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Rapid advances in molecular
technologies in the past 10
years have provided
fundamental insights into
human biology as well as
providing powerful tools to
facilitate drug discovery. For
example, automated DNA
analysis led to the sequencing
of the human genome and the
identification of genetic
polymorphisms which influence
pharmacological responses;
microarray technologies allow

the high throughout
measurement of mRNA
expression and the
identification of signatures to
predict clinical outcomes; the
automation of protein
crystallography has enhanced
understanding of structure-
function relationships in
proteins and facilitated
structure-based drug design.
While such technologies have
enabled the parallel processing
of potential drug targets they
have not generally increased
confidence that these targets
are appropriate for therapeutic
intervention. This is a major
issue for the pharmaceutical
industry, as it is prohibitively
expensive and inefficient to
validate large numbers of
targets in Phase 2 clinical
trials. To bridge the knowledge
gap between genes and
disease, in the next five years
pharmaceutical companies will
focus on the utilisation of
predictive preclinical model
systems to prioritise targets. In
addition, these preclinical
‘systems biology’
methodologies will be used to
discover and validate clinical
biomarkers which will be used
for early decision making in
novel clinical paradigms. 

It is a daunting challenge to
determine which of the
approximately 25,000 genes in
the human genome represent
appropriate targets to treat
disease. Addressing this
challenge is facilitated by the
fact that many of these genes
reside in a much smaller
number of distinct biological
pathways which are predicted to
be relevant to drug discovery
through a knowledge of the
biological roles of active
metabolites, knowledge of the
function of related pathways in
model organisms, or analysis of
the phenotypic impact of
mutations in pathway
members. However, we are in
the infancy of understanding
the mechanisms by which flux
in these biological pathways is
regulated in complex cellular
systems, how macromolecules
interact in these pathways, the
mechanisms by which pathways
interact in cellular signalling
networks and predicting in
silico how pharmacological
manipulation of these networks
can have utility. 
In the next five years, a key to

establishing cellular systems to
accurately validate drug targets
will be the development of
suites of sensitive tools and

multiplexed technologies to
accurately and dynamically
quantitate levels of
macromolecules in the context
both of cellular networks and
whole organisms. The effect of
perturbing these systems at
specific targets (eg by specific
lead molecules or gene ablation
tools such as RNAi) on
phenotypes relevant to disease
can then be assessed. Mining
the complex datasets generated
in such studies will require
cutting edge computational
models and data visualisation
tools, leading to the in silico
models which predict the most
appropriate protein(s) to target
in order to achieve desired
pharmacological outcomes. The
rapidly evolving discipline of
molecular imaging will play a
central role in the development
of these approaches, utilising
state-of-the-art imaging
modalities and activatable
reporter probes to assess the
activation states of signalling
networks in real time within
cells1-3. To highlight the value
of such systems, studies
utilising these techniques have
assessed molecular
fingerprints of compounds with
known safety liabilities3. This
field will undoubtedly expand
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within five years to include the
sensing of important biological
processes (eg inflammation,
apoptosis) in living animals in
response to pharmacological
intervention4. Such technology
could provide a key link to
clinical development, as
conventional imaging
technologies are being
increasingly used for diagnosis
and to monitor pharmacological
intervention in man. 
Technologies complementary

to imaging are also expected to
significantly expand systems
biology capabilities within the
next five years. Automated
microfluidics systems in which
only hundreds of cells in
nanoliter volumes undergo
multiparametric analysis in
chip-based platforms have
recently been developed5. In the
near future such systems will
undoubtedly support high
throughput systems biology
studies in primary cells from
normal individuals and patients
with defined genetic
backgrounds. In addition,
genetically engineered stem
cells may provide a rich source
of starting material for target
validation studies6. While the
recent generation of cloned
human stem cells from
individual patients7 has
profound implications for stem
cell therapy it also raises the
promise of being able to identify
the mechanisms and potential
intervention points in disease at
the molecular level using
systems biology approaches.
The exciting field of
nanotechnology will also
significantly expand its
applications to systems biology
and drug discovery in the next
five years; exquisitively
sensitive nanoparticle imaging
agents and devices with major
advantages over conventional
imaging tools are already being
used to measure biological
interactions and test multiple
pharmacological agents in cell-
based studies8-11. While
technical hurdles remain,
exciting opportunities to use
such agents in vivo are

currently being assessed4,12.
The above technologies will

allow key questions related to
potential drug targets to be
addressed in model systems
relevant to drug discovery. For
example, in a pathway
comprising a number of related
kinases, it will be possible to
define which are the key
enzymes controlling flux and
hence may be the most relevant
targets for pharmacological
intervention. In addition,
medicinal chemistry
programmes will be guided by a
rational approach to define the
potency and target selectivity
profile required to elicit a
defined biological response;
translation of the intrinsic
potency of lead molecules to
the cellular environment will be
assessed; the cellular response
to distinct chemotypes against
the same target will be
monitored; the functional
consequences of genetic
variation in targets can be
measured; phenotypic clues to
suggest potential safety
liabilities may be identified for
subsequent monitoring in the
clinic. 
An increasingly important

approach in making the
translation between powerful
systems biology studies in
cellular systems and the
progression of clinical
candidates will be to drive
decision-making early in
clinical development through
the effective use of appropriate
biomarkers (‘translational
pharmacology’). In many cases
these biomarkers may be
identified through systems
biology studies in cellular
systems or animal models and
then measured in the clinic
using biochemical reagents,
mass spectrometry or imaging.
Currently there is an
unacceptably high rate of
clinical attrition of compounds
and in some cases it is unclear
if this is due to insufficient
intrinsic potency at clinically
relevant sites, or targets not
eliciting the anticipated
response in a complex

biological system. In addition,
animal models which reflect
disease states are not available
in all therapeutic areas.
Focused translational
pharmacology studies in the
clinic may be considered the
ultimate systems biology study,
as they will ideally use a suite
of biomarkers to confirm
whether a development
compound identified in
preclinical studies binds to its
target, elicits the anticipated
response in the appropriate
biological pathway, and
whether this response has an
impact on surrogate markers
of disease. ■
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