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The pharmaceutical industry can
continue to screen huge numbers
of compounds for drug discovery

and to profile drug candidates using assays
performed in animal cells or human cells
derived from cancerous cervical tissue that
has been in continuous culture for decades.
However, this more-of-the-same approach to
drug discovery and development will yield
just that, more-of-the-same information that
has proven to be of limited relevance and
utility – information on how candidate drugs
behave in an environment that does not
remotely represent the physiological and
phenotypic diversity of the spectrum of cell
and tissue types in the human body.
Furthermore, the cell lines currently in use
are also poor models of the genetic,
epigenetic and phenotypic variability present
across different ethnic and racial groups or
in populations of varying ages and having
any number of comorbidities or disease
presentations. These distinctions take on
even greater significance as the industry sets
its sights on personalised medicine and
delivering more tailored diagnostics and
therapeutic agents.

Without the introduction of a game-
changing technology in the near future, we
can expect little short-term improvement in
R&D productivity or in the discovery of
safer and more effective therapies, in the
introduction of more informative diagnostic
products and of combination
diagnostics/therapeutics, and, in what is
perhaps in the greatest need of a quick fix,

the costly and unacceptable failure rate of
drugs in late-stage clinical trials and even
post-marketing. When a compound that has
been discovered in a state-of-the-art high
throughput screening (HTS) campaign and
subjected to intensive optimisation processes
and a rigorous array of preclinical analyses
fails in Phase III clinical trials, the lost
investment may exceed $1 billion. The
pharmaceutical industry simply cannot
afford another Vioxx – a successfully
commercialised drug that had to be pulled
from the market – which cost an estimated
$4 billion in development, production,
manufacturing and legal-related expenses
over its relatively short lifespan.

To have a truly profound impact on the
way the pharmaceutical industry discovers,
evaluates and profiles lead compounds, and
then applies this knowledge at critical
decision-making junctures across the
developmental pipeline, it will be necessary
to start at the very beginning of this journey
and rethink the somewhat antiquated
approach to screening compounds that has
been in use for nearly half a century.
Although the instrumentation and methods
for HTS have been tweaked and honed over
the years to achieve astonishing throughputs
and to generate what is approaching
terabytes of data from a single high content
screening campaign, for example, in most
cases, at the centre of the assays used for
drug screening is either an animal cell or a
human tumour cell line that has been
maintained in culture through countless
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passages and is far removed from
approximating a human primary cell.

If one listens to the individuals who are
hands-on in the laboratory, working with
these cell lines on a daily basis – the
biologists, assay developers, screening
groups, toxicologists, and compound
profilers – it becomes abundantly clear that
they need better, more robust and more
representative tools. The R&D groups
carrying out liver toxicity assays need to
perform those assays in human liver cells,
and those doing cardiotoxicity studies could
produce higher quality and more reliable
data if they were able to work with human
cardiomyocytes. Similarly, HTS groups
cannot assume that the results obtained
from an assay run in an animal cell would be
the same if the assay were performed in a
human cell line. The continued use of these
less-than-ideal models as the backdrop for
experiments that yield data on which critical
decisions are made about which compounds
to take forward into drug development sets
the stage for failure. 

Not only are the cell lines currently in use
poor models of human primary cells,
moreover, they are far from representative of
the huge variability that exists across human
populations – differences that can affect how
drugs are absorbed, metabolised and
excreted, whether they reach their target and
how that impacts critical signalling cascades
and downstream biochemical pathways, and
whether they participate in other,
unintended interactions that result in
undesirable and sometimes life-threatening
side-effects. As the genomic variability
between ethnic, racial, and geographically
distinct groups are revealed and understood,
they will yield the genomic signposts, protein
biomarkers and metabolic signatures that
will enable truly predictive toxicology,
adaptive clinical trial design and repurposing
of failed yet promising drug candidates that
may be exquisitely effective in one disease
subpopulation yet ineffective in other groups
of patients with the same disease. It is well-
accepted that many, if not most drugs only
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produce the desired therapeutic effect in a
percentage of the patients to whom they are
given. Furthermore, some of those non-
responders will suffer negative consequences
from taking a drug that offers them little or
no therapeutic benefit.

This paradigm will change only when we
are able to screen and evaluate drug
candidates in the cellular environment in
which they will ultimately be expected to
function. This capability is on the horizon
and will be achieved through the application
of emerging technology to produce
standardised cell populations derived from
human embryonic stem cells (hESCs). These
stable, well-defined cell lines will have value
in HTS for lead identification and
optimisation, in high content analysis to
visualise drug movement and activity,
monitor targeted signalling pathways, and
observe changes in cellular morphology,
replication and other indications of viability,
and in preclinical studies for in vitro testing.

At the heart of this technology is the
ability to grow hESCs in culture under
controlled conditions and to direct cell
differentiation down predetermined
pathways. This will result in derived cell
populations of reproducible quality that have
stable genetic profiles and defined human
genomes. In the not-too-distant future, one
can envision scalable culture methods and
production processes capable of generating
large quantities of these differentiated
hESCs, catalogued by cell type, age/passage
number, racial or ethnic derivation and
unique genetic or phenotypic characteristics.
Pharmaceutical R&D groups would then be
able to apply these cell populations in a very
standardised way to assess the activity,
pharmacodynamic properties and toxicology
of drug candidates in a cellular environment
that more closely mirrors human physiology.
Greater standardisation would not only
contribute to more robust and reproducible
assays by reducing variability, it would also
accelerate the pace of discovery R&D, drug
screening and preclinical testing, expediting
assay development and expanding the

applicability of cell-based assays and
fostering greater confidence in the quality
and relevance of the data output. 

Access to a range of standardised hESC-
derived cell lines would make it possible to
compare the activity and toxicity of a drug
between different populations. These types of
studies may support a broad safety and
efficacy profile for a particular drug
candidate, or lead to the identification of
targeted treatment groups based on genetic
or disease characteristics well before the
drug moves into clinical trials or to the
marketplace. The knowledge derived from
these types of comparative studies would
help guide the pharmaceutical industry away
from an unsustainable one-size-fits-all,
blockbuster drug development strategy – a
philosophy that has not served it well in
recent years and has produced few highly
successful (and certainly not blockbuster)
new drugs. 

The ability to evaluate drug candidates in
panels of hESC-derived cell lines,
representing perhaps 10, 20 or even 50
different genotypes that capture the variation
across human populations would bring the
industry one step closer to being able to do
Phase I studies ‘in-a-dish’, or at least in a
series of microtiter plates in the laboratory.

As molecular imaging technology
continues to advance and to provide an
increasingly high resolution window into the
inner workings of the cell and intracellular
organelles, the combination of cell-based
assay techniques using hESC-derived cell
lines and high-content imaging would
contribute highly relevant data to support
drug screening and development efforts.
Imaging will have a role in characterising the
stem cells and differentiated cell populations,
in assay development and implementation, in
quality control, and in ADME-tox studies. 

Another aspect of this emerging hESC-
based technology is the potential to apply it
toward the development of clinical platforms
to support cell-based therapies for use in
tissue engineering, regenerative medicine
and gene therapy. Intuitively, the use of

genetically stable, well-defined cell lines as a
starting point for producing cell therapies
will likely contribute to more standardised
protocols and more successful results. 

The availability of a new generation of
human cell lines derived from ESCs
represents a significant advance that will
change the way we discover and develop
drugs. However, it too is only one piece of
the puzzle and still needed are improved,
three-dimensional cell culture technologies
to replace the archaic methods in use to
proliferate and prepare cells at large scale.
New methods and devices for growing and
differentiating pluripotent cell populations,
better culture media, more potent
combinations of cytokines and growth
factors, improved protocols for directing cell
differentiation, novel matrices that more
closely resemble the in vivo environments in
which cells function, interact and combine to
form tissues and greater automation of these
processes to make them more robust and
reproducible will all contribute to the
availability of better cellular tools that are
the foundation of successful new drug
development. DDWi
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