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How do we proceed?

New target
Internal
Literature
Validation

Selected Target HTS/MTS A2L

TSS & LG plan  Pre-program Program

Use rational approaches and structural information to enhance

and facilitate Drug discovery and optimisation




MOLEKULARIS CELPONTOK
(1996-0s nezet)

KIJELOLES: ALKALMAZOTT
FUNKCIONALIS GENOMIKA

Mai gyogyszerkincs (1996) mintegy
500-700 targettel szemben hat

Mintegy a fele G-fehérjéhez kapcsolt
receptor

Lehetséges célpontok: 5.000-10.000
Osszes gének szama: 30.000-40.000



Molekularis célpont kutatas eredmenyessege

1996 2006

,sikeres célpontok” | 120 268
(legalabb 1 piaci
termek)

Jkutatasi célpontok” | ~380 1267

(nincs
engedeélyezett
termeék)

Potencidlis 1700 - 3000
celpontok

(human +
mikrobidlis + Zheng et al. (2006)
viralis)




Class of drug target

largets ol approved drugs

Human genome targets of approved drugs
largets of approved small-maolecule drugs
largets of approved small-molecule drugs
Targets of approved oral small-molecule drugs
Targets of approved oral small-molecule drugs
largets ol approved therapeutic antibodies

Targets of approved biologicals

Species

Pathogen and human
Human
Fathogen and human
Human
Fathogen and human
Human
Human

Fathogen and human

Mumber of
molecular targets

324
206
2485
207
227
186
15

70

Overington et al. Nature Reviews Drug Discovery 5, 993-996 (December 2006) | doi:10.1038/nrd2199
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O Rhodopsin-like GPCRs

[ Nuclear receptors

[ Ligand-gated ion chanmnels

B Voliage-gated ion channels

B Penicillin-binding protein

B Myeloperoxidase-like

7 Sodium: neurotransmitter symporter family |
O Type Il DNA topoisomerase

O Fibronectin type Il

B Cytochrome P450

Copyright & 2006 Nature Publishing Group
Nature Reviews | Drug Discovery

Overington et al. Nature Reviews Drug Discovery 5, 993-996 (December 2006) | doi:10.1038/nrd2199
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Sikeres és intenziven kutatott
lekularis cé Pontok

Sikeres ce Ponto tatasi célpontok

Adrenoreceptor altipusok » Farnezil-protein transzferaz

— Sziv és érrendszeri — Mieloid tumorok
betegsegek, asthma, diabetes — Complex hatasmechanizmus

HIV proteaz » Foszfodiészteraz 4

— HIV fert6zés — Asthma. COPD

5-HT receptor altipusok — Nehézség: mellékhatasok

- Egé%%rgé'edkegre”dsze” . Matrix metalloproteinazok

— Tumor, attétek

Xa faktor — Nehézség: altipus szelektivitas

— trombozis hianya

Tirozin kinazok » [33 adrenoreceptor

— Tumorok, gyulladasos — Diabetesz, obezitas
betegsegek — Nehézséqg: jelentbs

fajspecifitas 7



MOLEKULARIS CELPONTOK

» Receptorok
— GPCR
— loncsatornahoz kotott
— RTK
— intracellularis

loncsatornak

Enzimek

— Protein kinazok/foszfatazok

— Hidrolazok

— Szignal molekulak szintetikus/lebonté enzimei

Szignal molekulak
Transzkripcids faktorok



Molekularis celpont validalas
ortogonalis (fuggetlen) modszerel

Hardy & Peet, (2004)

» Genetikai/epigenetikal

— Geénkittés (KO)

— Génhelyettesités (pl human ortolog génnel)

— MegnoOvelt expresszio

— Dominans negativ allél

— Antiszensz nukleinsav

— siRNA

— Szintetikus liganddal aktivalt receptor
(RASSL=receptor activated solely by
synthetic ligand)/ enzim (ASKA=analog
sensitive kinase allele)



Molekularis celpont validalas
ortogonalis (fuggetlen) modszerel

Hardy & Peet, (2004)
« Kemiali (feherjere iranyuld)
— Szintetikus ligand

— Szintetikus liganddal aktivalt receptor
(RASSL=receptor activated solely by
synthetic ligand)/ enzim (ASKA=analog
sensitive kinase allele)

— mAB
— Aptamer

— Metabolic rescue (DHFR inhibitor trimetoprim
+ timidilat)
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Biochemical Classes of Research Targets: N=1267

Channels and

Transporters
Structure Unimown 6%
: 1%
Receptors le;r: s ’ Nucleic Aciuds
18% N 3%
Binding
protein/Antigen
4%
Nuclear
Receptors Enavimes
1% Factors and >
4%
Regulators
19%

Zheng et al. (2006)
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Biochemical Classes of Successful Targets: N=268

Channels and

Structure Proteins Unknown Transporters
Receptors 204 i ek
3% Mucleic Acids
2%
Binding
profein/Antigen
2%

Nuclear Receptors Enzymes
6% . 50%
Factors and
Regulators
3%

Zheng et al. (2006)
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GPCR Families (based on Analysis by Fredrikson et al; 2003)

« GPCR superfamily has approx 720 human genes containing
annrny R8N nnnnlfartarv GPCR canllenfcAR (analvenc avrliideg

GRM8 F2D7
GRM7 FZD2
GLUTAMATE i
) F203
%02 o 841
GRM4
GRMS5 __ TAS1RI 1agqRq
i GRM1 i 73 FZDs
SECRETIN GRMS e ot
s TAS1R2 8
-GLP1RM - PTHR2 958 73 Fyy 2D
GLP2R ‘ PTHR1 CASR st s70
03 54 FZD4
SMOH 812 FZD§
.
VIPF %, CRF2 ) CRLR 364 o7z FZD10
73\ CRHR1 Y, \CALCR ™4 [ “
958 FZD8
PACAP | T02 70 s
835
VIPR1 s
e T R, v, FRIZZLED/TAS2
LEC1 BAIZ_GHRHR e
CELSR
SR BALT 950 199 TASZR4
LEC2 s aad 504 148 GPRS9
LEC3 o 1 sl 349 TAS2ZRS
- T3
= — oL 4 TASZR1
ETL TASZR16
EMR2 o 73 S
L) Ll 518 i ced
e = = — TASZR13
EMR3 gt = TN
EMR1" cpet Eis ]
T 4 =
ADHES‘ION GI'R!:: 5 557 TAS2R2
e D TASZR9
GPR111 e RHODOPSIN
CPRYI®  arr110”/ Lo TAS2RS
GPR115 TAS2RT

HES /| GPR114

TM7XN1
GPR56 |GPR97

13



SSTRS

SSTR3
TAC3RL TACR3
SSTR2 ==l
260 SHTRY OPRM1
B OPRD1 'Y
GPR8
300
GPR7 OPRK1 CXCRS
NPY1R 2 CXCR3
NPFF2
/ GALR2 CCR10
AVPR1A QFRL o CCR11
300 GALR3
280 CCR6
AVPR1B 298 2 CXCR2
NMU2R T GALR1
NMU1R N NS:;R: - CXCR4 CXCR1
OXTR GHSH 27 e . CXCR6
215 300
GPRS4 CCR9
Ghrel (]
NMBR ey CCR7
287
GRPR 268 53 e8!
205 MCHR1 203 CCRL2 EXEaRi
ETBRLP1
219 MCHR2 278 100 RS
"3
ETBRLP2 - CCR4  CCRt
245
231 il
EDNRA Y 278 -
. 150 1"
.
EDNRB £ 296 CCBP2 265 CCR3
78 RDC1
. . EDG1 EDG3 MCS5R * ! OMR XCR1
EDGS MCIR * . 157 255 275 -
odaopsin family . AGTR1
EDG2 MC4R % 29 o AGTR2 CCRS
EDG8 . e
-
EDG7 106 GPR3 * i 267 > AGTRLY e BDKRB2
EDGS 6 1o . 183 CCR2
¥ . GPR25 SALPR
I ‘s .’ e GPR15
5 2% G('SPRG MciR Joe . b cRT BDKBR1
OPN1LW £0G4 N AN %\ s 163 00
13;) ADORA2A B 'Y ol GPR32
Al
pR— sie MC2R DORA2B N
s - ADORA1 i
300 i ADORA3 8 FPR1
04 —_— 300 a6 o fe BLTR 5
ADRB3 10 GPRS2 251 158 % BLTR2 GPR1
ADRB1 OPN1SW 300 *g
MTNR1A . C5R2
GPR2{ .
HIRZC OPN3 _ 298 300 . CBR1 FPRL2
HTR2A o MTNR1BY, '™ r ® . . CMKLR1 20
291 148 . -
ADRA1D ﬁ%’fﬁz RRE =% b . s
HTR2B DRD5 157 GPRS0 R . OLFACTORY
ADRA1B T OPN4 B, "3 ~ P RECEPTORS FPRL1
298 226 300 v \ TRHR ) 208
HTR1E ADRAIA ; e 20 56\ 104 SRS 207
11, 299 8 LGRS
103 . 2y RE2 300
0 IR 77 LGR7
HTR1F 2 3 ) 147
HTR7 257 1Ny A‘;Alpl& GPR101 FSHR
HTRS 13, 0 P77 300
185 w &) 108
- 156 %2 300 LHCGF
HTR1D 290 w5 “ 554 i G 156
166 299
= 10; 299
263 ™ 185 £ Ao \2e8 282 S MRGF LGR4 TSHR
HRT1B 238 i 209 FKSG80 kS
HTRIA - HTRe ~ HTR4 HRH2 - E'\ 56 HM74 MRG 264
) 278 292 CRRa2 GPR55 MRGX2 LGRE
ADRA2C = 234 125, 22 GPR35
9 ne 201 296 P2Y10
ADRA2B . s forcera] |7 m
ADRA2A 2 2 295 2 FKSG79 P2Y9 LaRE
20"
287
GPRST b 2 5t ‘ i P2Y5S
GPRSE s K o NI MRGX1
CHRM4 . B2 L TARY 21 Yy 0 S L:‘,n .é ‘:i’( _;i: =
Y 20 ENR SRERS FaRLE N2 s GPR91
§ SRE GPR80
& GPR65
300 & SREB1 P2Y8 MRGX3
/[ PTGFR" /& K PTGOR GPR4
e HRH4 PTGER3 Q_,\Y PTGIR  pRet P2Y12 GPR105 G2A OGR1
DRD4 TAR3 < PTGER2 g o B EKSG77 GPR87 pay4 P2Y2 MRGX4
CHRM2 CHRM1 GPR26
TARE e
CHRMS
CHRM3 DRDZ  prps



GPCG signalling
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(a) inactive GPCR; (b) active GPCR;

(¢) internalization of the phosphorylated GPCR;
(d) possible GPCR oligomerization
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Signal transduction pathways
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The GPCR cycle
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Kinase celpontok (uj abra 2007

december 3)

» Receptor tirozin kinazok

— ~20 osztaly (citokinek, ndvekedési faktorok
receptorai)

— Egyetlen 25-38 aa transzmembran régio
(monomerenkent)

— Nagy extracellularis ligand koto régio (N-
terminalis)

— Intracellularis kinaz aktivitasért felels regid
(C-terminalis)

— Jelentéseglk a rak terapiaban a legnagyobb

18



A MAP kinaz utvonal
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Kinaz szerkezet dsszehasonlitas

Specificity problems in kinase inhibition.
Structural alignment (ribbon representation) of
the IGF1R kinase (PDB.1K3A, ice blue), a
proposed cancer target and the INSR kinase
(PDB.1GAG, pink), a related target to be
avoided. The degree of structural similarity
between the two paralogues is staggeringly high
(RMSD = 1.2 A) as expected from the 80%
sequence identity. The IGF1R nonconserved
N1110-D1123 dehydron is also shown as a
green virtual bond joining a-carbons (o = 18
nonpolar groups for desolvation radius of 6.2 A).

Crespo,Fernandez, DDT, 12 (2007)

N 1GF1R kinase
INSR kinase ((
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Direg Discovery Today
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Funkcionalis genomika

* Human genom (2001)
« Egér genom (2002)
e “Omics”

— Genom

— Transcriptom

— Proteom
— Metabolom

21



A genomika torténete
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Discussion and debate
in scientific community

MRC report
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1997 1998 1999 2000 2001
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Physical maps
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Szteroid/tiroid hormon
receptorok csaladfaja
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Human géenfunkciok

cell adhesion (577, 1.9%)

miscellancous (1318, 4.3%)

chaperone (159, 0.5%)

cytoskeletal structural protein (876, 2.8%)

extracellular matrix (437, 1.4%)

immunoglobulin (264, 0.9%)

ion channel (406, 1.3%)

motor (376, 1.2%)

structural protein of muscle (296, 1.0%)

viral protein (100, 0.3%)
transfer/carrier protein (203, 0.7%)

transcription factor (1850, 6.0%)

protooncogene (902, 2.9%)

select calcium binding protein (34, 0.1%)
intracellular transporter (350, 1.1%)
transporter (533, 1.7%)

nucleic acid enzyme (2308, 7.5%)

signaling molecule (376, 1.2%)

Receptor 5.0%
Kinase 2.8%

select regulatory molecule (988, 3.2%)

uononpsuen [eusis

transferase (610, 2.0%) GO categories
synthase and synthetase (313, 1.0%)
oxidoreductase (636, 2.1%)

lyase (117, 0.4%)

ligase (56, 0.2%)

isomerase (163, 0.5%)

Hydrolase 4.0%

enter et al, 2001 )
Ismeretlen 41,7%

Panther categories
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Transcrlptom térke

(11. human kromoszéma)
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Molekularis célpont validalasa:

relevancia a betegseg

kialakulasaban

« Eltérd expresszid egeszseges €s beteg
szovetekben

» Expresszido modellszervezetekben
« Genmodositott eger

» Exogen agonista-antagonista hatas
* Monoklonalis antitest
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Mouse models for pharmacogenomic research

Concomitant ablation
of mouse gene and
replacement with both
human alleles

-9

=1 Mouse gene
== Human gene, major allele
== Human gene, minor allele

1 Ablation of
mouse gene

@r

O‘u’EI’EHDlEGSiDI"I

T/ of both human

P

CJA alleles

SRS

Transgenic overexpression
of major human allele on
WT background

Transgennc overexprassion
of both human alleles on
WT background

Ablation of mouse

gene, transgenic =

_—Té S.B. Liggett (2005)

MNature Reviews | Genetics 27



Need for NCE s in Drug
Discovery

Lead optimization

Lead generation

Diversity

Company chemical
library

Combinatorial
library

Literature (“me to0”)
Primary screening

Drug likeness
Parallel synthesis
Individual synthesis

Primary &
secondary
screening
ADME

In vivo effects

28
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Gyogyszerkémia (orvosi kémia)

» Feladata: gyogyszermolekulak tervezese,
szintézise, fejlesztése
* |nterdiszciplinaris tudomany
— Szerves kémia
— Elméleti (computational) kemia
— Fizikai kémia
— Farmakologia
— Molekularis biologia
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HIGH THROUGHPUT SCREENING:
To cope with the high number of biological

targets provided by genomic
analysis and of compounds created by

combinatorial chemistry, it is
necessary to have rapid and efficient screening
tests.

30
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) fails

Screening flowchart

New compounds
prepared
by parallel or
individual
synthesis

15t screen fails ‘
— Activity ]
pa%es
2nd gcreen fails
— . . >
selectivity

In vitro

absorption

In vivo pharma-
cology

passes

3
‘ ‘//"/////TE;;;;F:::::\\\\\‘

1n Vitro

metabolism

fails )

In vivo pharma-
cology

DASSES

n vivo pharmat

cology
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