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Pl01
Can Structure Lead to Better Antibiotics?

Ada Yonath

Department	of	Structural	Biology,	Weizmann	Institute,	Rehovot	76100,	
Israel

Ribosomes are the universal cellular machines that act as very ef-
ficient polymerases that translate the genetic code into proteins. 
Owing to the ribosomes key role in life, many antibiotics target them. 
Over a decade of structural studies on complexes of ribosomes with 
antibiotics yielded several imperative insights concerning the struc-
tural bases for the antibiotics modes of action, including induced fit 
and remote intersections; the basis for antibiotics synergism; the dif-
ferentiation between ribosomes of pathogens versus those of higher 
organism; the mechanisms of resistance to antibiotics, including 
secondary conformational rearrangements; cross-resistance to ribo-
somal antibiotics; parameters allowing for clinical usage of antibiotics 
targeting fully conserved regions; and minute chemical differences 
that can turn competition into synergism, have been characterized.

Based on those insights, the feasibility of design of advanced 
efficient antibiotics and/or of the improvement of the existing com-
pounds could be assessed, thus paving the way to exciting develop-
ments in this area.

Pl02
the future of medicinal Chemistry

Hans-Joachim Böhm

F.	Hoffmann-La	Roche	Ltd,	4070	Basel,	Switzerland

In recent years, Medicinal Chemistry has delivered a number of 
outstanding therapies that have revolutionized the treatment of 
many serious diseases. Despite these successes, there remain chal-
lenges that the traditional approaches have not yet been able to 
adequately address, such as tackling protein–protein interactions, 
and developing more efficient strategies to avoid off-target toxicity.

We believe that due to pivotal advances in the areas of phenotypic 
discovery, regenerative medicine, epigenetics, peptide therapeutics, 
and RNA as drug targets, the Medicinal Chemist now has the tools 
in hand to orchestrate the assault on these previously unreachable 
summits. There is also significant progress in key technologies such 
as genetic chemistry, in silico prediction tools, and DNA-encoded 
libraries.

Key to success will be the creation of an environment that en-
courages, rewards, and recognizes entrepreneurial behaviors and 
cross-disciplinary approaches. We believe that Medicinal Chemistry 
has not yet earned the label of a “mature” science; however, we 
are standing before times that could signal the next golden wave of 
innovation in the pharmaceutical industry. Together with scientists 
from other disciplines, the Medicinal Chemist will stand at the center 
of this perfect storm.

Pl03
design and Synthesis of drug Prototypes 

Inspired by natural Products

Stephen Hanessian

Department	of	Chemistry,	University	of	Montreal,	Canada;	 
stephen.hanessian@umontreal.ca 

Departments	of	Pharmaceutical	Sciences,	Chemistry	and	Pharmacology,	
University	of	California,	Irvine,	USA;	shanessi@uci.edu

Natural products obtained from diverse sources are invariably en-
dowed with some level of pharmacological activity. In the best cases, 
they may possess life-saving properties as marketed drugs exempli-
fied by potent antitumor agents.

In spite of their promising activities in enzymatic or receptor-
mediated assays, not all natural products are amenable to being 
developed as marketable drugs. In many instances, unfavorable 
pharmacological effects cannot be overcome without drastic struc-
tural and functional modifications, which may also result in altered 
efficacy. Structure modification through truncation, functional group 
variations, isosteric replacements, and skeletal rigidification aided 
by molecular modeling, X-ray crystallography of protein targets, or 
NMR data are valid objectives in the context of small molecule drug 
discovery starting with natural products. Thus, the role of traditional 
natural products synthesis in academia can be expanded to include 
molecules invented or created on the computer screen in conjunc-
tion with the three-dimensional structural characteristics of active 
sites of pharmacologically relevant proteins, particularly those of 
known X-ray crystallographic coordinates.

references

For a relevant review, see: Structure-Based	Organic	Synthesis	of	Drug	
Prototypes, S. Hanessian, ChemMedChem 2006, 1, 1300.

Pl04
Umpolung and the Art of Innovation

Youssef L. Bennani

Vertex	Pharmaceuticals	(Canada)	Inc.,	275	Armand-Frappier,	Laval,	 
Quebec,	H7V	4A7,	Canada

The pharmaceutical sector, a cornerstone of the healthcare industry, 
is undergoing dramatic change, primarily caused by reduced output 
of new medicines from research and development (R&D) laborato-
ries, drug pricing pressures, stricter regulatory environments and the 
overall current economic downturn. Such conditions have created 
a perfect	storm for the industry, resulting in: (i) increasing rates of 
mergers and acquisitions; (ii) strategic shifts toward generics and 
emerging markets; (iii) dramatic numbers of job losses over the past 
three years; and (iv) rapid shifts toward the use of lower-cost contract 
research organizations (CROs) in all aspects of the industry (research, 
development, manufacturing, among others), coupled with a trend 
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toward decreasing internal R&D budgets. This situation makes timely 
demands of all pharmaceutical companies to find better ways to 
increase	their	output of new drugs, to both treat patients and meet 
their shareholders’ expectations. It is the general perception that 
Pharma-R&D has not been innovative enough to promote business 
further growth, potentially putting a damper of scientific progress!

The presentation entitled “Umpolung and the Art of Innovation” 
will describe a general perspective from within pharmaceutical re-
search as it pertains to research advances in drug discovery [includ-
ing chemistry, biology, pharmacology, pharmacokinetics (PK) and 
toxicology] and offers a complementary approach on the corporate 
culture aspects of innovation. It also will highlight that innovation is 
not a scientific endeavor! A new concept, termed ‘innovation ASAP’ 
(iASAP: asking powerful questions, seeking the outliers, accepting 
defeat and populating astutely) will be introduced and supported 
by several successful examples in drug discovery and business in 
general. The goal of the presentation is to add value to all ongoing 
efforts aimed at innovation in medicine, as a potential driver to revive 
both the healthcare sector and contribute to the economy in general.

al01
Targeting IRS1/2 and Targeting the Immune 

System to Eradicate Metastatic Tumors as New 
Modalities of Cancer Therapy

Alexander Levitzki

Unit	of	Cellular	Signaling,	Department	of	Biological	Chemistry,	 
The	Hebrew	University	of	Jerusalem,	Jerusalem	91904,	Israel;	 

e-mail:	alex.levitzki@mail.huji.ac.il

My laboratory has developed two families of unique signal transduc-
tion inhibitors that possess very strong antitumor activities in animal 
models. One family comprises of small molecules that target the 
IGF1R/IRS1-2 signaling module[1,2] and the other leads to the eradica-
tion of EGFR overexpressing tumors.[3–5] Insulin receptor substrates 1 
and 2 (IRS1/2) mediate mitogenic and anti-apoptotic signaling from 
insulin-like growth factor 1 receptor (IGF1R) and insulin receptor 
(IR). IRS1/2 expression is frequently increased in human tumors, 
conferring drug resistance to anticancer drugs. We discovered allo-
steric IGF1R inhibitors that lead to the translocation of IRS1/2 from 
the cell membrane to the cytosol. This translocation is followed 
by inhibitory serine phosphorylation and irreversible degradation 
of IRS1/2, leading to long-lasting inhibition of the IGF1R pathway. 
The compounds inhibit the growth of a many cancer cell types, and 
possess potent antitumor effects on B-RAFV600E-driven and PLX4032-
resistant metastatic melanoma, and on ovarian and prostate cancer, 
in nude mice. The second strategy uses a nonviral vector carrying 
PolyIC (synthetic long chain dsRNA), homing selectively to EGFR. 
The vector is polyethyleneimine-polyethyleneglycol-EGF (PPE) or 
PP-GE11 in which the homing ligand is a 12-amino acid peptide 
(GE11) that binds selectively to the EGFR. Tumors that have a high 
proportion of EGFR overexpressing cells are completely eradicated 
by the massive amount of PolyIC, when treated with PolyIC/PPE or 
PolyIC/PP-GE11.

references

[1] Targeting	Insulin	Receptor	Substrates	For	Destruction	as	a	Therapeutic	
Modality	For	Cancers, H. Reuveni, E. Flashner, L. Steiner, K. Makedonski,  
R. Song, A. Shir, M. Herlyn, M. Bar-Eli, A. Levitzki, submitted. 
[2] Novel	Protein	Kinase	Modulators	and	Therapeutic	Uses	Thereof, H. Re-
uveni, A. Levitzki, L. Steiner, R. Sasson, I. Ben-David, A. Weissberg, (NovoTyr 
Therapeutics Ltd), WO/2008/068751, 2008. 
[3] EGF	Receptor-Targeted	Synthetic	Double-Stranded	RNA	Eliminates	
Glioblastoma,	Breast	Cancer,	and	Adenocarcinoma	Tumors	in	Mice, A. Shir, 
M. Ogris, E. Wagner, A. Levitzki, PLoS	Med. 2006, 3, e6. 
[4] EGFR	Homing	dsRNA	Activates	Cancer-Targeted	Immune	Response	 
and	Eliminates	Disseminated	EGFR-Overexpressing	Tumors	in	Mice,  
A. Shir, M. Ogris, W. Roedl, E. Wagner, A. Levitzki, Clin.Cancer	Res. 2011,  
17, 1033–1043. 
[5] PolyIC	GE11	Polyplex	Inhibits	EGFR-Overexpressing	Tumors, G. Abour-
beh, A. Shir, E. Mishani, M. Ogris, W. Roedl, E. Wagner, A. Levitzki, IUBMB	
Life 2012, 64, 324–330.

al02
New Derivatives and Stereoisomers of Fenoterol: 

A Versatile Tool to Stimulate the β2 adrenergic 
Receptor with Novel Therapeutical Perspectives

Krzysztof Jozwiak,[a] Anita Plazinska,[a]  
Karolina Pajak,[a] Ewelina Rutkowska,[a] Lawrence Toll,[b] 

Lucita Jimenez,[c] Irving Wainer[d]

[a]	Medical	University	of	Lublin,	ul.	Chodzki	4a,	20-093	Lublin,	Poland;	 
e-mail:	krzysztof.jozwiak@umlub.pl 

[b]	Torrey	Pines	Institute	for	Molecular	Studies,11350	SW	Village	Parkway,	
Port	St.	Lucie,	FL	34987,	USA 

[c]	SRI	International,	333	Ravenswood	Ave,	Menlo	Park	CA,	94025,	USA 
[d]	National	Institute	on	Aging,	251	Bayview	Blvd,	Baltimore,	MD	21224,	

USA

Fenoterol (FEN), a b2-AR selective agonist is used in therapy of 
asthma as a racemic mixture of (R,R)- and (S,S)-isomers. Rational 
drug design procedures[1,2] were used to develop a number of FEN 
derivatives modified on the aminoalkyl tail in various stereoiso-
meric forms. The compounds were subjected to radioligand b2-AR 
binding studies using two different marker ligands, [3H]-CGP-12177 
and [3H]-(R,R)-4-methoxyFEN what evidenced significantly different 
binding affinities towards inactive and active forms of the receptor, 
respectively.[3] Parallel Van’t Hoff analysis of binding data showed 
that the thermodynamics of complex formation highly depends of 
the stereochemistry of FEN and marker ligand used.[3,4]

The compounds were also widely characterized for functional 
activities using induced cAMP accumulation measurement, cardio-
myocyte contractility assay and proliferation inhibition tests for a 
number of cancer cell lines. The results suggested that stereochem-
istry of a molecule affected the coupling properties of the recep-
tor to different G proteins upon agonist binding. In cardiomyocyte 
contractility studies, the addition of pertussis toxin had no effect on 
the activity of (R,R)-FEN, (R,R)-4-methoxyFEN and (R,R)-4-aminoFEN, 
indicating that the receptor selectively couples Gs protein signaling 
upon binding of these compounds.[5] Conversely, pertussis toxin sig-
nificantly affected cellular effect elicited by (R,R)-1-naphtylFEN and 
(R,R)-4-methoxy-1-naphtylFEN, thus these compounds activated the 
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receptor to a form recognized by both Gs and Gi proteins. Molecular 
modeling simulations of binding to the b2-AR models suggested 
that this difference may be associated with specific interactions 
of a derivative with Y308 residue of b2-AR. Recent studies on the 
Y308A mutated receptor showed a significant decrease in the bind-
ing Y308A affinity of Gs-selective ligands while the affinity of ligands 
eliciting Gs/Gi signaling was unaffected. This observation confirms 
the importance of the Y308 residue in the Gs selectivity.

The overall data demonstrate that stereochemistry and chemical 
constitution of FEN derivative influence the magnitude of bind-
ing affinity, thermodynamics of local ligand - receptor interactions 
and the global mechanism of the b2-AR activation. It opens new 
perspectives for development of novel potent and highly selective 
b2-AR agonists. For example (R,R)-FEN and (R,R)-4-methoxyFEN is 
currently clinically tested for treatment of congestive heart failure, 
some other derivatives appears as very effective inhibitors of tumor 
cells mitogenesis in in vitro studies.
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al03
fragment-Based drug discovery—a decade of 

thinking Small

Harren Jhoti

Astex	Pharmaceuticals,	Cambridge,	UK

Fragment-based discovery has now been established as an alter-
native approach for the generation of novel small-molecule drug 
candidates. This approach for lead generation has distinct advan-
tages over conventional bioassay-based screening in that very low-
affinity fragments with novel structures can be routinely identified 
using biophysical techniques such as X-ray crystallography, NMR and 
calorimetry. These “fragment hits” can then be rapidly optimized 
for potency and DMPK properties using iterative cycles of medicinal 
chemistry and structure-based drug design. Using this approach, new 
drug candidates with good ligand efficiencies and optimal drug-like 
properties can be generated for a range of therapeutics targets, a 
selection of which will be described in this talk.

Another major advantage of fragment-based discovery resides 
in the ability to sample chemical space in a highly efficient manner. 
This has resulted in the discovery of novel allosteric pockets on key 
protein targets. The development of novel drug candidates targeting 
these allosteric pockets will also be described in this talk.

Pr01
Minimising CNS Side Effects: DMPK 

Considerations in the Design of Drugs with 
Limited Brain Penetration

Sharan Bagal

Pfizer	Neusentis,	UK;	sharan.bagal@pfizer.com

This presentation will discuss strategies for the restriction of drug 
candidates from the central nervous system (CNS) when the pri-
mary pharmacological target of action is located in the periphery. In 
some cases, restricting CNS exposure can improve the safety profile 
of drug candidates and help reduce compound attrition. Targeting 
active transport at the blood–brain barrier (BBB) is one approach 
to achieve such restriction, and some known CNS-restricted drugs 
have been shown to be substrates of efflux transporters, such as 
P-glycoprotein (P-gp), that reside at the BBB. The physicochemical 
space associated with P-gp substrates will be covered together with 
the risks associated with this activity. Finally, two case studies will 
be examined that demonstrate how exploiting CNS restriction can 
improve the therapeutic index of compounds directed at either an 
extracellular or an intracellular drug target.

Pr02
developing Inhibitors of the Bromodomain–

Acetyl-lysine Interaction

Stuart Conway

Department	of	Chemistry,	Chemistry	Research	Laboratory,	 
University	of	Oxford,	Mansfield	Road,	Oxford,	OX1	3TA,	UK

Lysine acetylation is a key dynamic protein post-translational modi-
fication (PTM). Histones, the core proteins around which DNA is 
wound, are particularly susceptible to PTMs, which are thought 
to form a “histone code” that is involved in the epigenetic transfer 
of information. Lysine acetylation state influences recruitment of 
transcriptional regulators through interaction with bromodomain-
containing proteins, which ‘read’ lysine acetylation state. There are 
over 60 bromodomains, found within 42 proteins, with some pro-
teins containing more than one distinct bromodomain. Few bromo-
domain-containing proteins have been studied in detail; however, 
those that have been investigated play fundamental cellular roles 
and show association with specific diseases, including inflammation 
and cancer. One of the major challenges in this field is the develop-
ment of small molecules that selectively prevent the interaction of 
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a specific bromodomain with acetyl-lysine (KAc). Such probes are 
essential to allow dissection of the role that bromodomains play in 
complex multidomain proteins. These probes will, ultimately, allow 
us to better understand the cellular roles of bromodomain-containing 
proteins and are essential to allow the validation of bromodomains 
as therapeutic targets. Our progress in developing potent, selective 
and ligand-efficient small molecule probes for the bromodomain 
and extra C-terminal domain (BET) class of bromodomains will be 
discussed.

An initial screen for bromodomain-binding fragments led to the 
discovery that the solvent NMP,[1] dihydroquinazolinone (DHQ) and 
3,5-dimethylisoxazoles (3,5-DMIs) can act as KAc mimics.[2] Using a 
structure-based design approach, we employed the 3,5-DMI moiety 
as our lead KAc mimic and sought to develop potent and selec-
tive ligands for the BET family of bromodomains. Based on docking 
studies, the DHQ-based lead 1 was simplified to a trisubstituted 
phenyl core (2) that possesses substituents exploring the desired 
vectors. Synthesis of a small range of analogues identified 2 as a 
promising lead compound that retained binding affinity for the first 
bromodomain of BRD4 [BRD4(1)], had good selectivity for the BET 
bromodomains over other classes of bromodomains and possessed 
high ligand efficiency. Obtaining an X-ray crystal structure of 2 bound 
to BRD4(1) confirmed that the 3,5-DMI was functioning as the KAc 
bioisostere. The secondary alcohol was binding in the region known 
as the WPF shelf, while the ethoxy substituent bound in pocket 2. 
We hypothesised that addition of an aromatic substituent to the 
ketone would increase the compound’s affinity for BRD4(1), and the 
simple phenyl derivative was found to be most potent, with an IC50 
value of 640 nm. Optimisation of the substituent binding in pocket 2 
identified 4 as a BRD4(1) ligand with an IC50 value of ~300 nm, a good 
selectivity profile over other bromodomains and a ligand efficiency 
of 0.43 (see figure). Work is ongoing to validate the applicability of 
4 to cellular studies and hence prove that it is a useful probe for 
BRD4(1) activity in vitro.
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Small-molecule Stabilizers of 14-3-3 Protein–

Protein Interactions

Christian Ottmann,[a] Carolin Anders,[a]  
Yusuke Higuchi,[b] Günter Schlichthörl,[c] Jürgen Daut,[c] 

Nobuo Kato[b]

[a]	Chemical	Genomics	Centre	of	the	Max-Planck-Society,	Dortmund,	 
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[b]	The	Institute	of	Scientific	and	Industrial	Research,	Osaka	University,	
Osaka,	Japan 

[c]	Institute	for	Physiology	and	Pathophysiology,	University	of	Marburg,	
Marburg,	Germany

Targeted pharmacological modulation of protein–protein interac-
tions (PPIs) is a promising strategy in chemical biology and drug 
development. However, in the vast majority of cases this concept 
has been realized only for inhibition of PPIs despite the fact that in 
many biomedical contexts stabilization of PPIs would be desirable. 
The natural product fusicoccin A is stabilizing the binding of 14-3-3 
adapter proteins to the plant H+-ATPase PMA serving as a proof-
of-principle molecule for the possibility to address the widespread 
interactome of 14-3-3 proteins. In humans, these proteins interact 
with partner proteins implicated for example in cancer (p53, Raf, 
YAP/TAZ, β-catenin) or neurodegenerative diseases (Tau, α-Synuclein, 
LRRK2). We have devised a fusicoccin derivative (FC-THF) that sta-
bilizes the interaction of 14-3-3 with the K+ channel TASK-3. Protein 
crystallography shows how this molecule binds to the rim of the 
interface of 14-3-3 proteins and a TASK-3-derived phosphopeptide 
contacting both protein partners simultaneously. Since binding of 
14-3-3 proteins mediates insertion of TASK-3 into the plasma mem-
brane, administration of FC-THF enhances surface expression of the 
channel in cells and increases K+ currents. Together with the dem-
onstration that 14-3-3 PPI stabilizers can be identified by screening 
conventional compound libraries, these studies support the concept 
of small-molecule PPI stabilization for biomedical research.
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l01
Drug Discovery in Neglected Diseases: 

Challenges and Opportunities

Richard Elliott

Bill	&	Melinda	Gates	Foundation,	PO	Box	23350,	Seattle,	WA,	98102,	USA

Despite continued scientific advances in understanding the biology 
and pathology of infectious diseases, many continue to exact a ter-
rible toll on the populations living in developing countries- causing 
untold suffering and death to millions of people living around the 
world. These diseases include malaria, tuberculosis (TB), African 
trypanosomiasis, visceral leishmaniasis, filarial diseases and diar-
rhea. Based on the principle that all lives—no matter where they are 
being lived—have equal value, the Bill & Melinda Gates Foundation 
has made considerable investments to develop new therapeutic 
interventions for many third-world diseases, including discovering 
and developing new vaccines and drugs. Working primarily through 
partners, including academic groups, research organizations, pri-
vate companies, and product-development partnerships (PDPs), the 
Foundation is committed to developing new therapeutic interven-
tions for these diseases.

In this presentation, some of the challenges, opportunities, and 
learnings from the drug-discovery research conducted by the founda-
tion’s partners will be reviewed and discussed. The challenges include 
considerable scientific and technological drug discovery gaps, the 
limited attention and resourcing committed to building a robust R&D 
pipeline, and the need for extremely safe drugs given the popula-
tion’s limited access to qualified health-care workers, as well as the 
unique challenges presented by the pathogens themselves—in-
cluding resistance mechanisms, latent forms, intracellular locations, 
and multiple life forms—which necessitates varied, and sometimes 
unusual, drug discovery approaches or strategies. Concomitant with 
these challenges are considerable opportunities, including a revived 
commitment and engagement of many groups and organizations, 
including the pharmaceutical industry, to discover, develop, and 
deploy new drugs for these diseases. Likewise, the cutting-edge 
tools and approaches commonly used in modern drug discovery, 
including target-identification and structure-based approaches, are 
now beginning to be used more commonly in developing world 
disease drug discovery.

The learnings from these efforts are broad and far-reaching; rang-
ing from the strengths and weaknesses of target-based approaches 
versus whole-cell phenotypic screening approaches, the relative 
merits and risks of expanding chemical diversity beyond the (now) 
traditional “rule-of-five” approach, conceptually moving beyond 
the traditional competitive approach to drug discovery towards a 
pre-competitive partnering model, the value of making (sometimes 
costly) up-front investments to develop the required drug-discovery 
tools and technology, to approaches for fostering innovation and 
embracing risk in the drug-discovery process. It is believed that 
many of the models, approaches, and learnings developed from 
foundation partnerships in drug discovery have direct relevance and 
applicability more broadly to drug discovery.

l02
Medicinal Chemistry Challenges for Kinetoplastid 

diseases

Charles Mowbray

Head	of	Drug	Discovery,	Drugs	for	Neglected	Diseases	initiative	(DNDi),	
Geneva,	Switzerland;	cmowbray@dndi.org;	www.dndi.org

Visceral leishmaniasis (VL), human African trypanosomiasis (HAT) 
and Chagas disease are examples of neglected tropical diseases 
caused by kinetoplastid parasites. For patients suffering from these 
diseases the treatment options are limited and are often old drugs 
with serious limitations due to toxicity, inconvenient routes of ad-
ministration, long duration of therapy and limited efficacy. There is 
an urgent need to deliver a new generation of safe, effective and 
convenient medicines to tackle these diseases and combat the threat 
of drug resistance.

A short review of the properties and issues associated with some 
of the approved drugs for treatment of kinetoplastid diseases will 
serve to underline the on-going, unmet medical need for new and 
improved medicines. However, there are significant challenges to 
targeting the protozoal parasites such as L.	Donovani, T.	brucei and T.	
cruzi, which are the causative agents of VL, HAT and Chagas disease. 
There are few validated antiparasitic mechanisms, and furthermore 
the parasites are intracellular (L.	Donovani and T.	cruzi) or can pen-
etrate the CNS (T.	brucei).

At DNDi, we have adopted a phenotypic screening approach to 
identify new chemical leads. We are fortunate to have access to the 
screening collections of a number of generous partners; however, 
we are faced with a number of challenges in selecting appropri-
ate compounds to most effectively utilize our available screening 
capacity. Our strategies to maximize the chances of success will be 
discussed and illustrated by examples with particular emphasis on 
tackling L.	Donovani.

We believe that the best way to succeed in this extremely chal-
lenging field is to collaborate extensively; capitalizing on the ex-
pertise of our many partners and fostering open innovation. Some 
new initiatives to create synergies in screening, hit-to-lead and lead 
optimization to accelerate the discovery of novel drug candidates 
will also be presented.
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l03
Antimalarial Medicinal Chemistry “Opportunities 

and Challenges”

David Waterson

Medicines	for	Malaria	Venture,	ICC	-	Entrance	G,	1215	Geneva	15,	 
Switzerland

Malaria is a disease that is prevalent in many developing countries. 
According to the World Health Organization 2011 report, malaria 
was responsible for 216 million clinical cases and 655,000 deaths in 
2010—86% of the victims were children under 5 years of age. Ma-
laria is caused by protozoan parasites of the genus Plasmodium that 
infect and destroy red blood cells, leading to fever, severe anemia, 
cerebral malaria, and, if untreated, death. Medicines for Malaria 
Venture (MMV) has a mission to reduce the burden of malaria in 
disease-endemic countries by discovering, developing and facilitating 
delivery of new, effective and affordable antimalarial drugs.

Phenotypic screening has proved to be a powerful tool in the 
identification of novel antimalarials. Over 6 million compounds have 
now been screened in high-throughput asexual blood stage assays. 
The compounds detected have provided new starting points for 
lead optimization projects which in turn have led to new antima-
larial drug candidates. This will be illustrated by examples from the 
MMV portfolio.

However, many challenges remain in the eradication of malaria. 
Compounds active against asexual blood stages of the disease do not 
necessarily block transmission to other individuals, since circulating 
gametocytes can remain in the blood for many days following clear-
ance of the asexual stages. Plasmodium	vivax is especially problem-
atic in that infection can arise by activation of dormant hypnozoites 
residing in the liver. The only clinical therapy against relapse of vivax 
malaria is the 8-aminoquinoline, primaquine. This molecule has the 
drawback of causing haemolysis in genetically sensitive patients and 
requires 14 days of treatment.

l04
Antitubercular Nitroimidazoles

Takushi Kaneko

Global	Alliance	for	TB	Drug	Development	(TB	Alliance),	40	Wall	St,	 
24th	Floor,	New	York,	NY	10005,	USA

The current first-line tuberculosis (TB) drugs (isoniazid, rifampicin, 
pyrazinamide, and ethambutol) are at least 50 years old. Novel TB 
drugs are urgently needed to address both emerging resistance to 
the existing drugs as well as shorter, simpler treatments for patients 
with both drug-sensitive and drug-resistant disease. Currently, cure 
of drug-sensitive disease requires a minimum of 6 months combi-
nation treatment, while drug-resistant disease treatment requires 
at least 18 months of complex multidrug therapy in settings where 
therapy is available. The Global Alliance for TB Drug Development 

(TB Alliance) is a New York-based not-for-profit organization dedi-
cated to the discovery and development of improved, faster-acting, 
and affordable TB drugs suitable for patients with drug-sensitive or 
drug-resistant disease.

A chemical class of significant promise in the antitubercular field 
is the nitroimidazoles, and two compounds of this class, PA-824 
and TBA-354, are under development at TB Alliance. PA-824 (1) is a 
nitroimidazo-oxazine anti-TB drug currently in phase II clinical trials. It 
has a minimum inhibitory concentration (MIC) of 0.04 µg/mL against 
Mycobacterium	tuberculosis H37Rv, a typical laboratory strain, and, 
due to its novel mode of action relative to existing TB drugs, maintains 
potent activity against drug-resistant M.	tuberculosis strains. PA-824 
has demonstrated significant early bactericidal activity both as a 
monotherapy, and in TB drug combinations when administered daily 
to drug-sensitive TB patients for two weeks. Following on from this 
two-week clinical study, the clinical efficacy and safety of PA-824 in 
combination with moxifloxacin and pyrazinamide are currently being 
evaluated in a two-month regimen development study. TBA-354 (2) 
represents a potential next-generation antitubercular nitroimidazole 
compared to PA-824, and is currently undergoing preclinical devel-
opment. TBA-354 was identified through a program that evaluated 
over 900 novel nitroimidazoles. It has an MIC value of 0.006 µg/mL 
against M.	tb H37Rv, and exhibits improved in vivo activity, compared 
to PA-824 in murine TB models. The SAR of PA-824 analogues and 
the selection pathway for TBA-354 will be discussed along with the 
latest data from the clinical trials of PA-824.

l05
RaPID Discovery of Non-traditional Peptide Drug 

leads

Hiroaki Suga

Department	of	Chemistry,	Graduate	School	of	Science,	University	of	Tokyo,	
Japan

The genetic code is the law of translation, where genetic informa-
tion encoded in RNA is translated to amino acid sequence. The 
code consists of tri-nucleotides, so-called codons, assigning to 
particular amino acids. In cells or in ordinary cell-free translation 
systems originating from prokaryotes, the usage of amino acids 
is generally restricted to 20 proteinogenic (standard) kinds, and 
thus the expressed peptides are composed of only such monomers. 
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To overcome this limitation, we recently devised a new means to 
reprogram the genetic code, which allows us to express non-stan-
dard peptides containing multiple non-proteinogenic amino acids 
in vitro. This lecture will describe the most recent development 
in the genetic code reprogramming technology that enables us to 
express natural product-like non-standard peptides. The technology 
involves 1) efficient macrocyclization of peptides, 2) incorporation 
of non-standard amino acids, such as N-methyl amino acids, and 3) 
reliable synthesis of libraries with the complexity of more than a 
trillion members. When the technology is coupled with an in vitro 
display system, referred to as RaPID (Random Peptide Integrated 
Discovery) system, the non-standard cyclic peptide libraries with 
a variety ring sizes can be screened (selected) against various drug 
targets inexpensively, less laboriously, and very rapidly. The work 
represents a bridge between chemistry and biology, leading to the 
next generation of peptide drugs.
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l06
Downsizing Proteins: Peptidomimetics Beyond 

the rule of five

David Fairlie

Division	of	Chemistry	and	Structural	Biology,	Institute	for	Molecular	 
Bioscience,	The	University	of	Queensland,	Brisbane,	Qld	4072,	Australia 

Email:	d.fairlie@imb.uq.edu.au

The number of validated or partially validated protein targets for new 
pharmacueticals has dramatically increased over the last decade. 
Yet many of these proteins interact with other proteins using large 

surface areas, most often through a collection of weak interactions 
to achieve high binding affinity. Protein targets that have either an 
absence of a well defined hydrophobic cleft typically targeted by 
small organic molecules, or a requirement for two or more interac-
tion sites that are well separated, have challenged medicinal chemists 
for many years. On the one hand, the requirement of more chemi-
cal foliage on designer compounds to achieve high affinity and/or 
function presents new opportunities to also achieve more target 
selective ligands with highly specific functions, but on the other 
hand increasing the size and polarity of the compound defies the 
rule of five that has been so useful in predicting oral bioavailability.

As a result of these difficulties, coupled with problematic side 
effects that result from lack of target selectivity of small molecules, 
larger protein based therapeutics that can be more target specific 
and selective have attracted renewed attention over the last decade. 
Proteins and peptides have many potential uses in medicine, but 
to date their applications have been limited by high manufacturing 
costs, chemical instability, low bioavailability and issues of patient 
responsiveness and poor compliance. Traditionally considered to be 
insufficiently drug-like, recombinant proteins (especially monoclonal 
antibodies) and peptides have nevertheless become blockbuster 
therapeutics over the past decade and their market share is projected 
to grow spectacularly in the future. This contrasts with the stagnating 
number of new chemical entities that have reached registration as 
human pharmaceuticals over the last couple of decades.

This talk will address some efforts to downsize proteins to smaller 
peptidomimetics constrained to adopt particular conformations that 
can bind and activate/inhibit a range of protein targets, including 
human GPCRs, proteases, and transcription factors as well as viral 
and bacterial proteins. Examples will be given of downsizing proteins 
to compounds of MW 500–2500 and in a couple of cases to smaller 
molecules. These larger compounds can conceivably combine some 
advantages of small organic molecules (low cost, stability, bioavail-
ability) with some advantages of polypeptides (target specificity, 
solubility). Are there opportunities to develop target-specific orally 
active peptidomimetics that defy the rule-of-five and have MW>500? 
This presentation will address this question, review progress towards 
making small peptides, cyclic peptides and peptidomimetics orally 
active, and will describe some limitations with the approaches used 
to date.

l07
Small-Molecule Stabilization of 14-3-3 Protein–

Protein Interactions: A Feasible Approach in 
Drug Discovery?

Christian Ottmann, Rolf Rose, Manuela Molzan,  
Benjamin Schumacher

Chemical	Genomics	Centre	of	the	Max-Planck	Society,	 
Otto-Hahn-Strasse	15,	44227	Dortmund,	Germany

While small-molecule inhibition of protein–protein interactions 
(PPIs) is by now an established strategy in chemical biology and 
drug discovery, targeted stabilization of PPIs is a largely unexplored 
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approach. This is the more surprising since in nature this concept is 
realized repeatedly, e.g., with molecules like rapamycin, forskolin, 
brefeldin and the phytohormones auxin and jasmonate. The numer-
ous interactions of the widespread class of 14-3-3 adapter proteins 
are especially interesting targets for PPI stabilization since they are 
implicated in cancer, neurodegenerative diseases, and metabolic 
control. The phytotoxin fusicoccin mediates its physiological activ-
ity by stabilizing a specific 14-3-3 PPI serving as a proof-of-principle 
molecule for addressing the interactions of 14-3-3 proteins. Using 
derivatives of fusicoccin, we could stabilize the interaction of 14-3-3 
proteins with disease-relevant human proteins like the Raf kinases or 
the potassium channel TASK-3. Furthermore, the feasibility of high-
throughput identification of 14-3-3 PPI stabilizers from conventional 
compound libraries has been demonstrated. This approach might put 
us in the position to develop a new class of bioactive small molecules 
for addressing a wide range of indication fields.
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Stem Cell Chemistry and Its Impact in drug 

discovery

Angela J. Russell

Departments	of	Chemistry	and	Pharmacology,	University	of	Oxford,	 
Chemistry	Research	Laboratory,	Mansfield	Road,	Oxford	OX1	3TA,	UK

The ability to harness the potential of stem cells represents an op-
portunity to revolutionise medicine by offering treatment options 
and tissue/organ regeneration applicable to a wide range of degen-
erative diseases such as Parkinson’s disease, bone marrow disorders, 
diabetes, and vision and hearing loss. In vivo adult tissue-specific 
stem cells reside within specialised niches, retaining the ability to 
proliferate and to differentiate via a number of steps to a subset of 
specific cell types facilitating tissue repair. Each step, and ultimately 
each cell’s fate, is specified by signalling events. The ability to exert 
control over each step of the differentiation process and to control 
exquisitely a cell’s fate would represent a major advance in the treat-
ment of disease. The use of small molecules to control cell fate and 
differentiation is an emerging discipline which offers unprecedented 
advantages over other techniques in terms of greatly reduced costs 
and the ability to control cell fate reversibly at will.

New and more efficient methods for controlling stem cell fate will 
find utility in exogenous cell transplantation, but one of the poten-
tially most powerful applications of the use of small molecules in 
directing stem cell fate would be the ability to manipulate a patient’s 
own endogenous tissue stem cells solely through administering a 
drug, thereby precluding the need for cell transplantation.

This lecture will provide a brief overview of chemical manipulation 
of stem cell fate and introduce examples of recent research from our 
group. The identification of small molecules and pathways to control 
differentiation of stem cells to specific lineages in vitro and in vivo 
will also be described, along with current barriers to the translation 
of such findings into new regenerative therapies.
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Stem Cells and Small molecules

Lilian Hook, Yen Choo, Chris Johnson,  
Diana Hernandez, Jey Jeyakumar, Marina Tarunina

Plasticell	Limited,	2	Royal	College	Street,	London,	NW1	0NH,	UK

Stem cells are a self-renewing source of differentiated cell types for 
use in cell therapy and drug discovery for conventional and regen-
erative drugs. However, the large-scale, reproducible manufacture 
of stem cells and their differentiated progeny remains a challenge 
and limits realisation of their full potential. We describe two high-
throughput technologies developed to overcome some of the techni-
cal hurdles associated with stem cell applications.

High efficiency and cost-effective directed differentiation of stem 
cells is very challenging and currently a bottleneck in the field. Dif-
ferentiation of stem cells to a mature cell type typically requires serial 
cell culture steps with sequential addition of growth and patterning 
factors. Testing a significant number of such differentiation protocols 
is very labour intensive and time consuming and limits the devel-
opment of optimised methods. Combicult® is a high-throughput 
combinatorial technology that allows tens of thousands of differen-
tiation protocols to be tested simultaneously. The results of several 
successful screens are presented. Novel, serum-free protocols for 
the differentiation of embryonic and adult stem cells to somatic cells 
types relevant for cell therapy and drug development applications 
(e.g., osteoblasts, megakaryoctes, neurons and hepatocytes) have 
been discovered. In several protocols expensive growth factors have 
been eliminated and replaced with small molecules, which have 
advantages in reproducibility and cost effectiveness.

ProScreenTM is a platform technology for discovering drugs that 
will regenerate tissues such as blood, bone and heart in response to 
injury, disease or ageing. It uses physiologically relevant progenitor 
cells, derived from stem cells in vitro, for discovery of small molecule 
regenerative drugs that would act on endogenous progenitors in vivo. 
The use of CombiCult® technology allows the efficient discovery of 
differentiation pathways for the generation of such physiologically 
relevant progenitors in vitro, overcoming the problem of isolating 
rare and difficult to obtain primary progenitor cells.

l10
development of Small-molecule embryonic Stem 
Cell Stimulators of Cardiogenesis: Case Study of 

a medicinal Chemistry approach

Dennis Schade,[a,b,c,d] Erik Willems,[a,c] Marion Lanier,[b,c] 
Karl Okolotowicz,[b,c] Christine Wahlquist,[a]  

John Cashman,[b,c] Mark Mercola[a,c]

[a]	Sanford-Burnham	Medical	Research	Institute,	10901	North	Torrey	Pines	
Road,	La	Jolla,	CA	92037,	USA 

[b]	Human	BioMolecular	Research	Institute,	5310	Eastgate	Mall,	San	Diego,	
CA	92121,	USA 

[c]	ChemRegen	Inc.,	11171	Corte	Cangrejo,	San	Diego,	CA	92130,	USA 
[d]	Current	address:	Christian-Albrechts	University,	Pharmaceutical	 

Institute,	Gutenbergstr.	76,	24118	Kiel,	Germany

From a large-throughput murine embryonic stem cell (mESC)-based 
high-content screening of 17,000 drug-like small molecules for car-
diomyogenesis, we identified novel annelated 1,4-dihydropyridines 
(DHPs) that exhibit an unprecedented mechanism of action for in-
hibition of transforming growth factor b (TGFb)/Smad signaling, i.e. 
enhancing proteasomal degradation of TGFbRII. A TGFb inhibition-
targeted structure–activity relationship (SAR) study, complemented 
by several secondary functional assays in mESCs, was done in an 
iterative fashion to define key pharmacophoric structural elements. 
Particular attention was devoted to stereochemical aspects of the 
chiral 4-position, which we addressed with the synthesis and compre-
hensive biological characterization of different pairs of single (+)- and 
(-)-enantiomers. This classic medicinal chemistry approach led to 
highly potent (IC50 for TGFb inhibition = 0.1–0.4 µm) and selective 
compounds. Correlating data from different assays proved a valu-
able method to validate the SAR model and to assess the general 
biological activity profiles. Moreover, key compounds could be used 
as chemical biology tools to study TGFb involvement in mesoderm 
formation and cardiopoietic differentiation. These novel DHPs not 
only represent useful tools to study TGFb signaling in a (patho)physi-
ological context, but are also promising drug candidates for the 
treatment of TGFb-dependent diseases, not to mention their utility 
within the field of cardiac regenerative medicine.

l11
Empowered Antibodies for Cancer Therapy

Peter Senter

Seattle	Genetics,	Inc.,	21823	30th	Dr	SE,	Bothell,	WA	98021,	USA

Monoclonal antibodies (mAbs) have played a major role in cancer 
medicine, with active drugs such as trastuzumab (Herceptin), cetux-
imab (Erbitux), bevacizumab (Avastin) and rituximab (Rituxan) in a 
wide range of therapeutic applications. The mechanism of activity 
of these agents involves cell signaling, effector functions through in-
teractions with Fcg-receptor-positive cells, and complement fixation. 
In order to improve activity, attention has turned towards enhancing 
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mAb ADCC activity by selecting stronger Fcg receptor binders. This 
has been accomplished using engineered cell lines that generate 
mAbs with optimized Fc regions designed for enhanced receptor 
binding (Xencor technology), or by changing the carbohydrate struc-
tures on the heavy chains of mAbs (Glycart and Biowa technologies). 
We have discovered an alternative approach involving the identifi-
cation of biochemical inhibitors of the enzymes fucosyl transferase 
and GDP-d-mannose dehydratase (GMD). The inhibitors are fucose 
analogues and can be added to cells that not only produce mAbs, 
but other proteins in which fucosylation is important for activity. 
Several applications of this technology will be discussed, both in 
vitro and in vivo.

mAb activity can also be enhanced by appending highly potent 
cytotoxic drugs to them. While this idea has been been in existence 
for many years, it has only been recently that mAb–drug conjugates 
have the potential of playing a convincing role in cancer chemother-
apy. The field has advanced significantly, with new insights gained 
into the roles that antigen target, normal tissue expression, drug 
potency, drug mechanism, linker stability, and mechanism of drug 
release play in generating active antibody drug conjugates (ADC) with 
acceptable safety profiles. Brentuximab vedotin is an example ADC 
that has been designed with these parameters in mind. In August 
2011, the drug was approved by the US Food and Drug Administra-
tion (FDA) for use in relapsed or refractory Hodgkin lymphoma and 
relapsed or refractory systemic anaplastic large cell lymphoma, two 
diseases with significant unmet medical needs. An overview of how 
this drug was developed and how we are extending the technology 
will be provided.

l12
Realizing the Potential of Antibody–Drug 
Conjugates for the treatment of Cancer

Ravi Chari

ImmunoGen,	Inc.,	830	Winter	St,	Waltham,	MA	02451,	USA

Most anti-cancer drugs have to be used near their maximum toler-
ated dose to achieve a clinically meaningful therapeutic response. 
Their lack of tumor specificity results in high systemic toxicity. Mono-
clonal antibodies that recognize specific markers on the surface of 
tumor cells offer an alternative therapy that is tumor specific, and 
thus less toxic. Although specific, most antibodies have little or no cell 
killing power to be effective against established cancers. A notable 
exception is rituximab, which is very effective as a single agent in 
the treatment of hematological malignancies. The few monoclonal 
antibodies that have proven to be useful in the treatment of solid 
tumors are all used in combination with standard anti-cancer agents, 
thus retaining the systemic toxicity of chemotherapy.

We have exploited the tumor specificity of monoclonal antibod-
ies for the targeted delivery of highly cytotoxic compounds that are 
otherwise too toxic to be used on their own.[1,2] We have utilized a 
semisynthetic approach to develop a panel of “linkable” analogs of 
the highly potent tubulin interacting plant natural product, maytan-
sine. Many of these new analogs retained or exceeded the cytotoxic 

potency of the parent drug.[3] Two thiol-containing maytansine ana-
logs DM1 and DM4 were selected for linkage to tumor-specific mono-
clonal antibodies to provide antibody–maytansinoid conjugates. We 
have developed approaches to tailor the design of each maytansinoid 
conjugate to achieve the best performance for the specific cancer 
target. Linkers have been designed such that the conjugates are 
stable in circulation, and are virtually non-toxic until they bind to the 
tumor cell through the antibody component. They are then activated 
specifically by the tumor into potent cytotoxic agents.

Multiple antibody–drug conjugates using maytansinoids are cur-
rently in clinical evaluation, and promising clinical data are emerging. 
The chemical design and development from the bench to the clinic of 
maytansinoid conjugates will be discussed. Recent advances in linker 
design to overcome multidrug resistance will also be highlighted.[4]
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Arming Antibodies with Drugs and Other 

Payloads: From the Bench to the Clinic

Dario Neri

Department	of	Chemistry	and	Applied	Biosciences,	ETH	Zürich,	 
Wolfgang-Pauli-Strasse	10,	8093	Zurich,	Switzerland

Antibodies can be used to deliver bioactive molecules (drugs, cyto-
kines, photosensitizers, radionuclides, etc.) to the tumor environ-
ment, thus sparing normal tissues. The targeting of tumour neo-
vasculature is particularly attractive, because of the dependence 
of cancer on new blood vessels and because of the accessibility of 
these structures from the blood stream.

We have recently shown that potent therapeutic results can be 
obtained when human antibodies, armed with cytotoxic drugs or 
with suitable cytokines), are used to deliver their payload to compo-
nents of the subendothelial extracellular matrix, which are modified 
under pathological conditions.

In this lecture, I will present advanced preclinical and clinical data 
on the use of therapeutic antibody derivatives and I will discuss the 
relative merits and drawbacks of different payloads.
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Biologics: Future Medicines for Metabolic 

diseases

Cristina Rondinone

MedImmune,	One	MedImmune	Way,	Gaithersburg,	MD	20878,	USA

The rapid increase in the prevalence of obesity in the world is be-
coming an important health problem. Obesity may cause several 
metabolic complications, including type 2 diabetes mellitus, hyper-
lipidemia, high cholesterol, coronary artery disease as well as hyper-
tension. Current strategies for treatment of obesity and diabetes are 
not adequately effective and are frequently companied with many 
side effects. Thus, new ways to treat metabolic diseases are urgently 
needed. Over the last few years more biologics, including peptides, 
proteins and antibodies are being developed as new targets for these 
diseases, including different types of insulins and incretins like GLP-1. 
Recent scientific discoveries related to the “cure of diabetes/obesity” 
with bariatric surgery, pancreatic regeneration, and differentiation of 
brown fat in humans, lead to an explosion of new biological targets 
that have the potential to make a difference. The development of 
safe and long-acting biologics that will stop or reverse these diseases 
will have a great impact in the patients and the society.

l15
Inhibiting Glucose Transport via SGLT Inhibitors – 

The Next New Diabetes Drug Family?

Michael Mark

Boehringer	Ingelheim	Pharma	GmbH	&	Co	KG,	Biberach,	Germany

The prevalence of diabetes is increasing dramatically worldwide 
with more than 500 million patients expected in the year 2030. 
Despite the fact that a good number of various drugs with different 
mechanisms are available for the treatment of the diabetic patient, 
no therapy is out to halt the progressive nature of the disease. In 
search of new therapies inhibitors of both, the SGLT1 as well as 
SGLT2 (sodium-glucose cotransporters 1 and 2), are currently being 
developed clinically. The mechanism of action, especially of SGLT2 
inhibitors, will be explained. Various SGLT2 inhibitors will be pre-
sented and their in vitro profile highlighted. Empagliflozin, currently 
being developed in phase III clinical trials will be used as example to 
present the preclinical as well as clinical profile of SGLT2 inhibitors. 
Empagliflozin is a potent and selective SGLT2 inhibitor, which in vivo 
dose-dependently increases urinary glucose excretion in various 
animal species. It lowers blood glucose and improves long-term gly-
cemic control in disease-relevant models. It offers additional glycemic 
control on top of any other currently available treatment for diabetes. 
On top of the glycemic control, SGLT2 inhibition does lead to body 
weight reduction. In clinical studies, this profile of Empagliflozin could 
be confirmed as evidenced by a good glycemic control, body weight 
reduction and improvement in blood pressure control. The overall 

safety and tolerability profile is good. Urinary tract infections and 
genital tract infections are seen with all SGLT2 inhibitors, but these 
are generally mild in nature and treatable.

A first compound of this class is currently awaiting regulatory 
approval; the actual status will be discussed.

l16
4,4-dioxo-5,6-dihydro-[1,4,3]oxathiazines as 
a novel Class of 11β-hSd1 Inhibitors for the 

treatment of diabetes

Kurt Ritter, Thomas Böhme, Christian Engel,  
Stefan Güssregen, Torsten Haack, Andreas Herling, 

Johanna Kuhlmann-Gottke, Georg Tschank,  
Geraldine Farjot, Lionel Noah

Sanofi-Aventis	Deutschland	GmbH,	R&D	DIAB	Division	/	Candidate	 
Identification,	Industriepark	Hoechst,	G878,	65926	Frankfurt	am	Main,	

Germany;	e-mail:	Kurt.Ritter@sanofi-aventis.com

11b-Hydroxysteroid dehydrogenase type 1 (11b-HSD1), highly ex-
pressed in human liver and adipose tissue, uses NADPH as cofactor 
for the intracellular conversion of cortisone to biologically active 
cortisol, which regulates gluconeogenesis in the liver as well as fat 
storage and adipocyte differentiation in adipose tissue. Selective 
inhibition of this enzyme offers the potential as a novel treatment 
for type 2 diabetes, obesity and hyperlipidemia by controlling the 
local tissue-specific cortisone/cortisol levels.[1,2]

Racemic 4,4-dioxo-5,6-dihydro-[1,4,3]oxathiazine derivative 1 
(R=cyclohexyl) was isolated as an impurity in a hit sample from an 
HTS campaign on 11b-HSD1. After separation by chiral chromatog-
raphy, the (S,R)-enantiomer 1a was identified as the true, potent 
enzyme inhibitor.

Co-crystal structures with human and murine 11b-HSD1 revealed 
the unique binding mode of the oxathiazine series and supported 
the optimization with regard to the residue R, located close to the 
cofactor NADPH in 11b-HSD1. Monocyclic oxathiazines of the general 
structure 2 and 3 were prepared to extend the scope of this novel 
scaffold and to improve ADME and PK properties. Synthetic pathways 
to the different oxathiazines will be presented.

Best compounds in these series were evaluated in a rodent Cush-
ing model as well as in an ex vivo assay[3] to determine the duration 
of action in the targeted tissues such as liver and fat.
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Structure-Based Design of Novel Antibiotics for 

Treating Multidrug-Resistant Bacterial Infections
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Strategies for the design and discovery of 

Compounds directed against Challenging targets 
of hIV-1 life Cycle

María-José Camarasa

Instituto	de	Química	Médica	(IQM-CSIC),	Juan	de	la	Cierva	3,	 
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With 40 million people infected with HIV alive today, and a higher 
number expected in the future, the foreseeable scenario is that AIDS 
is likely to be one of the most common chronic infectious diseases on 
the planet. The main pitfalls in the treatment of the disease are the 
relatively low selectivity of current drugs that is translated into many 
undesired side-effects and/or in the development of drug resistance 
that in turn is the major hurdle to ensure long-term suppression of 
the virus. Therefore, additional drugs acting at targets other than 
those to which clinically used drugs bind are urgently needed.

Our group has been deeply involved for a number of years in 
research areas where there are still largely unmet medical needs 
affecting humans, particularly highly prevalent pathologies such as 
AIDS. Innovative “druggable” targets are being sought because of 
the eventual emergence of resistance or the inefficiency of current 
treatments with the common goal of discovering new compounds 
through the integration of some novel strategies, both in terms of 
macromolecular targets and mechanisms of inhibition. Thus, we 
pursue the design of low-molecular-weight molecules capable of pre-
venting entry of the virus into the cell through interactions with the 
sugars present in the gp120 viral protein, as already demonstrated 
for some natural lectins and for “artificial lectins”.

There is a novel approach that exploits a new strategy, in terms of 
mechanism of inhibition of HIV-1 reverse transcriptase (RT). That is, 
the discovery and development of low-molecular-weight molecules 
able to disrupt the crucial protein–protein interaction between p66 
and p51 subunits in HIV-1 RT. The dimeric form of the enzyme is an 

absolute requirement for all enzymatic activities and the dimerization 
is essential for a fully functional RT. The development of inhibitors 
targeting RT dimerization thus represents a highly promising alterna-
tive antiviral strategy.

Targeting protein–protein interactions (PPIs) instead of catalytic 
sites with small drug-like molecules can be considered as a paradigm 
shift in drug discovery. Developing small molecules that modulate 
PPIs is difficult, owing to the lack of well-defined binding pockets. 
Till very recently, it has been considered that PPIs were the result of 
the sum of numerous low energy punctual interactions. However, it 
is now commonly accepted that just a few of these contributions are 
crucial for the protein–protein interaction. A significant contribution 
to the binding energy is localized in small regions that are desig-
nated as “hot spots”. In the last few years, our research group has 
concentrated on the discovery of alternative HIV-1 RT dimerization 
inhibitors focussing on a dimerization “hot spot” of p51 subunit of 
HIV-1-RT that we have identified.

l19
Identification of a New Chemical Series of Potent 
Antimycobacterial Compounds Derived from BM 
212: Design, Synthesis, Biological Evaluation and 

Study of their Mode of Action

Mariangela Biava,[a] Giovanna Poce,[a,b] Giulio Cesare 
Porretta,[a] Salvatore Alfonso,[a] Alessandro De Logu,[c] 

Edda De Rossi,[d] Lluis Ballel,[e] Scott G. Franzblau,[f] 
Fabrizio Manetti,[g] Eric J. Rubin,[b] Maurizio Botta[g]

[a]	Istituto	Pasteur	Fondazione	Cenci-Bolognetti,	Dipartimento	di	Chimica	
e	Tecnologie	del	Farmaco,	Università	‘La	Sapienza’,	piazzale	Aldo	Moro	5,	

00185	Roma,	Italy 
[b]	Department	of	Immunology	and	Infectious	Diseases,	Harvard	School	of	

Public	Health,	Boston,	Massachusetts,	USA 
[c]	Dipartimento	di	Scienze	e	Tecnologie	Biomediche,	Sezione	di	Microbio-

logia	Medica,	viale	Sant’Ignazio	38,	09123	Cagliari,	Italy 
[d]	Dipartimento	di	Genetica	e	Microbiologia,	Universita`	degli	Studi	di	

Pavia,	Pavia,	Italy 
[e]	Diseases	of	the	Developing	World	(DDW)	Tres	Cantos	Medicines	 
Develpment	Campus	(TCMDC)	GlaxoSmithKline,	Severo	Ochoa	2,	 

28760	Tres	Cantos	Madrid,	Spain 
[f]	Department	of	Medicinal	Chemistry	and	Pharmacognosy,	 

College	of	Pharmacy,	University	of	Illinois	at	Chicago 
[g]	Dipartimento	Farmaco	Chimico	Tecnologico,	Università	degli	Studi	di	

Siena,	via	Alcide	de	Gasperi	2,	53100	Siena,	Italy

Mycobacterium	tuberculosis, the causative agent of tuberculosis, is 
the second leading cause of mortality worldwide and it infects one 
third of the world’s population.[1] New shorter and simpler drug 
regimens with bactericidal mechanism that differ from those of 
current drugs are needed.

We have previously identified a new chemical class of 1,5-diphe-
nyl-pyrroles endowed with potent antimycobacterial activity. The hit 
compound, BM212, proved to be active against multidrug-resistant 
clinical isolates, M.	tuberculosis residing within macrophages, and 
against M. avium.[2] On this basis, a synthetic program for system-
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atically modifying the structure of BM 212 was realized in order to 
obtained an hit optimization. Obtained SAR data produced by new 
compounds have been used to drive exploratory medicinal chemistry 
efforts, producing compounds with an improved lead-like profile. 
Thus, some of the newly synthesised compounds showed very good 
biological profile with MIC values (against MTB) ranging from 0.016 
to 1 µg/mL and protection index (PI=CC50/MIC ratio) ranging from 
104.48 to 1180.62. BM212 congeners proved also to inhibit intra-
cellular mycobacteria, and a good MIC value in the LORA assay.[3]

Here, we describe the hit-to-lead chemistry process for identifying 
new analogs with improved potency, reduced off-target activities, 
and physiochemical/metabolic properties suggestive of reasonable in 
vivo pharmacokinetics. Moreover we describe the target identifica-
tion process applied for defining the molecular target for BM212.[4]
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The design of hybrid molecules with a dual mode of action is an 
increasingly used strategy to obtain new antimalarial drug candi-
dates that are able to kill resistant Plasmodium	falciparum strains. 
Trioxaquines, which contain a 1,2,4-trioxane moiety covalently linked 
to a 4-aminoquinoline, were the first successful example of the 
hybrid-based strategy to treat blood-stage infections.[1] Falcipain-2 
(FP-2) is a cysteine protease involved in the catabolism of hemo-
globin to provide aminoacids essential for parasite’s survival and 
development.[2] Dipeptidyl vinyl sulfones showed to be potent FP-2 
inhibitors, capable of curing infected mice.[3] The lack of major toxicity 
and the good antimalarial activity make them suitable partners to 

combine with artemisinin drugs. We now report the synthesis and 
evaluation of hybrid compounds containing a vinyl sulfone and a 
semi-synthetic or synthetic endoperoxide moiety, 1 and 2, respec-
tively. All hybrids showed IC50 values in the low nm range against 
a chloroquine resistant-strain of P.	falciparum (W2), while the IC50 
values for FP-2 inhibition were in the low and sub-µm range. In vitro 
activation experiments with Fe(II) suggest that tetraoxane-based 
hybrids act as prodrugs, releasing a dipeptidyl vinyl sulfone inside 
the parasite. In vivo studies are currently being performed.

figure 1. General structure of endoperoxide–vinyl sulfone hybrids: Semi-synthet-
ic ART–vinyl sulfone hybrids 1 and fully synthetic endoperoxide–vinyl sulfone 
hybrids 2.
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Since less than 20% of the proteome has enzymatic activity and 
current drug development efforts rely heavily on the identification 
of enzymatic inhibitors, a significant fraction of the proteome, aka 
“The Undruggable Proteome” is currently being ignored. To ad-
dress this bottleneck in therapeutic development, the Crews lab has 
developed a technology known as PROteolysis TArgeting Chimera 
molecules (PROTACs) that can selectively knock down intracellular 
levels of a specific protein. These cell permeable hetero-bifunctional 
molecules utilize the cells’ own ubiquitin/proteasome protein deg-
radation pathway to selectively destroy a target protein of choice, 
thus allowing one to target those proteins that are currently not 
‘pharmacologically	vulnerable’.
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For the pharmaceutical industry, success in the clinic should be the 
ultimate criterion for our activities in target validation. However, the 
continued high rate of efficacy failures in many pharmaceutical and 
biotechnology companies has forced us to rethink not only our hit 
finding approaches, but also our target validation strategies.

Today, much more attention is given towards thorough validation 
and mechanistic understanding of a particular target and modulation 
of these targets by chemical or biological ligands, clearly before we go 
into extensive hit and lead finding activities in biochemical and cellular 
systems. Target validation strategies very much depend on the specific 
requirement of a particular indication or disease area, but neverthe-
less some general principles have emerged over the last years.

Lorenz Mayr will discuss with specific examples about Novartis’ 
comprehensive and contemporary framework of approaching target 
validation in drug discovery for proteases through:

• Overview of target validation strategies for proteases.
• Target validation by chemical compounds.
• Target validation by antibodies and aptamers.
• Target validation by si/shRNA technologies.
• Target validation by transgenic animals.
• Case studies for protease drug discovery projects.
• Summary and outlook.
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Identifying protein partners of small bioactive compounds is of great 
interest in many aspects of life sciences and specifically in the drug 
discovery and development process cycle. It is a support to (i) de-
cipher the mechanism of action after a “high-content” screening, 
which has gained renewed interest for drug candidates finding, (ii) 
study “off-target” effects, (iii) adjust therapeutic indications and 
clinical regimens of a drug and (iv) support drug repositioning.

Although several chemical proteomic approaches have already 
been developed for this purpose, further improvements are still 
needed to fulfil their objectives and be attractive in terms of sim-
plicity, time and cost. A powerful tool to meet these needs is the 
yeast three-hybrid screening technology, which is based on the well-
established yeast two-hybrid system for protein–protein interactions. 
The molecule of interest is derivatized and used as a bait to identify 
interacting proteins from a library of preys. We have optimized sev-
eral parameters of the screening method.

One limiting factor of protein screening techniques is the need 
for exhaustive cDNA libraries. We have therefore developed an im-
proved yeast three-hybrid method whose relevance relies on highly 
complex protein fragment libraries that are screened to saturation 
using an optimized mating procedure. As a consequence, multiple, 
independent fragments are isolated for each interactant, enabling 
the immediate delineation of a minimal interacting domain and the 
computation of a confidence score.

In the other side, we have also improved the permeability of the 
yeast strain to chemical compounds, and conducted a comprehen-
sive study to select the best linkage and anchorage systems. Fur-
thermore, we have developed a strategy based on versatile building 
blocks and optimized coupling reactions for an efficient derivatization 
of the molecule of interest.

Here, we will present the principle and tools developed in chem-
istry and biology for our yeast chemical three-hybrid technology. We 
will show our last screening results obtained for bioactive molecules 
and their identified protein partners. One example with a kinase 
inhibitor illustrates the efficiency and swiftness of our technology. 
A second example with a hit coming from a “black box” screen 
highlights how this technology can be easily applied for target iden-
tification. These results demonstrate the efficiency of our yeast 
three-hybrid tool in the chemical proteomics arsenal. New ways are 
now open for mechanistic studies and support for the drug discovery 
and development process cycle.
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Historically, drug discovery has been driven by pharmacology rather 
than molecular biology. Breakthrough pharmacologic profiles have 
frequently and serendipitously been provided by drugs later dem-
onstrated to act through a molecular mechanism of action relying 
on covalent modification of the target protein. Prominent examples 
include aspirin, beta-lactam antibiotics, and the proton pump inhibi-
tors. Yet, despite the prevalence, efficacy, and safety of this thera-
peutic modality, there has been a widespread reluctance to design 
and develop drugs that employ covalent mechanisms against their 
targets. This lecture will focus on the design principles and benefits 
of targeted covalent inhibitors that are designed to silence their 
targets completely and selectively. Specifically, covalent inhibition 
of two targets will be described: Bruton’s tyrosine kinase (Btk) for 
the treatment of B cell-mediated diseases and HCV NS3 protease 
for the treatment of hepatitis C.
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The phosphatidylinositol 3-kinases (PI3Ks) catalyze the phosphory-
lation of the 3-position of phosphatidylinositides, a step which is 
involved in the activation of the important PI3K/Akt pathway. PI3Ks 
are lipid kinases subdivided into classes IA, IB, II, and III depend-
ing on their sequence homology and substrate preference. The 
class IA subgroup consists of the p110a, p110b, p110d catalytic 
subunits that are regulated by heterodimerization with regulatory 
subunits. Upon activation of receptor tyrosine kinases, the p110 
subunits are translocated to the cell membrane where they phos-
phorylate phosphatidylinositol 4,5-bisphosphate (PIP2) to produce 
phosphatidylinositol 3,4,5-triphosphate (PIP3), a second messenger 
that recruits Akt to the cell membrane and by this propagates the 
signaling process. The p110a and p110b isoforms are ubiquitously 
expressed, whereas, the p110d and p110g isoforms are expressed 
primarily in lymphocytes and play important roles in the regulation 
of immune responses.

A gain of function in PI3K signaling is common in many types of 
human cancer and include inactivation of the PTEN tumor suppres-
sor gene, amplification/overexpression or activating mutations of 
some receptor tyrosine kinases (e.g., erbB3, erbB2, EGFR), amplifi-
cation of genomic regions containing AKT, amplification of PIK3CA 
(the gene encoding p110a) and mutations in p110a. More than 
30% of various solid tumor types were recently found to contain 
mutations of PIK3CA. From these mutation frequencies, PIK3CA is 
one of the two most commonly mutated genes identified in human 
cancers. In particular, a high frequency of “hot spot” mutations has 
been observed in colorectal, gastric, brain, breast and lung cancers. 
These mutations are clustered in hot spots within the helical (exon 
9) and kinase (exon 20) domains of p110a. Among these hot spot 
mutations, the three most common tumor-derived alleles of p110a 
are E542K, E545K and H1047R, which represents about 80% of the 
mutations observed, suggesting that they confer a selective advan-
tage to the cell carrying the mutation. Selective inhibitors of PI3Ka 
may therefore be useful for the treatment of PI3Ka mutant tumors 
avoiding potential side effects associated with the inhibition of the 
other isoforms.

Due to the high sequence homology around the catalytic site 
development of an isoform-selective inhibitor seemed difficult. 
However, analysis of the binding model of an advanced lead com-
pound from the 2-aminothiazole class suggested that the selectivity 
could be achieved by targeting non-conserved amino acids located 
at the solvent exposed area of the ATP binding site of p110a. SAR 
data and a subsequent X-ray co-crystal structure with PI3Ka con-
firmed the binding hypothesis and supported the optimization of the 
2-aminothiazole lead. Modification of key substituents and further 
optimization of the drug-like and PK properties have finally led to 
the identification of NVP-BYL719, a potent and selective PI3Kalpha 
inhibitor with a promising biological activity. SAR, the structural basis 
for the isoform selectivity, and a summary of the biological profile 
will be presented.
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Phosphoinositide 3-kinase (PI3K) pathway activation plays a major 
role in cancer as a result of abnormalities in major components of 
this signaling cascade, including activating point mutations and/or 
amplification of the PIK3CA gene as well as loss of negative regula-
tory proteins such as Phosphatase and TENsin homologue (PTEN). In 
addition, aberrant signaling through this pathway has been shown 
to represent a key mechanism of resistance to anticancer therapies 
including targeted therapy. PI3K is considered as one of the most 
promising target in this pathway for cancer treatment. Class I PI3Ks 
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are lipid kinases comprising four isoforms, PI3Ka, PI3Kb, PI3Kd, and 
PI3Kg, that generate phosphatidylinositol 3,4,5-triphosphate (PIP3), 
a second messenger involved in Akt activation. Cellular PIP3 levels 
are tightly regulated by PTEN lipid phosphatase, which converts 
PIP3 into phosphatidylinositol 4,5-biphosphate (PIP2). The class I 
PI3Ks is further divided into class IA comprising PI3Ka, PI3Kb and 
PI3Kd, which are activated by receptor tyrosine kinases or GPCR 
(PI3Kb) and subclass IB with a single member, PI3Kg, activated by 
GPCRs. Class IA proteins which consist of a catalytic subunit (p110a, 
p110b, p110d) and a regulatory subunit represent the only enzymes 
clearly implicated in human cancer. Most of the PI3K inhibitors 
currently in clinical development are pan-PI3K inhibiting all four 
class I PI3K isoforms. However, recent reports support the clinical 
development of isoform-specific inhibitors. Indeed, first clinical 
trials with pan-PI3K inhibitors performed on nonstratified cancer 
patient cohorts appear to be less successful than expected, with no 
clear genetic determinant of sensitivity observed yet. On the basis 
of preclinical studies, while PI3Ka-specific inhibition is predicted 
to block the growth of tumors harboring PIK3CA mutations, PTEN-
deficient tumors have been shown to depend on PI3Kb activity. 
Indeed, it has been reported that conditional knockout of PIK3CB, 
and not PIK3CA, leads to tumor growth inhibition in PTEN-deficient 
genetic context, as well as to prevent prostate tumor formation 
induced by PTEN loss with concomitant diminution of AKT phos-
phorylation. Herein we describe the discovery and optimization 
of a new series of benzimidazole- and benzoxazole-pyrimidones 
as small molecular mass PI3Kb-selective inhibitors.[1] We have dis-
covered a new series of high LE benzimidazole and benzoxazole 
pyrimidones as potent and selective PI3Kb inhibitors, which have 
been prepared by a new short and efficient synthesis, utilizing the 
novel intermediate (4-morpholin-4-yl-6-oxo-1,6-dihydro-pyrimidin-
2-yl)-acetic acid ethyl ester. Optimization of the series, through SAR 
analysis, physicochemical and in vitro pharmacokinetic optimiza-
tion has led to the identification of 2-(1-methyl-1H-benzoimidazol-
2-yl-methyl)-6-morpholin-4-yl-3H-pyrimidin-4-one. Crystallized in 
PI3Kd, this molecule takes a conformation likely equivalent to the 
one it could adopt in PI3Kb and that sheds light on important fea-
tures in pyrimidone series SAR and on PI3Kb isoform specificity. This 
compound was found to be a potent and selective PI3Kb inhibitor in 
biochemical and cellular settings. It demonstrated good selectivity 
versus other class I PI3K isoforms but also versus a large panel of 
protein kinases. This molecule was shown to potently inhibit Akt 
phosphorylation in PTEN-deficient PC3 prostate carcinoma cell 
line. In addition, it proved to exhibit good PK properties, allow-
ing sustained PI3K pathway modulation and tumor growth delay 
in PTEN-deficient tumor xenografts. The biological profile of this 
molecule validated the benzimidazole and benzoxazole pyrimi-
done series as small molecules able to slow down the growth of 
PTEN-deficient tumors in vivo by targeting PI3Kb kinase activity 
selectively. These results have a strong impact for the ongoing 
efforts to discover drugs targeting the PI3K pathway with new 
profiles. Isoform-selective compounds targeting only the relevant 
PI3K isoform for a given genetic context should avoid toxicities 
linked to unnecessary target inhibition and should provide a larger 
therapeutic index. It is certainly conceivable that the dependence 
of PTEN-deficient tumors on PI3Kb is highly dependent on the 
presence of other genetic abnormalities and that this approach 

will have to be combined with other targeted therapies to reach 
tumor regressions in a more complex genetic context encountered 
in the majority of human cancer diseases.

Keywords: PI3Kb; PTEN; pAkt
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Discovery and Profiling of Potent and  
Selective mTOR Inhibitor GDC-0349

Zhonghua Pei

Genentech	Inc.,	1	DNA	Way,	South	San	Francisco,	CA	94080,	USA

Aberrant activation of the PI3K-Akt-mTOR signaling pathway has 
been observed in human tumors and tumor cell lines, indicating that 
these protein kinases may be attractive therapeutic targets in fight-
ing cancer. Extensive research effort at Genentech has culminated 
in the discovery of development candidate GDC-0349, a potent and 
selective ATP-competitive inhibitor of mTOR. The structure–activity 
relationship (SAR) and optimization of selectivity, cellular activity, 
drug-like properties and in vivo efficacy will be discussed in details.

l28
Ligand Efficiency Metrics: A Cure for Molecular 

Inflation?

Paul Leeson

GlaxoSmithKline	Medicines	Research	Centre,	Gunnels	Wood	Road,	 
Stevenage,	SG1	2NY,	UK

Drug-like and lead-like concepts were established in the late 1990s 
and are now widely acknowledged. A large volume of experimental 
data shows that occupying less drug-like space results in poorer drug 
metabolism, increased toxicity risks, and clinical pipeline attrition. 
In spite of these observations, drug design outcomes over the past 
decade, as assessed by the compounds in patent applications[1] from 
major pharmaceutical companies, show significantly poorer overall 
drug-like properties relative to recently approved oral drugs.[2] The 
primary underlying cause of physical property inflation or molecular 
obesity[3] has been suggested to be the tendency of medicinal chem-
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ists to initially optimise affinity for the drug protein target. This is 
often a problem[4] because larger and more lipophilic compounds, 
while often having greater binding affinity, can also possess poorer 
solubility and pharmacokinetics, and increased risk of promiscu-
ity and in vivo toxicity. A strategy to improve compound quality is 
to optimise ligand efficiency measures based on both molecular 
size (LE=pIC50/heavy atom count) and lipophilicity (LLE=pIC50-LogP), 
rather than just potency (pIC50) alone. This is supported by the ob-
servation that recent first in class drugs occupy optimal LE/LLE space 
for their targets. In addition, specificity, defined as a combination of 
receptor promiscuity and selectivity, increases with increasing LLE in 
a set of drug-like compounds. The potential to control both ligand 
efficiencies and physical properties should be a key consideration 
in the selection of chemical starting points for further optimisation.
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le, lle and fBdd

David Rees

Astex,	Cambridge,	UK

Ligand efficiency (LE), lipophilic ligand efficiency (LLE) and fragment-
based drug discovery (FBDD) have become useful techniques for 
medicinal chemists.

This lecture will describe how projects at Astex incorporate LE 
and LLEAT into FBDD, illustrated with some recent fragment-to-clinic 
case histories.

FBDD at Astex uses X-ray crystallography and other biophysical 
screening techniques (e.g., NMR, ITC) to identify initial fragment 
hits against a variety of protein targets (e.g., kinases, proteases, 
ATPases, PPIs and allosteric sites). Typically these fragments have 
MW = 120–220 and binding affinities between mm – mm. Subse-
quently, in the fragment-to-lead stage, a detailed structural under-
standing of the binding interactions between the fragment and its 
target protein utilizing X-ray crystallography is critical. We monitor 
LE and LLEAT throughout the optimisation in order to control the 
chemical properties of the final clinical candidates. Starting with 
different fragments allows several lead series to be identified, often 
by synthesizing only small numbers of compounds.

Scientists at Astex have utilised FBDD during the last 10 years and 
have been associated with 8 compounds progressed into clinical 
trials. This lecture will describe some recent examples including the 
application to novel allosteric sites and protein–protein interactions.

l30
Ligand Efficiency and Physical Properties Control, 

the Keys to Successful Drug Discovery?

Rob Young

GlaxoSmithKline	R&D,	Stevenage,	Hertfordshire,	SG1	2NY,	UK

A growing body of evidence indicates that much of the attrition in 
drug discovery can be attributed to the suboptimal physical proper-
ties of experimental molecules, especially in preclinical activities. 
Molecules that are overly lipophilic and/or highly aromatic have 
been shown to posses greatly increased risk in studies to assess 
developability and promiscuity profiles; with impact over and above 
the inherent correlation between logP and #Ar rings. This led to 
the so-called property forecast indices (PFI=logP or logDpH7.4 + #Ar), 
simplistic yet powerful predictors of risk; these are enhanced by the 
utilisation of improved lipophilicity measures and estimates based on 
chromatographic methods. Data illustrating these principles will be 
discussed, posing questions for future predictive methods. Successful 
molecules can be further discriminated when PFI is taken together 
with ligand efficiency or lipophilicity ligand efficiency measures, 
pointing to useful indicators of likely success in drug discovery.

l31a
SUNSET SESSION on “How the Industrial/
academic Interface is Changing medicinal 

Chemistry”

Alan D. Brown

Head	of	Chemistry,	Pfizer	Neusentis,	The	Portway	Building,	Granta	Park,	
Great	Abington,	Cambridge,	CB21	6GS,	UK

Over the last decade much of the pharmaceutical industry has been 
beset by the issue of unacceptably low research productivity. In re-
sponse to this, many companies, large and small, are considerably 
changing the way they interact with the external academic envi-
ronment. Specifically there is an increasing focus on ensuring that 
pharmaceutical companies and their scientists are much better con-
nected with the academic research environment and on developing a 
more extended network of partnerships and genuine collaborations 
with academia. This session will thus focus on the rapidly evolving 
medicinal chemistry interface between industry and academia and 
on how this is likely to impact on the discipline itself.
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l31
the Interface between academia and Industry—

Opportunities for Medicinal Chemists

Torsten Hoffmann

F.	Hoffmann-La	Roche	Ltd,	4070	Basel,	Switzerland

Over past years, the landscape of pharmaceutical research and de-
velopment has dramatically changed. Open innovation approaches 
become more and more an accepted way of how we are working 
today, a prominent example being the Innovative Medicines Initia-
tive (IMI), Europe‘s largest public–private initiative aiming to speed 
up the development of better and safer medicines for patients in 
the European Union. In addition, we have witnessed the foundation 
of dedicated drug discovery institutes in academia that are using 
public–private partnership models for collaboration with industry 
to fund discovery research in academia.

Keeping our constantly evolving research and development land-
scape in mind, this talk will provide examples of how the Discovery 
Chemistry group at Roche Basel has invested in innovative research 
projects across functions within Roche, as well as through external 
academic collaborations, to foster innovation and entrepreneurial 
creativity in medicinal chemistry that hosts the potential to go far 
beyond traditional industrial approaches.

l32
working with medicinal Chemistry experts 

in academia and Industry to generate novel 
Inhibitors (“Probes”) for Novel Epigenetic 

Proteins

Chas Bountra

SGC	Chief	Scientist,	SGC,	University	of	Oxford,	ORCRB,	Roosevelt	Drive,	 
OX3	7DQ,	Oxford,	UK

Discovery of truly novel medicines is an extremely risky, challenging 
and expensive endeavour. Despite global investments in excess of 
$100 billion, our success rate is low—probably about 5 such mol-
ecules per year. However, demand for innovative therapies in many 
chronic diseases continues to escalate (e.g., in several neurodegen-
erative, psychiatric, inflammatory, metabolic and cancer states).

Probably the biggest scientific challenge in drug discovery is our 
ability to validate new molecular targets for specific diseases (or 
more specifically, subsets of disease). This undoubtedly stems from 
a limited understanding of clinical disease, of mode and site of action 
of existing therapies, a lack of predictivity of “current disease models” 
and poor clinical biomarkers of efficacy. We are extremely good at 
identifying targets that are likely “associated with disease”, but are 
not ones which when modulated produce useful therapies. Despite 
large investments in network/ systems biology it is still difficult to 
distinguish targets that are early in the pathological cascade from 
those that are mere late-stage mediators. The former are more likely 

to produce therapies that affect multiple pathways and symptoms. 
Furthermore, we have likely overestimated the potential of genetics 
in generating new targets for drug discovery, whilst underestimating 
the role of epigenetics. “Epigenetic proteins” modulate gene expres-
sion in response to, for example, early life experiences, stressors, 
exposure to toxins or injury to the body.

There are several families of epigenetic proteins. For most of 
these, we have no tools to dissect biological pathways and disease 
networks. We have therefore started to purify these human proteins, 
determine their 3D X-ray structures, and develop potent and selec-
tive chemical probes and antibodies. We are working closely with 
medicinal chemistry experts, both in industry and academia. Two of 
our close collaborators are delivering lectures at this meeting—Mark 
Bunnage and Stuart Conway.

We have started to exploit these novel probes in disease-relevant 
assays to identify new targets for drug discovery. My preference is 
to evaluate these in human cells from both healthy individuals and 
patients, e.g. immune cells and cancer tissue.

In the presentation, I will discuss:
• Why I believe these targets will produce major new therapies.
•  The progress we have made in systematically generating these 

reagents for several protein families.
•  Some early exciting “target validation” data generated by our 

collaborators.
• Future plans.

l33
Innovation Needs New Ways of Thinking:  
talk to a Chemical Biologist in academia

Giovanna Zinzalla

Assistant	Professor	(Senior)	in	Chemical	Biology,	Centre	for	Advanced	 
Cancer	Therapies	(ACT!),	MTC,	Karolinska	Institutet,	MBB	Chemical	Biology,	
Scheeles	väg	2,	171	77	Stockholm,	Sweden;	e-mail:	giovanna.zinzalla@ki.se

The pharmaceutical sector has, in recent years, suffered from a 
professed lack of successful new drugs. There is much debate about 
the causes of this, but there is a general consensus that modern 
drug discovery must tackle new and innovative therapeutic targets 
that will challenge its current assumptions about basic as well as 
translational research. These new targets will continue the shift 
away from chemical entities and chemical approaches that have 
been routinely used in the medicinal chemistry area. In the longer 
term, there is a crucial need to explore wider chemical space than 
the one traditional used, and to explore new applications of chem-
istry, so to be able to develop innovative approaches to answer 
important biological questions and go after so called “undruggable 
targets”. Drug space that is not part of the current pharma repertoire 
includes higher molecular weight drugs, such as nanomedicines, 
nucleic-acid-based and peptide-based molecules, and “non-Lipinski” 
inhibitors of protein–protein interactions. As a result, the therapeutic 
sector is actively looking outside its “comfort” zone, taking lessons 
for new thinking from academics. A strong collaborative setting 
between industry researchers and chemical biologists in academia, 
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who are investigating challenging targets, gaining novel insights and 
developing new chemical approaches, will without doubt push the 
boundaries of innovation.

l34
Maximizing Efficacy: How to Win the Quest for 

highly Potent drugs

Tobias Gabriel

Novartis,	Klybeckstrasse	141,	WKL-136.3.81,	4057	Basel,	Switzerland

Best-in-class selectivity and accurate measurement of target inhibi-
tion to the extent needed to predict benefit are ever more important 
prerequisites for success in drug development.

However, the inappropriate use of molecular weight (MW) and 
lipophilicity to drive potency and permeability is a major cause of 
compound attrition. Thus MW concomitant increase in logP may 
destroy—by increasing the local concentration of the drug in mem-
branes—any selectivity that may have been anticipated from in-
creased complexity.

The driving force of the hydrophobic effect is from water mol-
ecules, not the receptor and ligand—it is not therefore intrinsically 
selective. The many “hydrophobic” sites that exist in the body can 
bind ligands and compete with the receptor, reducing occupancy 
and increasing side effects.

Rapidly increasing evidence from the literature suggests that the 
focus on less well-explored chemical space is not likely to reduce 
attrition rates and that the optimal range of lipophilicity is very 
narrow (logD/P between 1 and 3). By focusing on enthalpy-driven 
optimizations, medicinal chemists can help avoid unintended con-
sequences from increasing potency by means of molecular obesity. 
As hits usually exhibit at least two-thirds of the net binding energy 
of the fully optimized lead compound, it is evident that hit selection 
strongly influences the probability of achieving high potency.

Receptor occupancy is an important parameter and should be 
considered at the beginning of discovery programs. Insurmount-
able inhibition can occur when the dissociation rate is slower than 
a competing process, such as transient availability of ligand. An 
energetics-informed approach to address the challenges with dif-
ficult targets is therefore suggested.

l35
Kinase Inhibitors with Pre-engineered Binding 

Kinetic Signatures

Gerhard Müller

Mercachem	bv,	Kerkenbos	1013,	6546	BB	Nijmegen,	The	Netherlands

In medicinal chemistry, a paradigm shift has occurred over the last 
decade in that more emphasis is laid on the improvement of ADME-
related properties and off-target effects early in the drug discovery 

process, rather than pursuing a mere IC50-hunting campaign. Despite 
these advances, lead finding and optimization programs frequently 
struggle with achieving high cellular and in vivo efficacy for a given 
compound series, despite excellent biochemical activity and good 
physicochemical properties of the frontrunner candidates. To im-
prove the correlation between, for example, a biochemical and the 
cellular and in vivo efficacy, it is advantageous to consider the life-
time of the ligand–target complex by measuring and optimizing the 
residence time of compound–target complexes.

In this presentation, we emphasize the relevance of binding kinetic 
attributes of kinase inhibitors, more specifically, the engineering of 
a binding kinetic signature exhibiting a slow koff into “deep-pocket-
directed” scaffolds in order to achieve high efficacies in the more 
complex biological test systems. We will demonstrate that a thor-
ough understanding of the precise pharmacophoric requirements 
on the target’s binding site is essential to pre-engineer the desired 
slow off-rate into new, thus literature-unprecedented, scaffolds that 
qualify as privileged structures for the target family of kinases. The 
details of the so-called “retro-design” approach for type II kinase 
inhibitors (see Figure 1) will be exemplified by hit-to-lead and lead 
optimization campaigns that yielded novel and highly efficacious 
inhibitors for a variety of kinases.[1]

figure 1. A type II kinase inhibitor accommodated by a conformationally rear-
ranged kinase target (top); the pharmacophoric features derived from compara-
tive structure studies of type II inhibitors (bottom).

In addition to kinases, Mercachem also applies novel design 
principles to next-generation inhibitors of histone deacetylases 
(HDAC) with pre-designed slow off-rates by exploiting the con-
formational flexibility that is associated with the HDAC’s product 
release channel.
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the Central Valine Concept revealed Indolyl-

Imidazole Scaffold as p53–Hdm2 PPI Inhibitors

Keiichi Masuya

keiichi.masuya@novartis.com

The antiproliferative transcriptional activity of the p53 tumor sup-
pressor is inhibited by the binding of its transactivation domain to 
the regulator protein Hdm2. Overexpression of Hdm2 or amplifica-
tion of its gene, leading to a loss of p53 function, has been observed 
in various tumors. An attractive approach to restore p53 activity in 
such tumors, and thereby inhibit their growth, is to prevent the as-
sociation of the two proteins by blocking the p53 binding pocket of 
Hdm2 with a small molecule.[1] This therapeutic concept is currently 
under intense investigation in anticancer drug research. The effort is 
delivering its first fruits as can be judged from the growing number 
of articles and patent applications reporting small molecules able to 
disrupt the p53–Hdm2 interaction in biochemical assays and inhibit 
the proliferation of cancer cells in vitro by this mode of action.[2] 
Some of them, showing efficacy in animal tumor xenograft models, 
have been selected for clinical studies.[3]

In our search for nonpeptide inhibitors of this protein–protein 
interaction, we have devised a ligand design concept exploiting the 
central position of Val93 in the p53 binding pocket of Hdm2. The 
design of molecules based on this concept has allowed us to rapidly 
identify compounds having a 3-imidazolyl indole core structure as 
the first representatives of a new class of potent inhibitors of the 
p53–Hdm2 interaction.
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Epothilones are microtubule-stabilizing natural products that exhibit 
strong antiproliferative effects in vitro and potent antitumor activ-
ity in vivo, including tumor growth inhibition in multidrug-resistant 
human tumor models.[1] Several epothilones have entered clinical 
trials in humans, and ixabepilone was approved by the US FDA in 
2007. However, the therapeutic utility of epothilones would benefit 
greatly from an increase in their selectivity for tumor cells, which 
would reduce side effects and widen their therapeutic window. In 
this context, we have designed novel epothilone analogues 1–4, 
with the goal of using the methylbenzimidazole side chain as an 
attachment site for various tumor-targeting moieties.

One of the above epothilone analogues was selected for the syn-
thesis of conjugates. Numerous proteases are overexpressed by 
tumors.[2,3] Substrates of those proteases will be attached to the 
epothilone analogue. The epothilone will be released only in the 
vicinity of the tumor thereby increasing the specificity of the drug.
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Structure–Activity Relationship Study of (2S,3R)-

3-(3-Carboxy-phenyl)-pyrrolidine-2-carboxylic 
Acid: Towards the First Selective Kainate 
Receptor Subtype 3 (GluK3) Antagonist

Lennart Bunch,* Niels Krogsgaard-Larsen,  
Morten Storgaard, Charles S. Demmer, Jeanette  

Hansen, Ann M. Larsen, Liwei Han, Birgitte Nielsen, 
Darryl S. Pickering

Department	of	Drug	Design	and	Pharmacology,	Faculty	of	Health	and	
Medical	Sciences,	University	of	Copenhagen,	Denmark;	 

*	corresponding	author:	lebu@farma.ku.dk

The ionotropic glutamate receptors are divided into three groups 
based on ligand binding affinity studies and sequence identity: the 
AMPA receptors, the kainate receptors and the NMDA receptors. 
Within the group of kainate receptors, five subtypes have been 
identified and named GluK1–5. To date, only selective antagonists 
for the GluK1 subtype have been reported.[1] Thus, there is a striking 
need for the discovery of selective antagonists for the remaining 
four GluK subtypes.

We have previously reported the rational design and synthesis of 
the 3-phenylproline analog (2S,3R)-3-(3-carboxyphenyl)-pyrrolidine-
2-carboxylic acid (Cng-10-100).[2] In accordance with the rationale, 
subsequent pharmacological evaluation showed Cng-10-100 to be 
a nonselective iGluR antagonist in the low-to-medium micromolar 
range (Ki [µm]: GluA2=67; GluK1=4.3; GluK2>100; GluK3=8.1).

Here, we present the first structure–activity-relationship (SAR) 
study of Cng-10-100 with the aim of installing selectivity for the 
GluK3 subtype and increase potency/binding affinity. The SAR study 
addresses the role of the distal carboxylic acid functionality, intro-
duces substituents in the 4 and/or 5-position of the phenyl ring and 
the 4-position of the proline ring. Within the series, Cng-10-104 
proved to be highly interesting as a 10-fold increase in affinity for 
the GluK3 subtype was observed while the affinity for GluK1 was 
unchanged (Ki [µm]: GluK1=4.8; GluK2=10–100; GluK3=0.87).

To our knowledge, Cng-10-104 is the first compound to display 
a preference for the GluK3 subtype over GluK1 and GluK2. This 
promising result motivates us to continue our SAR study of this 
class of compounds with the aim of discovering a fully selective 
GluK3 antagonist.
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Belgium

In the past few years, awareness has increased in the pharmaceutical 
industry that the discovery of drug candidates, under increasingly se-
vere constraints (time, resources, budget), requires multidimensional 
optimization (e.g., affinity, selectivity, in vitro toxicology, ADME, etc.) 
in order to maximize drug-likeness and the probability of success in 
late phases of development.[1]

The multi-criteria decision making methods (MCDM), such as 
Derringer’s desirability functions[2] and Pareto front, are aimed at 
supporting the evaluation of a multidimensional dataset comprised 
of parameters that are often conflicting in nature.

In this lecture, we will present how some MCDM methods al-
lowed us to better assess the potential for optimization of three lead 
chemical series investigated in the frame of a CNS project targeting 
the SV2C protein. The SV2C protein is part of a small gene family 
consisting of three isoforms, SV2A, SV2B and SV2C. By contrast to 
SV2A and SV2B, the SV2C isoform has only been observed in few 
midbrain brain areas, such as the substantia nigra and striatum.[3] 
This suggests a different implication of SV2C in brain functioning and 
a potential for SV2C selective ligands to play a role in striatal reward 
and motor control functions.[4]

Starting from an analysis of the chemical space of the 3 SV2C 
lead series, we will describe how we have selected representative 
compounds to be profiled against multiple properties and used the 
Derringer’s desirability functions to rank the series according to their 
optimization potential. We will also illustrate with a specific example 
how we have used the desirability scores, in combination with SAR, 
to drive the early lead optimization strategy.

figure 1. Calculation of desirability scores through Derringer’s functions.
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Disrupting the Amyloid Cascade—BACE 1 

Inhibition for the Treatment of Alzheimer’s 
disease

Daniel La

Amgen	Inc.,	Cambridge,	MA	02142,	USA

Our early work identified a series of hydroxyethylamine (HEA) ana-
logs that possessed improved metabolic stability and increased oral 
bioavailability. Further efforts to improve CNS exposure by limiting 
Pgp-mediated efflux led to the identification of inhibitors that dem-
onstrated robust and sustained reduction of CNS b-amyloid (Ab) in 
naïve rats following oral administration. Ultimately, termination of 
this series due to tachycardia observed in an anesthetized beagle dog 
CV model prompted efforts in developing alternative chemical mat-
ter in the form of novel aminooxazoline xanthene (AOX) inhibitors. 
Herein, we report the development of both series, with particular 
emphasis on the design, evolution and optimization of the AOX com-
pounds employing both physicochemical property considerations 
and X-ray co-crystallographic information. Our efforts resulted in 
the identification of a potent AOX lead molecule that was selective 
over cathepsin D, orally bioavailable and CNS penetrant. In a rat PD 
model, a single oral dose (30 or 100 mpk) resulted in Ab40 reduction 
in the plasma, CSF and brain compartments.
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discovery of the Clinical Candidate tmC647055, 

A Non-nucleoside Inhibitor of the Hepatitis C 
Virus nS5B Polymersase
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Janssen	Infectious	Diseases	(formerly	Tibotec	BVBA),	Turnhoutseweg	30,	
2300	Beerse,	Belgium

An estimated 3% of the worldwide population is infected by hepati-
tis C virus (HCV), a major cause of acute hepatitis and chronic liver 
disease, ultimately leading to cirrhosis, liver failure, and hepatocel-
lular carcinoma. The recently launched direct antiviral agents (DAA), 
Telaprevir and Boceprevir, targeting the HCV protease NS3/4A, mark-
edly improved therapy with higher sustained virological response 
(SVR) and shorter treatment duration when used in combination 
with PEG-interferon and ribavirine. However, interferon-free HCV 
therapy, composed of at least two different classes of non-cross-
resistant direct acting drugs is highly desirable to 1) increase toler-
ability, 2) avoid the development of resistant mutants and 3) cure 
hard-to-treat patients (e.g., null responders, transplant recipients). 
To combine with our protease inhibitor (PI) TMC435, currently in 
late-stage development, NS5B polymerase inhibitors are attractive 
since HCV NS5B is responsible for the replication of the HCV genome 
and has been validated in clinical trials. Among the four different 
allosteric binding sites, the thumb domain 1 (or NNI-1 binding site) 

is the most conserved across the six HCV genotypes. In order to 
find new potent and bioavailable NNI-1 inhibitors, we have applied 
an original structure-based macrocyclisation strategy to the known 
indole-carboxylic acid chemotype, based on the introduction of a 
linker in a solvent-exposed region. Lead optimization allowed the 
identification of potent (EC50 <100 nm) and orally bioavailable macro-
cyclic NS5B inhibitors, with a favorable toxicity profile. Our discovery 
effort culminated with the identification of TMC647055, currently 
being evaluated in phase two clinical trials. The in vitro and in vivo 
profile of this 17-membered ring macrocyclic indole will be discussed, 
together with in vitro combination studies with TMC435.
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Fact or Fiction
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The identification of suitable lead compounds is key for successful 
lead optimization aiming in preclinical candidates. Computational 
chemistry plays a pivotal role in this attempt through HTS data analy-
sis, chemogenomics and virtual screening as well as computer-aided 
rescaffolding and de novo design.

This presentation covers several successful examples of computer-
assisted lead generation. Knowledge-driven chemogenomics ap-
proaches are in particular applied in target families. For instance, 
our GPCR Navigator enables quantitative similarity comparisons of 
GPCR pairs and provides information on in-house and external GPCR 
ligands. A recent successful application of our GPCR Navigator yielded 
a nanomolar GPCR agonist. We have extended this approach into 
3D space by our Pharma3D concept, consisting of 35 molecular in-
teraction partners (chemoprints), which provides sequence-derived 
3D-pharmacophores for GPCRs suitable for virtual screening. A suc-
cessful application of Pharma3D exhibited a potent agonist of the 
complement 3a receptor 1 (C3AR1).

A combination of several 2D and 3D virtual screening methods is 
often powerful in lead generation. This will be exemplified by the 
identification of Kv1.5 inhibitors via 2D similarity searching, ligand-
based 3D-pharmacophore virtual screening and structure-based vir-
tual screening based on a homology model of the pore of the channel.

Rescaffolding is often perceived as a back-up strategy to trans-
fer hitherto available SAR into a new scaffold. Computer-assisted 
rescaffolding enables the design of new scaffolds by keeping high 
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similarity in the desired property space and dissimilarity in scaffold 
space. In particular, scaffold-based virtual screening turned out to 
be very powerful which will be underpinned by a recent example.

references

[1] Sequence-Derived	Three-Dimensional	Pharmacophore	Models	for	 
G-Protein-Coupled	Receptors	and	their	Application	in	Virtual	Screening,  
T. Klabunde, C. Giegerich, A. Evers, J.	Med.	Chem. 2009, 52, 2923–2932. 
[2] Scaffold-Hopping	Potential	of	Fragment-Based	De	Novo	Design:	The	
Chances	and	Limits	of	Variation, B. A. Krueger, A. Dietrich, K.-H. Baringhaus, 
G. Schneider, Comb.	Chem.	High	Throughput	Screening 2009, 12, 383–396.

l43
Computational Approaches to Polypharmacology 

and Mode-of-Action Analysis

Andreas Bender

Unilever	Centre	for	Molecular	Informatics,	Department	of	Chemistry,	 
University	of	Cambridge,	Lensfield	Road,	Cambridge	CB2	1EW,	UK;	 

ab454@cam.ac.uk

We have access to millions of datapoints of heterogeneous nature, 
such as chemical structures paired with bioactivity data, phenotypic 
readouts, gene expression data, etc.; however, how to make sense 
of those data is far less apparent. This presentation will outline 
some practical approaches which can be applied to choose the most 
appropriate next compound, given the data at hand in a particular 
situation.

In particular, we start from the assumption that compound ac-
tion needs to be defined in a multidimensional manner, by paying 
attention to both phenotypic as well as target-based readouts. The 
importance of considering multiple aspects of compound action 
in parallel has become apparent in recent work,[1] where chemical 
structure, on-target activity and high-content screening readout, 
while showing some areas of convergence, also exhibited highly 
nonlinear areas. This behaviour is outlined in the figure below, which 
lets us conclude that simultaneous consideration of both on-target 
and phenotypic data sources is of crucial importance when getting 
to know the bioactivity profile of a compound.

More precisely, this presentation will outline approaches how 
bioactivity data can be used for prospective selective and ‘selectively 
unselective’ compound design,[2] and for rationalizing phenotypic 
readouts on various levels, such as data obtained via high-content 
screening, from gene expression arrays, from experimental mouse 
sleep data and formulations used in traditional Chinese medicine 
(TCM) and Ayurvedic medicine. We will conclude that, while single-
target drug design is certainly the right approach where modulation 
of a single target modulates the diseased phenotype, in many cases 
only considering bioactivity information on multiple levels will be 
able to guide successful future compound design.
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Fragment-based drug discovery (FBDD) has become established in 
both industry and academia for the generation of chemical leads 
versus drug targets. In FBDD, specialised detection methods are used 
to identify small chemical compounds (fragments) that bind to the 
drug target, and structural biology is usually employed to establish 
their binding mode and to facilitate their optimisation. Here, we 
will discuss the advantages FBDD offers over alternative approaches 
like high-throughput screening. We will also highlight some of the 
challenges faced in FBDD, both from a computational, and from an 
experimental point of view. Finally, an example of a successful ap-
plication of FBDD will be presented.
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Julia Schanda, Christian Wichmann, Manuel Grez

Institute	for	Pharmaceutical	and	Medicinal	Chemistry,	Heinrich-Heine-Uni-
versity,	Universitätsstr.	1,	40591	Düsseldorf;	Georg-Speyer-Haus,	 

Paul-Ehrlich-Straße	42-44,	60596	Frankfurt,	Germany

A promising way to interfere with biological processes is through the 
control of protein–protein interactions by means of small molecules 
that modulate the formation of protein–protein complexes. Although 
the feasibility of this approach has been demonstrated in principle 
by recent results, many of the small-molecule modulators known 
to date have not been found by rational design approaches. In large 
part, this is due to the challenges that one faces in dealing with 
protein binding epitopes compared to, e.g., enzyme binding pockets.

Recent advances in the understanding of the energetics and dy-
namics of protein binding interfaces[1,2] and methodological devel-
opments in the field of structure-based drug design methods may 
open up a way to apply rational design approaches also for finding 
protein–protein interaction modulators. Here, we first show in a 
retrospective analysis of the well-investigated interleukin-2 system 
I) how potential binding sites in an interface can be identified from 
an unbound protein structure, II) how the interface can be dissected 
in terms of energetic contributions of single residues, and III) how 
one can make use of this knowledge for guiding the development of 
small-molecule modulators. When applied to a leukaemia-associated 
fusion protein in a prospective manner, the predictive character of 
the methodology is demonstrated.[3]
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Chemical Probes for Epigenetics

Mark Bunnage

Pfizer,	Cambridge,	MA,	USA

Epigenetics can be defined as heritable or acquired changes in gene 
expression that occur without a change in the underlying DNA se-
quence. In addition to its genome, each human cell also contains 
epigenetic information that is encoded through chemical modifica-
tions to the DNA itself and also the histone proteins around which 
DNA winds to package it in chromatin. This epigenetic signature plays 

a key role in modulating chromatin structure and genome function, 
thus helping regulate the protein expression profile in the cell. Since 
many common diseases are driven by aberrant gene expression, it is 
believed that research into epigenetics has great promise to enable 
future drug discovery in many therapeutic areas, including cancer, 
inflammation, diabetes, and neuroscience.

Chemical modifications of histones that influence epigenetic regu-
lation include changes such as methylation of lysine/arginine residues 
and acetylation of lysine residues. A number of epigenetic enzymes 
have now been identified that either introduce these epigenetic 
marks (‘writers’) or remove them (‘erasers’). In addition, regula-
tory proteins have been discovered that directly recognise histone 
modification status (‘readers’) and drive the localisation of complexes 
that control gene expression. Research into the role of epigenetics 
in disease could be significantly accelerated if chemical probes for 
such targets were available that were suitable for cell-based studies.

Pfizer is a member of a public–private partnership led by the 
Structural Genomics Consortium (SGC) to help identify a suite of 
high-quality chemical probes for epigenetic targets. This partnership 
is unique in that it brings the medicinal chemistry expertise within 
industry together with biological expertise in academia to drive basic 
research in an emerging area of important biology. This presentation 
will describe recent progress in this collaboration and highlight the 
discovery of novel chemical probes for epigenetic proteins that may 
have an important role in disease.

l47
From Chromatin Modulation to Drug Discovery: 

BET Bromodomain and EZH2 Inhibition

Jim Audia

Constellation	Pharmaceuticals,	215	1st	Street,	Suite	200,	Cambridge,	 
MA	02142,	USA

Drug development in the field of epigenetics is directed towards 
the identification of small molecules that inhibit the activities of 
proteins (epigenetic regulators) that add, remove or recognize vari-
ous chemical modifications (or marks) to specific sites on DNA or 
chromosomal proteins. These marks play a key role in determining 
whether a gene is on or off. Epigenetic regulators are often referred 
to as writers (add modifications), erasers (remove modifications) and 
readers (bind to chromatin). 

Research at Constellation and by others has shown that abnormal 
epigenetic regulation contributes to many different diseases. This 
approach is first exemplified in our drug discovery efforts directed 
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toward inhibitors of the BET family of bromodomains where we and 
others have recently demonstrated that small-molecule inhibitors 
can directly suppress the transcription of MYC, a master regula-
tor of diverse cellular functions and long considered a compelling 
therapeutic target because of its role in many human malignancies.

A second illustration is our drug discovery program directed at 
EZH2, the catalytic component of polycomb repressive complex 2 
(PRC2), the methyltransferase that catalyzes the methylation of 
lysine 27 on histone H3 using S-adenosyl-l-methionine (SAM) as 
methyl donor. EZH2 is overexpressed in many solid tumors and 
hematologic malignancies, where expression levels strongly cor-
relate with late-stage disease and aggressive cancers with poor 
prognosis. In addition, functional data implicate EZH2 in stem cell 
self-renewal, migration, angiogenesis, as well as tumor initiation 
and progression. More recently, recurrent point mutations in the 
EZH2 catalytic domain have been identified in both GCB-like diffuse 
large B cell lymphoma (DLBCL) and follicular lymphoma (FL). These 
mutations change the EZH2 substrate preference, and thus result 
in increased H3K27me3 levels. Therefore, it is expected that inhi-
bition of the EZH2 catalytic activity will provide a new therapeutic 
approach to treat human cancers, especially lymphomas carrying 
activating mutations.
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Associate	Professor	and	Director,	Medicinal	Chemistry,	Center	for	 
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Mounting evidence suggests that post-translational modifications 
(PTMs) of histones play a critical role in diverse biological processes. 
Among the ‘writers’ (the enzymes that produce PTMs) of the his-
tone code, histone methyltransferases (HMTs) have received great 
attention because of the essential function of histone methylation. 
The creation of a ‘tool-kit’ of chemical probes for HMTs will permit 
biological and disease hypotheses concerning these enzymes to be 
tested with high confidence. However, only a limited number of 
selective HMT inhibitors have been reported to date. In this talk, 
the discovery of substrate-competitive inhibitors of G9a and GLP 
with excellent potency and selectivity over a wide range of epigen-
etic and non-epigenetic targets, robust on-target activities in cells, 
and low cell toxicity will be described. In addition, progress toward 
discovering allosteric inhibitors of PRMT3 and non-nucleoside-based 
cofactor-competitive inhibitors of HMTs will also be presented.
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Targeting Oncogenic microRNAs: Toward New 

Chemotherapies

Maria Duca, Duc Duy Vo, Coralie Charrat

Institut	de	Chimie	de	Nice	(ICN)	UMR7272	CNRS	–	University	of	Nice	Sophia	
Antipolis,	Parc	Valrose	06108	Nice,	France;	maria.duca@unice.fr

MicroRNAs (miRNAs) are a recently discovered category of small RNA 
molecules that regulate gene expression at the post-transcriptional 
level. Accumulating evidence indicates that miRNAs are aberrantly 
expressed in a variety of human cancers, thus being oncogenic. It is 
now clear that the inhibition of oncogenic miRNAs (defined as the 
blocking of miRNAs’ production or function) would find application 
in the therapy of different types of cancer in which these miRNAs are 
implicated.[1] The purpose of this work is the development of small-
molecule drugs targeting specific oncogenic miRNAs production. In 
particular, we chose to target two oncogenic miRNAs (miRNA-372 
and miRNA-373) implicated in gastric cancer, which is the fourth 
most common cancer and the second leading cause of cancer death 
in the world. These two oncogenic miRNAs are overexpressed in 
gastric cancer cells starting from their precursors (pre-miRNA-372 
and pre-miRNA-373): two stem-loop structured RNAs which lead to 
mature miRNAs after cleavage by the enzyme Dicer in the cytoplasm. 
A compound able to interfere with the cleavage of these pre-miRNAs 
by the enzyme Dicer will inhibit the production of oncogenic miR-
NAs and restore normal mRNA translation finally leading to cancer 
regression (Figure A).

In order to discover new and efficient inhibitors of oncogenic 
miRNA production, we have (i) designed and synthesized new RNA 
ligands conceived in order to bind at the stem-bulge and/or stem-
loop junction sites on the pre-miRNA sequence (Figure B) and (ii) 
developed a high-throughput cell-free assay to test in vitro the newly 
synthesized compounds for their ability to inhibit miRNA produc-
tion. The most active compounds discovered during the in vitro 
assay have been further studied for their antiproliferative activity 
on gastric cancer cells. We thus demonstrated that it is possible to 
inhibit miRNA production using small molecules and opened the 
way to innovative targeted cancer therapies.
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the treatment of CnS disorders and Improving 
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The M1 muscarinic acetylcholine receptor (mAChR) represents a 
viable target for the treatment of many CNS disorders, including 
Alzheimer’s disease. This is best supported by the promising clinical 
results for the moderately selective agonist, xanomeline.[1,2] However, 
truly subtype-selective compounds that would implicate M1 or M4 as 
the target of interest for improving cognition have remained elusive. 
The development of subtype selective agonists and positive allosteric 
modulators (PAMs) remains an ongoing endeavor in our laboratories 
and considerable progress has been made in this area of drug discov-
ery including selective M1 PAMs,[3] M4 PAMs,[4] and M1 agonists.[5] The 
M1 preferring agonists are postulated to improve cognition and have 
been shown to enhance the acquisition of hippocampal-dependant 
cognitive function in rats.[6] Chemical synthesis approaches to agonists 
and allosteric potentiators of the M1 mAChR as well as SAR will be 
discussed. Relevant pharmacological data for compounds VU0357017 
and VU0364572 will be presented.
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PF-4958242: A Novel AMPA Positive Allosteric 

Modulator (PAM) for the Treatment of Cognitive 
Deficits Associated with Schizophrenia

Christopher O’Donnell

Senior	Director,	Oncology	Medicinal	Chemistry,	Pfizer	Inc.,	Groton	Laborato-
ries,	MS	8220-4258,	Eastern	Point	Road,	Groton,	CT	03340,	USA

The amino acid neurotransmitter glutamate (Glu) mediates virtually 
all excitatory neurotransmissions in the mammalian brain, and AMPA 
(a-amino-3-hydroxy-5-methylisoxazole-4-propionic acid) receptors 
mediate the majority of these neurotransmissions and are essential 
in a broad range of physiological processes. Glutamate dysregula-
tion/NMDA hypofunction are hypothesized to be key pathologies of 
schizophrenia, and potentiating or modulating AMPA receptors can 
enhance Glu signaling, improve performance in preclinical models 
of cognition and improve long-term potentiation. The medicinal 
chemistry strategy along with the preclinical pharmacology, pharma-
cokinetics and safety date that led to the discovery of PF-4958242, 
a novel AMPA positive allosteric modulator, will be described. Ad-
ditionally, phase 1 clinical data will be disclosed. Taken together, this 
compound provides an exciting opportunity to treat the cognitive 
deficits associated with schizophrenia.
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4-Phenyl Imidazoles: A Novel Class of 

Phosphodiesterase 10a (Pde10a) Inhibitors as a 
Potential New Generation of Antipsychotics

Jan Kehler, John Paul Kilburn, Morten Langgård,  
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Mads Kreilgård, Claus Tornby Christoffersen,  
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Disturbances of the implicit planning and execution of cognitive, 
emotional, and motor repertoires in the basal ganglia is heavily 
involved in psychosis and schizophrenia. Phosphodiesterase 10A 
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(PDE10A) is a basal ganglia specific hydrolase, which plays an essen-
tial role in regulating the intracellular signaling cascades via cAMP/
PKA and cGMP/PKG cascades by controlling the magnitude, duration 
and cellular location of cAMP and cGMP elevation. Biochemical and 
behavioral data indicate that PDE10A inhibition activates cAMP/PKA 
signaling in the basal ganglia, leading to the potentiation of dopa-
mine D1 receptor signaling, and concomitant inhibition of dopamine 
D2 receptor signaling. Preclinical evidence suggests that a PDE10A 
inhibitor could provide efficacy on positive, cognitive and negative 
symptoms of schizophrenia, and PDE10A inhibitors are currently 
being evaluated in clinical trials for the treatment of schizophrenia.

During HTS, a novel 2-(1H-benzoimidazol-2-ylsulfanylmethyl)-
3-bromo-5,7-dimethyl-imidazo[1,2-a]pyrimidine was identified as 
a promising PDE10A inhibitor. X-ray structure revealed a novel bi-
dentate binding mode to the catalytic site of the PDE10 enzyme 
and confirmed the competitive nature of the inhibitor toward the 
cAMP/cGMP binding site and facilitated further structure-based 
design. During hit-to-lead optimization, the benzimidazole moiety 
was converted to a phenyl imidazole. Numerous challenges were 
faced during lead-optimization and solutions to problems had to 
be invented to solve issues related to potency, metabolic stability, 
brain-penetration and hERG issues. The invention of a novel PDE10A 
radiotracer guided the in vivo lead optimization and allowed detailed 
PK-PD assessment. The optimization program finally delivered a 
preclinical candidate Lu AE90074, which showed promising effects 
in animal models predictive of antipsychotic activity.
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The central tenant of chemical biology and small-molecule drug 
discovery is that biology can be manipulated using small, organic 
compounds. Nevertheless, the known drugs act on only ~1% of 
the proteome, and the realm of undrugged targets is vast. Protein 
complexes occupy much of this realm, yet are widely considered 
“undruggable” or, at best, “challenging”. Thus, there is an opportu-

nity to greatly expand the range of chemical tools and drugs if we 
can identify which protein–protein interactions are most amenable 
to small-molecule interference, and what small-molecule discovery 
approaches are most likely to yield potent and selective modulators.

This presentation will describe some of the outstanding issues 
and promising advances in tackling protein–protein interactions, 
using examples such as IL-2 and allosteric enzymes that have been 
studied in our laboratory. For example, many protein interfaces are 
structurally adaptive, and therefore could have low-energy confor-
mations that are amenable to binding small ligands. Additionally, 
many enzymes are allosterically regulated by protein complexation, 
and these protein–protein interfaces are also targets for unconven-
tional enzyme inhibitors. We utilize a range of approaches, including 
fragment-based ligand discovery, to try to understand the molecular 
recognition features that lead to binding to protein interfaces and to 
develop inhibitors of these challenging and unusual targets.
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a major leap into the Chemical Space of 

Protein–Protein Interaction Inhibitors

Olivier Sperandio

Inserm	UMR-S973/MTi.	Université	Paris	Diderot,	Bâtiment	Lamarck,	 
35	Rue	Hélène	Brion,	75205	Paris	Cedex	13,	France

Protein–protein interactions (PPI) are involved in vital cellular pro-
cesses and are therefore associated to a growing number of diseases. 
But working with them as therapeutic targets comes with some 
major hurdles that require substantial mutations from our way to 
design drugs on historical targets such as enzymes and G protein-
coupled receptors (GPCRs). Among the numerous ways we could 
improve our methodologies to maximize the potential of developing 
new chemical entities on PPI targets is the fundamental question of 
what type of compounds should we use to identify the first hits and 
among which chemical space should we navigate to optimize them 
to the drug candidate stage.

In this presentation, I will describe our new iPPI-DB database that 
contains 1600 inhibitors of protein–protein interactions (iPPI) on 26 
PPI targets. Those compounds were manually retrieved by medicinal 
chemists from the literature including peer-reviewed articles and 
world patents. Information contained in iPPI-DB includes pharmaco-
logical activities, physicochemical properties for the compounds, and 
biological information about the PPI targets such as protein domain, 
function and associated diseases. The database was used to get some 
insight into the chemical space of iPPI and to describe not only the 
specificity of those compounds with respect to existing drugs but 
also the specificity that seems to characterize given subsets of PPI 
targets. This type of approach will certainly help the chemist and 
the biologist to select existing compounds from chemical libraries 
or to prioritize chemical synthesis in order to maximize the chances 
of obtaining chemical probes on PPI targets.
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Targeting Protein–Protein Interactions in the Brain

Kristian Strømgaard

University	of	Copenhagen,	Universitetsparken	2,	2100	Copenhagen,	Denmark

Protein–protein interactions (PPIs) are essential to a wide range 
of cellular processes, but are also involved in numerous patho-
physiological states and serve as potential targets for therapeutic 
intervention. However, PPIs have generally been perceived as dif-
ficult to target with small organic molecules, since they are often 
characterized by large, flat, and hydrophobic interfaces. An interest-
ing class of PPIs is the one involving PDZ domains, that function as 
scaffolding proteins that are involved in assembling large protein 
complexes in the cell.

Several proteins containing PDZ domains are found the mamma-
lian brain, where they play various roles in function and regulation 
of integral membrane proteins such as receptors and transporters. 
Examples include PSD-95, which interacts with a group of ionotropic 
glutamate receptors, the N-methyl-d-aspartate (NMDA) receptor, 
and PICK1, which interact with neurotransmitter transporters and 
glutamate receptors. Both interactions are potential targets for treat-
ment of ischemic brain diseases and pain respectively.

In the pursuit of identifying inhibitors the PSD-95/NMDA receptor 
interaction we have pursued various approaches: Screening of a small 
library and virtual screening did not provide hits. Most recently, we 
screened a much larger library also without identifying any small-
molecule inhibitors. In parallel, we have pursued a peptidomimetic 
approach: An undecapeptide corresponding to the C terminus of 
the NMDA was used as a template and truncation and alanine scan 
studies were carried out providing a pentapeptide with wild-type 
affinity, as examined in a fluorescence polarization assay. Further 
examination was performed by systematic substitutions with natural 
and unnatural amino acids, and molecular modelling studies guided 
further N-terminal modifications and introduction of a range of N-
terminal substitutions improved affinity up to 19-fold compared to 
wild-type values.[1] Most recently, these N-alkylated tetrapeptides 
were modified by introducing thioamides, thereby substantially im-
proving their half lives in plasma.[2]

We also exploited the fact that PSD-95 contains two tandem PDZ 
domains, PDZ1–2 and we designed and synthesized a range of di-
meric inhibitors, which resulted in dramatic increases in both affinity 
and stability,[3] and we deciphered the kinetic binding mechanism 
of these dimeric ligands.[4] Recently, we have redesigned these in-
hibitors and have elucidated the structural details of their binding 
mechanism using X-ray crystallography, NMR and small-angle X-ray 
scattering (SAXS). The redesigned inhibitors were also investigated in 
vivo and remarkable effects were found in a model of stroke in mice.[5]

Targeting another PDZ-containing protein, a small-molecule in-
hibitor of PICK1 was identified and elaborated.[6,7] The compound 
is selective for PICK1, permeates cell membranes and has effects 
on long-term depression. We studied the structure–activity rela-
tionships (SARs) of this molecule in order to improve affinity and 
druggability.[7]
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Structures of Active and Inactive G Protein-

Coupled Receptors: Implications for the 
Activation Mechanism and Pharmacology

Gebhard F. X. Schertler
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Switzerland

More than 70 structures of 15 different G protein-coupled receptors 
(GPCRs) have determined in complex with ligands of varied phar-
macology. From this, we are able to extract important molecular 
signatures of GPCR signaling. We have studied the structure of the 
b1 adrenergic receptor in several crystal forms and with several 
ligands. This provides important insights into ligand selectivity based 
on activation of the receptor and G protein activation. The third 
intracellular loop which is important for G protein activation is now 
resolved in several of our structures and shows two distinct confir-
mations. We now for the first time have observed a conformation 
of the fully inactivated receptor. The comparison of different loop 
conformations is allowing us to give a possible molecular explanation 
for the phenomenon of basal activity of GPCRs. The new structures 
also suggest a mechanism for a number of constitutively activat-
ing mutants. In addition, this is very important for understanding 
the concept of inverse agonists and partial agonists in a molecular 
way. We have resolved several structures of constitutively active 
rhodopsin in an active confirmation with its natural agnostic retinal 
bound to the receptor. These structures give excellent insight into 
the activation mechanism of GPCRs and can explain some of the 
complex signaling behavior of G protein-coupled receptors.
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figure 1. Basal activity regulator in GPCRs.[3]
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Heptares has developed a technology that facilitates the study of 
GPCRs by dramatically stabilizing these important receptors outside 
of the cell membrane. The StaR proteins are much more robust 
than the wild type; they are amenable to crystallography, biophysi-
cal/fragment screening and for raising monoclonal antibodies. The 
process whereby the StaRs are first engineered will be explained. 
A case study of drug discovery for the adenosine A2A receptor will 
be described. Adenosine A2A is a validated therapeutic target for 
treatment of Parkinson’s disease and also of interest for other CNS 
indications. Leads with good ligand efficiency and drug-like proper-

ties have been identified from virtual screening and have been pro-
gressed to a candidate drug in less than 18 months. Lastly, progress 
utilizing the StaR proteins for drug discovery against the muscarinic 
GPCR system will be briefly presented.
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novel Paradigms for gPCr allosteric modulator 

Identification

Stephan Schann

Domain	Therapeutics	SA,	Bioparc,	Boulevard	Sébastien	Brant,	 
67400	Strasbourg-Illkirch,	France

GPCRs have proven to be a valuable target family for drug discov-
ery and development with nearly 40% of marketed drugs acting 
through this receptor superfamily. However, numerous GPCR mem-
bers remain challenging with no selective and druggable orthosteric 
ligands being successfully developed. For these difficult targets, a 
novel strategy consisting of developing allosteric modulators (AMs) is 
now emerging. AMs positively or negatively modulate GPCR activity 
through interaction with binding sites topologically distinct from the 
orthosteric binding sites.

Current screening technologies for GPCR AM identification are 
mainly based on the use of functional assays. It is now widely rec-
ognized that the outcome of such functional screening campaigns 
are highly dependent on specific assay conditions with phenomenon 
like “probe dependency” or “functional selectivity” complicating the 
hit-identification process. Novel dedicated screening approaches are 
therefore required.

At Domain, screening strategy was revisited with a primary screen-
ing aimed at selecting specific GPCR binders followed by a wide 
functional characterization and/or a native system characterization. 
This process enables generation of relevant and predictable informa-
tion for the selection of tractable AM hits. The topic of this lecture is 
to discuss challenges of AM identification and to present Domain’s 
innovative approach for the discovery of GPCR AMs.
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Fragments, Fits, Fingerprints: Structure-Based 

Virtual Screening for fragment-like gPCr ligands

Chris de Graaf, Albert Kooistra, Enade P. Istyastono, 
Sebastiaan Kuhne, Francesco Sirci, Saskia Nijmeijer,  

Sabine Schultes, Luc Roumen, Herman D. Lim,  
Rogier Smits, Maikel Wijtmans, Henry F. Vischer,  

Iwan J.P. de Esch, Rob Leurs

Division	of	Medicinal	Chemistry,	VU	University	Amsterdam,	 
Leiden/Amsterdam	Center	for	Drug	Research	(LACDR),	The	Netherlands 

Laboratory	for	Chemometrics	and	Chemoinformatics,	 
Chemistry	Department,	University	of	Perugia,	Italy 

Griffin	Discoveries	BV,	Department	of	Medicinal	Chemistry,	The	Netherlands

The recent crystal structure determinations of druggable GPCRs 
has opened up excellent opportunities in structure-based ligand 
discovery for this pharmaceutically important protein family.[1,2] I 
will illustrate the problems and possibilities of in silico prediction 
of GPCR-ligand interactions[3] using recent challenging studies on 
histamine receptors, key players in inflammation:

i) The identification of molecular determinants that drive histamine 
receptor isoform and subtype selectivity by combining experimental 
in-house fragment screening data, ligand-based 3D-QSAR/pharmaco-
phore models, protein-based histamine receptor modeling studies, 
and in silico guided site-directed mutagenesis experiments.[4–7]

ii) The development of customized ligand- and structure-based 
virtual fragment screening approaches to identify diverse sets of 
novel fragment-like histamine receptor ligands, using molecular 
interaction fingerprint scoring techniques.[8–10]
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Plasma levels of high-density lipoprotein cholesterol (HDL-C) are 
inversely related to the incidence of coronary heart disease. The 
beneficial effects of HDL-C are thought to arise in part from its 

participation in reverse cholesterol transport (RCT), the process by 
which HDL-C shuttles cholesterol out of the atherosclerotic plaque to 
the liver for metabolism or elimination. Cholesteryl ester transport 
protein (CETP) mediates the transport of cholesteryl ester (CE) from 
HDL-C to very low-density lipoprotein cholesterol (VLDL-C) and low-
density lipoprotein cholesterol (LDL-C) in exchange for triglycerides 
(TG) in the opposite direction. Thus, inhibition of CETP-mediated 
cholesteryl ester transport leads to elevated levels of HDL-C and 
increased RCT in preclinical models. However, the withdrawal of the 
CETP inhibitor torcetrapib from phase III trials has raised concerns 
over CETP inhibition, and it remains to be seen whether a CETP 
inhibitor will lead to improved outcomes in the clinic. The Merck 
CETP inhibitor anacetrapib has recently been shown to have robust 
effects on HDL-C and LDL-C in a phase III clinical study (DEFINE trial). 
Sustained effects over 18 months were observed in patients with 
coronary heart disease and no adverse effects on blood pressure, 
electrolytes, and aldosterone levels were observed. The long-term 
safety and efficacy of anacetrapib is being evaluated in a 30,000 
patient global clinical outcomes study that is currently enrolling 
(REVEAL trial). The discovery, preclinical and clinical evaluation of 
anacetrapib will be described in detail during the course of this 
presentation.
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Discovery of BAY 94-8862: A Non-steroidal 

Antagonist of the Mineralocorticoid Receptor for 
the treatment of Cardiorenal diseases

Lars Bärfacker, Alexander Hillisch, Joachim Mittendorf, 
Peter Kolkhof

Bayer	Pharma	AG,	Medicinal	Chemistry,	Wuppertal,	42096	Wuppertal,	
Germany;	fax:	(+49)	202364490;	e-mail:	lars.baerfacker@bayer.com

Aldosterone is a hormone that exerts manifold deliterious effects 
on the kidney and blood vessels, as well as on the heart, which 
can lead to pathophysiological consequences. The inhibition of the 
mineralocorticoid receptor (MR) is a proven therapeutic concept for 
the management of associated diseases. Use of spironolactone and 
eplerenone, the currently marketed MR antagonists, is restricted 
due to lack of selectivity for spironolactone, and lower potency and 
efficacy for eplerenone. In the presentation, an extended SAR explo-
ration is disclosed starting from cyano-1,4-dihydropyridines (DHPs) 
that were identified by high-throughput screening. Our efforts led 
to the identification of dihydronaphthyridine BAY 94-8862, a potent, 
selective and orally available non-steroidal MR antagonist that is 
currently being investigated in a phase II clinical trial.

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



49www.chemmedchem.org

MED

l62
Selective Ion Channel Blockers for the Treatment 

of Atrial Fibrillation

David Madge

Xention	Limited,	Iconix	Park,	London	Road,	Pampisford,	Cambridge,	 
CB22	3EG,	UK

Atrial fibrillation (AF) is the most common abnormal heart rhythm, 
affecting 1 in 25 people aged over 60 years and rising to 1 in 10 
people aged over 85 years, and consequently represents a major 
health issue and an escalating burden on our health services. Patients 
with AF have a fivefold increased risk of stroke; indeed, in the US, 
approximately 15–25% of all strokes can be attributed to AF. One 
strategy to reduce the incidence of AF is to increase the duration of 
each cardiac action potential, by slowing repolarisation and thereby 
reducing the excitability of the tissue and suppressing fast, irregular 
electrical activity. This presentation will discuss recent progress in the 
discovery and development of atrial-selective ion channel blockers 
with selectivity for single channels.

l63
Tetrahydroquinoline Derivatives as Potent and 

Selective Factor XIa Inhibitors

Mimi Quan

Bristol-Myers	Squibb	Company,	311	Pennington-Rocky	Road,	Pennington,	
NJ	08543,	USA

Despite the emergence of newer antithrombotic agents, there re-
mains a need for safer antithrombotic agents. Deficiency of mouse 
factor XI provides protection in multiple thrombosis models. How-
ever, mouse factor XI is not required for normal hemostasis, and 
deficient mice do not have prolonged provoked bleeding times. 
Similarly, deficiency of human factor XI is only associated with a mild 
bleeding diathesis (hemophilia C). Taken together, factor XIa may 
be an ideal target for pharmaceutical prevention and treatment of 
thromboembolic diseases with minimal bleeding liability. Here, we 
describe the design and synthesis of a series of tetrahydroquinoline 
derivatives as potent and selective factor XIa inhibitors. Compound 
1 has a Ki value of 0.20 nm for XIa with >1000-fold selectivity over 

most of the relevant serine proteases. It exhibits excellent efficacy 
in multiple thrombosis models and did not prolong bleeding times. 
Thus, selective small-molecule, reversible inhibitors of factor XIa 
recapitulate genetic findings in humans and mice, and have the 
potential to give rise to new antithrombotic agents.

l64
Transforming Pharmaceutical Manufacturing: 

Continuous—The Ultra Lean Way Of 
manufacturing

James Evans, Bernhardt Trout

Massachusetts	Institute	of	Technology,	USA

We describe the motivation for and vision behind continuous manu-
facturing. In particular, we discuss continuous manufacturing as the 
ultimate in lean manufacturing with quantified and fully integrated 
processes. We also present a cost analysis based on a case study and 
discuss the challenges behind continuous manufacturing of phar-
maceuticals, and address challenges in scale up/out and strategic 
planning for capacity requirements.
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Importance of Particle Size Control for Poorly 

Soluble drugs

Thomas Rammeloo

API	Small	Molecule	Development,	Janssen	Research	&	Development,	 
A	division	of	Janssen	Pharmaceutica	N.V.,	Turnhoutseweg	30	 

(geb	121/lok	007),	2340	Beerse,	Belgium

The physicochemical characteristics of the active pharmaceutical 
ingredient (API) are of crucial importance during formulation and 
directly affect the in vivo release profile as well as the oral bioavail-
ability. There is an increasing demand to develop innovative formula-
tions, such as high-dose tablet formulations, fixed-dose combinations 
with other drugs, and long-acting drugs, to improve patient conve-
nience and compliance. These new formulations require new and 
consistent API characteristics that are challenging to achieve with the 
currently available technologies. In the case of solid dosage forms, 
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the impact of the particle size of the API can be significant especially 
for poorly soluble drugs. Tuning the API properties is therefore crucial 
to obtain the desired consistent release profile.

This presentation provides an overview of the requirements to-
wards the physicochemical characteristics of the API in the different 
development phases. More specifically, the physical properties of the 
drug substance, their influence on the isolation process in chemical 
development and on the drug product manufacturing process, as well 
as their link with a targeted formulation, will be highlighted. Crystal 
engineering can be used to obtain a ‘brick’-like crystal morphology, 
a narrow particle size distribution and to achieve batch-to-batch 
consistency. By means of an example, the development from lab 
to production plant will be discussed. Finally, special attention will 
be given to the different unit operations in API manufacturing that 
impact the API characteristics.

l66
A Novel Asymmetric Propargylation Reaction 

and Its Application to the Large-Scale Synthesis 
of drug Candidates

Nathan Yee

Department	of	Chemical	Development,	Boehringer	Ingelheim	 
Pharmaceuticals,	Inc.,	USA

Recently, we have discovered a novel series of chiral tertiary trifluo-
romethyl alcohols as anti-inflammatory agents in our drug discovery 
program. The unusual structural features of these drug candidates 
presented the unique synthetic challenges for a large-scale synthesis 
of drug substance, which required unmet innovation and implemen-
tation of new reactions into production. In this presentation, the 
challenges and opportunities in developing an asymmetric propar-
gylation reaction and its application to the large-scale synthesis of 
drug candidates will be discussed.

l67
SUNSET SESSION on “Productivity versus 

Development of Independent and Creative 
thinking during the Ph.d. Period”

Silvia Ortega Gutierrez

Universidad	Complutense	de	Madrid,	Madrid,	Spain

Whereas a few years ago the professional perspective of a Ph.D. 
graduate in the fields of organic and medicinal chemistry was clearly 
biased towards a career in academia or the pharma industry, today 
the current landscape is considerably more complex. It is clear that in 
view of the current globalization and lackluster economic situation, 
traditional job opportunities in western and developed countries are 
getting scarcer. At the same time, new possibilities are arising; one of 
them is related to the emergence of new technologies and disciplines 
such as chemical biology, systems biology, or chemoproteomics. They 
are at the root of the appearance of new job descriptions, which 
demand other degrees of specialization. Other job options for future 
Ph.D. chemists could involve areas such as economics, business, 
management, or communication, opportunities that possibly some 
years ago no graduate student (or supervisor) would have seriously 
considered.[1,2] In this context, skills like creativity and independence 
(in equilibrium with team work capacity), solving-problem aptitudes, 
capabilities to adapt quickly to evolving objectives and projects, and 
entrepreneurial attitudes are highly valued. A Ph.D. project, due 
to its intrinsic characteristics, provides (or should provide) a solid 
training, although perhaps in an informal manner, in all these skills.[3]

However, finding the best ratio between research and training for 
a Ph.D. student is not a simple task. Training activities need to be 
balanced to avoid losing focus on their own research project and to 
have the experiments done. Creativity needs to be put in practice 
by participating in formulating the research strategy and experimen-
tal design, and independence should be stimulated by providing a 
framework of autonomy and freedom to operate. However, on the 
down side, this can increase the risk of failure and competes with the 
pressure to produce results and publications. In our Sunset Session, 
all these aspects will be analyzed and discussed by a panel of speak-
ers at different stages of their academic careers. They will give their 
perspective about these problems and the way to overcome them 
and, in conclusion, how to make the best use of the Ph.D. period 
in order to obtain not only a title but also an invaluable training for 
many aspects of the future professional life.

references

[1] A. McCook, Nature 2011, 472, 280. 
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l68
A Focus on Creativity in Medicinal Chemistry 

Education—How, When and Where?

Danijel Kikelj

University	of	Ljubljana,	Faculty	of	Pharmacy,	Aškerčeva	7,	1000	Ljubljana,	
Slovenia

In a changing landscape of medicinal chemistry as a discipline, its 
ultimate goal which should not be missing from any definition of 
medicinal chemistry is to provide better drugs to cure diseases and 
improve the quality of life of patients. This should be reflected also 
in medicinal chemistry education, with a focus on creativity as one 
of its major imperatives.

When considering the approaches to optimal development of 
creative thinking in medicinal chemistry education, one should take 
into account its transdisciplinary nature with a strong linkage be-
tween chemistry and biology, relationship between industry and 
university, and ongoing discussions about a need for a new definition 
of medicinal chemistry. We should be aware of different under-
graduate streams from which students opting for a scientific career 
in medicinal chemistry originate, of different educational systems 
and knowledge backgrounds of postgraduate students in medici-
nal chemistry in Europe and worldwide, of growing networking of 
medicinal chemistry doctoral schools in Europe and of continuous 
adjustment of curricula to the new challenges.

The presentation will bring some experiences on development 
of creativity in medicinal chemistry education as clues to stimulate 
the discussion on fostering creative thinking in education of future 
medicinal chemists.

l69
Industrialization of QSAR Model Generation — 

A Paradigm Shift in Predictive Modeling?

Andy Davis

AstraZeneca,	Västra	Mälarehamnen	9,	151	85	Södertälje,	Sweden

Abstract not available at time of printing.

l70
Improved Prediction of In Vivo Effects by 

Combining Cheminformatics and Short-Term 
assay data

Alexander Tropsha

UNC	Eshelman	School	of	Pharmacy,	Division	of	Chemical	Biology	and	Me-
dicinal	Chemistry,	UNC-Chapel	Hill,	Chapel	Hill,	NC	27599,	USA

Recent initiatives both in Europe (such as REACH) and the US (such 
as NexGen and Tox21) have challenged both experimental and com-
putational researchers to develop new methods for fast and accu-
rate estimation of environmental hazards and human health risks 
with minimal to no dependence on animal testing. In response to 
these calls, multiple streams of novel toxicological data, ranging from 
short-term in vitro assays to various in vivo endpoints, are becoming 
available for hundreds of chemicals. For instance, the Tox21 con-
sortium in the US is generating extensive quantitative in vitro data 
by screening hundreds to thousands of environmental chemicals in 
hundreds of experimental systems with the goal of re-establishing 
the field of predictive chemical toxicology under the paradigm of in 
vitro–in vivo extrapolation.

This presentation discusses innovative computational frameworks 
to integrate these rich and diverse new data for systematic investiga-
tion of the determinants of endpoint toxicity, including underlying 
chemical, biological and genetic factors. This approach recogniz-
es that adverse outcomes in vivo depend both on the chemical’s 
structure and the underlying toxicity mechanisms. Several novel 
integrative strategies for prediction of in vivo chemical toxicity by 
concordant exploitation of both computed descriptors of chemical 
structures and their short-term biological effects treated as biological 
descriptors will be discussed in the context of hybrid quantitative 
structure–activity relationship (QSAR) modeling. As integral part of 
the approach, I will summarize the recent and developing trends in 
predictive QSAR modeling, emphasizing the importance of careful 
data curation, rigorous model validation, and prediction uncertainty 
estimation taking the model applicability domain into account. I will 
discuss examples of recent studies showing that statistically signifi-
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cant and externally predictive hybrid models can be developed. Hy-
brid modeling also affords a possibility of mechanistic interpretation 
both in terms of underlying chemical features and mechanisms of 
toxicity. Finally, I will discuss the outlook for the future use of these 
tools as part of regulatory risk assessment strategies.

l71
oxadiazoles in medicinal Chemistry

Alleyn T. Plowright, Jonas Boström, Anders Hogner, 
Antonio Llinàs, Eric Wellner

AstraZeneca	R&D	Mölndal,	431	83	Mölndal,	Sweden

Oxadiazoles are five-membered heteroaromatic rings containing two 
carbons, two nitrogens and one oxygen atom, and they exist in differ-
ent regioisomeric forms. Oxadiazoles are frequently occurring motifs 
in drug-like molecules, and they are often used with the intention of 
being bioisosteric replacements for ester and amide functionalities. 
Matched molecular pair analysis is a powerful methodology that has 
been developed in order to assess changes in compound properties 
upon selective structural modifications. The current study will show 
a systematic comparison of 1,2,4- and 1,3,4-oxadiazole matched 
pairs in the AstraZeneca compound collection. In virtually all cases, 
the 1,3,4-oxadiazole isomer shows an order of magnitude lower 
lipophilicity (log D), as compared to its isomeric partner. Significant 
differences are also observed with respect to metabolic stability, 
hERG inhibition, and aqueous solubility, favoring the 1,3,4-oxadi-
azole isomers. The difference in profile between the 1,2,4 and 1,3,4 
regioisomers can be rationalized by their intrinsically different charge 
distributions (e.g., dipole moments). To facilitate the use of these 
heteroaromatic rings, novel synthetic routes for ready access of a 
broad spectrum of 1,3,4-oxadiazoles, under mild conditions, will 
be described.

l72
Anti-adhesion Therapy for the Treatment of 

Infective Diseases

Beat Ernst, Daniela Abgottspon, Tobias Klein,  
Said Rabbani, Meike Scharenberg

Institute	of	Molecular	Pharmacy,	University	of	Basel,	Klingelbergstrasse	50,	
4056	Basel,	Switzerland

Urinary tract infections (UTIs), primarily caused by uropathogenic 
Escherichia	coli (UPEC), affect millions of people each year and ac-
count for significant morbidity and high medical costs. UPEC strains 
encode filamentous surface adhesive organelles called type 1 pili. At 
the tip of these pili, the lectin FimH is located. The initial attachment 
of UPEC to endothelial bladder cells is mediated by the interaction 
of the carbohydrate recognition domain (CDR) of FimH with oligo-
mannosides on urothelial cells. Blocking these lectins with soluble 
carbohydrates or analogs thereof prevents the bacterial adhesion 
and therefore offers a potential therapeutic approach for prevention 
and/or treatment of UTIs. Although numerous FimH antagonists have 
been developed so far, few of them have met the requirement for 
clinical applications due to poor pharmacokinetic properties.

We have synthesized various classes of FimH antagonists, ex-
plored their activity in a panel of in vitro assays and determined 
their pharmacokinetic properties.[1,2] In addition, selectivity could be 
demonstrated with an array of human mannose receptors, which are 
involved in cell–cell adhesion, regulation of glycoprotein homeosta-
sis, and in the innate and adaptive immune response. A supplemental 
attractive feature of anti-adhesive drugs is their unique mechanism 
of action; they are neither bacteriostatic nor bacteriolytic as anti-
biotics are, and thus not prone to induce resistance. It is therefore 
most likely that the spread of strains resistant to such agents would 
be significantly delayed as compared to that of strains resistant to 
antibiotics.

Antagonists 1 and 2 were assessed in an in vivo PK/PD study.[2]  
For both antagonists, urine levels above the minimal inhibitory con-
centration of adhesion (MICAdhesion) could be maintained for up to 
eight hours. Furthermore, efficacy studies in the UTI mouse model 
resulted in a significant reduction of bacterial infection in bladder 
and kidneys, comparable to the standard antibiotic treatment using 
ciprofloxacin (CIP, 8 mg/kg, s.c.).

In summary, our results clearly indicate the high therapeutic po-
tential of FimH antagonists. With the most promising representative 
to date, the indolinylphenyl a-d-mannoside 2, the infection can be 
successfully treated with a low dosage of 1 mg/kg (approx 25 μg/
mouse) without any additional administration of antibiotics.
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Keywords: anti-adhesion therapy, urinary tract infection (UTI), 
uropathogenic E.	coli, carbohydrate recognition domain (CRD), a-
d-mannosides.
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Optimization of Novel Alkylpyrazoles as Potent 

Antimalarial Agents

Beatriz Díaz, Jesús Chicharro, Esther Fernández,  
F. Javier Gamo, Mercedes García , M. Luisa León,  

Margarita Puente, Juan Carlos de la Rosa, Laura Sanz

GlaxoSmithKline,	Diseases	of	the	Developing	world.	C/Severo	Ochoa	2,	 
Tres	Cantos,	28760	Madrid,	Spain

Malaria is an infectious disease caused by protozoan parasites of 
the genus Plasmodium that affects hundreds of millions people 
worldwide. The emerging drug resistance of the parasite to currently 
available antimalarial treatments emphasizes the urgent need for 
new drugs. In our fight against this terrible disease, GSK identified 
and published more than 13,500 hits as starting points for antima-
larial lead optimization.[1] This full compound set, named the Tres 
Cantos antimalarial set (TCAMS), provides a remarkable diversity of 
novel chemical structures.

After a fast-track filtering process, the alkylpyrazoles series (se-
ries 37) was selected as one of the most promising chemical series 
suitable for further exploration, fulfilling the requirements of po-
tency, druggability and tractability.[2] The series is exemplified by 
TCMDC-134142, which was confirmed to inhibit in vitro parasite 
growth (Pf3D7 IC50=0.10 µm).

Here, we describe the optimization efforts that led to the dis-
covery of new hits by chemical modifications with improved anti-
malarial whole-cell activity (Pf3D7 IC50=0.001 µm), lower lipophilicity 
and improved metabolic stability, whilst maintaining the excellent 
citotoxicity window and hERG profile. Synthesis, structure–activity 
relationship analysis and biological evaluation will be presented.
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New Selective Androgen Receptor Modulators 

(Sarms) for the treatment of Cachexia

Pierre Deprez

Galapagos,	Parc	Biocitech,	102	Avenue	Gaston	Roussel,	93230	Romainville,	
France

A novel selective androgen receptor modulator (SARM) scaffold has 
been discovered through structural modifications of hydantoin anti-
androgens. Several 4-(4-hydroxyphenyl)-N-arylhydantoins displayed 
partial agonism with nanomolar in vitro potency in transactivation 
experiments using androgen receptor (AR) transfected cells. In a 
classical castrated male rat model, several compounds showed good 
anabolic activity on muscle, dissociated from the androgenic activ-
ity on prostate, after oral dosing at 30 mg/kg. The best compound 
in the hydroxyphenyl hydantion series displayed anabolic potency 
close to that of testosterone with a strong dissociation of muscle 
versus prostate.

However, despite in vivo efficacy, the hydroxyphenyl hydantoin 
series exhibited poor pharmacokinetic (PK) properties. Structural 
modifications were performed that led to a new series of diaryl-
hydantoin with greatly improved PK, including good bioavailability. 
GLPG0492, a potent partial agonist of the human AR, exhibited in 
vivo activity in orchidectomized rats with potent anabolic activity on 
muscle strongly dissociated from the androgenic activity on prostate 
after oral dosing. GLPG0492 is currently under evaluation in phase 
I clinical trials.

l75
the discovery and early Clinical development of 
CNV1014802: A Novel, NaV1.7-Selective, State-

dependent Sodium Channel Blocker for the 
treatment of neuropathic Pain

Gerard M. P. Giblin, Giuseppe Alvaro, John B. Davis, 
Dominique Derjean, Kevin Gunn, David T. MacPherson, 

Valerie Morisset, Davina E. Owen, Joanne E. Palmer, 
Francois Rugiero, Simon Tate, David R. Witty

Convergence	Pharmaceuticals	Ltd,	Maia	Building,	Babraham	Research	
Campus,	Cambridge,	Cambridgeshire,	CB22	3AT,	UK

Blockade of voltage-gated sodium channels is a clinically precedented 
mechanism for the treatment of chronic pain. However, current 
drugs of this class are associated with inconsistent efficacy and are 
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often poorly tolerated, and there is a need for new agents with an 
improved efficacy and safety profile. Recent human genetic studies 
have shown that patients with loss-of-function mutations in the gene 
encoding the NaV1.7 subtype feel no pain. Consequently, NaV1.7 has 
attracted considerable interest as a target for pain.

We report the design and synthesis of novel sodium channel block-
ers based on a glycinamide template. This programme resulted in 
the discovery of CNV1014802, a novel, centrally penetrant and state-
dependent sodium channel blocker that shows selectivity for NaV1.7 
over NaV1.2, NaV1.5, NaV1.6 and TTX-resistant subtypes. CNV1014802 
has good oral bioavailability and half-life, and shows efficacy in a 
range of preclinical models of somatic pain. It has an excellent safety 
and tolerability profile in both preclinical studies and in phase 1 clini-
cal studies. CNV1014802 is currently under evaluation in two phase 
2a neuropathic pain studies. The discovery of CNV1014802 and its 
preclinical and early clinical profile will be presented.

l76
Frontloading Toxicity Detection in order to Lower 

Costs and Attrition

Bruce D. Car

BMS,	Pharmaceutical	Candidate	Optimization,	 
Province	Line	Rd	and	Route	206,	Princeton,	NJ	08543,	USA

Historically, the most significant cause of drug candidate attrition has 
been clinical safety issues, followed closely by a failure to demon-
strate efficacy. This is most difficult for neuroscience and oncology 
targets for which poor selectivity, target-based toxicity and difficulty 
demonstrating efficacy in complex diseases often confound the usual 
challenges of drug discovery. Frequently, dosing limits imposed by 
narrow preclinical safety margins contribute to a failure to show 
efficacy. Accepting the limitations of predicting human safety end-
points and particularly idiosyncratic toxicity, many cost effective 
systems have been developed that allow better drug candidates to 
be brought forward, which involve integration of knowledge across 
multiple disciplines. Most cardiovascular, hepatic, hematopoietic, 
and teratologic adverse findings are readily predicted, and with 
careful modeling of human animal differences in target disposition, 
compound disposition and clearance, the likelihood of human doses 
encompassing those exposures with the potential for safety issues 
can be determined. In addition, reducing molecular promiscuity 
(high target selectivity for both related and unrelated off-targets) is 
amenable to high-throughput approaches and clearly correlates with 
more successful medicines. Although prediction of human safety 
findings is generally successful, the relative size of the therapeutic 
index (TI) between animals and man may extrapolate poorly. The TI 
may reduce with time depending on the nature of the pathology. 
Drug exposure differences in diverse human subpopulations are 
also particularly challenging. A cost effective system for frontloading 
of toxicity detection in the discovery research environment will be 
presented with multiple examples and clarity around the limitations 
of predictive sciences.

l77
Translational Strategies for Identifying 

Chemically Reactive Metabolites as Cause for 
Adverse Drug Reactions

Nico P. E. Vermeulen

AIMMS/LACDR-Section	of	Molecular	Toxicology,	Department	of	Chemistry	
and	Pharmaceutical	Sciences,	VU-University	Amsterdam,	De	Boelelaan	

1083,	1081	HV	Amsterdam,	The	Netherlands

In recent years in drug discovery and development, novel research 
strategies have been introduced to incorporate the role of active and 
reactive metabolites of drug candidates.[1,2] However, the predict-
ability and in some cases the throughput of these research strategies 
remain a challenge. In this presentation, the concept of a large multi-
disciplinary TI-Pharma project (i.e., “Towards translational safety bio-
markers for ADRs”), in which the Universities of Groningen, Leiden, 
Nijmegen, Utrecht and VU-Amsterdam and seven pharmaceutical 
companies collaborate, will be briefly introduced, and special empha-
sis will be given on the role of chemically reactive metabolites (CRMs) 
in this context. Apart from their chemical properties, mechanisms 
of formation, large-scale production by biocatalysis, identification 
strategies for adducts between small molecules and proteins, as well 
as their role in selected ADRs will be touched upon. The translation 
from the ‘molecule to man’ levels will be illustrated as well. Regula-
tory aspects will be touched upon only briefly.
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Safety is the major cause of concern for drugs. In particular, safety is-
sues associated with affinities other than the primary target of drugs 
pose a level of risk to the population that is difficult to manage since 
they arise often from unknown affinities to unexpected proteins. 
Anticipating safety issues linked to off-target pharmacology much 
earlier in the discovery process would have a key impact in guiding 
synthetic efforts towards safer efficacious drugs. To this aim, a new 
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computational approach to predicting the safety profile of bioactive 
small molecules is introduced. The method is based on the detection 
of off-target liabilities in a compound, previously derived from an 
analysis of an integrated database of drugs, targets, and side effects. 
A number of retrospective validations will be presented that provide 
support to the applicability of the approach in early drug discovery.
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The efficiency of the whole drug development process depends 
critically on the early detection of toxic events or unacceptable side 
effects. So far, most of the early drug safety assessment carried out 
by pharmaceutical companies is based on in vitro assays but for a 
few endpoints for which the use of in silico predictions has shown 
to produce results of acceptable quality. However, the full potential 
of computational methods in the preclinical safety evaluation has 
probably not been fully exploited. In this context, the eTOX project[1,2] 
is a public–private partnership within the framework of the European 
Innovative Medicines Initiative (IMI), aiming to produce high-quality 
prediction of in vivo toxicity of drug candidates.

The present communication will describe eTOXsys, an integrated in 
silico prediction system that is being developed by the eTOX consor-
tium. This tool has been designed to make optimum use of previous 
knowledge, accumulated in both public and private sources, and 
apply diverse computational technologies for producing an inte-
grated toxicity assessment with potential application in candidate 
priorization. Issues like the quality assessment of the predictions, 
the difficulties of integrating results from disparate methodologies, 
and the challenge represented by the prediction of in vivo endpoints 
will be presented and discussed, illustrated with a few examples of 
the preliminary results obtained so far.
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During the past decade there has been a great deal of interest in the 
development of inhibitors of the class 1 phosphoinositide 3-kinase 
family. Initially broad-spectrum inhibitors of the a, b, g and d isoforms 
were targeted as potential oncology therapeutics. However, the 
recognition that the g and d isoforms are predominantly expressed 
in leukocytes and play a critical role in T and B cell function[1] led to 
speculation that selective inhibitors of these isoforms could offer 
potential as therapeutics for the treatment of allergic and inflam-
matory disease.[2] The strong biological rationale led us to initiate 
a medicinal chemistry programme culminating in the discovery of 
our preclinical molecule UCB5857. We will discuss the medicinal 
chemistry leading to the novel and selective inhibitor UCB5857 and 
present key biological, pharmacology and safety data.
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A novel series of LPA receptor antagonists are described. Optimi-
zation of in vitro potency and in vivo pharmacokinetic properties 
(mouse, rat, dog, and mouse) let to the discovery of AM095. Using 
an in vivo receptor occupancy assay to guide dose selection, efficacy 
was demonstrated for AM095 in models of fibrosis in multiple or-
gans and tissues (lung, skin, kidney, liver and peritoneum). Further 
optimization of AM095 revealed molecules which antagonize LPA1 
along with LPA2 and/or LPA3. Using these molecular tools a more 
detailed understanding of the biology of LPA1/2/3 receptors has 
been established.
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Phosphodiesterase 4 (PDE4) plays a key role in the regulation of 
intracellular concentrations of the second messenger cAMP and 
is the predominant phosphodiesterase in immune and inflamma-
tory cells (e.g., neutrophils, monocytes, macrophages). It is also a 
major contributor to cAMP metabolism in airway smooth muscle 
and airway epithelial cells. In COPD, cAMP is believed to suppress 
the activation of immunocompetent cells, mediate bronchodilation, 
modulate neuronal activity and inhibit smooth muscle proliferation; 
hence elevated levels of cAMP, achieved through PDE4 inhibition, 
should be beneficial for COPD patients.

The first PDE4 inhibitor, Roflumilast (Daxas™, Daliresp™) has re-
cently been approved for use in COPD both in the EU and US, how-
ever, its full efficacy potential is restricted by dose-limiting side ef-
fects, including nausea, emesis and diarrhoea. These are well-known 
characteristics of PDE4 inhibitors that have hampered development 
of this class of drugs for many years. Previous work in our laboratories 
had delivered novel PDE4 inhibitors with reduced emetic effects in 
animal models. Unfortunately however, on progression to oral rat 
toxicology studies, we repeatedly observed dose-related mesenteric 
vascular pathology.

Our objective for the work described in this presentation was to 
develop an oral PDE4 inhibitor with a further improved therapeutic 
index. Several groups have reported a possible link between inhibi-
tion of the PDE4D isoform and emesis. We therefore set out to test 
the extended hypothesis that sparing of PDE4D inhibition might also 
ameliorate the vascular pathology we had observed preclinically. 
Since it is predominantly the PDE4B subtype that is present in key 
inflammatory cell types such as monocytes and neutrophils, we 
believed this modification should have a minimal impact on efficacy.

Our efforts around a novel series of aminopyrimidines as potent 
and isoform-selective inhibitors of PDE4B will be described. Use of 
X-ray crystal structures in combination with screening data from vari-
ous length PDE4B constructs led us to propose that for this series, it is 

C-terminal residues 507–528 that are the key PDE4B/4D selectivity de-
terminants. Our work led to the identification of a key tool compound 
1, which was subsequently taken forward to investigate the effect 
of selective PDE4B inhibition on vascular pathology in a seven-day 
rat toxicology study. The results of this study will also be described.
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5-Lipoxygenase-activating protein (FLAP) is a nuclear transmembrane 
protein involved in the biosynthesis of leukotrienes (LTs) and other 
5-lipoxygenase (5-LO) products. The first committed step in the syn-
thesis of LTs is the oxidation of arachidonic acid (AA) by 5-LO, and the 
integral membrane protein FLAP is an essential partner of 5-LO for 
this process. How FLAP activates 5-LO is not completely understood, 
but it seems that FLAP facilitates the access of 5-LO towards AA. It is 
known to date that several FLAP inhibitors showed efficacy for treat-
ment of airway inflammatory diseases such as asthma in early clinical 
trials. The recent determination of a low-resolution crystal structure 
of inhibitor-bound FLAP offers extended potential for novel FLAP 
inhibitor design. In the present work, we applied a combination of 
ligand-based and structure-based pharmacophore virtual screening 
techniques to 2.8 million commercially available compounds followed 
by molecular docking calculations leading to the identification of 
1-(2-chlorobenzyl)-2-(1-(4-isobutylphenyl)ethyl)-1H-benzimidazole 
(7) as a developable candidate. Compound 7 suppressed cellular 
LT formation (IC50=0.31 µm) and showed typical features of FLAP 
inhibitors, while it failed to directly inhibit purified 5-LO. Moreover, 7 
inhibited 5-LO product formation in human whole blood (IC50=4 µm) 
and reduced the inflammatory reaction and LTB4 production in pleu-
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ral exudates of carrageenan-treated rats. For structural optimization, 
a series of 46 benzimidazole-based analogues of 7 were prepared 
leading to more potent derivatives (70–72, 82) with IC50 values of 
0.12–0.19 µm in intact neutrophils. Together, our results exemplify 
the benzimidazole scaffold bearing an ibuprofen fingerprint as a new 
chemotype for further development of effective FLAP inhibitors.

acknowledgements: This study was supported by TUBITAK research 
grant 108S210.
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Clinical strains resistant to the current antimalarial reference drugs, 
the artemisinins, have been reported. As a consequence, there is an 
urgent requirement for novel antimalarial drugs. Malaria is a major 
global disease caused by parasites of the genus Plasmodium, which 
are transmitted to people when infected female anopheles mosqui-
toes feed on human blood. In 2009, more than 200 million cases of 
malaria were reported,[1] causing nearly one million deaths mostly 
amongst pregnant women and young children. In regions where 
malaria is endemic, the humanitarian and economic burdens are 
considerable, and in 2007, the Bill and Melinda Gates foundation, 
supported by other global health agencies, initiated an agenda with 
the ultimate aim of eradicating malaria.

Where	to	start? In 2010, we at GlaxoSmithKline (GSK) published 
the Tres Cantos antimalarial set (TCAMS): 13,533 compounds that 
are the result of screening nearly two million compounds from the 
GSK corporate collection (http://www.ebi.ac.uk/chemblntd).[2]

Being able to select a high-quality series for lead optimization from 
over 13,000 compounds is an unprecedented opportunity but also 
a challenge. A clear strategy[3] is required to rapidly identify those 
molecules that have both the best chance of being converted into 
differentiated antimalarial drugs and that are also likely to have the 
lowest risk of attrition in development.

So, how	to	break	the	ice	with	the	TCAMS? The open-innovation 
strategy in drug discovery programs in malaria and an update in 
our recent progress in exploiting the TCAMS will be disclosed in 
the meeting.
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Autotaxin (ATX) is a secreted enzyme that functions as lysophospho-
lipase D to generate the bioactive lipid lysophosphatidic acid (LPA) 
from lysophosphatidylcholine (LPC). LPA binds to several GPCRs and 
thereby plays a role in a number of physiological processes (e.g., 
platelet aggregation and blood pressure).[1] Increased levels of LPA 
and misregulated LPA receptor signaling have been linked to different 
diseases, in particular to cancer[2] and inflammation.[3] For example, 
elevated LPA levels have been detected in ascites fluid and plasma of 
ovarian cancer patients.[4] Moreover, overexpression of ATX has been 
reported for certain lung, breast, brain and thyroid cancers.[2] ATX/
LPA has been shown to promote proliferation, survival, migration 
and invasiveness of tumor cells, as well as migration of immune cells 
into inflamed tissue.[3] Consequently, inhibition of ATX and reduc-
tion of LPA levels could offer new treatment options for oncological 
and immunological diseases. Here, we describe the discovery and 
optimization of potent and selective inhibitors of ATX based on a 
high-throughput screening (HTS) campaign sampling our in house 
compound collection. From these starting points, the compounds 
were optimized subsequently and found to be potent inhibitors of the 
PDE activity of ATX. In mouse and rat in vivo experiments significantly 
lower LPA levels were found in plasma after treatment with these 
inhibitors. X-ray protein crystallographic data demonstrated that 
these inhibitors bind to the LPC/LPA binding site with and without 
interaction to one of the Zn atoms depending on the selected series. 
The SAR, optimization of physchem and pharmacokinetic properties 
as well as in vivo activity will be discussed in detail.
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figure 1. X-ray of MSC2207596[5] binding to the LPC/LPA binding site of the ATX 
protein.
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Loss of cell-cycle control and increased resistance to apoptosis rep-
resent major hallmarks of cancer. Cyclin-dependent kinases (CDKs) 
belong to a family of serine/threonine kinases that associate with an 
activating cyclin regulatory subunit. Cell-cycle CDKs 1, 2, 4, and 6 are 
required for the correct timing and order of the events of the cell-
division cycle, whereas non-cell-cycle CDKs 7 and 9 have been shown 
to be involved in gene transcription via regulation of RNA polymerase 
II activity. Deregulated CDK activity results in loss of cell-cycle check-
point function and increased expression of anti-apoptotic proteins, 
which has been directly linked to the molecular pathology of cancer.

Starting from a HTS hit with moderate biological activities, a col-
laborative lead optimization effort of medicinal chemistry, DMPK, 
pharmacology, structural biology and computational chemistry led 
to the successful identification of potent pan-CDK inhibitors.

A first development candidate, ZK 304709, representing a first-
in-class oral multitarget tumor growth inhibitor that blocks tumor 
cell proliferation and induces apoptosis via inhibition of cell-cycle 
progression and tumor-induced angiogenesis was taken into clinical 
phase I studies. However, clinically, ZK 304709 revealed limited and 
variable exposure in patients, and the study was terminated early 
before the MTD could be determined.

Thorough analysis of this unexpected phase I outcome prompted 
us to revise the target compound profile. In subsequent highly strin-
gent optimization cycles, we succeeded in identifying our second 
development candidate BAY 1000394.

BAY 1000394 is a nanomolar pan-CDK inhibitor with potent, broad-
spectrum antiproliferation activity against human cancer cell lines 
and is currently being investigated in a phase I clinical trial in patients 
with advanced solid tumors.
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Cathepsin A (CathA) is a lysosomal serine protease, which is also 
found in the extracellular space. The enzyme is a member of the a 
/ b hydrolase fold family and shares structural homology to yeast 
carboxypeptidase Y.[1] Further research has established CathA as a 
multifunctional enzyme with additional deamidase and esterase 
activities.[2] Several peptide hormones have been described as sub-
strates for CathA in vitro like bradykinin, angiotensin I, and oxyto-
cin.[3] Pharmacological inhibition of CathA by the natural product 
ebelactone B increased renal bradykinin levels and prevented the 
development of salt-induced hypertension.[4] Similar effects were 
observed by antisense oligonucleotides suppressing the expression 
of CatA.[5]

Since locally increased bradykinin levels have been reported to 
play a beneficial role in cardiac diseases,[6] we developed interest 
in the inhibition of CathA as a potential therapeutic intervention in 
this area. Interestingly, contrary to established targets in the cardiac 
renin–angiotensin and kinin systems[7] like angiotensin converting 
enzyme (ACE) and neutral endopeptidase, neprilysin (NEP), CathA 
is only weakly expressed in the vasculature and has an acidic pH 
optimum for activity. Both factors possibly exclude this enzyme from 
systemic peptide hormone turnover.
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After a high-throughput screen of the Sanofi library, we iden-
tified novel b-amino acid derivatives as inhibitors of CathA using 
a project adapted fragment approach. Our novel inhibitors show 
nanomolar in vitro potency on CathA as well as beneficial ADME 
and pharmacokinetic profiles. Subsequent pharmacological studies 
with our novel CathA inhibitors in animal models of heart failure led 
to the discovery of an up to now unknown pathophysiological role 
of CathA in this disease. One of our CathA inhibitors is currently in 
early clinical development.
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The high attrition rate of new drug candidates during clinical devel-
opment is a major factor in the overall cost of a new medicine and 
the subsequent economic burden on national health schemes and 
individual patients. Attention has therefore focussed on approaches 
to reduce attrition, particularly the early identification of compounds 
with unfavourable pharmacokinetic and drug interaction profiles. 

IV–IVE contributes to the development of clinically effective drugs 
with predictable and ‘manageable’ interaction profiles, and provides 
a basis for the optimisation of drug dosage regimens in different 
patient populations.

The metabolism of the majority of drugs is catalysed by the en-
zymes cytochrome P450 (CYP) and UDP-glucuronosyltransferase 
(UGT). Both CYP and UGT exist as enzyme ‘superfamilies’. The in-
dividual CYP and UGT enzymes exhibit distinct, but overlapping, 
substrate and inhibitor selectivities and differ in terms of regula-
tion of expression and in the occurrence and frequency of genetic 
polymorphism and drug–drug interactions (DDI). Individual CYP and 
UGT enzyme activities are therefore the major determinant of drug 
and chemical metabolic clearance. Reaction phenotyping involves 
identification of the enzyme(s) responsible for the metabolism of any 
given drug. Knowledge of enzyme regulation and DDI profiles subse-
quently permits qualitative prediction of factors likely to alter drug 
clearance in defined patient populations and provides insights into 
the likely interpatient variability in elimination and response. Reac-
tion phenotyping approaches are well established for CYP-catalysed 
metabolism, and recent work in this laboratory has been instrumen-
tal in identifying selective substrate and inhibitor ‘probes’ for human 
UGTs for the reaction phenotyping of drug glucuronidation. In silico 
approaches for reaction phenotyping have also been explored.

Quantitative IV–IVE most commonly involves estimation of hepatic 
clearance and extraction ratio from in vitro kinetic data, namely 
intrinsic clearance (CLint; calculated as Vmax/Km). IV–IVE may also be 
employed to estimate the magnitude and hence clinical significance 
of an inhibitory drug interaction. Here, the critical parameter for 
extrapolation is the inhibitor constant (Ki). Until recently, in vitro 
approaches typically overestimated CLint and Ki, and hence underesti-
mated in vivo hepatic clearance and DDI potential. However, studies 
in this laboratory have demonstrated that long-chain unsaturated 
fatty acids released from the membrane of human liver microsomes 
and other in vitro enzyme sources act as potent inhibitors of numer-
ous CYP and UGT enzymes. Sequestration of the inhibitory fatty 
acids with albumin provides accurate estimates of in vitro kinetic 
parameters, increasing the prediction accuracy of IV–IVE. Although 
the promise of IV–IVE is now being realised, numerous factors com-
plicate the interpretation of experimental data. In particular, atypical 
kinetic behaviour (e.g., autoactivation) impact on the calculation of 
in vitro kinetic constants and confound the screening for inhibitory 
drug–drug interactions.
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new Phase I enzymes Involved in drug 

Metabolism and Prodrug Activation
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/	Medicinal	Chemistry,	Gutenbergstraße	76,	24114,	Kiel,	Germany

The significance of P450 enzymes and FMO’s for oxidation of xe-
nobiotics and of esterases for hydrolytic processes has been recog-
nized for a long time. In this session the importance of mammalian 
molybdenum enzymes for the metabolism of drugs and foreign 
compounds will be discussed.

The investigation of oxygen-insensitive nitrogen reductive drug 
metabolism in mitochondria resulted in the discovery of a completely 
unknown mammalian molybdenum enzyme in our laboratory.[1] 
Upon reconstitution with the electron transport proteins cytochrome 
b5 and its reductase, this molybdenum enzyme is capable of reduc-
ing N-hydroxylated compounds. Thus it was named “mitochondrial 
amidoxime reducing component” (mARC), because initially the N-
reduction of amidoxime structures was studied with this isolated 
enzyme. Since mammalian genomes encode for two homologues 
mARC enzymes (mARC1/mARC2), both mARC enzymes were tested 
and are able to reduce N-hydroxylated compounds together with 
cytochrome b5 and its reductase in vitro.[2]

Amidines are functional groups that are often incorporated into 
drugs, because the cations formed after protonation are necessary 
for interactions with negatively charged target molecules. Amidoxi-
mes—easily reduced by mARC—can be used as prodrug moieties 
to improve the oral bioavailability of these strong bases.[3] In the 
lecture, the possibilities to modify the amidoxime function to further 
increase the bioavailability will be demonstrated. In this respect, we 
also devoted our recent efforts towards the identification of enzymes 
that are capable of cleaving O-alkyl residues in a P450-independend 
fashion. We found peptidylglycine a-amidating monooxygenase 
(PAM) as an interesting candidate.[4]

With the expression of the recombinant human mARC proteins 
and development of the optimal reconstitution conditions consider-
ing optimal stoichiometry of mARC, cytochrome b5, and its reduc-
tase, we established a valuable tool to predict drug metabolism in 
vivo.[3] We found out that the mARC-containing enzyme system is 
able to activate several N-hydroxylated prodrugs[5,6] and—unusual 
for drug metabolizing enzymes—unexpected high extrahepatic re-
ductase activities. The highest conversion rates are observed in liver, 
kidney, thyroid and pancreas. This corresponds to the expression 
patterns of both mARC forms.

We cannot exclude that additional N-reductive enzymes may still 
play a minor role in the activation of amidoximes prodrugs. However, 
potential drug–drug interactions will be unlikely because the prodrug 
activation is not depending on P450 enzymes. Furthermore, mARC is 
also able to reduce N-hydroxylated derivatives of guanidines, oximes, 
and sulphonamides as well as N-oxides. Moreover, it is involved 
in the detoxification of mutagenic N-hydroxylated DNA bases and 
hydroxylamines.[2]
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Aldehyde oxidase (AO) has for many years been recognized as a 
metabolizing enzyme contained within the cytosolic compartment 
of many tissues and in many species. The first literature reference 
to AO dates from the 1930s, but literature citations to this enzyme 
have been steadily growing ever since, especially in the past decade. 
It has been increasingly recognized that AO, through its unique struc-
ture, distribution, and substrate recognition, has an important role 
to play in the metabolism of drugs. In this presentation, we discuss 
the current knowledge of the enzyme’s expression, its structure, 
and its distribution across species. We offer an analysis of substrates 
recognized by AO, illustrating how, in contrast to P450-mediated pro-
cesses, clearance is not highly correlated with molecular properties.

Clinical examples will be highlighted where metabolism by this 
enzyme has had significant impact or has led to the termination of 
a drug development program. Finally, through analysis of the struc-
ture of known substrates from literature and in-house examples, 
we present data to suggest the significant impact AO could play on 
future drug discovery programs along with strategies that could be 
employed to mitigate this potential problem.
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Polymer conjugates differs from other nanopharmaceuticals that 
simply entrap, solubilize or control drug release without resorting 
to chemical conjugation and brings the advantage of small size, 
typically <25 nm, which enables better access to the biological 
targets that so many other nano-carriers cannot reach. First clini-
cal proof of concept for protein conjugates has been achieved, but 
recent advances in polymer chemistry, and the techniques available 
for physicochemical and biological characterization is enabling for 
the first time in-depth analysis of the critical polymer therapeutic 
characteristics governing their structure–activity relationships. Ad-
ditionally, the delivery of new anticancer agents focusing on novel 
molecular targets and their combination, and the treatment of 
diseases other than cancer, in particular looking at promoting tissue 
repair, are the most exciting and promising areas within the field.
[1] Therefore, these are the driven research lines in the polymer 
therapeutics laboratory at CIPF.

In the lecture, four convergent aspects of research established 
in our recent work will be shown, including: (i) the development 
of novel well-defined biodegradable architectures prepared using 
carefully controlled synthetic polymer chemistry techniques. These 
include a novel ring-opening polymerization of amino acid–N-car-
boxyanhydrides (NCA) methodology that ensures a controlled and 

living polymerization to obtain versatile multifunctional polygluta-
mates[2] and also, the design of bioresponsive linkers for drug(s) and/
or imaging probes; (ii) the design of novel nanoconjugates for the 
treatment of hormone-dependent cancers by using novel concepts, 
such as, bioresponsive systems with controlled architecture and the 
active drug incorporated within a pH-triggered biodegradable poly-
meric main-chain[3] or the use of polymer-based combination therapy 
(endocrine + chemotherapy[4] or antiangiogenic + chemotherapy[5] in 
the same polymer); (iii) use of advanced physicochemical techniques 
(small-angel neutron scattering (SANS) and pulsed-gradient spin-
echo NMR (PGSE-NMR) to elucidate conjugate solution conforma-
tion);[3,4] and (iv) the design of polymer therapeutics to exploit new 
molecular targets in cancer and other diseases.[6]

acknowledgements: This work was supported by grants from MI-
CINN (CTQ2007-60601, CTQ2010-18195/BQU, ERA-Chemistry (Po-
larch, EUI2008-3904)), EC-FP7 project Livimode (Proposal n. 241919) 
Fundación Gent x Gent and by CIPF.

references

[1] F. Canal, J. Sanchis, M. J. Vicent, Curr.	Opin.	Biotech. 2011, 22, 894–900. 
[2] M. J. Vicent, M. Barz, F. Canal, I. Conejos, A. Duro, Patent Application 
P201131713. 
[3] V. Gimenez, C. James, A. Armiñán, R. Schweins, A. Paul, M. J. Vicent,  
J.	Control	Rel. 2012; DOI: 10-101016/j.jconrel.2011.12.035. 
[4] M. J. Vicent, F. Greco, R. I. Nicholson, A. Paul, P. C. Griffiths, R. Duncan, 
Angew.	Chem.	Int.	Ed. 2005, 44, 4061–4066. 
[5] A. Eldar-Boock, K. Miller, J. Sanchis, R. Lupu, M. J. Vicent, R. Satchi-
Fainaro, Biomaterials 2011, 32, 3862–3874. 
[6] a) E. Pérez-Payá, M. Orzáez, L. Mondragón, D. Wolan, J. A. Wells,  
A. Messeguer, M. J. Vicent, Med.	Res.	Rev. 2011, 31, 649–675;  
b) M. J. Vicent, L. Cascales, R. J. Carbajo, N. Cortés, A. Messeguer, E. Pérez-
Payá, J	Control.	Rel. 2010, 142, 277–285.

l92
nanomedicinal Chemistry and nanotechnology

Maurizio Prato

Dipartimento	di	Scienze	Chimiche	e	Farmaceutiche,	University	of	Trieste,	
Piazzale	Europa	1,	34127	Trieste,	Italy

Nanomedicine represents a novel research topic that is receiving a 
lot of attention because of its high potential. Among the wide range 
of novel nanometer scale structures available, single-wall carbon 
nanotubes (SWNT) and multi-wall carbon nanotubes (MWNT) stand 
as unique materials for fundamental research and potential applica-
tions in nanomedicine.

Our group has been involved in the organic functionalization of 
various types of nanocarbons, including carbon nanotubes, nano-
horns, fullerenes and nanoonions. The organic functionalization 
offers the great advantage of producing soluble and easy-to-handle 
CNTs. As a consequence, since biocompatibility of CNT is expected 
to improve, many functionalized carbon nanotubes may find useful 
applications in the field of nanomedicine. Their use as drug delivery 
agents and scaffolds for vaccines has already been demonstrated. 
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CNT functionalized with bioactive moieties are particularly suited 
for targeted drug delivery. In fact, not only they exhibit reduced 
toxicity but also possess a high propensity to cross cell membranes.

The use of carbon nanotubes as active substrates for neuronal 
growth has given so far very exciting results. Nanotubes are com-
patible with neurons, but especially they play a very interesting role 
in interneuron communication. Improved synaptic plasticity is just 
one example.

l93
Targeted, Polymer-Based Nanoparticles for 

delivery of Camptothecin

Han Han, Mark E. Davis

Chemical	Engineering,	California	Institute	of	Technology,	Pasadena,	 
CA	91125,	USA

Camptothecin (CPT) is a highly potent, naturally occurring anticancer 
alkaloid that acts by inhibiting DNA enzyme topoisomerase I and 
HIF-1a activities. However, its systemic delivery is problematic due 
to its low solubility and toxicity. The targeted delivery of CPT via 
nano-sized vehicles holds great promise due to their efficacy and 
ability to selectively deliver their payload to cancerous cells. These 
nanoparticles are designed to be within 10–100 nm to avoid first-pass 
elimination by the kidney and to exploit the leakiness and impaired 
lymphatic drainage characteristic of solid tumor vasculature that 
preferentially results in the accumulation of nanoparticles in the 
tumor site through the enhanced permeability and retention (EPR) 
effect. For enhanced cellular uptake of nanoparticles, targeting mol-
ecules such as antibodies against overexpressed receptors on tumor 
cells are decorated on the surface of the nanoparticles. In addition, 
it is also advantageous to have nanoparticles with a slightly nega-
tive surface charge to minimize clearance by the reticuloendothelial 
(RES) system. To this end, we have developed a targeted nanoparticle 
delivery vehicle for CPT with desirable size and surface charge, and 
the ability to target and deliver CPT specifically to cancerous cells.

This delivery system is composed of CPT conjugated to a copolymer 
of mucic acid and poly(ethylene glycol) (MAP). When this conjugate 
is placed in water it self-assembles into MAP–CPT nanoparticles. The 
polyol containing backbone of MAP is able to form reversible cova-
lent bonds with boronic acids (BA). Targeting is therefore achieved 
through using BA as the linker between the targeting agent and 
MAP–CPT nanoparticles.

MAP–CPT nanoparticles with MAP lengths of 20 kDa, 65 kDa and 
102 kDa are synthesized and characterized. 30 nm particles are ob-
served by dynamic light scattering and cryo-transmission electron 
microscopy. A slightly negative particle surface charge of -1 mV is 
measured. Pharmacokinetic studies of MAP–CPT in BALB/C mice 
show a prolonged profile with greater than 10% of injected dose 
remaining in circulation 24 hours post-injection for nanoparticles 
containing 65 kDa or 100 kDa MAP. Maximum tolerable dose (MTD) 
of MAP–CPT nanoparticles containing MAP at 20 kDa, 65 kDa and 
100 kDa are found to be 20, 10 and 8 mg of CPT/kg respectively 
in NCr nude mice. Preliminary antitumor study using MAP–CPT 

nanoparticles in A/J mice bearing Neuro2A (mice neuroblastoma) 
tumors shows tumor regression after two weekly doses of MAP–CPT 
nanoparticles.

To achieve targeting, we use the covalent reversible binding 
property between boronic acid and mucic acid. The binding con-
stant between phenylboronic acid and mucic acid is low at ~20 m-1 
(by competitive binding with Alizarin Red S in 0.1 m PBS, pH 7.4). 
To increase this, we designed phenylboronic acids with electron-
withdrawing groups on the phenyl ring to increase the acidity of the 
boron atom and thus elevate binding constants to mucic acid. The 
modified boronic acid with the largest binding constant at 1420 m-1 
is chosen as the linker between the targeting agent and MAP–CPT 
nanoparticles.

We examine our targeted CPT delivery system in BT-474, a HER-
2 (human epidermal growth hormone receptor 2) overexpressing 
human breast cancer cell line. HER-2 receptor expression is pres-
ent in 30% of breast cancers and is associated with resistance to 
therapy and poor prognosis. Intracellular uptake of herceptin (anti-
body against HER-2) targeted MAP–CPT nanoparticles in BT-474 cell 
culture show a pronounced effect compared to untargeted version 
with dependence on herceptin targeting density. When excess free 
herceptin is present as competitive inhibitor, the herceptin-targeted 
MAP–CPT nanoparticles show decreased uptake indicating target-
ing specificity.

MAP–CPT, a delivery system for CPT, has been developed and has 
favorable particle size and surface charge, prolonged pharmacoki-
netic profile and targeting ability. We are currently investigating the 
relationships between targeted and non-targeted versions of MAP–
CPT nanoparticles in BT-474 human breast cancer tumor model.

figure 1. Schematic of targeted MAP–CPT nanoparticle assembly (MAP=mucic 
acid and poly(ethylene glycol) copolymer; CPT=camptothecin; BA=boronic acid).
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Boosting Ethionamide as a New Strategy to Fight 

Tuberculosis: In Vitro and In Vivo Validation of 
1,2,4-oxadiazole ethr Inhibitors

Marion Flipo,*[a,b,c,e] Matthieu Desroses,[a,b,c,e] Cath-
erine Piveteau,[a,b,c,e] Florence Leroux[a,b,c,e] Alexandre 

Wohlkönig,[f] René Wintjens,[g] Vincent Villeret,[b,i] Nico-
las Veziris,[j] Vincent Jarlier,[j] Priscille Brodin,[b,c,d,h] Alain 
Baulard,[b,c,d,e] Benoit Déprez,[a,b,c,e] Nicolas Willand[a,b,c,e]

[a]	INSERM	U761,	Biostructures	and	Drug	Discovery,	Faculté	de	pharmacie	
3	rue	du	Pr	Laguesse,	59000	Lille,	France;	[b]	Univ	Lille	Nord	de	France;	 
[c]	Institut	Pasteur	de	Lille,	France;	[d]	INSERM	U1019,	CNRS	UMR8204,	
Center	for	Infection	and	Immunity	of	Lille,	France;	[e]	Pôle	de	Recherche	
Interdisciplinaire	pour	le	Médicament;	[f]	Structural	Biology	Brussels	and	
Molecular	and	Cellular	Interactions,	VIB,	Brussel,	Belgium;	[g]	Laboratoire	
des	Biopolymères	et	des	Nanomatériaux	Supramoléculaires,	Institut	de	

Pharmacie,	Université	Libre	de	Bruxelles,	Belgium;	[h]	Biology	of	Intracellu-
lar	Pathogens	Inserm	Avenir	IPK,	463-400	Gyeonggi-do,	South	Korea 

[i]	IRI,	USR	3078	CNRS,	Villeneuve	d’Ascq,	France;	[j]	Faculté	de	médecine	
Pitié-Salpêtrière,	Université	Paris	6,	France;	*	marion.flipo-2@univ-lille2.fr;	

http://www.deprezlab.fr;	http://www.drugdiscoverylille.org

Tuberculosis is the second leading cause of death among all infectious 
diseases, killing 1.7 million people each year. Current tuberculosis 
therapies include a large number of prodrugs that are activated inside 
of the mycobacteria. The protein EthA is known to bioactivate ethi-
onamide, an antibiotic used to treat multidrug-resistant tuberculosis. 
The transcription of ethA is down regulated by the transcriptional 
repressor EthR, therefore limiting the effectiveness of the prodrug. 
Thus, EthR contributes to the innate resistance of mycobacteria to 
this antibiotic, and high therapeutic doses are needed leading to 
hardly bearable side effects. In vitro, overproduction of EthR confers 
resistance to ethionamide whereas ethR KO strain is 25-fold more 
sensitive to ethionamide. Our strategy lies on the development of 
small-molecular-weight compounds as EthR inhibitors that could 
be associated to ethionamide at a lower dose in a regimen with 
higher tolerance.

The proof of concept was recently reported and drug-like EthR in-
hibitors were able to boost the antimycobacterial efficacy of ethiona-
mide both in vitro and in vivo.[1] The optimization of this first family 
of 1,2,4-oxadiazole inhibitors will be presented.[2,3] Structure–activity 
relationships and co-crystallization of our compounds with the re-
pressor EthR will be discussed. Pharmacokinetic properties and ef-
ficacy of BDM41906 in a murine tuberculosis model will be reported.
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[2] M. Flipo, et al., J.	Med.	Chem. 2011, 54, 2994. 
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Discovery of JNJ-18038683, a Selective 5-HT7 
Receptor Antagonist: Preclinical and Clinical 

Evaluation

Nicholas Carruthers, Curt Dvorak, Dale Rudolph,  
Wenying Chai, Annette Kwok, Victoria Wong,  

Pascal Bonaventure, Christine Dugovic,  
Diane Nepomuceno, Lisa Dvorak, Michelle Kramer, 

Steve Sands, Peter De Boer, Timothy Lovenberg

Janssen	Pharmaceutical	Companies	of	Johnson	&	Johnson,	 
3210	Merryfield	Row,	San	Diego,	CA	92121,	USA

The neurotransmitter serotonin, 5-hydroxytryptamine (5-HT) is a major 
modulatory neurotransmitter and elicits a range of pharmacological 
and physiological responses through a diversity of receptors. The most 
recently characterized member is the 5-HT7 receptor, which has been 
cloned from several species, exhibiting high interspecies homology 
together with low sequence homology to other serotonin receptors. 
Based on brain localization, pharmacological investigations with tool 
compounds and the phenotype of knock-out mice, a role for 5-HT7 re-
ceptors in physiological functions (thermoregulation, sleep and circadi-
an rhythms) associated with mood regulation has become apparent.[1,2]

At the outset of this research, we chose to take a focused screening 
approach in order to avoid templates known to be associated with 
activity at multiple biogenic amine receptors. This afforded several 
promising templates, including a singleton hit (1) with promising 
affinity and minimal off-target activity.

The medicinal chemistry that ultimately afforded JNJ-18038683 
will be the subject of this presentation together with its preclinical 
evaluation on 5-HT transmission via in vivo microdialysis, in sleep 
EEG models and in standard behavioral models of depression. Finally 
the presentation will describe the clinical evaluation of JNJ-18038683 
with regard to its effect on sleep parameters in healthy human vol-
unteers, and its’ antidepressant properties in patients suffering from 
major depressive disorder.
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Novel Triazolopyridine Compounds as Selective 
JAK1 Kinase Inhibitors: From Target Discovery to 

the Clinical Candidate glPg0634

Christel Menet, Stephen Fletcher, Raphael Geney, 
Pierre Deprez, Koen Smits, Ellen M van der Aar, 

Philippe Clement-Lacroix, René Galien, luc Nelles,  
Katja Conrath, Thierry Christophe, Reginal Brys,  

Gerben van’t Klooster, Frederic Vanhoutte, Jean Feyen, 
Luc van Rompaey

Galapagos	NV,	Generaal	de	Wittelaan	L11	A3,	Mechelen	2800,	Belgium 
Galapagos	SASU,	102	Avenue	Gaston	Roussel,	93230	Romainville,	France

Background: Janus kinases (JAKs), a family of kinases with four mem-
bers (JAK1, JAK2, JAK3 and TYK2) involved in signal transduction of 
cytokines, are implicated in the pathogenesis of rheumatoid arthritis 
(RA). Small-molecule JAK1/2, JAK1/3 and JAK3 inhibitors have dem-
onstrated an improvement of RA symptoms in several clinical trials 
and show promise as future oral RA therapy. A selective JAK1 inhibi-
tor may show advantages over earlier compounds by preserving the 
anti-inflammatory activity in the absence of for example typical JAK2 
side effects such as anemia.

Objective: Synthesis and characterization of selective JAK1 inhibitors 
with anti-inflammatory activity.

Initial screening of the BioFocus SoftFocus® kinase library com-
pounds against JAK1 led to identification of one main chemical 
series showing promising activity and selectivity in a JAK biochemical 
assay. This series forms a structurally distinct class of potent orally 
active JAK inhibitors, based on the triazolopyridine scaffold. Fur-
ther development of the compounds by optimization of ADME and 
pharmacokinetic properties led to the identification of compounds 
with excellent in vivo activity in rodent collagen-induced arthritis 
models (CIA), comparable to the activity shown by TNFa blocker 
etanercept (Enbrel®). In these in vivo studies, a significant reduction 
in inflammation was observed, as well as bone protection at low 
dose. The structure–activity relationship was expanded to identify 
a lead compound in the series, GLPG0634. While in biochemical 
assays GLPG0634 inhibited JAK1 and JAK2 specifically over JAK3 and 
TYK2, in human whole blood assays GLPG0634 inhibited JAK1 30-fold 
over JAK2. These data indicate that GLPG0634 selectively inhibits 
JAK1- over JAK2-dependent signaling in a cellular environment. 
This compound showed good safety with no severe adverse events 
reported at therapeutically relevant exposures in phase I studies, 
and subsequently entered a phase II proof-of-concept clinical trial 
in rheumatoid arthritis patients in July 2011. The results were an-
nounced in November 2011: i) Statistically significant improvement 
already seen in four weeks: 83% of patients showed improvement 
in ACR20 score; ii) unique and clean safety profile: neither anemia 
nor increase in LDL/cholesterol observed; iii) first JAK1 selective 
compound to demonstrate clinical efficacy.

In summary, we identified a series of compounds that showed 
good activity in biochemical and cellular assays against the novel 
drug target JAK1. This series demonstrated promising ADME/PK 
properties and several compounds showed activity in in vivo mod-
els of RA. The lead compound, GLPG0634, was positive in a phase 
II proof-of-concept clinical evaluation for treatment of rheumatoid 
arthritis. The discovery and SAR of the series will be presented.
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Novel Potent and Selective NAMs of the GABAA 

a5 receptor Subtype
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F.	Hoffmann-La	Roche	AG,	pRED,	Pharma	Research	&	Early	Development,	
Medicinal	Chemistry,	Grenzacherstrasse	124,	Basel	4070,	Switzerland

Extensive detailed pharmacological evidence exists in both rodents 
and humans suggesting nonselective inverse agonists at the benzo-
diazepine site of the GABAA receptor enhance cognitive functions. 
However, nonselective inverse agonists induce anxiogenic and pro-
convulsive effects. Through the greater understanding of the complex 
pharmacology of the GABAA a receptor subtypes it is now strongly 
believed that the cognitive effects are mediated through negative 
allosteric modulation of the GABAA a5 receptor subtype.[1]

We have identified a number of novel series’ of potent and selec-
tive GABAA a5 receptor negative allosteric modulators (NAMs). The 
talk will describe the discovery of these classes culminating in the 
full profile of key compounds. We will also describe therapeutic re-
positioning from Alzheimer's disease to Down syndrome based on 
data generated with Ts65Dn mice models.
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The Role of Passive Diffusion and Carrier-
Mediated Transport in the Intestinal Drug 

Absorption Process

Hans Lennernäs

Department	of	Pharmacy,	Uppsala	University,	BOX	580,	751	23	Uppsala,	
Sweden

Both passive diffusion (PD) and carrier-mediated (CM) transport are 
important biological processes in drug absorption, bioavailability and 
disposition. The recently proposed theory that drug membrane trans-
port is only CM-mediated and that new transporters will be discovered 
having the transport characteristics ascribed to passive diffusion will 
be challenged.[1–4] Historically, passive diffusion through the lipid bi-
layer portion of a biological membrane was suggested as the dominant 
route. However, in the past couple of decades, many carrier proteins 
(transporters) have been discovered to transport various drugs. Con-
sequently, it would be interesting to discuss whether carrier-mediated 
transport is the ubiquitous and dominant mechanism of biological 
membrane permeation for most drugs in most organs or whether it 
is a specialized mechanism for a certain drug in a certain cell type.

The permeability of biological membranes is a key determinant 
of drug pharmacokinetics and intestinal permeability is one of the 
main factors affecting rate and extent of intestinal drug absorption. 
Many drugs that are significantly effluxed in vitro have a rapid and 
complete intestinal absorption (i.e., >85%) mediated by passive 
transcellular diffusion. An example of research that strongly supports 
the co-existence of passive and CM processes is the comparison 
of data for the 24 drugs with measured human jejunal and Caco-2 
permeabilities (human in vivo versus in vitro), which correlate well 
for one set dominated by passive absorption and one set dominated 
by carrier-mediated processes.[5]

We conclude that passive transport and carrier-mediated trans-
port coexists, and that passive permeation remains a significant 
(and often primary) factor of membrane permeation of druglike 
molecules. At the same time, a significant proportion of drugs were 
proved to be carrier-mediated transport substrates in specific organs, 
potentially leading to significant drug–drug interactions and side ef-
fects. Therefore, further studies of the balance of how passive tran-
scellular and carrier-mediated transport influences tissue and organ 
distribution, as well as safety relevant aspects, are highly desirable.
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During drug discovery, and even more so in development, there is 
a need to translate the results from in vitro studies to the in vivo 
situation. This holds true for the situation in animal species but 
in particular to humans. Important parameters in biopharmaceu-
tics and pharmacokinetics to be predicted include absorption and 
disposition parameters, such as systemic availability, fraction dose 
absorbed, volume of distribution, clearance and half-life of an active 
compound. Also of interest are parameters related to the mechanism 
of drug absorption and membrane transport, the level of targeting to 
a specific organ or tissue, interactions between active molecules and 
formulation excipients and/or food components/neutraceuticals, 
and predictions of the performance of specialized dosage forms. This 
presentation includes several case studies where successful transla-
tion of biopharmaceutics concepts from in vitro to in vivo situations 
in animals and in humans has been demonstrated.

The first example involves the optimization and selection of a for-
mulation for the low soluble lipid lowering agent fenofibrate. The best 
formulation was to be selected among a variety of enhanced drug 
formulations, which are based on the solid solution/solid dispersion 
principle. Using in vitro predictors such as drug solubility enhance-
ment and dissolution–permeation across mucosal sheets, it has been 
possible to predict the formulation that best delivers the compound 
in vivo in humans. As important mechanistic implications in this inves-
tigation, the interactions of specific components in the formulation 
with the bile salt mixed micelles intestinal solubilization system were 
discovered. This finding has important consequences for the selec-
tion of excipients, in particular surfactants in the formulation of low 
soluble compounds.[1,2] The second case study involves the clarifica-
tion of the intestinal transport mechanism of talinolol, a beta recep-
tor antagonist, and its interaction with absorptive transporters from 
the organic anion transporting polypeptide family (OATP 1A2 and 
2B1) and secretive systems such as P-glycoprotein. Interactions be-
tween this compound and food components have been reported.[3–5]  
Using in vitro cell culture uptake and transporter expression assays 
in oocytes, the mechanism of talinolol transport and its inhibition 
by specific neutraceuticals and components of fruit juices has been 
investigated. It has been demonstrated that a species difference 
in transporter expression exists between, for example, the rat and 
humans and that this leads to different results in terms of the effect 
of flavonoids on the absorption and bioavailability of talinolol when 
dosed with water as compared with fruit juices. A third example on 
the translation of molecular biopharmaceutic transport concepts 
and their relevance involves the carrier-mediated absorption of folic 
acid (FA) and a clarification of the antifolate activity of tea catechins. 
Using in vitro cellular-based folic acid uptake systems, an inhibition 
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of the intestinal uptake of FA in the presence of selected green and 
black tea components has been demonstrated with a potency not far 
off from methotrexate, a proven antifolate drug.[6] In vivo relevance 
of this finding has been demonstrated by a pharmacokinetic study 
in healthy human volunteers.[7] Derived from these study results, 
it is recommended that pregnant women should avoid excessive 
amounts of green or black tea or substitute folate accordingly in 
order to avoid typical symptoms of FA deficiency in newborn children, 
such as anencephaly and spina bifida.
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MS binding assays represent a novel technique for the characteriza-
tion of ligand–target interactions. They are closely related to radio-
ligand binding, but with no labelling of the ligands for quantitation 
by MS being required, they avoid all the drawbacks that result from 
radioactivity associated with radiometric assays.[1–4] 

So far, competitive MS binding assays have been widely used to 
characterize single compounds in competition studies by establishing 
competition curves to generate precise affinity data.

In the present study, we demonstrate that competitive MS bind-
ing assays are also a useful tool for drug screening. Furthermore, by 
employing libraries for screening generated by dynamic combinato-
rial chemistry (DCC), it is shown that even this kind of libraries may 
be employed when appropriate measures are taken to render them 
“pseudo-static”. The feasibility of this approach, that combines the 
efficiency of MS binding assays to determine ligand binding with 
the ease of library generation by DCC, is exemplified for mGAT1 
(SLC6a1) as target representing the most important subtype of the 
g-aminobutyric acid (GABA) transporters.

For the screening, one-dimensional hydrazone and oxime libraries 
were generated by reacting sets of aldehydes with either a hydrazine 
or a hydroxylamine derivative delineated from a binding motif known 

from common GAT1 inhibitors. Libraries to be “pseudo-static” have 
been ascertained by employing the hydrazine and hydroxylamine 
derivatives in large excess. Competitive MS binding assays have been 
successfully applied as single-point determination to the analysis of 
the activity of the thus generated libraries. Subsequent deconvolu-
tion experiments performed for the most active libraries revealed 
several potent mGAT1 inhibitors with sub-micromolar affinities.

Enabling screening of libraries independent whether generated 
by conventional chemistry or DCC and being applicable to all kind of 
targets including membrane bound targets such as GPCRs, ion chan-
nels or transporters, the described strategy displays high potential 
in the drug discovery process.
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