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I. Title of Invention

Assay Methods For Cyclin Dependenti Kinases
2. Claims

1. A metnad for measunng cyclin-dependent kinase (CRK) aclivity in 3
sample, said method comprising:
i}y contacting said sample wilh an antiretinoblastoma protésn (Rb) caplure
anlody and isoiatng ine caplure antibody-Rb complex;
1) contacting said capture anwbody-Rh complex wilh an ant-Rb primary
antibody and rsolating the capture antibody-Rb-primary antibody complax;
and
i) measuring the amount of CDK-phosphorylaled Rb in said sample by
quanitatng the primaty anubody present in said capiure antibody-Rb-
primary antibogdy complex.

2. The method of claim 1, wheren said CDK s COK2,

3. The method of claim 1, wheréin sg&id CRK s COKS,

4. The method of claim 1. wherein said method measures intracellular COK
activity,

5. The method of claim 4, wherein said method measures COK activily in a
cuitured cell.

8. The methad of claim 4, wherein said method measares ex vivo CDK aciivity

in & cell taken from an animat.

7. The method of ciaim 1, wherein said CDK actwily is human CDK activily.
8. The methed of claim 1, wherein said capture antibedy is bound to & test
plate.
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A method of identifiang an agent that modulates COK activity in a cell, seid
rmethod compnsing:

1} contacting an agent with said cell;

i) lysing said cel);

i) eontaciing said cedl lysate with an anfi-retinoblastomne protsin (Rb)
caplure antibody and isclating the capture antibody-Rb complex:

v} cantacting said capture anlibady-Rb complex with an anti-Rb primary
antibody and isolating the cagture antibody-RE-primary antibedy complesx;
ana

v) measuring the amaunt of COK-phosphorylaled Rb By quantiating the
amaunt of primary antibody present in said capture antibody-Rb=primary
anipody complex;

wherein said agent modulates COK aciivity if the amount of sawg ClK-
phospharylated RD differs from a control cell not expoesed 1o said agent.

‘The method of elaim &, wherein said method icentifies an agent that

decreases CDK activity.

The method of ¢laim 10, wherein said agent 1s identified for the reaiment of
a disease ar condition thal is improved by inhibiting celiular proliferation.

The method of elaum 11, whersin said disease ar condiion is selected from
the group consisting of cancers, auteimmune diseases, viral diseases,
fungal diseases, degenerative disorders, cardiovascular diseasas, siroke,
inflammatery disorders, and dermatological disarders.

The method of claim 9, wherein sajd agent increases CDK aclivity.

The methed of claim 13, wherein said agent is icentified for the treatment of
a disease or condition that is improved by increasing cellular praliferation.
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The methed of claim 14, where(n saig agent is used (o real
neurodegeneration, 1o symulats wound healing, or [o stimulate immune

syslem activily

The method of claim 9, wherein sawd CDK is COK2.
Tre mathad of claim ©, wherein saig CDi is CRK4.

The method of claim 8, wherein said method measures infraceliular CDK
activity.

The methed of Claim 9, wherein said method measuras COK activity in a
cultured cell.

The methed of claim 4, whersein said method measures ex vivo CDK activity
in a cell taken from an anmal.

Tre method of clarm 8, wherein said CDK activity is human CDK activity.

The methed of clann 4, wherein said caplure antibody is bound to a lest
plate,

The methed of claim 8, wherein & plurality of agents are tested, each agent
in at least ong of a plurality of celt samples,
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Detailed Description of Invention

Background of the invantion

Tnis invertion refaies to methods for measuwring the activities of cyclin
dependent kinases (CDKs). These kinases regulate the cell cycle and, therefore, play
a role in cell growih and division. The memeds of the present invention are particulary
useful for measunng intracetivlar COK actiwiles.

The cell cycie has four defined sequential phases: G115 ihe first gap phase
in which the cell prepares for DNA replication; 8 phase is the phase of DNA synthesis
during which a complete copy of the enlire gename is generated; G2 s the second gap
phase mn wiuch the call prepares for division; and (aslly, M phase (mitesis) is the period
af cell division i which Ihe mo copies of DNA segregaie 10 two daughter cglls.

In order to regulate cell cycle progression, a GRK must be catalytically
activated by forming a complex with & protein known as a cyclin. The expression
profiles of different cyaling vary during the course of the esli cycle. Therefore, different
COKfeyelin complexes form and play significan! regulalary roles af different stages of
the cell cycle {(Pavieuch, J. Mol. Biol. 287: 821-828, 1989; Morgan, Ann. Rev, Cell Dev.
Biol. 13: 261-291, 1987). Fur example, CDK2, CDK4, and CDKE gach combine with D
type cychns o requlale prograssion past the Gi restriction print, CPK2/cycin E
complexes regulate transition from G1 into S phase, CDK2/cyelin A complexes mediate
the transition from S phase 1o 32, and CDK1 (also known as Cdc2) complexed with
cyclin B or cyelin A drives e fransition from G2 phase to M phase, and initiales
mioess. ’

In general, activated CDKs mediate neir reguiaiary funclions by
phospharylating cellular profems, usualy on sering or threonine residues. For
example, CDK1 (cdc2), COK2, COK4, COKS, ang COKB phosphorylale the nuciear
retinobiastoma (Rb) protein, which leads to iranscriptional activation in the esll and the
evenlus[ progression into 3 phase (Knudsen and Wang, J. Biol. Chem. 271: 8313-
8320, 1996, Zarkowska and Minnach, J. Biol. Chem. 272: 1273848, 1957; Kitagawa e[
al., EMBO J, 16: T060-69, 199€; Connefl-Crowley et al., Mol. Cell Bio. 8: 287-301,
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1887}, Pror to this CDX-mediated phosphorylaton, Rb remains in a stare of basal
phesphorylation. In this basal stale, Rb assaciates with the transeription facior E2F
and thereby represses E2F-mediated transcription. However, pricr 10 the onset of DNA
synthesss in late &1, activated CDKs hyperphospharylate Rb. Once
nyperphosphoryiated, Rb releases E2F, which allows E2F to activate the ramscription
of cell cycle-regulated genes and commit the ceil to enter S phase (Zarkowska and
Mittnoch, supra;, Kitagawa et al., supra: Connell-Crowley et al., supra; and Lundberg
and Weinberg, Mel. Cell Bio. 18: 753-61, 1998,

Perturbations in COK regulation can result in abnormat cell growdh;
inhibitors of celfufar CDK activity can cause the arrest of the cell eycle {Dynlacht,
Nature 3889: 149-52, 1897, Fisher, Curr. Opin. Genel. Dev. 7: 32-38, 1997; Morgan,
Nature 374: 131-34, 1985, Serrano et al., Nature 368, 704-07, 1883; Kamb et al.,
Science 264: 435-40, 1994; Nohar et &l., Nature 368; 753-56, 1994; Lavine, Cell 88:
323-31, 1997; Porer et al., Nature Med. 3 222.25, 1887; Hunler and Pines, Cell 79:
573-82, 1994; Sherr, Science 274 1672-77, 1956; Wollel et al., Science 259; 1287-84,
1985; Zuo el al., Nature Genel. 12: 87-89, 1996; and Seilers &1 al., Proe. Nat. Acad.
Sc1. USA 921 1154448, 1995) Tnerefore, compounds that medulate CDK activity are
ussful in regulating ceflular proliferation and rmay alsa be useful as therapeudic agents.

The methods currently avallable for measuring CDK activities and
idenlifying agents that modulate such activities have typically involved measuring COHE
phosphonation of a substrate in wiro in the presence and apsence of test COMpOunds.
However, such ests pravide no mformation regarding whethar the test agent has e
ability o inhikit any physiciogically relevant CDK activity within a cell. Therefore, there
is a necd for methods to assess the intracellular COK activilies and the abliity of 2gents
o modulate such adlivities.

Summary of the lnventian

The present inventian provides novel methods for measuring the activity of one
ar mere cyclin dependen kinases (CDKs) in a sample, based upan 1he quanitation of
COr-phosphorylated Rb pretein. The method for measunng cyclin-ependent knase
{CPK) activity inciudes the follawing: i} contacting the sampie with an anli-

(&3]
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retinoblastoma proten (RR) caplure antivody that specifically recognizes a CDX-
phospharyiated Bb and isalating the capture antibody-Rb complex; i} contacting the
capture antibady-Rb complex with an anti-Rb primary antibedy and isolating the
capture antibody-Rb-primary anliiody complex; and i} measuning the amount of COK-
phosphorylated Rb in the sampie by quantitaling th2 primary antibody present in the
capture antibody-Rp-primary antibody complex.

In preferred embodiments, the caplwre anubady s bound 10 a test plale,
preferably a multi-well test plate, the methad measures intracellular CDK activity,
preferably, the CDK actmty of cultured cells o ihe ex vive activity of a tissue sample
taken from an animal. in ather preferrad smbodiments, the method assays CDK2
activity or CDK4 activity, and the CRK activity measured i§ human,

A second aspect of the present nventon features methods of dentifying
agents that modulale the actwity of @ GDK N 8 cek. The mathsd includes i) contacting
an agent with the celf; 1) ysing the cell; ) mniaming the cell lysate with an anti-
reunoblastoma protein {(Re) capture antibcdy that specifically recognizes CIK-
phosphorylated Rb and isolating the caplure antibody-Rb complex; i} contacting the
capture antibody-Ra compiex with an anti-Rb primary antibody and isolating the
capture antihody-Re-prmary anlibody complex; and v) measuring the amount of COK-
phospnarylated Rbin the sample by quanitating the amount of s3id primary antibody
in the capture antibody-Ri-primary antibody complex; whergin the agent modwiates
CDK activity if the amourt of the CDK-phospharylated Rb differs from a conirol cell
lysate nal contacted with the agent.

In a prefered embodiment, e meshod identfies a COK inhibitor for the
treatment of a disease or conchtion that is improved by inhibiting cellular proliferatan,
for exampte, cancers, auloimmune diseases, inflammatory disorders, degenerative
disorders, such as macular degeneraiion and nephropathy, cardiovasculer diseases,
stroke, viral diseases, {fungal diseases, and dermatological discrders, such as
psoriasis. In an aliernative preferred embodiment, the method igentifies a COK agonist
far e treaimen of a disease or condition that is improved by increasing calluiar
preliferanon, for example, neurodegensrative diseases, such as Alzheimers diseass,
or lo stirmulate wound healing or immune system activity,
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in ather preferred embodiments of the second aspact of the invention, the
caplure antibody is bound 1o a test piate, preferably a muhti-wel test plate, and the
CDK activity measured 18 human CDK. Preferably, the method assays CDK2 activity
or CDK4 actwity. in other preferred ermbodiments, the agent is contacted with cultured
cells or the agent1s adminssterad to an amimal and the ex vivo activily is measured in a
tizeue sample iaken from the animal. An additional preferred embodiment of the
second aspect of the invention is 1§ mcorporation o 3 high hroughput screen. This
soreen invelves tesiing a plurality of agents, with atlsast one agent in each of &
Flurality of cell samples. For convenience, agents may also be nitially pooled togetnher
in & single cell sample to tast ineir efects.

By “cyclin-gependent kinase activity’ of "CDK aclivity” is meant the
enzymatic activily that resulls In the phospharyiation of retinobilastoma (Rb) protein at
ane or mors of the following serine (Ser) or wireonine (Thr) residues: Ser249; Thr2hz;
Thr356; Ser812; Ser780: SerB07: SerB11; and/or Thr 821. Examples of CDKs that
have such achvity include CDK2, which phasphaorylates Ser248, Thr252. Thrass,
Ser6i12, Ser07, BerB11, and Thr 821, and CDK4, which phosphorylates Ser78g.

By “capture antibody” or "anti-phosphoRb antibody® s meant an antibagy
that specifically recognizes Rb prolein, but only if the RE 15 phospharylated by CDK
activity a1 ane or more of the following serine (Ser} or threonine (Thr) residues;
Ser248; Thr252; Thr356; Sert12; Ser780; SerB07; Seré11; ancfor Thr 821,

By “anti-Rb primary antibady” is meant an antibedy that specfically
recognizes Rb protein, but in a phasphorylation-independent manner.

By “quantitating the amount of primary antibody” is meant & method of
measuing the amaunt of anti-Rb primary antibody using a detectable labe) such as
ahaiine phosphatase, horseradish peroxicase, f-galactosivass, biotie, Europium or a
radicabel. The lahal may he conjugated 10 & secandary antibody that specifically
recognizes the primary antbody. Allernatively, the label may be conjugalted to the
primary antibody. In the case of alkaline phosphalase, nerserathsh peraxidese, or -
galactosigaze, (he method of guantitalion reliss on the use of a substrate that produces
a chemiluminescant, chromagenic, or fluorestent signal in respanse to the enzymanic
aclivity. In the case of biotin, the quantitation relies an the interaction between biatin
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and either sirepiavidin or avidin, And, n the case of radiolabel, quantitation refies on
radioactive counting or auleradiography.

By "differs™ 15 meant varying in a statisticaily significant manner {p<0.1).
The prohaihly that the variason between samples 18 nonrancem can be determined by
Slatistical calculations well known in the an.

By “increases” or "decreases” CDK activity is meant a statistically significant
vanation in mean value above or kelow, respectively, the conrol mean vaiue.
Preferably, the variation from the control mean value is a least 25%, more preferably,
al least 50%, and most preferably, at least 75%.

The mventian pravides a nuymber of advantages. For axample, the present
method can be used 10 provide information regarding the level of intrzceliular CDK
activity. The method provides more physiologically relevant information on CDK
activity than other methods knawn in the arl, which typically analyze in vitra CDK
aclivity. Therefore, the present methed is useful when studying changes in intraceliular
LK activily over the course of the cell cycle or fo identify compounds that modulate
CODK astivity in cultured cells or in animals.

The identification of navel CBK inhitilors also provices the benefi of
creating a pool of cell cycle requiatars that can b2 used to modylate ceflular
proliferatan for the folfowing therapautic advantages: 1) when used a3 antitumar
agents, tha COK innibitors generata itlle risk of secondary tumor developmeant
because they lack direct DNA interaction;.2) ihe CDK innibilors provide cendidale
therapies (o treat conditions (e g., viral infections) In which CDK activity is not
misregulated, but is nonetheless essential for maintenance of the congition; and 3)the
CDK innimters may be used to pratect narmal cells from the toxicity of cycle-specific
chemoinerapeulic agents which occurs i S-phase, G2, or mitasis, by preventing cell
cycle progression in the normal cells (Slone el al., Canesr Research 56; 3199-202,
1996; Kohn et al.. Journal of Cellular Binehemistry 54 440-52, 1954),

Ciher features and advantages of the invantian will be apparent from the
folfowing detailed cescription and from the claims. While the inventicn is described in
cannection wih specific embodiments, it will be undersioad that itis capable of further
modifications. Therefore, this application is intended to cover any varigtions, uses, or
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adapiahens of the invention that follow, in gensral, the principles of the inventien,
inchuding departuras from 1he present disddesurs that come within known or customary
practice within the art. All publications mentioned in this descriplian are berein
incorporated by referance.

——Peseriptien-ofthe Fiqures
Figure 1is a bar graph thal demonsirales the results of an -hbased

CDK activity 2ssay in T470 cells. The assay reveals Wm increase in cellular

CPK2 and CDE4 aclivity foflowing serwn readmiaisiration in serum-deprived calls

(serum-ted) as compared 1o cells emain serurn-deprived (serum-deprived).
However, [he 2853y glsovraveals a dese-dependent inhebition of Iis serum-induced
effectine Batad with 25-100 pM olomoucine dissolved in a dimethylsulfoxide

NSO vericte:

De Bescription

Assay Protocol

The present invention faatures metneds for measuring COK activity by
quantifying the amount of retinchlastoma (Rb) protein that is phosphoryiaed by CDK
activily at cne or more of the fellowing serine (Ser) or threonine {Thr) residues:
Ser248; Thr252; Thr3sh; Rerfi12; Ser780; Ser807; Ser811; or Thr 8271, Examples of
speciiic COKs thet can be assayed by the present methods include CDK2 {which
phosphorylates Rb protein st Ser248, Thr252, Thri56, Serb12, Serfil7, Serf11, and
Thr 821) and COK4 (which phosgharylates Rb pratein et Ser780). Of particuiar note.
the methoas of the present invention t2n be used in & cell-based assay ko assess
imraceliular COK aciivily. Thus, the presen; metheds may be uset!, for example, 1o
assess CDK activily in cultured celis derived from an immonalized coli line, & prirrary
cell line, or from a tissue sample excised from an animal, preferably, a mammal. In
additian, the methods of 1he present invention can also be used in scraening assays fo
identify agents that maoulate CLK activity in cultured celis or inthe cells of an animal
By pre-exposing the celis or animal fa the agent. Preferably, the sCreening assays are
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nigh-1nroughput assays, and the anmals represent a disease model, such as a rodent
lumor mogef,

As a first $tep in quantitating CLK-phaspghorylated Rb n a samgle. the
methods of the presant inventon empioy the vse of "capture” antibadies that
speciicaly react with Rb proteins that are phosphorylated at one or more of the
following residues: Ser24%; Thr262; Thr3ss; Serfi12; Ser780; Ser 807; Serf11: and
ThrB21. For example, COK2 actinly is assessed using one of the following antibodies:
an antbody specific for Rh phosphorylated at Ser807 and/or Ser811 (Cet. #9308, New
England BioLabs, Inc., Beverly, MA}; one specific for R phasphorylated at Ser249
and/or Thr252 (e.¢., made with the following KLH-conjugated peptide antigen; Acetyl-
NG{pSIPRIpTIPRRGONC-amica (SEC 1D ND:1)), one specific for Rb phospharylated
al Thr356 (e.g., made with ihe following KLH-tonugated peplida antigen: Acetyl-
FETQR[pT]PRKSNLDC-amide (SEQ iD NO:2)), one specific for Rb phosphorylated at
SerG12 (e.g., made wih the followmg' KLH-conjugated baptide antigen:
YLSPVR{pS)PKKKGST (SEQ 1D NO:3)), or ane specific for Rb phasphenylated at
Thr821 {e.g., made with the fullowing KLH-conjunated peplide antigen:
SEGLP(pTIPTKMTFRS (SEQ 1D NO:4)). Similarty, an anubody specific for Rb
phosphorylated at Ser780 (e.g.. Cai. #9307S, New England Biolabs, Beverly, MA;
Code # 555, Medical and Biolcgical Laborarories, Nagoya, Japan) is employed to
assess CDK4 actvily, Tt is preferred that the capture antibody be polycianal.

After the CDK-phosphorylated R pratein in the test sample is camplexed
with Ihe capture antibody, the complex is isolated from the remaining sample. To
Isolale this complex, it is preferred that ihe caplure antibady is first altachad 1o & salid
phase supporl, for example, @ multi-well plate or 2 baad, by slandard methods known
In the art {see, .9, Current Protocols in immunclogy, John Wiley and Sons, New York,
NY, 1989). Examples of sohd phase supports that can be used for anpady
anachiment ncluds, in order of preference, Munc Maxisorb piates, Nunc Palysarn
plates, and protein A coaled plates [VWR Sdisntific, Bridgeport, NJ). To anach the
capture antibody 1o the solid phase sugport, the capture antinody 1s diluted in a buffer
such as 0.05 M carbonate-bicarbonate pH 9.5 (Cat. # C-3041, Sigma Chemical Ca, 8t
Lows, MO) to approximately 10 ug/mi. This antirody divtion is then applied to the

10
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plate and incubated for @ tme ranging from approxmately 4 hours to overmght at 4°C.
Tha antibady-bound suppert is waehed in a 25 mM Tnama base (Tns) ora 50 mM N-
{2-hydroxyethyl-N'-<{ 2-ethanaesulfonic acd) (Hepes) based buffer (pH 7.4-7.8)
cantaining satt (2.g., 100-150 mM NaCly and a small ameunt of delergent {e.q., 0.02-
0.1% Tween-20) (all of tha wash buffer components are available from Sigma
Chaemical Ce., 8L Lowe, MO). An exemplary wash buffer is an imidazol wasn puffer
(Cat. # 50-63-01, KPL, Inc., Gaithersburg, MI). {In the event that an akaline
phosphatase detection system is used in a subsequent stap of this assay, phospnals
buffered saline is not recommended as an incubation or wash buffer.)

Following the wash step, the eapture antibody-bound supportis meubated
with a blacking buffer for approximalziy 0.5-2 hours al room temperature. Exemplary
biocking buffers inclsde. in order of preference, Superblock #37515 (Pierce Chemical,
Reckford, 1), SuperBlock #37535 (Pierce Chemical, Rockford, 1L). 0.2% Casein
{Sigma Chemical Ca., S1. Louis, MO) in Tris buffered seline (TBS) (137 mM MaC!, 3
mh KC1, 26 mM Tris Base pH7.6; all components available fram Sigma Chemizal Co.,
81 Lows, MOQY and 0.1% Tween-20, and 0 05% skim milk in TBS and 0.1% Tween-20
{ali af the incubation buffer components are avallable fram Sigma Chemical Co., Si.
Lows, MG). Subseguent to the aspiration of the blacking buffer from the capture
antibody-bound support, the next step is contact with the test sample.

When the intraceliular activity of a CDK is measured by the methads of the
prasent invention, the 1est sample comprises a cell lysaie denved froem a cell line or
. animal tissue that was subjected 1o the cesired experimental condtions. Any cells and
cell lines with normal growth requiation express Rb protgin and COKs, and can,
therafore, be used in the present assay. Many tumer celt ines, such as U205
osteosarcoma cells, Cola 205 colorectal carcinoma cells, and BLD-1 coloreclal cefls,
also express Rb and CDKs and may be used. Howsaver, care must be taken o
gynchronize the fumor cells, f synchronization 15 relevant 1o ihe COK to be assayed (es
in the case of COKZ), Examples of tumor cell lings that can be syn¢hranized by serum
deprivation include T47D breast carcinema cells and MDA-MB-231 breast carcinema
CEl=. 111§ preferred thal cells can be synehronized within 24 howrs of serum
deprivation. An exemplary medium that is applied 1o celis to induce synchronization is

11
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Dutbeeco's Medified Eagles Medum (DMEM) that is phenol red fres (Cat # 27083-
029, Life Technologies, Reckville, MDY, with 0.1% bavine serum albumin (B3A) {Cal.
#A3294, Sigma Chemycal Ca., St Louis, MQY, PIS/G (2 mM L-olutamine, 100 units/ml
penicilin, 100 pgiml streptomyein) (Cat. #51146, Sigma Ghemical Ca., 3t Louis, MO).
If eells oo nat require synenronizaton, they may be cultured in standard growth media,
such as OMEM (Cat. # 11965-092, Life Technologies, Rockville, MD), 10% fetal bovine
serum {FBB)(Car. #16140-071, Life Technolages, Rochvifle, MDY, ang PISYG  Tumor
cell ines and normal cell lings are publicly available from sources such as the
American Type Culture Collechon (ATCC, Manasses, VA] end Clonetics [Walkersville,
MD3.

Primary zell preparaticns, such as fibradlasts derfved from rat or mauss
Bmbryanic tissus may also be uead to assess CRK activity by the present methods,
These fibeobiasts may be isolated using the following exemglary procsdurs. Under
stenle conditions the embryanic spleen, liver, heart, lungs, and {f more that 15 days
old} head are remeved. The remaining ssue is transferred to a Petri dish with 10-15
mi of & 0.04% trypsin solution {Gibco BRL, Grand island, NY) at approximately 37°C.
The fissue is minced finely, the tissue/trypsin midture 1$ ransferred to a Erlenmeyer
flask, and 20-30 m) of fresh trypsin is added 10 the flask. Following an incubation in a
water bath (37°C) for approximately 30 minuwies, the trypsin is removed ang the
suspended cslls are remaved from the flask ana adged 10 50 m centrifuge tubes. An
equal volume of DMEM-high giycose (Life Tecnnoiogias, Rockyilie, MO) with 10% FBS
{PMEM-H + FHS) is added ta the jubes, To the remaining tissue precipitate in the
flask, 20-30 mi of trypsin is added and the irypsination step is repeated. The
suspended cells ars Inen aspirated, transferred to cantrifuge wbes, 2nd resuspended
with an equal volume of DMEM-H + FBS. All of the cell Suspensions are then
certrifuged at A00xg for 10-15 minutes. The supernaEnt is aspirated off and the celis
are resuspended in fresh CMEM-H + FBS. Cells may then be cultured in plates, The
media is changed after 24 nours and the celis are passaged 1'3 when confiluent. To
store cells, Ihey may be frozen when appreaching confiusnce.

Ta conduct assays 1o determine whether an agen! affects the aclivity of 3
CDK in a ceil, the agent s first dissolved in a vehicle such as water, dimethytsulfoxide

12
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{PMSQ), or riflucroacetic acid (Zigma Chemical Ca., 5t Louis, MO). For application
1o ¢ultured cells, the agent in vehicle is first diluted in cefl growth medium to achieve
the desired conceniration or range of concentrabons, which typically fail within the
range of 8-100 uM. Exarnples of the growth medium used include DMEM, McCoy's
madmum, or minimal essential medium (Life Technologies, Rockville, M) The chosen
madium is oplimized for the paricular cell line used in the assay, and may include
spaoific growth facters, For seme cells such as keralinocyles, cell-specific aptimal
growth med are coinmertially available (Cat. # 3001, 3004, 3107, and 3115,
Clonatics, Walkersville, MD).

Given thatl most cells have & 16-36 hour cell cycle. itis praferred that
cullured cells are ineubated with the agent for 16-24 nours, moare preferably, 16-21
hours, in order \o maximize any possihle efiect on cell eycle pregression, 28 measyred
by COK phosphorylzuon of Ro protein. The cells are then tysed in a detergent
odnlaining buffer. such as a 50 mM Hepes buffer pH 7.6, containing 0 1% NP-40, 250
mM NaCl, & mM NaF, 1 mM dithiothreital (DTT) (&)l abcve components of the lysis
buffer are avarable from Sigma Chemical Co,, St. Louis, MQ) and a combination of
prutease inhibitors. Typically, the combination of projease inhibitors includes wnhikitors
that are effective against serine-, cysieine-, and metaliin-proteases in bacterial,
mammalan, yeast, and piant cefl extracts. An exemplary combination is pefabloc SC
{0.1-1.0 mafmi), leupeptin (0.5 pg/mi), aprotinin (0.06-2.0 pgfmi), and pepsiatin (0.7
Hgiml} (@l protease inhibitars are available from Roche Molecular Biochemcais,
Indianapolie, IN). Commercially available combinatons of pratease inhibitors are
mixed jogether in concentraled tablet form (Cat. #1597498, (Boehringer Mannheim)
Roche Malacular Bicchemicals, Indianapslis, iN} for convenient addition 1o a stock lysis
buffer 1o create the desired protease combination.  Another exemplary lysis buffer iz a
25 mM Bicine buffer pH 7.6 (Cat, #78501T, Pierce Chemical, Rockforg, 1L), which can
be used fellowing the addiban of DTT (1 mM) and a combination of the ahove-
described protease inhibitors,

When assessing the effect of an agent following administration 1o a whale
animal, the nu/nue mousa 1s the preferable cancer model to uss, The mice ars
inoculated subcwtaneously in the lewer sbdomen with approximately 5 million tumar

13
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cells (e.9., Cole 205 or HCT 116 coloreelsl carcinoma e¢ils in a total valume of 200 4
phosphale bulferad safine (I.fe Technologies, Rackvile, MD). When the fumors grow
to approximately 100-200 mnt’, the agent is administerad through the desired route,
£.g.. infraperiloneally, subcutaneously, intravenously, ar erally. When 1he in vivo
kinelics of the agents are unknown, it is preferred that they be administered
continuously 10 achieve steady stale before testing. For example, the agents may be
administered by osmotic mini-pumps (Alzet Model 2001, 7-gay pump, Alza Corp,
MNewark, DE) containing the test agent. These pumps are implanted in anesthetized
mice (e.9.. 50 mg/kq nembutal, intrapentoneal). The test agents are first dissotved in
an appropriale veticle suech as cyclodextin, propyleng alycolDMSQ (1:1), or 6%
gelucing, ete. Tissues from the animals are later studied, for example, on day 5 post-
implantation. Tumor celis and/or other tissuss are removed and stored in liguid
nitregen. Plasma is saved for angiysis of agent concertration. Furlther analysis of
CDK actwity is 1nhen determined by assessing RE pratein phosphorylation, as gescribed
heren. Cells are first pulverized in a IQuid nitrogen-coaled pulvenzer and then
suspended the previously described lysis buffer. Sampies are vortexed and then
ceninfuged at 8,000xg for appro;marely 10 minutes at 4°C. The prolsin concentrahon
of the supernaiant 18 determined by prolein assay (Cal. #500-0006, Biorad, Hercutes,
CA|. Samples are dikuted to 100 go/mi and 100 zlwell is added to the multiwall iest
plaee. In all cases the leve| of phosphoryiated Rb 15 correlated with the plasma level of
the agent 1o determine if 1he agent affects CDK level.

Whether the cali lysate is derived from cultured cells or @ tissue sample, e
cell lysale is added 10 the caplure antibody-bound plates and is incubated for
approximately 1-3 hours at room temperature. Itis prefetred 1hat all incubations ane
performed on & low speed shaker at 30200 revolutons/minule. The celt lysate s
aspiraled and an ani-Ri primary antibody, dituled 1o approximatety 1-5 ug/mt in an
incubation buffer such as 1% casein in TBS pH 7.4-7.8, with ar withowt 0.1% Tween-
20, is adged to the caplure antibody-baund plates.

The primary antibedy recognizes Rb prolein in a phospharylation-
independant manner. Exemplary antipadies include a moneclenal antipody direcied
against a human Rb epitope between residues 300-380 (Cat. #14001A, Fhammingen,

14
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San Piego, CA} and a menecional anthody dirgcted against a human R epitope
between residues §12-028 (Cat. #MK-15-1, Medical & Biclogical Laharateries, Nagoya,
Japan}.

Depending on the entihody used, the anlibady solution is incubaled with the
capture anticody-bound plate for apprommately 1-3 hours at room temperature an &
low speed shaker. In the case of the Pharmingen antibady (Cat. #14001A), the
preferred incubation period is 2 hours. Following mcubation, the plales are then
washed mujtiple timeés (e.g., 3-6 limes) with 1ne previously descrbed wash buffer.

Upon completion of this series of reegent Incubations, the sohid phase
support contains bound capturg antibody, complexed with CDK phosphoryi@led Kb
protein, complexed with the primary antibody. To guantify the amount of CDK
pnosphoryiated R protein that was onginally present in the 1eet sample, the amount of
primary antibody containged in the plate-hound antibody complex is assessed using a
slangarg datecton system. This system of detection incsrparalas the use of 3
detectabie fabel that is either conjugaied 1o the primary antibody or 1o 8 secondary
antibody tha! specifically recognizes the primary anibody. Examples of datectable
lapels include perowdases, SUCh as horseradish or soybean peroxidase, alkaling
pnosphalase, -galactosidase, chelated lamthanides, piotin, Eurcpium and radiclabels.

Given the commercial evailabilily of secondary antibomes conjugated 10
detectable iabels. the usa of one of these antibodies is the preferrad method far
detecting the primary antihody. Exampies of secondary antinodies that are available
for use in e present invention include 2 donkey anti-mouse alkaling phospnatase-
iaheled antibody (Cat. #715-055-150, Jackson ImmunoResearch Laboratories, West
Grova, PA), or a goat anli-mause horseradish peroxdase-labeiled antibody (Cat. #12-
349, Lpslale Bictechnologies, Lakes Placikd, NY. and Cat. # 10767, Sigma Chemical
Ca., St. Louis, MO)), or a raphit anti-mouse Europium-iabelled antibody.

Alternatively, the pnimary antibody couid itself be conjugalad with a
detectabls label. Methods for canjugaling alkaline phosphatass, horseradish
percxidase, or f-galaciosidase o an antibody, whelher a pnmary or sacondary
antibady, are well-described in he litersture (gee, &.9., Porstmann et al., J. Immun.
Meth. 79 27-37, 1985; Imagawa et al., 1. Appl. Biochern. 4: 41-57, 1982). In additien,
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the: antibady of choice could be radiiabalied (Goding, Monoclona) Antibodies:
Principles and Prachce, Academic Press, Inc., 8an Diego, CA, 1998, 3" ed.), or
biotnylated (Ignatowski atal., J. Exp. Ther. 290: 853-70, 169&; Southwick et al.,
Cylometry 11: 418B. 1980}. Kits for conjugating a peroxidase or alkaline phospnatase
labe! to an anbbody are commerciaily available from Pierce Chamical (e.g., Cat. #'s
37487, 31488, and 31488, Rockford, Il.). Simiarly, kits are commercially available fo
curjugate an antibody to a biotin label (8.9., Cat. #C5585, Sigma Chemical Co,, St
Louig, MO) or to a Eurcpium Iabsl (e.9., Cal. # 1244-302, Wallac),

Exemplary methods for detecting the presence of such iabelted antibodies
are described in the literature (see, e q., Using Apkbodies: A Lab Manusl, eds. Harlow
and Land, Cola Spring Harbor Laboralories, Colg Spring Hachor, NY, 1939, and
Current Protacols in Immunology. Cell Binlogy, and Pratein Science, John Wiey &
Sons, New York, NY, 1948). Briefly, the detection of the horseradish peraxidase label
is achieved using a chrormogenic subsirate, 2,2-azino-s{3-sinylbenzothEzotine-6-
sulfonic acid) dammonium salt (Cat. # 11557, Fluka (Sigma Chemical Co., St Louis,
MOY), as further described in Szutowicz =t al., Anal, Biochem. 138; 66, 1964, Envall,
Methods Enzymol. 70: 419, 1880, and Al-Kaissi and Mostratos, J. Immunol. Methods
58: 127, 1883, To delect the alkalne phosphatase label, a chromegenic substrale,
nitroblue letrezolkum ehlarige S-bromo-4-chiore-3-indoilyt phesphats toluidine salt
(BCIP-NBT} (Sigma Chemical Ca., 8t Louis, MD) can be used, or the
chemilummescsnt substrate COP-Star Sapphire I {Cat. #MS100RX, Tropix, Bedford,
MA} can be used, as described, for examgle, in Thompson and Larsan |BioTechnigues
12 B56, 1992). Eurcpium chelates require an enhiencement solution (Cat. #1244-114,
Wallag), Given the sensilivity of an ELISA-based assay using a lumineacent detection
sysiem, as funher descrbed in 1ha sxampls below, iLis the preferred method of
detecting CDK activity.

Test Agents or Compounts

A lest agent or compound is identified as a CRK madulator if it ehangss the
level of CDK-phosphorylaied Ri in a sample in a statistically significant manner (p<0.1)
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as compared 1o & control sample, and produces a statislically signficant change above
or below the conlrol mean value.

in general, agents or compounds which modulgle CRK aetivily are identfied
from libraries of natura!l products, or synthetic {or semi-synihetic} extracls, chemical
linranes, or individual compounds, and are produced according 1o methoeds known in
the art. Examples of such estracls of Comgounds include, But are not imitad o,
naturally-nccurTing or synthetic chemical compourds, small organic or inorganic
molecules, iologicat macramoelecules {e.g., pephdes, proieins, and nueleic aciys),
mixtures of chemical compounds, plant-, fungal-, prakaryolic-. or animal-based
gxtracts, and fermentation broths.

MNumerous methads are available for generaring randam or direcleg
synthesis (semi-syninesis or ‘otal synthesis) of any number of chemical compounas,
ineluding, but nat imited lo, saccharde-, lipid-, peplide-, and nucleic acid-based
campounds. The assays described herein are particulady useful in perfonming nign-
Ihroughput scresning assays, which accommodate the screening of large compound
libraries.

Synthetic compound fibraries are also commercially available, for example,
from Brandon Associates (Merrimack, NH) and Aldrich Chemical (Milwaukee, W),
Libraries of natural compounds in the form of bactenal, fungal, plant, and animal
extracts are commercially available frem a number of sources, including Biotics
(Sussex, LK), Xenova (Slough, UK), Harbar Branch Oceanagraphics Institule (Ft.
Pierce, FL.), and PharmaiMar, D.S.A, (Cambridge, MA] In addilion, natural and
synthetc fibraries are produced, if desired, according 10 methads known m the art, for
example. by standard extraction and {ractonafion methods, organic synthesis, and
methods of combpinatarial chemistry.

When a crude extract is found ta modulata CDK activity, furthar fractionation
can be used 10 isolale and purify tha chemical constiluents responsible. Methods of
fractionalion and purification of such heterogensous extracts will he known in the art in
light of this disclosure. If desired, compounds ldentfied as CDK modulators can be
further moaified, according 10 meathads known in the artin light of this ciaclesure, 1o
enhance their modulating effect or to reduce toxieity.
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Therapeutic Applicanions for Modulators of CDK Aclivit

Agenis or compounds identified by the melhads of the present invantion as
agonists or antagonisis of CDK activity nave several therapeutic apphcations, Far
example, sgenis o compounds idenified as CDK inhittors are useful in the treatment
of diseases such as cancers, autoimmune diseases, viral diseases, fungal ciseases,
degenerative disorders, cardiovascular diseases, stroke, nflammatory disorders, and
dermatclogical disorders, as well as other diseases and conditions in which the
inhibition of celiular profiferation is beneficial.

The CDK inhibitors zre useful in the treatmens of a variety of sancers,
including he following: carcinonia, nciuding that of 1ha pladder, breast, brain, ¢olon,
kidney. liver, lung (nciuding smail cell lung cancer), esaphagus, gait hiadder, ovary,
pangreas, stomach, cervix, Ihyroid, prostate, and skun (including squamous celt
carcinoma), hematapoietic wumars of lympehoid ineage (including leukermia, acule
lymphpeylic leukernia, acute lymphoblasiic leukamia, E-cell lympnoma, T-cell
lyrphoma, Hodgkins lympnama. nan-Aadgkins lymphoma, hairy cell ivmphoma and
Burket's lymphoma). hemalopoletic rnors of myeloid lineage (including acule andg
chronic myelogencus |eukemias, myelodyspiastic syndrome and promyeiocylic
leukemia), tumors of mesenchymal origin {including brosarcoima and
rhabdemyosar¢amal, tumcrs of the central and peripneral nervaus system (including
astrocyloma, neurablastoma, glioma and sshwannomas), and ather tumors (inchuding
melanoma, seminama, 1eralocarcinema, osleosarcema, xenaderoma pamentasum,
keratoucanthama, and thyroid follicular cancer),

In addition 10 inhibiting the praliferation of cancerpus cells, CRK inhibitors
could act as reveraible cytostatic agents which may be useful in the treatment of any
disease ar condiion associated with abnormal or deleterious cellutar proliferation, such
as Kaposi's sajcoma, benian prosiate hyperplasia, familial adencmatasis polyposis,
neurefibromatosis, atherasclerosis, thrombatic microangopathy syndromes, pulmonary
fibroeis, anthritis, psoriasis, restencsis faliowing angicplasty or vascular surgery,
hypertrophic scar formauon, inflammatery bowe! disease, transplantatien rejection,
endoloxic shock, mesangiat celi proiferative disorders neluding glomerulanephnbis).,

13



3D uoboooboooboaobod

diapetic nephropathy, glemefulopathies, malignant nephroseleresis, ergan Yransplant
rejection, macular degenerabion, fungal infactions, and viral infections.

Of course, compounds identified as CDK agonists could alse be used as
lherapeutic agents for diseases ar eandibons in which the stmulation of celiuler
proliferation s desired, such as to treat neurodegenerative aisorders, for examgle,
Alzheimer's disease, and also lo stimuiale wound healing and 1o stimwiats immune
syslem activily.

Agents thal moduiale CDK actaty may be administered by any appropriate
route, Far exampie, adminisiration may be parsnteral, intravenous, intra-arterial,
subeutaneous, niramuscular, intracranial, intracrhitat, ophthalmic, ntraventricular.
intracapsutar, intraspinal, intraristernal, inraperitoneal, mtranasal, asrosal, by
suppositones, or orat administraton.

When adrministenng iherapeutic formuiations compnsing CDK modulators,
the formulations may be in the form of iquid solutions ar suspensions; for aral
administration, formulatians may be n the torm of tablets or capsutes; and for
intranasal formulations, in the form of powders, nasal drops, or asrosals,

Wethods well known in the ant for making formulations are found, for
example, in Reminglon's Pharmaceutical Sciences (eq. Gennara, Mack Publisning Co.,
Easton. PA, 189 ed., 1980

Example: ELISA-baced Assgy for COK2 or CDK4 Activity

A solution containing @ capture anticady diluted 1o 10 pg/miina C.O5 M
carbonate-hicarbonate buffer pH 9.8 (Cat, 253041, Sigma Chemicai Co., St. Lauis,
MQ) was applied to coat the wells of 98-well plates (100 piwell, Nunc F96 MaxiSarp,
VWR Scientific, Bridgeport, NJ) and incubated ovemight at 4°C. For CRIK2 assays,
anii-phospnoRb antibody, which specificaby recognizes Rb phasphorylated at Se1807
and Ser811, was used {Cat. #9308L, New Engtand 'Biclabs. inc., Beverly, MA); for
CDK4 assays, anti-phospnaRD antncdy, which specifically recognizes Rb
phospharylaied at Ser 780, was used (Cat. #3307S, New England Biolabs, Inc.,
Beverly, MA, or Code #5535, Medical and Biological Laboratores, Nagoya, Japan).
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Breast carcinoma cells, T470 (HTB-133, ATCC, Manassas, VA, Depositor;
1. Keytar), were cultured m 100 mm plates, frypsimzed prior to confiuence, and sseded
in 95-well plates a1 2,000 cels/200 slwell in DMEM (Cat. # 11965-092, Life
Techrnologies, Rachville, MDY, 10% fe1a1 bovine serurn (FBS) (Cat, #16140-071, Life
Technologies, Rackville, MD), P/S/G (2 mM L-glutamine, 100 units/ml peniciiin, 100
#9/mi streplomyein) (Cat. # G1148, Sigma Chemical Co., S, Louis. M),

For CDK2 assays, cells were cultured for one day and then synchronized by
serum starvation as follows. Cell medium was aspiraled, the cells were washed five
times in Hanks Buffered Saline Solution {Cat. # 14025-092, Life Technaloges,
Rockvills, MD). Cells were then incubated in DMEM without phenal red {Car #21083-
029, Life Technologies, Rockville, MDY, 0.1% BSA {Catl. #A3284, Sigma Chemical Co.,
St Louws, MO), and F/SIG for 24 hours. While centrel calis were maintained in 0.1%
BSA/DMEM to establish a baseline (serum-deprived), test cells ware refed with DMEM,
1% FB3. P/S/G, and incubated for 20-24 hours with 0, 25 pM, 50 uM, or 100 pM
olomaucine (Promega, Madison, Wi) a known CDEK inhibitor.

Far CD¥4 aasays, cell synehronization was not requited. Cells were
cultured for two days in DMEM (Cat #11986-032, Life Technologies, Rockville, MD),
10% FBS, P/SA5. The cell medium was then aspirated and 200 ui fresh medium with
0, 25 pM, 50 pM, or 130 M olomeucine was added for a 20-24 hour incubation.

For both the CDK2 ano COK4 assays, olomoucine was first dissolved in &
DIMSO venicle (Sigma Chiermical Co., SI. Lows, M) a1 concenirations ranging of 0, 25
mi, 50 mM. and 100 mM in the solvent. These salutions were han dited 1-1000 in
PMEM, 10% FBS, P/SIG before the clomoucing or cantral solution was added Lo the
cells.

Tne ceils plated n 96-wall plates were washed three times in cald TES (as
previously described) and lysed with 120 uiiwell cold lysis buffer consisting of 50 mM
Hepes buffer pH 7.8, 0.1% NP-40, 250 mM NaCl, 5 mM NaF, 1 mM DTT, and the
protease innitiors praviced in protease tadlets (Cat. #1887408, {Bashringer
Mannheim) Roche Molecular Biochemicals, Indianapoliz, INY The cell lysates were
maintained at 4°C for the duration of the fellowing blocking step performed on the
capiure antibody-bound plates. The plates were washed two times with 250 uliwell
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Imidazal wash buffer (Cal. # 50-63-01, KPL, Ine, Gaithersburg, MD), and incubated
with plocking buffer [Cat. # 37515, Pierce Chemical, Rockford, IL) for ane hour at room
temperature.

Upon compietion of the blockmg step, ine blocking buffer was aspirated and
100 i of cell lysate was transferred 1o each wedl of the capture anlibody-coated plates.
The plates were placed on a shaker at the Jow speed sehing (approximately 100
reyaiutions/minute) for @ twa hour incubation a1 room temperature. The plates were
then washed six limes it the above-described imidazol wash buffer.

The plates, with bound caplure antibody-Rb complexes, were incubaled
with an anti-Rb monccienal antibody (phospherylation-independent) that recognizes an
Rb epitope petween amine acids 300-38¢ (Cat. # 14001A, PharMingen, San Diege,
CA). This primary antibody was diluled to 2 po/ml in 1% casein, TBS pH 7.6, 0.1%
Tween-20 {all incubation buffer camponents are available from Sigma Chemical Co,
St. Lous, MQJ. Qne hundred mizrolters of the sclution was added 10 each well, and
the piales ware then incubated on the shaker at the 0w speed sething for wo hiours at
room temperature. The plates were then washed six fimes with the imidaze! wash
huffer ta isola1e the capture antivody-Rb-primary antinody complex bound 1o the plate.

The final antihndy incubated on the plate was a donkey anti-mouse alkaling
phosphatase-iabeied secondary antivody (Cat. #715-055-150, Jackson
ImrmunaResearch Laboratones, Inc., West Grove, PA). The secondary antibody was
dituied 1:2000 in the incubation buffer consisting of 1% casein, in TBS pH 7.6.0.1%
Tween-20, and 100 #1 of the solutiop was added Yo each well. Foflowing the incubation
of ihe piates an e shaker al the low speed setting Tor one haur &t reom emperaiure,
the piaies were again washed six imes with the midazol wash buffer 1o isotate the
capture anlivody-Rb-prnary antibody-secondary anlibody complex.

In the final step of the assay, the amount of COK-phosphonviated Rb profein
present in the oiginal call lysate sample was measured by quantdyving the amourt of
labelled secondary antibody present on the piate. To each well, 100 pl of the alkaline
phospnalase substrate CDP-Star Sapphire (1 {Gar #MS100RX, Trapix, Bedford, MA)
was added, he plates were incubated on a shaker for 20 minules at room leamperature,
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and the luminescent signal was then measured on a lumincmeter (Dynex
Technologies, farmerly Dynatech Labaratories, Chantilly, VA).

As shown m Fig. 1, intracediular COK2 and COK4 activity incraased
following the adminisiration of nutnents o serum-starved cells, and also decreased ina
dose-cgependent manner following contact with & known innibiter of CDK activity,
olomoucine. These resufis demonstrate the usefuiness of the present assay maethods
in measunng physiologically relevant changes in CPRK activity associated with cell cycle
reguiation, The reduction in CPK activily following cell coniact with olomoucing
dermonstrates thal ine assay can successfully detect agent-induced shanges in CDK
activity at the celfular level. The present assay methods are useful in screening assays
toidentfy modulaters af CDK activity, especally those thet can modulate CDK actwity
at thentracellular |eveal.
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Brief Description of Drawing

Figura 1 is a bar graph inet demonsirates the resulls of an ELISA-based
CDK aclivity assay in TA70 cells. The assey reveals 2 significant increase in celllar
CPiKZ and CD®4 activity following serum readministration in serurn-deprived cells
{serum-fed) as compared {o cells that remain sequm-deprived (ssrum-teprived).
However, ihe assay alse reveals a dose-iependant inhibition of this serum-induced
effect in celis treated with 25-100 §M olomoucine dissalved in a dimethylsulioxide
{(OMS0) veniciz.
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1. Abstract
Disciosed herein are novel methads for measuring the activity of one or

more cyclin dapendent kinases (CDKs) in a sample, based upon the quantiation of
CDK-phosphorylaled RE protein, The methed for measuring cyclin-dapendent
kinase (CDK) activity includes the following: i} contacting the sample with an anti-
retinoblastoma protein (Rb) caplure antibady that specificaily recognizes a CDK-
phosphorylated Rb and solating the capture antbody-Rb complex; i) contacting the
Ccaplure antibady-Rb complex with an anu-Rb primary anfibady and jsclating the
caplure antibody-Rb-primary antibody campiex; and i) measuring the amoun; of
CDr-phosphoryiated Rb in the sample by quantitating the primary antibotdy prasent
in e caplure antibady-Rb-primary anubody complex. These methods may be
used 1o assess intracellular COK actvity In cultured cells or in celis taken from an

animal. Also disciosed ars methoas of identifying an agent ihat modulates the CRK
- activity.

2. Representative Drawing

none
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