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= 1. Bl OVARKER FOR RESPONSE MONI TORI NG OF CDK | NHI BI TORS -

IN.-THE CLINIC The present invention relates generally

to the field of pharmacodynani cs and, nore

specifically, to a pharnacodynam c bi onmarker

(inhibition of Rb phosphorylation) whose expression

pattern in surrogate tissue coktelates with a response

of cells and tunors to treatnment with one or nore cdk

[ REE n [0 e

Hgﬁﬁgg%ﬁﬂg cance?oggg &8&%ﬁgk&ﬁ fé?gtigaigggggst

originate fromthe accunMIBMEomLImI@efects in the cel

cycl e progression. These defects can result in the

| oss of checkpoint control and/or the inappropriate

activation of the drivers of cell cycle grogre33|on

the cykd Pfﬁﬁeaéb@ﬁ@tmﬂrel@qmﬁ@@al@r@ftbr fidd of phyreragpdyrasics and, more
" spRkiSicalRl to a aéodg%ﬁfcqg&ln%ldepﬁnﬁ’iﬁtﬁﬂ éfR%B[ﬂlto ulgrgjrylatlon) whose

occurs, W th quency 1 n or. sol

tpESSieR .He‘itfaf&uﬂh a%??@a%&lssu% 6?1’6‘141315%‘%'? 7 B3P0 6 £lis @and grgors to

NEBédmear with 0A@s) morelddR i ghiBItRg abatts.bi tors of cdks and
cell cycle progressi on have the potential to fill a

pr ot a7 B R R Bt e i Sl Bt HCRHan scems o
15igedte froyx:ﬂhe agndndgidn @rdefdcfsen did el cydGafoogesdon. These defects can
%ﬂf ﬁutﬁé" éoﬁﬂ%&%‘éﬁg%ﬂ@?ﬁ %‘Ei oqftslg}nakﬁ%i)%ﬁ?&cﬁva%{o}ﬁlgf The drivers

uni t are ory
(p celh\gi clﬁ[gog_rggg)n, QMyg_]gg_deg_@d)ent kreasgsnireferr n_ehardlmgls ‘cdks” or

(‘ @D([ts”ﬁ hi G lzﬁﬁlﬁﬁ%f cap gm%hg%( BBz flth Bi cgfﬁ'“f?éﬂ]g%ﬁ phi ﬁor solid
).

been 1denti can formin ex
AOF10y RS Ha%lédlélg r‘?ﬁ?aé& gelopgovagam.cprogtates and N§Glggyyinppas
Prietdor, iﬁhﬂﬂﬁ)@_ﬁoﬁcﬂﬁpﬂﬂ%e‘ﬂa%&e pRgres§igh halPhe %6&11@&16(@ fill a large
&Eford Uni v rS|ty Press, xford). In norimal

ﬁﬁpg%‘¥ﬁé e enzymes can be categorized as G, S, or
&/ M phase enzynes which performdistinct roles in
cell cycle progression (van den Heuvel, S., and
Harlow, E., Science 1993; 262: 2050-2054). Cdks
pP 0S ﬂ]ifarc?ikﬂtre s@ﬁﬁ/tﬁ%ﬁlrﬁﬁoteﬂﬁhm@&& that b tRE dAvinaFdiet Vehind the
O G B s OB R PR B epostdof at st

E@ﬁh@@hbrﬁﬁ&%ﬁl@ reflﬂ)ﬂiorf ﬁ?klh@%hb%t( %%QYE & & NG ture PDUS; 374:131-

5 repli n protein A or gani zat i onal
flg%}t gTr% hfringE § qs‘iiﬂa daroggh did é@néﬁlé‘f@h%%whvmts have been

S&Jnlﬁﬁite&' Wasch(c@n garm i Q061 fHlistedndFtiPe Bna VR e‘ﬂgple(x%@ g Goukd, K. L.,
Trends in BIO|O% 1993; 3:296-2
@99‘%9’1 %qotﬂbK@tﬁg@r{éN a@lystt, J1 R 2B proBe! 76@@?@@% Y nnBrSItY Press,

I n C l a. c V/ d. a e t
gt s il b oy B BEP B B o con

-phase enzymes which perform distinct roles in cell cycle progressmn (van den Heuvel, S.,

and Harlow, E., Science 1993; 262: 2050-2054). Cdks phosphorylate and modulate the
activity of a variety of cellular proteins that include tumor suppressors (e.g., RB, p53),
transcription factors (e.g., E2F-DP1, RNA pol II), replication factors (e.g., DNA pol a,

replication protein A), and organizational factors which influence cellular and chromatin

structures (e.g., Histone HI, lamin A, MPA4) (Nigg, E. A., Trends in Cell Biology 1993;

'3:296-201; Rickert, P., et al, Oncogene 1996; 12:2631-2640; Dynlacht, B. D. et al, Mol
Cell Biol. 1997; 17:3867-3875; Ookata, K. et al., Biochemistry 1997; 36:15873-15883).




Cdk activity is regulated through a variety of
co-ordi nated nechani snms, which include cell cycle
dependent transcription and translation, cell cycle
dependent proteolysis, subcellylar |ocalization,
post-translational nodifications, and interaction

with cdk attﬁhﬂyt?é ﬁe@ﬁlaﬂeﬁ@ﬁﬁ)‘u@ﬁ a (Vﬁr‘?ét? bf &oddn A& ﬂe&a@%ms, which
J., and Hunter, T., 5 Cell

5§1D§§§ CS]LGYC%({LE’ED dept trgpscaptigp an%@?%@nigﬂﬂ@y de dependent
fbté(ﬁ?s?{ 48R3 ulM localizatfdn, ﬁbst+tr£151@ﬁonaj}|%dd1ff&ﬁgn§ﬁhd 9 action

4:502-507; Fraetta , .and_Beach, D.
ygg d.g ml&bicg@rotepqgr(gfé@rrecf\]w\}wrmm «DHKigot (,Plggg}; and Hunter, T,
2@(219 19819033 833‘ Bad; it ROYERY glhﬁ&cg?%aﬂ'?@f@ﬂ 18b; Iﬁej bt al., Proc

oints are constructed hi's realizati

Klaﬂ Aéhfé 8,¢4 Ant99 oM 785075 Fiantsd, éhmﬂdeﬁjsadh Lougel 19r$§, 54:17-26;

T ?lg e‘?tﬂwn @Jncgldiﬁﬁ(rli@%t '29@1 Il@ ) mthtol&glil ?ﬁ%énﬂ@lﬁan&éﬁ% that cell
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10 regu atory a targ
tgvsﬂm@tntﬁaﬁre@hemdt@} dbs meahzata:gwethafschetkpoulttetoeapl iy

c Hllgkﬁ%teg ﬁi’r%lugtg g[:rerpéglﬁg 1cﬁ'p<§£j cdlé ﬁg}%ﬁé{} g?seg{age 'Eh%l 'd_Eg thelr

I's are typ eS|gne € sa
t sigelabdi Palihwa}fwmnmﬂﬂargrtaxgotﬂfmdhe dsvel apsnamt lof dmnqtberapeutlc agents.

“identify a suitable dose and schedule for further

clinical evaluation. Increasingly, there is a need to
15 al so eval uate the pharnmacol ogic effects of novel
agent I tha ez&iayr dlinicl development bfa?lns1 capadfrtaigémls attihical tirals are typically

C&l & aogév%%usfﬁ tb.? gaftet'&stggerz}b@ %aﬁltgggok?%e ?:sa 2§ wilt¥s to identify a
cmlsbkdelmebdmi schedilefr fudthdr dhmtalfeyalﬁgmm. dhafeasedryhanisa need to

sl BB Phaft S ST G B! FheleePers Erbiidiiar G piricularly

nimydases ety @ Hgab fnhzﬁqmbmttoleﬁﬁai dliyeasidl eoebsappd 1ate As aresult,

[ R T U LG .

p@rrqﬁn&r vaith ﬂieqﬂhdrrﬁmwgb@ﬂnadﬁlaﬁ&h bﬁa iRkt ’msé BD&iomarkers
i call, rele t suﬁg& te for the cycli
%}éﬁ:ﬁj OTRSPS yj shou, I{q, SXRERSedR @ﬁc&ssbblsf;lgr?gate tissues
| ®ic ad $KIDbr éiqﬂfe%i $RJod b, bibhtay h@fnah BRrifRerhiblb 8D oAb R ear cells
b sﬁ Rhosp orylation at serine and threonine residues
H& CDKs. As is known in the art, CDK inhibitors
i nhi bit phosphorylation of the Rb substrat e (such as

in cell lines and tunor xenografts treated wi t h CDKi

s) angd con eq ent | is leads t ceII nd .
gr owt'tP AR P %10 OB He{l‘@ﬁ sBlpstraks h g@}teﬂlgﬁltilﬁnases (CDKs).

drgumas&ﬁﬁm pfcﬁaay Is%quﬁ@& @5%@&2 Acﬁﬁqﬂs&ﬁemb tid R@dlated by

fIavoplr ol, and t inhi'bitor fromBristaol Mers

SRGFRATY RNE? sfosegsv @@izt}{rmlm pridpes by, the CAKsgAs 1s kngywein the art,

ReSE&MIEhiteQ %1b§§]hgﬁ%o%lgtlonY&Qhe B Wb sﬁtat?(i)such a5QH rcélﬁllmes and
of Medi ci nal stry 2002; 45:5233-5248 | nhi bition

JFMRE Xﬁkﬂﬁéﬁﬁdf%@tm DIKA s b#1d eonsgmenidy thisdsads to cell cycleand .

s AR G R g g

Cakossovitine dlseopiréd, me mbﬁnmﬁrp)m Bristol Myers Squibb, BMS-
387032 (Whittaker, S.R. et al., Cancer Research 2004; 64:262-272, Yue, EW, et al,

Journal of Medicinal Chemistry 2002; 45:5233-5248). Inhibition of Rb phosphorylation

~in cells and in tumor xenografts has also been shown with the CDK inhibitor from Pfizer, -

- PD 0332991 (Fry, D. W. et al, Molecular Cancer Therapeutics 2004: 3:1427-1437).
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'putatlve phosph ory a

-3 However, tunor tissue is not easily accessible for

sanpling, creating the need for a surrogate tissue
that could be used as a substitute or replacenent for
the tunor tissue. |Inhibition of Rb phosphorylation in
a surrogate tissue, and specifically in peripheral ,
bl oodpgRaanueheRtisGRlil SolLH c&%mbl@?@r sQf?%:hH% %Peatmg the need for a
dermonstrated in the art in éither the | 1 ni cal

SBETGeAl tispug that ¢paldbe wied asg mbsﬁwye g replaeengpi for the tumor tissue.
| pinRLb A sBedtagd heral
R R
deleed axasonindearpatly @HOMCW, his mmstbast té«tm@nsmmdrls the art in either the -
nﬁﬁg@g?ﬁ% Xétﬁhg O ROhE Piidi0 W, é? gf s %IP(H‘Q E 1 rently in

I Opsres was exam ne rmuno I stochem stry
(FeamlopmeRt. Tet phhse, 1 tOal of ﬂaadaplrld)alrtcmd Rewedrndtiopo@ith docetaxel in
7 t.
T
s:ingnd>sfaib¢@3tes chasgesnehbpRmuestestddieetsted(Tan, 8. Raat fle@linical
gr?ﬁrets Ss\é!%rg:hgggi ﬁlﬁté.i@g% sz@'? 1 Af’tﬁ))%%h i nstg)rmev%mag étacreafsed in buccal
thﬁc&aﬂ»ﬂfﬁsle&bo&‘t&&pmﬂdﬂrm s1gmﬁcm1’t k:IIIHIigEMﬁ pRinedra dieterted in 6 paired

e made, regar di n S nuco
- (o Bt st e P S Sl s PRy ey of camor
fﬂmmmﬁbfnl e B paiilal T3psnderd) @b eefisinat ﬂﬁlcmshﬁleﬁbulctbe made regarding

omar kers whose ex pat

¥ PEb kel AR £5E b g et G b predtet R b aevior of
ofropiridshr e cdk nodul ating agents, in surrogate
ti ssues. 20 The instant invention concerns in vivo and
ex vivo nethods for testing and predicting whether a
manmal will respond therapeutically to a nmethod of
tr eatTing, thean@fiainsasnee@ kd idastimdashaken ivirgeaipréssiah patterns
i nhi |ts dk actlv%£¥%£roduces a .t herapeutic re%@?
| PR R TesROPSE QErea MR R 1 TR e AR PTG agents,
oh sphegabekydeat i on of the retinoblastoma protein (Rb)
at putative phosphorylation sites. In certain
enbodi ments 25 of the invention, the method conprises

adm NTidigkth AtindéhtRGEh cdrAdin dlmirkai dShif et fﬁ'rttysnng and
wherei.n the testing nethod co |ses(@ﬁ)tneas r
&l

i
Predictingwnethey amaareal vl Fy eFaRau 0 gine o trea treating

RAsRhArVdBL WARIRE of %é(iing g&g gﬁ@&gﬂt@gﬂ)&(ﬁg&%@a@ altherapeutic
JaTRosgRine W@@f”é with al qmmdet@@m Hﬁ)élwtwtl ﬁéphosphorylatmn of the
%ﬁg%% %@ﬁﬁ%ﬁﬁ E‘Jgﬁ%% glrz e[)erh SBH% IrL te tissue of a mammal

I on of

rthe lendsif glgq phegphorylation of retmoblastoma protem {Rb) at putative

phosphorylation sites; b) exposing the surrogate tissue of a mammal to the agent that
inhibits cdk activity; c) measuring in the surrogate tissue of a mammal the level of the
phosphorylation of retinoblastoma protein (Rb) at the putative phosphorylation sites,

wherein a difference (reduction) in the level of the phosphorylation of retinoblastomna

- protein measured in step c) compared to the level of the phosphorylation of

retinoblastoma protein measured in step a) indicates that the therapeutic response has
occurred and that the mammal may respond therapeutically to the method of treating

cancer.
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protein nmeasured in step c) conpared to the.level of
t he phosphoryl ation of retinoblastom protein

- measured in step a) indicates that the therapeutic

response has occurred and that 4t he manmal may respond
t her apeuti cal ly to the nethod oT4 treating .35 cancer.
-4 Th o
har Moy aa o S IEL PHCRRS B: ABRIGh, Marfard R firug
s ertfoogd e dk igybigorah t}as wmgaﬂe sgsmmh ﬁunsamlgafad@ﬁlmlmmdm@ustermg
t H% &lg 1ﬂﬁblbﬂottﬁé mta% ec% lo’ne %ph%r@reggmgl%gmﬁ arrﬂB[eg from the
t est og| cal sanples from
nﬁm@lm@i@@ pht edmpiqapscibiéd *emea@fmr ndmmtﬁm\@ thieedk dﬁubﬂor, performing
r r I

Elghg o?)y et I?%e&a o?gg grl}?sp%%r)?%tfo%%/ peIIC eng ottPiSJE: g%ﬁ) iof ﬁagﬂﬁe or
osamplaﬁ_antee sezatﬁ\taé fronﬂimmlmrfmlomd ¢mpaanmgﬁhq araogint of Rb
f gg(?s%é:o g}golrﬁilg e tesptthI(ﬁ ka ts%rgil;llo%(ﬁﬁ'% %/leat;r eeﬂ%clerl]nolggelcal sample
bbbtlahxgi:lcﬁajm 8 arqnﬂuaal to Mﬂumhneﬂcd‘krmhnb&ormm admistktehd.no

~cdk inhibitor has been adm nistered. 10 Fig. 1:

Concentrati on Dependent Decrease in Phosphoryl ated Rb
in HCT116 CeI I s 20 hours Post Treatnent wi th COVPOUND

A Det er nj Vst S

Concelier B OR e e dGrefast Daea R PRAHER M R By 16 Cell
200 hews FoltoRtatmkht WHRAOMMAO UMD A TabrdddDbAWRteel Blan@dalysis
by ELI SA Fig. 3: Concentration Dependent Decrease in
Phosphorylated Ro in MILn3 Cells 20 hours Post

Treatnment with COVPOUND A Determ ned by Western Bl ot

Anal YBiigs2: 2Qnkérgratidn Didpaid oo WesRafeqh RBAn PROBBale)lh 20 houwrs Post

RO R AP TRATR B B PGRed HPE, on of R

Phosphoryl ation in Rat PBMCs after a Single Oral Dose
of COVPQJNDAZS Fig. 6: Inhibition of Rb

Phos tion in Ln3 ,Tumors aft a .S al
bose g1 CARSERRE R FRgRdont 109 sKpse N BRP il 1 MTLo3 Cels

Tmm@membe&aiehmﬁh aioap O ND mglbaeﬁi@leci BpwWeteen Blay Analysis
8: Retinoblastoma Protein Phosphorylation in Hunman

PBMCs Stinulated Ex- Vivo with PVA
Fig. 4: Time Course for Rb Phosphorylation in Rat Peripheral Blood

Mononuclear Cells Following Ex Vive PMA Activation

Fig. 5: Inhibition of Rb Phosphorylation in Rat PBMCs after a  Single Oral Dose of
COMPOUND A

Fig. 6: Inhibition of Rb Phosphorylation in MTLn3 Tumors after a Single Oral Dose
of COMPOUND A |

Fig. 7: COMPOUND A: Plasma and Tumor Concentrations after a Single Oral

Dose

Fig. 8: Retinoblastoma Protein Phosphorylation in Human PBMCs Stimulated Ex-
Vivo with PMA
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-5 Fig. 9: Inhibition of Retinoblastoma Protein
Phosphoryl ation in Hunan PBMCs Treated Ex Vivo with
COVPOUND A The present invention enploys, unless
ot herwi se indicated, conventional. techniques of
nmol ecul ar bi ol ogy (|ncluding reconbi nant techni ques),

mcr OJ.bi 0d; qgﬂlbltﬁ)%'df Relﬁh(%lgﬁé{ma @'k&@ﬁ@ﬂo%}fo\fﬂﬁﬁ&l in Human PBMCs
i mmunol o whi are wthin the skill of the art. As

ud seteddieyino W%@@W&NHDAM m of -any term al so

enconpasses the plural formand vice-versa. 10 Al
publications and references cited herein are
|ncorEh¢H@@@Iby@néﬁ@?@mhﬁmmnﬂﬁh@ﬂmﬂméﬁnﬁwﬁﬁéfﬁﬁﬁﬂéwvﬂ
PHRORGes of%%&%?%ﬁdgs% %819@11?1 recgglbﬁ%t &rcﬁﬁﬁﬂgsg mlﬁ:roblology, cell

i nvention is uction in

| bipddgyofiothrenighoaphionyitat!pgn whfchtdre within the BB of theert.

protei n subsequent to treatnent, exposure or

application of the agent that inhibits cdk activity

(cdki or cdk inhibitory agent) to the tissue, cells,

sur r ofatesdthessinéhe sngnlpeiorphod ray tebinadsd emoropastsahe plural form and
cgké§%m9f a mammual at putative phosphorylation sites,

as conpared to an original or pre-treatnent |evel of
t he phosphoryl ation of the retinobl astoma protein at
the putative 20 phosphorylation sites, which indicates

tr Q?it na E‘algl%éahgﬁ]s aq{dt }eﬁ(?erf(%ggépeﬁ%}(éggéfﬁ??cé) E)OI?.ﬁed by reference in their
thﬁhapédiunqnmgpmnse of the tissue and surrogate

ti ssue of the present invention thus may be used as a
correlation with the pharnacol ogic nodul ation of a

tunor target. 25 "Exposing” a manmal or . a surrogate

ti ssuél }mfapaumnnmnst oofdhe p@ecmt inveation shichinedto ediny reduction in
a Ilevef f th 3 Eor Y\a/{tmn ol}t}tle reti o %omal P& s'ugﬂfg Erf‘[ to treatment
define B 5 3%x osur e, eat rent, o adm Fratr o
oezq:@plplielo«: applmatlm’i oﬁtthe Iagaﬁtthz(mm}nhgﬂﬁk dctieity {odki doi adk midkltory
?%hﬁ;c%q tlvﬁlea c%],?ys%}:c%g@ge téss%q@ﬁfpue{r{gggrﬁtblég?d E’rlbosf%lfjluclgar cells) of a
Skiatrimadl at pivetivs ;thosf.’olﬁbf}'rl‘é&bn ‘dﬁés; ‘onfpaeed to an orlglnal or pre-treatment

lifer spe caII erj pher bl ood
ERRE et Hoct S ot e r e to e B PP B Rl e
plﬁspmrylams& @itespwhlchsn@ie:itemdt ﬂnlnH@temadsﬁ»the ph@@hbgﬂatmn of

R oraBR (B3 b e e Ao p e rAFonYl Mssue and
surrogate tissue of the present invention thus may be used as a correlation with the

pharmacologic modulation of a tumor target.

"Exposing" a mammal or a surrogate tissue of a mammal to an agent that inhibits

© cdk activity, as used within the present invention, is defined to be any exposure,

treatment, administration or application of at least one agent that inhibits cdk activity to
the mammal or the surrogative tissue of the mammal via any process known to one of

ordinary skill in the art.

"Activating" the non-proliferating cells, specifically periphéral blood mononuclear
cells, of a mammal, as used within the present invention, is defined to be any exposure,

treatment or application of at least one activating agent to the non-proliferating (non-
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15

cycling) cells of a mammal or surrogate tissue of a
mamal , specifically the peripheral bl ood nononucl ear
cells) such that said cells becone activated and thus
becone stinmul ated to enter thegcell cycle.
"Non-proliferating” cells are, within the scope of the

PERAR celli‘é(feﬂh ﬂlal g@{)ﬂrf@gte&%ﬁsdé'}gﬁ%ﬁﬁﬂnlaﬁ eﬁ\{@afﬁgﬂyaﬂl% peripheral

- non-cycling an

tivat the ‘ce

chlopd mmwdﬁv@eﬂ»ﬁétlﬁb@af wid cells beangie aaBwdedintythus become

) f 1

it‘f“f%?%ﬁ. PSPt B ?kﬁﬁﬁfﬁﬁﬁ% EPForS daR HERBe of e
pptﬁd@@e@eatlwmdeﬁp@dnsu thoseasirombich atemoa-qyeliedndapugihdiangyated to
t?h&ﬂ@l Lesept invention, is defined to be any nethod
of the 1o present invention which is done or carried
out wiwthin the living mammal (cells, tissue, body or
organi sn) as known to one of ordinary skill in the
art. u y . I e
ot e A YRR T I REh Plaste BB, PR AR AR or evaluating whether
t fratgenhthabinhebitakk activityi(tdk lqlbdktonn&gebt)tp@@@ucage Hteyapeutic response

-?{ngagﬁéﬁg?a?gééég&&ﬁgl‘?&{hisegé%sgﬁﬁ eﬁfao% 'dQﬁ d e %ﬁgh—%thod of the

berl eral
npressni chveatiot which indahe cn‘tchHredrtmm withol uhfe &vagimagmmal (cells, tissue,
(ﬁ&ﬂf St A ) £8ogm to% Sf nar%ﬁcﬂp @0y et hod of
I nventi on oneor carried out
outS|de the living nannal (ceIIs ti ssue, body or
organi sn) as known to one of ordinary skill in the

art. The sent .invention provj.des t hod f
fest i o WHECRERSE o sthe Steind mrydicti s SuaffEnf eyflfssing whether
papshtaethatinhiletsage u&t[myr(ezﬂ@@hﬁﬁtotyfhgant)ﬁﬁﬁ@hqes 5 die(ﬂapeutm response

nmet hod conpri si as the |

R 3 BB Lty f ap o oo thcr o P bl P Gt i gy els and
adthpth@-prdifphesphonydyalit® el tseﬁﬁnw toejém@@lnmh@mef the present
manmal tao the agent tha I nhi bi.t actlv y 9
PRXERHIEhIF 5 él“—‘ ﬁﬁﬁ%FﬁlF‘ H%O‘Fté‘\‘}l%al g?"“tgHEamma ells, tissue, body or

phespibel ¥4 atdvantodnedf ol diohlyRMQAEhe25t. prot ei n (Rb) at
the putative phosphorylation sites, wherein a

reduction in the level of the phosphorylatlon of

"~ retinoblastoma protein nmeasured in step c) conpared to

20

25

30

the |eegire@ht 1%&1&{1@%9{31% ¥ htkh gfo Plestii Wh@BERST e%'éﬁt that inhibits

. p ei.n measured jn step a) indicates e
‘@i‘ﬁéﬂ?@’ PrpRuces @ m]ﬁ%%@ﬁ?ﬁpﬁgsqlﬁ atfﬁaén%a}rﬁzda ag CE%‘EHPﬂSIng a)

h@e&fing o AkRghrha R R iR ;ﬂlo% AGSH SMRAhoKIAstbME protein (Rb)
manmal or to a_neasurenent on Surrogate tissue

W PSFLNa BhoSPORBIRE 5 i6ro) REPaFENRTAS maTifes [5p Syegent Cthat inhibits cdk

| vioRE; 'cpﬂleﬁ’&ﬁl\ﬂgQE%@tﬁaﬂnﬁlaY tQevebNad ph84 hb?}%tid’iﬂofretmoblastoma
mhether a mmmual w Il respond thera eutlcally

riserd () o ﬂ@amtﬁtgvecr&weﬁrorﬁlehw itgs w@%@maﬁﬁ@%mﬁg ﬂ&hlevel of the

'_Jhosphorylatlon of retinoblastoma protein measured in step ¢) compared to the level of
the phosphorylation of retinoblastorma protein measured in step a} indicates a

therapeutic response,

The term “measuring in the mammal” as used herein relates to either toa
measurement on the mammal, or to a measurement on a surrogate tissue which was

removed from the mammal.

The present invention provides an in vivo method for testing whether a mammal

will respond therapeutically to a method of treating cancer comprising administering an
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agent that inhibits cdk activity, wherein the testing
met hod conprises: a) neasuring in a surrogate tissue
in a manmal the level of the phosphorylation of
retinobl astoma protein (Rb) at -put at ive

phosphoryl ation sites; b) exp03| ng the mammal to the

a%i% htapﬁlthl 1&%? a&?v C\gﬁe tth%{egt}{ gdrﬁgthgﬁ%gﬂ'@'rﬂ& il)nmEzﬂﬁring ina

eve tha pho ory

1 skt (st oimR rpamtreli the(I&e) ofethe p}lmepbwhqtuou@f retinoblastoma protein

SRR B B ERn AR Btk e ThRRERLIMne bRy ot it

rre:tlsamerdy, ich n&hamnng)m tlormoamenh] the devehef thepbdmphbryﬂdrt@n of

%ngstx}ﬁ%fpgg E ht%%glltaﬁlgﬁﬁgaspgowﬁ {Ogl s 83 &v 65k & Bifference in
t ﬂﬁda}mbmﬂthe phd)syphbﬂjlettm afet¢thodlasiontarpeateimmesanekin. stépO: compared

The ven
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wherein said testing nethod conprises: a) neasuring
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phosphoryl ati on of retinoblastoma protein (Rb) at
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therapeutic response has occurred.

The present invention also provides an in vivo method for testing whether an agent
that inhibits cdk activity produces a therapeutic response in a mammal, wherein said
testing method comprises: a) measuring in a mammal the level of the phosphorylation of
retinoblastoma protein (Rb) at putative phosphorylation sites; b) exposing the mammal

to the agent that inhibits cdk activity; ¢) measuring in the mammal the level of the
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testing nethod conprises: a) nmeasuring in a mammal the

| evel of the phosphorylation of 35 retinobl astoma

protein (Rb) at putative phosphorylation sites; b)
exposing the manmal to the agent that inhibits cdk
activity, c) neasuring in the mammal the level of the
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phosphoryl ation sites of the present invention include
the phosphorylation sites known to those of ordinary
skill in the art and is preferably selected 20 from
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COI’]SI st Ie@%w@l\%use rat. or human. More preferably,

f$ith sgran ¢ efetetis described herein which are
performed on a surrogate tissue which was renoved

fromthe body, the mammal is human. The present

invention also provides an in vivo nmethod for

pr edi Erd Mg ohie paescrgfmetion iy beasyongmmal and is preferably
LRRERAGHIH @l?é r¥u QOI%]SHE BefoAle, Ht@2hiAnC @E’cﬁ‘@?ﬁferablg for the ex

conpri sing ni st e I ng an agent that 1nh
adayq meﬂyods @{q@r@rzqﬁ hergim hiehitistrenigrmed hpd surrogate tissue Wh1ch was

- removed from the body, the mammal is human.

30

The present invention also provides an in vivo method for predicting whether a
mammal will respond therapeutically to a method of treating cancer comprising
administering an agent that inhibits cdk activity, wherein the predicting method
comprises: a) measuring in a surrogate tissue of a mammal the level of the
phosphorylation of retinoblastoma protein (Rb) at putative phosphorylation sites; b)
exposing the surrogate tissue of a mamimal to the agent that inhibits cdk activity; c)

measuring in the surrogate tissue of a mammal the level of the phosphorylation of
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conprises: a) neasuring in a surrogate tissue of a
mamal the | evel of the phosphorylation of
retinobl astoma protein (Rb) at putative

phosphoryl ation sites; b) exposing the surrogate
tissue of a mammal to the agent that inhibits cdk
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phosphorylatlon of retinobl astoma proteln measured in
step a) 15 indicates that the manmal will respond
therapeutically to the method of treating cancer. The
present invention also provides a nethod for detecting
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35

nekbLpqhlast oma protein (Rb) has occurred.

Certain embodiments of the present invention also provide an ex-vivo method for
testing whether a mammal will respond therapeutically to a method of treating cancer
comprising administering an agent that inhibits cdk activity, wherein the testing method
comprises: a) activating a first amount of peripheral blood mononuclear cells of a

mammal; b) measuring the level of the phosphorylation of retinoblastoma protein (Rb)
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Also provided by the present invention is a method of monitoring the level of
phosphorylation of retinoblastoma protein (Rb) at putative phosphorylation sites in a
mammal comprising administering an agent that inhibits cdk activity, wherein the
method comprises: a) measuring in a surrogate tissue of a mammal the level of the
phosphorylation of retinoblastora protein (Rb) at putative phosphorylation sites; b)
exposing the surrogate tissue of a mammal to the agent that inhibits cdk activity; c)
measuring in the surrogate tissue of a mammal the level of the phosphorylation of

retinoblastoma protein (Rb), wherein a difference in the level of the phosphorylation of
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surrogate tissue of a mammal to the agent t hat
inhibits cdk activity; c¢) nmeasuring in the surrogate
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The surrogate tissue (surrogate tissue samples) of the present invention is any tissue
that could be used as a substitute or replacement for the tumor tissue for monitoring
biological response and may be selected from any surrogate tissue known to those of
ordinary skill in the art. Preferably, the surrogate tissue is selected from the group
consisting of skin, buccal mucosa, whole blood, isolated peripheral blood mononuclear
cells, bone marrow biopsies, etc. The surrogate tissue (cells) selected may be non-.

proliferating cells, such as for example peripheral blood mononuclear cells, or
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peri pheral blood nononuclear cells. The activating

agent is preferably selected fromthe 25 group

consi stirng of PMA (phorbol 12-nyristate 13-acetate),

PHA ( Phaseol us vulgaris) and A (Concanavalin A).

More preferably, the activati n'g gent is PVA. The
surrogate ti.ssu Surro Ssue_ sa | es),.0

pPI'e 13 fling Q glh;gsfu g_lpﬁ?e]% A mreos ngga glsbfédodegrc?ferably, the
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skill in the art. Preferably, the surrogate tissue is
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aﬁ’hichlfsjt@ﬂ(ﬂn]@bttﬁ%h@@kef} shmbisterdt o the mammal ;

obtai ning one or nore test biological sanples fromthe
manmal at one or nore specified tines after
adm ni stering the cdk inhibitor; evaluating

phos pHibe Yiokigiahsaneesfthp pbavermethed ez be e@@ct%i %@@@m& apammal,
gf%éar?llalg ?t?%h?esoﬁ'f o%n kg&ﬁ@'w%ﬁ@ 1c5ﬂ% lect@ o the group

e ‘anmount phosp oryI atlon activity in
t bensisgsg of cllidinel ogicaissisamd|serrogate Hasueisamples, atheredm the surrogate

bg%lug gehmﬁlle e 'ﬁ%hnecﬁageﬁbgeg %dé{e%fr@g | b1<%18%1FM£IﬁE eNOselected
s ﬁrrpi tehe (gfouprr@nalbmw@ofrceﬂ loel tnmpbéssse hed EIEdog‘amjmsamampies with
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th at e
ST e miaTet ey Pl GRS E AR AT G the eroup

sedplseing f &gl rectednd hﬁﬁmlt(h&mQrsGmanQ pmh Bunag bnﬂog:eall kamples
I tupor .ti ssue and surrogate tissue sanples, with
E?IP%W%F”F% ae sanpl es being preferred and

peri pheral bl ood nononuclear cells of said surrogate

ti ssue sanpl es being nore preferred. The cell line,

AT BRI SR K
t b@a@bﬂ@ﬁshe@l&ﬁﬁj@hlaﬁg obthe Eﬁhdaﬂ@ﬂ&@pkﬂfiﬁlaﬁbﬁ%aﬁsh@@n to one of
lgi:i > ns)é]&ll\ﬁll ‘tchrt]e arr]tu Err?c?uc{%é) Jbutgnot %mltegng Westerlkl) B ongﬂgg (enzyme linked

1mmun0adsorbent assay), IHC (immunohistochemistry), and FACS (fluorescent
activated cell sorting). The selection of the phosphorylation assay will depend upon the
tissue, cell line or surrogate tissue sample that is utilized e.g., for example Western Blot
and ELISA may be used with any or all types of tissues, cell lines or surrogate tissues
whereas the IHC method would be more appropriate wherein the tissue utilized in the
methods of the present'inventibn was a tumor biopsy or buccal mucosal biopsy, whereas
FACs analysis would be most applicable to samples that were éingle cell suspensions such

as cell lines and isolated peripheral blood mononuclear cells.
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adenocarcinoma .

The HCT116 cell line was obtained from the American Tissue Culture
Collection (ATCC), Manassas, VA. MTLn3 cells were obtained from Hoffmann-La Roche
Inc., Nutley, NJ.

Test Articles

The test compound, COMPOUND A, [4-amino-2-(1-
methanesulfonylpiperidin-4-ylamino) pyrimidin-5-yl]-(2, 3-difluoro-6-methoxyphenyl)
methanone, was synthesized by Hoffmann-La Roche Inc. To prepare stock solutions, the
compound was dissolved at 10 or 30 mM in 100% dimethyl sulfoxide (DMSO) (Sigma)

and stored at -20° C in amber glass vials.

1.2

1.3 Western Blot Analysis and ELISA

Cells were washed 3 times with cold PBS on ice and scraped from the flasks.
All cells were collected in 15 ml tubes. Cells were pelleted by centrifugation and lysis
buffer was added (1:1 PBS: 2X Tris-Glycine SDS Sample Buffer (Tnvitrogen, Carlsbad,

CA) containing 5% 2-B mercaptoethanol). The volume of lysis buffer used was 5 ul per
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otting, tota was detected using antibody from
Pheatpdalgen (BD Bi osci ence, San Diego, CA) at a
di lution of 1:2000. The phosphoryl ation status of Rb
at serine 780, 15 serine 795 and serine 807/811 was
deéect ed Hn szlelmdi bfylati@mtn HoHiresn Junod Gell bire
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Hesation %slsays Lysafesgy&e 6’6"2 y Western blotting for Rb phosphorylation at

serine 795 and serine 780 (Figure 1). The same lysates were tested using the human Rb
ELISA kit that measures phosphorylation at threonine 821 (Figure 2). Treatment with
- COMPOUND A resulted in inhibition of phosphorylation at all three CDK

phosphorylation sites in a concentration-dependent fashion.

1.5 Analysis of Rb Phosphorylation in a Rat Tumor Cell Line

To determine if COMPOUND A could also affect the phosphorylation status
of Rb from a non-human source, MTLn3 rat tumor cells were treated for 20 hours at the
1Csp{0.17 pM), ICsp (0.24 pM) and 3XICgp (0.72 uM) concentrations for cell growth
inhibition. Lysates were analyzed by Western blotting for Rb phosphorylation using

polyclonal antibodies prepared against a peptide corresponding to sequences surrounding
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ERI ALS AND METHODS 2. 1 Ani mal s Femal e Fi scher rgtﬁ
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CO' | nvi.t rqge Carl sbad, CA) and 2 nM L- gl utam ne
BCO I n 'Fstt?‘gtdcg%) and mai ntai ned at 37C at 5% COP.
The MILn3Tketesscongparind COMPOUND A, [4-amino-2-(1-

methanesulfonylpiperidin-4-ylamino) pyrimidin-5-y1]-(2, 3-difluoro-6-methoxyphenyl)

- methanone, was synthesized by Discovery Chemistry, Hoffmann-La Roche Inc.

COMPOUND A was formulated as a suspension in 1% Klucel LE with 0.1% Tween 80 for
oral injection. Compound was stored at 4°C and vortexed immediately prior to-

administration.

24 Experimental Design
The dose selected was 80 mg/kg, determined to be an efficacious dose in this
" animal model. Tumor growth inhibition in the MTLn3 xenograft model after 2 to 3
weeks of oral dosing at 80 mg/kg once weekly averaged 90% with 2/10 complete
regressions. COMPOUND A was dosed on day 10 post implantation of cells, at which
time the tumors were 100-200 mm® in size. In this pharmacokinetic/pharmacodynamic
experiment, plasma and tumors were collected at 1, 2, 6, 24 and 72 hours post dosing of a

single oral dose of COMPOUND A. Tumors were removed and immediately snap frozen
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and Washed once with cold HBSS. Cells were resuspended in RPMI 1640, 10% HI-FBS, 2
mM L-glutamine and 0.01 mg/ml Gentamicin Reagent Solution (GIBCO/Invitrogen).
Cells were seeded into T-75 cm® flasks at < 1X10 cells in 20 mls medium and stimulated
with 300 ng/ml of phorbol 12-myristate 13-acetate (PMA) for 24 hours. After 24 hours,
cells are collected on ice, washed, .resuspended' in 1'ml cold PBS and processed as

described below for Western blot analysis.

2.7 Western Blot Analysis
PBMCs were collected by transferring the cells, including attached cells and

' thosein suspension, into 50 ml tubes. The flasks were placed on ice and the attached cells

were scraped from the flasks and combined with the suspension cells. The cell pellets
were washed twice with cold PBS. Lysis buffer was added (1:1 PBS: 2X Tris-Glycine SDS
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15 to enter the cell cycle. Treatnent of these cells
wth PMA at a concentration of 300 ng/m for 24 hours

“was sufficient for detection of phosphorylated Rb in

rat PBMCs by Western blot analjysis (Figure 4). 2.6
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aldauintilatidn tihe HOGI8 JFRTPRIPAIINE A.Maximum concentrations in both plasma
and tumor tissue were observed 1 hr post dose. The concentrations in the tumor samples

taken from the same animals were approximately 50% of the plasma concentration and at
24 hrs tumor drug levels (164 + 28 ng/g) approximated plasma exposures at 24 hours

(250 £ 74 ng/ml) (Figure 7). Drug levels in plasma and tumor tissue were measurable up

 to 24 hrs after dosing in all the animals in PD 664 (3 rats per time point). One out of

three animals had a measurable plasma concentration (212.5 ng/ml) at 72 hr after dosing.
Overall the plasma data seem fairly predictive for tumor concentrations particularly since
the extraction of drug from the tumor samples might be less than complete. No drug was

detectable in the vehicle group.
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ﬁ%gsurabﬁeﬁgﬁkg}l the animals up to 6 hrs %339 88
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for |
9533 AORSED L A1 Y51, SRl Aoy
gneshanorg, ‘@asﬂeyaﬂgc&zei loyf DRbO\Eno@hﬁmmw,&ﬂmﬁﬁnammLR&ocm To .
prepare stock solutions, the compound was dissolved at 10 or 30 mM in 100% dimethyl
sulfoxide (DMSQ) (Sigrma) and stored at -20°C in amber glass vials.

3.2 Human PBMC Isolation and Treatment

Approximately 10 mls of blood was collected from five healthy human
volunteers into sodium heparin treated Vacutainer blood collection tubes by Employee
Health Services. PBMCs were separated using the Lymphocyte Separation Medium
(LSM) and protocol supplied by ICN Biomedicals Inc. (Costa Mesa, CA). Briefly whole
blood was diluted 1:1 with cold HBSS (Hanks Balanced Salt Solution), layered onto the
LSM and centrifuged. The band of mononuclear cells above the LSM was collected,
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Treatment of female Fischer rats wth a single oral
dose of 80 ng/kg COVPOUND A resulted in a decrease in

‘Rb phosphorylation in ex vivo stinulated 10 PBMCs

(Figure 5) at 2 and 6 hours pos{gtreatment with
COMPOUND A and up to 24 hours after treatnent in both

Ofraﬁﬁﬁr@qo%tﬂé% ©8e aﬂ@%@ibe%nk@%ﬂl Sold LB IO /AR A estipended in
decrease with treatnent. 10 Anal ysi s of

Rb
PRBYBHE¢%118% Bh 555, ?zatMMTglﬁ@nx&ﬁ &P mafm! Gentamigin Reagent
pﬁ&ggéﬁgé@ % o NE?E@ é(l.-lﬁ Qve‘?@s%\-’:\@edahfoeﬁ YEl lq@ @la&l«@ at < IXIO cells in

osphory t1 mecourse sim
s@@mld nnedlihfn aEBiMﬁsnt(lﬂle@ lwmél 36) ngkalodf plofrbelHe- rinamﬁste 13 acetate

i sol f10 an|
e el S P T R
ivtithed muspendiedn easlesld PBpirekphosyddats e]dscﬂbecbbeiaW\f@uW estern blot
The,serine 807/811 anti body was used as it gave a

st % er signal in the tunor tissue than 20 the serine
795 anti body used in the PBMC | ysates. Exanple 3 3.1

Tgsgt Arti@e&;g%l%{it conmpound COMPCOUND A,

am no- %‘@ul f onyl pi peri di n- 4-yl am no)

pyri m di nP@Mﬂs]weG@colféuéaB{z u@ﬁge@mgeﬁmy RRE@AYh attached cells and

nmet hanone, was synt hesi zed Di scovery Chenis (%/
mEhoRe WesuRREION] W0 Sl ttﬁk@»&&&eélaélismes Feftqrbisgan ﬂléattached cells

CRERQLR ed"ﬁ%mdt'h% %Qiléé qdd %mggle@ %1&%@343&)&15;&&@@ ITRIAVpellets were
sul f oxi de and stored at i n. anber

ag@ (I € S P S M AR AR ATy B ST i
]tﬂé Bﬁ%ﬂﬂw%g{ﬂu %Jaﬂgbakﬂl LAY Ny 39%%% Qy?glefcra f@efﬂaﬁ@l) to the cell

nteers into so arin treated
Vpdlstt ai hn eplushoodygcobuftee usadnw&S@bé@ebw(Emtlby%ﬂenpleﬁam onicated on

L\gérrgjt%ls(e)cnon%g?ar%d?ayégﬁé{ﬁ%ggn %f‘ i@(gqotﬁngo!rx HEQB%%E ?té\l Cand
Bpmmgd icomdestrhticns de@lﬂﬁﬂed\m N@&)IJJB‘ceHenlmg ]rE:I;ptmh a\lssayfiﬁt (Geno
SRR QBT picsmyorSfa el bl g B RE SRR SR B R e o
Théndias) derafifuyed @mdlﬁkﬁl@ﬂ’d dbelt, sesabed €20-hiug SMeﬂldﬁsate per lane) by
neu Rt sl et iy Rt R e R rogen) and
1@@&r0b1&%ﬂ'ﬂn‘to E83, ur% PO @ A1 éﬁﬁrlﬁ@&n@ I@émﬁﬁfn@i were blocked

Gentam ci n Reagent Sol uti on CO I nvi trogen
wer ebegddudit repro tanpEabwint hle Iglmffe{ (5% adlyincdh9/a. l%nTween 20)

i%_ﬂ%?cll gfg{cgmlt ac e%; %HE:;!I%E‘} aﬂhﬁgdysaq QG@ g(réﬁng‘ﬂt NAAERAEs were
washed and incubated with the secondary antibody for 30 minutes at room temperature.
Immunodetection was carried out using enhanced chemoluminescence (ECL Plus,
Amersham Pharmacia Biotech, Piscataway, NJ}. For Western blotting, total Rb was
detected using antibody from Pharmingen (BD Bioscience, San Diego, CA) at a dilution
of 1:2000. Lysates were analysed bjr Western blotting for Rb phosphorylation using
polyclonal antibodies against phosphorylated serine 795, serine 780, threonine 821 and
serine 807/811 in human Rb (Figure 8). The phosphospecific antibodies were used at
dilutions of 1:1000 (Cell Signaling Technology, Beverly, MA}.

3.4 Analysis of Retinoblastoma Phosphorylation in Ex Vivo Stimulated
Human PBMCs
PBMCs are not cycling cells and therefore need to be stimulated to enter the

cell cycle. PMA, at a concentration of 300 ng/ml for 24 hours, is sufficient for detection of
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5 (PMA) for 24 through 72 hours. After PMA

stimulation, cells are collected on ice, washed,

resuspended in 1 m cold PBS and processed as

descri bed bel ow for Western bl ojy_analysis. 3.3

Western Bl ot Analysis 10 PBMCs were col |l ected by

t | ] . | isolated,
X Eg@%ﬁ?ﬁﬂté@RB et 8BMGs Hgng %ﬂ%%ﬁh&%@%ﬁ% bBMAMRGvere iso

suspensi on,- I nt tubes. The flasks were

phtaroeldtedrexivie witki3q0es/al Pihan] thetandne 84y serige F8pagrine 795, and

f t - i i .
R0l RNt SATRLIGERMG LR 06 BURIST AR L g 24,48
PS8! 72 hairs pbetfstiomlatas. Sigaifdant phospbRgylation Fspdnadq/éd ldand

S . L OV, , C .

R R AR R e

'itég
t e ce
pé&bhetl] fivEiemal dmerofFigurs B Wilefhosplueplation atserihe py (Figure 8)

1X198. 68 l7§§ (Iac}a} ?:ﬂ'@! as?léyﬁﬁ{vg a‘?[é)opc!le(f&tteedd it Yas n'i)g’ﬁ%%g&)t(r?ﬁ %njf'ilo%&n

seconds, entrifugation

~ 1Bowms posteEM AtstithuB tmndTotal Bt @idadioneeatumforsrsdardization of protein

d%tggfm' ned using Non-Interfering Protein Assay Kit
( no® Technol ogy | ncorporated, Mplewod, M.
Proteins were denatured by boiling for 5 'm nutes,

&R 1 yeakaall FRRLpOElr-Be i RhopTR e R PR IC

elrpGiEPRROV BB vait Bl PO ND2A0 Tri s- gl ycine gel
(I'nvitrogen) and electroblotted onto a 0.2 m PVDF

menbr ane PBMistiramy &) healbytyplantesrameare isplagrdiand stipgilated ex vivo

¢ . . . : . .
BRI Bls PR BAAD SE A 02
wittotthtdveghyPrG il yormetiriorhy that rq@essnetheilghtthravghtlPahkso
R O TR SR 8 RO B o
wassayc Ay fate dvepeidnaliged by Bresnc bidttolgarohaserine 8628 tkaridaBreonine 821

L T T L e

aof pheeplyodytation Rhée semgett)7(BD sBe ostith dosorsSaall Dhimgotrations.
iluti f.1:2000. [
Vel haPiisees i ey GRSt b PR aR TGS A YR EdbroUND

pal wed ranahhibied fiogdiyesnagahtiet. phosphoryl ated serine

795, serine 780, threonine 821 and 30 serine 807/811
in human Rb (Figure 8). The phosphospecific antibodies
Wer e usedTid foréboint desdiiptidh illustA ahLeledcribegha nhailfods of the present

Technol ogy, ,Beverly, MA). 3.4 Anal ysis .of : . )
qi&sﬁ%m—%%ﬂan oﬁﬁr@g%saﬁewbﬂww esehilRs 0Bl ortipig ppodiments of
HivraiethEMIsut 35 REMohed bifovaoit isay b uRdec®lodsh@nHe teachings of the
theref%[e need to b ghl mul ated to, enter .the ce

[ L. .
chiepat pm:surgtar%cagé y§edp i\f%tﬁ@lgfotlgggoHﬁ)ﬂxﬁtmp&rmﬁﬁcﬁmns, and
h@i S0 eitsSAHdl ib €dRPle of Bharded @Ghb&R Ao 29thin the scope of the

inventive concept as expressed herein, commensurate with the above teachings and/or the
sill or knowledge of the relevant art. The embodiments described hereinabove are further
intended to explain best modes known of practicing the invention and to enable others
‘skilled in the art to utilize the invention in such, or other, embodiments and with the
various modifications required by the particular applications or uses of the invention.
Accordingly, the description is not intended to limit the invention to the form(s)

disclosed herein.
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phosphoryl ated Rb in rat PBMCs by Western bl ot

anal ysis.. Human PBMCs were isolated, stinulated ex
vivo with 300 ng/m PMA and t hreoni ne 821, serine 780,
serine 795, and serine 807/811)jphosphoryl ation sites
on Rb were eval uated by Véstern]blotting at 24, 48
and 72 hours post stinulatiom,gigni ficant _
phosphoryl ation at serine 807/811 and 5 threoni ne 821

sites was detected at 24 hours post mtogen addition

in hupaReRRMES teding Whathler 41 ¥RnMHIBMKIORQER althig i Sdifdks a

Wi | e phosphoryl ation at serine 795 (Figure 8) and

sEieransugrEspeRte i fBERYvd MEDodIcoBPEEDE R dacasing g mammal

NQfe 18)05¢ thi %ﬁ@%h%ﬂﬂﬂon@'r@t&obﬁ@% Pe&dn B at putative
stimulation. Total" Ro and actin were run for = | L
spherehpeilaton soas b cmosingithe mppaw jthe 2gers Umt dphibijsidk activity; )
o .
R VR N ST

v Bthuint dea prteiérechogidicayleidorasies sthentin aredpcagn i {hs levig} efithe

P i . A ' '
RS BRRTTCLRRRNERoR THAGRER S MRy et
cthegpbesplarylotien ofrstineldpterne proteinandagnGd ihstep ghind@ates a

I ions for tunor cell growth inhibition,
aggg%%gﬁﬁﬁﬁééﬂ%h a 5-day proliferation assay. Lysates

were anal yzed by Western blotting at the serine
807/ 811 and threonine 821 sites on Rb (Figure 9).

~ Treatnment with COVWOUND A resulted in a conplete

15

20

25

i nhi b | f -at [

L1 Th Rl SRR PN el tes g, AR 61
Phiosphepyyinsiinen at the threonine 821 site, after 24
hours incubation with COVPOUND A, was not inhibited
at any concentration. The foregoing description
illustrates and descri bes the methods of the present
di scl osure. Additionally, the disclosure shows and

dascrThemetwidypofclim giwheseih gt agent thatohhibits cile ackivith rdg-amino-2-
but i . i. i \ I I _t
i R L

ofmethoayphenylmabanaseher conbi nati ons, nodificati ons,
and environnents and is capable of changes or
nodi fications within the scope of the inventive

concept as expressed herein, conmensurate with the
above teachings and/or the sill or know edge of the

rél evEbe mathod of laire tydurere thepueibiermibosrehdippaomsitss gee selected from
afLg g%wcplt én})glrSltSﬁIQg LALBRdesk Tsé%ir%xﬂ%b,ageﬂng ?@f ARBrhkDy Se%g

/8 )
practi eInvention and to enable others skill
in the art to utilize the invention in such, or other,
enbodi nents and with the various nodifications

required by the particular applications or uses of the
I Vet Ofethod of claim 4 wherein the putative phosphorylation site is serine 807/811.

7. A method for assessing whether an agent that inhibits cdk activity will produce a
therapeutic response in a mammal, said method comprising: a) measuring in 2 mammal
the level of the phosphorylation of retinoblastoma protein (Rb) at putative
phosphorylation sites; b) exposing the mammal to the agent that inhibits cdk activity; c)

measuring in the mammal the level of the phosphorylation of retinoblastoma protein
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Accordingly, the description is not intended to [imt
the invention to the form(s) disclosed herein. -21
Claims 1. A nethod for testing whether an agent that
inhibits cdk activity produces_g _therapeutic response
in a mamual, said nethod conprising: . a) neasuring in a
MeRERd: thd ﬁlﬁaﬂi@evﬁlm}?{qrtlgfg%g%l%,%%r&h%_trleMti%B in the level of the-

retinobl astoma “prot ei at putative 5
phbespheriation dretiiabéstonty) Presgio gieatiredhis sietnaPmparedfie the level of
a | ) - L
D A R
r exriagats of $heomarmprad tethe aggrrithat anhibitecdkactivitymammal will produce a
p : j sites, wherein a reduction in the
Igggﬁﬂgpxbﬁﬁbﬁﬁhosphorylation of retinobl astoma
protein nmeasured in step c) conpared to the | evel of
t he phosphoryl ati on of retinobl astona protein neasured
in step a) indicates a 10 therapeutic response. 2. The
t ho i : j - i-phi i ks s cdk
gt vi by eIl ARl G R P eIt T
clamnopyshveideien t he agent that inhibits cdk activity
IS [4-am no-2- (1-nethanesul fonyl pi peridin-4-yl am no)
pyrimdin-5-yl]-(2, 3-difluoro-6- methoxyphenyl)
nmet hanone. 4. The nethod of claim1 wherein the
putative phosphorylation sites are selected from 20
t he glbepetwdsifstimd vdteren thengerotat indititiedly saivitg és [drpanino-2-
87 i : : fa_ L
eé%ﬁ%”?ﬂg&%g@ |3g?% os5ﬁ§?§ﬁ§§F§ﬁ%§? ggﬁéﬁgg??Hi
sorigkyphenyl) methampstehod f or assessing whet her an agent
that inhibits cdk activity will produce a therapeutic
response in a manal, said nethod conprising: a)
nmeasuring in a mamal the level of the
phosphoryl ati on of retinobl astoma protein (Rb) at
plA-at Themsthesisskym Ftwhsneis itherutatiye hospluriigtiondtararasglected from
fot ' et Vb o
R SIS S
retinobl astoma protein -22 (Rb) at the putative
phosphoryl ation sites, wherein a reduction in the
| evel of the phosphorylation of retinoblastonma
P{ Ot eTHe ARARM &2l 16 Wilreh) tr&gimam%gbgﬁd?ﬁaﬁ&vﬂe i9erine
t he phosphoryl ation of retinobl asto rotei n neasured
i #074%kp a) indicates that the exposure of the mamal
to the agent that inhibits cdk activity mammal wl|
produce a

13. A method for detecting inhibition of the phosphorylation of retinoblastoma protein

(Rb) at putative phosphorylation sites in a mammal comprising administering an agent

 that inhibits cdk activity, wherein the method comprises: a) measuring in a mammal the

level of the phosphorylation of retinoblastoma protein (Rb); b) exposing the mammal to
the agent that inhibits cdk activity; ¢) measuring in the mammal the level of the
phosphorylation of retinoblastoma protein (Rb), wherein a difference in the level of the
phosphorylation of retinoblastoma protein measured in step ¢) compared to the level of
the phosphorylation of retinoblastoma protein measured in step a) indicates that

inhibition of the phosphorylation of retinoblastoma protein (Rb) has occurred.



5 therapeutic response. 8. The nethod of claim?7
wherein the agent that inhibits cdk activity is a

di am nopyrim dine. 10 9. The nethod of claim8 wherein
the agent that inhibits cdk actiyity is [4-am no-2-
(1- met hanesul f onyl pi peri di n- 4-yt-ani no)
pyrimdin-5-yl]-(2, 3-difluoro-6- methoxyphenyl)

nmet hanone. 10. The nethod of claim7 wherein the

put ati ve phosphoryl ation sites are selected from 15
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807/ 811 andﬂﬁhreonine 821. 11. The nmethod of claim 10
SHEF PP HE Bt at i ve phosphoryl ation site is serine

807/811. 20 13. A nethod for detecting inhibition of

t he phosphoryl ation of retinoblastoma protein (Rb) at

put ati ve phosphorylation sites in a manmmal conpri si ng

adm ni.steri.n n,_agent . that; inhihj : R RAYE :
b o F fisc el B T8 et L1l G bl ARt gjamino 2
t hiemetlemetul hyliphreridho$ytoniyb apjromidai-Seel- (20 8 blifstron®

prot.ein ﬁR%b; q% exposing the mammal to 25 the agent

t At PRRT YT CdiACt i vity; ¢) neasuring in the manmmal

the | evel of the phosphoryl ation of retinobl astona

protein (Rb), wherein a difference in the |evel of the
phosphoryl ati on of retinoblastoma protein neasured in

step conpared to the. | evel, of h Lat | :
ot & ol sEBTR D" B aPing MBS e gt PP RASHU A ricaly o
i potklomt eSrdatiag canicahiolripirisorg alinibiseerinyes pport yhattnighitoédk activity,

retinoblastama protein (Rb) has.occurred. -23 o

EPHO GF T AE AT L aa R oA I ATA » Plagmp B dibeabpl blood

agtonvhtiyledrselds ofdinaarhmal ) imrdaglirivg, thd Eevel B éherpdtolpltbrplation of

cl aj 4 wherejn “agent. that jnhibits. cdk activi

e ot oty b b akt Mg han Eeh SR 15 B bhsunt of

py&J‘éﬂlri}.lﬂie&i:ilI11r1-:53'dy‘rh6 dndricledr eHlik bﬂﬂfegnagn?nﬂbthﬂxiwﬂnw ée):orrl]d amount of

nmet hano . An ex-viyo tho or ,testin et her.

TR dtod Bep e e B pb reer gt s Do R RO g the

t E&@%&i E&oﬁf&lﬂ&ﬁper%ﬁﬁﬂ bRiodgn&sitiudiest eils oftha ma@gﬁﬁlétotthaigent that

inhibits cdk activity, wherein the testing net :

c 1F5§é'§:a‘3fé‘)1t5’éé} ﬁn@%ﬂlrlﬁéwﬁée leydl Q&&r?ﬁﬂafﬂh%ﬁ%%} PlRipgflastoma

bbesetn (ReNSnHE pedtivesidsphofylionaifegh thdiecstRBEHb LMD plfipheral

| evel of the pho pﬂggylatlog%og ret%, bl ast o

pPloodinnoqormyleat cefls b enpmals Whereln adilermes ndhe jayeliqfghe |

f bR SphBARMYN Ffetinoblastoma protein measured in step d) compared to the level of
the phosphorylation of retinoblastoma protein measured in step b) indicates that the

mammal will respond therapeutically to the method of treating cancer.

17.  The method of claim 16 wherein the agent that inhibits cdk activity is a

diaminopyrimidine.

18.  The method of claim 17 wherein the agent that inhibits cdk activity is [4-amino-2-
(1-methanesulfonylpiperidin-4-ylamino) pyrimidin-5-y1]-(2, 3-difluoro-6-
methoxyphenyl) methanone. '
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peri pheral bl ood nononucl ear cells of the mammal; c)
activating a second anount of 15 peripheral bl ood
nmononucl ear cells of a mammal and si nul t aneously
exposi ng the second anmount of Bfripheral bl ood

nmononucl ear. cells of the nmammal “to the agent that

0 o e St SR OB Bt g e

pibat thegrqipaspbistng aftsédie FI5t @Sine 80, herimeR0/Ad 1and tineonine 821.

.peripheral - bl ood nononucl ear cells of the nmanmal ,

wherein a difference in the |evel of the 20
phosphoryl ati on of retinoblastona protein neasured in
step d) conpared to the |level of the phosphorylation
of0.r eThaoktiasitdrhipnéwdiersimdagurtatieiphosthepylifjon site is serine
iﬁ@}g tes that the mammual wll respond '

t A% g%utically to the method of treating cancer. 17.
The nethod of claim 16 wherein the agent that inhibits
cdk activity is a 25 diam nopyrimdine. 18. The

nmet hod of claim 17 wherein the agent that inhibits cdk
activity is [4-am no-2-

(1- et hanesul f onyl pi peri di n- 4-yl anm no)
pyrimdin-5-yl]-(2, 3-difluoro-6- methoxyphenyl)
me2.hananre-vidOmethdd 18 prédietinewhetierof mainaiawilbrespasrdetharapeutically

t he put,at, Vv hosphoryl ati on si.tes. ar. I - fi0
B e e
8activd lwhadntthe pediciag &&tho®@@mpiives: rpsdivating a Gisaamoagt of

sttt G R RBIR o o B b IR By

aphsyphsylaonl of respbdidtdrvepapen (Ris)adt pytativepaospbbiybadionfsites in the

treating cancer. conpri $i ng adm ni st erd ng an_agent that

| Be R et Bhal Popd ronGRnER 1ot 0oy A BL g otViibg a second

Meinbagt @@Eﬁghé‘aﬁﬁélo&i ngbhudbirnglsofhiniahmahmiddimeftaneously

peri pheral bl opd wonoqucle%r .@Ela of a qgnnahé gﬁl mal to

P EERRIEBe 199end VBRI R hcrh BB SIpoRRfigH Gops of the mam

r ﬁ{ei A3 tﬁlﬁtti?ﬁﬁitﬁ) E(_ﬂl«% ﬁitmtﬁr;@z]m@&tfl@hg it Level oftthe ?hosphorylation of
osphoryl ation_ s S in e. first anount .of.

SEF%H;%E@F%W%YBW (Rion th réﬁ?ﬂ‘fééahpg?ﬁ’wq?w Tisivifpihe sggond amount

agt paAheRl bR o8 @EAFhucREPSNE oOthe REMMMAISHAbrel DOdidterence in the level of

mononucl ear cell s ofaﬁﬂnannal and si nul t.aneo

ly 15
o iscfionpharHatiaw ebistinaba A3 FO SR EHEECA ™ BB o cOmPared fo the level
NBAGR YeEb§HorARidrSo LN BlotEiA mdaf&ca@estbp bhidicates that the
thib?ts%%%ﬁﬁacti%it;;_d? neasJ}fnéntheelevelpo? the
phaspndrvwill aespend BterapeatirAlysp sha waROp PEI &I RBYTat t he
put ati ve phosphorylation sites in the second anount
of peripheral bl ood nononucl ear cells of the mammal

wherein a difference in the | evel of

23. The method of claim 22 wherein the agent that inhibits cdk activity is a

diaminopyrimidine.

24. The method of claim 23 wherein the agent that inhibits cdk activity is [4-amino-2-
(1 -methanesulfonylpiperidin-4-ylamino) pyrimidin-5-yl]-(2, 3-difluoro-6-
methoxyphenyl) methanone. '
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t he phosphorylation'of reti nobl astoma protein neasured
-in step d) conpared to the |evel 20 of the

phosphoryl ati on of retinoblastona protein neasured in

step b) indicates that the nqggql will respond
‘therapeutically to the nethod tr

Tl gl LA Gl P 95 b R

eating cancer. 23.

niebmate gfoup lcansiBtdg ofbeiei 71951 eenagehtertred07 84 hiabd threeuike 821.

ractivity is [4-am no-2-

(1- met hanesul f onyl pi peri di n-4-yl am no)
pyrimdin-5-yl]-(2, 3-difluoro-6- nethoxyphenyl)

met hanone. -25 25. The nmethod of claim 22 wherein the
pa. at Tiwempthod phdaiph a5 wharesi the pusatisze phospboathtiohrsgmis sgane
qggﬁgiconsisting of serine 795, serine 780, serine

81 fl and threonine 821. 5 26. The nethod of claim

25 wherein the putative phosphorylation site is serine

807/811. 27. The nethod of claim 26 wherein the mamal
is a human. 28. A nethod of nonitoring the | evel of

PHOSPREY @kl AP il HELLARR] ASLMIRAN 0k Blihan 10 (RD) at
put oryla S I n a mmma

at1ve phosp ion Site conpri sing

.adm ni stering an agent that inhibits cdk activity,
wherein the nethod conprises: a) neasuring in a manmal
‘the |level of the phosphorylation of retinobl astom

tein at ' | ati iteg: s .
T T
alRbi) at pytaticd phspenylatignisitestine maramadomesingadaninisterigan agent

e B B oG Py B R R BB RLE L P bting in o mammal the

plaed phtieydhatptonylafion ef ietinbblasommarqieiat(Bbhatrmedstivegdiosphorylation

. d he,_ | ) \ ' i the
2%1‘[%?; &)ice %?rgﬂspt?% ﬁgn%x?l%]:tg Fﬂﬁe & \ég{s tlljn(ra)ée 1&5.%%(3 eglt? %.ngg:;'y A)%éagarmg in th

i meingad] else levdbf ihiephbigHooylatdn dihetipiidsspioa yraatindRbpfwherein a

T el nobl ' h . d. 20 29 A .
FE R LT e A .

r §tdorglakistoah@lepel of Bigphosfinrylatiopuf rtihvidastoma protein measured in
hosphoryl ation, sites in.a tunmyr treat Wt .
PR DR EOH A pdhton oppaabPTPRoRL- et figa ol Torea progyin (Rb)
)

agdsio¢addrety, a first surrogate tissue of the manmal; b
nmeasuring in the first surrogate tissue of a manmal

the | evel of the phosphoryl ation of retinoblastom

protein (Rb) at putative phosphorylation sites; c)
exposi ng a second _
29. A method of monitoring the level of phosphorylation of retinoblastoma protein

(Rb) at putative phosphorylation sites in a tumor treated with a cdk-inhibitory agent,
wherein the method comprises a) activating a first surrogate tissue of the mammal; b)
measuring in the first surrogate tissue of a mammal the level of the phosphorylation of
retinoblastoma protein (Rb) at putative phosphorylation sites; c) exposing a second
surrogate tissue of the mammal to the cdk-inhibitory agent; d) activating the second
surrogate tissue of the mammal ex vivo with an activating agent, e) measuring in the
activated second surrogate tissue of the mammal the level of the phosphorylation of
retinoblastoma protein (Rb), wherein a difference in the level of the phosphorylation of
retinoblastoma protein measured in step €) compared to the level of the phosphorylation
of retinoblastoma protein measured in step b) indicates that inhibition of the

phosphorylation of retinoblastorna protein (Rb) has occurred, and wherein the difference



25 surrogate tissue of the manmal to the .
cdk-inhibitory agent; d) activating the second
surrogate tissue of the mammal ex vivo with an
activating agent, e) neasuring in the activated

second surrogate tissue of the mmammal the |evel of the-

\Rﬂagtixg Feﬁr&{ﬁf%%?p&pgﬁ%tégqeﬁ tgggelcgri %@Q#{e&%g&er}ngiﬁggeé the level of
phlessphorydtiahiie theatimoi efehiea ithsd iftainhibobei 4geffeasur ed in
step e) conpared to the |evel -of the phosphorylation
30 of retinoblastoma protein neasured in step b)
indicates that inhibition of the phosphorylation of
retinobl astoma protein (Rb) has occurred, and wherein.
the dihd eetndef<Rbmi2h whaeeid dvektiefinghgsphofMiat i on in
the second surrogate tissue indicates the |evel of
phosphoryl ation in the tunor treated with a
cdk-inhibitory agent. 30. The nethod of claim 29
wherein the activating agent is  PMA. 5 31. The nethod
of1.cl dhemzdodhed cleim 20 dresin thegatregdte sssue id [pripbeiapblepadl
bl ood onon gLear cell(s). 32. The nmethod of claim 29
mﬂ%?8PW3?ﬂéeg -inhibitory agent is a '

di am nopyrim dine. 10 33. The nethod of claim 29
wherein the putative phosphorylation sites are
selected fromthe group consisting of serine 795,

?g:ﬁg %%Q@Iogieoﬁcg%?gg}lg%e%n ngcd_{é—glirﬁglgﬁérgr%geg&lis a ﬁmiggﬁrimidiﬁe.
phosphorylation site is serine 15 807/811. 35. The

net hod of claim 33 wherein the manmal is a human. 36.
A nmet hod for nonitoring pharnmacodynam ¢ drug action of

ngf' d ka’ll{l LRIl ﬁfaﬂn E @%he%%#tﬁugggﬁégp%ﬁﬁ%tﬁn sites are selected

mnisteri,ng the ¢
ofrbmi the popuprendstinporfaetimsToshienine §BE abrisadtiV B shddhrephime 821.
manmmal at one or nore specified tinmes after
- adm nistering the cdk inhibitor; perform ng an assay
of Rb phosphorylation activity present in the test
bi ol ogi cal sanple or sanples after renoval fromthe
n#malhe madhodod nieam 3B grhetven Brgundtive ph&iphorylation site is serine
pgﬁ?ﬁﬂprylation-activity in the test biological sanple
to at 25 in a reference biological sanple obtained
froma mammual to which no cdk inhibitor has been
adm ni stered. 37. The method according to claim 36,
wherein the biological sanple is selected from-27

35. The method of claim 33 wherein the mammal is a human.

36. A method for monitoring pharmacodynamic drug action of a cdk inhibitor in a
mammal, comprising administering the cdk inhibitor to the mammal; obtaining one or
more test biological samples from the mammal at one or more specified times after
administering the cdk inhibitor; performihg an assay of Rb phosphorylation activity
present in the test biological sample or samples after removal from the mammal; and
comparing the amount of Rb phosphorylation activity in the test biological sample to that
in a reference biological sample obtained from a mammal to which no c¢dk inhibitor has

been administered.

37. The method according to claim 36, wherein the biological sample is selected from



the group consisting of cell line, tunor tissue and
surrogate tissue sanples. 38. The nethod of claim 37
wherein the biological sanple is a surrogate tissue
sanpl e. 39. The nethod of claig¥§8 wherei n the

surrogate tissue sanple is a petipheral bl ood

n?ggcilflq%)l foﬁéisﬁ%#éﬂ%l)l }igé‘: uwgﬂﬁﬁgg%rq gungcggagel_ s s%i%lples.-

38. The method of claim 37 wherein the biological sample is a surrogate tissue sample.

39. The method of claim 38 wherein the surrogate tissue sample is a peripheral blood -

mononuclear cell(s).

40. The method of claim 39 wherein the mammal is a human.



