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First Pharmacophore Adventures
Begin: University of Strasbourg, 1992
Camille G. Wermuth (1933-2015)

“A pharmacophore is the ensemble of steric and
electronic features that is necessary to ensure
the optimal supra-molecular interactions with a

specific biological target and to trigger (or

block) its biological response.”

T. Langer © 2018 C.-G. Wermuth et al., Pure Appl. Chem. 1998, 70: 1129-1143
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First Pharmacophore Adventures

Continuation @ University of Innsbruck, 1993 ...

J. Chem. Inf. Comput. Sci. 1998, 38, 325—330

On the Use of Chemical Function-Based Alignments as Input for 3D-QSAR

Thierry Langer*" and Rémy D. Hoffmann*

University of Innsbruck, Institute of Pharmaceutical Chemistry, Innrain 52a, A-6020 Innsbruck, Austria, and
Molecular Simulations SARL, Parc Club Orsay Université, 20 rue Jean Rostand, F-91838 Orsay, France

Received August 24, 1997

A set of 15 highly flexible competitive inhibitors of rat liver squalene epoxidase (EC.1.14.99.
wide activity range (ICso = 2 nM—10 xM) has been investigated by three-dimensional quantitati
activity relationships (3D-QSAR). Conformational analysis of the ligands was done by a
sampling approach with sequential poling. The alignment rule has been defined by a chen
mapping based method. A comparative molecular field analysis (COMFA) was performed usi
energy matrices generated within the GRID program. This approach was shown to yield prec
models.
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Proc. Ned. Acad. Sci. USA
Vol. 93, 8072-8077, July 1996
Pharmacology

Purification, molecular cloning, and expression of the mammalian

sigma,-binding site

MARKUS HANNER®, FABIAN F. MOEBIUS* T, ASTRID FLANDORFER*, HANS-GUNTHER KNAUS*, JORG STRIESSNIG®,

Evus KempNer¥, AND HARTMUT GLOSSMANN®

*Institut fir Biochemische Pharmakologie, Universitit Innsbruck, Peter Mayr Strasse 1, A<6020 Innsbruck, Austria; and $National Institute of Arthritis and
Musculoskeletal and Skin Discases, National Institutes of Health, Bethesda, MD 20892

Communicated by James Black, King's College School of Medicine and Dentistry, London, United Kingdom, April 18, 1996

(received for review March 1, 1996)

ABSTRACT Sigma-ligands comprise several chemically
unrelated drugs such as haloperidol, pentazocine, and ditolyl-
guanidine, which bind to a family of low molecular mass
proteins in the endaplnmlc reticulum. These so-called :Igm-

are believed to mediate various phar I
enu:uonmn ligands by as yct unknown -nh-llnl. Based
on their opp ity for b phans and

different molecul; are differentiated.
We purified the dgma.-blndk siteasa tin;h 30-kDa protein
from guinea pig liver employing the bemzomorphan
(+)[*H]pentazocine and the arylazide (~)[*H]azidopamil as

The verapamil-like calci gonists azidopamil (a pho-
toligand) and I (an antiisch drug) are also high-
afl I'nuy suynu-llgands that were previously employed as specific

to purify and clone a novel drug-binding membrane
protein from liver. This was distinct from the sigmay-binding site,
although it showed substantial pharmacological and biochemical
similarities with sigma-receptors (26-29). Until now, sigma-
ligand studies suffered from the lack of structural information. To
clarify its primary structure, we purified the protein carrying the
sigma,-binding site and cloned the corresponding ¢DNA using
reverse transcriptase-PCR and degenerate oligonucieotides. Ex-

specllt probes. The purified (+)[*H]pent: i
ined its high affini I‘orhllopuddol,pemlmdne,
mmwmwmmwmnm
ammmwmhm»mmmt.m
of the ine-labeled sigma,-binding site
yielded a molecular mass of 24 = 2 kDa. The corresponding
memmwuuwmnuwm
.zs.s—uh

mmnunam b

MWMMNUI"-M'“ﬂltDNA
showed the ical characteristics of the brain and
liver sigma,-binding site. The deduced amino acid seq was
structurally unrelated to known mammalian proteins but it
shared homology with fungal preteins involved in sterol synthe-
sis. Northern blots showed high densities of the sigma,-binding

p in Saccharomyces cerevisiae revealed that this cDNA was
sufficient to form a hngh-amnly drug-bmdmg domain with all
char istics of gmay g sites.

EXPERIMENTAL PROCEDURES

Materials. (+ !‘ll]?cnluncinc (32 Ci/mmal) was obtained
from NEN, (- )() 'H)Azidopamil (87 Ci/mmol) and the unla-
beled phenylalkylamines were kindly provided by Knoll (Lud-
wigshafen, Germany), Sigma-ligands were a gift of J. Traber
(Tropon, Cologne, Germany). The following chemicals were
obtained from the indicated sources: opipramol, CIBA-Geigy
(Vienna); ceramic hydroxyapatite, Bradford protein reagent,
and molecular weight markers, Bio-Rad; Q-, SP-, heparin-, and
lysine-Sepharose, Pharmacia; phosphatidylcholine, Avanti Po-
lar Lipids (Alabaster AL); and all other chemicals, Sigma

site mRNA in sterol-producing tissues. This is also in agr
with the known ability of sigma,-binding sites to interact with
steroids. «nch as provesterone,

(Deisenhofen, Gcrmanyzﬂ
Binding Assays. (+)['H|Pentazocine binding experiments
with membrane-bound and solubilized nroteins were carried

N—— -

M. Hanner et al., PNAS 93, 8072-8077 (1996)
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The mysteries of sigma receptors:

but also from identical transmem-
brane topologies (Fig. 1b). The

new family members reveal a role in igma, receptorand the fungal Erc:2

cholesterol synthesis

Fabian F. Moebius, Jorg Striessnig and Hartmut Glossmann

proteins (cloned from Saccharomy.es
cerevisiae, Magnaporthe  grisen and
Ustilago maydis) have in common an
aminoterminal membrane anchor
and two additional stretches of

hydrophobic residues involved in

In the past decade, extensive research
has been performed on sigma recep-
tors in the brain and other (eg
endocrine) tissues'. These recep-
tors are believed to mediate the
immunosuppressant, antipsychotic
and neuroprotective effects elicited
by sigma ligands such as haloperi-
dol, ditolylguanidine and penta-
zocined. Since endogenous agonists
are not known (progesterone is a
possible but controversial candi-
date)54, sigma sites cannot be classi-
fied as receptors in the sense of being
agonist-activated mediators of sig-
nal transduction. Although their
preferential localization in the mem-
brane of the endoplasmic reticulum
is different from neurctransmitter

the sigma, recepter and the dis-  substrate binding (see Ref. 11 and

covery of two new members of the
sigma receptor family, strongly sug-
gest a role for these binding proteins
in postsqualene sterol biosynthesis.
The implications of these findings
for the interpretation of the biologi-
cal effects of sigma ligands and their
potential use in drug development
are discussed below.

The sigma, receptor: a
mammalian homologue of the
yeast sterol C¢~C, isomerase
The high-affinity sigma, receptor
probes pentazecine’ and azidopamil
(an arylazide photoaffinity label')
allowed the isolation, amino acid
sequencing and cl)NA clomng of

references therein). Despite this in-
timate structural relationship the
function of the sigma, receptor is
not yet known. In contrast to the
emopamil binding protein (EBI')
(see overleal), sigma, receplors
failed to complement isomenzation-
deficient veast mutants'’. [t is
unknown whether the yeast ERC2
protein exhibits isomerase activity in
mammalian cells or whether addi-
tiona! cofactors are needed.

The yeast sterol Ci-C,
isomerase: an ancestral sigma
receptor

The structural similarity between
the sigma, receptor and veast iso-

e — 5 T g

T.Langer © 2018

F. F. Moebius et al., Trends in Pharmacological Sciences 18, 67-70 (1997)
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British Journal of Pharmacology (1997) 121, 1-6 © 1997 Stockton Press Al rights reserved 0007 - 1188/97 $12.00
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High affinity of sigma,-binding sites for sterol isomerization
inhibitors: evidence for a pharmacological relationship with the

yeast

sterol Cg—C- isomerase

'Fabian F. Moebius, Raphael J. Reiter, "Markus Hanner & Hartmut Glossmann

Institut fur Biochemische Pharmakologie. Universitat Innsbruck, Peter Mayr Str. 1, A-6020 Innsbruck, Austria

Keywords:

E——

1 The sigma-drug binding site of guinea-pig liver is carried by a protein which shares significant amino
acid sequence similarities with the yeast sterol Ci—C; isomerase (ERG2 protein). Pharmacologically -
but not structurally - the sigma,-site is also related to the emopamil binding protein, the mammalian
sterol Cy—C; isomerase. We therefore investigated if sterol Ci—C; isomerase inhibitors are high affinity
ligands for the (+ )-['H]-pentazocine labelled sigma,-binding site.

2 Among the compounds which bound with high affinity to native hepatic and cerebral as well as to
yeast expressed sigma,-binding sites were the agricultural fungicide fenpropimorph (K 0.005 nm), the
antihypocholesterinaemic drugs triparanol (K 7.0 nM), AY-9944 (K; 0.46 nm) and MDL28S815 (K,
0.16 nm), the enantiomers of the ovulation inducer clomiphene (K; 5.5 and 12 nM, respectively) and the
antioestrogene tamoxifen (K; 26 nm).

3 Except for tamoxifen these affinities are essentially identical with those for the [H)-ifenprodil labelled
sterol Cy—C; isomerase of S. cerevisiae. This demonstrates that sigma,-binding protein and yeast
isomerase are not only structurally but also pharmacologically related. Because of its affiliations with
yeast and mammalian sterol isomerases we propose that the sigma,-binding site is localized on a sterol
isomerase related protein, involved in postsqualene sterol biosynthesis.

Ergosterol; cholesterol: ERG2: sterol Ci—C; isomerase: sigma,-binding site; AY-9944; fenpropimorph; triparanol;

tamoxifen; clomiphene

T.langer © 2018 F. F. Moebius et al., Brit. J. Pharmacol 121, 1-6 (1997)
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Sigma-1 Receptor Ligands

Search for potent and selective ligands

- 3D Structure of the target unknown at that time

- No significant sequence homology to other proteins

(functional homology to ERG2P and EBP)

universitat
wien

- Many sigma-1ligands known, however with low selectivity

(sigma-2, hERG, etc ...)

- Appealing clinical potential: antipsychotic, antidepressant,

antiepileptic, neuropathic pain ...

- Excellent data set available

T.Langer © 2018
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Experimental Validation

4754 J. Med. Chem. 2005, 48, 4754-4764

Articles

Discovery of High-Affinity Ligands of ¢; Receptor, ERG2, and Emopamil
Binding Protein by Pharmacophore Modeling and Virtual Screening

Christian Laggner,’ Claudia Schieferer,’ Birgit Fiechtner,? Gloria Poles,” Rémy D. Hoffmann,?
Iartmut Glossmann,” Thierry Langer,* and Fabian F. Moebius*’

Institute of Pharmacy, Department of Pharmaceutical Chemistry, and Center for Molecular Biosciences (CMBI),
Universily of Innsbruck, Innrain 52, A-6020 Innsbruck, Austria; Department of Bioch { Pharn logy,
Innshruek Medieal University, Peter-Mayr-Str. 1, A-6020 Innshruck, Austrin; and Accelrys SARL,

Parc Club Orsay Université, 20, rue Jean Rostand, 91898 Orsay Cedex France

Received November 17, 2004

ERG2, emopamil binding protein (EBP), and sigma-1 receptor (g;) are enzymes of sterol
metabolism and an enzyme-related protein, respectively, that share high affinity for various
structurally diverse compounds. To discover novel high-affinity ligands, pharmacophore models
were built with Catalyst based upon a series of 23 structurally diverse chemicals exhibiting K;
values from 10 pM to 100 4M for all three proteins. In virtual screening experiments, we
retrieved drugs that were previously reported to bind to one or several of these proteins and
also tested 11 new hits experimentally, of which three, among them raloxifene, had affinities
for o, or EBP of <60 nM. When used to search a database of 3525 biochemicals of intermediary
metabolism, a slightly modified ERG2 pharmacophore model successfully retrieved 10 substrate
candidates among the top 28 hits. Our results indicate that inhibitor-based pharmacophore
madels for g;, ERG2, and EBP can be used to screen drug and metabolite databases for
chemicallv diverse c()mnuunds and putative end()gpnnuh ligands.

T.langer © 2018 C. Laggner et al., ). Med. Chem. 48, 4754 - 4764 (2005)
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Experimental Validation

T.Langer © 2018

K; (nM)

EBP 0y ERG2
43 60 1290 7150
44 8500 26700 31700
45 51 230 2800
46 450 1.3 169
47 1 38 66
48 39 6 170
50 583 81 387
51 >100000 207 1170
52 441 74 >100000
53 654 >100000 500
54 >100000 >100000 284

C. Laggner et al., ). Med. Chem. 48, 4754 - 4764 (2005)
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Industrial Application

Focused Library, 4000 Compounds

T ) diversity

based
pharmacophore random
filtering selection
389 Assay @ 1uM 611

Disilacement

>50% < 80%

T.Langer © 2018 inte:liga nd
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From This Collaboration ...
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CL-142  ICyosigma-1=15nM |5, sigma-2 > 10000 NM
Pre-clinical profiling:

* no significant interaction with hERG and 21 more anti-targets

« active in animal model for neuropathic pain (oral application)

» a close analogue of CL-142 was developed

» successfully passed clinical phase | and phase Il studies
T.Langer © 2018 C. Laggner, W. Holzer, T. Langer, manuscript in preparation inte:| iga nd
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~STEVE

Mundipharma and Purdue reach a new deal to in-licence from ESTEVE full
global rights and development responsibilities for novel first-inclass sigma-1
antagonist (S1A or MR309/E-52862)

e Sigma-1 antagonism offers potential for a novel mechanism of action
and first-in-class treatment for the management of pain.

e Phase |l study results on patients treated with S1A indicate an encouraging
efficacy profile in the freatment of neuropathic pain and are awaiting publication.
e Comprehensive Phase | programme involving human subjects administered with
S1A showed good overall safety, tolerability, pharmacodynamics and
pharmacokinetics.
e Mundipharma, Purdue and ESTEVE announced in 2015 an
agreement to bring to patients next generation products for the
management of pain. \

Cambridge (UK) / Barcelona (Spain), 16 May, 2016: Mundipharma Medical Company
Limited and its independent associated company, Purdue Pharma L.P., today announced
that, following completion of Phase |l studies, they have exercised their option and taken
over full responsibility from Laboratorios Esteve, S.A.U. (ESTEVE) for the clinical, regulatory
and commercial development of a potential first-in-class sigma-1 antagonist (S1A or
MR309/E-52862).
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Sigma-1 Recent Findings

« Sigma-1is a chaperone protein at the endoplasmic
reticulum (ER) that modulates calcium signaling through

the IP3 receptor, located mainly in the CNS

« Crystal structure available since April 2016:

H. R. Schmidt et al., Nature (2016) 523, 527-530

T.Langer © 2018 inte:liga nd
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Catalyst/DS

51 vHits 73 vHits

21 vHits

[Mangold 2006] ~ Martina Mangold. Human Rhinovirus Coat Protein Inhibitors - A Pharmacophore Modeling Approach.

Master’s thesis at the University of Innsbruck (2006) . .
T. Langer © 2018 Inte:|I§and
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Pharmacophore Limitations (2)
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[Mangold 2006] ~ Martina Mangold. Human Rhinovirus Coat Protein Inhibitors - A Pharmacophore Modeling Approach.
Master’s thesis at the University of Innsbruck (2006)
T. Langer © 2018 ll'lte:|I§and
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There was a problem ... & wien
 “Old” 3D pharmacophore methods suffer
from severe limitations
— different tools return inconsistent results
— alignment by graph matching ----> slow

— low number of features ----> inaccurate

What is the solution ?

T.langer © 2018 |nteI| ga n..dn
We Need Speed & Accuracy L WieR™

e Revisit the alignment algorithm
» No upper limit for number of features
— high number of features will give good selectivity

» No exponential growth of search time with growing

number of features

» No graph matching necessary ...

Work exclusively in the pharmacophore domain !

T.Langer © 2018 inte:lidga nd
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... Breaking the Code

« Why Yuor Barin Can Raed Tihs

http://www.livescience.com/18392-reading-jumbled-words.html

inte:ligand

T.langer © 2018
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... Breaking the Code &

e It deson’t mttaer in waht oredr the Itteers in a
wrod aepapr, the olny iprmoatnt tihng is taht
the frist and Isat Itteer are in the rghit pcale.

The rset can be a toatl mses and you can sitll
raed it wouthit pobelrm.

http://www.livescience.com/18392-reading-jumbled-words.html
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... Breaking the Code DG

 SIM1L4RLY, YOUR M1ND 15 R34D1ING
7H15 4U70M471C4LLY W17HOU7 3V3N
7HINKING 4BoU7 17

http://www.livescience.com/18392-reading-jumbled-words.html

inte:ligand
T.Langer © 2018 . g
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It’s all about pattern recognition! i
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LigandScout Prototype
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T.Langer © 2018 G. Wolber, PhD Thesis, Univ. Innsbruck, 2003 .
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LigandScout 4.2 Expert
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Why is LigandScout better ?

« More appropriate science: Pattern recognition
« Comprehensive models: Higher accuracy
« Smart indexing/screening: Higher speed

« Elaborated graphical user interface
— for fast learning

— for true productivity enhancement

inte:ligand

T.Langer © 2018
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LigandScout Scientific Articles

Currams Tk o Newhimed Chembbass TN, (. - san

MO re th a n 1 550 pa pe rS rotein Interface Pharmacophore Mapping Tools for Small Moleculel

‘rotein: Protein Interaction Inhibitor Discovery

_ St ru ct ure- ba Sed m od e I i n g Arnvut Vet ', Blewor F. Busw:Il, Kaniesh K. Sehu, Jomathias G. Hoddle” and K Y J. Zhang'

— ligand-based modeling

sosuls
Phar phore-Based Di
Inhibitors of Protein-Protein Interactions between HIV-1

—_ Vi rt u a I SC ree N i N g Integrase and Cellular Cofactor LEDGF/p75

Laurs Do Luca" Waria Lciaia Barmecs,* ™ Ferno, Fraube Crist Sungo hacil
ia Gt Arina Mar i
Hit identificati

Stataria Feno,”
Posai ar's Mur Torte,” Zeer Delpsen and Alsa Crinin-i

G A

1he gens

Identification of the first non-peptidic small molecule inhibitor
of the c-Abl/14-3-3 protein-protein interactions able to drive sensitive
and Imatinib-resistant leukemia cells to apoptosis

Valzntina Corradi ™', Manuzla Mancini®, Fabrizio Manztti®, Sara Petta®, Maria Alessandrz Santucci®,

- Fragment-based design oo

+ Lead structure optimization

o Protein-Protein INteractions o oo oo e oo
. Drug repurposing MM

Profiling (side-effects)
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An Interesting Article To Read ...

JOURNAL OF icle
CHEMICAL INFORMATION Acic
AND MODELING pubs.acs.org/jcim

Highly Specific and Sensitive Pharmacophore Model for Identifying
CXCR4 Antagonists. Comparison with Docking and Shape-Matching
Virtual Screening Performance

Arnaud S. Karaboga, " T8 Jestis M. Planesas,”® Florent Petronin,” Jordi Teixidé," Michel Souchet,*"
and Violeta L Pérez-Nueno* ™

'Harmonic Pharma, Espace Transfert, 615 rue du Jardin Botanique, 54600 Villers Iés Nancy, France
*Grup d'Enginyeria Molecular, Institut Quimic de Sarrid (IQS), Universitat Ramon Llull, Barcelona, Spain

cell through binding of the viral gp120 protein with the CD4 cell suxfane
receptor protein and the CXCR4 or CCRS There is e
iderable interest in developing novel hgznds that can modulate the 'i
f ions of these p and, hence, ultimately block virus—cell <
fusion. Herein, we present a highly specific and sensitive pharmacophore k“'"
model for identifying CXCR4 antagonists that could p ially serve as HIV = \

ABSTRACT: HIV infection is initiated by fusion of the virus with the target éﬁ

emxy mhibxtors Its performance was compared with docking and shape-
g virtual ing approach usi.ng 30E6 CXCR4 u'ysul structure

and high-affinity ligands as query mol The pe ﬁﬂ

of these methods was compared by virtually scrcemng a library assembled by s /

us, consisting of 228 high affinity known CXCR4 inhibitors from 20 different a g ]’) A%
chemotype families and 4696 similar presumed inactive molecules. The area S g2

under the ROC plot (AUC), enrichment factors, and diversity of the

resulting virtual hit lists was analyzed. Results show that our pharmacophore model achieves the highest VS performance among
all the docking and shape-based scoring functions used. Its high selectivity and sensitivity makes our pharmacophore a very good
filter for identifying CXCR4 i

)

T. langer © 2018 Karaboga et al., J. Chem. Inf. Model. 2013, 53, 1043—1056 intezliga nd
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LigandScout for VS

Pharmacophore from PDB entry 30E6 @

60.0%

298 hits
o of 4906 total compoun

Sensitivity (% selected ligands)

1 - Specificity (% selected decoys)

@& £
A B

Figure 2. CXCR4 pharmacophore model with a high activity CXCR4  Figure 3. ROC plot validation of the pharmacophore model applied to
antagonist aligned. Five-featured manually refined final pharmaco- CXCR#4 antagonists. Values of area under the curve (AUC) and
phore model. The pharmacophore hydrophobic features are shown in  enrichment factor (EF) are displayed at 1, S, 10, and 100% of screened
yellow. Positively charged features are shown in blue, and hydrogen  database, respectively. These values highlight the high sensitivity and
bond donor features are shown in green. specificity of the designed pharmacophore model.

T. langer © 2018 Karaboga et al., J. Chem. Inf. Model. 2013, 53, 1043—1056 intezliga nd
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Virtual Screening Performance
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== Pharmacophore e Random
inte:ligand
T. Langer © 2018 Karaboga et al., J. Chem. Inf. Model. 2013, 53, 1043—1056 inte:igan
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The Conclusions

« Overall, the total area under de curve of the ROC plot and
the early recovery results of the present pharmacophore
model show that it is a highly specific and sensitive
screening filter, which makes it very appropriate for
identifying CXCR4 antagonists.

« Moreover, the scaffold retrieval analysis shows that
the pharmacophore model is able to retrieve a diverse
scaffold pool.

T. Langer © 2018 Karaboga et al., J. Chem. Inf. Model. 2013, 53, 1043—1056 inte:liga nd
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COMMENTARY

New uses
forold drugs

Ittakestoo long and costs too
mruch to bring new drugs to
mrarket.Sclet's beef up efforts
ta screen existing d-ugs far
newuses, argue CurtisR. Chong
and David 1. Sullivar Ir.

Sir James Black
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inresearch spendisg by the US National Irsti-  tions or educated guesses exceptionsinchude

tues of Hzalth (NIH) to $27 billion i1 2003,  the antibiotic cefiriaxone, which is a poteatial  indi uigft ve activity, and : 3 .
the umber ofnew drgs sppaoved bythe S eatmerd o amyotroptc aters scezons' : nfirreed niltefosne s 2 viabls © al I " e . el l I lu .

Feod and Drug Adm nistration (FDA) exch  aad whow naw sctivity di
year remans constantat 20-30 compounds’. ing the screening of 1,040 compounds . : . 3
Aiboraeitwill ke s thn 0 yiasfor o the Nationl Istitte of Nearslogcal gl SOSA: Selective Optimization
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An Example

Therapeutic Discovery

New Use for an Old Drug: Inhibiting ABCG2 with Sorafenib

Yinxiang Wei'3, Yuanfang Ma®, Qing Zhao'#, Zhiguang Ren'?, Yan Li', Tingjun Hou?, and Hui Peng'

Abstract

Human ABCG2, a member of the ATP-binding cassette transporter superfamily, represents a promising
target for sensitizing MDR in cancer chemotherapy. Although lots of ABCG2 inhibitors were identified, none of
them has been tested clinically, maybe because of several problems such as toxicity or safety and pharma-
cokinetic uncertainty of compounds with novel chemical structures. One efficient solution is to rediscover new
uses for existing drugs with known pharmacokinetics and safety profiles. Here, we found the new use for
sorafenib, which has a dual-mode action by inducing ABCG2 degradation in lysosome in addition to inhibiting
its function. Previously, we reported some novel dual-acting ABCG2 inhibitors that showed closer similarity to
degradation-induced mechanism of action. On the basis of these ABCG2 inhibitors with diverse chemical

hypothesis, supporting the argument that sora
sorafenib may be a good candidate for chemosensitizing agent targeting ABCG2-mediated MDR. This study
may facilitate the rediscovery of new functions of structurally diverse old drugs and provide a more effective
and safe way of sensitizing MDR in cancer chemotherapy. Mol Cancer Ther; 11(8); 1693-702. ©2012 AACR.
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An Example

Therapeutic Discovery

New Use for an Old Drug: Inhibiting ABCG2 with Sorafenib

PUR

Yinxiang Wei'3, Yuanfang Ma®, Qing Zhao'“, Zhig g®

"~~in HanZ_and Hui Peng’

T.Langer © 2018 Bernd Ried|, Bayer Pharma, Wuppertal
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LigandScout Model of ABCG2-I
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T Langer © 2018 Yinxiang Wei et al., Mol. Cancer Ther.,11,1693-1702 2012
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... at a concentration up to 2,5pM/L

no cytotoxic effect was observed ...

B HBA HBA .... led us to conclude that sorafenib
HP behaves like ABCG2 degradation-

v
N . T .
HP/ . cl AR _N 0 induced inhibitor. Sorafenib may,
= \ / b therefore, be a good candidate for
F i

MDR chemosensitizing agent.

Yinxiang Wei et al., Mol. Cancer Ther.,11,1693-1702 2012 inte:liga nd
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Pharmacophores for FBDD
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In Silico FBDD Strategy @ wig

Use set of smart, recombinable fragments

Perform pharmacophore-based screening

Recombine fragments in silico

Synthesize the highest ranked solutions
— IP situation

— Fit for the target

— Chemical tractability

— Physicochemical properties

RESTWICK CHEMICAL mte Ilga nd
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Real Life - The Numbers

- PPl target with known 3D structure (x-ray)

« Pharmacophore derived in direct approach

« Chemistry based fragment library design: 274 -> 837 -> 582
« Virtual combination of 2 fragments: 91k compounds

« LigandScout virtual screening delivered a reasonably

small number of hits: 0.005% range

« Synthesis and biological testing: Novel IP, low pM hits

GRESTWICK CHEMICAL mte I|ga nd
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Real Life - Timelines

First hits had already novel structures, were patentable

hit to lead lead optimization

RESTWICK CHEMICAL inte:liga nd

A medicinal chomisrry company Advanca Your Molecular Design

ROYAL SOCIETY
OF CHEMISTRY

MedChemComm

RESEARCH ARTICLE View Article Online

View Journal | View Issue \

@ggﬁsyfgg Fragment pharmacophore-based in silico
screening: a powerful approach for efficient lead
s emema. - discoveryt

Laurence Deyon-Jung,*® Christophe Morice,*? Florence Chéry,? Julie Gay,®
Thierry Langer,?® Marie-Céline Frantz,© Roger Rozot® and Maria Dalko-Csiba®

Through a process of fragmentation, functionalization, and recombination of market approved molecules

Received 5th October 2015, for cosmetic usage, we customized an in-house virtual library comprising molecules ideally suited for vir-
Accepted 28th December 2015 tual screening. Computational pharmacophore-based screening of this virtual library followed by a 3
DOI: 10.1039/c5md00444f month optimization phase led to the identification of an optimized lead with all its expected properties in

hand to be developed as a candidate molecule for skin care in cosmetic applications. The success of this

www.rsc.org/medchemcomm pilot project paves the way for other cosmetic targets of interest.

m—-!——————‘ E— E—

T.Langer © 2018 L. Deyon-Jung et al., Med. Chem. Comm. 7, 506-511, 2015 inte:liga nd
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Another Success Story

GEESTWICK CHEMICAL inte:liga nd

Aadicinal chamistry comnpany

Advance Your Molecular Design

Another Success Story DONN

THERAPEUTICS

» Collaboration with Domain Therapeutics (F)
- Target: mGluR4 positive allosteric modulators
- Disease area: Parkinson, Schizophrenia
* Project Setup
- 3 years, 2.5 FTEs at Prestwick for med. chem.
(hit to lead & and lead optimization)
* Result
- Optimized lead family, in vivo proof of concept
- Patent filed by October 2009

GEESTWICK CHEMICAL inte:liga nd
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mGluR4 PAMs DOMAN

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intell 1 Property Or
International Burcau

(10) International Publication Number

(43) International Publication Date

S May 2011 (05.05.2011) WO 2011/051478 Al
(51) International Patent Classification: 20, rue Saint-Nicolss, F-68320 Widensolen (FR). GI-
CO7D 311/68 (2006.01) AGIK 317473 (2006.01) ETHLEN, Bruno [FRFR] 12, route des Romains,
CO7D 405/04 (2006.01) AGIP 3/10(2006.01) F-67120 Altorf (FR).

CO7D 405/14 (2006.01) AGIP 25/28 (2006.01)
COTD 47104 (2006.01) ABIP 25/22 (2006.01)
COTD 487/04 (2006.01) A6IP 25/14 (2006.01)

(74) Agent: Vossius & Partoer (No. 31); Sicbertsiralle 4,
81675 Miinchen (DE).

COTD 49504 (2006.01)  ABIP 25/16 (2006.01) (81) Designated States (wnless otherwise indicated. for every
CO7D 513/04 (2006.01)  A6IP 25/18 (2006.01) kind of rational protection available): AE, AG, AL, AM,
CO7D 519/00 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

CA, CH, CL, N, CO, CR, CU, CZ, DE, DK, DM, DO,

@1) . Iateruational AppBcatien Number: DZ, EC, EE. EG, ES, FI, GB, GD, GE, GH, GM, GT,

EP2010
FCIER2010966537 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
29 October 2010 (29.10.2010) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
PE, P(n H, Pl RO, RS, R SD,
(25) Filing Language: English i P;!‘m b n},’ ;.:‘ T'R

(26) Publication Language: English L VN, ZA ZM, ZW
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
09360049.2 30 October 2009 (30,10.2009) EP Axml f regional protection available): ,\RIP(NBW GH,

, KE, LR, LS, MW, MZ, NA, SD, §
Applicants (for all designated States except US): DO- ZM. ZW), Eurasion (AM., AZ, BY, K

MAIN THERAPEUTICS [FRFR]; Bioparc, Boulevard TM), European (AL, AT, BE, BG, CH :
Sébastien Brandt, F-67400 likirch Graffenstaden (FR) EE, ES, FI, FR, GB, GR, HR, HU, ||. 1S, n- LT, LU,

PRESTWICK CHEMICAL, INC. [FRFR]; Boulevard LV, MC, MK, MT,
Gonthier d'Andemach, F-67400 Illkirch Graffenstaden SM, TR), OAPI

NO, PL, PT, RO, RS, SE, SI, SK,
, CF, CG, CI, CM, GA, GN, GQ,

(FR). GW, ML, MR, NE, SN, TD, TG),

(72) Inventors: and Published:

(75) Inventors/Applicants (for US oniyv): SCHANN, Stephan 20 . ”
[FRER}; 31, rue des Chaumes, F-67400 lllkirch (FR). — With international search report (Art. 21(3))
MAYER, Stanislas [FR/FR]; 10, rue des Jardins,

F-67114 Eschau (FR). MORICE, Christophe [FR/FR ).

RESTWICK CHEMICAL inte:liga nd
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mGluR4 PAMs Project

« Starting point: (-)-PHCCC

Available online at www.sciencedirect com

hydrocylamine
-o-uo-@mncv- = repiacements
inactive

PHARMACOLOGY

4= (+)-enantiomer
!:LSEVII:.R Newropharmacelogy 45 (2003) $95-906 inactive

www elsevier com/locate/neusopharm

carbon analogug \ ¢ allolher amides
inactive ¢ N inactive

(—)-PHCCC, a positive allosteric modulator of mGluR4: =
characterization, mechanism of action, and neuroprotection (-+PHCCC, 3

Figure 2. Chermicid modifizatons and the resulting flar’ SAR for (- )-FHCCC

M. Maj *!, V. Bmno >, Z Dragic ®, R. Yamamoto *, G Bartaglia®, W Inderbitzin *,
N Stochr#, T. Stein *, F. Gasparini *, T Vranesic . R Kuhn #, F Nicoletti ¥« P.J Flor **
* Novarnis Insates for BroMadcal Research, Nmwrescionce Disecse Area, WEL-125.0.08, Basel CH-3004, Switzariend
* Ismmro Neurologico Medierranco, Neuromed, Pozzilli, haly
* Deporment of Human Phyziclzgy and Pharmacoiogy. Universty of Rome. Rome. Jialy
Received 25 February 2003; seceived ia revised fosm 27 May 2003; accepted 23 Juae 2003
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MmGIuR4 PAMs Patent W02011051478A1
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MmGIuR4 PAMs Patent W0O2011051478A1
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Pharmacophore Modeling

For benchmarking against Addex compounds ...

re-Based Modeling

| Ligand set: unnzmed ligand set

[ Ligand-Based Modeling "

Alignment 0]

l Screening [2]

Bookmark [0]
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In silico Profiling: Adverse Effects ?
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The Result DO IV\I\I.\

THERAPEUTICS

- License agreement signed in Q4 2010  Merck Serono

L] .
GRESTWICK CHEMICAL Inte:llga nd
e ' Advance Your Mol ecular Design

Adicinal chamistiry comnany

How did the story continue ?

« Merck Serono closed their site in Geneva in 2012
and gave up all their neuroscience projects

« An ex-Merck team started Prexton Therapeutics
and acquired the mGluR4 PAM project

« Foliglurax was selected as candidate and was
developed into the clinics up to Phase

« March 2018: Lundbeck acquired Prexton
Therapeutics (total deal volume 1.12 billion USD)

L] -
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@PREXTON Livdbedh ﬂ DOMAIN

Foliglurax
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@PREXTON Lindbedh ﬂ DOMAIN

Lundbeck to acquire Prexton Therapeutics adding foliglurax in clinical phase Il
to its pipeline of innovative treatments for patients suffering from Parkinson’s
disease

e Lundbeck will make an upfront payment of EUR 100 million and the deal terms also
include up to EUR 805 million in development, regulatory and sales milestones

e Foliglurax is a first-in-class treatment which entered clinical phase Il testing in Parkinson’s
disease in July 2017

e There remains a large unmet need for effective treatments for Parkinson’s patients to
sustain the utility of dopaminergic therapies

Valby, Denmark, Oss, The Netherlands, 16 March 2018 - H. Lundbeck A/S (Lundbeck) and Prexton
Therapeutics BV (Prexton) today announced signing of a definitive agreement in which Lundbeck will
acquire Prexton. Under terms of the agreement, Lundbeck will pay EUR 100 million (approximately DKK
750 million) upfront and is furthermore required to later pay up to EUR 805 million (approximately DKK 6
billion) in development and sales milestones to the group of current owners.

By acquiring Prexton, Lundbeck will obtain global rights of an attractive compound (foliglurax) which
currently is in clinical phase Il testing for symptomatic treatment of OFF-time reduction in Parkinson's
disease and dyskinesia including Levodopa Induced Dyskinesia (LID). First data from the ongoing
clinical phase Il programme is expected to be available during the first half of 2019.

RESTWICK CHEMICAL inte:liga nd
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Conclusions

« Our pattern recognition-base pharmacophore
technique is superior to all other P4 methods
with respect to speed and accuracy

= Highly useful for hit identification, hit2lead, and LO

« There is a lot of new aspects to add to
pharmacophore modeling, such as integration with
molecular dynamics, or machine learning

= \We are working on that ... expect exciting results !
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Thank you for your attention
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