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RECEPTOR FUNCTION ASSAYS 

B~CKGROUNP OF 'tBE INVENTION 
l. Field of the Invention 

:?CT/US94/0857l 

ii1ilmifiiRi 

signal-transducing receptors mediate fundamental .. 
aspects of cell p~ysiolo9y, g~o'W'th, differentiation, endccrine, 

lO paracrine and exocrine ·signallinq, and other properties of 

celkS. Because cf the i~portance of these receptors (and their 
cognate ligands) in hWXlan health, the identification of 
compounds'tbat antagonize or aqonize receptor activity will 
have profound consequences in ~edicine. ~he development of 

is efficient, high capacity assays for such oo~pounds is i~portant 

for the development of therapeutic ngents to treat human 
diseases. 

Reoeptor-~adiated siqnal transduction occurs when the 
rBceptcr binas its ligand and is activated, initiating a 

20 variety of cellular responses. Although the particular 
responses to liqand binding depend on the receptor and cell 
type, the repertoire of early responses· characte~istic of 
receptor- act_ivation includes dillierization or oliqomeri:zation of 
multi-subunit receptors, receptor autophosphorylation, 

25 substrate phosphorylation, and receptor association w1th 
specific cellu1ar proteins. As a consequence o! receptor 
activation by ligand, subsequent changes in the.cell physiology 

occur (involving, e.g., mitogenesis, specific gene activation, 

phosphatidylinositol turnover, phospholipase A2 activation, and• 
JO changes in cell shape, cellular calciUlll concentration, anc 

intrace1l.ular pH)'. In some cases, signal transducticn and. the 
resultinq changes in cell physiology can be blocked by 

interference with an early re.spon::;e cl'?aracteristic of receptor 

activation. Fol:' e>:-ample, inhibition of tho tyrosine kinase 
~5 a~tivity by phosphotyrosine-containin9 peptides can prevent 

signal transduction (Pazin & Willi~s, 1992). Similarly, when 
hctorodimeri2ation of wild-type.fibroblast growth factor 
receptor (FGF-R) o~ p-latelet~derived growth factor receptor 

(PD~F-R) is prevented by expressinq inactive, mutant receptors 
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subsequent siqnal transduction is blocked (Ueno et al*, Science 
252:844-848). It is also possible to specifically block 
certain receptor-mediated changes ~n cell physiology without 

affeetinq other aspacts of signal transduction (See, e.q., 

5 Peters, K. G. et al. (1996). Nature 358:678-681; Escobedo, J.A. 

and Williams, L.T., (1988.) Nature 335:85-87). 

One class of siqnal-transducinq receptors, the 9r9wth 
factor receptors, is of particular interest, due in pa:rt to the 

implication of some growth factor receptors in a wide range of 

10 human diseases (e.q., cancer, cardiovascular disease, and 

inflanrJ11atory 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. 
l5 Tyrosine-kinase activity or sue~ growth factor 

receptors is induced by ligand binding to the receptor 
extracellular domain, and results in both autophosphorylation 

and substrate phosphorylation; additionally, 

transphcsphorylation (the phosphorylation of one receptor 

20 subunit by another, associated, subunit) ~ay occur. Activation 

of some qrowth factor receptors is also characte~ized by 

dimerization . o:r ol isomeri:it_ation of roooptor .. suhuni ts_. 

Activation is also characterized, for some receptors, by 

raoeptor association with specific cytoplasmic p~oteins. 

25 Bec~u~A of the fundamental role of signal 

30 

35 

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. ~eceptor-protein association, and tyrosine kinase 
activity) would be desirable ror identi!yinq therapeutics 

targeted to receptors (e.g., growth tactor receptors). 
The methods presently available :tor measuring aspects 

of receptor !Unction, such as dimerizati?n and tyrosine· 

phosphorylation, ar~ suitable for an academic laboratory 

setting, but are not appropriate for high-throughput assays. 

For example, rec~ptor dimerization has been measured by 

chemic:n.l cross-linking or imm.unoprecipit~tion followed by 
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Western blot analysis or autoradiography. Similarly, at 
p~esent the primary means for identifyinq tyrosine 
phosphorylation of a specific protein within the cell is by 

ilmnunoprecipitation of that protein followed by Western blot 
5 analysis usinq an antiphosphotyrosine antil:>ody. These methods 

are Cli:Cticult, expensive, and not suitable tor_ screening large 
li:braries of natural or synthetic eompounas for activity •. ·The 
availability of efficient, hiqh throughput assays of receptor 
function wil1 provide means to identify aqonists and 

10 antagonists useful as therapeutic agents !or the treatment of a 
wide variety of human diseases. 

Description of the Background Art 
Cleveland et al. (Analytical Biochem. 12..Q:249, ~990) 

15 describe a enzyme-linked i:miuunosorbent assay (ELISA) assay to 

~ea5ure phosphorylation-by partially purified tyrosine kinases. 
This assay uses puri~ied heterolo~ous substrate protein or 
synthetic peptides immobilized on a microtiter plate. others 
(e.g., Babcook §t al. Analytical Biochem. 190:245, 1991: 

20 Ritjksen et ~ ~nalvti~al Biochem. 1S2:98, 1969) have 
described similar assays for tyrosine kinase activity employing 
antiphosphotyrosine a~tibodies. and synthetic. peptide 
substrates. 

Reed-Gitcmer (U.S. Patent Application No. 07/341,549) 
25 describes an ELISA-based assay used to distinguish hetween 

various dimeric forms of plateletMderived growth factor ·(PDGF). 
Lazarus .@!;; al .. (Svmp. soc. Exo. Biol. (ENGLAND) .12• 

129, 1991) describe a -"sandwich" ELISA used to demonstrate that 
auxin binding induces a conrormational change in an auxin-

30 binding protein of maize. Keating ~ sJ..:. (!Ls. Biol. ~hem • 
.i.§2;13805, l~SS) U5ed i:mmuncprecipitation and gel 
electrophoresis to deJnonst:r;ate phosphorylation-dependent 
con:tormational chan9es in aeti vei..ted. PDGF receptors. Nelson 
~al. (!'.L.. Clin. ·Immuno. ~:114 1 1986) used a sandwich ELISA for 

35 measuring soluble and cell-associated interloukin-2 receptors 
(IL2-R), to demonst~ate increased lL2-R release and expression 
by sti=ulatad lyinphocyt.es. 
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stiMMARv OF THE INVEN'l'l:ON 

The invention provides methods for assayinq th~ 
function of si;nal-transducinq receptors are that are useful 

5 for_ screening for agonists or antaqonists of receptor 
activation. These· methods utilize _:whole cells expressing the 
receptor Of interest and comprise ~he steps of (i) treating-the 
cells with agonists1 antagonists, and/or test compounds, 
(ii) preparing a eel~ lysate from the treated cells, and 

10 (iii) assaying for receptor function using a two-antibody 
sanawich assay. The two-antibody-sandwich assay employs an 
imm.obiliz~d first antibody (abl) that specifically binds and 
captures the receptor Of interest alonq with any tightly 
associated proteins or polypeptides and a second antibody (ab2) 

lS directed against (i) an epitope of the receptor that is 
characteristic of the activated but no~ the unactivated state, 

(ii) an cpitope of a protein or molecule characteristically 
bound to activated receptor but not to unactivated receptor, or 

(iii) an epitope of the ~eceptor that is eharaeteristie of the 
20 unactivated but not the activated Gtute. An important 

~aracteristie of the first an"t-ibody (abl) i's ~hat ~t captures 
(specifically binds) the receptor of interest whather a~tivated 
or not activated by the treatment. The level of binding of the 
second antibody is determined and corrl9-lated wi.th 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 antibodie& are used to qu.antitate the total amount 

JO of receptor present (allowing calculation of the fraction of 

tctal receptor in-the activated state) and for detection of 
other antibodies. Thus, by determining the amount of activated 

receptor ·or .. the proportion of total rec.eptor activated in 

variously treated cells, the a9onizins or antagonizinq activity 
·35 of a compound can be deteX1:1ined. SiMilarly by detel:'ltlinin9 the 

amount of unactivatod receptor or the proportion of total 
receptor that is not in the activated state in variously 
treated cells, the agonizin9 or antaqonizin9 activity of a 

.. 
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compound can De determined. These methods may be easily adapted 

to high-throuqhput formats (e.g., by using microtiter plates 

and colorimetric detection) making them ideally suited ror the 
di5covery of compounds that influence receptor activation. 

5 · The methods pr~vi4ed by t~e invention will tind 

10 

particular use tor detecting activ~tion·or tyrosine kinase 

growth raotor receptors as assessed by ~eceptor and substrate 
phosphorylation, receptcr dimerizaticn and oliqomerization, and 

receptor association with specific cytoplasmic proteins. 

BRIEF DESCRIP'l'ION OF THE DRAWINGS 

Fiq. l shows assny results showing induction of 

PDGF-R dimerization by PDCF. 
15 Fig. 2 shows assay results showing ~nduction of 

20 

PDGF-R autophosphorylation by PDGF. 

Fig. 3 shows assay results showing association of 

PDGF-R and phospholipase cy in the presence of PDGF. 

OESCRIPTION OF SPECIFIC EMBODIMENTS 

. M~thods are p:royided_ ·for a~saying receptor function. 
Generally, the receptors of interest will be growth tactor 

receptors~ but function of any receptor can be assayed by this 
method provided that the receptor has at least one ep1tope 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 act~vated • 

5tate, 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 receptor will have at least two 

epitopes characteristic of both the activated and unactivated 
state. 

Fo~ the sake of clarity, thr~u9hout the remainder of 

this disclosuro, methods used to dateno.ine the amount of 

35 receptor in the activated stata will be described (i.e., those 
mathods employing an antibody directed against an epitope 
characteristic of the activated state but not the unactivated 
state). It will be apparent to one of ordinary skill in the· art 
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that by appropriate au.Dstitution of an antibody directed 
against an epitope characteristic of the unactivnted state but 
not the activated state, the amount of receptor in an 
unactivated state can be detet'lD.ined.· The r~lationship between 

5 receptor in the a~tivated and unactivated states is: 
. . 

Total receptor= activated receptor + unactiv•ted receptor. 
A receptor is in an activated state when (i) it has 

bound a liqand (i.e., a natural ligand or other agonist that 

binds the receptor) and is transducing a signal (e.q., 
10 association ~ith 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 
or the binding ot the natural ligand even thouqh no ligand is 
bound to the extracellular ligand binding site. 

15 A tyrosine kinase growth factor receptor is in an 
activated state (a) ir the tyrosine kinase activity of the 
receptor is elevated, (b) i! receptor polypep~ides are 

associated in dimers or oligomers, when such association is 
elevated when the receptor is bound by a natural ligand of the 

20 receptor, compared to unoccupied receptor, or, (c) if the 
receptor .is tightly assoeiated with the intracell~lar or 
membrane proteins whose association with the receptor is 
alevated when the receptor is ~ound to its natural ligand, 
compared to unoccupied rQeeptor. 

25 A ligand, as used herein, is a ~olecule or 

macromolecule that binds an extracellular region of a receptor. 
A "natural" ligand fqr 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 liqand of the PDGF 

30 receptors; insulin is a natural liqand 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 tbe practice of this invention it is not 

·35 necessary that the epitope bound be cnaracterized in molecular 

terms. The epitope is characterized in functional terms (e.g., 
the a~soeiation of the epitope with activated receptor}. 
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An essenti~l aspect of the invention is the use of 

cells that express the ~eceptor of interest (hereatter ref erred 

to as 11 receptor-expressinq cells"). The level ot receptor 

expression will typically be at least o.sx104 receptor · 

s _polypeptides/~ell, with at least i~6 receptor polypeptides/cell 

more preferred, and at least io6 receptor polypeptides/cell 

most preferred. In a preferred embodiment, receptor-expressing 

cells are produced by transfooning eukaryctic cells with a 

recombinant polynucleotide encoding the receptor polypeptide of 

10 inte:t:"est (e.q., a receptor cDNA) to produce cells expreasinq or 

overexpressinq the receptor polypeptides. In the most 

prefe~red embodiments, mammalinn cells a~e used. Methods for 

recombinant expression of polypeptides· are wall known in the 

art (see, e.g., Salllbrook ~ ~ (1989) Molecular Cloning: A 

15 LaQoratorv Guida, Vols l ... 3, Cold Spring Harbor Press, which isf 

incorporated herein by reference). It will $o~etimes be 

desirable to express more than one polypeptide in a cell (e.q., 

for ~easurin~ dimerization of a heterodi~eric reee~tor). !n a 

second embodiment, a cell line that endoqenously expresses a 

20 receptor can be identified by selection and screening. When 

selecting receptor-expressing cells, cells that express nish 
levels of receptor will qenera11y:be preferred over cells 

expressing lower leveis of receptor. Methods for assessing 

receptor expression levels are well known in the art and 

25 include immunologica1, ~inding competition, and ~unctional 

assays (see, e.g., Methods in Enzyroology, Vol. ~, 199i, 

Barnes, o., Mathers, J.P., sate, G.H. (Eds.) Academic Press, 

Inc., which i5 incorporated herein by reference). 

The assays of ~he instant:. invention are suited to a 

30 wide variety of receptorst but will be espeoially useful for 

assaying function of growth factor receptors, especially 

tyrosine kinasa 9'rowth factor recept.ors. Examples of tyrosine 

kina·se growth factcr ·receptors include ·platelet-derived growth 

factor receptors (PDGF-R), fibroblast growth factor receptors 

35 (FGF-R), insulin .receptor (In-R), epidermal growth factor 

receptor (EGF-R), ·erythropoietin raceptor (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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FLK-l-receptor, FLT-l-receptor, ERB-2-receptor and ERB-3~ 
:teceptcr. 

According to the method of the assay, receptor­
expressinq cells will ~e grown unde~ conditions appropriate for 

5 growth and prolif eraticn and for expression of the receptor of 
interest. -General tissu~ culture t~cnniques are well known in 
the art and are described in, e.g., Methgds in Enzymology, Vol . 
.:2,!, 1979, Jakoby, w. 5. 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. ~ypically, the cell mediu.~ will be supplemented 
with scrum {e.q., fetal bovine serum, FBS), which provides· 
growth factors and essential nutrients. However, in some cases, 
complQta media that are not supple~ented with FBS will be 

15 preferred ~acausa all the components are known and such ~edia 
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 

qrown in multiwell cell culture plates (sometimes referred to 
20 as microtiter plates) suitable for cell cul.tures,. because of 

the ease ~f s~reening large nwnbers of samples usinq 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. i 3596). Cells will be seeded according 

25 to usuai tissue culture practices at an appropriate cell 
density. This density will depend on cell-type, but typically 
will De abcut 10~ cells/well for adherent cells in 96-w~ll 

microtiter plates. If possible, cells should be seeded so that 

30 

they reach confluency in 1-2 days. 
The cells will be ~rown to about confluency. For 

cells grown in tho presence of serum, it will so~etimes be 

desi_rable to incubate the confluent oel~a for a.bout 24 hours 

(at least 6 hours and typically not nioro than 48 hours) ··in a - . 
serum~free medium in order to remove growth factors and/or 

35. compounds that interact with.the recQptor of interest. 
However, often this will not be necessary or de.sirabla 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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prgliferation. Usual tissue culture practices are followed in 
exchang-e of medium and other aspects of cell culture. For 
example, in $hiftinq frOlQ serwn-containin9 to serum-free media, 
cells vill typically be "washed" with a physiological buffer or 

5 with sermn-f~oc medium in Qrdor to offec~ively remove residual 
se:ru:m •. 

The assay oan also be carried out using nonadherent 
cells, by ~akinq moaifioations that will be apparent to one of 

ordinary skill in the art. For exa.!!tple, non-adherent cells can 
10 be qrown and incuba:t.ed with test compounds in suspension, and 

can bQ eentrifuged and resuspended acco~din9 to usual practice 

to exchange media, collect for cell lysis, etc (see, e.q.r 
Methods .in Enzvmol.ogy Vol. fill, supra). 

To assay for compounds that act as receptor function 
15 agonists or antaqonists, the cells are exposed to known 

aqonists, known antagonists, and/or test compounds which may 
be, er may contain, agonists 04 antagonists. An agonist, 
antagonist, or test compound ~ay be a chemical compound, a 
mixture of chemical compounds, a biological m~cromolecule, or 

20 an extract made from biolo9ical materials 5UCh as bacteria, 
plants·, fungi I or animal cells or tissues. Test compounds are 
evaluated for potential. activity as a9onists or antagonists of 

receptor activation by inclusion in screeninq assays described 

herein. An 11c9o:nist·" enhn:nces the c::i.ctivity of a rooeptor; an 
25 11 antagonist 11 dilninishes the activity of a :racepto:r. '!'he tei:ns 

11aqonist" and "antaqonistn, as used 'herein, do not imply a 

particular mechanism of function. 
According to the =ethod of the assay, when assaying 

for agonist activity, receptor-exprQssin9 cells will be 
30 incubated wit_h a known aqonist, a test compound, er a 

combination of the two. In a preferred ambodim~nt# the cells 
are incubated with the agonist or te~t compound for about l 
hour at about 4°c. However. the .t·ime and temperature or 
incut>ation ~ay range from about l minute to about 5 hours, and 

35 from about 4°C to about 37°C, but will usually peat least 
enough time for receptor activation by the natural ligand, if 
sucn time known. Lower temperatures (e.g., 4°C) are generally 
prefer~ed to reduce the possibility of proteolysis, 
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dephosphorylation, dissociation of associated proteins or other 
processes that could interfere with the assay. When higher 
temperatUre5 (e.9. I 37 °C) are Used, a shorter incubation t_ime 
will usually be de&i~able (e.q., 10 minutes) to minimize these 

5 intorfElrinq processes. D\,\r!nq tho incubation of cell~. with 
aqonists and/or test com.pounds, ·the receptor will be aativat.ed 
if there is a suitable receptor aqonist present (e.q., in the 
test compound) and no antagonist present. 

When assaying for antagonist activity, receptor-
10 ex;pressing cells will be incubatQd with a known antaqonist, a 

test compound, or a combination of the two, and, in addition, 
will be incubated with an agcnist. Accordinq to the assay~ the 
presence of the aqonist will cause receptor activation unless 
antaqonist is present. 

15 The order of addition of antagonist (or test 
compound) and agonist can vary. The aqonist 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 aqonist 

20 The conditions (time and temperature) for incubations 
when testing.for antagonist activity are essentiall~ t:he same 
a~ ~hose described to agonists, supra. However,·wh~~-they are 
added in sequence total ti=e will not usually be longer than 
fivo hours. 

2S It nay also be possib1e to use receptor-expressin9 

calls tha~ axpress a receptor variant that is in a 
oonstitutively aotivated state (i.e., ac-tivated in the absence 
of li9and~ see, e.g., Roussel .Bi; al. (1990) o.n~caene 5~25-30). 

In this case, an assay for a compound with receptor antagonist 
30 act~vity will not necessarily require incubation with a known 

agonist. 
The.amount or concentration _of agonist/antagonist 

added wiil, when known,· vary.depenainq·on the compound, put 
will generally range rrom about 1opM ta lOOµM. Typically, a 

35 variety of concentrations will be used. In the case of 
uncharacterized te~t compounds it may not be possible, and it 
is not necessary, to detennine the ·concentration of 
agonist/antaqonist. 

.. 
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It will a"lso be desiral>le to include various 

experimental controls in the assay. Examples of appropriate 

controls include negative centrals and positive controls. In 

testing fer aqonist activity, negative controls can in~lude 

5 ineub~tion of cells with inert compounds (i.e., compounds known 

not to-have a~onist activity) or in the -absence of added 

compounds. Positive controls can include incubation of cells 

with compounds known to have agonist activity (o.g., the 

natural liqand). Lo9ically similar (though co~plomontary) 

10 controls can be included in assays for antagonist activity, as 

will be apparent to one of ordinary skill in the art of 

biology, as will be various additional controls. The 

description of controls is meant to be illustrative and in no 

way 1 bd ting. 
• 

15 After exposure of the cells to test compounds, a cell 
ly5ate is prepared.· Methods for preparation of a cell lysate 
are well known in the art (see, e.g .. , Metjiog.iLJ.,n Enzymoloav 

Vol. 198, supra). Typically. cells are homogenized in the 

presence of burfers (e.q., 'l'ris-HCl, HEPES), nonionic 

20 detergents (e.g., 'I'Weenw20: Triton x-100), and protease 

inhibitors (e~g., PMS!', aprotinin-~ leupeptin). Other 

inhibitors, such as phosphatase lnhibitors · (e.·g. 1 

orthovanadate), may also be desirable. Typically condition5 

are chosen that are nondenaturinq to tlie 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 1DM 

NaCl, 1% Triton X-100 1 lmM PMSF, l:mM sodiUlll orthovanadata, 10 

µ9/ml aprotinin and io µ~/ml leupeptin) follo~ed by cell 

disruption (e~q., by shaking or scraping). Usually, when 

3 O prepa:rinq a cell lysata the insoluble matter in the call lysate 

i_s removed by centrifugation (e.g., 10,000 xq fo:r: 15 min.) and 

the clarified supernatant is recovered. 

In a preferred embodiment, the resulting cell lysate 

is transferred to a well of a lnicrotiter plate to which an 
35 antibody (abl) against the receptor of interest is immobilized. 

Methods for immobilizinq antibodies are known in the art and 

are described in Harlow 1 E. and D. Lane, Antibodies: A 
Laboratory Manual, (1988), Cold Sprinq Harbor Laboratory, Cold 
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Spring Harbor, New York, (hereafter :referred to as 11Harlow")r 

wbion is incorporated herein by reference. The antibody lllay be 

either polyclonal or nonoclonal. The antibody (abl) will be 

selected as able to specifically bind ( 11 capture") the receptor 

s in both activated an4 unactivated states. Typically the 

anti.body will bind .the re·C:eptor with an affinity of at least 
about io-7 M-1 • 

In an alternative elDbodiment, a cell membrane 

fraction, especially a plasma ~embrane fraction can be purified 

10 from the cells treated with a test compound or, e.g., a known 

agonist or antagonist, .~sing standard methods (see, e. q. , 

Methods in EnzYJ!lolog:}!: Vol. ~' supra.) and used in the assay. 

one advantage ot using a melllbrane preparation will be that the 

puriried membranes can be f rczen and stored for a period of 

15 time, which may, in aotue cases, increase the convenience of the 

assay and allow use of a cell membrane preparation to be used 

for severa1 assays over a period of time. When usinq a melPbrane 

fraction in the assay it will sometimes be useful to further 

disrupt the membrane fraction before adding' com.bininq the 

2 o membran'1s and antibodies 6 

~tibodies, either monoclonal or pclyclonal, can be 

9enerated to receptor·polypaptides or peptides in a·variety of 

ways known to those skilled in thQ art including injection of 

antiqen into animals. by hybridoma fusion, and by recombinant 

25 methods involving bacteria or phage systems (see, e.q., Marks 

30 

~t sl.i. (1992) J..i. Biol. Chem. 267:160071 Marks et al. (1992) 

Biotechnology 10:779; Lowman et al. (1991) Biochem. 2Q:l0832; 

L..erne:r: et .s.!.:. (l.992) science 258: 1313: each of ·which is herein • 

incorporated by reference). 

Antibodies ~ay ~e produced by ii:llllunizing an 

appropriate vertebrate host, e.9., mouse, with the antigen 

(e.9.,· a_ receptor polypeptide, peptide, or extracellular 

domain), itself or in conjunction with an adjuvant. U~ua11y 

two or ~ore iuuuuni~ations will be involved, and the blood or 

35 spleen will be harvested a few daya nfte~ the last injection~ 

For polyclonal nntisera, the immunoqlobulins may be 

precipitated, isolated and purified, including affinity 

purification. For monoclonal antibodies, the splenocytes 
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normally will be fused with an immortalized lymphocyte. e.g~, a 
myeloid line, under selective conditions for hybriaomas. The 
hybridcmas may then be cloned unde~ li~itinq dilution 
conditions and their 5Upernatants screened for ant1boaies 

S havins the desired specificity. 
A variety of screening strategies are suitable . . 

including antibody capture, anti9en capture and functional .. 
a~says (see, e.q., Harlow). One preferred method !or screening 
monoclonals and polyclonal antibodies that bind receptor is 

10 antibcdy capt~re. ~echniques fo~ producinq antibodies are well 
known in the literatu~e and are exemplified by u~s. Patent Nos. 
4,3Bl,292, 4,451,570, and 4 1 618 1 577, and.arc described in 
Harlow, suara. 'l'ypicaily, an antibody directed against a 
receptor will have a bindinq affinity of at least 1x107 H·l. 

l5 In a preferred embodiment, the first antibody (abl) 
is directed against the extracellul~r domain of tha receptor of 
interest: this is adYantaqeous 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 

20 intracellular epitope of the receptor (e.g., a phosphotyrosine) 
or a cytoplasmic region of receptor association with other 
prot_eins is reduced .. 

The cell lysate and tne first antibody (abl) will be 
incub~ted together for a ti~e and at a temperature suff ic1ent 

25 to allow binding of the receptor and antibody. Typically, this 
will be a~out JO minutes to about 12 hours at a temperature or 
<4 °c tc 37 °c. 

· Fo1lcwing this incubation, the unbound materia1 wi1l ~ 

be removed by ~ently washing the wells with a suitable buffer 
30 such as one containing 25 mM HEPES pH 7.6, 100 ll1M NaCl, and 

0.2t Tween 20. For qaneral descriptions of methods used in 
.two-antibody san~wioh assay methods SQQ, e.g., Harlow, 
Chapter.14: Ling and Ovel:"by, 19"12t.J_ I-mmunol. 109:834-941; 
Belanger ~t .QL.,. 1973, C.l :i.n. Chi:m. Acta. il~ 15-lS: Mailolini and 

35 Masseyeff, 1975, .l.&.. Immunol. Methods-~!223-234: each of which 
is herein incorporated by reference. 

A second antinody (ab2) that is specific for an 
epitope characteristic.of ·the activated form of the receptor, 
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or for an epitope of a protein that is tightly associated with 
the activated, but not unactivated ~eceptor, is added. to the 
we11 and allowed to bind under suitable conditions for antibody 
bindinq, as descriDed tor ab1-receptor binding, sugra. As 

5 noted, supra, epitopes characteristic of an activated receptor 
can include sites of tyrosine phosphorylation. Thus, in so~e 

. . 

~odim.ents, an antibody against phosphotyrosine would be a.· 
auitable second antibody (ab2). Such tyrosine phosphorylation 
oa.n be on the receptor polypeptide bound by the first antibody 

10 (ablr e.s., autopho~phorylation) or on a tightly associated 
protein. ~ho identity-of tightly associated p4otein~ will vary 
aocording to the receptor beinq studied but can include a 
second reeQptor polypeptide (e.g., in hoModil!lers and 
heterodimers and oligomers) or other proteins (e.9., 

15 phosphoinositide-3-kinase, G~Pase activating protein, 
phospholipase Cy (PLC~] and nonreceptor tyrosine kinases such 
as those of the~ family [e.g., pp6oc·src, ps9fyn, and pp62c­

yes]). A protein is considered to be tightly associated with a 
receptor if the receptor and protein remain associated in the 

20 presence ot a nonionic detergent (e.q., Tween-20 nonionic 
detergent, Triton x-100 nonionic detergent). Usually a tightly 
associated ·pro~ein re:mai.ns associated with a re~eptor in the 
presence or a nonionic detergent at a concentration at 0.1% 
(v/v), ~ore usually at a ccncentration ot about o.25i, still 

25 more usually about 0.5%, even nore usual1y at about o.75%, and 
most usually at a concent~~tion of about.1% (v/v). Such tight 
association will typically be determined under conditions of 
near physiological sc.lt (e.9., 0.1 - 0.2 M NaCl) and pH (e.9., 
7.2 - 7.G). Typically, any polypeptide or biomolecule that is 

30 associated with the activated, but not unactivated receptor, 
and which remains associated with·~ho roocpto~ ~hen captured by 

the first antibody (ab1) will be useful in the a~~~Y. of the 
invention and will be considered tightly associated. 

In other embodiments, the second antibody (ab2) can 
35 be directed against other protein modifications characteristic 

or an activated receptor (e.q., phosphorylation, cleavaqe). In 
rurtner eml:>Odi~ents, tne second antibody (ab2) can be directed 
against an epitope of a protein or other biomolecule (e.g., a 
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lipid, polysaccharide, qlyccprotein, 9lycolipid, peptide, 
polypeptide, nucleic acids and other bioloqica1 mac~omolecules) 

tightly associated with an activated receptor. 
Followin~ the incUbation with the second antibody 

5 (ab2), the unbound. material Will be removed .by gently washinq 
the wel~s. In a.preferred embodiment, the second antibody 
(ab2) wiil be labeled.- so that bound antibody can t>e detected 
and, i~ desired, quantitated. A nwnber of methods for 
detecting antibodies are known in the art (see, e.g., Harlow, 

10 supra) including labelinq with an enzyme (e.g., alkaline 
phosphatase, hor~eradi~h peroxidase ~-galactosidase) with a 
fluorcchrcmes, with radioective markerQ, 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 second antibody (ab2)· (see, e .. g., Ha.:rlow, sl.U?ra). In a ·most. 

preferred embodiment, the soeond antibody (ab2) is conjugated 
with peroxidase which is detected, e.q., by monitoring product 
formation at 650 nm following the addition of ABTS (2,2'­
a2"inchis (3-ethyl-benzthiazoline-6-sulfonic acid). 

20 An alternative method for detection of the second 
antibody (ab2) involves using a thir.d antibody (ab3) directed 
aqains-t the seccmd -antib9dy ( ab2} . Accordinq to this 

embodiment, the second antibody (ab2) is not itself labeled but 
is dictated by binding of the third ~ntibody (ab3). The. third 

25 antibody (ab3) can be labeled as described for the second 
antibody (ab2), suu~a. This alternative method for detection 
will he particularly preterred when the first (abl) and second 
(ab2) antibodies have different xenotypes (e.g., mouse and 

30 

.. ~oat), and may alJ:gw increased sensitivity of the assay. 
By detecting the second antibody (ab2), either 

directly or indirectly, the quantity of activated receptora can 
be determined. ·11Quantity of activated rec::eptors 11 , as used 

. . 
herein, can refer to a measurement.of the c.ctunl number of 
activated receptors per cell (or th~ equivalent) or to a 

35 qualitative comparison between two {or a~onq several) 
~easurements. For example, in making a qualitative comparison 
it will be possible to determine that therP. are more activated 
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receptors in one well than there are in a seccnd well, Without 
measuring the actual number of receptors in either well. 

In a preferred e:mbodiment of the invention, a fou;th 
antibody (ab4) is used in tho assay to qu.antita.te the totai 

s amount o'l; receptor captured •. The fourth antibody (ab4) is 
directed against an epitope Qharactoristie of both 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 

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

Accordinq to the assay, by comparinq the binding of 
the second antibody (ab2) and the fourth antibody (ab4) an 

15 index of activation- can be aete:onined. The index of activation 
(~A) is defined as follows: 

20 

25 

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

· In a preferred embodiment of the invention, receptor 
aotiv.ation o·f· a tyrosine kinase growth factor receptor ·is 
measured. In one variation of this e'lltbodiment, the second 
antibody (ab2) is direoted against phosphotyrosino~ 

Zn a second variation of this embodi=ent, the fi~st 
antibody (abl) recognizas a first.monomer of a homo- or hetero­
dimer or oliqomer, and the second antibody {ab2) recognizes a 
second monomer of a homo- or hetero- dimer or oliqomer, and the 
first and second monomers are tightly associated only or 

30 primarily when the receptor is in an activated state {i.e., 
when such associati~n is elevated when· the receptor is bound by 
its natural liqands, cotnpared to unacoupied receptor). 

In.a-third variation of this embodiment, 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. 

• 
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It will be apparent to one of ordinary skill in the 
art that variations-or tbe aforedescribed embodiments are 
feasible. In less preferred embodiments. for example, the first 
antibody (ab1) will .be immobilized on·solia phase sUbstrates 

s other than a microtiter plate (e.g., cell culture beaas). In 
.anothe·r elllbodiment, the Order Of addition Of the first (abl) 
and sec.end ( ab2) a.ntil:>odies 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 epitcpe 

10 characteristic of activated receptor (e.g., pho5photyrosine). 
~he lysate-antibody mixture includinq ab2-phosphorylated 
p~otain complex, if present, is then combined with the . . 
immobilized first ant·ibody ( abl) which captures the receptor 
along with any second antibody (ab2) molecules bound to the 

15 recepto~ or to a molecule tightly associated with the receptor 
(e.g., a second monomer of a receptor dimer). The second 
antibody (ab2) is then quantitated as a measure of activated 
receptor. 

The following experimental section is offered by way 
20 ot example and not by limitation. 

EXAMPLES 
The following ExaMples describe the application of 

the assays of the invention using cells exPressinq platelet-
2 s derived growth factor (PDGF) receptor(s}. 

I. DGvelopment of antibodies 
Monoclonal antibody against the PDGF receptor (anti~ 

P-PDGF-R 1C7D5) vas prepared according to standard methods 
30 (see, e~q., Harlow) using recolDbinant extracellular domain 

protein as previously described (Ramakrishnan ~ al. (1993) 
Growth Facto~s 9:253-266). Polyclonal antibodies aqainat POGF 
CJ. (anti-O!-POOF-R-3980) and fJ (anti-,8-PDGF-R-3962) receptor 
extracellular domains were made in rabbits using reoombinant 

35 extracellular domain protein (Fretto gt al., supra) according 
to standard procedures {see, e.g., Barlow, supra). These 
antibo9ies were shown not to crossreact with beta PDGF 
receptor. Anti-phosphotyrosine antibodies were obtained from 
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commercial sources (International Biotechnoloqies, Inc.). Anti 

phospholipase c-~-1 was obtained from Upstate Biotechnology 
Inc. (UBI). Conjuqated antibodies directed aqainst mouse 
monoclonal antibodies or rabbit po+yclonal antibodies used for 

5 colorimetric detection were obtained commercially. Horseradish 
peroxidase (HRP)-conjuqated_anti-rabbit IgG (Boehriqer 
Mannhei~) and HRP-corijuqated monoclonal antibody PY20 

{International Biotechnologies, lnc.) were obtained 
commercially. 

10 

II. Identification of cell lines for assay development 

A. Non-recombinant cell lines 

~o identify a cell line expressing high levels of 

each PDGF receptor subtype, a collection of human tumor cell 

lS lines obtained from the American Type Culture Collection were 

ocrecned fo~ receptor levels. 'l'he cell lines sorocnod included 

{A'l'CC nu:mbers in parentheses): SIU.MSl (HTBSS)., A204 (HTBA2) / 
HS68 (CRL1635), MG63 (CRL1427), HS27 (CRL1634), WS1 (CRt..1502), 

HT1080 (CRL121) and G402 (CRL1440). PDGF receptor levels were 

20 measured using a two-antibody sandwich assay (see, Harlow, 

supra). Briefly, l µg of monoclonal antibody specific for 
either alpha o·r beta PDGR receptox- (see above) was immobilized 

in wells of microtiter dishes. Cell lysates for the tUlUor 
lines were prepared. essentially as described in Example III, 

25 infra, and. were incubated in the wells to allow for capture ot 
PDGF receptor. The wells were washed, and rabbit po1yclona1 
antibodies directed against tne PDGF receptor were added and 
allowed to bind to cap~ured ~eceptor. The level of polyclonal • 

anti.body bound was detected enzyniatically using horseradish 

30 peroxidase conjuqated species anti-rabbit antibody source. ~he 

sarcoma cell line, MG 63, was shown to express high levels of 

beth alpha and beta POGF receptor~ 

B. Recombinant Cells 

35 To develop a sensitive assay to measure be~a PDGF 

receptor phosphorylation, CHO cells overexpressing recombinant 

beta PDGF receptor were used (HRS cells, Escobedo ,gt. al. (1988} 
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Science ~:1532-1534 1 Which is incorporated herein by 

reference) . 

III. Ass~ys to MeasurA Recmptor Ji'Ungtion 
5 A. Receptor Dimerization Assay 

To measure.the'dimerization between alpha and beta 
PDGF receptors, MG 63 cells were seeded at 300,000 cells/well 
in 6-well dishes (F-alcon t~ssue culture plates) and incubated 
at 37°C in 2 ~l/well of Dulhecoc's minimum essential =edia 

10 (DMEM) with 10%. fetal bovine serum for 3 days at which 
0

time · 

c~lls were confluent.- The media was removed from the wells and 
replaced with serum-tree DMEM and incubation was continued at 
J7°C for 18 hours. To induce PDGF receptor dimerizat~on, PDGF 
AA, AB er 5B was added at 2-200 ng/ml to each well containing 

15 700 µl DMEM and cells were incuDated for 2 hours at 4°C. The 
media was drained and 60 µl of treshly prepared lysis buffer 
(20 l1lM Tris at pH 7.3·, 150 mM NaCl, i=t Triton ·x .... 100, l mM PMSF, 

1 mM scdiu:m crthovanadate, 10 µq/~l aprotinin and 10 µg/ml 
leupeptin) was added to each well and cells were scraped frcm 

20 the WQlls to prepare the cell lysate. 
In a separate miorotiter plate, ~onoclonal ·antibody 

. . . 
·1c1ns, which reacts specifically with beta PDGF reoeptor ·was 

immobilized by incubatinq 0.7 µ9 of antibody per well at 4°C 

for >18 hours (5 days) in 23 mM Tris at pH s.o, GS mM Nacl, 14 
25 . :mM ammoniwn bicarbonate and . 01% sodium azide. After antibody 

iltllllobilization, the wells were blocked .for 2 hours at room 

temperature with 25 mM HEPES pH 7.6, 100 mM NaCl, and 0.2% 
'l.'Ween 20 just prior to the addition of cell lysate. Cell 
lysate was incUbated with this iltlm.obilized antibody for 160 

30 ~inutes at 4° to allow antibody capture of beta PDGF receptor 
polypeptides and tightly-associated proteins, and the wells 
were washed_3. times with 150 µl of wa~h buffer (0.3% gelatin, 
25 lt'.M lIEPES, ioo lnM NaCl and o.oH; TWeen 20 at pH 7.4) • 

. If alpha PDGF receptor is in a· complex with be~a l?PGF 

35 receptor following ligand stimulation, both receptor subtypes 
will be captured by the iltl.mobilized antibody. To detect alpha 
recep~or that is captured in a complex with beta receptor, 
polyclonal anti-alpha-PDGF-R (3980) wns added to the washed 
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wells (0.29 µq/well in 100 µ1 of wash buffer) and incubated for 
105 minutes at 4°C. After washinq the wells 3 ti~es with 150 
µl of wash buffer, 100 µl of horseradish peroxidase conjuqated 
anti-rabbit IgG (Boehrinqer Mannheim cat. # 1238850) was added 

5 to each well at a l to 1000 dilution. The plates were incubated 
for l hour at 4°C and wells w~re wa~hed 3 times with 150 µl of· 
wash buffer and once with 200· pl phosphate buffered saline.· ·100 
µl/well of peroxidase sUbstrate (ABTS, supra) was added and 
p~oduct fol:"lllation was monitored spectrophotometrically at 

10 650 nM using a microtiter plate reader (Molecular Devices). 
When POGF AA is added, no alpha PPGF receptor was detected in 
complox with beta reeeptor (Fiq. l) •. These re5ults are 
oonsistont with previous studies using chemical crcsslinkin9 
that conclude that alpha/beta ~DGF receptor dimers do not tor.m 

15 in the absence of ligand or in ro~ponGc to ·PDGF AA stimulation 
(Xanakara ~al. Biochem • .J..Q.:l?G1, l99l). In contrast, 
stimulation of MG 63 cells with POCF AB and Ba produced a dose­
dependent increase in the detection of alpha POGF receptor 
indicating that alpha/beta PDGF receptor complexes had formed 

20 {Fig. 1), which is consistent with previous reports using 
chemical crosslinking (Kanakara ~ ~1 supra). ~DGF AB and BB 
responses were: observed at concentrations as low as. 0.·17 nM and 
were maximal at 4 nM. This is the concentration ranqe at which 
PDGF mitogenic responses occur 1n ~' demonstrating that the 

25 assay is functioning at physiologically relevant 
concentrations. 

B. Rece~ter Phosphorylation Assa~ 
To measure the beta PDGF receptor phosphorylation, 

JO HRS cells {see above) were seeded at 10 1 000 cells/well in 
microtiter plates (~alcon 96 well plates) and incubated at 37°C 
in RPMI with l0% fetal bovine sorum for J days at which time 
confluency was reach.Qd~ The media ~as removed from tho well~ 
and replaced with 100 µl of serum free RPM! and incubation was 

35 continued at.37°c for lS hours. To induce PDGF reoaptor 
phosphorylation, 0.05-2.0 nq of PDGF AA or BB (Fretto et al­
(1993) J_~ Biol. Chem 2.28.:3625-363) was added to each w~ll 
containing 100 µl RPMI and the cells are incubated for 90 
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minutes at 90 minutes at 4°C. The media was drained and so µl 
of freshly prepared lysi$ buffer (20 mM ~ris at pH 7.3, 150 mM 
NaCl, 1% Triton x-100, l :mM PMSF, l mM sodium crthovanadate, 10 
µg/ml aprotinin and io µq/ml leupeptin) was added to each well 

s and the plate wa5 shaken vigorously to prepare the cell lysate. 
In a separate ~icrctiter plate, monoclonal antibody 

lC7DS directed ~gai~st the ~eta PDGF receptor was immobilized 
by incubatinq l.O µ.g of antibody per well at 4qc for 18 hou~s 
in 23 mM ~ris at pH a.o, 68 mM NaCl, 14 mM ammoniW11 bicarbonate 

10 and .01% sodiu:m. a~ide. Aft~r antibody immobilization, the 
wells were blocked with 25 l1lM HEFES pH-7.6 1 lOO mM NaCl, and· 
0.2% Tween 20 just prior to the addition of cell lysate. The 
cell lysata was incubated with immobilized antibody aqainst 
beta PDGF receptor fo~ 2-3 hours at 4°C nnd wells are washed 3 

15 times with 200 µl of wash buffer (0.3% gelatin, 25 mM HEPES, 
100 mM NaCl and .01% Tween 20 at pH 7.4). To detect thB level 
of Deta PDGF receptor p~osphorylation, horseradish peroxidase 
conjugated monoclonal antibody PY2o (International 
Biotechnologies. Inc.) directed against phosphotyrosine was 

20 added at O.l2 µg/well in 100 wash buffer and incubated for 1 

hour at J7QC. The wells were· drained and washed 3 times with . 
200 µ.J. or wash bufter, peroxidase-substrate (ABTS) in 100· µl of 
phosphate bufrered saline was added and product formation is 
monitored as described, supra. In the presence of PDGF BB, 

25 beta PDGF-R phosphorylation is detected (Fig. 2) When no 
li~and or PDGF AA is added, no beta PDGF receptor 
phosphory1ation is detected. These results are consistent with 
previous studies demonstrating that in the absence of PDGF, 
beta PDGF receptor contain5 little phosphotyrosine, and that 

JO PDGF AA does not activate this r~ceptor (Kanakara .§:t s.1.:..1 

~ypra). In contrast, stimulation of HRS cells with PDGF BB 
producQd a dose dependent incre~so in the detection of beta 
PDGF- receptor phosphorylation .. PPGF .. BB: respone:os wore observed 
at concentrations as low as 0.2 nM and were maximal at 2-3 :nM. 

35 This is the concentration range at which PPGF ~itogenic 
responses occur, demonstrations that this assay is functioning 
physioloqicallY relevant concentrations. 

• 
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c. Assay to Measure Association gf Rgce~tor with 
Eff ecto[ Molecules 

To develop an assay to mea~ure the bindinq of the 

beta PDGF receptor to phospholipase C-gamma (PLC qalmlla), HRS 
s cells were seeded at 5 million cells per 100 mm tissue culture 

dish (P.alcon) in RPMI 1640 containing 10% fetal. bovine serinn. 
and grown at 37°C for 3 days at which time the cells had 
reached confluency. The media was replaced with serum-free 
RPM! 1640 and incubation was continued fer 18 hours at 37~c. 

10 The media was removed and 3 ml of RPM! 1640 or RPMI 1640 

containing PDGF BB (50 ng/~l) was added and the incubation 

continued for lO minutes at 37°C. ~he media was drained and 

250 ul of freshly prep~red lysis buffer (20 1tlM Tris at pH 7.3, 

150 mM NaClr 1% Triton X-100, l mM PMSF, 1 lllM sodium 

15 orthovanadate, 100 µg/ml aprotinin and 1~ µg/ml leupeptin) was 
added to each 100 1DlD. plate and ce1ls were scraped £ro~ the 

plates and collected into a ~icrofu9e tube. The microfuqe tube 

was vortexed and centrifuged in a ~icrofuge for 10 minutes at 
4°c to remove insoluble ~aterial. 

20 In a microtiter plate (Immuron II, Dynatech 
cat •. i 011-010-3455), rabbit polyclona.l I9G directed ag"ainst 
th~ beta POGF receptor ·cs~e above) was immobilized by· 

inc~a~ing 0.5 ug or antibody per well in 100 ul of 23 mM Tris 
at pH a.o, 68 mM NaCl, 14 JnM ammonium bicarbonate and .01% 

2S sodiWll azide a.t 4 °c !or 18 hours. After antibody 

immobilization, the wells were washed once with 150 ul of 25 mM 
HEPES pH 7.6, ioo :mM NaCl, and 0.2% Tween 20 and then 200 
µl/well of this buffer was added and incubated at room 
temperature for 1 hour to block the well~. The wells were 

~O washed 2 times with 150 µl/well of incubation buffer (0.3% 
gelatin, 25 lDM HEPES, 100 mM NaCl and 0.01% Tween 20 at pH 7.6) 

and 50 µl of cell lysate plu~ ~o µl of incubation buffer were 
added to each_~ell and the. plates WQrc;a incubated for 2.s hours 

at roo~ temperature. The plates we~e washed 3 times with 150 
35 ul/Well of incubation buffer and 0.05 u9 of a mi~ea preparation 

Of mouse monoclonal antibodies directed against PLC gamma 
(Upstate Biotechnology, Inc.) was added to each well in 100 µl 
of. incUbation buffer and the plates were incubated at 37°C for 
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l houX"". ·~he wells were washed 3 ti~es with 150 µ1 of 
incubation buffer and 100 µl/well of a 1:1000 dilution of 
horseradish peroxidase coupled anti-mouse antibody (Sigma) was 
added and incu.bated at 37°C for 1 hour~ ·The wells were washed 

5 3 ~imes with 150 µl of incubation buffer and 1 time with 150 µl 

of phosphate.buttered saline. 100 ~l/well_ of peroxidase 
su"bstrate (ABTS, supra) was added and product formation was-· 
monitored at 650 nM (Molecular Devices). 

When cell lysates were analyzed under these 
10 conditions, lysate5 prepared trom HR5 cells that were -

stimulated with POOF gave a 3-fald increase in signal as 
co=pared to lysates from cells that had not been stimulated 

with PDGF (Fig. 3). These :i:-esults de~onstrate that the 
association of PLC qQllllUa with aetivated beta PDGF receptor 

15 _occurring under physioloqieal conditions can be sub5e9;\lently 
assayed in a micrctiter fo%.'l:llat that ~akes possible hiqh 
throughput screening of synthetic or natural product librarie~ 
such that co~pounds that enhance or inhibit receptor/substrate 
interactions may be idQntif ied. 

20 All pUblications and other references or patent 
documents herein are incorporated by reference. rt is to be 
understood that the above des·cription is· intended to be 
illustrative and not restrictive. Many embodiments will be 
app~rent to those ot 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 or equivalents to which such 
claim5 are entitled. 

30 

" 
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WHAT IS CLAIMED IS: 

1. A method for determininq the ability or a test 
compound to affect function of a tyrosine kinase receptor by 

s actinq a5 an antasonist or an agcnist of receptor activation, 
comprisin9.the steps; 

i) obtaining tyrosine kinase ·receptor-expressing cells; 
ii) inoubatin9 a first portion of the tyrosine kinase 

reoeptor-exprossins cells with a test compound to produce test 
10 cells and incubating a second portion of the tyrosine kinase­

expres::!id.ng cells in tha absence of tho· to~t eolUpound to produce 
control cells:: 

iii) determ.ininq the quantity of receptors that are 

activated in the test cells and in the control cells by using a 
15 two-antibody sandwi-ch assay comprising the steps: 

a) lysing the cells; 
b) capturing the receptor with an imlnobilized first 

antibody (abl} that binds the receptor: and 
c) determining the quantity of activated receptors by 

20 binding a second antibody (ab2) that recognizes 
phosphotyrosine, wherein phosphotyrosi:ne is characteristic ot 
the activated. tyrosine :Kinase receptor; 

iv} comparinq the quantity o! activatea receptors in the 

test cells with the quantity of activated rec~ptors in control 
25 cells; and 

30 

35 

v) correlating a difference in quantity o! activated 
receptors in .tho test cells with the quantity ot activat~d 
%eceptors in control c¢lls with the ability of the test 
compound to affect function of the ~oocptor, wherein an 
increased 
indicates 
decreased 
indicates 

quantity of activated receptors in the test cells 

receptor ""agonist activity by· the test aonipound and a 

quantity of activated receptors in the test cells. 

receptor antaqonist activity by the test compound. 

2. A ~ethod for determinin~ 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 lllllll llllll lllll lllll ll llll 
* C L M S * 
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i) obtaininq receptor-expressing cells; 
ii) incul:>atinq a first portion of the receptor-expressing 

cells.with a test compound to produce test cells and incubating 
a second portion of the receptor-e)CJ;>ressing cells in the 

5 a~sence or a test compound to produce control cells; 

10 

iii-) d.etet'Jnining thf! quantity of activated recept9rs in 
the test cells and in the control cells by using a two-antibody 
sandwicb assay comprising the steps: 

a) lysing the cells; 
b) capturing the receptor with an immobilized tirst 

antibody (a.bl) that binds the receptor; and 
c) determining the quantity of activated receptors by 

bindin~ a second antibody (ab2) that recognizes a biomolecule 
tightly associated with the activated receptor but not tightly 

15 associated with unactivatod receptor1 
iv) comparing the· quantity of activated receptors in the 

test cells ~ith the quantity of activated receptors in control 
cellst 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 
COltlpound to affect function Of the receptor1 Where-in an 
1ncreased quantity of activated receptors in the test cells 
indicates receptor agonist activity by the test compoun~ 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 1 wherein the Piomolecule is a 
poly-peptide. 

30 

4. The method of claim J, wherein the polypeptide is a 
receptor polypeptide. 

5. The method of claim 3, wherein· the polypeptide is 
35 phosphoinositide-3-kinase, GTPasa activating protein, or 

phospholipase Cy. 
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6. The method of claim 1, comp~isinq the additional step 
of incUbation of the tyrosine kinase receptor•eXpressinq call~ 
with a receptor-activation aqonist at the same time as, or 
tallowing, the incUbation of step ii. 

7. The method of claim_ 2, colO.prisinq the additional step 
of incubation of the receptor•eXpressinq cells With a receptor­
acti vation agonist at the 5ame time as, or followinq, the 
incubation of step ii. 

s. The ~ethod of claim 1 1 2, 5 1 or 7, wherein the 
racQptor-expressing cells express a growth factor receptor. 

9. The method of claim s, wherein the gro~h factor 

15 receptor is a platelet-derived growth factor receptor. 

10. The method of claim 1 or 2, wherein.tha first 

antibody (abl) is iln:mobilized on a ~icrotiter plate. 

20 ll .. A method for determining the ability of a test 

compouna to atf eot function of a receptor by acting as an 
antagonist· or an aqonist of ·receptor activation, comprising the 
steps: 

i) obtaining.receptor-expr~ssing cells; 
25 ii) incubating a first portion of the receptor-expressing 

cells with a test compound to produce test cells and incubating 

n second portion of the receptor-expressing cells in the 
absence of the test compound to produce control cells; 

iii) determining t.he quantity of receptors that are 

30 activated in the te~t cells and in the control cells tJy usin9 a 

two-antibody sandvi-oh assay comprising the steps: 
a) lysin9 the.cells to forn a coll lysate; 

. . 

b) oombinirig the call lysate and a second antibody 

(ab2) that recognizes phosphotyrosina, ~herein phcsphotyrosine 
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, w~erein 
an activated-receptor-second antibody (ab2} comple~ is formed; 
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~) capturinq the activated-receptcr-seoond antibody 

(ab2) COl:llPlex with an immobilized first antibody (abl) that 
~inds the receptor: 

iv) comparing the quantity of activated receptors in the 
5 test ce1ls with the quantity of activated reoep~ors 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 

10 co~pound to affect function of the receptor, wnerein an 
increased quantity of activated receptors in the test cells 
indioates receptor aganist activity by the test co~pound and a 
decreased quantity of activated receptors in the test cells 
indicates receptor antagoni~t activity by the test compound. 

15 

12. A method for deter.mining the ability of a test 

compound to act as an antagonist or nn aqonist of receptor 
activation, comprisinq the steps: 

i) obtaining receptor-expressinq cel1s: 

20 ii} incubating a first portion of the recaptor-expressinq 
cells with a test compound to produce test cells ~nd incubatinq 
a second portion of the :·racept;or-expressinq cells in the· 

absence of tne test compound to produce control cells: 
ii!) determin~ng the quantity of activated receptors that 

25 are activated in tbe test cells and in the control cells by 

using a two-antibody sandwich assay.comprising the steps: 

30 

a) lysin9 the cells; 
b) ca~turinq the receptor with an ilillnobil~zed first 

antibody (abl) that binds the receptor; and 
c) dete04ining the quantity of activated receptors by 

bindins a second antibody (ab2} that recognizes an epitope 

characteristic of receptor activation w:herein the epitope 

characteristic of receptor activation is.· due to '"'- covalent 
modification to the receptor or cleavage' of the receptor; 

35 iv) oornparin~ the quantity of activated receptors i~ the 
test cells with the quantity of activated receptors in control 
cells; and 
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v) correlating a difference in quantity of activated 
receptors in the test cells with tb.e-guantity of activated 
receptors in control cells with the ability of the test 
ccmpound to affect ~unction of the receptor, wherein an 

5 increase~ quantity or activ~ted receptors in the test cells 
indicates receptor agcnist activity by the test compound and a 
decreased qu~ntity of activated receptor5 in the test Cell~ . 
indicates receptor antagonist activity by the test compound. 

10 
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