
We live in interesting times. On one
hand the completion of sequencing of
the human genome presents the drug

discovery community with a wealth of new poten-
tial targets, biological questions to ask and prob-
lems to solve1; while on the other hand many new
and increasingly sophisticated technologies are
being developed which allow these new questions
to be asked with the reasonable prospect of get-
ting an answer.

Many technologies originally developed for
automation of HTS (high density microplates,

robotics, automated liquid handling, laboratory
information software, etc) have been exported and
applied in other disciplines to bring a factory
approach to high-throughput biology in
genomics2. This process has now come full circle
with the fruits of this work now re-entering the
drug discovery process as new targets in search of
validation and drug screening assays. While this
wealth of new prospects brings the promise of new
targets, it also brings uncertainties. It has been esti-
mated that costs for developing drugs for new tar-
gets emerging from the Human Genome Project
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CELL BASED ASSAYS
– seeing the light
High-context cell assays have the potential to take the pivotal role in the drug
discovery process. So what are the features of today’s leading edge cell based
assay technologies and where does the future lie?

Figure 1
Cell assays in today’s drug
discovery process. High-
context cell assays have the
potential to take a pivotal role
in applying high-quality criteria
to inputs from high-quantity
activities
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will be significantly greater than for established
targets3, where costs are already considered to be
excessive by many. These new targets will require
validation, and for targets outside of those molec-
ular classes and cellular processes currently famil-
iar to the pharmaceutical industry, may also
require new assays and assay technologies.

So it is therefore somewhat ironic that those
technologies originally designed to remove bottle-
necks in drug screening, having been taken outside
and applied to genomics, are now contributing to
the generation of a new bottleneck in the post-
genomic era. As little as one or two years ago all
focus on bottlenecks in drug discovery was on
processes downstream of primary screening in sec-
ondary screening and ADME-Tox4, and develop-
ments in solution and cell-based screening tech-
nologies were evaluated against their place and
potential in the classical linear drug discovery
pathway5,6. Today as technologies and biological
discoveries advance on parallel fronts, the
demands of functional genomics and target valida-
tion are clearly joint contenders for the most sig-
nificant bottleneck in rapidly advancing the devel-
opment of new drugs.

Where do cell based assays fit into today’s drug
discovery process? At one level, particularly for
primary drug screening, cellular assays can be
viewed solely as a means to an end7. If a cell assay
enables a target to be screened in a more efficient
manner than a solution assay, then the cell assay is
a viable approach, even if in this context the cell is
in fact merely a conveniently pre-packaged collec-
tion of assay components.

While this approach may be enabling in certain
aspects of HTS, it ignores the fundamental poten-
tial of a cell based assay to characterise, analyse
and screen a drug target in situ and in context. 

Many processes in drug discovery, while all
addressing aspects of the same biological continu-
um, operate independently, often using different
assay systems and technologies. While this situa-
tion may be a pragmatic result of technological
reality, it is not an efficient process. Recent and
continuing developments in technology have pro-
vided drug discovery with an increasingly powerful
armoury of tools to dissect biological processes.
Today many of these tools can be used in conjunc-
tion with live cells on a variety of instrument plat-
forms that together span a technology continuum
across biology and drug discovery from genotype
to phenotype to screenotype8. Consequently with
these tools researchers in different disciplines can
begin to use the same sets of tools to perform com-
plex multiparameter assays for target validation

and screen development using live cell assays. They
also have the ability to transfer the same assay
readout into a robust high throughput screening
format, and to return screening hits for further
characterisation. Consequently, high-context cell
assays have the potential to take a pivotal role in
the drug discovery process in applying high-quali-
ty criteria to inputs from high-quantity activities
(Figure 1).

What are the features of leading edge cell based
assay technologies that enable this continuum?
Today, fluorescence technologies predominate, and
many technologies based on reporter gene assays9,
ion channel probes10 and green fluorescent protein
(GFP)11,12 are in widespread use. 

While these basic tools remain valuable, further
developments of these and other probes, coupled
with advances in instrumentation are extending
the capabilities of cell analysis systems for target
validation and drug discovery. Today’s fluores-
cent probes and reporter technologies with the
greatest potential for enabling a biology and tech-
nology continuum share a number of common
characteristics:

Such fluorescence reporters available today and
in development by a number of companies, will
permit the design of live cell assays with the abili-
ty to analyse individual biological responses
across cell populations, to track the movement of
molecules within cells, to correlate responses with
cell cycle position or other inherent cellular
parameters, and to analyse two or more independ-
ent assay readouts from the same cell. Coupled
with appropriate hardware and analysis software
these reagents will allow this level of sophistica-
tion to be achieved in high throughput with robust
assay performance.

In what today may be viewed as the traditional
heartland of cell based drug discovery assays, two
relatively mature technologies, FLIPR™
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High sensitivity Allows detection with minimum
perturbation of cell physiology

Non-destructive Allows temporal analysis and cell selection
Cross-platform Compatible with use on different

instrument platforms, eg flow cytometry,
plate readers and imaging systems

Multiplexing Choice of fluorescence parameters allows
use in conjunction with other fluorescent
reporters in same cell
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(Molecular Devices) and VIPR™ (Aurora
Biosciences) are used extensively for screening
GPCR13 and ion channel targets14 using calcium
and voltage sensitive fluorescent probes. These
assays are based on measurement by macro imag-
ing and consequently yield data at the cell popula-
tion level; fully exploiting the potential of cell
based assays requires the ability to acquire data at
the cellular and sub-cellular level.

The most significant advance in realising the
potential of cell assay technologies has been the
development of high-resolution, high-throughput
imaging systems which are capable of multicolour
detection of fluorescence reporters in fixed and
live cells. The ArrayScan™ from Cellomics15 is a
first-generation example of microscope imaging
adapted to a high-throughput platform for ‘high-
content screening’. The ArrayScan has been
applied to analysis of GPCR internalisation16 and
a number of other applications17, with the major-
ity of assays being performed on fixed cells. A fur-
ther development of this platform, the ArrayScan
Kinetic, has been designed to extend the capabili-
ties of the system for live cell assays. Further cell
based platforms have been developed by Acumen
and others18.

The most recently developed cell analysis plat-
form, the IN Cell analyser19,20, from Amersham
Biosciences, is a line scanning confocal cell imaging
platform capable of high-speed simultaneous three-
colour fluorescence image acquisition and analysis
from live cells in 96 and 384 well microplates.

These high-throughput cell imaging systems
have the potential to address a broad coverage of
the drug discovery process from functional
genomics to secondary screening and beyond
(Figure 2).

Development of intrinsic and extrinsic fluores-
cent probes for cellular assays is a rapidly advanc-
ing area, and is being pursued in many biosciences
companies and academic laboratories. One of the
largest areas of continuing development is in appli-
cations of GFP, and other more recently isolated
new fluorescent proteins (NFPs)21 being developed
by Clontech and others, which will undoubtedly
allow the development of increasingly advanced
live cell assays. Recent agreements and collabora-
tions between Aurora, Amersham Biosciences and
the Danish biotech BioImage A/S, have resulted in
the development of a range of GFP assays to
analyse key intracellular signalling pathways by fol-
lowing the redistribution of GFP fusion proteins in

Figure 2
Cell imaging assays in drug discovery. High-context live cell assays can be applied across a broad range of drug

discovery activities. Broad use in high-throughput and ultra-high throughput screening is currently constrained by the
logistics and scheduling issues of handling very large numbers of live cell assays. Adapting assays to a fixed cell format

can overcome this problem in some applications
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live cells in real time22 (Figure 3). These types of
assays will see libraries of cell lines engineered to
report on key cellular processes become standard
robust tools for drug discovery23. The combination
of GFP with high-throughput subcellular imaging
offers a powerful and generic approach to monitor-
ing intracellular events, and has recently been used
to great effect in GPCR assays by Norak24. 

As high-throughput imaging instrumentation
continues to advance, further developments of
intrinsic biosensors25,26 based on GFP and NFPs
offer the potential to monitor protein:protein inter-
actions directly in real time and space. The ability
to follow cellular protein connections in situ is a
key area for further development of target valida-

tion and screening assays and a number of
approaches show promise27, including methods
based on enzyme reassembly or complementation
such as the DHFR system developed by Odyssey28.

Advances in intrinsic biosensors are paralleled by
developments in extrinsic probes and reporters29.
Reporter gene assays continue to be refined and
made compatible with non-destructive assays.
Aurora’s GeneBLAzer™ system was the first to
allow gene expression control to be analysed in liv-
ing cells using different detection platforms, includ-
ing FACS isolation of responsive cells30. More
recently, Amersham Biosciences has developed a
live cell reporter gene system based on its core
Cyanine dye technology. The nitroreductase gene
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Figure 3
Live cell NFκB redistribution assay in a 384 well plate. A stable cell line expressing a NFκB-GFP fusion protein was

stimulated with Interleukin 1ß and distribution of the GFP tagged transcription factor between the cytoplasm and the
nucleus measured before (T0) and after (T30) stimulation
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reporter system31 uses CytoCy substrates in which
enzyme activation is independent of the chro-
mophore. This allows fluorescent substrates to be
designed in a range of colours to allow matching to
different instrumentation and multiplexing with
other cellular reporters, including GFP. Further
development of Cyanine dyes as cellular probes
include CypHer™532, a pH sensitive analogue of
Cy™5 which allows imaging of internalisation of
GPCRs and other cell surface receptors in multi-
plexed assays with GFP. 

A next generation of extrinsic cellular sensors
based on site-specific labelling of recombinant pro-
teins33 or protein domain ligation34 have the
potential to provide tools for directly visualising
cellular events that, for reasons of steric hindrance,
are refractory to the use of large fluorescent pro-
tein labels such as GFP. These techniques will also
permit the use of new fluors, and new combina-
tions of fluors, and allow a wider range of fluores-
cence detection techniques, including time-
resolved, lifetime and polarisation to be applied to
cellular assays. Coupled with advances in imaging
hardware such sensors may also come into play in
dissecting cellular processes at even finer detail
through single molecule detection35. Further scope
for multiplexed analyses is provided by new class-
es of inorganic fluors based on nano-crystals and
quantum dots36 which offer extremely photostable
narrow bandwidth labels. 

Of course, fluorescence is not the only
method of monitoring cellular events and as
technologies advance other modes of detection
will be employed alongside fluorescence assays,
including electronic methods based on electrode
arrays such as those produced by Panasonic37,
and cell-transistors38. Fully exploiting the
potential of cell assays will also require the
implementation of other complementary tech-
nologies which allow precise engineering of cell
phenotypes on a transient or permanent basis
by modulating protein expression in target
cells39,40.

It is self evident that cellular assays are only as
powerful as the available probes and reporters.
Full integration of increasingly sophisticated cell
analysis tools with enabling hardware will allow
advancement of target validation and screening
from ‘high-content’ to ‘high-context’, and provide
a technology continuum to address biological
questions from phenotype to screenotype. Making
and using these tools to unravel the interacting net-
works41,42 of biological systems using cell assays
offers an ongoing challenge. We will continue to
live in interesting times. DDW
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