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OPINION

The druggable genome

Andrew L. Hopkins and Colin R. Groom

An azaessment of the number of molecular
targete that mpresent an opportunity for
therapeutic intervantion ia crucial to the
denvmelopment of poat-genomic research
strategies within the phammaceutical
indiestny. Mowr that we know the aize of the
humean genome, it iz interssting to conaider
just how manmy molecular targets this
opportunity represents. We start from the
peosition that we underatand the properties
that ere required for & good dinug, and
therafore muet be able to undaretsnd what

makes 8 good dmug targat.

Biological systems contain only four types of
macromaolecule with which we can interfere
using small-molecule therapeutic agents: pro-
teins, polysaccharides, lipids and macleic acids.
Toxicity, specificity and the inability to obtain
potent compouands against the latter three
types means that the vast majority of success-
ful drugs achieve their activity by binding to,
and modifying the activity of, a protein. This
limits the molecular targets for which com-

mercially viable compounds can be developed.

leading to the concept of ‘the druggable
genome’ — the subset of the ~ 30,000 genes in
the human genome that express proteins able
to bind drug-like molaoules.

One way of assessing the opportunities
available to the pharmacentical industry is to
begin by studying the properties that are
required in a commercially viable drug. For the
maost part, this means an orally bioavailable
compound. The physico-chemical properties
that are necessary to increase the likelihood
of oral bioavailability have been formalized
into the ‘rule-of-five' (BoX 13. Constraints
such as these dictate the type of protein we
see as drug targets — simply puat, drug tar-
gets need to be able to bind compounds with
appropriate properties.

Druggable protein families

The droggable subset of the human genome
can be predicted using several methods. In a
comprehensive review of the accumulated
portfolio of the pharmaceatical industry,
Drrews™ identified 483 targets, and conchuded
that there could be 5,000-10,000 potential

Eox 1 | Guidelines for oral bicavailability: the ‘rule-of-five’

The ‘rule-of-five’ analysis by Lipinski e al" shows that poor absorption or parmeation of 2
compound are moere likely when: there are more than five hydrogen-bond donors; the moleclar
mass is more than SI]ﬂDa;thelipupliﬂcityislﬂghtﬂF?medmd.ngP}Ehm)dﬂlemmof
nitrogen and oxygen atoms is more than 10. These rules, more appropristely described as
guidelines, do not cover drags that are derived from natural products, for which other

absorption mechanisms are involved.

‘Clearly, published data on the oral bicavailability of existing drugs could be used 25 a method
for defining the properties of viable drugs; however, our approach using the rule-of-five allows
predictions to be made. In practice, the number of targets identified by applying the rle-of-five
filters differs little from that obtained solely by literature analysis of all known drogs, whether

ruale-of-five compliant or not.

targets on the basis of an estimate of the
mumber of disease-related genes’. However,
this analysis did not focos on the properties
of the drogs that define those targets. The
idea of assessing the number of ligand-
binding domains has also recently been
introduced as a measure of the number of
potential points at which small-molecale
therapeutic agents could act — suggestions
are that this figure could be even greater than
10,000 (REE 51

Binding sites on proteins usually exist
ot of functional necessity; therefore, most
successful drugs achieve their activity by
competing for a binding site on a protein
with an endogenous small molecule. For a
drug to be effective, it must bind to its mol-
ecular target with a reasonable degree of
potency. Onr analysis of the Investigational
Drugs Database {produced by Current
Drugs) and the Pharmaprojects Database
{produced by P]B Publications), in addition
to a thorough review of the literature, iden-
tifies 399 non-redundant molecular targets
that have been shown to bind rule-of-five-
compliant compounds with binding affini-
ties below 10 M.

Although there is some degree of overlap
with earlier work? 4, we have captured several
proteins that are targeted by experimental
drugs, and eliminated some targets for which
activity has not yet been shown to be modu-
lated by male-of-five-compliant compounds.
Muost of the drugs and leads that were identi-
fied in this survey are competitive with an
endogenons ligand at a structarally defined
binding site.

We have taken the sequences of the drog-
binding domains of these proteins and deter-
mined the families that they represent, as
captured by their InterPro domain®. Only
130 protein families represent the known drg
targets (ONLINE TABLE 1). Mearly half of the tar-
gets fall into just six gene families: G-protein-
coupled receptors { GPCRs), sering/threonine
and tyrosine protein kinases, zinc metallo-
peptidases, serine profeases, nuclear hormone
receptors and phosphodiesterases (Fc_ 1a).




Known drug targets

Other 119 gene
families and singleton
targets 44%

GPCRs 25%

ST#Y kinases 10%

Cys proteases 2%
Zn peptidases 4%
Gated ion-channel 2%
CYP enzymes 2% NHFs 3%
Cation channels 2% Ser proleases
{trypsin) 3%
PDEs 3%
L
The predicted druggable genome
b
ST/Y kinases 22%
Qither 114 gene
families and singleton
targets 40%
GPCRs 15%
Short-chain Caltion channels 5%
dehydrogenases/
redluctases 2%
Ser proteases
y-carboxylases 2% {trypsin) 4%
NHRs 2% Brotein
enzymes 2% phosphatases 4%

£n peptidases 2%
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Approved CF Concept

 Deorphanize the druggable genome by:

— Seeking understudied (unannotated) proteins
within families of proteins defined as part of the
druggable genome

— Exploiting the resulting expanded druggable
genome to discover new therapeutic targets



Harlow-Knapp effect: propensity to focus
activities on a small fraction of the proteome
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Same pattern observed for GPCRs, NRs, lon Channels



Looking for targets under the lamppost...

lon channels, Kinases/NRs

others?
GPCRs



Gaps and Challenges

e Gaps

— Lack of a comprehensive, curated and searchable database for
the druggable genome

— Paucity of mechanistic studies detailing how/where
unannotated proteins function

— Little understanding of the roles of unannotated proteins in
disease and physiology

e Challenges
— Pharma has abandoned many projects to expand the druggable
genome

* Mostly due to lack of knowledge of underlying biology
* Pre-competitive space is open for exploitation by the CF

— NIH grants system is in a Catch 22
e Few grants awarded on unknown proteins
e Potential of unannotated proteins is unknown



Opportunities

Technological advances facilitate rapid and comprehensive
data accrual

Computational approaches facilitate mining large amounts of
data for new information

New, multidisciplinary fields [e.g., chemi-proteomics and
chemical genomics] have created highly skilled, motivated and
collaborative communities of investigators

Synergies drawn from application of basic biology to
chemistry can expand both spaces



Proposed Program for Implementation for FY14

1) Multidisciplinary research on unannotated (orphan)
proteins

— Where they’re expressed
— How function relates to those of other family members
— Roles in physiology and disease
— Druggability
2) Knowledge base of the druggable genome to:

— Supply consolidated, fundamental knowledge about previously
unannotated proteins

— Stimulate hypothesis generation and testing, e.g., on function,
polypharmacology, etc.

— ldentify new potential targets relevant to unmet medical needs

3) Technology development

— New assays, targeted libraries, novel approaches, new
computational tools



Outcomes

* |ncreased activity on the newly annotated druggable
genome reflected in:
— publications

— new RO1s
— INDs

 Enduring publicly accessible knowledgebase

* Follow-on PPPs to take promising projects out of the
CF space to exploit advances on promising targets



Deliverables

e 5year (Phasel)

— Expand knowledge of unannotated proteome
* Function
e Roles in disease/physiology
— Develop and implement an informatics solution that creates an
online, public, knowledge base of the druggable genome

* To help identify potential drug targets relevant to unmet medical
needs

* To foster hypothesis generation and testing

e 10 year (Phase Il)

— Create pool of newly annotated potential targets

— Determine druggability of selected proteins drawn from these
pools

— Proof-of-concept studies to determine role(s) as disease targets

— Foster PPP to take promising projects out of the CF for
development of validated therapeutic targets
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Your thoughts?
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