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1. Field of the Igvegtlon

| Signal—transduclng receptors mediate fundamental
aspects of cell physiology, growth, differentiation, endocr;ne,'
paracrine and exoérine'signalling, and other properties of
cells. Because of the importance of these receptors (and their
cognate ligands) in human health, the identification of
compounds that antagonize or agonize receptor adtivity will
have profound consequences in medicine. The development of
efficlent, high capacity assays for such compounds is important
for the development of therapeuﬁic'agents to treat human
diseases.

_ Receptor-mediated signal transduction occurs when the
raceptor binds its ligand and is activated, initiating a
variety of cellular responses. Although the particular.
responses to ligand binding depend on the receptor and cell
type, the repertoire of early responses characterxistic of
receptor- activation includes dimerization or oligomerization of
multi-subunit receptors, receptor autophosphorylation,
substrate phosphorylation, and receptor association with
specific cellular proteins., As a consequence of receptor
activation by ligand, subsequent changes in the c¢ell physiology
occur (involving, e.g., mitogenesis, specific gene activation,
phosphatidylinositol turhover, phospholipase A2 activation, and’
changes in cell shape, cellular calcium concentration, and
intracellular pH). In some cases, signal transduction and the
resulting changes in cell physiclogy can be bleocked by
interference with an earxly response characteristic of receptor
activation. TFor example, ihhibition of the tyfosine'kinase '
activity by phosphotyrosine—contéining peptides can prevent
signal transduction (Pazin & Williams, 1992), Similarly, when
hoterodimerization of wild-type .fibroblast growth factor
receptor (FGF=R) or platelet~derived growth factor receptor
(PDGF-R) is prevented by expressing inactive, mutant receptors
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One class of signal-transducing receptors, the growth
factor receptors, is of particular interest, due in part to the
implication of some growth factor receptors in a wide range of

10 human diseases (e.g., cancer, cardiovascular disease, and
inflammatory diseases). Many growth factor receptors belong to
the tyrosine kinase family of receptors, which includes °
platelet—~derived growth factor receptors (PDGF-R), fibroblast
growth factor receptors (FGF-R), and others.

15 Tyrosine-kKinase activity of such growth factor
receptors is induced by ligand binding to the receptor
extracellular domain, and results in both autophosphorylation
and substrate phosphorylation; additionally,
transphosphorylation (the phospherylation of one receptor

20 subunit by another,.associated, subunit) may occur. Activation
of some growth factor receptors is also characterized by
dimerization or oligpmeriz?tian of roceptor subunits.
Activation is aleo characterized, for come receptors, by
receptox association with specific cyteoplasmic proteins.

25 - Becaunse of the fundamental rols of signal
transduction in biology and medicine, it would be very useful
to have efficient methods for assaying receptor function. For
example, an assay that measures traits characteristic of .
receptoy activation (e.g., early responses such as receptor

30 dimerization, receptor-protein association, and tyrosine kinase
activity) would be desirable for identifyinq'therapeutics
targeted to receptors (e.g., growth factor receptors). o
| The methdds'presently available for measuring aspects

' of receptor function, such as dimerization and tyrosine

35 phosphorylation, are suitable for an academic laboratory
setting, but are not appropriate for high-throughput assays.
FPor example, receptor dimerization has been measured by
chemical cross-linking or immunoprecipitation followed by
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libraries of natural or synthetic compounds tor activity. . The

availability of efficient, high throughput assays of receptor

function will provide means to identify agonists and

10 antagonists useful as therapeutic agents for the treatmént of a

wide variety of human diseases.

Description of the Background act
Cleveland et al. (Anzlytical Biochem. 190:249, 1990)

15 describe a enzyme-linked immunosorbent assay (ELISA) assay to
neasure phesphorylation by partially purified tyrosine kinases.
This assay uses purified heterolegous substrate protein or
synthetic peptides immobilized on a microtiter plate. Others
(e.g., Babcook gt al. Analytical Biochem. 190:245, 1991:

20 Ritjkgen et al. Analvtical Biochem. 182:98, 1989) have
described similar assays for tyrosine kinase activity emploving
antiphosphotyrosine éntibodiesfand synthetic.peptide'
substrates.

Reed~-Gitomer (U.S. Patent Application No. 07/341,949)

25 describes an ELISA-~based assay used to distinguish between
various dimeric forms of platelet-derived growth factor {PDGF).

Lazarus et al. (Symp. Soc. Exp. Biol. (ENGLAND) 45;
129, 1991) describe a "sandwich" ELISA used to dewonstrate that
auxin binding induces a conformational change in an auxin-

30 pinding protein of maize. Xeating et al. (J. Biol. Chem.
263:12805, 1988) used immupoprecipitation and gel

- electrophoresis to demonstrate phosphorylation-dependent
conformational changes in activated PDGF receptors. Nelson
et al. (J. Clin. Immuno. 6:114, 1986) used a sandwich ELISA for

35 neasuring soluble and cell-associated interlcukin-2 receptors
(IL2-R), to demonstrate increased IL2-R release and expression
by stimulated lymphocytes.
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receptor§ (efar sqrenmindzﬁumoagbnéaps06s)anﬁagbnm§ﬂmodt reesptbly avail able
for measuring.aspeS,. These methods utilize whole cells expressing the '
receptor of interest and comprise the steps of (i) treating the .
cells with agonists. antagonists, and/or test compounds,
(ii) preparing a cell lysate from the treated cells, and
10 (iil) assaying for receptor function using a two-antibody
sandwich assay. Tne-two-antibody-sandwich assay employs an
immobilized first antibody (abl) that specifically binds and
capturas the receptor ¢f interest along with any tightly
associated proteins or polypeptides and a second antibody (ab2)
15 directed against (i) an epitope of the receptor that is
characteriatic of the activated but not the unactivated state,
(ii) an epitope of a protein or molecule characteristicaliy
bound to activated receptor but not to unactivated receptaor, or
(iii) an epitope of the receptor that is characteristic of the
20 unactivated but not the activated state. An important
'characterlstlc of the firet antlbody (abl) is that it captures
(specifieally binds) the receptor of interest whether activated
or not activated by the treatment. The level of binding of the
second antibody is determined and correlated with the presence
25 of activated (or unactivated} receptor, and thus with
activation (or lack of activation) in response to the treatment
received by the cells. Thus, the quantity of receptors that
are activated in cells can be determined. In some embodiments
additional antibedies are used to quantitate the total amount
30 of receptor present (allowing calculation of the fraction of
total receptor in the activated state) and for detection of
other antiquies; Thus, by determining the amount_of activated
' receptor_br~the prbpbftion'of total reééptdr activated in

variously treated cells, the agonizing or antagonizing activity
‘38  of a compound can be deterﬁined. 8imilarly by determining the
- amount of unactivated receptor or the proportion of total

receptor that is not in the activated state in variously

treated cells, the agonizing or antagonizing activity of a
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discovery of compounds that influence receptor activation.
5 : - The methods provided by the invention will find
| particular use for detecting activation of tyrosine kinase
growth factor receptors as assessed by receptor and substrate
phosphorylation, receptor dimerization and oligomerization, and
receptor association with specific cytoplasmic proteins.
10

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows assay results showing induction of
PDGF-R dimerization by PDCF.
15 Fig. 2 shows assay results showing induction of
PDGF-R autophosphorylation by PDGF.
Fig. 2 shows assay results showing association of
PDGF~-R and phospholipase cy in the presence of PDGF.

20 DESCRIPTION OF SPECIFIC EMBODIMENTS
T - Methods are brovidedffor assaying receptor function.
Generally, the receptors of interest will be growth factor
receptors, hut function of any receptor can be assayed by this
method provided that the receptor has at least one epitope that
25 is characteristic of the activated state but not the
unactivated state or at least one epitope that is
characteristic of the unactivated state but not the activated
state, and at least one epitope that is characteristic of both
the activated and unactivated (i.e., not activated) states. In
30 a preferred embodiment the receptof will have at least two
epitopes characterlstzc of both the actlvated and unactlvated
state. :
For the'sake of clarity, thrqughbut the ramainder of
this disclosure, methods used to determine the amount of
' 35 receptor in the activated state will be described (i.e., those
rethods employing an antibody directed against an epitope
characteristic of the activated state but not the unactivated
state). Tt will be apparent to one of ordinary skill in the art
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Total receptor— act;vated receptor + unactivated receptor.
A receptor is in an activated state when (i) it has
bound a ligand {i.e., a nmatnral ligand or other agonist that
binds the receptor) and is transducing a signal (e.g.,

10 association with specific cytoplasmic proteins) in the manner
characteristic of the binding of the natural ligand or (ii) the
receptor is transducing a signal in the manner characteristic
of the binding of the natural ligand even though nho ligand is
pound to the exXtracellular ligand binding site.

15 . A tyrosine kinase growth factor receptor is in an
activated state (a) if tne'tyrosine kinase activity of the
receptor is elevated, (b) if receptor polypeptides are
associated in dimers or oligomers, when such association is
elevated when the receptor is bound by a natural ligand of the

20 zreceptor, compared to unoccupied receptor, or, (c) if the
receptor is tightly associated with the intracellular oxr
mepbrane proteins vhose association with the'recéptof is
elevated when the receptor is bound to its natural ligand,
compared to unoccupied receptor. '

antag@nlsts useful as: tQﬁ{ﬁ pediti c agents for the treatnent of a w de

25 A ligand, as used herein, is a molecule or
macromolecule that binds an extracellular region of a receptor.
A “natural® ligand for a receptor is a ligand found in nature
'functionally associated with the receptor. For example, PDGT,
in the forms found in nature, is a natural ligand of the PDGF

30 receptors; insulin is a natural ligand of the insulin
receptors, etc.

 An epitope is the site on an antigen (e.d., a

receptot).that is recognized by an antibody or antibody

_ fragment. For the practice of this invéntion it is not

'35 necessary that the epitope bound be characterized in molecular
terms. The epitope is characterized in functional terms (e.g.,
the association of the epitope with activated receptor).

-
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phospheryl ati onf or mat i onal changes in activated PDG-
receptors. Cin. Inmmuno. 6:114, 1986) used a sandw ch
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expression will typically be at least 0. sx10% receptor
5 polypeptides/cell, with at least 10° receptor polypeptides/cell
- rore preferred, and at least 106 receptor polypeptldes/cell
most preferred. In a preferred embodiment, receptor-expressing
cells are produced by transforming eukaryotic cells with &«
recombinant polynucleotide encoding the receptor polypeptide of
10 interest (e.g., & receptor cDNA) to produce cells expressing or
overexpressing the recéptor polypeptides. In the most
preferred embodiments, mammalian cells are used. Methods for
recombinant expression of polypeptideé’are wall known in the
art (see, e.g., Sambrook gt al. (1989) Molecular Cloning: A
15 laboraterv Guide, Vols 1~3, Cold Spring Harbor Press, which ig
incorporated herein by raference) . It will sometimes be
desirable to express more than one polypeptide in a cell (e.q.,
for measuring dimerization of a heterodimeric receptor). In a
second embodiment, a cell line that endogenously expresses a
20 receptor can be identified by selection and screening. When
selecting feceptor-expressing cells, cells that express high
levels of receptor will géherallyfbe prefetred over cells
expressing lower levels of receptor. Methods for assessing
receptor expression levels are well Xnown in the art and
25 include immunological, binding competition, and functional
assays (see, e.g., Methods in Epnzymology, Vol. 128, 1931,
Barnes, D., Mathers, J.P., Sato, G.H. (Eds.) Academic Press,
Inc., which is inéorporated herein by reference).
The assays of the instant invention are suited to a
30 wide variety of receptoxs, but will be especially useful for
assaying function of growth factor receptors, especially
tyrosine kinase growth factor receptors. Examples of tyrosine
-.kingse'growth factor receptors include plételethderivéd growth"
factor receptors (PDGF-R), fibroblast growth factor receptors
35 (FGF-R), insulin receptor (In-R}, epidermal growth factor
receptor (EGF—R),-érythropoietin receptor (EPO-R), colony
stimulating factor receptor (CSF~R), stem cell factor receptor
(SCF-R), vascular endothelial growth factor receptor (VEGF-R),
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of bi ndi-ng the seco anti body 1s determ ne correl
preesence interest. General tissue culture techniques are well known in
the art and are described in, e.q., Methods in Enzvmologv, Vol
58, 1979, Jakoby, W. B. and Paston, I. (Eds.), Academic Press,
Inc., which is incorporated herein by reference., Media
10 appropriate for eukaryotic cells are well known and readily
available. Typically, the cell medium will be supplemented
with gerum (e.g., fetal bovine serum, FB3), which provides -
growth factors and essential nutrients. However, in some cases,
completa media that are not supplemented with FBS will be
15 preferred khecause all the components are known and such media
can be obtained free of contaminating growth factors and/or
compounds that interact with the receptor of interest and which
may affect the assay. In a preferred embodiment, cells will be
grown in multiwell cell eulture plates (sometimes refarred to
20 as microtiter plates) suitable for cell cultures, bhecause of -
the ease of screening large numbers of samplas using these
plates, Usually 96-well cell culture plates'will'be'used
(e.g., Falcon %6-well cell culture plates; Costar 96-well cell
culture plates, cat. 7 3596). Cells will be seeded according
25 to usual tissue culture practices at an appropriate cell
' density. This density will depend on cell~type, but typically
will be about 10* cells/well for adherent cells in 96~well
nicrotiter plates. If possible, cells should be seeded so that
they reach confluency in 1-2 days; '

x

30 - The cells will be grown te about confluency. For
cells grown in the presence of serum, it will sometimes be
desixable to incubate the conflucnt cells for about 24 hours
(at least 6 hours and typ;cally not more than 48 houra) ‘in a
serum~free medium in order to remove growth factors and/or

35. compounds that interact with -the receptor of interest.
However, often this will not be necessary or desirable becaunse
the medium in which cells are incubated is typically depleted
of growth factors during the process of cell growth and
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The assay can algso be carried out using nonadherant
cells, by makihg modificationes that will be apparent to one of
ordinary skill in the art. For example, non-adherent cells can

310 be grown and incubated with test compounds in suspension, and
can be centrifuged and resuspended aceording to usnal practice
to exchange media, collect for cell lysis, etc (see, e.g.,
Methods in Epzvmology Vol. 58, supra).
To assay for compounds that act as receptor function
15 agonists or antagonists, the cells are exposed to known
agonists, known antagonists, and/or test compounds which may
be, or may contain, agonists or antageonists. An agonist,
antagonist, or test compound may be a chemical compound, a
mixture of chemical compounds, a bioclogical macromolecule, or
20 an extract made from biological materials such as bactexia,
plants, funqi, or animal cells or tissues. Test compounds are
- evaluated for potentiél'activity as agonists or antagohists-of
receptor activation by inclusien in screening assays described
herein. An Uagonist" enhances the activity of a receptor; an
25 Vantagonist" diminishes the activity of a receptor. The terms
"agonist" and Yantagonist", as ﬁsed'herein, do not imply a
particular mechanism of function.

According to the method of the assay, when assaying
for agonist activity, recaptor-expressing cells will he

30 incubated with a known agonist, a test compound, or a
combination of the two. In a preferred embodiment, the cells
_are incubated with the agonist or test compound for about 1
hour at about 4°C. However, the time and temperature of .
incubation may range from about 1 minute to about 5 hours, and

35 from about 4°C to about 37°C, but will usually be at least
enough time for receptor activation by the natural ligand, if
such time known. Lower temperatures (e.g., 4°C) are generally
preferred to reduce the possibility of proteoclysis, |
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agonists and/or test combaunds,'the receptor will be activated
if there is a suitable receptor agonist preseht (e.g., in the
test compound) and no antagonist prasent.

When assaying for antagonist activity, receptor-

10 expressing cells will be incubated with a known antagonist, a
test compound, or a combination of the two, and, in addition,
will be incubated with an agonist. According to the assay, the
prasence of the agonist will cause receptor activation unless
antagonist is present. .

15 - - The order of addition of antagonist (or test
compound) and agonist can vary. The agonist and antagonist may
be added to the receptor-expressing cells simultaneously, or,
alternatively, the antagonist (or test compound) can be added
before addition of the agonist

20 The conditions (time and temperature) for incubaticns
when testing for antagonist act1V1ty are essentlally the same
as those described to agonlsts, supra, However, ‘when they are
added in secuence total time will not usually be longer than
five hours,

25 It may also be possible to use receptor-exprassing
cells that express a receptor variant that is in a
constitutively activated state (i.e., activated in the absence
of ligand; see, e.g., Roussel gt al. (1990) Oncoogene 5:25-30).
In this case, an assay for a compound with receptor antagonist

30 activity will not necessarily reguire incubation with a known
agonist.

The amount or concentratlon of agonlst/antagonlst :
added will, when known, vary dependlnq on the compound, but
will generally range from about 10pM to 100uM. Typically, a

35 variety of concentrations will be used. In the case of
uncharacterized test compounds it may not be possible, and it
is not necessary, to determine the ‘concentration of
agonist/antagonist.
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unactivated state but not the activated s ate and at | east one epltope
that is characteristic of both the activatéd and unactivated (i.e., not
activated) states. enm have at

| east two epitopes chﬁﬁé@igi i;@ 4%%#?2%%& ggtﬁﬁgggég V\&%ﬂ"é{%tivated

state. For ehges&Menh&lcbantrqlsttndughaumayheExsnglﬁaepfoﬁpphopriate

di scl osure, JRERGIS YABTuhE &%ﬂdfwecé&&c@@% Bpsi£¢R! BbnkBolle 1n

activated st S enp oylng an
ant i body d|Keétéagaﬁarn§§°§h5§p@@%beﬂahaﬁﬁﬂﬁéﬁv§tP9n§F°iﬁe°aBtF9§§E§estate

but not 4he :.&h&ﬁshﬂ.éhegfshélﬁé with Widrtb@oipRanaat (£Qe0)ecohpsuduBaKkiown
skill in the ar
not to have agenist activity) or in the abseénce of added
compounds. Positive contrels can include incubation of cells
with compounds known to have agonist activity (e.g., the
natural ligand). Logically similar (though complementary)

10 controls can be ineluded in assays for antagoniet activity, as

- will be apparent to one of ordinpary skill in the art of
biology, a2s will be various additional controls. The
description of controls is meant to be illustrative and in no
way limiting.

15 After exposure of the cells to test compounds, a cell
lysate is prepared. Methods for preparation of a cell lysate
are well known in the art (see, e.g., Methods in Fnzvmoloay
Vol. 198, supra) . Typically, cells are homogenized in the
presence of buffers (e.g., Tris-HCl, HEPES), nonionic

20 detergents (e.g., Tween-20; Tritonm X~100), and protease

 inhibitors (e.g., FMSF, aprotinin, leupeptin). other
iphibitors, such'as'phospnaiase inhibitors'(e;g.,
orthovanadate), may also be desirable. Typically conditions
are chosen that are nondenaturing to the cellular proteins of

25 interest. A preferred method for preparation of a cell lysate
is by addition of lysis buffer (20mM Tris-~HCL, pH 7.3, 150 mM
NacCl, 1% Triton X-100, 1mM PMSF, 1mM sodium orthovanadate, 10
pg/ml aprotinin and 10 ug/ml leupeptin) followed by cell
disruption (e.g., by shaking or soraping). Usually, when

30 preparing a cell lysate the insoluble matter in the cell lysate
is removed by centrifugation (e.g., 10,000 xg for 15 min.) and
the clarified supernatant is recovered.

| In a preferred emhodimeﬁt, the resulting cell lysate
is transferred to a well of a microtiter plate to which an

35 antibody (abl) against the receptor of interest is immobilized.

' Methods for immebilizing antibodies are known in the art and
are described in Harlow, E. and D. Lane, Antibodies: A
Laboratory Manual, (1988), Cold Spring Harbor Laboratory, ¢old




6 that by lalely rlate substltutlon of an antibody directed against an

: epltope c ethe unactivated state but not the activated
st at e, the ptor i'n an unactivated state can ?@TE@% Aﬁﬁ?
The reLatl receptor in the activated and unactivate ates

Is: Total receptor— actlvated receptor + unactivated receptor. A receptor
Is in an activated state when (i) it has und a ligand (i.e., a natural
ligand or other agonist that binds the receptor) and is transducing a

signal (e.g g.Sﬂah LhON gk 'Qo%i&ec'(ﬁéfeﬁi’é&iah?éﬁﬁd& ®eeiazs MHak 1l yyanner
characterls e

t ransduci ngfbé-cﬁ'li @‘Fallﬁqu’;l%:?%ﬁ;g?ggﬁgﬁtﬁgt g.‘?-f'%"t' "H’é‘-‘ Hm%?&r etg‘agfhg e
natural |i gaRshelv @R1yRA4GRINRr mpaBElbAADOUNThE cartﬁnehaﬁyt rabal)l e#idl Kegand
bi ndi ng Sltelected as able to specifically bind (Ycapture") the receptor
& in both activated and unactivated states. Typically the
antlbody will blnd the receptor w1th an afflnlty of at least
about 1077 MY,
In an alternative embodiment, a c¢ell membrane
fraction, especially a plasma membrane fraction can be purified
10 from the cells treated with a test compound or, e.dg., & Known
agonist or antagonist, using standard methods (see, e.¢.,
Methods in Enzymoleogy Vol. 198, supra.) and used in the assay.
one advantage of using a membrane preparation will be that the
purified membranes can be frozen and stored for a period of
15 +time, which may, in some cases, increase the convenience of the
assay and allow use of a cell membrane preparation to be used
for several assays over a period of time. When using a membrane
fraction in the assay it will sometimes be useful to further
disrupt the membrane fraction before adding combining the
20 mnembranes and antibodies.

. Antibodies, either monoclonal or polyclonal, can be
generated to receptor polypeptides or peptides in a variety of
ways known to those skilled in the art including injection of
antigen into animals, by hybridoma fusion, and by recombinant

25 methods involving bacteria or phage systems (see, e.g., Marks
et al. (1992) J. Biol. Chem. 267:16007; Marks et al. (1992)
Biotechnology 10:779; Lowman et al. (1991) Biochem. 30:108327
Terner et al. (1992) Science 258:1313; each of which is herein
incorporated by reference).

30 Antibodies may be produced by immunizing an

3

appropriate vertebrate host, e.g., mouse, W with the antigen
(e.g.,’ a receptor polypeptide, peptlde, or extracellular
' domain), itself or in conjunction with an adjuvant. Usually
two or more immunizations will be involved, and the blood or
35 spleen will be harvested a few days after the last injection.
For polyclonal antisera, the immunogleobulins may be
precipitated, isolated and purified, including affinity
purification. For monoclonal antihodies, the splenocytes



A tyrosi ngiskjhase growth factor receptor is in an activated state (a) if

-t he tyrosi NRoplaced ty of the receptor is elevated, (b) if receptor
pol ypepti Jw ted in dimers or oligoners, when suBCT/HSSANSEZL i on
Is el evat eptor is bound by a natural |igand of the receptor,

conpared to unoccupi ed receptor, or, (c) if the receptor is tightly
associated with the intracellular or nenbrdhe proteins whose associ ation

with the receptor. .is elevated when the receptor is _bound to its natural

| i gand, conﬁﬁf‘é@m@’ Lﬂ\‘tﬁcg’& FSed ¥Ath anpinpgERal 1304 (Laphosydien, &.9.0 a
nol ecul e or agElcdiRd|eimd o uritielr Hendetdvecrbnaltiont afor e diinai .M CGHY OF -
A "natural " .l

assool at ed- AT byl LR Glofen SRR R e e P arbung i n
nature, is santiliiamg iaphdhefint SepPDGEtaats pscreenéd sior raritd bwaiaisur al

| i gand of ttgagiﬁangﬂgr&ggyyggrgpe%ggicégygpitope is the site on an antigen
(e.g., a A variety of screening strategies are suitable
including antibody capture, antigen captufe and functional..
assays (see, e.g., Harlow). One preferred method for screening
nonoclonals and polycleonal antibodies that bhind receptor is

10 antibody capture. Techniques for producing antibodies are well
known in the literature and are exemplified by U.S. Patent Nos.
4,381,202, 4,451,570, and 4,618,577, and arc described in
Harlow, supra. Typically, an antibody directed against a
receptor will have a binding affinity of at least 1x107 -1,

15 In a preferred embodiment, the first antibody (abl)
is directed against the extracellular domain of the receptor of
interest:; this is advantageous because the possibility that the
epitepe bound by the first antibody (abl) would interfere with
the binding of a candidate second antibody (ab2) directed to an

20 intracellular epitope of the receptor (e.g., a phosphotyrosine)
or a cytoplasmic region of receptor association with other
proteins is reduced. | o | —_—

' The cell lysate and the first antibody (abl) will be
incubated together for a time and at a temperature sufficient

25 to allow binding of the receptor and antibody. Typically, this
will be about 30 minutes to about 12 hours at a temperature of
4°C to 37°C, _

Following this incubatien, the unbound material will *
be removed by gently washing the wells with a suitabile buffer

30 such as one containing 25 mM HEPES pH 7.6, 100 m¥ Nacl, and
0.2% Tween 20. For general descriptions of metheds used in
- two-antibody sandwich assay methods see, e.q., Harlow,

' chapter'i4:'Ling'and_OVerby, 1972, J. Immunol. ;923834-341:
Belanger et al., 1973, Clin. Chim. Acta 48:15-18: Mailolini and
35 Masseyeff, 1975, J. Immunol., Methods 8:223-234: each of which
' is herein incorporated by reference. )
A second antibody (ab2) that is specific for an
epitope characteristic of the activated form of the receptor,




receptor) Ihayw& recognlzed by an antibody or antibody fragnent. For the

-practlce of dlt IS not necessary that the epitope bound be
characteri z ternms. The epitope is charact er pren/SoH08s71
functi onal e associ ation of the epitope with activated
receptor). 7 An essen |aI aspect of the invention is the use of cells

that express the receptor of interest (hergafter referred to as
"receptor-expressing cells"). The | evel of receptor expression wll
typically beraforeantepktope rmﬁ@tmnai.hyphptl fisstightly vissoaiatehsiiflerr]

recept or h% ?%tﬂ@é{&&" @Prﬁbi” éﬂEﬂ% angegégﬁngtiéqédé§§efgc%he

pol ypepti des nost erre erre

recept or - exBRedsRG €%1P§e@f%9Fﬂ%ﬂﬂuﬂaﬂeﬁysﬂiﬁﬁblérﬁ?ﬁ@xﬁhkﬁﬁy@@ﬁoamtibQﬂY
with a recopbhatnd, pasyaestenbéd erdn cod-rackpeot CEERE Ofiq PORYRER! | dgs of

5 noted, gupra, epitopes characteristic of an activated receptor
can include sztes of tyrosine phosphorylatlon. Thus, in sone
embodiments, an antibody against phosphotyrosine would be a.
suitable second antibody (ab2). Such tyrosine phosphorylation
can be on the receptor polypeptide bound by the first antibody

10 (abl: ¢.g., autophosphorylation) or on a tightly associated
protein. The identity- of tightly associated proteins will vary
aacording to the receptor being studied but can include a
second receptor polypeptide (e.g., in homodimers and
hetercdimers and oligomers) or other proteins (e.g.,

15 phosphoinositide~3-kinase, GTPase activating protein,
phospholipase Cy [PLCY] and ncnreceptbr tyrosine kinases such
as those of the src family [e.g., pp&0°~STC, p5ofYR  and ppe2c-
Ye33). A protein is considered to be tightly as=ociated with a
receptoxr if the receptor and protein remain associated in the

20 presence of a nohionic detergent (e.g., Tween-20 nonionic
detergent, Triton X-100 nonionic detergent). Usually a tightly
associated protein remains associated with a receptor in the
ptesence of a nonionic detergent at a copcentration of'O.l%
(v/v), more usually'at a concentration of about 0.25%, still

25 more usually abkout 0.5%, even more usually at about 0.75%, and
most usually at a concentration of about 1% (v/v). Such tight
association will typically be determined under conditions of
near physiclogical salt (e.g., 0.1 - 0.2 M NacCcl) and pH (e.q.,
7.2 - 7.68)., Typically, any polypeptide or hiomolecule that is

30 associated with the activated, but not unactivated receptor,
and which remains associated with-the receptor when captufcd by
the first antibody (abl) will be useful in the assay of the
invention and will ba_cnnéideréd tiqhtly associated.

- In other embodiments, the second antibody (ab2) can

35 Dbe directed against other protein modifications characteristic

' of an activated receptor (e.g., phosphorylation, cleavage). In
rurther embodiments, the second antibody (ab2) can be directed
against an epitope of a protein or other biomolecule (e.qg., &



|nterestT@ Ha$Bdef R cDNA) to produce cells expressing or

-overexpre tor polypeptides. In the nost preferred

enbodi men eI I's are used. Methods for reconbi nggrrgsfERes On
es

of polypeptl known in the art (see, e.g., Sanbrook et al
(1989) Mol ecul ar Clonlng A Laboratory CGuide, Vols 1-3, Cold Spring Harbor
Press, which is incorporated herein by refxgence). It will sometines be
desirable to express nore than one polypept|de inacell (e.g., for

nmeasuri ng diligriidzapiodyseicchandder, odllmnprotemnpt@lycolxpai,s@mpthde,
nbodi t,
enbodi men S‘i}geebé:'t:.ld%ﬁ 20 1e‘§.’&d%%9.%”§w S%Hé Sﬁfélég{c?é‘fﬁﬁé’éro%ﬂl%cs%%d

i dentified by scrqenlng en sel ecting receptor-expr
cells, cell £ighdlvepseosd anegh Withepd artivated oFeogPtoyeneral |y be

preferred over cells mammgtlhwmuauehanohmcméofsecm hastei ey
et o, LT SRCSIRER bR LaT Sa L e PR A g
Met hods in E!m/nmlmw Yol a p¥@feided, eRhodimenD,  thditdexond akkibd@f 0,
GH (Eds.) Agadeq)s§ PiReSSapeled so that bound antibody can be detected
and, if desired, quantitated. A nunmber of methods for
detecting antibodies are known in the art (see, e.g., Harlow,

10 supra) including labeling with an enzyme (e.g., alkaline
phusphatase, horseradish peroxidase ﬁ-galactosidase) with a
fluorochromes, with radieactive markers, with biotin, and by
other methods. Depending on the label chosen, various means
known in the art can be used to detect and/or binding by the

15 sccond antibody (ab2) (see, a.g., Harlow, supra). In a most:
preferred embodiment, the second antibedy (ab2) is conjugated
with peroxidase which is detected, e.g., by monitoring product
formation at €50 nm following the addition of aBTS (2,2'-
azinobis (3-ethyl-benzthiazoline-é-sulfonic acigd),

20 An alternative method for detection of the second
antibody (ab2) involves using a third antibody (ab3) directed

- against the second antibpdy (ab2}. Accordihq to this '
embodinent, the second antibedy (ab2) is not itself laheled but
is dictated by binding of the third antibody (ab3). The third

25 antibody (ab3) can be labeled as described for the second
antibody (ab2), supra. This alternative method for detection
will be particularly preferred when the first (abl) and second
(ab2) antibodies have different Xenotypes (e.g., mouse and
goat), and may allow increased sensitivity of the assay.

30 | By detectihg the second antibedy (abz), either
directly or indirectly, the guantity of activated receptors can
be determined.; “Quantlty of activated recep tors"”, as used
herexn, can refer to a measurement. of the actual number of
activated receptors per cell (or the equivalent) or to a

353 qualitative comparison between two (or among several)
neasuremente. For example, in making a qualitative comparison
it will be possible to determine that thers are morse activated



Inc., which is |ncorpor ted herein by reference). The assays of the instant
-|nvent|onTms$w§ i de variety of receptors, but will be especially
usef ul for \%EI on of growh factor receptors, eCIUSHMlo¥571

tyrosi ne k| ﬁi‘ ctor receptors. Exanples of tyrosine kinase growth
factor receptors include platelet-derived growh factor receptors (PDG--R),

fibroblast growh factor receptors (FG-R),. insulin receptor (In-R),
epi dermal growm h factor receptor (EG-R), grythropoietin receptor (EPOR),

col ony stlnggabbggrgaghoaPéeféfiOfni it aretTnCs! & %Eééoﬁ ifceﬁgeﬁout

(SCF-R), vascul ar ,endot he r owmt factor receptor
FLK- 1- recepP&PsuFE¥91§FEcéﬁF%@ mppRer (qf Gecertens ERBBGthﬁchplbs

According to the nethefl @f prbfeAfad Ve of the invention, a fourth
antibody (ab4) iz used in the assay to quantitate the total
5 amount of receptor captured. The fourth antibcdy {ab4) is
| directed against an epitope characteristic of both activated
and unactivated receptor. Furthermore, the fourth antibody -
must be able to bind receptor that is bound (i.e., ¢aptured) by
the first antibedy (abl) and bound by the second antibody
10 (ab2). Thus, although the specificity of the first (abl) and
fourth (ab4) antibodies is similar, if_used in combination they
must be able to bind the receptor polypeptide at the same time.
According to the assay, by comparing the binding of
 the second antibody (ab2) and the fourth antibody (ab4) an
15 index of activatiomr can be determined. The index of activation
(IA) is defined as follows:

IA = activated receptor bound/total receptor bound = moles
ab2 bound/ moles ah4 hound

20
In a preferred embodiment of the 1nventzon, receptor
activation of a tyrosine kinase growth factor receptor is
measured. In one variation of this embodiment, the second
antibody (ab2) is directed against phosphotyrosina. ‘
25 In 2 second variation of this embodiment, the first

antibody (abl) recognizes a first monomer of a homo- or hetero~
dimer or oligomer, and the second antibedy (ab2) recognizes a
second monomer of a homo- or hetero- dimer or oligomer, and the
first and second moncmers are tightly associated only or
30 primarily when the receptor is in an activated state (i.e.,
" when such association is elevated when the receptor is bound by
A natural llqands, compared to unhoccupied receptor). '
In a-thira variation of this embodlment the second .
antibody is directed against a protein (other than a second
35 receptor subunit or polypeptide) that is tightly associated
with the receptor only or primarily when the receptor is in an
activated state. -



expressi enRe £..gr own under conditions appropriate for growth and
-prollfera pl’eSSI on of the receptor of interest. Ceneral

ti ssue ,cul s are well known in the art and ar eceamososed i n,
e.g., I\/Eth ogy, Vol. 58, 1979, Jakoby, W B. and Paston, |I.

(Eds.), Academ o Press, Inc., which is incorporated herein by reference.
Medi a appropriate for eukaryotic cells ar¥rwell known and readily

avail able. Typically, the cell mediumw || be supplenented with serum
(e.g., fetal bovine & WillFis) appprentptovonesofrandinagriskidlat the

essential rygy | | 5{&&% éﬁygag £ € not
suppl enent e %ﬁlzgéﬁ%‘&i‘i{ng S’r%e%glgfg g%%ise a‘f t he corrpone%ts are
known and 5‘%‘&?15?3& ‘%Pﬁ'gﬁdf pEBCRIMeRER a i Ha PR wthe Limats
and/ or corrmwihdyhachbmt Al bei ihmbheliee@NéR s id rﬁrﬁrsasts@yi:x\ﬁﬂe@ may

ﬁ” '?lc\t/ve Ihece cu aglr(%‘ %’[qrg’gl%ga‘ngﬁgﬁﬁn??e%f?l l SJI d:u:}; &{ﬁ%qsélr ﬂrht es)
sui t abl e f@masdiex @mbmhmntbe(theserdért bg aadiridn s etﬂ'm i dstr qayyynbers -
of sanpl es a4y %é&?ﬁse(am) antlbodies will be reversed. According to this
embodiment, a second antibody (abz) is added to a cell lysate
prepared as described above, and allowed to bind an epitope
10  characteristic of activated receptor (e.g., phosphotyrosine}.

- The lysate-:antibcdy mixture including ab2-phosphorylated
protein complex, if present, is then combined wi‘t:h the
immobilized first ant:.hody (abl) which captures the receptor
along with any second ant:.body (ab2) melecules bound to the

15 1receptor or to a molecule tightly associated with the receptor
(e.¢., a second moncmer of a receptor dimer). The second
antibody (ab2) is then cuantitated a= a measure of activated
receptor.,

The following experimental section is offered by way
20 of exXample and not by limitation.

EXAMPLES _
' The followmg Examples descrlbe the applmatmn of
the assays of the invention using cells expressing platelet-~
25 derived growth factor (PDGF) receptor(s).

I. Development of antibodies
- Monoclenal antibody against the PDGF receptor (anti-

B-PDCF~R 1C7D5) was prepared according to standard methods

30 (see, e.g., Harlow) using recombinant extracellular domain
protein as previously described (Ramakrishnan et al. (1993)
C":owth Factors 8:253-265), Polyclonal antibodies against PDGF
o (ant1~d—PDGF—R—3980) and f# (antl—ﬁ—PDGF-R-3982) ‘receptor
extracellular domains were made in rabbits using recombinant

35 extracellular domain protein (Frette et al., supra) according
to standard procedures (see, e.g., Harlow, sunra). These
antibodies were shown not to crossreact with beta PDGF
raceptor. Anti-phosphotyrosine antibedies were obtained from



pléteg. Usual ly 96-well cell culture plates will be used (e.g., Falcon
- 96- wel | cn{igsmmmea]mﬁ&ﬁs; Costar 96-well cell culture plates, cat. #

3596) . Cell : ed according to usual tissue cult RGEPIRDOBEBes at
an appropri I ty. This density will depend on cell-type, but
typically 04 cells/well for adherent cells in 96-well
mcrotiter plates. |f possible, cells shokfd be seeded so that they reach
confluency in 1-2 days. The ce|ls w |l .be grown, to about,conf]uency. Far,
coll s o ownermmerial canried (Liarationgl) BLobhEbiaLastes dobrtant o AHL
I ncubat e t hghesphdlimise et+p-1 cwaslobtiaihvbdhdron (pstdeasBidtachncl e
typically n no an i I%lﬁ fs A i ' r 0 renove
growt h fact g*’% a ‘Z?%f coérgnoﬁ%éé%%aa{h I'n gt;%g &\F/L\AEF ﬁggﬁegg%e%‘g%t?oﬁ&gﬁé
interest. Hsopoekonaltamtibodies |or mablis pedysianilorntitbodbes dismt fome
the medigim bBl&Pﬁﬁ&tffé'ée@é?:iék?%@%ﬂt%ihléa' edhh¥rdeRi 8y 60 @brsdPadikn
factors during the process o chngromﬂh,and . .
) peroxidase (HRP)-conjugated anti-rabbit IgG (Boehriger

Mannheim) and HRP-conjugated monoclonal antibody PY20

{International Biotechnologies, 1Inc.) were obtained

commercially.

10
II. JIdentification of cell lines for assay development
A. Non-recombinant cell lines B

To identify a cell line expressing high levels of
each PDGF receptor subtype, a collection of human tumor cell

15 lines obtained from the American Type Culture Collection were
secreened for receptor lovels. The cell lines screccned included
(ATCC numbers in parentheses): SKLMS1 (HTB88), A204 (HTBA2),
H868 (CRL1635), MG63 (CRL1427), HS27 (CRL1634), WS1 (CRLA502),
RT1080 (CRL121) and G402 (CRL1440). PDGF raceptor levels were

20 measured using a two-antibody sandwich assay (see, Harlow,
supra). Briefly, 1 ug of monoclonal antibody specific for
either alpha or heta PDGR teceptor (see above) was immobilized
in wells of microtiter dishes. Cell lysates for the tumor
lines were prepared essentially as described in Example III,

25 infra, and were incubated in the vells to allow for capture of
PDGF receptor. The wells were washed, and rabbit polyclonal
antibodies directed against the PDGF receptor were added and
allowed to bind to captured receptor. The level of polyclonal -
antibeody bound was detected enzymatically using horseradish

30 peroxidase conjugated species anti-rabbit antibody source. The

_ sarcoma cell line, MG 63, was shown to express high levels of
both alpha and beta PDGF receptor,

B. Recoﬁbinant'Cellg .
35 To develop a sensitive assay to measure beta PDCF
receptor phosphorylation, CHO cells overexpressing recombinant
' beta PDGF recepter were used (HRS cells, Escobedo et al. (1288}



9 proliferation. Usual tissue culture practices are followed in exchange of
,_ned|Uﬁm§§gagﬁp§£n egts of cell culture. For exanple, in shifting from

serum erun}free media, cells will typicallypbemdspaedsed” with
a phys1 or with serumfree nediumin order tQ effectively

renove The assay can al so be carried out using nonadherent
cells, by naklng nDdlflcations that wll apparent to one of ordinary
skill in the art. For exanple, non-adhere€ cells can be gromm and

| noubat ed Widdhdssls SATRAUIAS N WIBRNTEOIncANhAARd QERI idy0ed and

resuspende to usual practice to exchange nedi a, coI ect for cel
| ysi s, etc:%%ﬁﬁ?en9ﬁj Met hods in Enzynol ogy Vol. 58, supra). To assay for-
conmpounds that act as receptor function agonists or antagonists, the cells

are exposedIff) lﬁrtlsosmggg to Measure Recepkor Function
5 A. Receptor Dimerization Assav _
' To measure the d;merlzatlon betWeen alpha and beta
' PDGF receptors, MG 63 cells vera seeded at 300,000 cells/well
in é-well dishes (Falcon tissue culture plates) and incubated
at 37°C in 2 ml/well of Dulbecto's minimum essential media
10 (DMEM} with 10% fetal bovine serum for 3 days at which time-
cells were confluent.- The media was removed from the wells and
replaced with serum-free DMEM and incubation was continued at
37°C for 18 hours. To induce PRGF receptor dimerization, PDGF
AA, AB or BB yas added at 2-200 ng/ml to each well containing
15 700 gl DMEM and cells were ilncubated for 2z hours at 4°C. The
media was drained and 60 ul of freshly prepared lysis buffer
(20 mM Tris at pH 7.3, 150 mM NaCl, 1% Triton X~100, 1 mM PMSF,
1 m¥ sodium orthovanadate, 10 pgg/ml sprotinin and 10 pg/ml
leupeptin) was added to each well and cells were scraped from
20 the wells to prepare the cell lysate.

In a separate microtiter plate, monoclonal antlbody
1C7D5, whlch raacts speclf;cally with bata PDGF receptor was
immobilized by incubating 0.7 pg of antibody per well at 4°C
for >18 hours (5 days) in 23 m¥ Tris at pH 8.0, 68 mM Nacl, 14

25, mM ammonium bicarbonate and .01% scdium azide. After antibody
immobilization, the wells were blocked for 2 hours at room
temperature with 25 mM HEPES pH 7.6, 100 mM NaCl, and 0.2%
Tween 20 just prior to the addition of cell lysate. Cell
lysate was incubated with this immobilized antibody for 160

30 nminutes at 4° to aliow antibody capture of beta PDGF receptor
polypeptides and tightly-asso¢iated proteins, and the wells
were washed 3 times with 150 ul of wash buffer (0.3% gelatin,
25 mM HEPES, 100 mM NaCl and 0,01% Tween 20 at pH 7.4).

. If alpha PDGF receptor is in a complex with beta PDGF

38 receptor following ligand stimulation, both receptor subtypes
will be captured by the immobilized antibody. To detect alpha
receptor that is captured in a complex with beta receptor,
polyclonal anti-alpha~PDGF-R (3980) was added to the washed



agonl§t5“kﬁ6ﬁﬁ—aﬁf5§63Tg?g_ and/ or test conpounds which may be, or may

“contain, qg@ﬁm&ﬂﬁmbp ni sts. An agoni st, antagonist, or test conpound
may be a ch d, a mxture of chem cal conpoundsgCcTaUuiddebsi cal
nacronnlecu act made from bi ol ogical materials such as
bacteria, p S, ungl, or animal cells or tissues. Test conpounds are
eval uated for potentlal activity as agoni 2os or antagonists of receptor
activation by inclusion in screening assays described herein. An "agonist"
enhances t hWea&ei P+ 39 orgAwebl epe o180 ol "o theagrdn bstE £egt) manids ipsublted for

activity of 1a5rﬁ£ﬁﬁteé aEh$°@:er”ﬁfté’ﬂ%éﬁmga%feu%ligoa' E ggrsgl‘a;eg gsPhe

herein, do not i ¥ rticul ar nechani smof ncti1on
Tot hod of tHE GESApEn RERERE a3 PNoHT CRE pReeRedio PeEpiidase conjugated
receptor-exan$erangelIgGm(Bbeﬁmamqﬁtﬂuﬁﬁﬁhéﬂﬂﬂ&a%.kﬁom@38§955S&asaahﬁé&
are inodbat E3 SEERVRELEE £ 7 10 OnhRR Fbe"aa8eS vRge: Lacubatee
[err]. Howe¥er, ltheurias ana anmmmnI&SHWEnﬁ washed 3 times with 150 pl of -
: wash buffer and once with 200 #1 phosphate bhuffered saline. -100
yl/well of peroxidase substrate (ABTS, supra) was added and
product formation was monitored spectrophotometrically at
10 650 nM using a microtiter plate reader (Molecular Devices) .
When PDGF AA is added, no alpha PDGF receptor was detected in
complex with beta receptor (Fig. 1), These results are
consistent with previous studies using chemical c¢rosslinking
that coneclude that alpha/beta PDGF receptor dimers do not form
15 in the absence of ligand or in responsc to PDGF AA stimulation
(Kanakara et al. Bilochem. 30:1761, 1991). In contrast,
stimulation of MG 63 cells with PDCF AB and BB produced a dose~
dependent increase in the datection of alpha PDGF receptor
indicating that alpha/heta PDGF receptor complexes had formed
20 (Fig. 1), which is consistent with previous reports using
chemical crqsslinking (Kanakara et al., supra). PDGF AB and BB
responses werefobserved'at concentrations as low as 0.17 nM and
were maximal at 4 nM. This is the cohcentration range at which
PDGF mitogenic responses occur in vivo, demonstrating that the
25 assay is functiovning at phys;ological’y relevant
concentrations.

B. Receptor Phosphorvlation Assay

To measure the beta PDGF receptor phosphorylation,
30 HRS cells (see above) were seeded at 10,000 cells/well in
microtiter plates (Falcon 96 well plates) and incubated at 37°C
~in RPMI with 10% fetal bovine s sexum for 3 days at vhich time
confluenoy was. reached._ The media Was removed from the wells
and replaced with 100 gl of serum free RPMY and incubation was
35 continued at 379C for 18 hours. To induce PDGF recaptor
phosphorylation, 0.05-2.0 ng of PDGF AA or BB (Fretto et al.
- (1993) J. Biol. Chem 268:3625~-363) was added to each well
containing 100 pl RPMI and the cells are incubated for 90



|ncubat|on nay range fron1about 1 mnute to about 5 hours, and from about

- Jerr] "t o This Re will usually be at |east enough tine for receptor
activatlon ‘E ligand, if such tinme known. Lowerpcirarngdghasszyr €S
(e.qg., [er |1y preferred to reduce the possibility of

pr ot eol ysi s, 10 dephosphoryl ation, dissociation of associated proteins
or other processes that could interfere weth the assay. \Wen hi gher
tenperatures (e.g., [err]) are used, a shorter incubation time will usually

be desirabl®minktes, atOB@nminﬁkestarrdﬂﬂuﬂAmha:mgﬂdaiwhsr&salngdpanaeseeﬁl
o " HAES Slogfie Atk MR AL B BT g By,
(e.g., in tHaClest® CBRPERM T ﬁ@@ﬁhlétmﬂrégéhﬁm vnthovisnagathey, f b0
ant agoni st agrnyidprotistptaia 1o pg/ml leupeptin) was added to each well
5 and the plate was shaken vigorously To prepare the cell lysate.
- Ina separate migrotiter plate, monoclonal antlbody
1¢7D5 directed against the beta PDGF receptor was immobilized
by incubating 1.0 pg of antibedy per well at 4°C for 18 hours
in 23 wM Tris at pH 8.0, 68 mM NaCl, 14 mM ammonium bicarbonate

10 and .01% sodium azide. After antibody immobilization, the
wells were blocked with 25 mM HEPES pH 7.6, 100 mM NaCl, and’
0.2% Tween 20 just prior to the addition of cell lysate. The
cell lysate was incubated with immobilized antibody against
beta PDGF receptor for 2-2 hours at 4°C and wells are washed 3

15 times with 200 pl of wash buffer (0.3% gelatin, 25 m¥ HEPES,
100 mM NaCl and .01% Tween 20 at pH 7.4). To detect the level
of beta PDGF receptor phosphorylation, horseradish peroxidase
conjugated monoclonal antiboedy PY20 (International
Biotechnologies, Inc.) directed against phosphotyrosine was

20 added at 0.12 pg/well in 100 wash buffer and incnbated for 1
hour at 37°C. The wells were dralned and washed 3 times w1th
200 pl of wash buffer, peroxzdase substrate (ABTS) in 100 gl of
phosphate buffered saline was added and product formation is
monitored as described, supra. In the presence of PDGF BB,

25 Dbeta PDGF-R phosphorylation is detected (Fig. 2) When no
ligand ox PDGF AA is added, no beta PDGF receptor
phosphorylation is detected. These results are consistent with
previous studies demonstrating that in the absence of PDGF,
beta PDGF receptor contains little phosphotyrosine, and that

30 PDGF AA does not activate this receptor (Kanakara gg al.,
supra). In contrast, stimulation of HERS cells with PDGF BB
produced a dose dependent increasc in the detection of beta
PDGF i'ei:eptor phosphorylatibn. ' PDCF_ BB responses woere observed
at concentrations as low as 0.2 nM and were maximal at 2~3 nM.

35 This is the concentration range at which PDGF mitogenic
responses occur, deronstrations that this assay is functioning
physiologically relevant concentrations.

&



expr essi ng I ubated with a known antagonist, a test

. _conpound, o](r}lia Shget e ecrlf lla&gf the two, and, in addition, will be incubated
w th an agon!ﬂlllﬂ Hﬂm to the assay, t he presence of t PETAIRIROBS7I Wi | |
cause recept unl ess antagoni st is present. - The order of

addi ti on of antagoni st (or test conpound) and agoni st can vary. The agoni st

and antagoni st may be added to the recept®2-expressing cells

si mul t aneousl y, or, alternatlvel ] the antagonlst (or test conpound) can be
added bef or E-adfgfayntarMeaguse A Regaptori wathnd t enperat ure)

for |ncubatlonsthgatbgsﬁbﬂgcﬁgésantagon|st act|V|ty are essentlally t he
sane as those descri nists, supra. However é ey are added in
sequence total time weP| 9fEe %%LEHI%5%ﬁ§O¢GhGQPSPF§ntth31ﬁ 4hg. oftthay al so
be possibIeheuausaarerepépteextmephusnnchﬂdasetnagammaresscagaﬁﬁsptonns

fsence 3 ""bebls! lePaCBUEALA i 5 at AT Budd s pakosby i eTEbUL bl eue! "
‘dish {Falcom) in RPMI 1640 containing 10% fetal bov1ne serum
and grown at 37¢C for 3 days at which time thé cells had
reached confluency. The media was replaced with serum-free
RPMI 1640 and incubation was c¢ontinued for 18 hours at 37°C.

10 The media was removed and 3 ml of RPMI 1640 or RPMI 1640
containing PDCF BB (50 ng/ml) was added and the incubation
continued for 10 minutaes at 37°C, The media was drained and
250 ul of freshly prepared lysis buffer (20 mM Tris at pH 7.3,
150 mM NacCl, 1% Triton X-100, 1 mM PMSF, 1 mM sodiun

15 orthovanadate, 100 pg/ml aprotinin and 10 pg/ml leupeptin) was
added to each 100 mm plate and cells were scraped from the
plates and collected into a microfuge tube. The microfuge tube
was vortexed and centrifuged in a microfuge for 10 minutes at
4°C to remove insoluble material. _

20 In a microtiter plate (Immulon IT, Dynatech
cat. § 011-010~3455), rabbit polyclonal IgG directed against
the beta PRGF receptor (see above) was immobilized by
incﬁbatihg 0.5 ug of antibody per well in 100 ul of 23 mM Tris
at pH 8.0, 63 mM Nacl, 14 mM ammonium bicarbonate and .01%

25 sodiuvnm azide at 4°C for 18 hours. After antibody
immobilization, the wells were washed once with 150 ul of 25 mM
HEPES pH 7.6, 100 mM NacCl, and 0.2% Tween 20 and then 200
#l/well of this buffer was added and incubated at roonm
temperature for 1 hour to block the wells. The wells were

30 washed 2 times with 150 pl/well of incubation buffer (0.3%
gelatin, 25 mM HEPES, 100 mM Nacl and 0.01% Tween 20 at pH 7.6)
and 50 ul of cell lysate plus 50 pl of incubation buffer were
added to each well and the plates were incubated for 2.5 hours

. at room temperature. The plates were washed 3 times with 150

35 ul/well of incubation buffer and 0.05 ug of a mixed preparation
of mouse monaclonal antibodies directed against PLC gamma
'(bpstate Biotechnology, Inc.) was added to each well in 100 pl
of incubation buffer and the plates were incubated at 37°C for




of'Liganaf___‘“WiijT‘TTTssel et al. (1990) Oncogene 5:25-30). In this

-.case, an & edt His Rer@pRQYNd W th receptor antagonist activity will not

necessari | y ati'on with a known agoni st. The aBOT/S9408571
concentratl m‘\w "ant agoni st added wi lIl, when known, vary dependi ng
on the conpoun general ly range fron1about 10pMto [err].
Typically, a varlety of concentrations wid33 be used. In the case of
uncharacterized test conpounds it may not be possible, and it is not

necessary, ¥ haWter Mhte walds serenwrghran? ot ings Wi G gohiaf | It will -
al so be desigdiatich 'Bifﬁ:&éie an Ixms(;syaénneﬂtallmw AR wtdha@mssay.

cont ol 5. MPRRRIAHED GeRiiase SOPPIFR, AREGPNSE COHITOME CHPmoINAR:
added and 1ncubated at 37°C for 1 hour. ' The wells wera washed
5 3 times with 150 pl of incubation buffer and 1 time with 150 pl
of phosphate buffered saline, 100 pl/vell of peroxidase
 substrate (ABTS, supra) was added and product formation was. -
monitored at 650 nM (Molecular Devices).
When cell lysates were analyzed under these

10 coenditions, lysates prepared from HR5 cells that were -
stimulated with PDGF gave a 3=fold increase in signal as
compared to lysates from cells that had not been stimulated
with PDEF (Fig. 3). These results demonstrate that the
association of PLC gamma with activated beta PDGF receptor

18 occurring under physiclogical conditions can be subsequently
asgayed in a microtiter format that makes possible high
throughput screening of synthetic or natural preoduct libraries
such that compounds that enhance or inhibit receptor/substrate
interactions may be identified.

20 All publications and other references or patent
documents herein are incorporated by raferenca. It is to be
underastood that the above descrlptlon is intended to be
iliustrative and not restrictive. Many embodiments will be
apparent to those of skill in the art upon reviewing the above

25 description. The scope of the invention should, therefore, be
determined not with reference to the above description, but
should instead be determined with reference to the appended
claims, along with the full scope of equiValents to which such
claims are entitled.

30



|ncubat|on of ceIIs mnth i nert conpounds (i.e., conpounds known not to have
- agoni st ab ¢Mm absence of added conpounds. Positive controls
can includ , __ceI | s with conmpounds known t o haPETAgeANSsTL
activity ( aI ligand). Logically simlar (though

conpl enent ary) contro S can be included in assays for antagonist activity,
as will be apparent to one:of ordinary skRé4ll in the art of biology, as wll
be various additional controls. The description of controls is nmeant to be
i |l ustrati VEAIRIS, SIAIMERY ISk i ting. After exposure of the cells to test
conpounds, a cell lysate is prepared. Methods for preparation of a cel

| [l k Met h E | Vol
1g§atgu3;gfﬂeTyplggwgyhngbpﬁs%gFe %ﬁ%ﬂﬁ@ﬁr taﬁﬁiibgeg ggﬁggﬁuf?ers
(e.g., Tr|&mH@bnnﬂEEESﬁffecnlﬁunctﬂehemgemt&yﬂbsﬂ@e Xinase- 2ereproroby
X-100), an%c%ﬁ%he§§eahbg%%hggﬁisée 8- an M§§P§&P5%t%@EthE§UREEEbQ{1051her

i nhi bitors, sucC aseé I'n |b|to
compr;szng the steps.

iy obta;nlng tyrosine kinase receptor-axpr9581ng cells;

ii} dincubating a first portion of the tyrosine kinase
receptor-exprassing cells with a test compound to produce test

10 c¢ells and incubating a second portion of the tyrosine kinase-
expressing cells in the absance of the test compound to preoduce
contrel cells;

iil) determining the quantity of receptors that are
activated in the test cells and in the control cells by using a

15 two-antibody sandwich assay comprising the steps:
a) lysing the cells; '
b) capturing the receptor with an immobilized first
antibody (abl} that hinds the receptor: and
¢) determining the quantity of activated receptors by
20 Dbinding a second antibedy (ab2) that recognizes
phosphotyrosine, wherein phosphotyrosine is characteristic of
the activated tyrosine kinase receptor; | )

iv) ceomparing the quantity of activated receptors in the

test cells with the quantity of activated receptors in control
25 cells; and .

v) correlating a difference in qﬁantity of activated
receptors in the test cells with the quantity of activated
receptors in control cells with the ability of the test
compound to affect function of the rcccptur, wherein an

30 increased ¢uantity of activated receptors in the test cells
indicates receptor agonist activity by tha test compound and a

' decreased quantlty of activated raceptors in the test cells.

indicates receptor antagonzst activity by the test compound.

35 2, A method for determining the ability of a test

compound to affect function of a receptor by acting as an
antagonist or an agonist of receptor activation, comprising the

o




orthovanad e
s are nonden
|

0 be de5|rable Typically conditions are chosen that
olaced | ul ar proteins of interest. A preferred nethod

al
€€
for preparati mﬁ E tysate is by addition of lysis bu
Tris-Hd, p O, 1%Triton X-100, 1mM PNEF, e RloshafiEd

ort hovanadate, 10 [err] aprotinin and 10 [err] |eupeptin) followed by cel
di sruption (e.g., by shaking or scraping)ggUsually, when preparing a cel
| ysate the insoluble matter in the cell lysate is renmoved by centrifugation
(e.g., 10,000 xgijor dbtaiwing arsbdgit xugwyrbsednguaenmaeant i's recovered.

wol | bf acm oroiter Drapeetie f Atia Seehion SEoHe' SebPRERFThkSTeR bR
of interestCSRLLFWHER| & Zbest eanpaiing dio iprodicki Zest aallsodnd51ncnbkﬁbmg
avore gy i B A L T R
- . 1ii)  determining the quantity of activated receptbrs in
the test cells and in the control célls by using a two-antibody
sandwich assay comprising the steps: -
a) lysing the cells;
10 b) capturing the receptor with an immobilized first
antibody (abl) that binds the receptor; and
c) determining the guantity of activated receptors by
binding a second antibedy (ab2) that recognizes a bicmolecule
tightly associated with the activated receptor but not tightly
18 associated with unactivated receptor:
iv) comparing the quantity of activated receptors in the
test gells with the quantity of activated receptors in control
calls; and

v) correlating a differance in quantity of activated
20 receptors in the test cells with the quantity of activated
receptors in control cells with the ability of the test
" compound to affect function of the receptor, wherein an
increased quantity of activated receptors in the test cells
indicates receptor agonist activity by the test compound and a
25 decreased quantity of activated receptors in the test cells
indicates receptor antagonist activity by the test compound.

»

3. The method ©f claim 2, wherein the biomolecule is a
polypeptide.
30

4. The method of claim 3; wherein the polypeptide is a
receptor polypeptlde. -

5. The method of claim 3, wherein the polypeptide is
35 phosphoinositide-3-kinase, GTPase activating protein, or
phospholipase Cy.

\-\!\\l\[\\\\\}\\\,\q\\\\\!\\:\!\\ |



12_Spr| Fbrbor New York, (hereafter referred to as "Harlow'), which is

._incorpor ww&m@mmﬂb mmeference The anti body may be either polyclonal or
nmonocl ona y (abl) will be selected as abl e topppaisbdbgzd | v
bi nd ("ca ceptor in both activated and unactivated states.
Typically the ant| y wll bind the receptor with an affinity of at |east
about [err]. In an alternative enbodi nentzga cell nenbrane fraction,

especially a plasma nenbrane fraction can be purified fromthe cells
treated wt@, a test oripeaethad of cg.a,mallsnampeﬂemngttm m&agmnasl s

S DO gt el pagehy SR Bt B UL
that the puwith exl mgpmmmmm ammlshda!;t thedsane tiperasd a@f tine,
\Sggcgf ngyce#ﬁf%%ﬁzagere%ara {5 t llence of the assay and all ow
7. - The method of ¢laim 2z, comprisinq the additional step
of incubation of the receptor-expressing cells with a receptor- )
activation agonist at the same time as, or following, the
incubation of step ii.
10
8. The method of eclaim 1, 2, 6, or 7, wherein the
raceptor-expressing colls express a growth factor receptor.

9. The method of claim 8, wherein the growth factor
158 receptor is a platelet-derived growth factor receptor.

10. The method of eclaim 1 or 2, wherein the firet
antibody (abl) is immobjlized on a microtiter plate.

20 11, A method for determining the ability of a test
compound to affect function of a receptor by acting as an
antagonist or an agonist of receptor activation, comprising the

steps:
i) obtaining receptor-expressing cells; .
25 ii) incubating a first portion of the receptor-expressing

¢cells with a test compound to produce test cells and incubating
a second portion of the receptor-expressing cells in the
absence of the test compound to produce contrel cells;
1ii) determining the quantity of receptors that are
30 activated in the test cells and in the control cells by using a
two~antibody sandwich assay comprising the steps:
a) lysing the .calls to form a cell lysate;
b) combining the call lysate and a second antlbndy
(ab2) that recognizes phesphotyrosine, wherein phosphotyrosine
35 is characteristic of the activated receptor, or that recognizes
a biomolecule tightly associated with the activated-receptor
but not tightly associated with unactivated-receptor, wherein
an activated-receptor-~second antibody (ab2) complex is formed:

* c L M S *




for several assays over a period of time. When using a nenbrane fraction in
the dssay it w]l SO ldsies be useful to further disrupt the nmenbrane

" fractionTy ombi ni ng the menbranes and anti bodpegrseipgsspodi es,
ei t her=-no yclonal, can be generated to receptor polypeptides
or peptid of ways known to those skilled in the art

including injection of antigen into animad-s, by hybridoma fusion, and by
reconbi nant net hods invol ving bacteria or phage systens (see, e.g., Mrks

% ;;n? . (i992) J.tBi lol_c} 1@3@513111%61& thOchm/gaiéﬁ&i@éptdﬁ%oﬁ Eulx%afzum;pgy
: ; Lo e . ioghem .30: . _lerner, et a

Sci ence 25%&?‘%&&?&%3’% AR ﬁ'?%?‘i?‘ﬁe&ngé’?% r n%??éyréﬁb@r)egfgﬁ%?

Ant i-bodi es imdso&he assmepddxyt | nmuni zi ng an appropriate vertebrate host,
e.g., nouse, W t hewcidd : oce t far ide,
extgracel :Jal arwé'yr}rai nfc, | tszlée'}‘ﬁ‘{‘)J g‘%gguggﬁﬁggcglfgé\c%%% %%fatﬁant . Iﬁﬂﬁy

two or For &esimfRlda WD ine uentisy) pfdachivated ¥perREeys in contxol
- ¢cells; and o ' . '

v) ' cortelating a difference in quantity of activated
receptors in the test cells with the guantity of activated
receptors in control cells with the ability of the test

10 compound te affect function of the receptor, wherein an
increased guantity of activated receptors in the test cells
indicates reoceptor agonist activity by the test compound and a
decreased guantity of activated receptors in the test gells
indicates receptor antagenist activity by the test compound.

15
1s. A method for determining the ability of a test
compound to act as an antagonist or an agonist of receptor
activation, comprising the steps:

i) obtaining receptor-expressing cells:

20 ii) incubating a first portion of the receptor-expressing

~cells with a test compound to produce test cells and incubating
a second portion of the receptor-exprassing cells in the
absence of the test coupound to produce control cells:

iii) determining the quantity of activated receptorxrs that

25 are.actiVated in the test ¢ells and in the control cells by
using a two-antibody sandwich assay'comprisiﬁg the steps:

a) lysing the cells; )
b) capturing the receptor with an immobilized first
antibody (abl) that binds the receptor; and

30 ¢) detexrmining the guantity of activated receptors by
binding a second antibody (ab2) that recognizes an epitope
characteristic of receptor activation wherein the epitope -
characteristic of réceptor'activation is due to u covalent
modification to the receptor or cleavage of the receptor;

35 iv) comparing the quantity of activated receptors in the
test cells with the quantity of activated receptors in contreol
cells; and

WO




spleen will be harve tep g few days after the |last injection. For
-,polycfona’lﬂlls en 8¢ ce|mrunoglobullns may be precipitated, isolated and
purified, i n|ty purification. For nonocl onal Q@Sﬁ%@ t he
splenocyte ly will be fused with an inmortaliz ynp ocyte
e.g., a nyeloid line, under selective conditions for hybridomas. The

hybri domas may then be cloned under |imtggg dilution conditions and their
supernatants screened for antibodies 5 having the desired specificity. A

variety of screewm ng eéredlpiion & diffdrence incquanbityndt baclyivaipsdr e,
mothod o ESPEREREY HB-ERS okt SRR PR shrumabPhLh bs sRERRIfeE
receptor isresepbody taprentxollasmiliswishf SheppbilityigofinthectRst are wel |
compound to affect function of the receptor, wherein an
5 increased guantity of activated receptors in the test cells
indicates receptor agonist activity by the test compound and a
decreased c¢uantity of activated receptors in the test cells -
indicates raceptor antagonist activity by the test compound.

10
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known i

| east [

agai nst the exX

the I\TéraPuLe\gnd are exenpllfled by U S. Patent Nos. 4,
4,451, ﬂﬁﬁ 8,577, and are described in Harlow, supra. Typically,
anti bod ’/’i W&K C‘Fdst a receptor will have a binding affinity of at

4, 381, 292,

an

rred enbodi ment, the first antibody (abl) is directed

ul ar donai n of thezgr.eceptor of interest; this i_s
advant ageous because the possibility that the epitope bound by the first
anti body (abl) would interfere with the binding of a candi date second

anti body (ab2) directed to an intracellular epitope of the receptor (e.g.,

a phosphotyrosine) or a cytopl asm c ARSIRACTOf receptor association with
lysate and the first antibody (abl)
wi |l be incubated together for a tine and at a tenperature sufficient to

other proteins is reduced. The cel

al 'ow bi nding of the receptor and antibody. Typically, this will be about
30 minutes to about 12 hours &Eﬂﬁﬁﬁﬁdﬁﬁﬂaﬁﬂlééﬁﬂiﬁerr] to [err]. Follow ng
this incubation, the unbound material wll

Methods are provided for assaying the functions (e.g., activation) of
signal-transducing receptors on cells, The methods are useful for identifying
compounds that are agonists or antagonists of recéptor function. The assays utilize a
two-antibody sandwich assay employing an immobilized first antibody that specifically
binds and captures the receptor of interest; along with any tightly associated proteins
or polypeptides and a second antibody directed against (i) an epitope of the receptor
that is characteristic of the activatéd but not the unactivated state, (ii) an epitope of a
protein or molecule characteristically bound to activated receptor but not to
unactivated receptor, or (iii) an epitope of the receptor that is characteristic of the
unactivated but not the activated state. In one embodiment, the level of binding of
the second antibody is determined and correlated with the presence of activated
receptor, and thus with activation in response to the treatment received by the cells.
The methods provided by the invention will find particular use for detecting activation

of tyrosine kinase growth factor receptors.



be remved ﬁytg n Iy washing the wells with a suitable buffer such as one
cont ai nl‘ng @ia&w 100 mM Nadl', and 0.2% Tween 20. For gener al
, 1973,

descrlptlons ed in two- antlbody sandwi ch assay S see,
e.g., Harlo L|ng and Over 1972, J. Innunolpgﬁbggggﬁw%4l

Bel anger _et aI Chim Actap%% 15-18; Mailolini and Nhsseyeff[”
1975, J. [nnunol. Met hods 8: 223-234; each of which is herein incorporated
by reference. A second anti body (ab2) that is specific for an epitope
characteristic of the activated formof the receptor, 14 or for an
epitope of a protein that is tightly associated with the activated, but not
unactivated receptor, is added to the well and allowed to bind under
suitable conditions for antibody binding, as described for abl-receptor

bi ndi ng, supra. As
15+
£
§ 10
[+
10 .
1 ~—{+— PDGF AA
Q g —u— PDGF AB
E —— FDGF BB
0 : ey —.,:_""'g_r.._..
0 2 4 6 8 10
PDGF {nM]
FiG. 1
30

mOCD650/min

- QL i LI WA R Rt N R B S

0 20 40 60 80 100 120
ng PDGF BB/ml
FIG. 2

SUBSTITUTE SHEET (RULE 26)



nofedw_supra, epitopes characteristic of an activated receptor can incr;;;\\\\\
~sites oF t yHipsine& HYBeepRplayddat i on. Thus, in sone enbodi nents, an anti body

agai nst phos i | d be a suitable second anti bodecfaigddiogsauch
tyrosi ne pho%
first antibo ) rylation) or on a tightly associ ated

n be on tzg receptor pol ypeptide bound by the
.,_autophoss
protein. The identity of tightly associated proteins will vary according to
the receptor being studied but can include a second receptor polypeptide
(e.g., in honodiners and heterodi mers and oligoners) or other proteins
(e.g., phosphoinositide-3-kinase, GIPase activating protein, phospholipase °
[err] [err] and nonreceptor tyrosine kinases such as those of the src
famly [e.g., [err] yes]). A protein is considered to be tightly associ ated
with a receptor if the receptor and protein remain associated in the
presence of a nonionic detergent (e.g., Tween-20 nonionic detergent, Triton
X-100 nonionic detergent). Usually a tightly associated protein renains
associated with a receptor in the .-

] no PDGF
%7} PDGF BB

R

7 ;
2,5/%////////////
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.

mOD{650 nm)min
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prgsence of a nonionic detergent at a concentratlnn 0f — Qe Yolorpnty S
susual Ky ™at a concentration of about 0.25%

.even nore

about 1% (v/v). Such tight association wll
condi tions of near physiological salt (e.g.,
(e.g., 7.2 - 7.6).-Typically, any polypepti
associated with the activated, but not unact}|i vated recept or, gn‘i m m
remai hs associ ated with the receptor when cgpt ~

(abl) will

til FHb*@EMSﬁH]$@E% ut
s bwatlom PRgRE ttPa?icﬁ 3

D Brrifp@ MO E ongeg
em\bﬂt&ﬁml epﬁ[t (}Im DAL woses

usual |y at about 0.75% and nost

be useful in the assay of the in

tightly associated. - second anti body (ab2)
can be directed agai nst ot her%ﬁ%ﬁmﬁ@ Spo%%ﬁ%ar acteristic of an

activated

receptor (e.g., phosphorylation, cleavage). In further

enbodi nents, the second a”t'EQEFGﬁ?Qﬁb ggnng qN@gﬁwgéNagalnst an epitope

of a protein or other bionolecu

1. Field of the Invention

Slgnal-transduc1ng receptors medlate fundamental
aspects of cell physiology, growth, differentiation, endocrine,
paracrine and exocrine signalling, and other properties of
cells. Because of the importance of these receptors (and their
cognate ligands) in human health, the identification of
compounds that antagonize or agonize receptor activity will
have profound consequences in medicine. The development of
efficient, high capacity assays for such compounds is important
for the development of therapeutic agents to treat human
diseases.

Receptor-medlated signal transduction occurs when the
receptor binds its ligand and is activated, initiating a
variety of cellular responses. Although the particular
responses to ligand binding depend on the receptor and cell
type, the repertoire of early responses characteristic of
receptor- activation includes dimerization or oligomerization of
multi-subunit receptors, receptor autophosphorylation,
substrate phosphorylation, and receptor association with
speéific cellular proteins. As a consequence of receptor
activation by ligand, subsequent changes in the cell physiology
occur (involving, e.g.,. mltogene51s, specific gene activation,
phosphatidylinositol turnover, phospholipase A2 activation, and
changes in cell shape, cellular calcium concentration, and
intracellular pH). In some cases, signal transduction and the
resulting changes in cell physiology can be blocked by
interference with an early response characﬁeristic of receptor
activation. For example, inhibition of the tyrosine kinase
activity by phosphotyrosine-containing peptides can prevent
signal transduction (Pazin & Williams, 1992). Similarly, when
hetercdimerization of wild-tyée fibroblast growth factor
receptor (FGF-R) or platelet-derived growth factor receptor

(PDGF-R) is prevented by expre551ng inactive, mutant receptors
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| i,pi d, : pol ysacchari de, glycoprotein, glycolipid, peptide, polypeptide,
>nucl ei ¢ aci ds and ot her biol ogi cal macronol ecul es) tightly associ at ed mnth
an activated receptor. Followi ng the incubation with the second antibody 5
(ab2), the unbound material will be renmoved by gently washing the wells. In
a preferred enbodi nent, the second antlboqy (ab2) wll be | abeled so that
bound anti body can be detected and, if desired, quantitated. A nunber of

met hods foﬁug ehd si aﬁo@r%%sﬁu%éi%::ié ’Bl’dl‘i:[e{?' (UeifRf et F%._[, I ke )
supra) inc | 'abel ing wth an enzyne aline p
hor ser adi sB—-éeP #8484 [ el yisniaksoy B rt&né'é’e%qll?aﬂédﬁ &&&qlﬂ/e

markers, weethit HeceptdrbnediktiedRHedfes RoDSuliN Pk idivdyahaltHdigsen,

vari ous nea known in.the art can used.t g det t and/o bi ndi ng by the
second ant P%% 85 26 PLPETe 25PSFTS ﬁ%?lsd\ﬂna&u%’%“ e fered

enbodi nent Petleerssedond.agly @ddy ((12&9@) Natoog (BES e&yaman :pe!snohbﬁce, whizch

I's detectedy gy iRnTOR 007 | NG ¥HYalture 335:85-87).

One class of signal-transducing receptors, the growth
factor receptors, is of parﬁicular interest, due in pa:t to the
implication of some growth factor receptors in a wide range of
human diseases (e.g., cancer, cardiovascular disease, and
inflammatory diseases). Many growth factor receptors belong to
the tyrosine kinase family of receptors, which includes '
platelet-derived growth factor receptors (PDGF-R), fibroblast -
growth factor receptors (FGF-R), and others.

| Tyrosine-kinase activity of such growth factor
receptore is induced by ligand binding to the reéeceptor
extracellular domain, and results in both autophosphorylation
and substrate phosphorylation; additionally,
transphosphorylation (the phosphorylation of one receptor
subunit by another, associated, subunit) may occur. Activation
of some growth factor receptors is also characterized by
dimerization or oligomerization of receptor subunits.
Activation is also characterized, for some receptors, by
receptor association with specific cytoplasmic proteins.

Because of the fundamental role of signal
transduction in biology and medicine, it would be very useful
to have efficient methods for assaying receptor function. For
example, an assay that measures traits characteristic of
receptor activation (e.g., early responses such as receptor
dimerization, receptorfpfotein association, and tyrosine kinase
activity) would be desirable for identifying'therapeutics
targeted to receptors (e.g., growth factor receptors).

The methods presently available for measuring aspects
of receptor function, such as dimerization and tyrosine
phosphorylation, are suitable for an academic laboratory
setting, but are not appropriate for high-throughput assays.
For example, receptor dimerization has been measured by
-chemlcal cross-linking or immunoprecipitation followed by -
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formation at 650 nmfollowing the addition of ABTS (2,2'- azinobis
>(3-ethyl -benzt hi azoline-6-sulfonic acid). An alternative nethod for
. detection of the second antibody (ab2) involves using a third anti body
(ab3) directed against the second anti body (ab2). According to this
enbodi nent, the second anti body (ab2) is not itself |abeled but is dictated
by binding of the third anti body (ab3). Th® third anti body (ab3) can be
| abel ed as described for the second anti body (ab2), supra. This alternative
met hod forWéstemhihdaMIdnamyqistdxndundqaqﬁagnapthvW&imilﬁrIy;sat(abl)

and second Ay f t .Q.if@: ﬂg £ ndouse and
goat), %%%)ﬂﬁ oW | %q;lreas d\ﬁgeeér%{sél tﬁ/tle'[iyd C%}}’ a’ﬁr&By det ectl ng t he
second ant PB@&PhPM)atJ@I& g aisreaificomrotpinadithin fdheestl tis By
activated [emePoPrecipititi GMtit prowdin tﬁbﬂo@@dlwptm&teﬁemws",
as used herei can refer to a nt_of. t he cIu é? thods
activated f T35 Yrem e A a(’b‘?"‘f‘ff?é%’%ﬂ%’rﬁ H Jt%o gua ?%?l R
conpar i son alret \def ifomd H,orexpanrgivwey aral )not suitable for screening large
libraries of natural or synthetic compounds for activity. The
availability of efficient, high throughput assays of receptor
function will provide means to identify agonists and
antagonists useful as therapeutic agents for the treatmént of a
wide variety of human diseases.

Description of the Background Art

cleve;and et al. (Analytical Biochem. 190:249, 1990)
describe a enzyme-linked immunosorbent assay (ELISA) assay to
measure phosphorylation by partially purified tyrosine kinases.
This assay uses purified heterologous substrate protein or
synthetic peptides immobilized on a microtiter plate. Others
(e.g., Babcook et al. Analytical Biochem. 190:245, 1991;
Ritjksen et al. Analvtical Biochem. 182:98, 1989) have
described similar assays for tyrosine kinase activity employing
antiphosphotyrosine antibodies and synthetic peptide
substrates.

Reed-Gitomer (U.S. Patent Application No. 07/341,949)
describes an ELISA-based assay used to distinguish between
various dimeric forms of platelet-derived growth factor (PDGF) .

Lazarus et al. (Symp. Soc. Exp. Biol. (ENGLAND) 45:
129, 1991) describe a "“sandwich" ELISA used to demonstrate that
auxin binding induces a conformational change in an auxin-
binding protein of maize. Keating et al. (J. Biol. Chem.
g§3:12805,.1988) uSed immunoprecipitation and gel
electrophoresis to demonstrate phosphorylation-dependent '
conformational changes in activated PDGF receptors. Nelson
et al. (J. Clin. Immunoc. 6:114, 1986) used a sandwich ELIS2 for
measuring soluble and cell-associated interleukin-2 receptors

(IL2-R), to demonstrate increased IL2-R release and expression
by stimulated lymphocytes.
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measurenments. For exanple, in making a qualitative conparison it wll be
?bossible to determne that there are nore activated 16 receptors in one
well than there are in a second well, w thout neasuring the actual nunber
of receptors in either well. In a preferred enbodi nent of the invention, a
fourth antibody (ab4) is used in the assay to quantitate the total anount
of receptor captured. The fourth anti body (ab4) is directed against an
epi tope characteristic of both activated 4nd unacti vat ed recept or.
Furthernore, the fourth antibody nust be able to bind receptor that is
bound (i.e., captured) by the first antibody (abl) and bound by the second
anti body (ab2). Thus, althoughsuMeARY) QT fTHE tINVENTIRNfirst (abl) and

fourth (ab4). antibodipfig Eﬁvé#{!kbﬁr Pahbi@é‘f"m&h%@kﬂi‘t h9Bal ARy EHS! be
able to blggnéggogeg%p;gr pg_zpeptd e a he sgne tlma.th . ful
gnal-transducing receptors are that are usefu

for screening for agonists or antagonists of receptor
activation. These methods utilize whole cells expressing the
receptor of interest and comprise the steps of (i) treating the
cells with agonists, antagonists, and/or test compounds,

(ii) preparing a cell lysate from the treated cells, and

(iii) assaying for receptor~function using a two-antibody
sandwich assay. The two-antibody sandwich assay employs an
immobilized first aﬁtibody (abl) that specifically binds and
captures the receptor of interest along with any tightly
associated proteins or polypeptides and a second antibody'(abZ)
directed against (i) an epitope of the receptor that is
characteristic of the activated but not the unactivated state,
(ii) an epitope of a protein or'molecule'characteristically
bound to activated receptor but not to unactivated receptor, or
(iii) an epitope of the receptor that is characteristic of the
unactivated but not the activated state. An important
characteristic of the first antibody (abl) is that it captures
(specifically binds) the receptor of interest whether activated
or not activated by the treatment. The level of binding of the
second antibody is determined and correlated with the presence
of activated (or unactivated) receptor, and thus with
activation (or lack of activation) in response to the treatment
received by the cells. Thus, the quahtity of receptors that
_are'activatéd'in cells can be determined. In some embodiments
additional antibodies are used to quantitate the total amount
of receptor present (allowing calculation of the fraction of
total receptor in the activated state) and for detection of
other antibodies. Thus, by determining the amount of activated
receptor or the proéortién of total receptor activated in
variously treated cells; the agonizing or antagonizing activity
of a compound can be determined. Similarly by determining the
amount of unactivated receptor or the proportion of total
receptor that is not in the activated state in variously

treated cells, the agonizing or antagonizing activity of a _
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According to the assay, by conparing the binding of the second anti body
{ab2) and the fourth anti body (ab4) an index of activation can be

determ ned: The index of activation (1A) is defined as follows: A =
activated receptor bound/total receptor bound = noles ab2 bound/ nvoles ab4
bound In a preferred enbodi nent of the invention, receptor activation of a
tyrosi ne kinase gromh factor receptor is neasured. In one variation of
thi s enbodi ment, the second antibody (ab2)3is directed agai nst

phosphot yrosi n

cong vari ati £ this gb diment, the first
Pt body” ( ceambeund s S detrEniheflo Shebr BeEBRGS BRYnbecPasLbY paapted
ol i goner, aal nighﬁtnnadghputbﬁdyméﬂbZXetgcQghyz351ngsm¢cndtmhennplaeésa

PO o7 S e 8 BRHEE oA oLRERL 5k BHoSISOTTRRATIES S0

tightly assocra K
state (i.e. dlﬁﬁﬂ#ﬁ%ﬂcﬂfasgmppénﬂént gteLaﬁ&ueucahaﬁcaptoreagpauatngnbound

by its gatural |igandfpeCREERLAS bPoVNQEQUBYCEnECEARbAR on will f£ind
particular use for detectihg activation of tyrosine kinase
growth factor receptors as assessed by receptor and substrate
phosphorylation, receptor dimerization and oligomerization, and
receptor association with specific cytoplasmic proteins.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows assay results showing induction of
PDGF-R dimerization by PDGF.
; Fig. 2 shows assay results showing induction of
. PDGF-R autophosphorylation by PDGF.
Fig. 3 shows assay results showing association of
PDGF-R and phospholipase cY in the presence of PDGF.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Methods are provided for assaying receptor function.
Generally, the receptors of interest will be growth factor
receptors, but function of any receptor can be assayed by this
method provided that the receptor has at least one epitope that
is characﬁeristic of the activated state but not the
unactivated state or at least one epitope that is
characteristic of the unactivated state but not the activated
state, and at least one epitope that is characteristic.of both
the activated and unactivated (i.e., not activated) states. In
a preferred embodiment the receptor will have at least two
epitopes characteristic of both the activated and unactivated
state.
| For the sake of clarity, throughout the remainder of
this disclosure, methods used to determine the amount of
receptor in the activated state will be described (i.e., those
methods employing an antlbody directed agalnst an epitope
characteristic of the actlvated state but not the unactlvated

state). It will be apparent to one of ordinary skill in the art
This is the replacement sheet
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Insa third variation of this enbodi ment, the second antibody is directed
~against a protein (other than a second receptor subunit or polypeptide)
‘that is tightly associated with the receptor only or primarily when the
receptor is in an activated state. 171t wll be apparent to one of
ordinary skill in the art that variations of the aforedescribed enbodi nents
are feasible. In l'ess preferred enbodi nentg, for exanple, the first

anti body (abl) will be imobilized on solid phase substrates other than a

n1crotltertnhatBy(apgrop&ﬁhhecubh&kﬁth&ﬁ@ﬁ)oﬂ ARG idogdiddmidg t he

ever sed. AEBSPREnE™, §PEeFe FIaRS a“dﬁ%?%ﬂ&&sﬁ%?w&# Al SR B 1o

a cell |ysapt phepactdvatedestaitiegd thizoemoumtd ofl rmgeptior Himeran epit ope.
unactivated state can be determined.. The relationship between
receptor in the activated and unactivated states is:

Total réceptor= activated receptor + unactivated receptor.

A receptor is in an activated state when (i) it has

. bound a ligand (i.e., a natural ligand or other agonist that
binds the receptor) and is transducing a signal (e.qg.,
association with specific cytoplasmic proteins) in the manner
characteristic of the binding of the natural ligand or (ii) the
receptor is transducing a signal in the manner characteristic
of the binding of the natural ligand even though no ligand is
bound to the extracellular ligand binding site.

A tyrosine kinase growth factor receptor is in an
activated state (a) if the tyrosine kinase activity of the
receptor is elevated, (b) if reéeptor polypeptides are
associated in dimers or oligomers, when such association is
elevated when the receptor is bound by a natural ligand of the
receptor, compared to unoccupied receptor, or, (c) if the
receptor is tightly associated with the intracellular or
membrane proteins whose association with the receptor is
elevated when the receptor is bound to its natural ligand,
compared to unoccupied receptor.

_ A ligand, as used herein, is a molecule or
macromolecule that binds an extracellular region of a receptor.
A "natural" ligand for a receptor is a ligand found in nature
functionally associated with the receptor. For example, PDGF,
in the forms found in nature, is a natural ligand of the PDGF
receptors; insulin is a natural ligand of the insulin
receptors, etc.

An'epitope is the site on an antigen (e.g., a
'receptor) that is recognized by an antibody or antibody
fragment. For the practice of this invention it is not
necessary that the epitope bound be characterized in molecular
terms. The epitope is characterized in functional terms (e.qg.,
the association of the epitope with activated receptor).
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charfacteristic of activated receptor (e.g., phosphotyrosine). The

J ysate-anti body m xture including ab2-phosphoryl ated protein conplex, if
present, is then conbined with the immbilized first antibody (abl) which
captures the receptor along with any second anti body (ab2) nol ecul es bound
to the receptor or to a nolecule tightly associated with the receptor

(e.g., a second nononer of a receptor dinef). The second antibody (ab2) is
t hen quantltated as a neasure of activated receptor. The foll ow ng

experimental sectionans edfsetrritibaspctdioe )W ittt ity iy tHdnusd ion.
the | nvent FoHL8s EHE to SXPESRE, Rhes AP o e 8 Rty Gt et s e e
receptor (skp bs Dreceptorttexpresgingdaddsiinod@hmndevelt idbdecaptiost t he
.&Dﬁoggcepg%rgggrlbn kAN S5 MAS P TAP Y SL A Y8 0 ek ethrdiidar d
»  polypeptides/cell, with at least 10° receptor polypeptides/cell
more preferred, and at least 108 receptor polypeptides/cell
most preferred. In a preferred embodiment, receptor-eéxpressing
cells are produced by transforming eukaryotic cells with a
recombinant polynucleotide encoding the receptor polypeptide of
interest (e.g., a receptor cDNA) to produce cells expressing or
overexpressihg the recéptor polypeptides. In the most
preferred embodiments, mammalian cells are used. Methods for
recombinant expression of polypeptides are well known in the
art (see, e.g., Sambrook et al. (1989) Molecular Cloning: A
Laboratory Guide, Vols 1-3, Cold Spring Harbor Press, which is
incorporated herein by reference). It will sometimes be
desirable to express more than one polypeptidé in a cell (e.g.,
for measuring dimerization of a heterodimeric receptor). 1In a
second embodiment, a cell line that endogenously expresses a
receptor can be identified by selection and screening. When
selecting feceptor—expressing cells, cells that express high
levels of receptor will generally be preferred over cells
expressing lower levels of receptor. Methods for assessing
receptor expression‘levels are well known in the art and
include immunological, binding competition, and functional
assays (see, e.g., Methods in Enzymology, Vol. 198, 1991,
Barnes, D., Mathers, J.P., Sato, G.H. (Eds.) Academic Press,
Inc., which is incorporated herein by reference).

The assays of the instant invention are suited to a
wide variety of receptors, but will be especially useful for
assaying function of growth factor receptors, especially
tyrosine kinase growth factor receptors. Examples of tyrosine
kinase growth factor receptors include platelet-derivéd growth
factor receptors (PDGF-R), fibroblast growth factof receptors
(FGF-R), insulin receptor (In-R), epidermal growth factor
receptor (EGF-R), erythropoietin receptor (EPO-R), colony
stimulating factor receptor (CSF-R), stem cell factor receptor
(SCF-R), vascular endothelial growth factor receptor (VEGF-R),
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(see, e.g., Harlow) using reconbinant extracellular domain protein as
.previously described (Ramakrishnan et al. (1993) G owth Factors 8:253-265).
Pol ycl onal antibodi es against PDG- [err] (anti-[err]-PDG--R-3980) and [err]
receptor extracellular domains were made in rabbits using reconbi nant
extracel lul ar domain protein (Fretto et al., supra) according to standard
procedures (see, e.g., Harlow, supra). These anti bodi es were shown not to
crossreact with beta PDGF recept or. Anti-ﬁhosphotyrosine anti bodi es were
obt ai ned fr, 18 ¢ rc nt i_.onal tec | es,
ey Ant FASERGE e (AT B T AR BT gy
Inc. (UBl) reCemtogat ed anti bodi es directed agai nst nouse nonocl onal

anti bodies or rabbit MM‘% &@H@%&ﬁ)&ls&fi Y £AARF,] Edd g et ection

wer e obtai ned comerci a rserad
expressing cells w111 be grown under conditions appropriate for

5 growth and prollferatlon and for expression of the receptor of

interest. General tissue culture techniques are well known in
the art and are described in, e.g., Methods in Enzymology, Vol.
58, 1979, Jakoby, W. B. and Paston, I. (Eds.), Academic Press,
Inc., which is incorporated herein by reference. Media

) appropriate for eukaryotic cells are well known and readily
available. Typically, the cell medium will be supplemented
with serum (e.g., fetal bovine serum, FBS), which provides -
growth factors and essential nutrients. However, in some cases,
complete media that are not supplemented with FBS will be
preferred because all the components are known and such media
can be obtained free of contaminating growth factors and/or
compounds that interact with the receptor of interest and which
may affect the assay. In a preferred embodiment, cells will be
grown in multiwell cell culture plates (sometimes referred to
as microtiter plates) suitable for cell cultures, beéause of
the ease of screening large numbers of samples using these
plates. Usually 96-well cell culture plates will be used
(e.g., Falcon 96-well cell culture plates; Costar 96-well cell
culture plates, cat. # 3596). Cells will be seeded according
to usual tissue culture practices at an appropriate cell
density. This density will depend on cell-type, but typically
will be about 10% cells/well for adherent cells in 96-well
microtiter plates. If possible, cells should be seeded so that
they reach cohfluency in 1-2 days. . :

The cells will be grown to about confluency. For
cells grown in the presence of serum, it will sometimes be
desirable to incubate the confluent cells for about 24 hours
(at least 6 hours and typically not more than 48 hours) in a
serum-free medium in order to remove growth factors and/or
compounds that interact with -the receptor of interest.

However, often this will not be necessary or desirable because
the medium in which cells are incubated is typically depleted

of growth factors during the process of cell growth and
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peroxj dase (HRP)-conjugated anti-rabbit |gG (Boehriger Mannhei n) and
. HRP-conj ugat ed nonocl onal anti body PY20 (International Biotechnol ogies,

Inc.) were obtained comrercially. Il. Identification of cell lines for
assay devel opnent A. Non-reconbinant cell lines To identify a cell |ine
expressing high | evels of each PDGF receptor subtype, a collection of human
tumor cell lines obtained fromthe Americag Type Culture Collection were
screened for receptor Ievels The cell lines screened included (ATCC
s, M, S S gt et 0 0
( CRL1440) . gq,é%@%@%m% %s‘?éugc%ffv%ugﬂ BFSodyFeEndwi ch

assay (seeeﬂdmjlnw rnushﬂftihgeirqm defuti+¢ontaimimng | boasermn-fodg media,

shec )< | Med U Sl AP LS 0n £ Brpiieyglon BUBRLL et

prepar edl egsidh |%9:n}m-a%r@1em¢m im mmowffECtJ-VﬂY remove residual
serum.

The assay can also be carried out using nonadherent
cells, by making modifications that will be apparent to one of
ordinary skill in the art. For example, non-adherent cells can

) be grown and incubated with test compounds in suspension, and
can be centrifuged and resuspended according to usual practice
to exchange media, colleet for cell lysis, etc (see, e.q.,
Methods in Enzymology Vol. 58, supra).

To assay for compounds that act as receptor function
agonists or antagonists, the cells are exposed to known
agonists, known antagonists, and/or test compounds which may
be, or may contain, agonists or antagonists. An agonist,
antagonist, or test compound may be a chemical compound, a
mixture of chemical compounds, a biological macromolecule, or
an extract made from biological materials such as bacteria,
plants, fungi, or animal cells or tissues. Test compounds are
evaluated for potential activity as agonists or antagonists of
receptor activation by inclusion in screening assays described
herein.  An "agonist" enhances the activity of a receptor; an
"antagonist" diminishes the activity of a receptor. The terms
"agonist" and "antagonist", as used herein, do not imply a
particular mechanism of function.

According to the method of the assay, when assaying
for agonist activity, receptor-expressing cells will be
incubated wirh a known agonist, a test compound, or a
combination of the two. In a preferred embodiment, the cells
are incubated with the agonist or test compound for about 1
hour at about 4°C. However, the time and temperature of
incubation may range from about 1 minute to about 5 hours, and
from about 4°C to about 37°C, but will usually be at least
enough time for recebtor activation by the natural ligand, if
such time known. Lower temperatures (e.g., 4°C) are generally

preferred to reduce the p0551b111ty of proteolysis,
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I pfera,, and were incubated in the wells to allow for capture of PDGF
.receptor The well's were washed, and rabbit polyclonal antibodies directed-
agai nst the PDG- receptor were added and al l owed to bind to captured
receptor. The level of polyclonal antibody bound was detected enzymatically
usi ng horseradi sh peroxi dase conjugated species anti-rabbit antibody
source. The sarcoma cell line, M5 63, wasjyghown to express high |evels of
both al pha and beta PDG- receptor. B. Reconbinant Cells To devel op a

sensitive asgA¥spRo mau&enbeaaselaeian:%ﬁpb@r a&%@%ﬁb&"eﬂ' ? Q&a.n@"'@rc glther

over expressing reco i '@%GFfr .%5%%_ eaused H§ A ﬁ 3

Escobedo ePF8FeSEe8s fg & ABTEE 816, 4 2SFRAYeh PSR AEEPESr at ed

her ei n by teﬁpeeatures (e.g., 37°C) are used, a shorter incubation time
will usually be desirable (e.g., 10 minutes) to minimize these
interfering processes. During. the incubation of cells with
agonists and/or test compounds, the receptor will be activated
if there is a suitable receptor agonist present (e.g., in the
test compound) and no antagonist present.

When assaying for antagonist activity, receptor-
expressing cells will be incubated with a known antagonist, a
test compound, or a combination of the two, and, in addition,
will be incubated with an agonist. According to the assay, the
presence of the agonist will cause receptor activation unless
antagohist is present.

- The order of addition of antagonist (or test
compound) and agonist can vary. The agonist and antagonist may
be added to the receptor-expressing cells simﬁltaneously, or,
alternatively, the antagonist (or test compound) can be added
before addition of the agonist

The conditions (time and temperature) for incubations
when testing for antagonist activity are essentlally the same
as those described to agonists, supra. However, when they are
added in sequence total time will not usually be longer than
five hours. )

It may also be possible to use receptor-expressing
cells that express a receptor variant that is in a |
constitutively activated state (i.e., activated in the absence
of ligand; see, e.g., Roussel et al. (1990) Oncogene 5 25-30)
In this case, an assay for a compound with receptor antagonist
activity will not necessarily require incubation with a known
agonist.

The amount or concentration of agonist/antagonist
added will, when known, vary depending on the compound, but
will generally range from about 10pM to 100uM. Typically, a
variety of concentrations will be used. In the case of
uncharacterized test compounds ‘it may not be possible, and it
is not necessary, to determine the concentration of
agonist/ antégom.st. This s thé replacement sheet
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[ 1l+. Assays to Measure Receptor Function A Receptor D nerization Assay To
measure the dinerization between al pha and beta PDGF receptors, M563 cells
wer e seeded at 300,000 cells/well in 6-well dishes (Falcon tissue culture
'pl ates) and incubated at [err] in 2 m/well of Dul becco's m ni num essenti al
media (DMEM with 10% fetal bovine serumfor 3 days at which tine cells
were confluent.-The nedia was renoved froquthe wells and replaced with
serumfree DMEM and i ncubation was continuéd at [err] for 18 hours. To

i nduce PDGF 1 eceptof i Rpri 74 80U M yiB @ BRvese ddedoas 2- 200

ng/mM to each well containing 700 [err] DVEM and cells were |ncubated for 2

hours at [merlﬂ%‘%l%%H AThdeh RESAY | F¥3uRYeF % RBPTPRER ]
lysis buff eforftXb1EM {dudd rddatBre ISdhttd¥Gnd 1;,%51*.1@@ Corfbo1d. nth

who added (PR AT MR 4etAvSEc S foRtfelt T olar BRERE ¢k
cel | |ysat eéindubatisgpafiteelis rwith eingatategmpmmts ofdl e ant ¢owpgunds known
not to have agonist activity) or in the absence of added
compounds. Positive controls can include incubation of cells
with compounds known to have agonist activity (e.g., the
natural ligand). Logically similar (though complementary)

) controls can be included in éssays for antagonist activity, as
will be apparent to one of ordinary skill in the art of
biology, as will be various additional controls. The
descrlptlon of controls is meant to be illustrative and in no
way limiting.

After exposure of tﬁe cells to test compounds, a cell
lysate is prepared.- Methods for preparation of a cell lysate
are well known in the art'(see, e.g., Methods in Enzymology
Vol. 198, supra). Typically, cells are homogenized in the
presence of buffers (e.g., Tris-HCl, HEPES), nonionic
detergents (e.g., Tween-20; Triton X-100), and protease
inhibitors (e.g., PMSF, aprotinin, leupeptin). Other
inhibitors, such as phosphatase inhibitors (e.g.,
orthovanadate), may also be desirable. Typically conditions
are chosen that are nondenaturing to the cellular proteins of
interest. A preferred method for preparation of a cell lysate
is by addition of lysis buffer (20mM Tris-HCl, pH 7.3, 150 mM
NaCl, 1% Triton X-100, 1mM PMSF, 1mM sodium orthovanadate, 10
pg/ml aprotinin and 10 pg/ml leupeptin) followed by cell
disruption (e.g., by shaking or scraping). Usually, when
preparing a cell lysate the insoluble matter in the cell lysate
is removed by centrifugation (e.g;, 10,000 xg for 15 min.) and
the clarified supernatant is recovered.

In a preferred embodimeﬁt, the resulting cell lysate
is transferred to a well of a microtiter plate to which an
antibody (abl) against the receptor of interest is immobilized.
Methods for immobilizing antibodies are known in the art and
are described in Harlow, E. and D. Lane, Antibodies: A

aboratory Manual, (1988 cold Spring Harbor Laborato
Laboratory Manual, ( ), pring This is the ,ep\aﬁ%ﬁ\en?sﬁeet
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1C7D5,- which reacts specifically with beta PDG- receptor was i mobilized by
sincubating 0.7 [err] of antibody per well at [err] for >18 hours (5 days)
in 23 MM Tris at pH 8.0, 68 nM NaCl, 14 nM anmoni um bi carbonate and .01%
sodi um azi de. After antibody imobilization, the wells were bl ocked for 2
hours at roomtenperature with 25 mM HEPES pH 7.6, 100 mM Nadl, and 0. 2%
Tween 20 just prior to the addition of ce%i | ysate. Cell |ysate was

i ncubated with this i mobilized anti body Tor 160 mnutes at [err] to all ow

ant It body cgpi—mf Rarbetp REFYbeReP(RerBakyBeepibdesraadtbi gt l"na@;&cmp ated
pr ot ei ns,

e wells _were S t 150 h b
D e fofcA s hSpiRr S ha Rededn! bl Se bt bindss, LAhEhaBk i) Rab' B
al pha PDGreithreptpolyslonaz onnmbnmcmnhhlbetahEEﬁﬁtibodptQabﬂ¢|wmwunge

| i gand stlggig%fgg ago%gléggsp%8 F%EQEXEfgpﬁ%LE Eﬁ?gﬁgﬁgﬁﬁ?ure Qgcgptor

i nmobi |'i zed tec a rec S ca
conpl ex wiin beth ?@tbﬁ@ﬁﬁd pofyunaativated- atphasPDGFYRlFQQQH)tth added

to the wasf@€ibody will bind the receptor with an affinity of at least
about 1077 M1,

In an alternative embodiment, a cell membrane
fraction, especially a plasma membrane fraction can be purified
from the cells treated with a test compound or, e.g., a known
agonist or antagohist,Qqsing standard methods (see, e.g.,
Methods in Enzymology Vol. 198, supra.) and used in the assay.
One advantage of using a membrane preparation will be that the
purified membranes can be frozen and stored for a period of
time, which may, in some cases, increase the convenience of the
assay and allow use of a cell membrane preparation to be used
for several assays over a period of time. When using a membrane
fraction in the assay it will sometimes be useful to further
disrupt the membrane fraction before adding combining the
membranes and antibodies. .

Antibodies, either monoclonal or polyclonal, can be
generated to receptor polypeptides or peptides in a variety of
ways known to those skilled in the art including injection of
antigen into animals, by hybridoma fusion, and by recombinant
methods involving bacteria or phage systems (see, e.g., Marks
et al. (1992) J. Biol. Chem. 267:16007; Marks et al. (1992)
Biotechnology 10:779; Lowman et al. (1991) Biochem. 30:10832;
Lerner et al. (1992) Science 258:1313; each of which is herein
incorporated by reference).

Antibodies may be produced by 1mmun121ng an
approprlate vertebrate host, e.g., mouse, with the antigen
(e.g.,  a receptor polypeptide, peptide, or extracellular
domain), itself or in'conjunctioﬁ with an adjuvant. Usually
two or more immunizations will be involved, and the blood or
spleen will be harvested a few days after the last injection.
For polyclonal antisera, the immunoglobulins may be
precipitated, isolated and purified, including affinity

urification. For monoclonal antibodies, the splenocytes
’ ' ThISPIS the re%olacement sheet
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20:wells (0.29 [err] in 100 [err] of wash buffer) and incubated for 105
,Mmnutes at [err]. After washing the wells 3 tines with 150 [err] of wash
buffer, 100 [err] of horseradi sh peroxi dase conjugated anti-rabbit |gG
(Boehringer Mannheimcat. # 1238850) was added to each well at a 1 to 1000
dilution. The plates were incubated for 1 hour at [err] and wells were
washed 3 tines with 150 [err] of wash bufflé and once with 200 [err]

phosphat e buffered saline. 100 erél of Eeroxidase,substrate (ABTS, supra)
was added DRFIHGIHFobmFITehael iR oFBRCEhRELFEPNOYBRRPFYESY | §-9¢ ¢ 630
nM usi ng a ntedcild tlRing) aiierasel e¢divecedbaditbohsesdr NPBpi®bhks A ThHe

(Flo. 1), Tkadonds o8 Rt 83 CERRERFnegs ool ELndl BTa88i8nr chen cal
cr ossl i nki mprdittiouhcindiccheir shpemmatantPDSEreenedgt Sprdanbiboddesot form
in the gbsq{m,@ I HEL BFed ”s{;é’éi?fféﬂ-&? PDGF AA stimulation
A variety of screening strategies are suitable
including antibody capture, antigen captufe and functional
assays (see, e.g., Harlow). One preferred method for screening
monoclonals and polyclonal'antibodies that bind receptor is

) antibody capture. Techniques for producing antibodies are well
known in the literature and are exemplified by U.S. Patent Nos.
4,381,292, 4,451,570, and 4,618,577, and are described in
Harlow, supra. Typicaily, an ahtibody directed against a
receptor will have a binding affinity of at least 1x10’ M~1.

; In a preferred embodiment, the first antibody (abl)
is directed against the extracellular domain of the receptor of
interest; this is advantageous because the_possibility that the
epitope bound by the first antibody (abl) would interfere with
the binding of a candidate second antibody (ab2) directed to an
intracellular epitope of the receptor (e.g., a phosphotyrosine)
or a cytoplasmic region of receptor association with other
proteins is reduced.

The cell lysate and the first antibody (abl) will be
incubated together for a time and at a temperature sufficient
to ‘allow binding of the receptor and antibody. Typically, this
will be about 30 minutes to about 12 hours at a temperature of
4°C to 37°C. | _ _

Following this incubation, the unbound material will
be removed by gently washing the wells with a suitable buffer
such as one containing 25 mM HEPES pH 7.6, 100 mM Nacl, and
0.2% Tween 20. For general descriptions of methods used in
two-antibody sandwich assay methods see, e.g., Harlow, _
Chapter 14; Ling and Overby, 1972, J. Immunol. 109:834-841;
Belanger et al., 1973, Clin. Chim. Acta 48:15-18; Mailolini and
Masseyeff, 1975, J. Immunol. Methods 8:223-234; each of which
is herein incorporated by reference. .

A second antibody (ab2) that is specific-for an
epitope characteristic of the activated form of the receptor, _

This is the replacement sheet
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(Kanakara et al. Biochem 30:1761, 1991). In contrast, stinulation of M5 63
,cells with PDG- AB and BB produced a dose- dependent increase in the
detection of al pha PDG- receptor indicating that al pha/beta PDG- receptor
conpl exes had formed (Fig. 1), which is consistent with previous reports
usi ng chem cal crosslinking (Kanakara et al., supra). PDGF AB and BB
responses were observed at concentrationg4as |ow as 0.17 nM and were
maximal at 4 nM This is the concentration range at which PDG- m togenic
responses oxcferianvepbtodenofisarprohgin Hutat hes abghytly asmeciahedgwith

physi ol ogi gk | Yot SYaYVaA! BQECEBUQL ee af}ea RP&@Q;B@B:PhQéPQ@&éé!iaEboﬂhéssay

To neasure the beta P recept or ylation, HRS.C %see above)
were seedeteht iﬁﬂOﬁbleﬁPFsFRePFnﬁn“ﬁ¢E¥oﬁ?%%ﬁbb?a?%gd%téPBﬁn 9% @mFibody

pl ates) anginhdindpt &d désafﬂﬁ‘eﬁnfRP%b!\kiécé@P/a{-e]bﬂhdbﬁmneuge um Aer 3

s S0, a0 YSTEXGHEScLERERE TEC R fn B GEBEC L
can include sites of tyrosine phosphorylation. Thus, in some
embodiments, an antibody against phosphotyrosine would be a
suitable second antibody (ab2). Such tyrosine phosphorylation
can be on the receptor polypeptide bound by the first antibody
(abl; e.g., autophosphorylation) or on a tightly associated
protein. The identity of tightly associated proteins will vary
according to the receptor being studied but can include a
second receptor polypeptide (e.g., in homodimers and
heterodimers and oligomers) or other proteins (e.qg.,
phosphoinositide-3-kinase, GTPase activating protein,
phospholipase Cy [PLCY] and nonreceptor tyrosine kinases such
as those of the src family [e.g., pp60¢~ST€, p59fY", and pp62°”
YeS1), A protein is considered to be'tighfly associated with a
receptor if the receptor and protein remain associated in the
presence of a nonionic detergent (e.g., Tween-20 nonionic
detergent, Triton X-100 nonionic detergent). Usually a tightly
associated protein remains associated with a receptor in the
presence of a nonionic detergent at a concentration of 0.1%
(v/v), more usually at a concentration of about 0.25%, still
more usually about 0.5%, even more usually at about 0.75%, and
most usually at a concentration of about 1% (v/v). Such tight
- association will typically be determined under conditions of
near physiological salt (e.g., 0.1 - 0.2 M NaCl) and pH (e.g.,
7.2 - 7.6). Typically, any polypeptide or biomolecule that is
associated with the activated, but not unactivated receptor,
and which remains associated with the receptor when captured by
the first antibody (abl) will be useful in the assay of the
invention and will be considered tightly associated.

- In other embodiments, the second antibody (ab2) can
be directed against other protein modifications characteristic
of an activated receptor (e.g., phosphorylation, cleavage). In
further embodiments, the second antibody (ab2) can be directed

against an epitope of a protein or other biomolecule (e.g., a
This is the replacement sheet.
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continued at [err] for 18 hours. To.induce PDGF receptor phosphorylation,
0.05-2.0 ng of PDGF AA or BB (Fretto et al. (1993) J. Biol. Chem

268: 3625- 363) was added to each well containing 100 [err] RPM and the
cells are incubated for 90 21 minutes at 90 mnutes at [err]. The nedia
was drained and 50 Al of freshly prepared lysis buffer (20 M Tris at pH
7.3, 150 MM NaCl, 1% Triton X-100, 1 nM PN, 1 nM sodi um ort hovanadate, 10
[err] aprotinin and 10 [err] |eupeptin) was added to.each well and the

pl ate was dhiykat, \pajysactharidey ephyecpheteih| gipatkipid, apsppidate

o O AL 20 o B S P8, T
[err] for TEilaRfhs assosiafed vithtapragtivated meseProri4 M amoni um
bi carbonate and . 01%pdidid i €ige HhERPaebhDOIYnT ERBDELEEARI QRtibhey

5 (ab2), the unbound material will be removed by gently washing
the wells. In a_preferred embodiment, the second antibody
(ab2) will be labeled so that bound antibody can be detected
and, if desired, quantitated. A number of methods for
detecting antibodies are known in the art (see, e.g., Harlow,

) supra) including labeling with an enzyme (e.g., alkaline
phosphatase, horseradish peroxidase f-galactosidase) with a
fluorochromes, with radiocactive markers, with biotin, and by
other methods. Depending on the label chosen, various means
known in the art can be used to detect and/or binding by the

i second antibody (ab2) (see, e.g., Harlow, supra). In a most
preferred embodiment, the second antibody (ab2) is conjugated
with peroxidase which is detected, e.g., by monitoriné product
formation at 650 nm following the addition of ABTS (2,2'—
azinobis (3-ethyl-benzthiazoline-s—sulfohic acid) .

An alternative method for detection of the second
antibody (ab2) involves using a third antibody (ab3) directed
against the second antibody (ab2). According to this
embodiment, the second antibody (ab2) is not itself labeled but
is dictated by binding of the third antibody (ab3). The third
antibody (ab3) can be labeled as described for the second
antibody (ab2), supra. This alternative method for detection
will be particularly preferred when the first (abl) and second
(ab2) antibodies have different xenotypes (e.g., mouse and
goat), and may allow increased sensitivity of the assay.

By detecting the second antibody (ab2), either
directly or indirectly, the quantity of activated receptors can
be determined. "Quantity of activated recepteors", as used
herein, can refer to a measurement of the actual number of
activated receptors per cell (or the equivalent) or to a
qualitative comparison between two (or among several)
measurements. For example, in making a qualitative comparison
it will be possible to determine that there are more activated

This is the replacement sheet
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wel I s. were bl ocked with 25 mM HEPES pH 7.6, 100 nM NaC, and 0. 2% Tween 20
Just prior to the addition of cell lysate. The cell |ysate was incubated
with inmobilized anti body agai nst beta PDGF receptor for 2-3 hours at [err]
and wells are washed 3 tines with 200 [err] of wash buffer (0.3%gelatin,
25 nmM HEPES, 100 mM NaCl and .01% Tween 20 at pH 7.4). To detect the |evel
of beta PDGF receptor phosphorylation, hokgseradi sh peroxidase conj ugat ed
nonocl onal antibody PY20 (International Biotechnologies, Inc.) directed

i nst  phosgydy el o
?%ghgzt eg for %M%urlﬂled[é%?rv@i!qed‘:ﬁn Q:h&méefagfédrlar?r?é% nd wa%\h'elde %}%eust

with 200 [ @erpugingdhe, 4 £fe TaRARYORS J(mmﬂéﬁh% WAl of
phosphat e buffered sa raepmatif&ﬂ eilibdineitc toff mtimﬂsldmpiat Ofcﬁﬁ:@lﬁ.

descri bed, _s resence of ,PDG- BB, heta P har tion
i s detected é’dyzg}%gnp 1o WSS cﬁhebliﬁ—s%q? D%lt%fg 0%?

recept o plosindr Wi xeweptom stagdtugred . Tihee fwuril sandribatihs{aantisi t h
previous sigidiees e HISIHA i dfidlodd! i ARENGR A FPBoth activated

and unactivated receptor. Furthermore, the fourth antibody
must be able to bind receptor that is bound (i.e., captured) by
the first antibody (abl) and bound by the second antibody

» (ab2). Thus, although the specificity of the first (abl)'and_
fourth (ab4) antibodies is similar, if used in combination they
must be able to bind the receptor polypeptide at the same time.

_ According to the assay, by comparing the binding of

the second antibody (ab2) and the fourth antibody (ab4) an
index of activatiomr can be determined. The index of activation
(IA) is defined as follows:

IA = activated receptor bound/total receptor bound = moles
ab2 bound/ moles ab4 bound

In a preferred embodiment of the invention, receptor
activation of a tyrosine kinase growth factor receptor is
measured. In one variation of this embodiment, the second
antibody (ab2) is directed against phosphotyrosine. ’

In a second variation of this embodiment, the first
antibody (abl) recognizes a first monomer of a homo~ or hetero-
dimer or oligomer, and the second antibody (ab2) recognizes a
second monomer of a homo- or hetero- dimer or oligomer, and the
first and second monomers are tightly associated only or
primarily when the receptor is in an activated state (i.e.,
when such association is elevated when the receptor is bound by
its natural ligands, compared to unoccupied receptor).

In a thira variation of this embodiment, the second
antibody is directed against a protein (éther than a second
receptor subunit or polypeptide) that is tightly associated
with the receptor only or primarily when the receptor is in an
activated state. .
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betta PDGF receptor contains little phosphotyrosine, and that PDG- AA does
not activate this receptor (Kanakara et al., supra). In contrast,

“stinulation of HR5 cells with PDGF BB produced a dose dependent

i ncrease in

the detection of beta PDGF receptor phosphorylation. PDGF BB responses were

observed at concentrations as low as 0.2 nM and were naxi nal at

2-3 nM

This is the concentration range at whi chlPDG- nitogenic responses occur,

denonstrati ons that thls assay is functioning p SIO|O i ca r
concentrations. Ax ®ilds Pg, anpawantute %’5&)(9 f’%erRé:‘éﬁt

eIevant
Linithe

Ef fector HQ'teQ.hh‘tS v‘a&lweir@p ox) mmd&m&& henddididiergofardie beta

PO 1 OO S PP PR LB oL ST e Pt 4 UL 081
antlbody (abl) will be immobilized on solid phase substrates
other than a microtiter plate (e.g., cell culture beads). In
another embodiment, the order of addition of the first (abl)
‘and second (ab2) antibodies will be reversed. According to this
embodiment, a second antibody (ab2) is added to a cell lysate
prepared as described above, and allowed to bind an epitope
characteristic of activated receptor (e.g., phosphotyrosine).
The 1ysate4antibody mixture including ab2-phosphorylated
protein complex, if present, is then combined with the
immobilized first antlbody (abl) which captures the receptor
along with any second antibody (ab2) molecules bound to the

receptor or to a molecule tightly associated with the

receptor

(e.g., a second monomer of a receptor dimer). The second
_antlbody (ab2) is then quantitated as a measure of actlvated

receptor.

The following experimental section is offered by way

of example and not by limitation.

EXAMPLES

The following Examples describe the application of

the assays of the invention usihg cells expressing platelet-

dexrived growth. factor (PDGF) receptor(s).

I. Development of antibodies

Monoclonal antibody against the PDGF receptor (antif
B~PDGF~R 1C7D5) was prepared according to standard methods
(see, e.g., Harlow) using recombinant extracellular domain

protein as previously described (Ramakrishnan et al.

(1993)

Growth Factors 8:253-265). Polyclonal antibodies against PDGF

o (anti-o-PDGF-R-3980) and f# (anti-f-PDGF-R-3982) receptor
extracellular domains were made in rabbits using recombinant
extracellular domain protein (Fretto et al., supra) according
to standard procedures (see, e.g., Harlow, supra). These
antibodies were shown not to crossreact with beta PDGF

receptor. Antl-phosphoterSLne antibodies were obtained froj
This is the replacement & eetl
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dish (Falcon) in RPM 1640 containing 10% fetal bovine serum and grown at
.lerr] for 3 days at which tine the cells had reached confluency. The nedi a
was replaced with serumfree RPM 1640 and i ncubation was continued for 18
hours at [err]. O The nedia was renoved and 3 ml of RPM 1640 or RPM 1640
containing PDGF BB (50 ng/m ) was added and the incubation continued for 10
mnutes at [err]. The nedia was drained a¥fl 250 ul of freshly prepared

| ysis buff 20 Tris_at 7.3, 150 O, 1% Triton X-100, .1 ‘
PVEE. 1 mWSRERARL SPTFE0AnAGAEENTBA0TEr BLahPERP-RIBRE . 150Ea) £ ARt

| eupept i n)phesplailiiphse €ayhl l98snubphihedafidomelpstabeeBiotapbrdologm t he

| at |l i i craf yge. T Leraf uges t exed
Prd contr HiedtTBEL: [ Eonfudheed LeEibbates UErBLERY, HORLRBECINASSITL) X
mat eri al-. meneckerabiantibpdies ernwabbit| polyphanadihankibogigsinged- $955)

rabbit pol ¥51 oFahet Bz daeeeteilondabbet obBgiRehacBRErE2a2Ry0r f1628e2B8Y8h

was |nnDb|I|zed,gX in ubaglng 0.5 ug of nt|b0d¥ per £I hn.lOO ul of 23

mM Tri s peroxidase (HRP)-coOnjugated anti-rabbit IgGm? oehriger
Mannheim) and HRP-conjugated monoclonal antibody PY20
(International Biotechnologies, Inc.) were obtained
commercially.

II. Identification of cell lines for assay development
A. Non-recombinant cell lines o
To identify a cell line expressing high levels of
each PDGF receptor subtype, a cSllection of human tumor cell
lines obtained from the American Type Culture Collection were
screened for receptor levels. The cell lines screened included
(ATCC numbers in parentheses): SKIMS1 (HTB88), A204 (HTBA2),
HS68 (CRL1635), MG63 (CRL1427), HS27 (CRL1634), WSl (CRL1502),
HT1080 (CRL121) and G402 (CRL1440). PDGF receptor levels were
measured using a two-antibody sandwich assay (see, Harlow,
supra). Briefly, 1 pg of monoclonal antibody specific for
either alpha or beta PDGR receptor (see above) was immobilized
in wells of microtiter dishes. Cell lysates for the tumor
lines were prepared essentially as described in Example III,
inffa, and were incubated in the wells to allow for capture of
PDGF receptor. The wells were washed, and rabbit polyclonal
antibodies directed against the PDGF receptor were added and
allowed to bind to captured receptor. The level of polyclonal
' antibody bound was detected énzymatically using horseradish
peroxidase conjugated species anti-rabbit antibody source. The
_ sarcoma cell line, MG 63, was shown to express high levels of
both alpha and beta PDGF receptor.

B. Recombinant Cells

To develop a sensitive assay to measure beta PDGF
receptor phosphorylation, CHO cells overexpressing recombinant
beta PDGF receptor were used (HR5 cells, Escobedo et al. (1988)
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at pH 8.0, 68 nM NaCl, 14 nmM anmmoni um bi carbonate and .01% sodi um azi de at
[err] for 18 hours. After antibody imobilization, the wells were washed
once with 150 ul of 25 mM HEPES pH 7.6, 100 mM NaCl, and 0.2% Tween 20 and
then 200 [err] of this buffer was added and i ncubated at roomtenperature
for 1 hour to block the wells. The mells were washed 2 tinmes with 150 [err]
of incubation buffer (0.3% gelatin, nN#;EPES 100 MM NaCl and 0. 01%
Tween 20 at pH 7.6) and 50 [err] of ceII ysate plus 50 [err] of incubation
buf f er mergcaéﬁed 208 stzwbb‘;an@ntl% aga&ﬁ%o%b%atc@wwrﬂ 2.5 hours
at room tenperature, | ates were washed 3 tines with 150 uIP&eII of

i ncubat i onTBERFERSEAd 0 05 ug of a mixed preparatlon of mouse nonocl onal
anti bodi es directed agai nst PLC ganma (Upstate Bi ot echnol ogy, Inc.) was

2B bt O Y i o 11 plares vere

Receptor Dimerization Assa

To measure the dimerization between alpha and beta
PDGF receptors, MG 63 cells were seeded at 300,000 cells/well
in 6-well dishes (Falcon tissue culture plates) and incubated
at 3ﬁ°c in 2 ml/well of Dulbecco's minimum essential media

»  (DMEM) with 10% fetal bovine serum for 3 days at which time -
cells were confluent.- The media was removed from the wells and
replaced with serum~-free DMEM and incubation was continued at
37°C for 18 hours. To induce PDGF receptor dimerization, PDGF
AA, AB or_BB was added at 2-~200 ng/ml to each well containing
700 pl DMEM and cells were incubated for 2 hours at 4°C. The.
media was drained and 60 pl of freshly prepared lysis buffer
(20 mM Tris at pH 7.3, 150 mM NaCl, 1% Triton X-100, 1 mM PMSF,
1 mM sodium orthovanadate, 10 pg/ml aprotinin and 10 pg/ml
leupeptin) was added to each well and cells were scraped from
the wells to prepare the cell lysate.

In a separate microtiter plate, monoclonal antibody
1C7D5, which reacts specifically with beta PDGF receptor was
immobilized by incubating 0.7 pg of antibody per well at 4°C
for >18 hours (5 days) in 23 mM Tris at pH 8.0, 68 mM Nacl, 14
mM ammonium bicarbonate and .01% sodium azide. After antibody
immobilization, the wells were blocked for 2 hours at room
temperature with 25 mM HEPES pH 7.6, 100 mM NaCl, and 0.2%
Tween 20 just prior to the addition of cell lysate. Cell
lysate was incubated with this immobilized antibody for 160
minutes at 4° to allow antibody capture of beta PDGF receptor
‘polypeptides and tightly-associated proteins, and the wells
were washed 3 times with 150 pl of wash buffer (0.3% gelatin,
25 mM HEPES, 100 mM NaCl and 0.01% Tween 20 at pH 7.4).

If alpha PDGF recéptor is in a complex with beta PDGF
receptor following ligand stimulation, both réceptor subtypes
will be captured bylthe immobilized antibody. To detect alpha
receptor that is captured in a complex with beta receptor,

polyclonal antl-alpha-PDGF-R (3980) was added to the washed
This is the replacement sheet
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231 hour. The wells were washed 3 tines with 150 [err] of incubation

. buffer and 100 [err] of a 1:1000 dilution of horseradi sh peroxi dase coupl ed
anti-nouse anti body (Sigma) was added and i ncubated at [err] for 1 hour.
The wells were washed 3 tines with 150 [err] of incubation buffer and 1
time with 150 [err] of phosphate buffered saline. 100 [err] of peroxidase
substrate (ABTS, supra) was added and progoct formation was nonitored at
650 nM (Mol ecul ar Devices). Wien cell |ysates were anal yzed under these
condi ti onsyel}sal€s2pr ggaAwed 1f AmmlGRS pdeloifs walsht budfer) andmihgtibdtexdt for

PDGF gave o8- {n%qtbgca%aae in ahfwl Eﬁﬂ@p%h%dwbqﬂsy%attﬁegr Peheh sy

that had not been stinul ate hese results denonstrate

that the akdoffatVRsh BPfﬁﬁérg&ﬁﬁa“h oF 'sbepgrpbeﬁaﬁecéepapgated
occurring undeprabxaitot[qgl q 8o eh¥ithglero Manthie ke c&&hse%quemslasoass:a}éeada@aa

;nerr[ ﬁ;f{ It gr BrLO Pié'l’ ggk%s 1{3%85 Q.?)O@S I&'lqrﬁttlgrnq %11 tplségcre%e rv‘:'erzl'% J.ncubated
for 1 hour at 4°C and wells were washed 3 times with 150 pl of
wash buffer and once with 200 ul phosphate buffered saline. 100
ﬁl/well of peroxidase substrate (ABTS, supra) was added and
product formation was monitored spectrophotometrically at

650 nM using a microtiter plate reader (Molecular Devices).
When PDGF AA is added, no alpha PDGF receptor was detected in
complex with beta receptor (Fig. 1). These results are
consistent with previous studies using chemical crosslinking
that conclude that alpha/beta PDGF receptor dimers do not form
in the absence of ligand or in response to PDGF AA stimulation
(Kanakara et al. Biochem. 30:1761, 1991). In contrast,
stimulation of MG 63 cells with PDGF AB and BB producéd a dose-
dependent increase in the detection of alpha PDGF receptor
indicating that alpha/beta PDGF receptor complexes had formed
(Fig. 1), which is consistent with previous reports using
chemical crosslinking (Kanakara et al., supra). PDGF AB and BB
responses were observed at concentrations as low as 0.17 nM and
were maximal at 4 nM. This is the concentration range at which
PDGF mitogenic responses occur in vivo, demonstrating that the
assay is functioning at physiologically relevant
doncentrations..

B. Receptor Phosphorvlation Assay

To measure the beta PDGF receptor phosphorylation,
HR5 cells (see above) were seeded at 10,000 cells/well in
microtiter plates (Falcon 96 well plates) and incubated at 37°C
in RPMI with 10% fetal bovine serum for 3 days at which time
confluency was reached. The media was removed from the wells
and replaced with 100 pl of serum free RPMI and incubation was
continued at 37°C for 18 hours. To induce PDGF receptor
phosphorylation, 0.05-2.0 ng of PDGF AA or BB (Fretto et al.
(1993) J. Biol. Chem 268:3625-363) was added to each well
containing 100 pl RPMI and the cells are incubated for 90
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such .t hat conpounds that enhance or inhibit receptor/substrate interactions
.My be identified. Al publications and other references or patent
docunents herein are incorporated by reference. It is to be understood that
t he above description is intended to be illustrative and not restrictive.
Many enbodi nents will be apparent to those of skill in the art upon
review ng the above description. The scopglof the invention should,
therefore, be determined not with reference to the above description, but
shoul d i nsmdautes adt SOrimiawbes Rt d@i.en@he media appertainddias] 50 qrfg

i |1 ROl 35 Sy A g IS 8 4] o g’

t est Nacl, 1% Trlton X-100, 1 mM PMSF, 1 mM sodlum orthovanadate, 10

" pg/ml aprotinin and 10 pg/ml leupeptin) was added to each well

5 and the plate was shaken vigorously to prepare the cell lysate.

In a separate microtiter plate, monoclonal antibody

1C7D5 directed against the beta PDGF receptor was immobilized
by incubating 1.0 pg of antibody per well at 4°C for 18 hours
in 23 mM Tris at pH 8.0, 68 mM NaCl, 14 mM ammonium bicarbonate

) and .01% sodium azide. After antibody immobilization, the
wells were blocked with 25 mM HEPES pH- 7.6, 100 mM NaCl, and’
0.2% Tween 20 just prior to the addition of cell lysate. The
cell lysate was incubated with immobilized antibody against
beta PDGF receptor for 2-3 hours at 4°C and wells are washed 3
times with 200 pl of wash buffer (0.3% gelatin, 25 mM HEPES,
100 mM NaCl and .01% Tween 20 at pH 7.4). To detect the level
of beta PDGF receptor phosphorylation, horseradish pefcxidase
conjugated monoclonal antibody PY20 (International
Biotechnologies, Inc.) directed against phosphotyrosine was
added at 0.12 pug/well in 100 wash buffer and incubated for 1
hour at 37°C. The wells were drained and washed 3 times with
200 pl of wash buffer, peroxidase,shbstrate (ABTS) in 100 ul of

. phosphate buffered saline was added and product formation is
monitored as described, supra. In the presence of PDGF BB,
beta PDGF-R phosphorylation is detected (Fig. 2) When no
ligand or PDGF AA is added, no beta PDGF receptor
phosphorylation is detected. These results are consistent with
previous studies demonstrating that in the absence of PDGF,
beta PDGF receptor contains little phosphotyrosine, and that
PDGF AR does not activate this receptor (Kanakara et al.,
supra). In contrast, stimulation of HRS5 cells with PDGF BB
produced a dose dependent increase in the detection of beta
PDGF receptor phosphorylation. PDGF BB responses were observed
at concentrations as low as 0.2 nM and were maximal at 2-3 nM.
This is the concentration range at which PDGF mitogenic
reésponses occur,.demonstrations that this assay is functioning
physiologically relevant concentrations.
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conpound to affect function of a tyrosine kinase receptor by acting as an
ant agoni st or an agoni st of receptor activation, conprising the steps: i)
obt ai ni ng tyrosi ne ki nase receptor-expressing cells; ii) incubating a first
portion of the tyrosine kinase receptor-expressing cells with a test
conpound to. produce test cells and incubating a second portion of the
tyrosi ne ki nase- expressing cells in the ghsence of the test conpound to

produce control cells; |||) detern1n|ng the quantlty of receptors that are
activated i A . ITE ‘ I a

t wo- anti body s | bR rgg|5|ng the steps a) Iy5|ng the cells; b)
capturing the bilized first antibody (abl) that blnds

the receptor; and c) 'Rfétftﬁr"fﬁlrﬂméﬁ [REsRYahd. measfurg tthatkindine mbrehey

bi ndi ng a aawndaofcﬁ I REBH{AD Ao IHHsPRAGHH e TSI Of YO S difna W Si@% N

phosphoéyro slégégugégtéeIé%'é:mllllon cells per 100 mm tissue culture
dish (Falcon)_ln'RPMI 1640 containing 10% fetal bovine serum
and grown at 37°C for 3 days at which time the cells had
reached confluency. The media was replaced with serum-~free
RPMI 1640 and incubation was continued for 18 hours at 37°cC.

0 The media was removed and 3 ml of RPMI 1640 or RPMI 1640
containing PDGF BB (50 ng/ml) was added and the incubation
continued for 10 minutes at 37°C. The media was drained and
250 ul of freshly prepared lysis buffer (20 mM Tris at pH 7.3,
150 mM NaCl, 1% Triton X-100, 1 mM PMSF, 1 mM sodium
orthovénadate, 100 pg/ml aprotinin and 10 pug/ml leupeptin) was
added to each 100 mm plate and cells were scraped from the
plates and collected into a microfuge tube. The microfuge tube
was vortexed and centrifuged in a microfuge for 10 minutes at
4°C to remove insoluble material.

) In a microtiter plate (Immulon II, Dynatech
cat. # 011-010-3455), rabbit polyclonal IgG directed against
the beta PDGF receptor (see above) was immobilized by
incubating 0.5 ug of antibody per well in 100 ul of 23 mM Tris
at pH 8.0, 68 mM Nacl, 14 M ammonium bicarbonate and .01%
sodium azide at 4°C for 18 hours. After antibody
immobilization, the wells were washed once with 150 ul of 25 mM
HEPES pH 7.6, 100 mM NaCl, and 0.2% Tween 20 and then 200
pl/well of this buffer was added and incubated at room
temperature for 1 hour to block the wells. The wells were
washed 2 times with 150 pl/well of incubation buffer (0.3%
gelatin, 25 mM HEPES, 100 mM NaCl and 0.01% Tween 20 at pH 7.6)
and 50 ul of cell lysate plus 50 pl of incubation buffer were
added to each well and the plates were incubated for 2.5 hours
at room temperature. The plates were washed 3 times with 150
ul/well of incubation buffer and 0.05 ug of a mixed preparaﬁion
of mouse monoclonal antibodies directed against PLC gamma
(ﬁpstate Biotechnology, Inc.) was added to each well in 100 pul
of-lncubatlon buffer and the plates were incubated at 37°C for
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t he activated tyrosine kinase receptor; iv) conparing the quantity of
.activated receptors in the test cells with the quantity of activated
receptors in control cells; and v) correlating a difference in quantity
of activated receptors in the test cells with the quantity of activated
receptors in control cells with the ability of the test conpound to affect
function of the receptor, ‘wherein an incrggased quantity of activated
receptors in the test cells indicates receptor agonist activity by the test
conpound andheugecs eRECHelidntvel Ghsheli Batasthescadrihonso it g test cells

method {or -HECRRRLRRHAEREERBPR rO0rdWELY, B R dirtd 00 SAHSEEN St on of
a recept orhbyseradighapezpxidasgocospled antigmouste @ntidosiyt diSigmai)vatison,
ConpriSinga&&@dséﬁasincubated at 37°C for 1 hour. The wells were washed
3 times with 150 pl of incubation buffer and 1 time with 150 pl
of phosphate buffered saline. 100 ul/well of peroxidase
substrate (ABTS, supra) was added and product formation was
monitored at 650 nM (Molecular Devices).

' When cell lysates were analyzed under these
conditions, lysates prepared from HRS cells that were
stimulated with PDGF gave a 3-fold increase in signal as
compared to lysates from cells that had not been stimulated
with PDGF (Fig. 3). These results demonstrate that the
association of PLC gamma with activated beta PDGF receptor
occurring under physiological conditions can be subsequently
assayed in a microtiter format that makes possible high
throughput screening of synthetic or natural product libraries
such that compounds that enhance or inhibit receptor/substrate
interactions may be identified.

All publications and other references or patent
documents herein are incorporated by reference. It is to be
understood that the above description is intended to be
illustrative and not restrictive. Many embodiments will be |
apparent to those of skill in the art upon reviewing the above
description. The scope of the invention should, therefore, be
determined not with reference to the above description, but
should instead be determined with reference to the appended
claims, along with the full scope of equivalents to which such
claims are entitled.
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25+) . obtaining receptor-expressing cells; ii) I ncubating a first
. porti'on"of the receptor-expressing cells with a test conpound to produce

test cel | |9gee ' [ a second portion of the receptor-expressing cells
in the abﬁﬂ“l&“ﬂﬁﬂﬂl‘ﬂomound to produce control cells; iii)
determ ni ny the ‘qudnt fty* of activated receptors in the test cells and in
the control cells by using a two-anti bodgagsandwi ch assay conprising the
steps: a) lysing the cells; b) capturing the receptor with an i mmobilized
first antigrmdy XsabdnaAINeD I8nds the receptor; and c)determ ning the

“ quantity of activated receptors by binding a second antibody (ab2) that
recogni zes a bionolecule tightly associated wth the activated receptor but
not tightld. associ atdekthed ufextdetexnininepthe ;abidity cofipartestt he

quantity offdindiEs JLEEPL OFenéPidi€E a tyrosine kinase receptor by
acting as an antagonist or an agonist of receptor activation,
comprising the steps:

i) obtaining tyrosine kinase receptor-expressing cells:

_ ii) incubating a first portion of the tyrosine kinase
receptor-expressing cells with a test compound to produce test
cells and incubating a second portion of the tyrosine kinase-
expressing cells in the absence of the test compound to produce
control cells:;

iii) determining the quantity of receptors that are
activated in the test cells and in the control cells by using a
two-antibody sandwich assay comprising the steps:

a) lysing the cells; ' _
. b) capturing the receptor with an immobilized first
antibody (abl) that binds the receptor; and
c) determining the quantity of activated receptors by
binding a second antibody (ab2) that recognizes
phosphotyrosine, wherein phosphotyrosine is characteristic of
the activated tyrosine kinase receptor;

iv) comparing the quantity of activated receptors in the
test cells with the quantity of activated receptors in control
celis; and .

v) correlating a difference in quantity of activated
receptors in the test cells with the quantity of activated
receptors in control cells with the ability of the test
compound to affect function of the receptor, wherein an
increased quantity of activated receptors in the test cells
indicates recéptor-agonist activity by the test compound and a

" decreased gquantity of activated receptofs in the test cells
indicates receptor antagonist activity by the test compound..

2. A method for determining the ability of a test
compound to affect function of a receptor by acting as an

antagonist or an agonist of receptor activation, comprising the

steps: -
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test cells with the guantity of activated receptors in control cells; and

. correlating a dlfference in quantity of activated receptors in the
test cel | sunllllrumu Ig ML%/) of activated receptors in control cells with
the abilit ound to affect function of the receptor,

wherein an i ncreased gquantity of activated receptors i.n the test cells

I ndi cates receptor agonist activity by thestest conpound and a decreased

gquantity of activated receptors in the test cells indicates receptor
ant agoni st acti ¥)ty bptahnihgsrecepporrdxpfessing cellle:;net hod of claim 2,

wherein the blﬁgglecg Eubﬁtﬁn?ohyEggghngrélon 8f tgghgeggbgg%_ggﬁgg%g¥é%

wherein the E eptide Is a recepto ypept
claim3, wReitsnwikk EoF?E§pFP§E°P§dpﬁ@sﬁﬁ@ﬂﬁ§§|FP§§ gellgaaad dnpabating

activati ngapsetgha, pettRBASBROLhBasBckPtbl-expressing cells in the
5 absence of a test compound to produce control cells;

iii) determining the quantity of activated receptors in
the test cells and in the control cells by using a two-antibody
sandwich assay comprising the steps:

a) lysing the cells;
} b) capturing the receptor with an immobilized first
antibody (abl) that binds the receptor; and
( c) .determining the guantity of activated receptors by
binding a second antibody (ab2) that recognizes a biomolecule
tightly associated with the activated receptor but not tightly
associated with unactivated receptor:;

iv) corparing the' quantity of activated receptors in the.
test cells with the quantity of activated receptors ih_control
cells; and ' _ '

v) cofrelating a difference in quantity of activated
receptors in the test cells with the quantity of activated
receptors in control cells with the ability of the test
compound to affect function of the receptor, wherein an
increased quantity of activated receptors in the test cells
indicates receptor agonist activity by the test compound, and a
decreased quantity of activated receptors in the test cells
indicates receptor antagonist activity by the test compound.

3. The method ©of claim 2, wherein the biomolecule is a
polypeptide.
4. The method of claim 3, wherein the polypeptide is a

receptor polypeptide.
5. The method of claim 3, wherein the polypeptide is

phosphoinositide~3~kinase, GTPase activating protein, or
phospholipase C¥.
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26 6. —The method of claim1, conprising the additional step of
.incubation '[“lkinase receptor-expressing cells with a
receptor-a‘;‘mmmnmm at the sanme tine as, or follow ng, the

i ncubation ef step M. 7. % The nethod of claim 2, conprising the
additional step of incubation of the receptor-expressing cells with a
receptor- activation agonist at the same tjgre as, or follow ng, the

i ncubation of step ii. 8. The nethod of claim1, 2, 6, or 7, wherein

the recept @,- expressiTHe G#ifod XPf SFa Bn W OVédnpPLd Dig ref€Pddit fonal step
The net hod of .cl ai,m.8, mﬂgéeln t he rpmﬁqifactor receptor is a
9 e

pl at el et - d&5 VEFRTw ter }pase receptonTe¥RILITING £914S or
2, wherei nwith fa nscapttobeiyt {xzdtijon sagomixt | atz echensamen time idw; gk at e.

1. A dBIRAGd O el S £ Noe AdL Ly O 2 test

ul

7. The method of claim 2, comprising the additional step
of incubation of the receptor-expressing cells with a receptor-
activation agonist at the same time as, or folléwing, the
incubation of step ii.

8. The method of claim 1, 2, 6, or 7, wherein the
receptor-expressing cells express a growth factor receptor.

9. The method of claim 8, wherein the growth factor
i  receptor is a platelet-derived growth factor receptor.

10. The method of claim 1 or 2, wherein -the first
antibody (abl) is immobilized on a microtiter plate.

11. A method for determining the ability of a test
compound to affect function of a receptor by acting as an
antagonist or an agonist of receptor activation, comprising the

steps: _
i) obtaining receptor-expressing cells; .
ii) incubating a first portion of the receptor-expressing

cells with a test compound to produce test cells and incubating
a second portion of the receptor-expressing cells in the
absence of the test compound to produce control cells;

iii) determining the gquantity of receptors that are
activated in the test cells and in the control cells by using a
two—-antibody sandwich assay comprising the steps:

a) lysing the cells to form a cell lysate;

b) combining the cell lysate and a second antibody
(ab2) that recognizes phosphotyrosine, wherein phosphotyrosine
is characteristic of the activated receptor, or that recognizes
a biomolecule tightly associated with the activated-receptor
but not tightly associated with unactivated-receptor, wherein

an activated-receptor-second antibody (ab2) complex is formed;
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conpound to affect function of a receptor by acting as an antagoni st or an
agonlsr—Uf“réCEbrﬁr“aCT“V§t|on conprising the steps: i) obt ai ni ng

recept or i) i ncubating a first portion of the

recept ornmmmﬁgmg“mm with a test conpound to produce test cells and

I ncubati ng ac secormd portion of the receptor-expressing cells in the absence
of the test conpound to produce control cgfls; iii) determ ning the
quantity of receptors that are activated in the test cells and in the
control cells by usisy eaptardm hmﬂya&&ﬂdﬂt@h-&&m@pﬁbﬁﬁ@ecﬂnaJadtibﬁdy)

2 LIS109, KB oL 8’ B0 AR ol B R BAR A Gl e and

phosphotyrbsnde thechac&pt@mhstlc of the activated receptor, or that

recogni zes a bigyml eg h%a&-'ﬁ%%tnac | é.q_ttgd off Ta'&ttm%t%‘at f@}éﬂc{:‘?ﬁm Prdut

not tlghtlg associ at e mher
acti vated- FeEEpEBLLScWARR RS KHRRtILH? 'ﬁEQﬁBP°rS in control

cells; and

v) correlating a difference in quantity of activated
receptofs in the test cells with the quantity of activated
receptors in control cells with the ability of the test
compound to affect function of the receptor, wherein an
increased quantity of activated receptors in the test cells

. indicates receptor agonist activity by the test compound and a
decreased quanfity of activated receptors in the test cells
indicates receptor antagonist activity by the test compound.

12. - A method for determining the ability of a test
compound to act as an antagonist or an agonist of receptor
activation, comprising the steps:

i) obtaining receptor-expressing cells;

ii) incubating a first portion of the receptor-expressing
cells with a test compound to produce test cells and incubating
a second portion of the receptor-expressing cells in the
absence of the test compound to produce control cells;

iii) determining.the quantity of activated receptors that
are.activated in the test cells and in the control cells by
using a two-antibody sandwich assay'comprisiﬁg the steps:

a) lysing the cells:; '

b) capturing the receptor with an immobilized first
antibody (abl) that binds the receptor; and

c) determining the quantity of activated receptors by
binding a second antibody (ab2) that recognizes an epitope
characteristic of receptor activation wherein the epitope
characteristic of receptor activation is due to a covalent
modification to the receptor or cleavage of the receptor;

| iv) comparing the quantity of activated receptors in the
test cells with the quantity of activated receptors in control
cells; and
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27 «C) . C | t he activated-receptor-second anti body (ab2) conplex with
. an m’rm?@"{“é IT, m'mm body (abl) that binds the receptor; iv)

conparin activated receptors in the test cells with the
guantity of activat ed r‘eceptors in control cells; and v) correlating a
difference in quantity of activated receptors in the test cells with the
quantity of activated receptors in controggcells with the ability of the
test conmpound to affect function of the receptor, wherein an increased

quantity of actwyat edorredpkdhy ian dilfiferesicecdin spiamdiicat exf redeiptatred
aceptoro FeteRboRs iR bRt keRtTRAS SHUE GR LRI U ot e 1R
test conpodggeptors in control cells with the ability of the test
compound to affect function of the receptor, wherein an
5 increased quantity of activated receptors in the test cells
indicates receptor agonist activity by the test compound and a
decreased quantity of activated receptors in the test cells

indicates receptor antagonist activity by the test compound.

heetl
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12. A nethod for determning the ability of a test conpound to act as
,an ant agoni st or an agoni st of receptor-acti:vation, conprising the steps:

i) ‘obt ai ning receptor-expressing cells; ii) ' incubating a first portion
of- the receptor-expressing cells with a test conpound to produce test cells
and incubating a second portion of the receptor-expressing cells in the
ahsence of the test conmpound to produd@® control cells; iii) det er m ni ng
the quantity of activated receptors that are activated in the test cells
and in the control cells by using a two-anti body sandw ch assay conpri sing
the steps: a) lysing the cells; b) c%fturing the receptor with an

I mmobi |1 zed first antibody (abl) t the receptor; and c)

determ ning the quantity of activated receptors by binding a second

anti body (ab2) that recognizes an epitope characteristic of receptor

activation wherein the eplto receptor activation is due
to a coval ent. w;ﬁé_&ﬁ__%&!&s

Methods are provided for assaying the functions (e.g., activation) of
signal-transducing receptors on cells. The methods are useful for identifying
compoundé that are agonists or antagonists of receptor function. The assays utilize a
two-antibod\-/ sandwich assay employing an immobilized first antibody that specifically
binds and captures the receptor of interest; along with any tightly associated proteins
or polypeptides and a second antibody directed against (i} an epitope of the receptor
that is characteristic of the activated but not the unactivated state; {ii) an epitope of a
protein or molecule charaétéristically bound to activated receptor but not to
unactivated receptor, or (iii} an epitope of the receptor that is characteristic of the
- unactivated but not the activated state. In one embodiment, the level of binding of
the second antibody is determined and corfelated with the presence of activafed
receptor, and thus with ﬁctivatién in response to the treatment received by the cells.
The methods provided by the invention will find particular use for detecting activation

of tyrosine kinase growth factor receptors.

Figure 1
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nodi fication to the receptor or cleavage of the receptor; iv) conpari ng
tthe quantity of activated receptors i-n‘the test cells with the quantity of
activated ' receptors in control cells; and 28 V) correlating a
difference in quantity of activated recb@tors inthe test cells with
the-quantity of activated receptors in control cells with the ability of

t he test conpound to affect function of the receptor, wherein an increased
~quantity of activated receptors in the test cells indicates receptor
agoni st activity by the test conpound and a decreased quantity of activated
receptors in the test cells |nd|cates receptor antagonist activity by the
test conpound.
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