
Flow cytometry: a versatile tool 
for all phases of drug discovery 
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The applications of flow cytometry are being extended 

beyond cells into molecular interactions and genomic 

analyses. The authors explain how instrumentation 

and reagent development are combining to improve 

flow cytometric throughput by orders of magnitude 

beyond that possible just a few years ago, such that 

the combination of sensitivity, throughput and versatil- 

ity makes flow cytometry an analytical platform with 

applications at all stages of drug discovery. 

F 
low cytometry is a sensitive and quantitative plat- 
form for the measurement of particle fluores- 

cence’s*. Traditionally, the particles studied are 
cells, especially blood cells, and it is used exten- 

sively in immunology. The applications of flow cytometry 

in pharmacodynamics and drug delivery have been re- 
viewed recently3. 

In flow cytometry (Fig. 11, the particles in a sample flow 
in single file through a focused laser beam at rates of hun- 
dreds to thousands of particles per second. During the 

time each particle is in the laser beam, on the order of ten 
microseconds, one or more fluorescent dyes associated 
with that particle are excited. The fluorescence emitted 

from each particle is collected through a microscope ob- 
jective, spectrally filtered through dichroic mirrors and 

bandpass filters, and detected with photomultiplier tubes. 
The fluorescence measurements are sensitive, with com- 
mercial instruments having detection limits of several hun- 
dred fluorophores per particle. With the use of appropri- 
ate standards and calibration protocols, the measurements 

can be made quantitative4q5. Because even the least ex- 
pensive commercial instruments can detect three or four 

colors simultaneously, the analysis is intrinsically multi- 
parameter. Because the flow cytometer can resolve free 

probe from that bound to particles, binding measurements 
often do not require a washing step. Particles can also 

be sorted on the basis of the fluorescence properties they 
exhibit. 

Instrumentation advances 
Several recent instrumentation advances promise to extend 
the sensitivity and range of flow cytometric measurements. 

By using pulsed-laser excitation and time-gated detection 
with avalanche photodiodes, the detection limit for fluor- 

escence in a flowing sample stream has been pushed to a 
single fluorescent molecule6. Increases in sensitivity have 
allowed the detection of small biological entities including 

individual DNA fragments’ and individual lipoproteins?. 
Modulated laser beams and phase-sensitive detection have 

enabled the measurement of fluorescence lifetimes on cells 
or particles9J0. The use of multiple lasers, detectors and 

dyes have allowed as many as ten different parameters to 
be used to characterize complex cell populations”. 

Sample handling 
Another area of instrumentation development that is ex- 

tending the capabilities of flow cytometry is in the auto- 
mation of sample handling. The need for this in kinetic 

measurements and large-scale assays has been recognized 
for some years, but the capabilities of commercial instru- 

ments are limited essentially to less than two samples per 
minute. Recently, computer-controlled sample mixing and 
delivery systems have been adapted to provide flow cy- 
tometers with advanced sample-handling capabilities. A 

significant advance was the coupling of a stepper motor- 
driven mixing device to a flow cytometer to provide sample 
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Z .I \ Sample tensity in a manner analogous to a 

surface array (Fig. 2). Such ‘soluble 
arrays’ of microspheres are similar in 
concept to microarrays prepared on 

slides or microchips, except that the 
positions in the array are determined 

by fluorescence intensity, rather than 
by the physical location on a flat sur- 

face. This allows the array to be han- 
dled as a liquid and to be reconfig- 
ured readily by replacing individual 

microsphere elements. 

Figure 1. In a flow cytometer, particles (cells or microspheres)Jow in 
single file through a focused laser beam where one or morepatiicle- 
associated fluorescent dyes are excited. Emitted fluorescence or light scatter 
from each particle is collected, spectrally filtered, and detected on 
photomultiplier tubes. Multiple optical signals can be detected without the 
needfor a wash step, at rates of hundreds or thousands ofparticlesper 
second. i7esolution between free and bound probe is achieved because 
particles are illuminated in a vey small volume (-20~0 defined by the 
areas of intersection of the laser beam and the sample stream Cmagnafied 
view). Under these conditions, the signal from free probe in this volume is 
small compared with the signalfrom fluoropbore concentrated on the 
particle, and measurements can often be made without washing awayfree 
Juoropbore. 

Detectors 

Cellular screening assays 

mixing and delivery to support continuous kinetic analysis 

with subsecond resolution l2 With delivery times under . 

0.5 s and the ability to perform complex, multistep-mixing 
protocols’“, rapid-mix flow cytometry has made sensitive 
and quantitative real-time kinetic measurements of 
molecular interactions a reality. The adaptation of flow- 
injection analysis (FIA)-based sample handling14 not only 

provides fast kinetic capabilities, but also enables the un- 
attended execution of a series of experiments13z15. The de- 
velopment of robust automated sample handling compati- 

ble with laboratory automation systems can potentially 
provide sample throughput on the scale required for drug 
discovery applications. 

Microsphere reagents 

The development of new types of microspheres offers an- 
other avenue of opportunity. Just as solid-phase combina- 
torial chemistry plays an important role in drug discovery, 
bead chemistry will augment the display of targets, li- 

Multiparameter flow cytometry has, 
to a considerable extent, been de- 

veloped and commercialized with 
immunophenotyping as a goal. 
Immunophenotyping consists of 
measuring several surface antigens 
and detecting them individually with 

antibodies in complex mixtures, such 
as white blood cells. The subsets of leukocytes from blood 

samples can readily be distinguished using a combination 
of specific antibodies against surface markers and the 
unique light-scattering properties of individual cell popu- 

lations In general, the side scatter contains information 
about cell granularity and the forward angle scatter con- 

tains information about cell size. 
Flow cytometric instrumentation in its current form 

opens the door for many potential screening applications, 
For example, when leukocyte populations are studied, 
light scatter alone is sufficient to resolve the major cell 

types ‘s. Lymphocytes (T and B cells) are typically the 
smallest cells, having few granules and, thus, show low 
scatter. Monocytes have few granules but are larger and, 

thus, show similar side scatter but higher forward scatter. 
Granulocytes (neutrophils, eosinophils and basophils), 
with increased granule content and size, show both in- 

creased side and forward angle scatter. Antibodies resolve 
the specific subsets within the major populations. This 

braries and the analysis of their inter- 
actions by flow cytometry. A particu- 

larly promising direction, multiplexed 
assays, involves the use of micro- 

spheres stained with discrete levels of 
one or more fluorescent dyes16*17. 

Particle subpopulations associated 
with a particular target can be identi- 
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Figure 2. Microsphere arrays. Polystyrene 
microspheres can be stained with one or more 
fluorescent dyes, such that individual microsphere 
subsets can be identified. In this example, 
microspheres are stained with different levels of an 
orange- and red-emitting dye, allowing the 
identajkation of 64 discrete subpopulations. Each 
subpopulation could display a different molecular 
target, each of which in turn could bind a different 
soluble iigand labeled with a green-emitting 
jluoropbore. Fl2 and Fl3 are orange and red 
fluorescence channels, respectively. Reproduced with 
permission, from Ref. 17. 

means that distinct fluorescence parameters (spectral re- 
gions) can be used to distinguish ligand (FITC-labeled), 

antibody binding (for example, phycoerythrin-labeled anti- 
bodies) and intracellular calcium responses (with the 

chelating dye Fluo-3, for instance). 
Investigators have also taken advantage of fluorescent 

nuclear stains to resolve nucleated cells in whole blood 
(the leukocytes) from the non-nucleated red cells and 

platelets’“. In screening assays it is possible to identify the 
presence of an antagonist that, for example, blocks the cal- 

cium response to a stimulus, both in isolated leukocytes as 
well as a whole blood sample. In leukocyte preparations, 

the specific subset of cells responding to the stimulus can 
be characterized. An important further motivation for per- 
forming such experiments in blood samples is the ability to 

measure the presence of an antagonist in the circulation of 
an animal or a subject treated with the drug. Because the 
antagonists are likely to be washed away when the white 
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blood cells are isolated from the other blood components, 
the whole-blood analysis provides the potential for analyz- 

ing the pharmacokinetics and the efficacy of the drug. 
In addition to intracellular calcium and antibody binding 

to cell surface receptors, there are a remarkable number of 
relevant cell characteristics that are conveniently measured 

by flow cytometry. Many ligands for cell surface receptors 
have been labeled fluorescently, so that screening for the 
presence of drugs that block ligand binding is possible. For 

ligands that stimulate cellular responses, the presence of 
drugs that block the cell response can be measured in end- 

point or kinetic assays. Endpoint assays include, but are not 
limited to, metabolic responses like oxidant production20; 

cell cycle2r; activation of reporter genes22; apoptosis23; anti- 
gen upregulation or downregulation; and expression of 
neoantigens. In addition, several cell responses are short- 

lived and might require either a kinetic time-course or a 
measurement at a fixed, short time. These include re- 

sponses such as calcium elevation24, membrane potential25 
and pH changes 26 Flow cytometry is also well suited for . 
determining the toxicity of candidate drugs on cells. 

The technique is now commonly used in the analysis of 

cell adhesion both in homotypic interactions, where the 

fluorescence and light scatter properties of a cell doublet are 
different from a singlet, and in heterotypic adhesion, where 
the aggregated conjugate is readily distinguished from the 

unaggregated cells . l9 Adhesion assays are likely to have im- 
plications in the analysis of ligands for adhesion receptors, 

cytokines that stimulate cell adhesion, and in diagnosing 
diseases that have altered cell adhesion as a component. 

There are several situations where the use of cells in 
screening is less desirable. These might include cases 
where the assays require time periods that are longer than 

the cells are stable for or conditions where analysis of a 
specific intracellular molecular assembly is required. In 

cases like these, taking advantage of the display of cellular 
molecules in a variety of cellular and non-cellular condi- 
tions is possible. The cellular conditions could include cell 

preparations that were stabilized to retain ligand binding, 
or preparations using mutant receptors whose internaliz- 

ation was prevented by their molecular manipulationz7. AS 
described below, the non-cellular approaches include the 
display of purified proteins, cell membranes and other cell 
fragments on microspheres. 

Analysis of molecular interactions in vitro 
Much of modern biomedical research, including drug dis- 
covery, involves the analysis of molecular interactions. 
Important interactions include those between ligands and 

receptors, enzymes and substrates, and compounds and 
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their potential cellular targets. Traditionally, the methods 
used to study such interactions depended on the biological 
molecules being studied 28. They were almost always dis- 
continuous assays requiring a separation step. For instance, 
protein-nucleic acid interactions are often studied using gel 
electrophoresis or filtration, while interactions between li- 
gands and membrane-bound receptors often involve cen- 
trifugation. Such approaches are often suitable for endpoint 
assays, but are not appropriate for kinetic analysis of 
rapidly equilibrating systems. Homogeneous assays involv- 
ing fluorescence or other optical methods such as surface 
plasmon resonancez9 or evanescent waves30 are more ap- 
propriate for kinetic characterization, but typically have 
limitations in sensitivity, throughput and quantification. 

Recently, flow cytometry has begun to be recognized as 
a versatile platform for molecular interactions of all types. 
By immobilizing one species of biomolecule on the sur- 
face of microspheres and fluorescently labeling its interact- 
ing partner, the interaction between the two can be 
measured as a change in microsphere fluorescence. The 
resulting method has several beneficial characteristics. The 
overall sensitivity depends upon the number of particles 
(hundreds to thousands) and the number of molecules per 
particle (thousands), with an ultimate detection limit of at- 
tomoles (lo-‘a> of bound complex. For complexes that are 
stable over time frames of seconds or form with Kds of no 
higher than tens of nM, the assays are homogeneous, re- 
quire no wash steps and can provide continuous kinetic 
resolution. Because the analysis is multiparametric, it per- 
mits the simultaneous resolution of the interaction of mul- 
tiple ligands with one target, or of multiple ligands with 
many targets. In addition, the approach can be employed 
with almost any biomolecule, provided that the appropri- 
ate immobilization and labeling strategies are availablez8. 
In addition to the traditional approach of probe conju- 
gation, labeling using green fluorescent protein (GFP) 

chimeras is becoming popular3’. A very recent approach 
involving the incorporation of a covalent labeling site into 
ligands or targets has been introduceds2. 

Biomolecules bearing affinity tags can be immobilized 
on microspheres bearing the corresponding recognition 
unit. An example is the binding of biotinylated ligands to 
avidin-coated microspheres. Synthetic biotinylated, fluor- 
esceinated DNA substrate bound to streptavidin micro- 
spheres allows the analysis of cleavage by the structure- 
specific nuclease human flap endonuclease-1 (FEN-1)33.34. 

The combination of low substrate concentrations and sub- 
second kinetic resolution allows the kinetic characteriz- 
ation of the cleavage mechanism as well as a structural 
analysis using site-directed mutant enzymes. 
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Proteins provide an especially difficult challenge for im- 
mobilization Chemical biotinylation of the G protein B/T 
subunit allows successful immobilization on streptavidin- 
coated microspheres for the analysis of binding by fluor- 
escently labeled subunit35z36. A more generally useful ap- 
proach might be to incorporate the affinity tag during 
protein expression. This allows proteins to be labeled at a 
specific site and to be immobilized on a surface with a 
homogeneous orientation. Examples include the binding 
of his-tagged FEN-l to Ni w  beads3’ and biotinylated, en- 
hanced GFPs to avidin beads%. Another approach is to as- 
sociate cell fragments with microspheres in a manner sug- 
gested by Sarvazyan et al.35 More recently, we have 
observed that membrane fragments as well as solubilized 
receptors can be displayed on particle surfaces in a func- 
tional form (J. Vilven, S. Lauer, J,P. Nolan, E.R. Prossnitz 
and L.A. Sklar, unpublished). 

Purified phospholipids can be assembled onto glass 
microspheres to form supported bilayer membranes. The 
resulting ‘lipospheres’ have served as a platform for flow 
cytometric analysis of membrane binding by fluorescently 
labeled coagulation factors39. Glycolipid receptors can be 
incorporated into the bilayer to allow studies of ligand 
binding (S. Lauer and J.P. Nolan, unpublished) and recep- 
tor aggregation40. 

Beyond the sensitive and quantitative analysis of bimol- 
ecular interactions, the multiparameter measurement capa- 
bilities of flow cytometry enable more sophisticated analy- 
ses. By labeling different soluble ligands with different 
fluorescent dyes, it is possible to measure simultaneously 
the assembly of multimolecular complexes. Energy transfer 
between selected fluorophores can be used to measure 
distances between members of such a complex. 
Fluorescence energy transfer upon aggregation of mobile, 
lipid-linked receptors has been used for the sensitive de- 
tection of biological toxins in unknown samples40. 
Multiplexed analysis of binding to several targets is also 
possible using differently dyed or sized microspheres. 
Such approaches have been used in the design of multi- 
plexed immunoassays16s41, and can also be used to study 
the interaction of enzymes with multiple substrates cJ,P. 

Nolan et al., unpublished) or of ligands with multiple re- 
ceptors. Such multiplexed analysis greatly increases the 
information obtained from a single experiment. 

Flow cytometric genome analyses 

As efforts to complete the sequencing of the human 
genome accelerate, increased attention is being focused on 
ways to use this new information. Two types of infor- 
mation that can be exploited to identify new drug targets 

DDT Vol. 4. No. 4 April 1999 



are differential gene expression and individual genetic 
variation. In gene expression analysis, cDNAs are arrayed 
to monitor the levels of hundreds or thousands of mRNAs, 

and each gene product is a potential drug target. 
Individual genetic variation, especially at the level of the 

single nucleotide polymorphism (SNP), provides land- 
marks to help extract critical information from the genome. 
Pharmacogenomic studies aim to use these genetic mark- 
ers to aid the mapping of disease-related genes, the identi- 

fication of new drug targets, the identification of optimal 
populations for clinical trials, and the screening of patients 

to determine the appropriate therapeutic course. For the 
analysis of gene expression and genetic variation, many 
genetic elements will need to be analyzed in parallel, in 

hundreds to thousands of individual samples. The much- 
publicized ‘DNA chip’ approach, involving two-dimen- 
sional microarrays of nucleid acids, holds great promise for 

highly parallel analysis of hundreds of thousands of gen- 
etic elements. The realization of this promise requires that 
several technical and practical limitations be addressed, 
namely relatively long sample preparation and analysis 

times and the large investments in set-up time and cost. 

Microsphere arrays for flow cytometry offer several ad- 
vantages. First, the preparation of microsphere-based nu- 
cleic acid arrays can be accomplished on the lab bench 
with well-known chemistries and commercially available 

reagents. Second, because each array element is prepared 
separately, arrays can be rapidly reconfigured by remaking 

individual elements, rather than the entire array, as would 
be required for a physical two-dimensional array. Third, 
while current microsphere arrays contain fewer elements 
than flat arrays (dozens or hundreds compared with thou- 

sands), analysis times can be much faster with flow cytom- 
etry (less than a minute compared with minutes to hours). 

Finally, microspheres represent a soluble surface that can 
be transported and mixed by conventional sample- 

handling technology. These advantages are especially im- 
portant for genome analysis, where the sample numbers 
are especially large. 

Flow cytometry is now being used in hybridization- 
based analysis for the detection of specific nucleic acid se- 
quences42. This approach involves applications such as the 
detection of signature sequences from bacterial or viral 
pathogens and the detection of specific mRNAs. Individual 

genetic variation at the level of the SNP can be detected 
using enzymatic approaches involving DNA polymerases 
or ligases, both of which have been adapted to micro- 

spheres42. The discovery of new SNPs can be facilitated 
through the use of proteins that recognize the single base 
mismatches that result when heteroduplex DNA molecules 
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are formed43,44; this approach is also amenable to flow cy- 

tometry‘r5. The multiplexed analysis of many genomic sites 
with the high sample-analysis rates of flow cytometry rep- 
resents a powerful combination for realizing the potential 

of the Human Genome Project in drug discovery and 
development. 

Comparison of flow cytometry with other 
screening approaches 
A comparison of flow cytometry and microplate-based as- 

says is worthy of specific comment. Plate assays are com- 

monplace in the analysis of cell physiology and molecular 
assemblies. For example, microplate-based detection for- 
mats show promise in endpoint assays that measure stable 

cellular responses to the presence of receptor ligands and 
antagonist drugs. Moreover, it is feasible to perform kinetic 

assays in 96- or 384-well plates, where the response, such 
as an elevation of intracellular calcium, is transient. The 

ability to use flow cytometry successfully in a parallel man- 
ner depends upon two elements: the effective use of auto- 
mated, repetitive sample handling (ten or more samples 

per minute) and the potential for simultaneous analysis of 
multiple targets (ten or more) where the targets are distin- 

guished by multiplex detection strategies. 

Homogeneous binding assays 

There is considerable interest in the development of 
homogeneous fluorescent assays for molecular interac- 

tions. Plate or suspension assays are heterogeneous when 
the reactants and products need to be separated. The need 

for a separation step is usually due to the fact that the 
products and the reactants have the same fluorescence 
characteristics. There are several strategies for distinguish- 

ing the fluorescence characteristics of reactant and prod- 
ucts: for example, by using chromogenic substrates in en- 

zyme assays or by using fluorescence polarization or 
resonance energy transfer in binding interactions. Flow cy- 
tometry is unique in that no spectral change is required for 

the distinction between free and particle-bound probe. 

Further, measurements can be made with very low con- 
centrations of receptor, avoiding ligand depletion and 
enabling the accurate measurement of high-affinity inter- 
actions (Box 1). 

Sample throughput 

The multiparameter elements of flow cytometry can be 
put to further advantage. Not only can cell subpopulations 

and their responses be resolved, but also many combi- 
nations of cell response and binding interactions can 
be detected. There are, however, several commonly 
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perceived weaknesses in flow cytometry, especially for 
high-throughput screening of drug libraries. While com- 
mercially available sample handling for flow cytometry is 
largely limited to sample-tube carousels, sample delivery 
from 96well plates is a feasible approach. The sampling 
format is sequential for end point assays in flow cytometry, 
with each sample generated individually and then individ- 
ually delivered to the flow cytometer at rates of l-2 sam- 
ples per minute. Strategies that are likely to enable flow 
cytometry to achieve higher throughput include improved 
sample handling to allow on-line or continuous sampling 
and multiplexed analysis, which allows one drug to be 
screened against several targets simultaneously. 

Because flow cytometers can analyze thousands of cells 
per second, but only several hundred are required to ob- 
tain adequate statistical information, individual assays re- 
quire a second or less to perform. It has also been shown 
that samples can be delivered rapidly to a flow cytometer, 
that stable sample flow can be achieved in periods under a 
second12J5 and that, in principle, repetitive samples can 
be delivered more or less continuously by separating 
biological samples with plugs of buffer (B, Edwards, 
F. Kuckuck and L.A. Sklar, patent pending), With the ap- 

propriate front end for sample handling and a computer- 
ized acquisition and analysis scheme, the possibility exists 
to analyze up to 60 samples per minute in conventional 
flow cytometry. This sampling capability could be poten- 
tially extended with microfluidic sample-handling systems. 

Parallel analysis 

Multiplex analysis is a familiar concept in flow cytometry 
as represented by the simultaneous analysis of several 
populations of cells or beads. In its most ambitious form, 
one could envision several populations of cells, with each 
population expressing individual target molecules. These 
target molecules could represent specific receptors for 
which fluorescent ligand molecules were available. If the 
ligand for each receptor were conjugated with the same 
fluorescent ligand, it would be necessary to distinguish the 
individual cell populations. One way of doing this would 
be to label each population with varying levels of two dif- 
ferent dyes that could be detected separately. If five sep- 
arate staining levels were achieved with each dye, 25 sep- 
arate targets could be resolved. A ‘hit’ would represent any 
drug that blocked the binding of ligand to one of the tar- 
get populations. A complementary approach would be to 
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mix the target cells in the presence of stimuli specific to 

each of them. Hits would be identified when a cell popu- 
lation in the mixed population had its response inhibited. 

Because the ligand does not have to be depleted in 

these assays, the cell number in the assay only plays a role 
in the speed of signal acquisition. Accurate measurements 
can be made with 1000 particles, at rates of analysis ulti- 
mately approaching 100,000 particles per second. Data 

from a single target displayed on 1000 particles per ~1 is 
readily analyzed in a second. A sample volume as small as 

1 p,l is required if the appropriate microfluidic-handling ca- 
pabilities were available for mixing the sample and deliv- 
ering it to the sample line of the flow cytometer. By com- 

bining the best features of sample handling, multiplexing 
and data acquisition, one could envision a system with the 
following characteristics: samples would represent 100,000 

cells in a volume of 10 ~1; there would be 1000 cells for 
each of 100 different targets; each target would have a dis- 
tinct ligand, but the targets would be resolved by a multi- 
plex approach; each sample would screen 100 targets 

against a single component of the library; and a new sam- 
ple would be delivered every few seconds. 

Prospects for flow cytometry in drug discovery 
The capabilities described above represent a unique com- 

bination of measurement possibilities that make flow cy- 
tometry an extremely flexible analytical platform. These 

features provide powerful assay potential at several stages 
in the drug discovery process. 

Target identification 

The process of drug discovery starts with the identification 
of appropriate drug targets. This process promises to be 

greatly facilitated by the availability of sequence from the 
Human Genome Project. New targets can be identified by 
either screening for mRNAs that are upregulated or down- 

regulated in response to experimental stimuli, or by map- 
ping phenotype- or disease-related genes using genetic 
markers, such as SNPs. The speed of both of these ap- 

proaches can be facilitated by microarray-based methods, 
and flow cytometric analysis of microsphere-based 
microarrays provides experimental flexibility, sensitivity 
and throughput for large-scale genomic applications. 

Cellular targets 
Flow cytometry now plays a central role in the develop- 
ment and presentation of targets for drug discovery, Much 

of the detection technology for high-throughput screening 
requires cell lines expressing the appropriate molecular 
targets. While these targets are typically receptors ex- 
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pressed by native biological cell types, it is often not poss- 
ible to obtain native cells in adequate quantity with the 
uniformity of target expression, the uniformity of response, 

and the stability required for screening assays. Thus, a cru- 
cial part of drug discovery now depends upon cell lines 
into which targets and/or cellular response pathways have 

been stably and uniformly transfected. Flow cytometry is 
widely used for sorting clonal cell lines of uniform popu- 
lations of responsive, target-bearing cells, and it is 

uniquely capable of sorting cells whose responses are 

transient, lasting only for seconds. 

Primary and secondary screening 
The screening of large libraries of compounds requires 

high-throughput analysis. The targets might be purified 
molecules or transfected cells bearing a receptor of inter- 

est. Currently, initial library screens are most often per- 
formed as endpoint assays in a microwell-plate format, al- 

lowing the parallel analysis of hundreds or thousands of 
assays every few minutes. Flow cytometry does not 
presently approach this analysis throughput although, as 

described above, the combination of multiplexed analysis 
with automated sample handling could allow the analysis 

of hundreds of assays per minute. Because combinatorial 
libraries are often prepared on microsphere solid supports, 
the possibility of physically sorting microspheres that 

bound a labeled receptor offers the potential for extremely 
efficient primary screens 48,*9 Compounds scored as hits in 
a primary screen are typically subjected to secondary 
screens to profile target affinity, stability and efficacy in 
live cells. The ability of flow cytometry to make quantita- 

tive measurements on microspheres or cells with continu- 
ous kinetic resolution offers an attractive platform for 

more-detailed characterization of compounds of interest. 
For instance, it is possible to analyze receptor binding and 

cellular response in several cell types simultaneously. 

Animal tests 

Ramanathan has recently reviewed several applications of 
flow cytometry in pharmacodynamics and drug deliverys. 

However, even though flow cytometry is beginning to be 
used to determine the presence of drugs in the circulation 
of test subjects50, several other applications have not been 

widely appreciated. It is already clear that physiological 
mediators can be detected by bead-based immunoassays*l. 

Moreover, particle-based assays would appear to provide 
an approach for detecting drug molecules or their metab- 
olites directly. The use of competitive assays would allow 

antibodies against drugs or small molecules on beads to 
detect circulating drug in the presence of a fluorescent 
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drug analog. Alternatively, by covalently attaching a drug 
to a bead, the drug in the test sample could be detected by 

competing for fluorescent antibody binding to the bead 
(T. Buranda and L.A. Sklar, unpublished). 

Summary 
Flow cytometry is uniquely capable of the sensitive and 
quantitative molecular analysis of genomic sequence infor- 

mation, interactions between purified biomolecules and cellu- 
lar function. Especially powerful are the possibilities for multi- 

plexed analysis of multiple factors or endpoints. Combined 
with automated sample handling for increased sample 
throughput, these features make flow cytometry a versatile 
platform with applications at many stages of drug discovery. 
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