904 0.005 Glucose cadase inhdbdor

Phosphatidyicholine-retinol 0-acyltransferase mhibibor
NADPH-cylochrome-c2 reductase inkbibilor
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0,679 0.002 Gmdmmﬂm
0873 0003 Antipyretic

25 Substiucture Descriptors: 0 new.
Thete aie B2 known actvities.
Druglikeness: 0554

1217 of 3750 Possible Activities

160 of 417 Possible Phamacological Effects
937 of 3036 Possible Molecular Mechanizms
40 of 55 Pozsible Side Effects and Tawcity
75 of 196 Possible Metabolizm-FRelated Actions
3 of 11 Possible Gene Expression Regulation
2 of 35 Possible Transporters-Felated Actions




Online Biological Activity Prediction with PASS

»  Home »  Definition »  Products ¥ Services » FAQ »  Contacts

It is easy to use

Get more information News &
about biological potential of your BT o sico findig of multargeted
“=h pharmacological agents.
Cﬂmpﬂunds Witsliy Oral presentation of Viadimicr Porokowv
“Computer-aided approaches f{o virtual
PASS Online predicts over 3500 kinds of biological activity, SOTSIRIG SN ESFLAN CHN 07 U

http://pharmaexpert.ru/passonline
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Input of the Structural Formula (Clopidogrel)

PASS PREDICTION

Please, enter your structure

Attach MOL file O6z0p... |
' Get Prediction|
To find out the information about MOL file, chck here

OR
J Use of Marvin Applet (i V. e )
To run the applet, you need the _I ava x86 |'15ta!|ed on '_-;'DLH' PC

c%o

Get Prediction)
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Results of Prediction for Clopidogrel

Results

GAl @ Pa=Pi ()Pa>30% [@iPa>T0%

i i Activity i
| 0947 0005 :  Newoprotector *
(RoACiRUNNNAEE 00 AmMwombotc *
:r 0,740 | ?@?1 Amyotrophic lateral sclerosis treatment
Toesr leees i T Ptelet aggregation mhblor T o+
(oeer lop2 . Acute neurclogic disorders treatment | +
(0679 10013 | Atherosclerosistreatment |
(o5 Tooe i Seep dsorderstreatment
" 0597 | 0010 : Angiogenesis inhibitor -
e e cosaai :
Lot —— T — ,
L e e )
Toe0s Teors Dopeion DU sgonat T
S e —— )
L e e e +
I S
(o4 Topos | Pateletantagonst § 7
(0423 o009 : Gitamate (nGkR1)antagonst 1t
o412 foonn Giutamate (TGWR group ) antagonist b+
] 0,426 T 0,035 : Monoamine uptake inhib#or :

e T gy gt sy 1 g A S g g g et
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Confirmation of PASS INet Predictions xiame

Lemnpran joarral of Madidral Cherenesy 38 | F00ET) 20752084 OMICS A Journal of lnp;p.ma.p [-hnlnmI
Viodume 9, Number 2, 2008

”.fﬁf‘:if Cotersts lists svilatile o ScianceDine] © Mary Ann Lichert, Inc
b - , s o -
P L European Journal of Medicinal Chemistry The Tr{‘.rplhﬂ Biominer PI’(‘I_]ELL

ELSEVIER fourmal o mugaga: A fwiew.alswyin. somlycate/simech et Mining Old Sources for New Drugs

Driginal article

Synthesis and in vitro trichomonicidal, giardicidal and amebicidal activity FRANCOIS ARTIGUENAVE* ANDRE LINS,' WESLEY DIAS MACIEL,
of N-acetamide(sulfonamide -2-methyl-4-nitro-1H-imidazoles” ANTONIO CELSO CALDEIRA JUNIOR,! CARLA NACIF-COELHO,*
Emanuel Herndndez-Ninez ?, Hugo Tlahuext ¥, Rosa Moo-Puc S, Héctor Torres-Gamez , Reyna Reyes- GUILHE H“l"“{t?];:;::ttll:;’:i:t:?: I"RHIIT! :i:il]‘nnllllh':ljlrilf_[:r:'ll?ll:}:—t':r'.';' BARBOSA.!

Martinez ®, Roberto Cedillo-Rivera®, Carlos Nava-Zfuazo®, Gabriel Mavarrete-Vazgquez ™

* Farukud de Faroacia, Dererided Ausinera @ Frreds de Slarder, Cuermousca, Moreks 62308, Mesm
Crm de breigeciner (isionr, intwidad Asvinoms e Fada de Mo, Crormvacs, Sl (2290, Meos
* thadad borrbimina kel de WeTigenin Mdie, (W55 Sanviid i badvina LR i Vevonds S7000, Meson

JULIO CESAR DIAS LOPES," and CLAUDIONOR NUNES COELHO JUNIOR!

Available online at www.sciencedirect.com

Avai online at www sciencedirect.com Bioorganic & sciENCE @ DIRECT® Expenm' ental
-ouno-@mn-or- Medicinal Parasitology
Chemistry
Letters ELSE\HER Experimental Parasitology 106 (2004) 67-74
ELSEV] ER Bicorganic & Medicinal Chemistry Letters xxx (2005) xxx-xxx —_— www_elsevier.com/locate/yexpr

In vitro activity of the B-carboline alkaloids harmane. harmine,

Quinazolines revisited: search for novel anxiolytic and ) ; . : gy
and harmaline toward parasites of the species Leishmania infantum

GABAergic agents
R. K Goel.** Vipan Kumar® and M. P. Mahajan®* C. Di Giorgio,™* F. Delmas.,” E. Ollivier,” R. Elias.” G. Balansard.” and P. Timon-David®

*Department of Pharmaceutical Sciences, Guru Nanak Dev University, Amritsar 143 005, India * Laboratoire de Parasitologie, Hygiene et Zoolagie Faculte de Pharmacie, 27 Bd. Jean Moulin, 13385 Marseille cedex 03, France
hl)",rur.'u"w{ of Applied Chemistry, Guru Nanak Dev University, Amritsar 143 005, India ® Laboratoire de Pharmacognosie Faculte de Pharmacie, 27 Bd. Jean Moulin, 13385 Marscille cedex 03, France

AP Ethnobotanical Leaflets
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European Journal of Medicinal Chemistry

- Volume 2008, Issue 1 2008 Article 29
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Phytochemical Investigation and
Oniginal article

Photo-indudble cytotoxic and clastogenic activities of 36-di-substituted acridines PharmOCOIOgical StUdieS Of the Flowers Of
obtained by acylation of proflavine P .
) Pithecellobium Dulce

Yohann Benchabane® Carole Di Giorgio™*, Gérard Boyer®, Anne-Sophie Sabatier %, Diane Allegro®,
Vincent Peyrot, Michel De Méo®
= i skt Bty ¢l Masigeyre D eyt 20 Tl P8 B - S0, Ul e ool wie, Co ool e Py ome S e lehes i [
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For review see: Geronikaki A. et al. SAR & QSAR Environ. Res., 2008, 19, 27.
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PharmaExpert: Selection of Multitargeted Ligands
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GUSAR: General Unrestricted Structure- e
Activity Relationships

=101 ]

File Base Predict WVabdation Services Help
N=237 R2=0.778 F=27.325 SD = 0.668 Q2=0.721 V=27

number lraning set 237 |
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Filimonov D.A., et al. (2009). SAR and QSAR Environ. Res., 20 (7-8), 679-709.



Multitargeted QSAR
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AR
RELABLE CRIANTITATIWE STRUCTURE ACTRVITY
RELATICNSMIPS FOR YOUR CrEMICAL COMPOLUNDS

WWW PHARMAEXPERT AU

GUSAR QSAR METHOD APPLICABILITY DOMAIN

Acute Rat Toxicity Antitargets Environmental

DRAW STRUCTURE
APPROACH T YURGSARMODELNG
*" ¥,
GUSAR software was developed to create QSAR/QSPR models on the & ®
basis of the appropriate training sets represented as SDfile contained data 4 a
about chemical structures and endpoint in quantitative terms. ="’

REFERENCES

http://pharmaexpert.ru/gusar
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Finding of New Antihypertensive Agents
with Dual Mechanisms of Action

eAbout 30 mechanism of antihypertensive action
was available in PASS.

ePrediction of Biological Activity Spectra were
performed for —~180,000 compounds from
ChemBridge n AslnEx databases.

eCompounds with predicted dual mechanisms of
antihypertensive action were identified.

eFour selected compounds were tested In vitro as
Inhibitors of ACE and NEP.

«Some unknown combinations of the
antihypertensive mechanisms were found.

Lagunin A.A. et al. J. Med. Chem., 2003, 46, 3326.
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All four studied compounds were shown to be the inhibitors
of both ACE and NEP with IC, in range 107 - 10° M.

1 o 2 N

F [ )\/\
/ N O

2 -

Lagunin A.A. et al. J. Med. Chem., 2003, 46, 3326.
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Search for Multitargeted Agents T

INn ChemNavigator Library |

PASS prediction of selected anticancer activities were
executed for 24 min chemical compounds from
ChemNavigator library (http://chemanvigator.com).

About 335,000 chemical compounds were identified as
probable anticancer hits at cutoff Pa > 50%6.

Hits for 23 double and 4 triple combinations of targets
with Pa=50%b were found (—6,500 compounds).

Sixteen GUSAR models were applied for identification of
probable mechanisms of action.

Net2Drug program was used for the analysis of double and
triple nodes’ blockade influence on the network behavior.

64 chemical compounds were selected on the basis of
PASS predictions; 26 samples were purchased for
anticancer testing in Karolinska Institute (Sweden).



Results of Biological Testing in Cancer Cell Lines

Out of 16 soluble compounds only one (Molecule I, CPI)
showed growth suppression in 3 different breast cancer cell
lines - at 10 uM. Quite good killing of breast cancer cells, but
still 1 uM RITA was much better (it was used in parallel as a
positive control). The effect appears to be p53-independent
(kills p53-null colon cancer cells) and it does not affect the
growth of non-transformed mammary epithelial cells.

One more compound (Molecule Il) could be interesting -
but not in breast cancer. Out of panel of 7 different cancer
lines it killed only melanoma cells. It kills only melanoma

cells without any effects in other cell lines.

Galina Selivanova, Karolinska Institute, Sweden
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Molecular mechanisms of Rita action and potential
target proteins for a complementary compound
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Synergistic effect was observed between CPI and Rita
In several breast cancer cell lines, but not in non-
transformed mammary epithelial cell line

0.5uM CP1 Control

2.5uM CP1

SuM CP1

MCF7 MCF10A
Control 0.1luM RITA  0.5uM RITA TuM RITA Control 0.1luM RITA  0.5uM RITA TuM RITA
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Galina Selivanova, Karolinska Institute, Sweden
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Targets’ Combinatorics: NI/Z((N-M)IM!)
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Chemogenomics: Chemical Space (Estimated)

The Chemical Universe

1040 . 10120 compounds with
C,H,ONP,S,F,CIBrl and MW < 500 ??

H. Kubinyi, 2004
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Influence of Individual Atoms on a Particular Activity

For each atom in a molecule all MNA descriptors are generated. Using
these descriptors for each particular activity Pa u Pi values are calculated.

Each atom is colored in accordance with the following:

Red : = 0.3+0.7*Pi (negative impact on activity)
Green : =0.3+0.7*Pa (positive impact on activity)
Blue : =1-0.7*(Pi+Pa) (neutral impact on activity)

This can be interpreted in the following way:

If Pa=0and Pi =1, then Red =1, Green =0.3, Blue =0.3 - bright red color;

If Pa=1and Pi =0, then Red =0.3, Green =1, u Blue=0.3 - bright green color;
If Pa=0and Pi =0, then Red =0.3, Green=0.3,Blue=1 - bright blue color;
If Pa=0.33 and Pi =0.33, then Red = 0.53, Green = 0.53, Blue = 0.53 — grey color.



Example: sulfathiazole has antibacterial activity,
and also it iIs a weak antagonist of ET, receptors

PASS PREDICTIONS
Antibacterial Activity ET, Receptor Antagonist

B PASE - CADATABASES\TEST-MOLECULES\sulphatinzole sdf _|olx]| HE PASS - CADATABASES\TEST-MOLECULES\sulphatiazole. sdf oy ][4 |
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The fragment of sulfathiazole

Identified by PASS as having

“positive” influence on ET,
antagonistic activity:

R AR

1 sulfathiazole 2 sulfisoxazole
ET,ICy, =69 uM ET,IC,=0.78 yM

3 BMS-182874 4 BMS-193884
ET, ICy = 0.15 M ET, Ki= 1.4 nM

5 BMS-207940
ET,Ki=0.010 "M

Wermuth C. J. Med. Chem., 2004, 47, 1303-1314.
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PASS Constructor: Structure Modification & Prediction “on the Fly”
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Initial Structure
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Adding an “Active” Fragment: Pa =0.233 — 0.304
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In silico generation of new molecules with the
required biological activity using fragment libraries

Set of
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library
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Selection of
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fragments
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structure
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Example of Defragmentation of Acetylsalicylic Acid

The rules are presented below:
- The following bond types - C-N. N-N. N-O. C-C. S-S. C-0. as well as bonds between
the ring atom and non-ring atom and bonds connecting two cycles can be split.
- Double and triple bonds cannot be broken.
The example of splitting of the acetylsalicylic acid structure (active pharmaceutical

ingredient of Aspirin) is shown in figure 1.
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Finding of New COX & LOX Inhibitors in Virtually
Designed Chemical Library

J. Med. Chem. 2008, 51, 1601-1609 1601

Computer-Aided Discovery of Anti-Inflammatory Thiazolidinones with Dual Cyclooxygenase/
Lipoxygenase Inhibition

Athina A. Geronikaki,' Alexey A. Lagunin,** Dimitra I. Hadjipavlou-Litina,' Phaedra T. Eleftheriou,’ Dmitrii A. Filimonov,*
Vladimir V. Poroikov,® Intekhab Alam.* and Anil K. Saxena

Department of Pharmaceutical Chemistry, School of Pharmacy, Aristotle University, Thessaloniki, 54124, Greece, Instinue of Biomedical
Chemistry of Russian Academy of Medical Sciences, Pogodinskaya Street, 10, Moscow, 119121, Russia, and Medicinal Chemistry Division,
Central Drug Research Institute, Chattar Manzil Palace, Lucknow-226 001, India

Received July 24, 2007

New anti-inflammatory agents possessing dual cyclooxygenase/lipoxygenase (COX/LOX) inhibition were
discovered by computer-aided prediction of biological activity for 573 virually designed chemical compounds.
Prediction of biological activity was performed by PASS, and prediction results were analyzed with
PharmaExpert software. Nine 2-(thiazole-2-ylamino)-5-phenylidene-4-thiazolidinone derivatives differing
by the phenyl group substitution were selected for synthesis and experimental testing as potential COX/
LOX inhibitors. Eight tested compounds exhibited anti-inflammatory activity in the carrageenin-induced
paw edema. It was shown that seven tested compounds (77.8%) were LOX inhibitors, seven compounds
were COX inhibitors (77.8%), and six tested compounds (66.7% ) were dual COX/LOX inhibitors. Analysis
of lipophilicity of the compounds showed a negative correlation with inhibition of edema formation. The
binding modes of the most active compounds of this series (2-(thiazole-2-ylamino }-5-(m-chlorophenylidene)-
4-thiazolidinone for COX-1 and COX-2, and 2-(thiazole-2-ylamino)-5-(m-nitrophenylidene)-4-thiazolidinone
for 15-LOX) were proposed on the basis of docking studies.
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Influence of Fragments on COX-1, COX-2 and LOX inhibition

Final C-values
Fragment | Chemical name
COX-1 |COX-2
o §
O’ phenyl acetate 100 100




Experimental evaluation of LOX, COX-1, and COX-2 inhibition obtained for the
set of benzothiazole- (BT), benzisothiazole-(BIT) and thiazole (TH) derivatives.
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TH BT BIT
COX-1 COX-2 LOX
N R CPE*, inhibition inhibition inhibition
% (ICs0, pM) % (ICso, pM)

BT BT |TH** BT |TH**| BT TH"*

I 2-NO; - =200 | - 0.4 355
3 INO: | 400 | 031 |-200] 320 |121| 420 | 801
3 aNO; 570 | 051 [1413| 80 | 451 500 | 2512
r 3Gl 718 | 0018 |-200| 88 | 211 | 710 | 1146
5 3-Cl 780 | 224 [1250| 320 |304| 355 | 1250

6 4-C1 68.7 0.31 =200 20.0 62 50.0 120.0




Fragment-based design, svnthesis, biological evaluation and structure—
activity relationships of 2-benzo/benzisothiazolimino-5-arvliden—4-
thiazolidinones as cvcloxvgenase/lipoxvgenase inhibitors

Phaedra Eleftheriou®, Athina Geronikaki®’, Dimitra Hadjipavlou-Litina®, Paola Vicini®

Olga Filz*', Dmitry Filimonov®, Vladimir Poroikov®

ABSTRACT
One of the cumrent strategies for the treatment of complex multifactorial diseases is based

on the modulation of several targets. Taking into account up-to-date knowledge about the
mechanism of inflammation. balanced inhibition of cyclooxygenase-1 (COX-1),
cyclooxygenase-2 (COX-2) and lipoxygenase (LOX) could be proposed as a promising
strategy for treatment of inflammation Computational screening of chemical libraries can
be used for identification of multi-target agents. Detection of fragments responsible for
interaction with the binding site of target protein provides the basis for design of new
molecules with increased affinity as well as for selective inhitation of one specific tarpet.
A new statistical method was proposed and applied to create a fragment library which is
focused on the mhubition of COX-1, COX-2 and LOX enzymes. Using fragments,
selected on the basis of both functional significance and chemical accessibility, novel
potent imhibitors of cyclooxygenase-1, cyclooxygenase-) and lipoxygenase were
designed. Synthesis of compounds and in vitre and in vive biological testing confirmed
the results of computational experiments. The benzothiazolyl moiety, incorporated in the
studied compounds, improved affinity to all three enzymes, leading to more potent
inhibitors in comparison with previously tested thiazolyl derivatives.

Eur. J. Med. Chem., 2011, submitted.
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Summary

. Multi-targeted agents may have advantages
comparing to the ligands acting on a single target.

. The most prospective targets and their combinations
can be identified by different simulations of
processes in regulatory pathways.

. Compounds that likely have the targeted activities
can be found by virtual screening in the databases of
available samples.

. However, the chance to find compounds active
versus all combinations of multiple targets is rather
small. Direct design IS necessary in many cases.
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