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normal cells is tightly regulated, and it has | ong been considered to play
aroleincell growmh and proliferation. Inhibitors of CK2 that are useful
for treaﬁﬁg%gﬁﬁgi n types of cancers are described in PCT/US2007/ 077464, .
PCT/ US2008j00024 8P, prasedlt RCIhtidn2QRRE .t0 InmiKerd e deenh@itgsSthefsemitdity off whi ch

- are incorporated ei n. by reference. .[0004] Both th reval ence and the
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bi ochem cal systens. These sane characteristics explain

Background of the Invention

[0003] Protein kinase CK2 (formerly called Casein kinase I, referred to herein as
“CK2”) is a ubiquitous and highly conserved protein serine/threonine kinase. The
holoenzyme is typically found in tetrameric complexes consisting of two catalytic (alpha
and/or alpha') subunits and two regulatory (beté) subunits. CK2 has a number of
physiological targets and participates in a complex series of cellular functions including the
maintenance of cell viability. The level of CK2 in normal cells is tightly regulated, and it has
long been considered to play a role in cell growth and proliferation. Inhibitors of CK2 that
are useful for treating certain types of cancers are described in PCT/US2007/077464,
PCT/US2008/074820, and PCT/US2009/035609, the contents of each of whfch are
incorporated herein by reference.

[0004] Both the prevalence and the importance of CK2 suggest it is an ancient enzyme on
the evolutionary scale, as does an evolutionary analysis of its sequence; its longevity may
explain why it has become important in so many bitochemical processes, and why CK2 from
hosts have even been co-opted by infectious pathogens (e.g., viruses, protozoa) as an integral

part of their survival and life cycle biochemical systems. These same characteristics explain



why inhibitors of CK2 are believed to be useful in a variety of nedical

treatnents as discussed herein. Because it is central to many bi ol ogi cal

processeswoastigdmtsar i zed by Guerra & |ssinger, Curr. MaCTTsemo/053008,

15: 1870- 1886, inhibitors of CK2, including the conpounds described herein,

shoul d be useful in the treatnent- of a variety of diseases and di sorders.

[ 00051 Cancerous cells show an el evation of CK2, and recent evidence

suggests that CK2 exerts potent suppression of apoptosis in cancer cells by
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system including, for exanple, Alzheiner's disease, Parkinson's disease,
and rare neurodegenerative di sorders such as Guam Parki nson denenti a,
chronosone 18 del eti on syndrome, progressive supranucl ear palsy, Kuf's

di sease, or Pick's disease. It is suggested that selective CK2- nedi ated
phosphoryl ati on of tau proteins may be involved in progressive

neur odegeneration of Al zheinmer's. In addition, recent studies suggest that
CK2 plays a role in nmenory inpairment and brain ischema, the latter effect
apparently belng nedlated by CK2 S regulatory effect on the PI3K survi val

~NNaA N1 P~ TN



and the inhibitors disclosed herein have been shown to effectively treat
pain in ani mal nodel s. [ 0011] Protein kinase CK2 has al so been shown to
play a roven/dimserders of the vascul ar system such a®CTAISg010/051341

at heroscl erosis, |lam nar shear stress, and hypoxia. CK2 has al so been shown
to play a role in disorders of skeletal mnmuscle and bone tissue, such as
cardi onyocyte hypertrophy, inpaired insulin signaling and bone tissue

m neralization. In one study, inhibitors of CK2 were effective at sl ow ng
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molecule found in synovial fluid of patients with juvenile arthritis. ‘Thus inhibition of CK2 is

expected to control progression of inflammatory pathologies such as those described here,



[0017] It has been postul ated that overexpression of CK2 is a negative
prognostic marker for cancer (Ahmad et al, 2005; Duncan & Litchfeld 2008).

I n addi tiwo,20oal4hsagh t he phosphoryl ati on of Akt at Ser iPo@/UB2@0by13€K2 has
been described in the literature (Di Maira et al., 2005, DI Miira et al.,
2009), the way in which a potential CK2 inhibitor would affect Akt
phosphoryl ati on i s unknown and not yet predictable. [0018] IL-6 and IL-8
are wel |l -described inflamatory response nediators. IL-6 is

pro-i nf | audnta¢ dutybioyst dikilosed baewnhive fpeaysheawnr ¢of effeativélnfticanpait on yndiadeases and
cancer. IL § serves as autocrine and paracrine growmh factors for several
cancers, ancf high I evels of IL-6 correlate with a poor prognosis and .
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al ., 2006)1% 53] 2lpg; DerasTPIVB &t 12iBt e CRE IIOBRTOBIEC HEYEPTBEER found to

possess gpedcaidd \ﬁﬂi}hﬂ{aﬁhmfxﬁﬁcﬁieﬁbﬁenc@rvﬁﬂefyﬁ)b eqﬂvm);mumkpaptmﬁmmefmh for
cancer chenot herapy. Howe k\_f eis a 31?8] L\Wﬁi eted use of CK2
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[ 0024] Accordingly, there is a need to identify biomarkers which are
capabl e of predicting the sensitivity and/or nonitoring the response of a
CK2--medi avododimemse, such as a proliferative di sorder &ad/useoia0s1341
inflammatory disorder, to treatnent with a CK2 inhibitor. Summary of the
I nvention [ 0025] The present invention relates to biomarkers for
predicting, determ ning and/or nonitoring the sensitivity of a CK2-nedi ated
di sease, such as a proliferative disorder and/or an inflammatory disorder,
to tr eat @his this dxpectednterdape inféciomgeinirogressiop &f virdLnhfactions, @kech ey dpon or .
[0026] Ip. & bl Eitz fgstﬁ) lgg“m H:% hresent invention provides bionarkers that
are usefu Por ysenS|t|V|ty and/ or responsiveness of a
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bi omar kers to of t jects being
i i 5t gL FRA B Ry BLARLh o 35 BbRAE Yoo, oI oS pHE D o o
usef ul floghlpslsdlfmtfpm@Kﬁ Néllls ensy kingsetiphibiredy @ffecmnltrpbrkmvge% herergrpAsi veness
of a CK2: t i i I EQr e the
MRNA ex lrlkrergg(fognoef%rﬁgt %rgfagf?ﬁc{sb(é{) a(?gﬁ “ﬁ'gl%fé seh?n. lwtshtgggﬁérjo{:ée}l arlll Je}?l[#gsm on) of
|L-6, | ch&onsHIGKZ &, a YEGRlarGKihteresting] taoget GX2&rog dsvdbepmients anCHIRS @verdied t he

| evel of I - r rafglative to
total AdTSRIELy ALRD. Gl ORI o8, +bufih ey S10R5 TS

Addi t i ondibeaszs endidikades madihtadiby phassdogaed] Wlmexmsphbclwnaple@dmmed dvelsne 473
(p- Akt S47 zacﬁl(ﬂﬂe or relative to total Akt polypeptide (i.e., the

normal i zed l'evel “of pAkt S473), the |level of phosphorylated p21 threonine
145 (p- p220a174 5] hasaheglneossﬂatfrcbth@ttqvvexm@snp@péCK%251a rEhtNsapegngdic(marker  t he
nor mal i z, 9' Lrﬁ:gleEAIQIladpetp;§12J0%4?uncatr1h§ LRy %ogghosmmamh@tﬁﬁtoﬁgﬁclh@ar
factor-K NF- serine’ 529’ NF- KB S529 alone or relative to total
NF- KB pomlygrérpmlailenef Al at Serines 130 bWEKR pacheprdeskrits ipthy|fitegggurg EDMaira ¢ie | evel
of . phOSp;hOQ(deab?gIa§J éTa$ i()()b?%erl@ay?p\r?vhfcg a%&%ﬁ_@al&ma)lhlbl%r%%doarffeé@il@t' ve to
total STAT3 polypeptide’ (i , the normalized | evel of p-STAT3 Y705), or

t he |evemhoafhom%@pwrynwwdmmtpryﬁﬂlétgblﬁe 1007/ 1008 (p-JAK2 Y1007/ 1008),

al one or rghy iy S by 08 gl M*%%smka'm%ln%q( fesfonse bB@aBR! NBld g peb-1 evel of
p- JAK2 Y1007/1008) 8] Accordingly, in a second aspect, the
i nvent i owfl W@Wﬂ’e@ytﬂ%‘!%{ﬁ‘wnﬂ@rplﬁf adpletip iigflanpeatans riisepses japg cansdm ofL-foni t or i ng

t he respQpgl YENRKSin® hinPpdtteine PRI EEMErsAbSRIGE cafitked) aAS hidh ek iof @r-gt i ve
di sorder and/or an inflammatory disorder, in a subject to treatnent with a

CK2 i nhi elgte, With AptoPs Prognasist WA NHFael PIOBUCtRRIQA aéseageé&faﬁtﬁ“aﬁdﬁ dt 2

pol ypept idgokigY sloaut N8 &5 hARYS Ce AR EH BRI 5 d SR CLIe e pbs, QRY lid-a GhajdrL- 8,
H P-1la, VEGF 7 CEZauan 3 a PRI Zﬁ% and/ or thee Ievgip ﬁos r?g)rryl ation

for p- Akmedgtonof ﬁemarrm%y ffﬁ%‘ﬂ 1&@HCBOW¢S|€BC*SB?9ttYaﬁ§*FA?§ ‘5{?‘6‘5 p- JAK2

Y1007/ 10&§emg,lg(p@@m@|facml ative to the total |evel of. unphosphoryl ated

protein (i. ized level) in a biological oduml t%ederl ved fromthe
m

o) ect ,  dobisur eRa ot e et Hpeispton e and, Féet’ activity o

transcription factors involved in regulation of the inflammatory response, including, e.g.,
nuclear factor-kappa B (NF-kB), signal transducer and activator of transcription (STAT)I,
cyclic adenosine monophosphate (cAMP) response element binding protein (CREB), cAMP
response element modulator protein (CREM), PU.1, specificity protein-1 (Spl), CCAAT-
enhancer binding proteins (C/EBP), steroid hormone receptors, and the protooncogenes ¢-
Jun, c-Fos, c-Myc, and Max. See Singh & Ramji, J. Mol. Med. 2008, 86(8):887-97.

[0020] Inflammatory breast cancer (IBC) exhibits increased angiogenesis and

lymphangiogenesis and has a higher metastatic potential than noninflammatory breast cancer.



[0029] In one such enbodinent, the nethod conprises determning the |evel
of I'L-6 nRNA expression and/or |L-6 polypeptide in a biological sanple
derived fwormtinai1msabj ect, wherein an increase in the | ePell/ustoibiosB4nRNA
expression and/or 1L-6 polypeptide relative to control is predictive of the
sensitivity of the CK2-nedi ated disease to treatnment with a CK2 inhibitor.
[ 0030] In another such enbodi nent, the nethod conprises determning the

| evel of IL-6 nmRNA expression and/or 1L-6 polypeptide in a first biol ogical
sanpl e d¥hily g réle oNCKRén bradpit ewicerpin igarrerdl bascgen imvestipaied, dreranis b ligerDi2

i nhi bltoaescrygn géalaonﬁ&rg e in the level of IL-6 nRNA expression and/ or

| L-6 poly eptlcfe el ative to a second bi ol ogi cal sanple derived fromthe
subj ect fo[IODZj\M @@2 egniares e trﬁﬂcn‘nffnohhea fBK&houyhitibn bOIkBi sidiNFdkBatli-ée of a

positive [ treatrrent th 2- medi at ed, di sease to treatnent
Porh b s TEREREorB raef b Whtle TRa i Bro-Bahe SHBET Hoeeat e e hod

conpri segp d&kaf ﬁh&!rzﬁ@cr’iﬂfln@ndl Q‘X&J)rs Qésp&dsrb&’e PR e R &3 31 BN t}férlﬂv/kocfet»lréen ‘
poI ypeptl de in a biol ogi cal npl e derived fromthe subj ect, wherein an

i ncr easeCKa aphél-pdy apt well Fiabélslﬂﬁrtl\lxh%nwté@b regHlaugndPolL-§ threughoNEkBoini de

rel ati veintestife®d bh rdpgn&f(@giﬂhgltét‘dle 2067)t he sensi tivity of the CK2-nedi ated
di sease to treatnment with a CK2 inhibitor. l%0032 I n anot her such

enbodi ment 9043 eClEenridliiEseRspiael? ddar ifi spistred rr fqlkiqptar derdrific cgls apRNA

expr essi reeANAEor9 kdl pRsdd®loyiPE PLekisGrd edibsk Ir8doghi MO B-GitheeS BIR! &urfigr i ved
fromthe subject prior to admnistration with a CK2 | nhl%l tor, wherein a

decr eased§vAlopRent el Blpsts, buigis lappog gsfustion dhplavies GHs: iftegagiypyeseiei de

rel ati vecyi@plamcead it ¢l 6omsd pRRPRIrAale W@ dedds A0 HifignS bPISRCEanfil9l | oW ng
adm nistration of the CK2 inhibitor is indicative of a positive response to

1 eat nontinBFs THECERETFEAT Bi-ad s SHRIon AU s OiErE uhe 1HevERmiEsn] B b ¢ or.
[0033] | &namtéwnss UChneibadh aar;» hérhe aﬂmenmn&ormm&mb&ats@m #iveg the
| evel of CK2a essj on a. poly e in a bialogical
sanpl e d%?l?%ﬁg‘rlfﬁawffﬁg gﬁm%é‘sterqnﬁ?gw&@hR erfﬁ@?@&&%www TV Ck2a
n}?NAhex pofeARi Edhtrabaehs ab tﬂ(%athﬁgﬁnygﬁﬁﬁd dervivel aft mvRipleOBGRIMdEDNedi @sdﬁﬁeedl&tz ive
0 teseS|t|V|t nedi SetO r nent wt a
i nhi bi to‘incu mng 5‘6’?:%"6( ?'V"éf’%%ad%‘@h 1&%’{5 Wt‘ka ettﬂL’ Zﬁﬁé)hod conpri ses
get er mbm lr[gOﬂpeAd euejnlbai datBKQ@ gﬁ%ﬁnﬁ%nﬁﬁsmvgnb&ﬁdfdﬁhd Gs2poppexs yp@piti de in a
1 rst 1 01.0 e. derLvye romthne ect or, to ni stration
i th o CRIPRIRVE SrPelin s ek Brm st Bichaer Bt ot it
expr essi hereand/ meed @Q]aorpahggpe@tusdef Cal2ainhib@ort Gvhichseqaind itdntifiogioaadf sanpl e
derived fromthe su fg(elg't f ol w admm% %IOI’I of he CK |nh| itor is
M

i ndi cati V&P “FopBEitF H&?BB FmER "% h P el di sease
t o treat biemarkers tdeful 3o ﬁéaicu thdf]tebpdn@nﬁzeness of[aQeﬂ?;Emlssuleﬂtuﬂlﬁﬂ(Brhﬁbjeﬁlﬂ@l’iea&rli’[hﬁdi ment ,
t he net hoqlé determn ?#rR on and/ or
Gzar pol YRt ae ey G bgiarebiipit Gt Tru ereoSil &% Muner el n
an i ncr easendnn of E&zlmtedodlsﬁ{aamndﬂmg exph@dsnied ta,npfbbﬂ*erawaﬂsoqdeﬂsypept i de
relative_to_control redictive of the sensitivit nmedi at ed
di sease Oﬁ) {5 Sancers, §uc§1 lf marl(c&kﬁl ?/rt])ﬁ Iutsjed a5 criferia to 1dent1¥ and/or se?ecpK%lents

likely to receive a therapeutic benefit from adm1n1strat10n of a CK2 inhibitor. Moreover,

these and other biomarkers can also useful for monitoring the response of a subject to

treatment, and to determine whether to modify the dosing regimen, or to replace or augment

the therapeutic agent.

[0024] Accordingly, there is a need to identify biomarkers which are capable of
predicting the sensitivity and/or monitoring the response of a CK2-mediated disease, such as

a proliferative disorder and/or an inflammatory disorder, to treatment with a CK2 inhibitor.



[ 0036] In another such enbodi nent, the nmethod conprises determ ning the

| evel of CK2a' nRNA expression and/or CK2a' polypeptide in a first

bi ol ogi cavozanpl4ersderi ved from the subject prior to admipoiratScabioss4ni th a
CK2 inhibitor, wherein a decrease in the |level of CK2a' nRNA expression
and/ or CK2al poI ypeptide relative to a second biol ogi cal sanpl e derived
fromthe subject follow ng adm nistration of the CK2 inhibitor is

i ndicative of a positive response to treatnent of the CK2-nedi ated di sease
t o treat$oembarwof the tnv&ni nhi bi t or. [0037] In another such enbodi nent,
the method conprises deternmning the |level of VEG- nRNA expression and/or
VEGF pol y{85i dehei presnbingéntigh gelhtes samplogadiersi fpe greflicting, tdsermsubigeand/or wher ei n
an incre r i liypept i de
ol at  veEok e SRR o e R o e X P ot e
di sease etronﬂmatmmsomet,mtaﬁam@t with i Bietapeutic agerft, 00 88jicular agiick inkipiteryc h
embodi mentyo PR SATHE SESy ARG Bloficl Bl LR wof VG MERA
expressi on and/ or polyp e In a |rs ogi cal sanmpl e derived

f rom t hepreditfjngdhe pasitivity @ndé{dmewpsq“reacsswtﬁ avhubligctzor Gistern figiitigatment, Wihar ei n a
decr easecy fidfiiof, eMR!bidH néé%%@xéaép %@%&4 &r}nem{ngrsa&{%%an@wﬁml de
relative to a secon [’3 ﬁrogl cal rived fromthe subject follow ng
admni ni stysad toomalegifantimdividied sybidet b QMUIaQOIi eidhbiaets (o treftmgntyg e & pagéculdsponse t o
treat mengy OypiiG:. %@Crﬁam n@%gg réiatés%%ﬁe JSQOfﬁlss@tbmkew fohnditGHS pddidpi t or . :

[ 0039] In anot her 'su I ment he neth onprises determning the

| evel  of thep@egmeditiaataepirie subiiests b&mﬁﬁéfiﬂmm ap%‘l‘%'p’é&ﬂtpﬁe in a biological

sanpl e der bﬂfﬂl A{(QQQCPIQ& ﬁé{pi'ne%;mna%% A&k 3t ryr&gctitngethlv %Vx?s tlv% and/or

. phosphoryl at ed t S129 - pol(glpeptl e in a biol ggl cal sanple
deri ved mpmmlphéwgeﬁpp@e»tenesméa @.Kr% raedwsﬁ ifegee te dreptarealt Vighe GELWRERIY he | evel

of CK2a ﬁﬁ%ﬁé&ﬁ&%&@%sﬁ&ﬂé&vor%@?@p@i@é ¥Papt lled%e@a@elm%prkﬁm } o0fL-- Akt S129
pol ypeptide 1s predictive of sensitivity of nmedi at ed di sease to

t r eat mentL-§iHIF-1g, CROF| GiRIbindr CK2of @ujzv@]ts G2, andrthéksivelotipbesphashipted t he

met hod c t I pENA. r d/ or
CK2a' po{gﬂp{ghlt?l ?@? £ %Efg&nigo%egg rél&y"% tf) thaggﬁlg \?81 f rom%;%péﬁezﬁdtgﬁ glézt%@ and
det er m nievg) of hehkt é\l/%ﬂ) dfddlph% bb@mﬁqe@tle@uqﬂktbe EIQ@f(PbOSAerylS@Q Rkt psingpept i de
relati Vezﬁ_ gﬁ:ﬁhﬁ Shﬁ“jezllox%fortré\}\lé| e t@‘lﬁ;tal%lﬂf)lp? éplthg (e tl?e ﬁUrﬁ!ﬁl@gH Ak §fa}JTp| €

deri ved subj ect erelin a ive correl ati on between the |evel
of CK2a' Ahtm/fﬂ)eﬂysrlwépbxrhomry&{edm@a repraney epirde TAkd): tlpiee dideladycied | evel

of p- Akttoﬁif,ﬁ myaépt%t(wethb %omaﬁgedquev@fpbzﬁ@ 6thé’ler d?fph(gsﬁﬁor%dmdl at ed
di sease to treatnent i nhi bitor. | n° anot er enmbodi nent ,

t he net hwleebfastow@mﬁl’érwm ﬁ%j? {NF 1By 81291 2 ‘i?ﬂ’?o%rpli‘?lﬁ‘y’q i oépl ARE<B1209

(p- Akt SldRepiRl (VP ERE h&ﬁlahi}d%vlel (S:fpo@F QE'SS?%”EE fevelleaflpmghérmféutsmmsubj ect,
wherein anincrease in the |evel of p-Akt

12995) eptid relatlveto
control EsEe et cPrVATGr YTHD, alopgiof irelatiye tor totad @é ﬁ%‘éi?f‘é’f‘%l (efisB&se to
treat menforihiidad AefdlSf| @bTR‘I‘ﬁ 017705) J;rooélg] ledel (ﬁ”nﬁl{olgﬁ{orﬁé’f&pdh@niyrostnlae met hod
conprises determnin evel of phosphoryl ated Akt S129 (p- Akt. S129)

pol ypept { /1098 &p- f“?‘lﬁgtYllQPHF%P c‘ﬁ?nes%fnﬁ’llaé“’?jé? |“?}%ldj‘1‘lf‘%|?f’]tyﬁ‘§’“§‘i|t5j ectheprior to

adm ni st pHnh@Rd Wvtibfa-J&K2 Y 10b7/podspr , wherein a decrease in the |evel of
phosphoryl at ed Akt S$S129 (p-Akt S129) polypeptide relative to.a s
bi ol ogi cal [98Hkphecoetely, &t fran BpEt é‘l?tij“é’&f‘) OT RJP Y85 "HhosE AT meét%la%ﬁ%n of the

CK2 i.nhi &h&%g» 8nd/dH0in6RokiHE 1S rpPRStidsy 8f hESROMEEiated difcadtl RBH ah 't he
CK2- medi at ed di sease to . treatnent vvlthaCK2|nD|b|tor. .
proliferative disorder and/or an mﬂammatory disorder, 1n a subject to treatment with a CK2
inhibitor, comprising determining the mRNA expression and/or polypeptide levels of one or
more biomarkers selected from IL-6, IL-8, HIF-10, VEGF, CK2a and CK2a’, CK2p, and/or
the level of phosphorylation for p-Akt S129, p-Akt S473, p-p21 T145, p-NF-xB $529, p-

STAT3 Y705, p-JAK2 Y1007/1008, alone or relative to the total level of unphosphorylated:



[0043] In yet another enbodi ment, the nethod conprises determ ning the

| evel of phosphoryl ated Akt S129 (p-Akt S129) pol ypeptide relative to the
| evel of wotal1/0dktsspol ypeptide in a biol ogical sanpl e decixsdomosmut he
subj ect, wherein an increase in the normalized | evel of p-Akt S129

pol ypeptide relative to the corresponding control is predictive of the
sensitivity of the CK2-nedi ated disease to treatnment with a CK2 inhibitor.
[0044] In yet another enbodi ment, the nethod conprises determ ning the .
| evel of prghiogjxh dhreyrl camaleditvelp P bippg kit saBp IR Slpriyxal fyque fiieisdigeat edsfvithee t o t he
| evel of tcr)g;ogéhe@é;l pol ypeptide in a first biological sanple derived from
t he subj ecct Ior to admnistration with a CK2 inhibitor, wherein a

decr ease llmmhdnloaveshcloémlpﬂd@smouhylnaitl@d CAklﬂ)HSiZ@te(rpmmktthelfa@l) oppli-gpept i de
relative tQathe |eyel cond

bi ol ogi ca nfﬁesso erﬁd@ééﬁ ? rp%hﬁpf léi'csulil))6 Edf‘ p%n%?e &Wgcg{r;ﬁgﬂltﬂsefsr a{e;égn of the
CK2 i nhi\bliet@m an wcrieasdiictht lavel L& npitlﬁAtCKNeSSuoesptA@rslé &Wlxneetatenelhtuvedﬁ t he
CK2- nedi t [ 0, In
anot hor SEAA HRERA®, rant ERALIRNS M £y oclfied dRDAR 1 gt il iCRY
phosphorighibiteed Akt S473 (p- Akt S473) pol ypeptide in a biological sanple
derived fr r 1e9] PRkt S473
pol ypepti deﬁﬂgpgtalgé/{%rs géhc%&r{l%r%gf e t}?e%ét ct?’?@)gs%;a ekﬂ@nin Xlgél £ ?{/lot y of the
CK2- nedimR¥4 dipsenge andjort He@mnh'mmlvlm tuh aa”lrm@olpglhaltﬂameke derived) fromgthe | n

anot her t Rsctifhe 180 bt AT 6
phosphor??g gjldllgPAﬁ’ adgﬁﬁ}%ra?ﬁ@ﬁgﬁ’kﬂ g“lhﬁ’ﬁ g”g%rt@%}’ &:Cn aelpl res eb| ol ogi cal
sanpl e deRNHegkpfessaon arivéor ik e‘dypepweorelaﬁlme sdariserond pipldginl edmpte dert

| nhi i T Ogqr, WES %{/@t RuEHESARH AL 8r 2 Al BhiRBORPRAH|RIAD (ko473

(p- Akt 84%%) trde relative a second biol ogi cal sanple derived
fromt herembqeé@trea“tmmt@whn&@dmdﬁt@i¢lﬁ—‘?$edﬂtr@ﬂ‘tm?rhéflwl‘i%hhlbmfor is :

I ndi cat | vao@dy) an RS s} ERRARMAE el EALIBRL Qbtehtig Rediopiieg di sease
to treatrr;l(rjl?)"f\]/wnlgl?':1t &ZQ}n % fiemet g;? N tgt alrrll(%ﬁ%er er?bodl ment, the
met hod coORPA; %ﬁswwmﬁ@dm@qd@mp wﬂoggﬁqb@m Jariaeds fromdhe SRS ( p- Akt

S473) pov@/e?gp b ferefRliRthk YRl & IE Q%Ih@x %!(prgsfsmﬁ Qhbr Iﬁl@ po@}gﬂe}ftﬂ)@eﬁglhg\?e hn a

bi ol ogi cal sanple derived fromthe su % wherein ‘an increase in the

nor mal | zeetreley ledigfiveptahe seaat g hpek 1ﬂ&élaFeé|dsﬁwsséo treptipd Wit s @8pondi ng
control jsibigedi ctive of the sensitivity of the CK2-nedi ated di sease to
treatment with a CK2 inhibitor. [0048] In yet another enbodi ment, the
met hod corfP0328d8 apeshersueherkydimeat (s iesthesk cogmpssiisteyniang dheleyel S HS8 (- Akt
S473) p%mﬁp&ap%m&ek@&/brvgécgoty?@puh@vxela @bt iobaitalVstpRObYREPHoemen a first
bi ol ogi cal sanple derived fromthe subject prior to admnistration with a

CK2 i nhi PPieehrPrioptpeqdaingsteatign il a3 thtbl"f%f’ wéeréw ofccsAt PRy STACEH-Akt S473

(p- Akt SAKRA H@l¥hePhids 1med a&ll/ye@naeoreuﬂee k¥ 8cond bloMgidal Aklpipatymeept i de as
conpared to a second biol ogi ca derived fromthe sul%J ect . fol |l ow ng

adni ni st e itensubiect fedowieg qdpvRisTation Of thei Gty inhibitgR 150indigatys A4 RSIMEsponse t o

t r eat menfesgafisclt) @edukidnt FE the K@Ul HQPE RadeQo irkAALATRATh @K DinBibfds? 1 nhi bi tor.

[ 0049] In another enbodi ment, the net ho%@conprl ses det erm 81& e | evel of

phosphor yI 184 Iy 2pothen sugh¢eRogHRFNp he d Fomprises 1 eﬁefZ?B*)‘“gp S‘E‘é%ﬁ de in a

bi ol ogi caka afmlaee,qy%shlu@dmf/émr(mFol§¢$11&£r&1,a BAbI6£i€d1 Rardple ldBGYc@ M the t he

| evel of B p21T145 pol ypeptide relative to control is predictive of the

sensi t i viubigctofwhersin @R2ngrsefe atne the dlexd agfe CKgot MBAmsSKRrestionhand/ack@Kewhi bi t or .

- [0050] l&ﬁ@ﬂﬁﬁ?éla@%ﬂ@@b%ﬂw L dAQivEBE MO derSRURY bSES Cﬁ@trﬁédﬁgtw digatehs | evel of
phosphorylated p21 T 145(phospho p21 T145 or p-p2l T145) polypeptide in a

first blfmaéﬁqﬂé‘é(}thégiﬁﬁl"ém?}éﬁﬁ ved fromthe subject prior to adm nistration

with a Obﬁ PR 4nBther WRET ShEbdBnAE CthE dehol NeolrpisdsEdedrmAfingo esR@rafl at ed p21

T 145(phos 21 T145 or p21 T145) pol ypeptide relative to a second

bi ol ogi c@K Apexpeashigr an qr&mqwlmmdéc@ aiﬂfﬁt Pilfigirg! sample derived from

the subject prior to administration with a CK2 inhibitor, wherein a decrease in the level of

-

CK2a mRNA expression and/or CK2a polypeptide relative to a second biological sample



adm nistration of the CK2 inhibitor is indicative of a positive response to
treatnment of the CK2-nedi ated disease to treatnment with a CK2 inhibitor.

[ 0051] | rwoebitizmotsher enbodi ment, the nethod conpri ses @eTarsaImionp4t he

‘I evel of phosphorylated p21 T 145(phospho-p21 T145 or p-p21 T145)

pol ypeptide relative to the level of total p21 polypeptide in a biological
sanpl e derived fromthe subject, wherein an increase in the normalized

| evel of p-p2l polypeptide relative to the corresponding control is

predi ct i deived fibiethg evisgéct ifellowmngidnmihistr@iiR-afsbld &KEdnkdibga@ads éendiative ebement with

et or m it RERPI P Cre R at e POPRAhs TR ekt I8 0952 0T b p2a

T145) poinylpecptl de relative to the level of total p21 pol ypeptide in a first
bi ol ogi cal r with a
CK2 i nhi bi[tOéﬁserlln angglf}nglgchéer%b%g]a’éeggltﬁyt eg%ﬁevgp{} osg}h rgll alt@\teédcggﬂ T
145(p hosﬁKZJa' RN A Exession pnqjmcm@)lyqunypem bxdbgncdl satple aeti@dtftven thevel of

t ot al |y ep ti de .as conpa e |cal ) I erived
trom  he ity SR AR JAHSE B R et o RO IRRAC et ik R, G £

i ndi cati yay;ﬁfmc& rpladietth ¢entiof B[podtis@ivt of the eatsiirenjz oOthe ClRE -rhdZatatndideatead di Sease
to treatpent w E Fg% i.nhi bitor. [ 0053] In another enbodi nent, the
met hod cB?‘?ﬂ?‘inégg a@ Bl%g the I evel of phosphorylated nucl ear factor-KB
(NF- KB) se003eg In2thothpr NEh@dbSﬂQ&)lt pﬁé yrrbﬂm'ﬂi @enpirisesaddidrminiigy tha| legrgdl e
derived fromth subéect i &rea\s}_e in_ the IevgFi NF- KB. S529
pol ypept F§&* YREesign e'eﬂécer g go me@a CipiJEstgfolesig! ‘lef‘ 745°Bs t he
CK2- nedi @t egbjétk $8aS6 aliMinisie@d Rk a\@KNinBibLK2 wher@ink deefease in tHORBA of| N

anot her enbodi ment, the method conprises determning the |evel of

phos phor §K2¢ &R exsssiop 2ad/gr Cleao( RatyprESjdeqelativrelogossond. Nplogiepd sagple)

pol ypept §gRed froR the "s&ﬁecb'f&lo%ﬁgﬁ@dmlﬁﬂﬂmoﬁ dHerd @gd lflmgmrt@%cﬁémy@@f aprior to
adm nistration with a inhibitor, wherein a decrease in the |level of

phosphor B8 deRPOIRBOSEZG - NRhRE- s Dediatsd | dissasst iodieamend Yithe 3t GK4 second
bi ol ogl ca,hlbﬁ&rrpl e derived fromthe subj ect follow ng adm nistration of the
CK2 inhibitor is indicative of a POSI tive response to {reatnent of t he

CK2- medi at Q874 Beapgibes guch qahodinant.\ife prethogieomipRpgspicismming the v of| n y et
anot her ¢RGPGHRIEA bxpréssidn ARYHOAEGP m@p@ﬂae pef mm@gﬂaalrsgmpm Qedied Glondihe

phosphoryl at ed nucl ear, fact or-KB B rine 529
pol ypept%l hisct SrIgEaR, @nti8oERE ‘Pe\?&l % %’513% AR SOt ?fégn isﬁgg}'

bi ol ogi cadlypeptiae! retatertd ¥atdrofl Is@Rdidioe SEHE e&tsitivith 6f @k TK2Mmddtddetisasd 8 t he
KB S529 pol ypeptide relative to the corresponding

normal i zed | evel 01::‘1;2 lg[fl‘:
control FeTpmEYitRe bif%e sensitivity of the CK2-nediated disease to
t r eat ment M038f]| @ {odthei BIthbénidiment, thé Q&ﬁﬁ)}i doli‘npyﬁ@és @dﬂ@fnhﬁl’g ewrbledil gnt , t he

met hod conpr.i ses determnlngthelev ted nucle factor-KB
( NF- KB) ¥EBF RN expressifEandr 38:.4) Pb‘éﬁ?%?ﬂg‘b‘f’ cfgﬁg’é‘ﬁ%g ‘?*\?éa“ipée ‘r"ﬁ‘ e‘f {5 .
total NFmKBulpak pREDD iadRiniskadior Wit h d){zoina@n@xakvhaam GecelRsd vank fewaraft he

subj ect prl or to admnistration with a i nhi bitor, wherein a decrease in

the | evelVEGF PRIAsBhession ad/ onr HaE redyrgpiids. IRF“YGB‘°$3299ndpQ$?19¥)‘E&StSP‘B@er el ative

to the | gygld @bmt @t 3hviNCBwWIR) YRSREIIRN AT thO TRAN GRibG i@ lmqu@iobbol ogi cal
sanpl e derived fromtf%e subj ect follow ng adm nistration of the CK2

i nhi bi t oPOSItYe jTRAPRSEt Wov’éeaéﬁ"e“é %o@FtQ%mF‘é‘étﬁ%r?éséasteotot FesPeRintithe £Ré
CK2- medi ghfordi sease to treatnent with a CK2 inhibitor.

[0039] In another such embodiment, the method comprises determining the level of
CK2a mRNA expression and/or CK2a polypeptide in a biological sample derived from the
subject; and determining the level of phosphorylated Akt S129 (p-Akt S129) polypéptide in a
biological sample derived from the subject, wherein a positive correlation between the level

of CK2ao mRNA expression and/or CK2a polypeptide and the level of p-Akt S129



[ 0057] In another enbodi nent, the nethod conprises determning the |evel of
phosphoryl ated STAT3 tyrosine 705 (p-STAT3 Y705) polypeptide in a

bi ol ogi cavosanpil4e7sderi ved fromt he subject, wherein an PPoTrisasie/ o534t he

| evel of p-STAT3 Y705 pol ypeptide relative to control is predictive of the
sensitivity of the CK2-nedi ated disease to treatnment with a CK2 inhibitor.
[ 0058] In another enbodi nent, the nethod conprises determning the |evel of
phosphoryl at ed STAT3 .tyrosine 705 (p-STAT3 Y705) polypeptide in a first

bi ol ogi gmlypetidp lisepreibictive efl sdnsitimty dfghe GKR ersdiafpdidisease do teptingittithax €loh with a
CK2 inhiim).%i%rr, wherein a decrease in the |evel of phosphoryl ated STAT3

t yrosi ne (p- STAT3 Y705) polypeptide relative to a second bi ol ogi cal
sanpl e der0046f If mdimthdnembodijneatt thi ohdtimdi cogrpeshyidaiestinagithnlegél df KeK2AOK2

inhibitor_is indicativye sitive respanse t rea nt. of .t he
o mrect BRNA ceEaanyr Ckad pRBRIPIN i SO BROT SRS PR n et | e
aﬂot hﬁr aﬁalma?éliéxﬂgi_ili_%_hetltbﬁl ﬂep}h@ﬂa7dgy51wd iAsgla_sAl_lgde(b%lkmSmB mm?otybq;tidevaﬁtivleft?_ :
osphor rosi.ne, - ol ypeptide relative to
Phe T ovdle Brelosia b ri RS it Bedt o s Ao BF WE L Sl Tha T om
t he subjgeitive WoREIRIdh BBtwicBIC I B@SIEvel Noft MK 2601 ARNAZ @dprksioal anforpCRPAT3 Y705
pol ypeptide relative to the corresponding control is predjctive of the
sensi t i ofXperside ppbtherompligrddeveliofn-akiald” PelyRepHds W'BFFFIC\E)W? SEERAY %0 hi bi t or .
[ 0060] Ithe YR -nRORIDAseRTROCH R with REKIRiHIIGr.CcONpPri ses determ ning the

| evel of phosphoryl ated STAT3 tyrosin 05 (p- STAT3 Y705) po ept.i de

rel ative t[%‘“tlﬁénl é‘? er o‘fmt{oﬂt’%ﬂ“t’s‘lhﬁ\T?eg‘B y?:Pé‘B]t”iS‘éfe%Ftr‘?”%l‘“’f"fgr éht% h)%'g'l (S’Eﬂ cal
SaLTpLe Cﬂbip\‘lj\lﬁ@laﬁd’d%ﬁttg&@ @th(te@&9pﬁdgﬂj’elpﬁidl iadm'ficnbgﬁ&dl azﬁh;ﬂa ldWl\Ieg ﬁngKQB

i nhibitor, wherein a decrease int eve osphoryl at e TAT3 tyrosine
705 (p- SHATe YHOST BINTESHLT B oy i%ktt%zgwagpm@r: PP ooTE AT 5

pol ypeptprétictias oLMEPEiEdint 6f the SRTARMialed alsagt Rateat@ipiih d€K2ugdbifor.om t he

subj ect f ing adm nistration of the CK2 inhibitor. is indicative of a
posi tive 3@‘%&“&3&‘1" °f r ERRHERT b ofhCt FE ek RIS EY Sgegriaugs die Y é)\ét nent

W th a Gifdsphoiylanddt Okt.S129 (p-AKRGA2Y) dolypaptie ves fisirbiotbigiteindamptehierinet finool

conprises determ.ning. the |evel. of osphoryl at ed JAK2 tyrqsine . 1007/ 1008
(oS i T e st y® demppuptinaeitt s RIFBPEYY BHER anfsreairip B 0 ¢ e
subj ect , pheiphosiatedankti $120 gpkt SI2K) pelybepriat radtivp-td AkEcoridl (il gD 8ampdt ypept | de

relative, to contrpol is predictive.of the nsitbwvit.y. of. th - pedi at ed
di sease $%BY¢% g‘é‘f‘ rf@ﬁfutv\ﬁcf ﬁﬁgwdﬂgzaqenﬁﬂl%ﬂnto%ro.ﬁhe bf(gd%tﬂ?{ltqrﬁs énn(%ta%rz 0ggnbodi nent ,
t he net haditieo rppoise Sto diedaendnt nif e tGK2-nedigtd dfsegshos pinarnydratveith AARR2t yr osi ne
1007/ 1008 éﬁ% JAK2 Y1007/1008) pol ypeptide in a first biological sanple
derived FP8™ t he subject prior to adninistration with a OK2 inhi bitor,

wher ei n a [0@3i daset ianothére ehbaddhennf the hosthdto cgrhprised dgak@iningr hsilenel K07/ 1008
(p-JAK2 Y1007/ 8) I t,i | at,i ve.to con Lok ogi nmpl e
or i ved RPERoeREe bl S TBrE e BRI eS8 ofe Pkt 6B BT o7

i ndi cat i poypeftida ipas biblogealr sspbndeived ftometie nehjectofvhedem @Kihcreeeli ot @d di sease

to treatpnent. Wth L bi . 6 : : ipment, the
ot hod- i feDeyBr i S IRGH g relgdh SO, el BUONRT, SURARE TN
1007/ 1008 ti{epedsiticaty Y1 0@ TKROO8}atgrbdisepespt irdumensvathiakek2 phibHer. | evel of tot al

JAK2 pol [ LOL Ol & S rl T he .Stbi ofWherein

an i n(F:) r eggg@#hqﬁ h)lg@nag?tﬁ%rl !mggéch Iﬁ%an\t/’e?‘gg#'ag&?&%&%%ggﬁ%g@gp%{ {}g‘g%t ifde |

rel at i vephogphoiyitaloAke Spethdp-Adt SaADr pdlynestiqsr exdiitive i toethoflevadheof stelbisktvi ty of

the OK2- frdkiildth SHRPRSRERA shhARUIRAN ol GoRtGrloPl dfiffiration whRRE4] 1 n
e e net hod co | of

yet anot odi nent, ' rfrrprl ses determ ni ng the | eve
phosphor §K2tirdibigpkeheran agiesreast 00 He1l00B of phaspkary ted vkt 1083 YP-Hdt $HEDL i de

el atl vepdBelile sbiitlio e 1R Bl bk RAVKPRRLL dBmbdicditold desbndHiBlbag Cal

I
sanpl e derived from ttﬁe subjﬁect prior to admnistration with a
i nhi bi t oremplgiereiddrom de sybisss Bollpying lgdmingsyrationsff ths{dShmbibiprds dicaiyertt yr osi ne
1007/ 1008 16 diviASoNOR7 (rd80&) J1ahy RRBLhERELHRLALY & 1RakRR: baN&l crb total
JAK2 pol ygeptl de as conpared to a second biol ogical sanple derived fromthe
subj ect PEbitY¥wi ng admi nistration of the CK2 inhibitor is indicative of a
positive response to treatnment of the CK2-nedi ated di sease to treatnent
with a CK2 inhibitor.
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[ 0065] In various enbodi nents described herein, the biological sanple my
be selected froma cell, a tissue, a tissue culture, a tunor, or a

bi ol ogi cavof2buiidimssri ved from said subject. I n one enmbo@#Cwas2o10t0bE41

bi ol ogical fluid may be sel ected from plasma, serum or peripheral bl ood
nmononucl ear cells (PBMCs)- 100661 In various enbodi ments descri bed
herein, the proliferative disorder is a cancer or malignancy. |In one
enbodi ment, the cancer or malignancy may be head & neck cancer, non-snall
cel | 1ung [8845¢i InopmotiieNSEhiRdimént.edlst nesthod e pompristudiersgmining| ghenddvel yfbr east

cancer t i C: ol ' [ in

on: FodgiicopRiachet st F RIARE s RS DR ABLLE NIk SXARPABRS ARG HE 00
‘squanpussubptt whereini momere{sgAT)thofeveld i-akigS478 vrahipaptide arleve, tongohtrelpise

nyel ong, r@(ﬁwv% of M€ Is qulg é}? Hﬂ‘tﬁ@bﬁ%rﬁe@}a ?St:?s% t&@é}gﬁ%li’t wﬂﬁ]g C%}Mﬁlgbi%r.cancer .

[0067] IR Treqdent e ments, t - nedi at e sease Is a proliferative
di sorder af@H6brinanndtirel | embratiroeny, dlies anetteod, cemptiseth edetpemninings ther devased t o
determn AR L SOE Aehi

i nhi bi t o _°5Pf"§'@a§%§‘i“¥‘is‘é"7%@a§f§‘. %ﬁ?‘%"%’?ﬁ‘r&&g@ i ﬁ%‘fg?‘%?&?% lfgf?'g%ﬁfé&grz an

anal og t thesehgdet prierctb adiningstraent witbe GZvinhibitony whergorpéngreaselingbilegdmbound 2.

[0068] | i gBAt s, i Gl 16 ¢
006K B0 SB35, R GOTBEL 13 LG, e 0
above- nedrivesh &dmbthe ehidce fellowing pdypigratiph ot j they EK2| iphbigdrsip inditativesf o t he use

of the ?‘P&Mﬁve ggsigﬁgeb@dtr%mdo? o é@-ﬁ@&iat@&'Qiis%gstestosﬁ'éaftrﬁ&f-t nGirf L0k a

CK2- nedi at ed ease, such as a proliferative disorder and/or an
i nf | anmaibibyordi sorder, for treatment with a CK2 inhibitor, and to nethods

of treati NgoyPihegd SinSHke EhbliiMS N thet AEHE %ﬁ&g&g-determMQ?m IHHISe 1N

[~
anot her aspect, the invention provides a netho or selecCting subjects

suf f er i nehosphemlaiedCikit PAE} APkt (i4dDaselypoptids relativg tor BF i lpvst afi Wil MR or der

and/ or  apo{JebhRMBS SfologRthS MnthRe dertRll fidnf N BBfoctMWhBreth SA<Enckdafd i tner .
conprising predicting the sensitivity of the CK2-nmedi ated disorder to
t r eat mentorpplized levelies PiAkh SHT X RolypeptidsaRlptive ibihe serraspordieprrdisriedi¢iee| evel s of

one or npfife RhOFRHKEHR CKESmEBSE] HiRGsk Bekabnt ikt G} fRibiteg those subjects
showi ng the response indicated as predictive of sensitivity for treatnent

with a CK2A0P48hi Ii Y@ ranother pybodienty theomathedriserpiisshtdsterpRBende oW 9PBr ovi ded

herei n npsbshBryiRQd AP sudenbidy a73)S8biI9sdptide PAsiveNnlh BE IpRPUWraiotpmiaf
patients |i kel%_to benefit fromtreatnent with a CK2 inhibitor. |In other
é

enbodi mePR¥Pepdsdn ASshbigesisalsapale deryed fromghe spbisey Rripr ppadmintteRtignMiRal y to
benefit ExomHibiRAt WIRAn Wi deBredse GK2hd REéIIFpABsphRYRIEdEKtIBadS (pakt 84y be used
to select a popul ation of patients for inclusion (or exclusja

. , . ) in a
cl i ni cal PYYReRFderplatiedadhe lpyfd obfofg! é\éf&golzseepweeaéﬁﬁ@ﬁ%rewot%seaomﬁwmqbi tor.
The net hggpledRE6dd RRelhb Sit§éch foMBYind| 3R inderatisest e IaB RBbRot ifedicasaaTse of
patients undergoing treatnent with a CK2 i %l bitor, and thus rra?f 26 usef ul
to moni t BPOBHYepFERMNET o HEAUBER cBriBe SR PelitiffeACaR th "5 R Vhhibtor .
inhibitor.
[0049] In another embodiment, the method comprises determining the level of
phosphorylated p21 T 145(phospho-p21 T145 or p-p21 T145) polypeptide in a biological
sample derived from the subject, wherein an increase in the level of p-p21T145 polypeptide
relative to control is predictive of the sensitivity of the CK2-mediated disease to treatment
with a CK2 inhibitor.
[0050] In another embodiment, the method comprises determining the level of
phosphorylated p21 T 145(phospho-p21 T145 or p-p21 T145) polypeptide in a first biological
sample derived from the subject prior to administration with a CK2 inhibitor, wherein a

decrease in the level of phosphorylated p21 T 145(phospho-p21 T145 or p-p21 T145)

polypeptide relative to a second biological sample derived from the subject following
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[0072] In a further aspect, the invention provides a nethod for treating a
CK2- nedi at ed di sease, such as a proliferative disorder and/or an

i nf | ammatwoyodiorsder, in a subject in need thereof, compTits2og/OSBEEr M Ni Ng
the | evels of "one or nore biomarkers in a biological sanple derived from

t he subject, as described herein, and treating the subject with a CK2
inhibitor if the-level of the biomarker in the subject's sanple provides
the response indicated to be predictive of sensitivity or responsiveness to
t r eat meradmiistration OKthe|GHA lshiboser. is[i0iq8}e The pesityroresronser todrepatnheinthe of t he

nvent | O AhRaARIGLLREH REHENIyiuPl CRY WbdSEE! PLIon of the Draw ngs = - [0074]

Figure 1 ustrates t 6 In multiple nyeloma-cells. IL-6
i nduces VE@EIQWaSﬁmhmpmehdmbm@hwalﬂgrmﬂb%iﬁemPW$§<@@Uﬁ@mgdhel%ﬁi@ﬁ pr onot es

angi o0engslhonBhldTh) 2 QSs@LAM AN LY GF b 0189 INLRLE NG ool I,

further 6 sec nts anti g presentation by
dendri t |leved:ef kogal p21 pPUQ%l]de [} g@r@og@abmmf fereved rﬁﬂqrrb'iht: GvBjcchovhorsin gn of t he

CK2 i nhi B %&E in &}ﬁ @%ﬂi?%ed'l&e? 59 ﬁ%eétﬁie‘féEﬁ\%L{§ t&%oér%@nmoqg@n s 100761

Figure 3's erent sensitivity of CX-4 bet ween cancer ous
cel | s armedidiveaf thee¢1181$1V1tYWféhWCIé§?<1n§d@Wé\ﬂ/§eztShé’ tregingnf Wdhlé@%ér\"*bl?'toe?aspase 3/7

activity, aoﬁ?rﬁseret%oﬁ&l% m%p&f?sm% mdiR %oﬁx isSs, Id%{euﬁwngtﬁé itRe ofel | type.

BT-474. bre cancer . pancreatic cancer
cel |'s; Sto@lon/laisdp2A279@5(pbesahe-n2l Eh‘}ﬁc@rr p@él T445) ABpeptinel rakabyratocEF | s;

CCD18Co: leVLPk mtal(bg Qly 1}%994 ?ﬁ}st Gﬁ)wg§ %Oﬁlv%ﬁom%%c qugl skin
LR |

fi brobl ast cells; norna ng fibroblast cells.

[0077] Fadgur_rletramom wiith 91(}@lél§blﬁ%ewﬁlfl_ﬁ¢w pideqrense @fth*! lewedof ghaspianylpted PHWF ng

' ; ;ggt MeN{4sWinbipnb9P 4048 20 PBAK G 1850 pQYpepRadTBidife Dlothe QYRS JiBrafQEISE Of 35
polypeptide as compared to a second biological sample derived from the subject following
administration of the CK2 inhibitor is indicative of a positive response to treatment of the
CK2-mediated disease to treatment with a CK2 inhibitor.

[0053] In another embodiment, the method comprises determining the level of
phosphorylated nuclear factor-kB (NF-kB) serine 529 (p-NF-kB S529) polypeptide in a
biological sample derived from the subject, wherein an increase in the level of p-NF-kB.S529
polypeptide relative to control is predictive of the sensitivity of the CK2-mediated disease to
treatment with a CK2 inhibitor.

[0054] In another embodiment, the method comprises determining the level of
phosphorylated nuclear factor-xB (NF-kB) serine 529 (p-NF-xB S529) polypeptide in a first
biological sample derived from the subject prior tc administration with a CK2 inhibitor,
wherein a decrease in the level of phosphorylated NF-xB S529 (p-NF-xB S529) polypeptide
relative to a second biological sample derived from the subject fo]lcwing administration of
the CK2 inhibitor is indicative of a positive response to treatment of thek CK2-mediated
disease to treatment with a CK2 inhibitor.

[0055] In yet another embodiment, the method comprises determining the level of
phosphorylated nuclear factor-kB (NF-kB) serine 529 (p-NF-kB S529) polypeptide relative
to the level of total NF-xB polypeptide in a biological sample derived from the subject,
wherein an increase in the normalized level of p-NF-xB S529 polypeptide relative to the
corresponding control is predictive of the sensitivity of the CK2-mediated disease to

treatment with a CK2 inhibitor.
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[0078] Figure S5A illustrates the inhibition of breast cancer tunmor growth
in the BT-474 breast cancer cell line following treatnent with CX-4945 (25
ng/ kg bi aworoin®4mgskg bi'd) over the course of 35 days. PCT[IB0¥®jsBi#gure 5B
illustrates the inhibition of ovarian cancer tunor growth in the SK-OV3
ovarian cancer cell line following treatment with CX-4945 (25 ng/kg bid or
75 mg/ kg bid) over the course of 35 days. [0080] Figure 6 illustrates
the inhibition of pancreatic cancer tunmor growh in BxPC3 pancreatic cancer
xenogr af t 400561 | lowen ginbtheratmeowtimenitt the GXeth@d Sorparised datgrnkiginki We 19081 g/ kg bi d,
50 ny/ kg ) was
vel | tol® hlag tedﬁ {m‘[s}r%[og’é}?]é}] ﬁ;{(rﬁzts%rgﬁsﬁg CX‘%%%%V@QZE %’tlgggelgirvggrrel at ed
witht hetOdhrslpW@) of @@ﬁl AFRB polyppOad in Hirgubielogicd hawgle deri@ddreen the sebifedvel s i n

I d
(o aoachte [BoadyhRLEk:Syh ok h Bl Al [ERTRE, 1 SER%5 | cve

f ol | owi nghofthoryéapsi NIF-kB 1562 @Jelﬁf KW&SW)@le@m@e (@(Wd%@? level gfsat#léHt-sBwi t h

NSCLC, plgo?ﬁ)te;?t 'as ct%ﬁé%éj{oosgpéchlll@&)glo@fag saml:rféycghgedcﬁclr}] tﬂeuﬁgfe& following
administration of the CK2 inhibitor is indicative of a positive response to treatment of the
CK2-mediated disease to treatment with a CK2 inhibitor.

[0057] In another embodiment, the method comprises determining the level of
phosphorylated STAT3 tyrosine 705 (p-STAT3 Y705) polypeptide in a biological sample
derived from the subject, wherein an increase in the level of p—STATS Y705 polypeptide
relative to control is predictive of the sensitivity of the CK2-mediated disease to treatment
with a CK2 inhibitor.

[0058] In another embodiment, the method comprises determining the level of
phosphorylated STAT3 tyrosine 705 (p-STAT3 Y705) polypeptide in a first biological
sample derived from the subject prior to administration with a CK2 inhibitor, wherein a
decrease in the level of phosphorylated STAT3 tyrosine 705 (p-STAT3 Y705) polypeptide
relative to a second biological sample derived from the subject followihg administration of
the CK2 inhibitor is indicative of a positive response to treatment of the CK2-mediated
disease to treatment with a CK2 inhibitor.

[0059] In yet another embodiment, the method comprises determining the level of
phosphorylated STAT3 tyrosine 705 (p-STAT3 Y705) polypeptide relative to the level of
total STAT3 polypeptide in a biological sample derived from the subject, wherein an increase
in the normalized level of p-STAT3 Y705 polypeptide relative to the corresponding control is
predictive of the sensitivity of the CK2-mediated disease to treatment with a CK2 inhibitbr.

[0060] In yet another embodiment, the method comprises determining the level of
phosphorylated STAT3 tyrosine 705 (p-STAT3 Y705) polypeptide relative to the level of
total STAT3 polypeptide in a first biological sample derived from the subject prior to
administration with a CK2 inhibitor, wherein a decrease in the level of phosphorylated
STAT3 tyrosine 705 (p-STAT3 Y705) polypeptide relative to the level of total STAT3
polypeptide as compared to a second biological sample derived from the subject following
administration of the CK2 inhibitor is indicative of a positive response to treatment of the

CK2-mediated disease to treatment with a CK2 inhibitor.
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[ 0083] Figure 9A shows the percent change in serumIL-6 levels follow ng 21

days of treatnment with CX-4945 in Cohorts 1-3 of Exanple 1. [ 0084]
Fi gure 9Bvehows4itse | L-6 levels in patient | D NOs: 1-24pColuseswongiddi and 21
days of treatnment with CX-4945. [ 0085] Figure 10 shows the IL-8 |levels

in patient 1D NGs: 1-24 followng 1 and 21 days of treatnment w th CX-4945.
[ 0086] Figure 11 shows the percent change in Akt S473/ Akt 8 hours post-dose
on day 1 and day 21 in CD19 PBMCs followi ng treatnment with CX-4945 in
Cohorts 1-[&1)6@)‘ Iicxawplee embodimeh() 0B 1 mEihgdir @nipRisshdwsmtihieg pthe clemel ehange in

21 T145/ t.-d 21 | 1 owi
gt R R S R e R e s Y e P
E h;)vvs t hremplhalagedi fitonp thksdubjBdt2 Vhérdin, anpinﬁkztse $47l® leB) of pRAKZ- YRD7M04% ( C)

et weem t d
time pm*ﬁb@epqisa éelétwﬁc(f coc')]ﬁm% f:eglr??ﬂ'e ?r‘h{e %&:‘%ty( Ht?%%é?" V"ﬁr“%"ﬁs jﬂ?shgag)the
change itreatmeAkwitt5d CR2 irhibgtor.cul at i ng tunor cells (CTGCs) bet ween pre-dose

(ti nme=0) hour post se, op _da t] [ p nthe QD
schedul e. mz?dﬁQ?ﬂo | gtﬂr}bé)g %h@\?\smgﬁgd séeoc é‘ é)soﬁg%l"“t ﬁ'&g ﬁ% F\eg%jl\/# §49PT

i nfl arrrraﬂmospyorlyrawdsIAIQamxremne( 1@gy1008| (IszAIKrZeXﬂ@H/ f008) eolypdpode dn i fifst CX- 4945
concentratlon t A% 20 M | NI abilsi ty. t he

SuM 14958l § Samo'e & egrérrneﬂrl]e% Ojest Py oaﬁg’@‘ ‘E)QSJ’ Wl%{‘[ %g@df] '“‘?Qibg‘%r e 16
shows t heheedirf ecdecwrasecm 4@45vcﬂnofsﬂm|sp§tondated)ﬂAKZ tGrosipne alPg7/e8 O;EJ/’QQ\/MQPT
xenograf ct..on I.gh - ve tunors
(I arger 07)%68? p\%lé'P%Dtlfj g IVW% %ast\%énzi I g earl ngpgna%*w‘%{%r%még%%ﬁﬁ%n t han
smal | er ibllnmwactnB)ustre(ﬁXd@ﬂ&em ifilobitnd it indicatide oBa pdsiteye sespense kotrealmpen| | t unor s

(O and §0 B8Pt disNbilhsd MG ehivifh SEES HhloAB. DY aggressive tunors (D).

[0063] In yet another embodiment, the method comprises determining the level of
phosphorylated JAK2 tyrosine 1007/1008 (p-JAK2 Y1007/1008) polypeptide relative to the
level of total JAK2 polypeptide in a biological sample derived from the subject, wherein an
increase in the normalized level of p-JAK2 Y1007/1008 polypeptide relative to the
corresponding control is predictive of the sensitivity of the CK2-mediated disease to
treatment with a CK2 inhibitor.

- [0064] In yet another embodiment, the method comprises determining the level of
phosphorylated JAK?2 tyrosine 1007/1008 (p-JAK2 Y1007/1008) polypeptide relative to the
level of total JAK2 polypeptide in a first biological sample derived from the subject prior to
administration with a CK2 inhibitor, wherein a decrease in the level of phosphorylated JAK2
tyrosine 1007/1008 (p-JAK2 Y1007/1008) polypeptide relative to the level of total JAK2
polypeptide as compared to a second biological sample derived from the subject following
administration of the CK2 inhibitor is indicative of a positive response to treatment of the
CK2-mediated disease to treatment with a CK2 inhibitor.

[0065] In various embodiments described herein, the biological sample may be selected
from a cell, a tissue, a tissue culture, a tumor, or a biological fluid derived from said subject.
In one embodiment, the biological fluid may be selected from plasma, serum, or peripheral
blood mononuclear cells (PBMCs).

[0066] In various embodiments described herein, the proliferative disorder is a cancer or
malignancy. In one embodiment, the cancer or malignancy may be head & neck cancer, non-
small cell lung carcinoma (NSCLC), breast cancer including inflammatory breast cancer

(IBC), prostate cancer, pancreatic cancer, lymphomas including non-Hodgkins lymphoma
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100921 Figure 17 shows the effects of treatnment in mce bearing SUM 149PT
xenografts, left untreated (UTC) or treated PO once (one tine) or BID for 8
days (xD8yowntin47Bsny/ kg of CX-4945. 100931 Fi gure 1@C3husesiowbes41
expression of Akt S129 in untreated cells (UTC) and cells treated with
CX-4945 and addi ti onal chenot herapeutic agents, including 5-fluorouracil

(5- FU), BEZ 235, AZD 6244, erlotinib, lapatinib, sorafenib, and sunitinib
(Sutent). [ 0094] Figure 19 shows the phosphorylation status of p2l at
T145 andNHk} anatMsmgceﬂ@mmgMGie,aglm’emrom tsqua@ug cgliMapfina@e- F94%5 0kt 4 hours

20 showatd fte PEFR Bt Pl G bR R, SRR eif ROE L Wifrectal st o' Pso
(pM |ntlmreasancctancer ceI ls for CX-4945 (A), Compound 1 (B) and Compound 2
() g@gkbﬂ U Eon? LiBLRME e ERDRLALIONRE WELHrofiiafive SR ¢ | Cvel

and Akt S hosp ory lon s I'n breast cancer Ines that are
sensi t i \wed/anah infisinsant dltswd@XantEﬂls ngathbdCangpserhty detgrmjne thedensisydy of f or CK2a!

and p- Aks %&?derﬂo\(r%t eve e@ﬁﬁ B%ﬁ}%gre Mn g}%l LIC eln@gcﬁmgﬁl Jhe CK]S. %%?tl)r Fi gure 22

shows pho rote n ours post dose on day 21 versus
pre-treds ﬁﬁm94§\pt#m @Xloggkﬂfﬁedfomclbdlompkwémﬂ(itﬁ(} tOAEtomBQJE@ 1 gr@) Conprousi 73 and
(O p21 ,1145. [0098] Figure 23 shows predicted versus cal cul ated | C50
val ues for CX-4945 using CK2a and normalized pAkt S129 narkers (A) and

pol ypept i d¥6BE\ekenoémigidimenas thepnothad @pgses Bptermining UPIORNA grpressioy shows

the effeaﬁa/op,} ;p@g(ﬁ%m%&,gwmﬁ@g bRt fbdPpRRMLKS AL sl gnal i ng

and cel | progression-as evaluated 1 n BT- breast cancer and BxPC- 3
pancreati dOQﬁahd"élp igwehtien also relates to the use of the above descrlbed methods to select

subjects suffering from a CK2-mediated disease, such as a proliferative disorder and/or an
inflammatory disorder, for treatment with a CK2 inhibitor, and to methods of treating
subjects selected using these methods. _

[0070] Thus, in another aspect, the invention provides a method for selecting subjects
suffering from a CK2:mediated disease, such as a proliferative disorder and/or an
inflammatory disorder, for treatment with a CK2 inhibitor, comprising predicting the
sensitivity of the CK2-mediated disorder to treatment with a CK2 inhibitor in each subject by
determining the levels of one or more biomarkers, as described herein, and selecting those
subjects showing the response indicated as predictive of éensitivity for treatment with a CK2
inhibitor.

[0071] In some embodiments, the methods provided herein may be used to identify or
select a patient or population of patients likely to benefit from treatment with a CK2 inhibitor.
In other embodiments, the methods may be useful to identify patients unlikely to benefit from
treatment with a CK2 inhibitor. Such methods may also be used to select a population of
patients for inclusion (or exclusion) in a clinical trial to assess the efficacy of treatment with a
CK2 inhibitor. The methods described herein may also be used to assess the response of
patients undergbing treatment with a CK2 inhibitor, and thus may be useful to monitor or
predict the outcome of treatment with a CK2 inhibitor.

[0072] In a further aspect, the invention provides a method for treating a CK2-mediated
disease, such as a proliferative disorder and/or an inflammatory disorder, in a subject in need
thereof, comprising determining the levels of one or more biomarkers in a biological sample

derived from the subject, as described herein, and treating the subject with a CK2 inhibitor if
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[00100] Figure 25 illustrates the ability of CX-4945 to nodul ate the cell
cycle in BT-474 breast cancer cells and BxPC-3 pancreatic cancer cells.
1001011 Rwvoure/@678s| | ustrates the effects of increasi ngPcorusesmwoatsuopns of

CX-4945 on tube formation and mgration in BxPC-3 cells. [ 00102] Figure
27 shows the effect of CX-4945 on concentrations of al dolase, pVHL, and
p53. [00103] Figure 28 illustrates a luciferase reporter assay used to

measure the expression of H F-la follow ng exposure to increasing

concent ria¢ laveisofothe GXonah@idE .in the {@&iﬂﬂ}anﬁilgumid@@tl@h@mniehiedie%m ¢s8¢ on of CK2
MRNA (A) upﬁﬁ | e nyel oma cell

i nes. pre(F‘gBC:Ké 691?“‘;1 ‘e re% ene%s lggrg?tr? e\ﬁl){v{lr 0 %amég)t'tggsay whi ch

denonst r at[@&73] hﬁlegfahéotheoa‘mlﬁma of the @2 ntamt are/desgribed hegremer al nmul ti pl e

nyel oma. cell |ines. [ 001061Fi gure 31 illustrates how CX-4945 nodul at es

sever al Wd@&?i%ﬁ&ﬂ&ftﬂéb#&%@@ mul tiple nmyeloma cells, including Akt | (A),
NF- 03 ( , and PARP cl eavage (D). | 001071Fi gure 32 shows
the eff ect[06>7f4a tH 8¢ MBMEsuWied fhellrei M £Xs 49401BR MREBmL ML IBicoMdides mul tiple

nyel oma cell [ines.
VEGF (vascular endothelial growth factor) secretion, which promotes angiogenesis,

stimulates growth and migration of multiple myeloma cells, further augments IL-6 secretion,
and prevents antigen presentation by dendritic cells. '

[0075] Figure 2 shows the inhibitory activity of the CK2 inhibitor, CX-4945, in
comparison to various CX-4945 analogs.

[0076] Figure 3 shows the differential sensitivity of CX-4945 between cancerous cells
and normal cells. The Y-axis shows the fold-induction of Caspase 3/7 activity, a marker of
cell apoptosis. The X-axis illustrates the cell type. BT-474: breast cancer cells; Mia PaCa 2
and BxPC3-3: pancreatic cancer cells; SK-OV-3 and A2780: oQarian cancer cells; A375:
melanoma cells; CCD18Co: normal colon fibroblast cells; CCD1058 and CCD1068: normal
skin fibroblast cells; and Mrc5 and IMR90: normal lung fibroblast cells.

[0077] Figure 4 illustrates the inhibition of tumor growth following treatment with CX-
4945 (25 mg/kg bid or 75 mg/kg bid) over the course of 35 days.

[0078] Figure 5A illustrates the inhibition of breast cancer tumor growth in the BT-474
breast cancer cell line following treatment with CX-4945 (25 mg/kg bid or 75 mg/kg bid)
over the course of 35 days.

[0079] Figure 5B illustrates the inhibition of ovarian cancer tumor growth in the SK-OV-
3 ovarian cancer cell line following treatment with CX-4945 (25 mg/kg bid or 75 mg/kg bid)
over the course of 35 days. _

[0080] Figure 6 illustrates the inhibition of pancreatic cancer tumor growth in BxPC3
pancreatic cancer xenografts following treatment with CX-4945 (12.5 mg/kg bid, 25 mg/kg
bid, 50 mg/kg bid, or 75 mg/kg bid) over the course of 35 days. The drug was well tolerated
and plasma concentrations of CX-4945 were closely correlated with the dosing regimen.

[0081] Figure 7 shows IL-6 and IL-8 levels in plasma on day 21 relative to day 1
following treatment with CX-4945 (CX-4945).

[0082] Figure 8 shows the percent change in IL-6 and IL-8 levels followmg 21 days of
treatment with CX-4945 (CX-4945) in patients with NSCLC, prostate, thyroid/papillary and
Leydig cell tumors. o

16



[ 00108] Figure 33 shows the effect of treatnment with 10 [I M CX-4945 on HI F-
1 ainmmltiple nyeloma cell Iines. [00109] Figure 34 illustrates the

ef fects oWNoOi2ntw@amssng concentrati ons of CX-4945 on | L- 6Psearsettioon3sn U266
mul ti ple nyel oma cells. [00110] Figure 35 is a diagramillustrating the
ability of CK2 to phosphorylate nultiple substrates in the PlIK3/ Akt

pat hway. [00111] Figure 36 conpares the ability of CX-4945 and vari ous
concentrations of staurosporine (STS) to inhibit phosphoryl ation of

Akt - S129. (0030 (Fligizt 9Ri showe th3 pestanvehatgean sérbmcll.-ofevals fottphimg bi daySxf 4945 on

phOSphor%Ja%anerg@E%(%a§ 2%&hortstl 3%%% r?pfié‘?' p21-T145 in nmouse PBN.CS'

[00113] Figure ' conet assay denonstrating the

ef fect of [MgﬂguroaBgmmsl thati-6 devielm drupasient DA @ g dolilawin@ ¥ 8@d dlvdays an cancer

cells. (éf[i 0114]w1l: 9A shows the synergistic activity of gentitabine
4

and CX- e'étn a n| s ‘ered at 60 ng/kg and 100 ng/ kg, respectively in

A2780 ovarlDess] ctigoe 0 stencghalits levels in] B0di 3P NOsgur2é @98/ ishbwed 2héays

synergi stic actlv d enti t abi ne and CX-4945 on cancer cell apoptosis,
as dem)nsflttrre%lf“e?itV[!)1 )ﬁgt)l%cr ease in cleaved PARP (top panel). The bottom
panel shomowmﬁlgvmetghc&tsnbe paz¢ent/ ¢haygeoin ch@ﬁé?l/ablweouammbsmsqgngay h terns of

percent tynps,g CPE’B '(’éﬁsg?ti% 1h B ﬁ%& ng b 945‘%9@8 L&”?erﬁﬁfnﬂaféaiys to
reach the en’t’jpom ‘Fé i gure i's a agraml ustrating
the rel at i[0085hi Bigiret heterwsEEFRremtich@h® ig |p@hé?ll4ﬁvig2.l 4 hours post-dose on day 1

and day 21 in CD45 PBMCs following‘treatment with CX74945 in Cohorts 1-3 of Example 1.

[0088] Figure 13 shows the change in p-Akt S129 (A), p-Akt S473 (B), and p-p21 T145
(C) betweem pre-dose (time = 0) and steady state (time = 8 days or 21 days) time points as a
function of cumulati've AUC. - '

[0089] Figure 14 shows the change in p-Akt S129 in circulating tumor cells (CTCs)
between pre-dose (time=0) and 6 hours post dose on day 8 time points for patients on the
QID schedule.

[0090] Figure 15 shows the secretion of IL-6 by SUM-149PT inflammatory breast cancer
(IBC) cells treated for six hours with CX-4945 concentrations from 0.05 uM up to 50 uM
(A). Cell viability of the SUM-149PT cells was determined after 96 hours (B).

[0091] Figure 16 shows the effect of CX-4945 on secretion of IL-6 by aggressive SUM-
149PT xenografts. Effect on tumor weight is shown in panel (A). - Aggressive tumors (larger
than 1g) were found to have a higher rate of IL-6 secretion than smaller tumors (B). CX-
4945 was found to reduce 1L-6 secretion in all tumors (C) and to significantly reduce IL-6
secretion by aggressive tumors (D).

[0092] Figure 17 shows the effects of treatment in mice bearing SUM-149PT xenografts,
left untreated (UTC) or treated PO oﬁce (one time) or BID for 8 days (xD8) with 75 mg/kg of
CX-4945. ‘

[0093] Figure 18 shows the expression of Akt S129 in untreated cells (UTC) and cells
treated with CX-4945 and additional chemotherapeutic agents, including 5-fluorouracil (5-
FU), BEZ 235, AZD 6244, erlotinib, lapatinib, sorafenib, and sunitinib (Sutent).

[0094] Figure 19 shows the phosphorylation status of p21 at T145 and Akt at S129
following treatment with 10 uM of CX-4945 at 4 hours and 8 hours, compared to reversible

washout conditions.
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[00117] Figure 41 shows the effect of CX-4945 on epidermal growth factor
(EGF)- stinmulated CK2 activity in A431 (epidernoid carcinonma) and NCl -H2170
(lung carwenrotigi4isy. [00118] Figure 42 shows the eff@ct/uskoi2@5M4CX- 4945
in combination with 50 Merlotinib on the phosphoryl ation of Akt and rpS6
I n NCl -H1650 and NCI - H1975 cel | s. [00119] Figure 43 illustrates the
synergistic anti-tunor activity of CX-4945 and erlotinib in A431 epidernoid
carcinoma cells. Detail ed Description [ 00120] The present invention

rel ates tdodsispritigiker ﬁmsprhediedaﬁbmgixx hetwsen SiKZav imMRNAaneyety (RBhiandri ng t he

resPonsi yenss K R MBbaledaloeaReTy LRAMIAY PLALLEST ALbY Sud sor ders

and /or AP sorders atnment "'wt bito
[ 00121] @«snmbesd:z(@ed herei n, CK2 has been |an icated in many type of

cancer ous Gl SLTE0h Sytls ANS L SRERRILARAER, SUBRRSLE LR AP apcer s

potent su apopt OsI'g in cancer rotecting regul atory
pr ot ei nspHosphmytsisp ae@s irchieast exhcetag didest thatrare semlive and resistant to CX-4945

2011/ 0417%%3%4)1%%22 ;\Q/a(%g :i'ev4l% fo %]iﬁ é]hd p% éb@h\ &agoM‘HréalspJaﬁce%apﬁ{e?
(B).

[0097] Figure 22 shows phospho-protein levels in PBMCS at 4 hours post dose on day 21
versus pre-treatment with CX-4945 for biomarkers (A) Akt S129, (B) Akt S473 and (C) p21
T145.

[0098] Figure 23 shows predicted versus caléulated ICso values for CX-4945 using CK2a
and normalized pAkt 8129 markers (A) and polypeptide levels of CK2a and p-Akt S129 (B).

[0099] Figure 24 shows the effect of increasing concentrations of CX-4945 on PIK3/Akt
signaling and cell cycle progression as evaluated in BT-474 breast cancer and BxPC-3
pancreatic cancer cells.

[00100] Figure 25 illustrates the ability of CX-4945 to modulate the cell cycle in BT-474
breast cancer cells and BxPC-3 pancreatic cancer cells.

[00101] Figure 26 illustrates the effects of increasing concentrations of CX-4945 on tube
formation and migration in BxPC-3 cells.

[00102] Figure 27 shows the effect of CX-4945 on concentrations of aldolase, pVHL, and

. p33.
[00103] Figure 28 illustrates a luciferase reporter assay used to measure the expression of
- HIF-1a following exposure to increasing concentrations of CX-4945.

[00104] Figure 29 shows the expression of CK2 mRNA (A) and CK2 protein (B) in a
panel of human multiple myeloma cell lines.

[00105] Figure 30 shows an in vitro kinase assay which demonstrates the effect of CX-
4945 on CK2 activity in several multiple myeloma cell lines.

[00106] Figure 31 illustrates how CX-4945 modulates several key proteins in human
multiple myeloma cells, including Aktl (A), NF-xB (B), JAK2/STAT3 (C), and PARP
cleavage (D).

[00107] Figure 32 shows the effect of treatment with 10 pM CX-4945 on VEGF. A

expression in multiple myeloma cell lines.
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Cancer Type Link with CK2 Head & Neck CK2 Overexpression, NF-KB, Pl 3K/ Akt
Activation, |IL-6, EGFR/ MAPK Act., Cdc37/Hsp90 NSCLC CK2 Overexpression, CK2
Anpl i fi cawoan1/RIBK/ Akt Activation, EG-FR/ MAPK Act. Brea®CTS2010/051341

Over expression, PI3K/ Akt Activation, EGFR MAPK Act., DNA Repair Defects,
Cdc37/ Hsp90 I nfl ammatory Breast Cancer

[00108] Figure 33 shows the effect of treatment with 10 pM CX-4945 on HIF-la in
multiple myeloma cell lines.

[00109] Figure 34 illustrates the effects of increasing concentrations of CX-4945 on IL-6
secretion in U266 multiple myeloma cells.

[00110] Figure 35 is a diagram illustrating the ability of CK2 to phosphorylate multiple
substrates in the PIK3/Akt pathway.

[00111] Figure 36 compares the ability of CX-4945 and various concentrations of
staurosporine (STS) to inhibit phosphorylation of Akt-S129.

[00112] Figure 37 shows the effect of 75 mg/kg bid CX-4945 on phosphorylation of Akt-
S129, Akt-S473, and p21-T145 in mouse PBMCs.

[00113] Figure 38 shows the results of a comet assay demonstrating the effect oflCX-4945
on gemcitabine-induced DNA damage in A2780 ovarian cancer cells. )

[00114] Figure 39A shows the synergistic activity of gemcitabine and CX-4945 when
administered at 60 mg/kg and 100 mg/kg, respectively in A2780 ovarian cancer xenografts.

[00115] Figure 39B shows the synergistic activity of gemcitabine and CX-4945 on cancer
cell apoptosis, as demonstrated by the increase in cleaved PARP (top panel). The bottom
panel shows the synergistic activity of gemcitabine and CX-4945 in terms of percent tumor
growth inhibition (TGI) and the medium number of days to reach the endpoint (TTE).

[00116] Figure 40 is a diagram illustrating the relationship between EGFR and CK2
signaling.

[00117] Figure 41 shows the effect of CX-4945 on epidermal growth factor (EGF)-
stimulated CK2 activity in A431 (epidermoid carcinoma) and NCI-H2170 (lung cancer cells).

[00118] Figure 42 shows the effect of 10 uM CX-4945 in combination with 50 uM
erlotinib on the phosphorylation of Akt and rpS6 in NCI-H1650 and NCI-H1975 cells.

[00119] Figure 43 illustrates the synergistic anti-tumor activity of CX-4945 and erlotinib

in A431 epidermoid carcinoma cells.

Detailed Description

[00120] The present invention relates to biomarkers for predicting the sensitivity and/or
monitoring the responsiveness of CK2-mediated diseases, including proliferative disorders
and /or inflammatory disorders, to treatment with CK2 inhibitors.

[00121] As described herein, CK2 has been implicated in many type of cancerous cells
(Table 1), and recent evidence suggests that CK2 exerts potent suppression of apoptosis in

cancer cells by protecting regulatory proteins from caspase-mediated degradation.
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CK2 Overexpression,

Pl 3K/ Akt Activation, 1L-6, HF-la, EGR MAPK Act., DNA

Repair Defects, Cdc37/Hsp90 Prostate CK2 Overexpression, PlI3K/ Akt

Acti vati oNQ 2€00B@7785isp90 Pancreas CK2 Over expressi on, Pl BKTAlsRo1dosi3wat i on,
EGFR/ MAPK Activation Lynphomas (NHL, MCL) CK2 Overexpression, Pl 3K/ Akt
Activation dioblastoma CK2 Overexpression, PlI3K/ Akt Activation

Table 1. CK2 Link to Multiple Cancers.

Cancer Type Link with CK2

Head & Neck CK2 Overexpression, NF-kB, PI3K/Akt Activation, IL-6,
EGFR/MAPK Act., Cdc37/Hsp90

NSCLC CK2 Overexpression, CK2 Amplification, PI3K/Akt Activation,
EGFR/MAPK Act.

Breast CK2 Overexpression, PI3K/Akt Activation, EGFR/MAPK Act,,

DNA Repair Defects, Cdc37/Hsp90

Inflammatory Breast Cancer | CK2 Overexpression, PI3K/Akt Activation, IL-6, HIF-1a,

EGFR/MAPK Act., DNA Repair Defects, Cdc37/Hsp90

Prostate

CK2 Overexpression, PI3K/Akt Activation, Cdc37/Hsp90

Pancreas

CK2 Overexpression, PI3K/Akt Activation, EGFR/MAPK

Activation

Lymphomas (NHL, MCL) CK2 Overexpression, PI3K/Akt Activation

Glioblastoma CK2 Overexpression, PI3K/Akt Activation

SCC of Lung CK2 Overexpression, PI3K/Akt Activation

Ovarian CK2 Overexpression, PI3K/Akt Activation, DNA Repair Defects
Multiple Myeloma CK2 Overexpression, PI3K/Akt Activation, IL-6, HIF-1a,

Cdc37/Hsp90

Acute Myeloid Leukemia CK2 Overexpression, PI3K/Akt Activation

Colorectal

CK2 Overexpression, PI3K/Akt Activation

Thyroid

CK2 Overexpression, Akt activation, 1L-6, IL-8

[00122] As described herein, the present inventors demonstrate that the mRNA expression
and/or polypeptide levels of CK2a, CK2a', IL-6, IL-8, VEGF, and HIF-la and the
phosphorylation levels of Akt, p21, NF-kB, STAT3, or JAK2, either alone or relative to total

Akt, p21, NF-xB, STAT3, or JAK?2, respectively, can be used as biomarkers to assess or
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SCC of Lung CK2 Overexpression, PlI3KJAKt Activation Ovarian CK2

Over expression, PlI3KJAKt Activation, DNA Repair Defects Miltiple Myel ona
CK2 Over expnresgi4orss Pl 3K/ Akt Activation, IL-6, HFl a, EdcdklHepSG4Acute
Myel oi d Leukem a CK2 Overexpression, PlI3K/ Akt Activation Col orectal

predict the sensitivity, or lack of sensitivity, and/or monitor the responsiveness of a subject or

system to treatment with a CK2 inhibitor.

Interleukin-6

[00123] As shown in Examples 1-3, the use of a CK2 inhibitor, CX-4945, significantly
reduces the concentration of IL-6 in inflammatory breast cancer (IBC) and prostate cancer
patients. In addition, Example 11 shows that treatment with CX-4945 in U266 multiple
myeloma cells reduces the production of IL-6. The present application also demonstrates that
inhibitors of CK2 can inhibit the secretion of IL-6 by IBC cells SUM-149 PT in cell culture
(ICsp ~ 2.5 uM) and in vivo. In a xenograft model, administration of CX-4945 caused a 40-
60% (depending on tumor size) reduction in human IL-6 plasma levels after 50 mg/kg BID
PO x 3d, 75 mg/kg PO daily or BID x 8d dosing. It was also discovered that aggressive (i.e.
> lg in weight) SUM-149PT xenografts produced significantly higher levels of IL-6 per g of
tumor mass than the non-aggressive tumors (i.e. < 1g in weight).

[00124] IL-6 is an important cytokine in cancer biology, and is linked with CK2 activity in
a variety of cancers, including head & neck cancer, inflammatory breast éancer, multiple
myeloma, and thyroid cancer (Table 1). In multiple myeloma, IL-6 is predominantly
produced in a paracrine fashion by multiple myeloma cells and bone marrow stromal cells
(BMSCs). Under normal circumstances, IL-6 causes B-cell differentiation, but in multiple
myeloma, it causes proliferation and inhibits apoptosis of myeloma cells. The interactions
between multiple myeloma cells and BMSCs augment its secretion via nuclear factor-xB
(NF-xB)—dependent pathways.

[00125]IL-6 has additional downstream effects on multiple myeloma cells. First, it
promotes cell proliferation and survival via the RAS-MAPK pathway and JAK-STAT
pathways, respectively. In addition, IL-6 prevents dexamethasone-induced apoptosis via the
PI3K-AKT pathway and blocks differentiation of monocytes to dendritic cells, thus impairing
host immune functions. Moreover, IL-6 induces VEGF (vascular endothelial growth factor)
secretion, which promotes angiogenesis, stimulates growth and migration of multiple
myeloma cells, further augments IL-6 secretion, and prevents antigen presentation by
dendritic cells. See Figure 1.

[00126] The present application presents data demonstrating that treatment with a CK2
inhibitor reduces IL-6 levels, and that 1L-6 secretion and activity is a prominent hallmark of

CK2-mediated diseases. Accordingly, in one embodiment, the invention provides a method
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CK2 Overexpression, PlI3K/ Akt Activation Thyroid CK2 Overexpression, Akt
activation, IL-6, IL-8 1001221 As described herein, the present

i nvent or swoenongiTsat e t hat the nRNA expressi on and/ or pecypspaiodsisievel s of
CK2a, CK2a', IL-6, 1L-8, VEG-, and HF-1 a and the phosphoryl ation | evels
of Akt, p2l1, NF-KB, STAT3, or JAK2, either alone or relative to total Akt,
p21, NF-KB, STAT3, or JAK2, respectively, can be used as biomarkers to
assess or predict the sensitivity, or lack of sensitivity, and/or nonitor
t he resplongicdietings ﬂ1eosr6nsa7ti\5ilybn}feec CK3rmehjasadedisenss, snabadsna prolifdrathye odiQrger

oo i gstiob B St RifisleR Sag?raenr; (0L aBlecS (AN ifh EERIRNBil bl USe of 2

CK2 |nh|%|tor I can y reduces e concentration of IL-6 in
i nfl am‘rademrrymbvfgetastlewchnﬁélr 6 (thBEA axpubsyieroatdaireLefanalgpeppdd iireatbiologienl addi ti on,

AP ShaRNGd AL kSR hertth W o o N RO, I PLGuIuBA O B 1 S

reduces Yhe product! on resent ap i cation al so denonstrates
t hat i nhindiot &r-6 polfyp‘tblt@e odative thédpirpl rsme:di;éner dithosensfivinofghggroliR@tivel | s

SUM 149 1} [hofilhuc S hiLalas f §.G80ers win 2 ckotifhiapd 1 vivo. n-a xenograft

nodel , adm nistrati cause 0% (dependi n% on tunor size)
reduct i on [DL2ALrkeawsed lhe@ing Ittepsrheask gheellevehpt @ polBepidy kig uBtdDnREgnGably 75 ng/ kg

PO daily,, w}ﬁ§t9§fj§§%zsgcgﬁjeoas” t'otref;eﬁ%of%ﬁe o&gésyvvﬁrcﬁq fakc %E&,ﬁé«we (i.e. >

1 ginwelg xenogratts produced significantl | gher Ievels of
| L- 6 perungergbestsuensssiwtetmosdription arvetranslatienggpck skt detegtatpdeyelsjof ¢he aming j n
wei ght) . acid sequence or pfotein are expressed and quantitated.

[00128] In another aspect, the invention provides a method for selecting subjects suffering
from a CK2-mediated disease, such as a proliferative disorder and/or an inflammatory
disorder, for treatment with a CK2 inhibitor, comprising predicting the sensitivity of the
proliferative disorder and/or inflammatory disorder to treatment with a CK2 inhibitor in each
subject by the foregoing method, and selecting those subjects showing an increased level of
IL-6 mRNA expression and/or IL-6 polypeptide relative to control for treatment with a CK2
inhibitor. ‘

[00129] In another aspect, the invention provides a method for treating a CK2-mediated
disease, such as a proliferative disorder and/or an inflammatory disorder, in a subject in need
thereof, comprising determining the level of IL-6 mRNA expression and/or IL-6 polypeptide
in a biological sample derived from the subject by the method described above, and treating
the subject with a CK2 inhibitor if the level of IL-6 mRNA expression and/or IL-6
polypeptide is elevated.

[00130]In some embodiments, the methods described above comprise determining the
level of IL-6 mRNA expression relative td control. In other embodiments, the methods
comprise determining the level of IL-6 polypeptide relative to control. In further
embodiments, the methods comprise determining the level of IL-6 mRNA expression and the
level of IL-6 polypeptide relative to control.

[00131]In a further aspect, the invention provides a method for ﬁonitoring of the
responsiveness of a CK2-mediated disease in a subject to treatment with a CK2 inhibitor,
comprising: (a) determining the level of IL-6 mRNA expression and/or IL-6 polypeptide in a
first biological sample derived from the subject prior to treatment with a CK2 inhibitor; (b)
determining the level of IL-6 mRNA expression and/or IL-6 polypeptide in at least a second

biological sample derived from the subject subsequent to treatment with a CK2 inhibitor; and
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[00124] IL-6 is an inportant cytokine in cancer biology, and is |linked with
CK2 activity in a variety of cancers, including head & neck cancer,

i nf | ammatwoyotwmeamss cancer, mnultiple nmyel ona, and thyroipdTasecens(3¥abl e 1).
In nultiple nyeloma, IL-6 is predom nantly produced in a paracrine fashion
by nmultiple nyeloma cells and bone marrow stromal cells (BWVMSCs). Under
normal circunstances, |L-6 causes B-cell differentiation, but in nmultiple
nyeloma, it causes proliferation and inhibits apoptosis of nyel ona cells.
The i nt eicheanparing Het st of A6t MBNE enpedssiom andédr| 16.-Gapely IRRBEs ingthg seaend i t s
secreti L f &8 ( t 1251

I L- 6hasog(gé$lt€ﬁl§%g¢lg 5t\¥\lnt§ﬂegglm etL fd:lé%{ sl@o%)gﬁ% ?[? g’%"@% ?gang& n?e mm% rst, it
pr onot esfirsidli¢logigad banfpde; athiersim adedreasgrin thed¢vel oL 0eRRASx Magsionmad/andy6 and

JAK- STAT, yS, t L OR, f

decarmet EDRERRYE ng SERRE Mol b PRkl oy BoPLEIGRE sompls e

di f f er enindigativepf a)lfosrtmmpqnestqt@am:\mf‘ thd @K Z-giefligted timﬁge foripsaimenhyithast i mmune
functi onsg 2\]}@ hegver, IL-6 induces VEG- (vascul ar endothelial growh factor)
secretion, rormt es angi ogenesi s, stimulates growmh and m gration of
mul tiple rf9@l3éﬁa seret lsach efnuhosih@mtsaugrfe\rvﬂ of [L-6 dolipwingfreasment an deqseassdent s

anti gen R4;€ lﬁgtté&th’lg& \QM’] Qéﬁéﬁh l')lﬁ)r éfi’e@hveﬁg%eft tgéjgﬁz Inediated[d¥R426]Im The
present application presents enonstrating that treatment with a CK2

i nhi bi t oether sehbediments, tigs qa@\ﬁéllryreaam Htefollewing trsdmenitis tpduceddelatorcitoippy is a
prom neng,.bald %Ergl %dl% %Q}n@ﬁt%t]’gh%ﬁ@sﬁﬁlblt&(:lg%hgétmlty treAtthO R 2-

enbodi ment, the invention provides a met for predicting the sensitivity
of a CKomeriatedadisrgsei Biefutber esrtb@ﬁm&gtSathprlmel wéir‘oatthev@tedefswra@rf iy Het60F an

i nfl amT%&Eéée&i}eﬁaﬁ(réjﬁ contkd}, 1@d1§d~t‘1'ﬂ% ?r@&tmErQ i{ heRlpRNt With a K2 inhibitor,

conpri si ng determning the |eve L-6 nmRNA expression and/or IL-6

pol ypept i dBO13Al 1A aifpishes gPresl t@amﬂnéord@rpwéﬁa mediad fadatibyirgct coprPei n an

i ncr easeyskf ek e%%lmeqt of Ly @K@%la?é@pﬁ%ﬁ&ka@% A RF ahlod ifIRhyeRy i de
relative to control is predictive of e sensitivity of the proliterative

and/ or i HrdehmERTBIping] §‘8r aalydng theelsyelenit HwﬁtﬁRa’Ac;@mFﬁWbiﬂtd&r IL-6100127]
As used ;twp%%trae i meubpéafﬁs}& 1 BEatmbiR \Bih B copBMdy RRPLY Salyzing thSRU! of

|nterchang BIE]y protein expre55|on | evel s" to refers to the process
by whi chl IAeﬁfoeé%ci“oPng/@aUeﬁ@% YRRPHET Boeybistlselsegren toteatmert Vit then and

transl at do%owcahéraata Hatae ik exjreNRh fevef ofti NG MINAQxFGisbnSBGYENCE OF
ressed. and quantitated. 1001281 I n anot her aspect, the

protein ar e &);‘2
i nvent i RPLYPERSIFe drdRdigatiye ohde FidiFaYel ecti ng subjects suffering froma

CK2- medi atjes3dj1s & Qﬁﬁ»‘ent EHGHdiASntR rdlited td -8t RIeA ding/oF H6llpeptied QiveldNthe
i nfl arrrratorfyrﬁdl sQr for treatnment wiwth a CK2 inhibitor, conprising

predi ct i FigHtF BvesdipRelqri compYjses fcangse oh FaligneRwat inae aicaglage FmbgdipeH. the

i nf | amredagéey oflinseiAtBiEy i sdlEctat ﬁ&ﬂtbrwst BanerCiedlahnitfakddy toedast dineaciiBe)Ibj ect by
t he foregoi ng. met hod, and sel ec thosg) subj ects showi ng an i ncreased

| evel of PAPErEHICHRIGAD 8’5?}5?@%‘?"8& any ’8}“ Plemye®miol ypepti de rel ative to control
for treatment with a CK2 inhibitor. 1001291 I n-anot her aspect, the
Jinventi og Hrgw ?es a method for treating a CK2-medi ated di sease, such as a
prolifer sorder and/or an inflammuatory disorder, in a subject in
need t her qodmspnﬁnfrd:ssmtmj»pd@hem meﬁdmda{td‘leeduﬂl‘%edtmgfthdt I.treﬁtnféﬂ\lﬁltﬁ)ap(fiﬁzsi on

and/ or ide in a i cal erived fr he, subj ect by
t he met h‘BHgﬁ‘g cﬁ’?‘bﬂ&i S an%ﬁ" Jrl‘r %ﬁcfel‘f&n f"gpacg g}"é@tpr?ﬁ"f‘ﬁqga%kl Ehl bi t or

i f the |exBmedibited HtséhsﬁR ANéoﬁih@ryeB&nomempchnhel 1hveﬁin@obr3ople¢nta wWehodfoel evat ed.
1001301 In ods cribed e co

det er mi n‘?rF'n(igjcsi gghel Sg{}sé wlé’fo I%£ Fﬁiﬂlﬁ\te ﬁfaesessslu%]nasrae? ro{ltiae\r/agv? S'S%ronrtarngﬁ)r I n ot her
enbodi mesit mﬂamimetorye'dhad& omrq)suu;m dettentieni mithth€K2eindibitof, doinpBsipgl ypept i de
relati Ve O GOt e le |ef O? ].[ Et errbppegsmn and?dr Iﬁ_kgeagl’e%egpgs Corgi)%lo% Ea_l6

determ n| ng inhné eve expr eSSl on an ]
pol ypept sachplerdetiwddi fuoan the solgextwoherein an increase in the level of IL-8 mRNA expression

and/or IL-8 polypeptide relative to control is predictive of the sensitivity of the proliferative

and/or inflammatory disorder to treatment with a CK2 inhibitor.
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1001311 In a further aspect, the invention provides a nmethod for nonitoring
of the responsiveness of a CK2-nedi ated di sease in a subject to treatnent
with a CKRoOi2nhidaitssr, conprising: (a) determning the | @celusediolobt3dt nRNA
expression and/or 1L-6 polypeptide in a first biological sanple derived
fromthe subject prior to treatnment with a CK2 inhibitor; (b) determning
the level of IL-6 nmRNA expression and/or |IL-6 polypeptide in at |east a
second bi ol ogi cal sanple derived fromthe subject subsequent to treatnent

wi th a CK20013piIbjanasher aspger, the dventinmpaevidry atmirghaddoreielepting subjgctprrnikriag pr essi on

and/or 1 4sib oPeky Rkl eyt pﬁg}gngl oftali 0 1R FPLCaidintalifor) Svel - of

I L-6 expression and; 6 pol'ypeptide in the first biological
sanpl e; ditvedea for sredfmentewighe 2j GK2 frbillitoy edompfising pEdiefngathexsspewyiyoef @ad/ or | L-6

POl VPP el s S SADSH AR UsoRRIR! RoGRTPIHLACKD stk f Sk

bi ol ogi cal e is indicative of a positive response to treatnent of the
CK2- medi sabjeet btithefosegoing mathodt arsrseleglingthese egedtnthoingan. increasagyd2f | n sone

such enmbpdj m%sergr(ﬁegﬁorl E’?ﬁ% I]%IS( flol-y’pgbtﬂcdg L2k RO dnb 8RB itmbR vigcd ersed,

indicating treatment w iI'nhibitor is effective to treat the
CK2- nedi ighibighrdi sease. I n ot her enbodi nents, the rate of increase in IL-6

fol | ow ng [bdl%é}flﬁ'%%thér,sastﬁle%gqg@ngérﬁiloﬁﬁ)}o\(lﬁieg Q rhddbf RafiRE 2CO fbiiarch Ndi cati ng
th a CK2 inhi f

treatment 'w nhibitor Is effective to treat the CK2- nedi ated
di sease. dijeasef such her prolifserdivergiserder anfver preipBammpigrygtisordes ip asebiest in #éf ease in

IL-6 is 4 Saifising gk QOV} 6AIL-8 IRAACAbIEGor 4RR% TR olypefiiaef f ecti ve.
1001331 tlIhﬁg(g(’af urtlﬁlégdgtgﬂggl?{l,égiehg}gi nventi on prg\?i des a net htgg y?%ﬂrn

i dent i f yinpdidogientprmmelderived fromfthe sublpst by bamee deferibedakovenany Heabns

prolifergtigedi s deckangdh®iior f haMbRl QFVLE SRNIETexp RN bfl/RIIL-§a)
analyzing the | evel of IL-6 nRNA expression and/or |L-6 polypeptide in a
subj ect BolypEPtideds Al¢vaedment with the compound; and (b) anal yzing the |evel

of 1L-6 nR)ii38jR" 8581 Rbo@itdhR) tht Lndhdaol¥REPE &R vE RoRpSeieREhindgbmequent to
treatment with the conpound; wherein a decrease in the expression |evel of

| L- 6 mRNAvedoh 1bSs mBAAg meressiop Lelgtiysotoy srapiph di other ieppdientyethe rmahqdy

effi CaCYC_:ompriselQthlagﬁi;xinh Nink r RGdIEHE Iﬁﬂbﬁagﬁ@m& rél@hat ed cbfirdlL- 6n neRAifrand/ or
pol ypeptide |levels, the proliferative disorder._conprises cancer t%ig
S

mal i gnan@podinenignthe msthsfaso PRI TTRENRE the Jssel oh Hed MIBYA rEresgnaAed
sel ect ediefdl 8MLLS fAPfepi@ERiive tb Bbdt@MMBt Ory breast cancer (1BC), pancreatic
cancer, prostate cancer, and nulti in-8 - 1001351

|tiple nyeloma. |pterl euk
The pr esedPOL38HN; ¢ deihsh 2ppess it dnvgarar B@Wﬂﬁ%ﬁrﬁ?tp‘?@ R EenitriRg el with a
CK2 i nhi Rigonsivene@dusgesckbnBdla@deligascand subjadt tb lre@neCck 2k a KA MMAibXGE I Vity IS

a prom nent hall mark of CK2- iate i seases.. Accgrdingly, in another
aspect, ?‘H‘f@rlﬁﬁg‘éﬁ)t‘?efﬁﬁmﬁ‘i‘wpﬁgggﬁ?hég I‘fgﬁ\?ﬁ‘ GPTHTel Y ?rﬂb%g??é'p%thdﬁ‘? Fvity of a
CKf2| medi mtsﬂdolggi&ﬂaslﬂple G d Fonith lstBjédt priat &)\tﬁatdieﬁl()\_ﬁziﬂlﬁﬁ cmdi.{zam_bitcﬁp ga_)

inflammat ory. di sorder, in_a ject to tre nt. with a i nhi bi.tor,
conpri si ﬁsféer%‘g’t"hgrtﬁ‘? E??’ﬂgj’fluﬂ'é “iﬂglg Iexf&ffssioﬂ-ag‘g/ ﬁ%@%iﬁ?ﬁ?ég&i B’ﬁ%ﬁﬁ/a&? ‘9 _g

pol ypept bilogicsl samfle aéd@d Ga thasypjeet sdbsehwadiofifeatmenheitls bilBKedihibiwemei n an

161225 R BB B AR RS LRRRRILYS
and/ or i piblogicaratmply veithShe devel OIS emiNYe atpravsivh aad/GKA -8 pblyfptide in the
first biological sample;AWherein a decrease in the level of IL-8 mRNA expression and/or IL-8
polypeptide in the second: biological sample compared to the first biological sample is
indicative of a positive response to treatment of the CK2-mediated disease to treatment with a
CK2 inhibitor.
[00140) In some such embodiments, the level of IL-8 following treatment is decreased,
indicating treatment with a CK2 inhibitor is effective to treat the CK2-mediated disease. In
other embodiments, the rate of increase in IL-8 following treatment is reduced relative to an

untreated control, indicating treatment with a CK2 inhibitor is effective to treat the CK2-
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[ 00136] I n another aspect, the invention provides a nmethod for selecting
subjects suffering froma CK2-nedi ated di sease, such as a proliferative

di sorder woabavo4arssi nf | ammat ory di sorder, for treat nment PEIrtus2@ 00341

i nhi bitor, conprising predicting the sensitivity of the proliferative

di sorder and/or inflammatory disorder to treatnment with a CK2 inhibitor in
each subject by the foregoing nethod, and sel ecting those subjects show ng
an increased |level of I1L-8 nRNA expression and/or |L-8 polypeptide relative
t 0 cont r oédiftest disqasat nefurthex ettﬂbOéin@(@, thaéviel englfor the rafeQ@f1iBFFask in ddtiher

aspect, el ONEAL ARoREA LGS 8 uTRRDAG ffechyeati ng a CK2- medi at ed

di sease, such as a proliferativ sor er and/ or an i nfl ammat ory di sorder,
in a subj d8414il Hnpeetert dspgcadhe invortionipsovides demethod ﬁxrn@:ntlf}'elgl 2o@hpond | L-8 mRNA
expr essi = VP i fromthe
subj ect '%qu?ﬁcgj {r%rét Léagﬁe ggclf:ral gkg “qiel?od\t/é(gi Bmp Palt"rggéigs?lndéﬁ? urgﬁgll(ﬁé?o\?\nyt h a CK2

" i nhi bi toqhsqrder,t hanprsingl (of alialﬂalgrrmAlewpvféélsﬁomRé%d/emfeSSIQnSar}si&r yBebtide is

el evat ed [ r ove
e L e S e S G ol SRR
In ot herILeSmbBHv‘\rmntesmortamé/orrH{ &@dls'p@@ﬁwuawmd@tsebsmwmﬁg trepf@menteyig] thef | L- 8

pol ypept L deofifdl FhirdiG aldiert @RJ@L ¥dr&mmév9ﬁafIs@t}gﬁum%émomﬁd/emhsads
conpri se termning the lTevel o -8 NRNA expression and the level of

| L- 8 pol yatxpprtiddés indicaiive pdrnpeidierryr ol . 1001391 In a further aspect, the
I nvention [961‘3!] 18R qRerf R hBOSmERL RBA tPf1- é‘QnIQfJAta'{l@/oF ﬁél?;%ﬁhé’ RRESSHOT a
CK2-nedi ated disease In a subject to treatnent - wt I nhi bi tor,

conpri si preliferaye disqrdarraomiprigps ccprcer ey alaligiangyl - 1 WRNA“’@B@W é@%qdﬁﬁenézntﬂ? or 1L-8
pol ypept L&, I I@al%éﬂ lp'saéc%' fréth b%@a;pkaﬁwae dﬂéﬁﬁjnat({r?@réa@teca%ég?l (‘ﬁ@é) prior to
treatment wt Inhibitor; (b etermnlngthe evel of IL-8 nRNA
expr essi mcrams/cerrcew EEOStaiﬁdPWbB@Ci galtipls myelamagst a second bi ol ogi cal sanple
derived fromthe subject subsequent to treatnment with a CK2 inhibitor; and
(c) conparing the |evel of IL-8 nmRNA expression and/or |L-8 polypepti de in
t he secoﬁlﬂﬁﬁﬂdl_cdfgﬁgc | sanple with the I evel of IL-8 nRNA expression and/ or
I'L-8 pol yqs&%b es%m ghéaﬁtm gfegén@sgaaﬁﬁherﬁ@}mﬁg HAQIRLA TWDRCHRARE 1N the
| evel of I'L-8 exprc;‘l8 sl on pol ypéptide in the second

bi ol ogi c@KZQanmb&eloc@smanoem\enbhaﬂlh@rH oG 2-pedbtog iliseasesd@empled., iEsampld ¢at i ve of

a positi r f eat nent
wih o O o SRRAE Gl iR bl SRR B, ChBaaRE e P OF
| L- 8 f ol npalpmeg respectiveignt Arerdiegly. eases einh@ﬂlmatts riiee bipwatkeeermpriseshthe CK2

i nhi bi t o E{}\Ii %ﬁregs? n! 14§21 %HQd/cgr %@g@ﬁ? ll\e%%:ogﬁ)g %tﬁdang/‘o§ ﬁx@‘%ﬁ(Za" QubRhi p%‘[’

enbodi nmen ate of 1n owmng treatnent s reduced
rel ativebdtlo an untreated control, indicating treatnent with a CK2 i nhi bi tor

S 1T eCl] g Pribl BRbnl e invdTRCHL BbGfel SERSEror bikalchihd BE ke RIRAJ! MeNt S,

t he | evel i ncr eas crea eto
contr ol ,ofiaCK:mediagd tiseat, et asiaprolifehfieatisovsr and/qr@ﬁllif_lb}nmamradﬁpwem aspect,

the inve t| ecp@géagrgegt‘gtmbgggﬁl@{or cgﬁgﬁéirﬁﬁyi ng a conpound useful for the

treat men | at ed pr erati sorder and/or inflamratory
di sorder, [Omﬁr(l)siemgmn(na)th@lnwﬂ yZCK2o trﬂ?eJA expedssiod aﬂdKorSJWbemptﬁ@sisi on

and/ or | L- 3 b] ect or. to treatne corrpoulnd
and (b) %RQF‘&WK%“H] ‘Tré %Ifrog’f Fret e er@‘)?pa}“e@% o8 4 :yc’ﬁ ?_flgﬁpol ypepti de
in a subjnrsk es(pllamwa%r CR24 HEIghepad rewitivhtoldofiral opadiaile omrsmsnway decrease
in the ex re sion |e I xpressi.on and/ or 1L-8 pol ypeptide is
i ndi cat i $ 8a%¥$15%%v treat"[eﬁb% CR?\ r?‘st’étaﬁéﬁcp “Terbodi nents related to
1L-8 mRNA [emlsml) BAtIHERE ihd Geve eyl IS20 iRV D eiriskion ahd/vec ki & Qolpépti@enpr i ses

cancer or nalignancy. In an exenplary enbodiment, the cancer or malignancy
i s sel echedbiplegel i5paple derived deam thie spbiasmuResry ap inskase Wahe lovel(afie 2o’

pancr eat fnﬁN(Aaeaﬁl%gsmnth@I ek 8o (f)@@ls&fn’de ?enﬂlvgw Johlp(l)l‘?s ;mf@l:t%%f the sensitivity

of the CK2-mediated disease to treatment with a CK2 inhibitor.
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CK2a and CK2a' [ 00143] The present application presents data
denonstrating that el evated CK2a and/or CK2a.' expression is a prom nent
hal | mar k wb 2CK24m8di at ed di seases (See, e.g., Exanpl es @cans2@p/05t30ni ng

i ncreased | evel s of CK2a subunit expression in breast cancer and nultiple
nyel oma, respectively). Accordingly, in sone enbodi nents, the biomarker
conpri ses the nRNA expression |evel and/or polypeptide | evels of the CK2a
and/ or- the CK2al subunit, or both. [ 00144] Thus in one aspect, the

i nvention [(]ﬂlé?/]ilﬁié&q@:nrrerhhﬂﬁlméms thr €H2onddingedt discaseissd pionetzyivgfdisarder

o RS ARG H68S B LhRbint ShBbME RS AR HecB e
conpri sisalgcted fr§r) Bbdd kar(cer) uﬂemenawrmbrazgt d:alneerl(ml andﬁnlﬂl@lammﬂNﬁa expressi on
and/ or peptid oI Q i er r bj ect,
aher e n_ i ARAEREE: eRSediBefle b nBRoif s IR B PLERs RRDE dp0

pol ypeptievde of eka&ImENACbxﬁQEd’ldrofe]anSe [B¥ emtmt il etlef etnlhedlslemts,l th¢ wiethpdof t he
CK2- nedi at ed d| sease to treatnent with a i nhi bitor; and/or 00146]
(ii) det@PRiIi Agering dbsellevgk © e mepé%rf@w 1P SRMDr iyf‘é{‘h

pol ypepten%dlhfen@ thé Qllef:l‘xg!isccﬂjlm BBt EfiRAd M8 devel ST AL RN Bfressioh@i®i N an

increase in the | evel of a' NMRNA expression and/ or CK2al pol ypepti de
rel at i vehe lovad oh€ Kk polupeptidareletivete coftrlhe sensitivity of the.CK2-nedi at ed

di sease t ?0&1&?]% r{&'ﬂé HbbdimBntCKRe nltiHoRE HQEribed ab@:@eo L6 Prisk NeleFRiEiHE Nhe

enbodi nent's, -medi ated disease is a proliferative disorder and/or an
i nf | amrdewst yf @KQ@rmBNA ¢xpreasigp eaddtivie do epnitedii Ineather ephedipiats, n'é@hfr&ﬂ@és di sease

is sel ecctox%d %er 8&&5&%8& ggcllerof dﬁa 3%% Qa¥ Q{aﬁé‘es tto G cﬁr ?Qher and

mul tiple n somne diments,  the et hods cri bed
above cosppodiaRneethe meihbds@niphiee d@auelinind thelkval oML xRNS sxpessioalaad | ve t o
control. In other enbodi t he nmet hods conprise determ ni-ng the |evel

ent
of CK2a Porysabtiae pP'é{P%H’n;ggéﬁ?ﬁt‘ﬁe ORPFYI . In further enbodiments, the

met hods Cqmﬁb]ﬂﬁ aﬁtﬁﬁe@'&fﬁeai 1hg uivbﬁlan)‘{@Jlde@ﬁa nfokida foiRRRcEERNBs G ﬁj’ffea'ﬂgi t he
| evel of CK2a on eF‘FtSIdge relative to control

10014911l n, sone '
embodi meffs 2 ¢ %“}?QP Seg¥fs SPThAY 2BV el whdispider a'é‘g?ir?ﬂ r‘ﬂqﬁﬁmlahoéy,l evel of
CK2a' nRidr&x %S&Sdtﬂ@ntr@kmhlm trBib6ten tcoMbrisihd pfwiaeﬁg erheslingnt o, the he

met hods COH,E de& ermning the |evel of CK2a R hthe rel eatg}ve to
control .Pr¢l ’f’ﬁYetdﬁ%’f % Wgw’%atorﬁ'ﬁé”ﬁiﬁrttﬂéﬁgmt?&fg\%? %g g SRR M1 KG” t he | evel
of CKZCQ;uHP&‘tleyeﬁhBrn&iﬂﬁ)ki%o@denﬂ h&cdtﬁgehosefsulﬁmﬁsho}mhhympicrededrle‘#eatolfve to
cont f ol "CK2a mRNA expression and/or CK2a polypeptide for treatment with a CK2 inhibitor.
[00151]In a further aspect, the invention provides a method for selecting subjects
suffering from a CK2-mediated disease, such as a proliferative disorder and/or an
inflammatory disorder, for treatment with a CK2 inhibitor, comprising predicting the
sensitivity of the proliferative disorder and/or inflammatory disorder to treatment with'a CK2
inhibitor in each subject by the method above, and selecting those subjects showing an
increased level of CK2a' mRNA expression and/or CK2a' polypeptide for treatment with a
CK2 inhibitor. |
[00152]In frequent embodiments, the CK2-mediated disease is a proliferative disorder
and/or an inflammatory disorder. In a specific embodiment, the CK2-mediated disease is
selected from breast cancer, inflammatory breast cancer (IBC), and multiple myeloma.
[00153]In a further aspect, the invention provides a method for treating a CK2-mediated

disease, such as a proliferative disorder and/or an inflammatory disorder, in a subject in need

thereof, comprising:
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1001501 I n another aspect, the invention provides a nethod for selecting
subjects suffering froma CK2-nedi ated di sease, such as a proliferative

di sorder woadbavo4arssi nf | ammat ory di sorder, for treatnment Partus2@ 00341

i nhibitor, conmprising predicting the sensitivity of the proliferative

di sorder and/or inflammatory disorder to treatnment with a CK2 inhibitor in
each subject by the nethod above, and selecting those subjects show ng an

i ncreased | evel of CK2a nmRNA expression and/ or CK2a pol ypeptide for

t r eat ment [0815H] (B dEiEnininpithei 1bat of CszLﬁm&lézdpresa'onf arrdidn @Kzﬁrm@bptidehle

i nvent i on provid th ff f
- moa b Bletr <anel, SEUEh et e SPUFT i B FUBOFELGRE SR B

i nfl amedubiey s ol A8, inhiditol (R eeNRNél Wi CR2a ©KRA Bhyrbisioar andeenPK2si ng
predicting the sensi t| V|t of the proliferative disorder and/or
i nf | ammeRo5P§PIE S8 IPF eat ment with a CK2 inhibitor in each subject by

the nethoqo@BSNE) dewithinil m@ndvegoftdm;emwm eqk&sish and/siociary ippepeariged | evel
of CK2a' nRNA exBresm on and/ or pol ypeptide for treatnent with a CK2

i nhi bi t dp 2 biologiqapspgple qeﬁv?qfé‘aﬁé}}?tsu@ﬁ%ébj?ﬁ’?ﬁ?ﬂt@d b, epbirGeHpg he sWPiEH sease i s

a prolifgsal cxe lm@a{rdﬂhe and( Wc@fh"xﬂirh@m%s@fo}{ HiBPEREK: pdiybepricigci fi C
enbodi nent, the CK2-nedi ated di sease is selected from breast cancer,

i nfl am‘raftlftywd breast cancer (1BC), and nultiple nyel ona. 1001531 In a

further aﬁmﬁ%mte h&ehmﬁeﬂ;ol 8l Qhigsd 18r predineg tﬁ@genglﬁaal dMGuBe(He- medi at ed
di sease, such as a Ero i ferative disorder and/or an inflammatory disorder,

in a subjeetment withee 2N OB COmRBTE | i ng: 1001541 (i) determ ning the
| evel of SIS fnf % 10921 BPEK 98 mﬂﬁ&a@m&sxmm&%m polfeptidegh cal

sanpl e derived romt e subject by the nmethod of claim1, and treating the
subj ect abiblog@alGrimpiendiriyed drom the tshbiedtewhdreipfanGrROraasaNAhe JepeledsE2e and/ or

CK2a pol tide is ele and/.or 00155], . (11 he | evel
of CK2a' %ﬁlﬁ&,ﬁx ress?oélsag?oné%n P OIP’pe " relatw% v Com Jl |3ﬁ6t3’%b hlwégisggf&sanpl e
derived défn@enubjbe tcstndmpemt with atdke mhabxltmphna/bove and treatl ng the subject with

CK2 h f th
Sm ypelp'? i Hgélltsg{(é‘ %e&}%[’fngﬂng the ‘Tvﬁbﬁfgé%f“rﬂﬁyﬁ\f?ﬁ?%‘ﬁgl %\?l C‘}gge net hod

for pr edlh('atﬂldSIGgl&JP@arﬁlﬂE]ﬂbrﬁ\ieﬂ|ffo¥n ok sabjeddbyieedin b idcFeasd iﬂi’&ﬁé lewkIt 3T GK XoK2
i nhi bitor, conprising %0157 (i) determining the |evel of CK2a nmRNA
expr essi ’BP\NéﬁHPTS?S‘WQ(ObQK @pbyPeRside Wlaéﬂvbiocﬂoﬁtg‘?ld%\l?r@%‘ﬁﬁloé thgSPIsUREY f rom t he

subj ect, ;paLEkA td RS A8 . dKD ihisidrevel of CK2a mRNA expression and/ or
CK2a pol ypeptide relative to control is predictjive of the sensitivity of

the subj edP0158] Ip raethererspechii thh inyertRd Provide 2 ajhodalprgtict the response of a
subject to treatment with a CK2 inhibitor, comprising determining the level of CK2a mRNA

expression and/or CK2a polypeptide in a biological sample derived from the subject, wherein
an increased level of CK2a mRNA expression and/or CK2a polypeptide relative to control is
predictive of responsiveness to a CK2 inhibitor.
[00160] In a further aspect, the invention provides a method to predict the response of a
subject to treatment with a CK2 inhibitor, comprising determining the level of CK2a' mRNA
. expression and/or CK2a' polypeptide in a biological sample derived from the subject,
wherein an increased level of CK2a' mRNA expression and/or CK2a' polypeptide relative to
control is predictive of responsiveness to a CK2 inhibitor.
[00161]In a further aspect, the invention provides a method for monitoring of the
responsiveness of a CK2-mediated disease in a subject to treatment with a CK2 inhibitor,
comprising: (a) determining the level of CK2a mRNA expression and/or CK2a polypeptide

in a first biological sample derived from the subject prior to treatment with a CK2 inhibitor;
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[00158] (ii) determ ning the |level of CK2oc' nRNA expression and/or CK2oc
pol ypeptide in a biological sanple derived fromthe subject, wherein an

i ncrease Wo 20t mgel of CK2al nRNA expression and/ or CREalysedippepui de
relative to control is predictive of the sensitivity of the subject to
treatment with a CK2 inhibitor. 1001591 I n anot her aspect, the invention
provides a nethod to predict the response of a subject to treatnent with a
CK2 inhibitor, conprising determning the | evel of CK2a mRNA expression
and/ or QK)Zdetthyrmapt ledel dfr@l@athNAgeixpalssuseanploe CHepnipobgertidonn dtHeassaibj ect ,
wherein an i crease sslo [ or C | ypepti de
ol at 1 vestrosn COHFRET pusitdsgfed OB PaeSSRREI R BRingh S aRE Vo

[ 00160] ihmibieorf andt(E)edompsirahe lebélefiOR2aMhRNA epprossidieadar aﬁmcpdlypcpupe edi ct. the
response of a subject to treatment with

2 inhibitor,
oo ke forend igBpicy s mRB AT e o6 LT A Sipreekemendis R0 de i n a

bi ol ogi cahypsAMR!if tRelBSlodiEARENE WIS G decrdhBiPInE 1881 bNCKERSENA evel  of
CK2oc' M expressi on and/ or a' polypeptide relative to control is

predicti Wremom@dboﬁﬁzvmé@spttd@ ip therszcandHiigipgienl sample soonagadito|the &rst ur t her
aspect, lka” ?r?{n% Q%‘J{g{ é%}{béj%? O%Lé‘?&! oS t%’éhh@ﬁt‘ 8Omefck Nfediated
responswen |'sease I n a-subject to freatment with a
CK2 |nh|<b$e'@i§rt0 trwnwwhﬁgx%ablb@@term ni ng the IeveI of CK2a. nmRNA
eXpressi ong @%th GitaR: RYYPRE m@mloﬂ gmwdéssz rpétf? dogarc,%m&aqg'& dler i ved
fromthe subject prior to treatnent det erm ni ng
the | evellesmflSI‘@KQSa Oﬁﬂr@!(%mpdle@é|dwnasanrdﬁcwb@(2@ trp@fmpie\ptth dé?l‘ian bitpleast a
second bj eat nment
win s CETPRTRE T R AL o T o B R e ot o
and/ 6r OK2dirstpidlogiaptangde danivehGosdiosdjebi wloo i calmenamphe (42 inhibher; | evel of

r essi d/, etld fir al
sarpl o Chrgriy SLiPdR B PRAR AL S Lol Bl b BRLEY) O oo
pol ypeptsectmdlmolbmeal senpldichival ginctb ssbgatplsebscqmqnancedeatmemthwtﬁ iar GK2

G- ma AREA TP Sal b e s i e BN b e R B By ot BB 1

further pspesdkcond kislogibal&ahplenvify B il€eBofCREd! hﬁRle\Od’xpr@sﬂbr{ mdmag:m‘a t he
responsi veness of a CK2-nedi ated di sease in a subject to treat nent with a
CK2 i nhi BPRtidedd s firgibinjosiead it evlisrain et eiee ethe fevel of EERp" mRNA

expr essi QBreaiisH Qi oPEXO8" R PEBERL indfe ée@orﬂi fiblb C%alt;h,%le%ﬁa&re@mé erderived
fromthe subject prior to treatment wt i nhi |torc@£b determ ni ng
t he |eveblolezlc@ézlaalﬁrﬂmde%pvfegéPmsww@vowza tregigieytpeipthe fei3-medietef east a
second bi;QhQgh G&limSANRME e h¥iSfHof rom t he subject subsequent to treatment
wth a CK2 inhibitor; and (c) conparing the |evel of CK2a' nRNA expression
and/ or CKA80%63] Iy Srepuantiembadiménes rslatedriel CKi2el 208G’ SR endlgr pRlypeRside evel of
CK2al n qéﬁ'ﬁp I t fii, r st |caI
sanpl e”ﬂ\'}ﬁegfé[-}%%?&l %gt#‘%ag{é&{d%r t he nsgé\zec){x&%P drdrgaﬁglﬂancgNAﬂéx%r ggéﬁ cl)ﬁ and/ or
CK2al meémepdéhq mnener guligmdchisorlseied omshipgst eanconispematosy pisestf i r st

bi ol 0gi Cahces AR, SahFeatiDeircat | r\éﬁat@tar@ep%rﬁﬁm;ﬁe hgelAgse to treatnment of the
CK2- medi at ed di Sease to treatnent with a CK2 inhibitor. [00163] In
frequent enbodinents related to CK2a and CK2al nRNA and/or pol ypepti de
level's, Ahes196 Phdshirfhione di sorder conprises cancer or nalignancy. Tn an
exenpl ary enmbodi nent, the cancer or nalignancy is sel ected from breast

cancer, i rPPkdhis Soynyp daemplearc 818, (11 B&) andokh dieatiient Wil #cel 2 IHYLF at e
cancer, RhdeMihe pilsphomistlodndr: AKE r251id9vARR0S BAPIiNdsatincRiding breast cancer,

pancreatic cancer, and multiple myeloma. As described herein, Akt-S129 is a CK2 specific

biomarker, as CK2 phosphorylates and upregulates Akt/PKB. Thus, in certain aspects of the
invention, the methods require assessing the phosphorylation status of Akt at Serine 129 in a
biological sample, system or subject. In the methods described herein, the phosphorylation

status of Akt may be determined by assessing the levei of p-Akt S129 polypeptide alone (i.e.,
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[00164] As shown in Exanples 1, 5-8, 11-12, and 14, treatnent with a CK2

i nhi bitor reduced the phosphoryl ation of Akt S129 in various cell Iines,

i ncl udi ngwbnreursu1mancer, pancreatic cancer, and mul ti pl @CRsSka0ms13A6
descri bed herein, Akt-S129 is a CK2 specific biomarker, as CK2

phosphoryl ates and upregul ates Akt/PKB. Thus, in certain aspects of the

i nvention, the nmethods require assessing the phosphorylation status of Akt
at Serine 129 in a biological sanple, systemor subject. In the methods
descri bettle hsplsiervaluehdnpbms pivh eynbadinents, sheae e obOf-ARK S 1 2%epplyipeptde tray be ned by
assessing.t p p t sol ute
‘'val ue). ﬁerﬁéglrer%%sﬁﬁk:vﬁ% S"@J‘%le %'%'901 %&/Bg@e({o%sfp%h8ﬂ§ Sgr}én ggl’opo% 33’&’%& de may
be det erswbjeetd In@klet Embodimerds, shei tombhleed tavelr I p- Ahmlmasayabec@mneslpd)hm ng
sanple fr n | _<Subyj I - Al | evel of
p- Akt Sl&ﬁgess thgie gr@nltﬁgi %o yy &s‘ggéf“ﬁ‘mg ﬂJtzﬁWﬁ %Thel;e?'?thg &m%he@g@

pol ypept nalesonetimtes bﬁeemtrss{edtaab pfkent onfatip efn /’tldhélit%'loamal/éktl dy edee sngly

somet | ma%mb%ﬁ%neﬁgr (?I’?SEQTP%ﬁ n%m%ego%g'lalt fi erathleon&%flﬂzeﬁkfl"e tﬁ tAQ(ttQt29| Akt. In

sone suc ent rrespondi ng contro he normal i zed

| evel of pghypeitide 31 @@l pbt ppaptmadeorttol.t ot al Akt in a nornal cont rol. [ 00165]
In certai I I L t he

ol at 1 onstPESBEREuh pipatis bAYRE Wefilln, AORIRY T SRHEE LBTRITAR ) o

CK2ce anigkttwdee ploshokyhat/eropolypatids lefelp- dﬂ(tCISbQde/or[OEZ_@G]and nthene such
aspect, the.inyention 0 a method for predicting the sensitivity of a
CK2- nedi %}i ep&lo Ya%oréétéms Q{Jpcékg%%% proliferative disorder and/or an

i nf | ammat dpY166] iseneewch aspece tiglibjeeten provitlescametbod foniptddicinCH@ semktivish t or

conpri SI nj. Ng..t | svel i @f QR gp/ or CK2ce
pol ypeptl eCI%%)’ng&"% egfjl ase s ch a@%ﬁrcﬁ atl\% dlS ?gntﬂ%?% 1§1’§ rg%?r& ogl

- det er m ninnguljée td teaaehenoivntphcmhﬂnmtoatceuhpﬁé«ng ﬁmzete(rmnmgtthesa@gyf @i@loypeptl de

in a biolqggical sanp d ved fromthe .subj er el 03|t|ve
Cor el ar PRNAFPERST e RetiPobPors i * PBRRESrapielt SFre dofhy BF Seiest e
pol ypept arde(bﬁadeﬁrhﬁng aicelbvedlof PhAishorAiikd Axe ISy pe pi- Adesm) poBdétide e aof

sensitivjty of th ed di segse.to treat nent hi bi t or.

00167 1N PSSPl SR et e CYRaECR U SROBVPHELIS TRk RBE St el ectt g

subj ect sosgkb&r RN A resamﬁlo@l@rdr&okmazcedpaiypigaﬁeams ukhicaa &f pradtidiepati ve

di sor der and/or an inflanmmatory |‘ﬁord for({reatrrent Wthagg%

i nhi bi t oPOLYPERSIASHS gﬁeﬂ'&“ﬁrc&dmtwmﬂ CEGiRsdiaissh dispassrtofraimepvithait- e ed

di sease mibitsreat mrent with a CK2 inhibitor in each subj ect by the nethod

above, and sel ectl n t hose subjects show n a rrel ation between

the | evel [8$ E)?ﬁ?eékél?e Bvetiar Hrov mf)‘ ?‘%/% ﬁté"ga Vefie | evel

of p- g\kt sufidelit: Ffﬂinj/[he[ﬂlKlZdﬁedlate(ﬂ@Qiﬁslfsﬁbhaﬁ W tpheiferativeh di%Sr[ﬂetCTand/bxhanl nventi on
rovi des or, treati i sease,

D o1 or TPUBAPSAPGEr: I GRS ik 1% idt SV e sovaaRe; fed-Babfiect i n

need t hefeﬁﬁﬁwltyaﬁmwwlﬁl ngdided eisedse tongeatnivat vl @ ICKEf inkiK2@ran ekdNAuBX@hessi on

and/ or ptide.in a,bio I C m t he subj ect

and detgl‘r]§2 fhﬁa a%;ﬁ & PR fecype Oﬁkstug%itigﬂoﬁﬂf’%é’ﬁf F‘éfec‘irﬁijaéfo‘b BSH 851 sanpl e

derived kiR iOKR oS HRNSC Expadssibi @ndret bR glolypbgide  anankk fevdaifipagktt $1@9subj ect

with a %hdébl tor if there is a positive correlation between the |evel

‘of CK2a'P xpressi on and/ or CK2cepol ypeptide and the | evel of p-Akt

S129 pol ypeetespia. a further such aspect, the invention provides a method for treating a CK2-

mediated disease, such as a proliferative disorder and/or an inflammatory disorder, in a
subject in need thereof, comprising determining the level of CK2a' mRNA expression and/or
CK2a' polypeptide in a biolégical sample derived from the subject and determining the level
of p-Akt S129 polypeptide in a biclogical sample derived from the subject by the method of

above, and treating the subject with a CK2 inhibitor if there is a positive correlation between
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1001691 I n anot her aspect, the invention provides a nethod for predicting
the sensitivity of a CK2-nedi ated di sease, such as a proliferative disorder
and/ or .arwpnblizawmssory di sorder, in a subject to treat meat/vseelo/oan3ek2

i nhibitor, coniprising: (a) determning the |evel of CK2a nRNA expression
and/ or CK2a pol ypeptide in a biological sanple derived fromthe subject;
and (b) determning the | evel of phosphorylated Akt S129 (p- Akt S129)

pol ypeptide in a biological sanple derived fromthe subject; wherein a

posi ti vethekrelef @K2ammREAwRpwssidieanti/ey €K 2@fpolyisgmidarkid’the qyelos i dkt SARY/ or CK2a
pol ypept |Q§je a d the |l evel of p-Akt S129 pol ypeptide is predictive of
sensiti W ®t he CK2-nedi ated disease to treatment with a CK2 inhibitor.
1001701 | rlomm]tlheﬂiotlsdﬂakpeasmeeﬂv,enﬁdnq)rwi\dbe Atediad [orgvédieiag alemeﬂislftodyfoﬁr

o 11 er R BGRES e S B B e s o g p R ory BB S i 1

a CK2 i nhiubjettab treStaiFpt wish mg:mneﬁibndr; agnprisiag S(@ﬁ&dtértn\/duﬁg/theflev'fehef @Kml ferative
di sorder and/or inflammatory disorder to treatnment with a CK2 | nhi bitor in
each subPBUA expressind aRePhoki2aBelREPtidhd aduitlagies] ﬁ%j“&‘%%"s‘!é’e%ﬁﬁj“élﬁ%‘ Eflowi ng a
posi ti vVe,ngqby &l t@.@tlmeaf ha?yigked Afke SRR RS B3P hegsipate ang/ or CK2a
pol ypepti dg );nd th IgH% evel E) Aﬁt&%129 pol ype(ptl de. pg 8&?11'[ h a. further
such aspielpsical panple derives érﬁmpthwbaféé wAherpit heRyItive corrlation; ighvesn diedevehedi at ed

di sease, oSHg by %RﬁApE)QJrésﬁl@ﬁ 3atnh)6? EHRON G%ep%@@'/ A0 @0 1L l(ﬁ”%';tﬁtkp@ﬂd' sor der,
in a subject in need thereo ri sing determning vel of CK2a
MRNA ex probsptisa lmwlarveekmswﬁltbypfg& CHe- nilqdlaé?dbil%mg? tfgatmgrarvﬁlhea @&?ived from
the subjgegbiiand deternmning the level of p-Akt S129 polypeptide in a

bi ol ogi cal sanpl e derived fromthe subject by the nethod of above, and
treating tiP78kpjaaethersueih agpectshe; MKEMSPR GFOVIdEs #Heeteod for selsgiet sublscts

correl atd,giiderwRen tRO-th&vfld QfsedsiK2audiRNA ae)(SQﬁl?e?a?iVQnd@&géroﬁnW@n

pol ypeptide and the level of p-Akt S129 pol }qpe ptid 1001721 I n anot her
aspect , BfanmHndipgderp iy irepiseny itk o §KLoin ﬁrt@ducetnipﬁ@n& eedigmgihevity of a

CK2- medi i gelid 'oﬁﬁx@%%hféi&&% daSrd@r MR ifrRndlator e didéra@ 6 akatABs vATh AOK2
|nflam"rator¥ di sorder, in a subject to treatnment with a CK2 inhjbitor,
1

conpr i si iARbitqr i eagla pubjsst by thgmeﬁl@d PRAYe| angh felesknm foserN c ek Hiowdng aRPSEING/ or  CK2at
pol ypeptdoﬂaaﬁd}. BRriieR QAL FR b BROR InFRIFL K d;wes@lot, QA @@2%% tide ARCkhé b)
determning the | evel of phosphoryl ated Akt S129 (p- 29) pol ypeptide
rel ati veeye OfiMéktlsé%Po%lPePE‘@ﬁ al Akt "pol ypeptide in a biol ogical sanple

deri ved frgmmifig sSbh&Cdich Etelure lav&%a tp}o\(/ﬁle§9rrﬁ§llncﬁit foPreRffgeeRot he | evel
of CK2ce nMRNA expressi on an g}e ptide and the nornalized | evel
of p- Aktmegisal disfags, speh a%aurgoltfﬁrémecfiwéero@d 138 ipflapmaforys digqiderCina medi at ed
di sease ﬁ%e&rl@ﬁéemeow ctoglpﬂm%térﬂnhpé lthg Te‘vel of Cl&gcerl%I;bAl &Bé&%nhﬁlﬁ/émh

aspect, the invention provides a method for selecting subjects suffering
froma CKZonpdynepteds idiadedegical samerile dagived fipw|thef subigetiapd ddiemwnide thedad! or an

i nf1 amrajeQr i al i.$1 ng
predicti ng) %ﬁglgé}%ﬁeﬁﬁeﬁ% @g@%gﬁg&mﬁ%&@?g@% %]é;@g CF@(’)&% ?@Eﬁg’ﬁé’?ﬁ wth a
CK2 i nhidypteppand treapipgthe sulmcemth bﬁ&mhlmrhf)@ieram/eosuemdoxs@wemtheh’g:en hose
subj ect s, Lhiv rr } VA MRNA
expr essi g?ﬂfa)térllyI ? &@MS re&g()ﬁtﬁ%%g; bﬁg ?ﬁ&mﬁgl& 5:{?% ﬂz]!:e? ?‘ Alg:‘g%ggAkt S129
pol ypeptpotypeptide. 1001741 In a further such aspect, the invention provides a
met hod f or, ' ti-ve

i sor der A0Sty 5 Sih et o ORRC Al AR ol 4 e e U BB o
conpri siagK2terdinteil dispage.tsheh ¢smbllf9ﬂat1@@aﬂrdqrrmwore@npnféasmnajwyaim#@r icK2a. '

pol ypept j i 9l ogi,c 0 et er m ni ng
Phe’ T ovel Bt te Ry OBhE L i 33 Hhipk By R Fb AR Rt

pol ypeptmRiSAierprasshinahd/'gi Ckla' :panipé;e:ddera higdgital @m;ﬂheers/udbfremtthdogubjebe met hod

st 1 v ing D tefelriitic W AT oF BBt RufS 2R3 RN Boiypeonts Bt o

CK2a' pab ylpdmel deoahdkﬁdwpamrdemh B b&dbgioewsainptafdepveﬁk’tonsm Qutpeﬁty\plapém de.
[00175] In other ects of the |n ent met hods regul et erm ni ng
the | evel POTaierrBlag Borpellt i AR (41 ey PN A auma ety Cxofe

enbodi nents, the | evel of p-Akt S129 pol ypeptide is determ ned relative to
total Akt poI ypeptide, to provide a nornalized | evel of p-Akt S129

pol ypeptide. In other enbodiments, the |evel of p-Akt S129 pol ypeptide
alone is determined. Both the absol u%e and the normalized | evels of p-Akt
S129 pol ypeptide may be conpared to %he correspondi ng absol ute or

normal i zed controls derived froma normal system or subject.



[00176] Thus, in one aspect, the invention provides a nmethod for predicting
the sensitivity of a proliferative disorder and/or an inflanmmtory di sorder
in a subjwototiw4i1séat ment with a CK2 inhibitor, conprisipaof/u$ediensisni ng t he
| evel of p-Akt S129 pol ypeptide in a biological sanple derived fromthe
subj ect, wherein an increase in the |evel of p-Akt S129 pol ypepti de
relative to control is predictive of the sensitivity of the proliferative
and/or inflanmatory disorder to treatment with a CK2 inhibitor. [ 00177]

| n anot hgilypasjule ahd tht hermahizedrigvebor ppAkng 182 polapapsiio grelltivee] sensitivity o§ ubj ect s
sufferin life ive r d r an inflammatory disorder for
treat men@ \EI{I(? ¢ 'a%ﬁ%lseaﬁﬁgqm tmengVV%ﬁ) %?( uﬁlnb {p?(rged cting the sensitivity of

t he proli fleoias) Iuandhaosrudlelas;madﬂmrmvanmbrh amubelayndhcsbfodeclecttmgtspémtnent wth
a CK2 inhi |tor |ne bj.ect: by .t he, et ho e [ t hose
subj ect s’ iﬁrb\ﬂ Ag™a R ?%grnée;ésa}é e i 9@?22 t'(|§'5I @g‘%‘é Wéo?’gt r eat ment
with a GKﬂamm:horim dieorder, forlOetM8l With a flliﬂt hnbrblteas FIEUW“Sng]@rqdwleatth@n

o1 et g SR PR BB B e L p SRR AR R Y i g
t he | evethe nfethpd Akctvesaxﬁ%epoﬂxggpepstewdbjewm slovhngh poiical cosrahmreb@ecqnvté@l fromthe

bj b th h i nhi bi
i he 1 BP Gk P RN R Gt B2 EtgreRutl Rhonylele By SR 00 per

aspect, pkoIRIpdymptict hod for nonitoring of the responsi veness of a

CK2- nedi at sease in t to treatmen or,
conpri si nd&ﬂ(”g Ind’eﬁ’étp?ﬁ ﬁ’fa]hasﬁeh CEntigy prov aélieég()dafolr &rezétb i ngKlt2 nafirst
bi ol ogi catdigaiplasdeuity ed afpraiferatie sludsrpecztndpnaormﬂnnmateat digmdenint i a CK2

i nhi bi tor h). term.ning.the | eve tlde at | east
a secondsumeéf %)ﬁ?egé}fer &ﬁﬁﬁr‘gr‘ﬂ'égr‘?e\/eé’aml“}goth‘? Fﬁeé gﬁg}%crt“msQJ SS'O fi B

t r eat mentk’ tﬂaly@e;@ﬁg il AWbibRpkcAlsample der(ve) HOMNAEEILIGt :irfineieﬁMGingOﬁe IBveAkt S129
pol ypeptide in the secon iiolo Akt S129

pol ypept ?fd’eA‘ftﬁl%%OWHeP%‘ie rB‘?Eb‘fed@g@d?"els%fﬁ?)tP'eAkt\Rﬁ]é{P‘éqt‘H eip ad%&‘P%’é@ég‘PWet he | evel
of p- Akt acileP rpRl Hpemjtd oyl e titehcaesodv)i Al ageGil tisasipjee DiRaCK to the
first bi olbkgcl)cal sanple is indicative of a positive_response to treatnent
wi t h t heintikBor if fhefs g positive sgrglation FF“&?FBt‘H%llevals%feE{Qat RENAGIESFISA provi des

a met hodantdﬁar eked gélyp%&%e aﬁ@ﬁl@'ﬂ%ﬁna@ifzedaeéll’@f@ﬁh§199Rk@95§ﬂ§@t with a CK2
i nhi bi tor, gjﬁrlsm determ ning the |evel pol ypeptide in a

bi ol ogi caHO%le? nethde pspeestiof the FAVEN s b rsthods Wﬁwf%‘i‘er‘r:f’&ﬁmlgn‘é? ExEleirevel of

pAkt SlZ&kth%é' B&%épﬁé‘e inGls 8&&&{ 8 §u<Bjeet0 Nh ke értbdARGS e V&ePdf p- KBNS T Veness
to a CK2 inhibitor. In" further enbodi ments, the norrrallzed | evel

of p- Akt PabpeRridsds W@mqeééelatsveu@ &l Akt golypeprids. ke providr @ nppatiged ¥d of evel of

p- Akt Sl@%kpglzwgs%ép@ee Cmtrteeexqﬁsmsﬂtm@lmél @{Sfﬁﬁﬁtssmg pslbsepk,eyabnm p- Akt
S129 polglpeptl e relative to total Akt (glﬁ "ﬂsr%f\%[ de in | e or subject.
\%

1001821 $aermied.sBeth thesahalute apg theingirealis kS 129 rP@‘(YHHH‘dF 8¥Y B edi ct i ng

the sensidy WeHYo @t c&re@ﬁdﬂhin&%ﬁs@tdté’& xﬂl’rﬁ&fzé’(ﬁd'onﬁ@lgﬁéﬂveaﬁolnrhfﬂo@xﬂﬂ&&ﬂérﬂ di sorder
in a subj ect to treatnent wwth a CK2 inhibitor, conprising determning the

| evel of OURIRE: S129 pol ypeptide relative to the level of total Akt
pol ypept i dgoi78] Phub)iRlbRDisped:, thamPéiofl Brovidesla iedby Hi%réiﬁﬂﬂh@&fe semhi@itgi N an

increase in the nornalized | evel of p-Akt S129 ptide relative to the
corr eSpO?lf(ﬂ ]hrallferatlve disorder and/or an inflammatory disorder in a su j%ct to treatment with a
CK2 inhibitor, comprising determining the level of p-Akt S129 polypeptide in a biological
sample derived from the subject, wherein an increase in the level of p-Akt S129 polypeptide
relative to control is predictive of the sensitivity of the proliferative 4and/or inflammatory
disorder to treatment with a CK2 inhibitor.
[00177] In another aspect, the invention provides a method for selecting subjects suffering

from a proliferative disorder and/or an inflammatory disorder for treatment with a CK2

inhibitor, comprising predicting the sensitivity of the proliferative disorder and/or
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control is predictive of the sensitivity of the proliferative and/or
inflammatory disorder to - treatnment with a CK2 inhibitor. 1001831 In
anot her swohloagpEess, the invention provides a nethod foPCalseemwionp4subj ect s
suffering froma proliferative disorder and/or an inflammuatory disorder for
treatment with a CK2 inhibitor, conprising predicting the sensitivity of
the proliferative disorder and/or inflammatory disorder to treatnent with a
CK2 inhibitor in each subject by the foregoing nethod, and sel ecting those
subj ect snfahmwitorg disordentr eesment| eiteh @@€2 phillitor 81 28hpubjepelt thdemethddat i ve to
the |l eve|l of total piide for tr tor
001841 SporeiansdkBhing flsPS %"‘pg Rhofife b ‘HS’@%SE?SH‘E%EB\\%'{S&% ehi B

treati ngreanmnmnm‘ae@m imhibitdi. sor der and/ or an i nfl ammat ory di sorder | n a

subj ect i th [i.si det e | of, - S129
pol ypepti eOri g?%tal @e ds??wc?que\'ﬂavlen%f ?r '%ﬁt? %}y%‘lé‘gﬁéeﬁ.f"h@réf I ol ogi cal
sanpl e diesoideedind/oomnt Indlamujoec tdidoydet he & ostué)gcil ng nged hbdgofardmprises i ng t he

bj ect th h b t 9 t
fgl Jatelcve enm{llﬁié ¢ lev I I}\f()t S ZE)&??y%e;%)ld\éeL aOJl(():}QgIAéh salﬁél\%/adeggédyﬁ’&g t %3851 In a .

evel tota e°I's e
further salgpedy ,thetrhehqdmbem |amd1trgntlog|tldqssbjact rmthhao@lq ovhibtonifttien eved 06f> t he

responsi fa. CK2- Lated disease in a subject to treatnent with a
CK2 inhi‘%‘??gzr%,spo?ygﬁ%ﬁgge#g@%ga) determ ning the level of p-Akt S129
pol ypept i ¢e917Ylmunotker tasperh prdveleel nifthaddonmopikdring oif yiperssiogeivingssaoffd r st

bi ol ogi ¢, r%%g?!mg gLk iR h fsabm R hte%th%kbﬁé pfiohbeabABAlnd () 2 CK2

i nhi bitor; ermnin eve pol ype t| relatlveto
the | evelkteohiningthel levikof mektﬁiéﬁmbkieenﬂde mta fliretdmloaC%é@mﬂ@ld%IVG@ 6gindbﬂ sanple

derived sLthJP&&lQﬁtosupanﬁaﬁ mbé%%gﬁqﬂ.bga @%gggﬁmn V\«h& hev@l Q&’,Akmm tor; and

(c) co e nornmalized lev in the second
bi ol ogi ealypepidplire atnicasdh atﬂq@nﬂdanegwaiédﬂwle@évveéffroﬁl Al@tsugzggsub%?ﬂmml de in

the firsf %tme&{&m &éké%rﬂﬁmoﬁ anm«;e&h%n ﬁﬁqév%ﬁaep A& §1|§9 pBOpdPRLE Zagk | evel of

p- Akt S1 peptide in the sécon i cal l e corrpared to the
first blsedooéjlbeﬁmgl@hﬁmﬁée Wsthlth‘dieddt(?fvreAb‘fS MPFPW@ lflébiaﬁfféélot‘%lw eat nent

with t h§ @g \’V%@élp'atdggrease n &QQ@\’%@J%Q -ARES lagrpo%%ﬁE in ghla%eéomf%mldg%al provi des

a met ho entifyirng a conpound useful "for the treatnment of
CK2- medisample qomphied dp ghe iest diielogierd rsampld/ o rindipgtiva ratet OPSUH SoPUET | o

conpri sifigmeh@NinARabx3ifigitohe | evel of p- Akt S129 pol ypeptide in a subject
prior to treatnment with the conpound; and (b) analyzing the |evel of p-Akt

S129 pol yp¥Blde anqthes aspesf, dieet inyqIgR AIAVHIES £ anathodde mEsict iR FSROME elohpound:

wher ei N «glQ¢6 ?r@a'iﬁeﬁtnv&hh@ck@mhbm RinfkibinS4&OmiRthy RRPEII&f | bSMdt ndpgative of
drug effi cacy I n anot her aspect, the [nvention OVI des a

net hod frOlyPERIERN 4 IPH’glCéJ se@ﬁls@eﬂwddsoéf W sybysct, pherefty @ainreated el of p-

CK2- medi gk e¢h o@}l Btﬁfe%lhﬁ/\% t&b&%ﬂ@Fre@i@f#&ff rdspédsAERARL RrYCKE mabsy ,
anal yzing the | eve S129 pol ypeptide relative to

conprisin &
t ot al (‘?w ylﬁ@&trfhaéemwgpe% the @95?1@55) leﬁ?lloérp 4l 5?%&9%‘%?&@%%%‘3 he
corrpoundm a9RmArRdr. amé NtraGzel hevel @vglmfsme /rklstype%lxa& cPOby ReRinidel bel ative to
total Akt pol yEelo de level in a subject subsegﬂ
assessing the level of p-Akt S129 polypeptlde relative to total Akt polypeptide in a sample or
subject.
[00182] In one such aspect, the invention provides a method for predicting the sensitivity
of a proliferative disorder and/or an inflammatory disorder in a subject to treatment with a
CK2 inhibitor, comprising determining the level of p-Akt S129 polypeptide relative to the
level of total Akt polypeptide in a biological sample derived from the subject, wherein an
increase .in the normalized level of p-Akt S129 polypeptide relative to the corresponding
control is predictive of the sensitivity of the proliferative and/or inflammatory. disorder to

treatment with a CK2 inhibitor.
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to treatnent with the conpound; wherein a decrease in the normalized | evel
of p-Akt S129 polypeptide is indicative of drug efficacy. 1001881l n
frequent wotrodioaetsss rel ated to p- Akt S129 pol ypepti de Pevalsggiobes41
proliferative disorder conprises cancer or malignancy. In an exenpl ary
enbodi ment, the cancer or malignancy is selected from breast cancer,

i nfl ammatory breast cancer (IBC), pancreatic cancer, prostate cancer, and
mul tiple nyel oma. Akt-S473 Phosphoryl ation 100189J As shown in Exanpl es
1, 8, 11- 100183 anoahertsmelaaspem thej inventiorCl@vidaha matlmd for deleatiglg tshigects
phOSphOI’s}g}fg} C}ﬁ)ng)];p rast'zbg%]so eyg{d'/ lﬁl L&lmétdr?%ﬁﬁd'&:pﬁk HQAtEgm%ﬁﬁét cancer,
pancreatic cancer . ccordingly, 1n certain aspects of
t he i nvedia mhubltphecomtlhogwrequlug rtlee a@s@ssy o) then eropifroaiiyh olisprder ja9#/ost at us of
Akt at 'ﬁhb%&f%ﬁ%mhoib l:'tbé Gk -foltBoihd1e et hods
descri bggtﬁ%eraeﬂ%lgo ept(ﬁh&lt g]t?ggeslt atus o 3 J% )ﬁ d(et %?In%]ned by
assessi ngetluddeaﬂdmbbtllmfthqzﬁeAkbje@ﬂ%me Wemqsd(eleaﬂmﬁ@ f}kt Sé29 pelbiecPEBE ol ut e
value) - iR e JE bSO, BB %&f—‘trkﬁmtma hnisfd3 Pol ypept i de may
be determned relative to a's e control, such as a correspondi ng

sanpl e fr d#fil&4Idoprrglier sushjaenstt, thie invehtfrarprexidss dinrethed or tremngroprabiierasieel | evel of
p- Akt 54@ n%r %t ﬁ{fﬂ}n%%rpy(i(?&&e?sﬁl Qgsutb{lgt llr?Vr%lad querpofAK:Bm%; 13g

pol ypept ere ative to total wherein the relative | evels may
sonet i medstepriniag predsweed df raékaswérp@bzmpt@p rqlagive ¢ ¢ leyelmtotdavks pelypapidal Akt. In

Sone su Cin p%%%%ﬁ&e dElm%d thUnE ﬂ%ps‘aﬁhgét% tﬁQ %réé%lmg\’\fnlttho&) @nd I?r%atﬂl%rtﬂ@-l i zed

| evel of ol ypeptide to tot normal control .
1001901 stbjeesrvdthstu€l2 ashfetor if tbhéeVPIrﬂfehftl(foﬁfﬂi’-BrPGVP%@e selative ho dherleye! Rbni t or i ng

of the rtgép&g%b%ggbeﬁ&sgfevﬁepQ medi ated disease in a subject to treatnent
with a Itor, conprising: (a) determning the level of p-Akt S473

pol ypept i deV18HIIm o Further pipsftodlicc HIvertigpppravides # vedhadr i mematosndioddhe pri or t o

treat mentWhdRnds G2 dhinbhihed ’dlS(‘&Q} ud@ts@lﬁégt 1) '&gatffnbﬁ Wigy glckof inRividt S473
pol ypeptide in at |east a second biolo |ca sanpl e derived fromthe subject

subsequewmpPigng: (@leteeniningjthcnleyel ekp-Akhf Robfpeptli‘ﬁdel(“t")e te Sisgaret pigotthe | evel
of p- AktA@%Zl%f)Jb@hé/fﬁeamrthﬁolb%catl BfnpieeRRed BbRliRaubRdt pridhiliRamichhwiithe | evel of

p- Akt S473 eptide in the first biol O%I cal sanpl e; wherein a decr ease
in the |@9%1m@rtorpimetesnmslgﬁb? VAyelRfirgaks $ 9W@‘Y§"e¥t§‘8ﬁde'ﬁl"6|‘6é}|ec‘5‘fe Shnpl e

conpar edofaP AkD@olypdpitie Qlt Q&Hs@ al se&ﬁﬁpﬂ)@logl@al' adiptatidrived afond tROSIdécv e
response to treatnent with tor. In anot her (#Ch aspect, the

t he i nh
i nvent i oSSR WeEeruenbvHba GRor ‘“H‘BH?% 6‘?4 ﬁ‘ibc%‘?paf‘ﬂ%ﬂ}eé@ 2ed MLl Por a

CK2- nedi @1&@12%5@9@%& th fe %wun@%tolégqbat ERRFIETRINE (WY ﬁchmahz@KZe\Jenbf piAkor

conpri si % termning the level of p-Akt S473 F{gﬁgg de relative to
the | evell 8P°1V18ﬁp31je inthe s R}ﬁ%ﬁ'd@“ﬂlﬁ "Q‘efq‘r’r%?ecf??%ﬂ BYicd f"r‘!plleee ri ved
from t he, 8O ROt pdlypeMidetif the SRbAE BloldMickNsaplaonpaiddiot tBe first loisigdatr mi ni ng
the level of p-Akt S473 pol ypeptide relative e level of total Akt -

pol ypeptealeiiyindieative 963 p°é‘“§86‘i§H‘(‘J’SBF°df‘°'6§‘?eEE‘P"ﬂ§'Sa“ﬁ'E b ed from the subject
subsequent[od186Lih QﬂétH&rhTspéM tthe @hvEAGdn i padViides taOhéth@ntbr (1&‘e)1t1f§f@fgpﬁbcmi§g)uhdne

normal i zed vel o Akt S4 poI pt i in the second bi i cal sanple

Wit h the“SﬁfaL |ih2é&aﬁfée\9le|°f&fzgz 7%”%%%%&%"8% aﬂ‘ﬁ}?‘hg“\gl’?‘gf i ol ogi cal

sanpl e; nbvedegi BmPridHe I’(@Gﬁﬂytlﬂg tﬂaeeuamsmfakktzse1d9lpexygéptﬂé irpa AibﬁecS;éercﬁ to

b of bg! ciFmeahpt tesimarh et SO p o B R Pyl oF Batkinde? PRVReRUat Fhhe wi ¢

t he CK2 duﬂjhttbhlts@diuent to n{eﬁlﬁﬂzﬂﬂs]mﬂ the adSlﬁ}bd’mﬁd vgpeci deckdaee innlveletdl ofippikovi des a

met hod fgr 5red| glg the s Sltl }?/ of a CK2-nedi ated di sorder, such as a
er er‘& ‘ﬁ‘? a

prol i f er3¢? FRVREP 'Cﬁﬂvcf/ %ef nmrat ory disorder, in a subject to
t r eat ment [msm Ia aﬁ)biﬁerl a*sjsncblth@rn,vemmnmrmedaag wetat for ndengfyirpea ceuplundf p- Akt

S473 pol og rived.fr wherein
- an incr e%lgéptf &’ﬁ "ﬁa % b%Zkr?edgﬁnJ%Spmpﬁm"e%tdl}Sged%f é‘f“@? i \?ngﬂ ano Cohtrol is
pr edi ct i disrdef, cbim@rxseg]s{a)tanvlymyg Ofe I?W‘??W -6ki $ @Oalypeptanddlgiveitmidta nriat or y
di sor derpotlypept{de E}evrqaxr}lta \slvxbﬁerét g‘rlor (v tﬁeﬂﬂq'ePt' G the compound; and (b) analyzing the

level of p-Akt $129 polypeptide relative to total Akt polypeptide level in a subject subsequent
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1001921 I n yet another, aspect, the invention provides a nethod for
predicting the sensitivity of a CK2-nedi ated di sorder, such as a
proliferavoveldi4smssder and/ or an inflanmatory di sorder, PC/iS2610l05 B8t t O
treatment with a CK2 inhibitor, conprising determ ning the | evel of p-Akt
S473 pol ypeptide relative to the I evel of total Akt polypeptide in a

bi ol ogi cal sanple derived fromthe subject, wherein an increase in

the. normal i zed | evel of p-Akt S473 pol ypeptide relative to the

Cor r espandiestmentonitt te corsp@méciviodréive doéredshén themoimalived ievafof phekt K22 medi at ed
di sorder EQKZ i nhi bitor. 1001931 I n anot her such
aspect, %h’gegtldequ&gaﬁwﬁf’%‘?ﬂl 4&s“GVnet hod for sel ecti ng subj ects suffering
from a CKJ00188jlat &cquiits embedimestsicizlagsl do proki fORat palgpediidrorieists, ahel/ or an

i nf | ammat i sord for ' r4sing

pr edi ctlpro it gves&e)lﬁosflg dRVin f’ nsets g’?ﬁrﬁgr X ntd%yate d%isag‘k’g rQr%%Odt%r?éeHgt&rlrént with a
CK2 i nhldancteorormnnhgmnhy ssubqlwd fiym dnenstofantére infflemegtsirn graveit ¢roeks, 1B A

sel ecti n se_sub i ed | evel of pAkt S473

pol ypeptl erezblrC “‘an rJﬁ%?%%scg&?wm?ﬂ"é&ﬁgl?ﬁﬁ{ﬁggd | evel of p-Akt S473

pol ypeptide for treat ment with a CK2 inhibitor. [00194] I n anot her
aspect, kQPS4|7 ¥ENL S NaPovi des a nethod for treating a CK2-nedi ated

di sorde ‘mtg—dsﬁa'%br‘ogl‘ ferative disorder and/or inflanmatory disorder, in
a subj ect [9018Aked stomer oExampbph, i &iligl2dendr fi mamgertth@th eV 2 athiptonkt S473
pol ypept i r h LasPYaRBe of the

f or egoi nrlaéju%eé %ﬁ% él ?fg%t%ga%tfﬁgpéﬁﬂg aj}[lglgst Ee\f}mpnﬁés %é&g ﬁtﬁi aBc'lptz(l)r if the

| evel ofpaperfdic cmzs apo mpipht ingelotns  dkeoydingy. in certaif @@t%]of the ipysotitver aspect,
the inv r $RflisBlus R Rl SSRARSH730h adicibfataeCt o
treat rn::(net?'g Ith’ﬂﬂJPs 8 ea§se @Fﬁgﬁgs%@ﬁ%rtﬁsfn S(tget ermning the |eve aof p- Ak

S473 pol sppelst S)d@nmro@mé)e@r Inéb@tnie\hedsmsqrrbe hesgis) thsfphogrhatylatiRe st phept i de in
a bi ol ogy ' ﬁeh@vél&b el s4%1 bEbEptAD ajE(BASEei N the
absol ut e lg?rhrf)r rra% I ze 9 § fJS ?ént ? % ﬂ) real at |(ve t?)

cor r esposilvig veoax r ol SornS smlemmdiwtwherle@b@ﬁm%r$é§% pelgpertidkmay Rfi bi t or .
[00196] {eRrdinkdkdiliRre t@%pﬁﬁgble tBird, ns\ﬁ@lmaé QrboH'Es%\ﬁhdi@gg sﬁné{gtfﬂgﬂa nBfmal

i dentifying a compound useful for the treatmnent of nmedi at ed di sorder,

such as wbjpetol I fodenenbadinginsso thyeroraplized fevelraf| Padrkiad 0P ynadi beotetrgpineg Blpr i si ng:

(a) anal éé?ésé}ﬂ%]ﬁxtlfevleleo\f%w@fsdkﬂf daeﬁi’d%?rel&we)f&%@éﬂmte Wreth RHRIRRE 1REOr to
treatnent wt he conpound anal kﬁgfl,t he | evel of p-Akt S473

pol ypept hdresomstines pisxpeessed @ha @Efﬁ@ﬁlor fago of é 3 witeAl AHe [RSHPOME; wherein

a decr ea&&oafﬁqeme ihe ¥&kesindRpAkdntrstt 431 RR! B eRSrindzel SieidldéfCataky 5408 dr ug
efficacy. 01971 In stil F anot her aspect, the invention provides a

net hod fwywﬁ&?tt?f%qlﬁéj“aaé‘@mf’éﬁ?fﬂrohsefuI for the treatment of a

CK2- medi at|gghod] 18 06fdeuch Sa's‘felat afie 3anRh@n hRVALS KemEth&D rslemomRiingr ofl k| ammat ory
di sorder, conprising éa anal yzing the | evel of p-Akt S473 ﬁl ypeptlde

rel ati vere%pemtltﬁnaqs O/f\mc %Wﬁ'éﬁfi.d&éa%er\na Sghis‘itéettr%tmea‘rWtﬂbat%zat Lwith the
conpoundsonipRiing:}) Efdinidignge fh@ Jreval sabh3 polfdptiddind ﬂﬂ@t' M&egx&aldanﬂslel ative to
total Akt poI peptide in a subject subseguent to 5? & %&EA h %
conpoundder %PH‘%“H%‘EPE%\%‘% “F?f“‘?‘?fé”‘ﬂ‘cfr%? oo bl et%Fmb“ g le

pol ypeptp-der 5573 ﬂdjg&‘e@ﬁdevﬁl af el ugseaa‘ntmﬁasgical samp@0dk9i8dd &onfnl’tﬁé]lself]éct

enbodi nents rel ate Akt Eol y ep{ﬁl de | evels, tge pr %@ ative

di sor der SUBARTY é‘ége%‘BﬁBéY“hoar Cﬁé’tl‘f‘@ ; 05‘.‘1 hedrpasRe i vs) o t he
cancer Oﬁolﬂﬁbﬂl(ﬁﬂﬁ HeYsedohd DRI @Edab shnfplcOitDhe as/el @fé}ﬂﬁﬁf $478 I’pbly@épmt: ar the br east

3220% 45 “ﬁh%fglﬁgl(ﬁ? ! ea I ?thrgﬂlcae decré%geoisnt t%t c:vefamtC p-Akt %Q% g&l)';t)épelie? inr%gl oma.

second biological sample compared to the first biological sample is indicative of a positive
response to treatment with the CK2 inhibitor. In another such aspect, the invention provides a
method for monitoring of the responsiveness of a CK2-mediated disease in a subject to
treatment with a CK2 inhibitor, comprising: (a) determining the level of p-Akt S473
polypeptide relative to the level of total Akt polypeptide in a first biological sample derived
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[00199] As shown in Exanples 1 and 8, 11-12, and 14, treatnent with a CK2

i nhi bitor reduced the phosphoryl ation of p21 T145 in various cell Iines,

i ncl udi ngwbnreusu1mad pancreatic cancer cell |ines. Accordirnsgker/osrs4ot her

aspects of the invention, the nethods require assessing the phosphoryl ation

status of p21 at threonine 145 (p-p21 T145) in a biol ogical sanple, system

or subject. In the nethods described herein, the phosphorylation status of

p21 may be deternined by assessing the | evel of p- p21 T145 pol ypeptide

al one (ifran thetstiigecapsal tuttreatumhueith a CK2sohigtos;u ) detebwdingwimt lsyel ofip-Akével of
p-p21 T b et ntrol,

such as ]Sgl% ggl éeo gﬁ)e r(fga%vgpoythe Feve of‘lzgotarlTI A{](‘?gol%g%pﬁaé e t‘iegst% s%wnrd%gclrlggl (PO di rrent S|

t he nor rm:hlplzectérnvalv&bmothe pulpgecft s‘ﬁlis@ﬁuqmayo heatuietttewm lae@(bynhl‘a@s,emdl vy the

| evel of 21 T145 e e A rel ative

| evel s mag' & tP f rlc’rnlggzee\égx‘}%r 8§ eclf%}?%ap oﬁ'é) @é&ﬁﬁ h gtlre Srlgat |’d c?m?élgl Qeﬂ‘“?l% to

t ot al p2\a11th thmmsomtzegu@/hl @nb@kh S9&R pslypdphide iwohe Erspoeldging samm,rmerelwl | be the

normal i zed leve| of p-p2i1 T p g I

control (Ecreasfélb%ﬁf arlllg%dﬁlgvéég Aglstég?%dlﬂﬁgﬁé%ﬁb%%cgﬁ%]b 615% %égggﬂ@rret hod f or

noni t or i cegipartd tohibe fies pohgicaknepk: i@indiaca@ezofmlat/ectS}dqngqa@si@aimnawsmbj ect to

treat mer}h nh%ltg:KZ inhibitor, conprising: (a) determning the |evel of

p-p21 T1 5 oIl pep'il de in a first biol ogi cal sanpl e derived fromthe

~ subj ect prw(uﬂl]tlmamqﬂmtamm theitvientéipn@iKVides hintsittod for prdslictie therspsitivity of he | evel

of p-p2 ry3NIRdeE derived

fromt htjah gﬂ%ﬁxg{i:’? eé{%g}élk O&Ch % %b;{olglgegﬁlrt{%%s&ﬁ&%ﬂﬁ’/opwﬂﬂhrﬁﬁgl tor; Aear%d (c)

conpari rvgsubjee tb szetnemelrh EpQIiIZTI:i.MlBtOp@bylpeqalt!g dpgerinfninghtbe davelora- fblftcﬂ%bl cal

sanpl e w Lyefid RERFEE Okshea sm feadeSih o) 1@}p91 cal

sanpl e; W}&%{a&%&gg@ eféltlsfgl eﬁ éﬁeve ?‘B ' 1 50 ypept)tl de in-the

second bifop-odt S4V3 mlvpbmldeoqmw@do tQ9mtr¢1eISfPrP®Ptl\t§| 91 Gigfl sasitigigynsifethe s

i ndi cati RESH Sl SRR Ger L PurdalifAl WRAL Citifhibig. CK2 i nhi bi tor.

1002011th\£8a};1t%iSttl er Qétcﬁ arsn eép ﬁee (?trrlventl on pr OVIl els1 a nmet hod for

moni t or i ngjO‘Uﬁlllheyeﬁ canpers |a$mﬁte§§€ afventiq@Kprovisds &t agthgil sleaguediqting Bebj ect to

treat ment., y; 2”:9!: Atécprdlsop&ppgdcﬁ' 2. g:ﬂ))lfe‘#ﬁk@r H’E(ﬂh&g ahd& lLgvel of

p- p21 1145 po ypeptl e relative to the level of total p21 polypeptide in a

first biioflhatery disprdtre inle? i sphidct toriieatmsnis witheat C2 i Bhibtter, t OBMIFBAL with a

CK2 i nhi (Q'temfmn 6oy leqﬁto?g mkpsm polPepiié fllatRE t(pfhgzé]veﬂ-(;t’ztétalp&ltt%@%&ﬂtg@ relative

to the |evel Tg t ot al pol ypeptide in at | east a second bi ol ogi cal

sanpl e derjbhesisa @qwnlﬁécrye%jfrewhg BHbics BTN a9 ingrease Hethe noimalize lexe :

i nhi bi t oge;, 1@8@4&?%01%3%&[31@9%“9%eQ@fréﬁ?bﬂ&@Qoh@Me}J pr@élctﬂfeﬁzi}he-géiﬁﬁwﬂw ypeptide

in the second bi ol ogi cal le with normal i zed | evel of p-p21 T145

pol ypept9fdhe GH2-madiated filé?rdﬁltﬁFréijinéfal‘“%‘é‘r%@e‘“h%@re| n a decrease in the

nor mal i zeqod®3Ah BbthBr RLRE adpkdd ROIVERBE ipifided ot ABKSEERNMIchiR] RBjecal sanpl e
conpared to the first biological sanple is indicative of a positive

r esponsesufering dgmmantKainadiafede dispeder, fthiag ot proliferaigo §iqrder, and/pq, @ per

aspect, .mﬁnmm&nalk&aerprf&vvtrélﬁﬁleﬁ Wik hodxhomhwiedi Ghiphging NRed@mgi hevity of a
CK2- nedi at ed di sorder, as a proliferative_ disorder and/or

i nf | anmeteByiYios teddrZ- chhatad %%P%d? treameryt @iah gt 2 RpipHordn SP‘HFﬁtEh or,

conpri si dig ofl @lcEbitlsihg thethbas, by SlecBihg MofRZlibjidid ShoRahg/feitiested Ild"lrelaofhj ol ogi cal
sanpl e derived fromthe subject, V\herelaq]ﬁ?cga erC]crease of p-p21
v

1145 pol YHer+ aglypeptids pran ‘P&“’ESBHT g noprg tqf@ef\lﬁf§4?%8° §%€r?§¥? IfC\n ty of
t he CK2-ydapshinaivilla dK3Ghgtort 0 treatnent with a CK2 inhibitor. 1002031 In

anot her aspect. the invention provides redi
sensi ti vi t@“‘é’f‘“a apber ASpECh Ry “gF’g‘(S’Pd’é?"“%§ em?iog‘ tfgr HF "F e ﬁ?%% f’%g E‘fﬁsor der
and/ or adisordih,| sabiTed © palifbr 80t d@brded hdor Snﬂhhﬂﬁﬂtorj/ ﬂlsbﬂ’delaﬁrfTEBﬁbJ&Mt fihnead CK2

ol ot veeeS BT B rabr eRl B9 BE AR Sl maRE it age Bl B8R o

derived delhom frve thalbjbiret by whebeihe famgdincmedhsd, hnl tréwing dienmbjeziedith evel of

01 e SRR FRIRUPE s 1<l rehl S PG i BB Lo U catrent. with & G2

i nhi bitor.
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1002041In yet another aspect, the invention provides nethod for selecting
subj ectssuffering froma CK2-nedi ated di sorder, such as a proliferative

di sorder woabavo4arssi nf | ammat ory di sorder, for treat nment PEIrtus2@ 00341

i nhi bitor, conprising predicting the sensitivity of the CK2-nedi ated

di sorder to treatnment with a CK2 inhibitor in each subject by one of the
foregoi ng net hods, and sel ecting those subjects showi ng an increased | evel
of p-p21 T145 pol ypeptide for treatment with a CK2 inhibitor. 1002051 In
still anot[he95Hs pecthsr asprst, itiey mmerition pprvades desethnst toquiedia rthes eebpansd piga subj ect s
suffering, frama - Rdi L.sQr S - 0{.1 t { sorder
and/ or a%bjle‘ﬁﬁ gﬁ%&t%r%d% g?)(?ggr b%g’r %%%lgﬁgrggtteﬁl\?‘mn?ﬁ% l(e:{lgzl%?ghé%?# g% ,

" conpri sipulyppwteldi aidnie rog rélaévestortbé laveli efytotat Akheol@pedtidedi atbedogial ssreide t o
treatment .w{ 2.0 nhibhitor, . t ' oWk Ng an

ey eascuiid faf LRkt ABRSS BE bl DR O o O e et

Wi th a CWI3 ipplypdptitiorelative fO@2@&jonding gorftiet istpeediciiyp @f tespanbiseriepp/iertt ¢6h pr ovi des
a met hodin B r edict the _response of a subject to treatnment with a CK2

i nhi bitor, conprising determining the | evel of p-p2l T145 pol ypeptide in a
bi ol ogi cal[0&1&6Ihe fdeldrasmct therintentomsproyidest 2 mathed &rridentifiingcs eesraynd evel of
p-p21 T1 I i h\ C 1) {: &b si veness
S L e S s L e e
met hod fioflammaanyi digprder, Giprisiod: deethalizise tfeleyel D phAlES433 pelypsptide &t f ve

di sorder_a I mt ory. qdi.sord j i j € r eof ,
conpri si srﬁlg’ggleqq%)rr %‘?Hjle%{rg’h?he gl\?eclog%?&gi grqzdl(ﬂ?'rl&?l%y%g%)g%ggﬁl_gggﬁﬁgasuz?ol ogi cal
sanpl e deypeptitiefin @rsultjéne sshspjuentt to tisgatmgat with thhe@OlFlB@léléoWE@elﬁétq?é@%SF Aand
treating ] i 1] o] ' | evel of p-p21 T145

pol yp_epttlhélgg?l?flgIAgcgg%ﬁggfogpgﬁtgg%dg‘i‘l%ﬁk gﬁ%‘t}%geffl EJ:ng'pect , the invention

provi des d00M7Hodstillo apatleadi aspeat.hther mypvins eproyides gubptbed fero idepefyingedt with a
CK2 i nhi &a@gﬁ a GRS thggué;lﬁae%c Bk 82 1Giale@VBlor@E, RicR2d o pbArRAhYPEPL i de
~relative t tlhe evel of total p21 polypeptide in a biological sanple

deri ved disoder tandos inflpmmetoryAiserdern cepprisigr B sBelyres tel P af Pete|S4F p- p21
T145 pol yoq}ﬁa@f)ﬁ(féere[a%k/@tté &tall AkF %Uyﬁé)@i@@qh NG s@H&E Tdtor 116 tRE@RLC Witethef
responsi veness to a CK2 inhibitor. [ 00209] "I n ‘anot her ~aspect, the

i nvent i ofpmpewnd; dad () angbeimedhe dyvel G%ﬁt”f“l‘yﬁ“ﬁt]i] Palypeitide URAtiFsof 9fal A t he
treat rrenﬁolﬁiep@de%_%‘sﬁﬁgdt 3LRdquRhOb i teBiRhi Weh HeTBMPSIndaRHédin o dibleasdmat ory

di sorder, ‘conpri sing: (g% anal yzing the_ | evel of p- EZl T145 pol ypepti de
rel at i vethe sormalized lgyshofpohky 54pt Pdepeptideds ndisptivetot ARBSHIRY t reat nent with the
conpound; @ds{i) rRQRhY Znbdditdaats! f¥Rdd a6 pPkP2447T 148y potiyipeptdgietheel ati ve
to total p21 pol ypeptide in a subject subsequent to Ereatrre,t wi th the
conmpoundprolifeeies AlserdeferormpHESS GRCer 9B "RBBTRARY z ByaT eXFEIPlany embomiment, the

pol ypept igleericy hiidh&Ry iy Qeledied i@ ®bdst CaRYr, inflamkied) bldast Edneeu@BL),

enbodi ments related to p-p2l T145 pol ypepti de levels, the proliferative
di sor der P"é&‘ﬁﬁfci%’é@r’@&’ﬁ@g*rcawr’ﬁﬁqi F‘QR‘QWW"’ 9 an exenpl ary enbodi nent, the
cancer or malignancy is selected from breast cancer, inflanmtory breast

cancer (| BC_:I), pancreatic cancer, and nultiple nyel ona.
: p21-T145 Phosphorylation

[00199] As shown in Examples 1 and 8, 11-12, and 14, treatment with a CK2 inhibitor
reduced the phosphorylation of p21 T145 in various cell lines, including breast and pancreatic
cancer cell lines. Accordingly, in other aspects of the invention, the methods require
assessing the phosphorylation status of p21 at threonine 145 (p-p21 T145) in a biological
sample, system or subject. In the methods described herein, the phosphorylation status of
p21 may be determined by assessing the level of p-p21 T145 polypeptide alone (i.e., the
absolute value). In some such embodiments, the level of p-p21 T145 polypeptide may be
determined relative to a suitable control, such as a corresponding sample from a normal

subject. In other embodiments, the normalized level of p-p21 T145 may be determined by
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NF- KB S529 Phosphoryl ati on [00211] As shown in Exanple 11, treatnent
with a CK2 inhibitor reduced the phosphorylation of NF-KB S529 in various
mul ti pl e wpeboime1sel | | ines. Accordingly, in certain aspetits2ab/o5isel

i nvention, the methods require assessing the phosphorylation status of
NF- KB at Serine 529 :in a biological sanple, systemor subject. In the

nmet hods descri bed herein, the phosphorylation status of NF-KB may be
determ ned by assessing the | evel of pNF-KB S529 pol ypeptide alone (i.e.,
t he absakstisngnnd ueél of pP2BTMS iypapteighastiverntos] p2 hehbreinahe (afatipe NFeliKB S529
pol ypepti de determ ned rel tlve Lo cant g h as a
correspdﬂﬂlsﬂﬁ‘eéﬂ%ee"f’?ﬁsﬁﬁjﬁs B R OSIghs & ?azlsjrlug é‘ﬁale[’%g‘o %nrftsélghthe

nor mal i zatbodigmérts, ﬁfe porfdEpdiBing5aRtrotayvilbde digt etonmalized bg/veas:efe;ssllnqwﬁe | evel
of p-NF-K ﬁﬁ‘f Zg‘?ﬁ tide r Ia |ve to total NF-KB, wherein the relative
| evel s rPQB’ {9 H85PH " BRBTUI LB °hs a percent or ratio of p-NF-KB S529 to
total NF- Ifmlzod)]rlns(mmuslu@bpeeﬂbmjnwemo& prbhéescmrmtah;qmofuﬂmgmmong roblthev | | be

the normali zed 8529 t tata F- n a nor nal
cont r ol reSponsi‘@B?ié’ tah&é%gle%'ﬁtgﬂ g8spedt fﬂﬁée)‘:??%\k/rgaﬁ Frgnm%r oVi e'glﬁgnéﬁat hod for
nmoni t or i dagpafing: h@) deapinisg Merm%bof@fpza umiﬁmﬁpadeend adirsteagegicah szaméubj ect to
treatnenf with a 1 nhi.bit m ni n vel of

p- NF- KB ‘%5‘2‘39 fg%‘i‘ %éb@?%“?‘ﬁ" re?t[nlg Ry g a %gf“c‘:‘ H gbﬁpqe[e"ammg\%]éedlg ¢ 8ﬁ1 t he
subj ect g@ﬂsZIOTMSOpdly;eatﬁdfeemt atvweatshaae@h(a uunbgldaﬂ tsanple (dbl)weaﬂefren rthmlslﬂ:gect he | evel

of p- NF- e east ol derived
From t e agayeacl SaRehbuhe o8 Mribhans S FRoateRy® B BFpa2f TS (C)
conpar i nelyphgide éwv the safonqbbi‘dl%giéBl SRR ol typbpell de-i2h THE pslep,@nde lni th¢ ogi cal
Sl ke aP ek Bhr LBy KRS FONRCR LA T B AL utlhel o0l ol
second bieaind dicdedicad sanmlemmupﬂirtedhet first bielogical semple of wgicetale Sampositive s

i ndi cat |rvse09s]‘eta Qa?men VE e eél??fﬁﬁ% 40 treatment with the CK2 inhibitor.
1002131 TROENOL BT eleh " dspect . "the i nventi on provi des a nethod for

moni t ori nQO(nDlIIhemotbsp@nks |aswcte§$ ipfentiorCKRvited k anetiebddios ersioring &f theibj ect to
treat men [ t 9, Mgg | evel of

p- NF- KB " ?sypept lg% .%GB?IdlseefngP t[d ﬁgﬁjﬁg\;oelgrggt?lgl?o‘t%ﬂﬂﬁF K1§ pepti de
ina fi rcs)mpbslmg dgi d;&chnsnaxgphfeled@rofveal i ennolypeptidshipleidte tprthedevel @ 'tOF at ment
with a gﬁ%gbl{}ﬁé}?ldg 2 ﬁrgttplolgg eTq %Elj;pml: gé}wggﬁg%w;slub@& ;PIONE) t%%rlﬁﬁ?\gltlppl ypeptide

relativ l eve eptide in at | east a second

bi ol ogi cGi2 whibibe Ged¢toretning 6m1@Wé0%mb?1e35t45§19b§’étflﬂérifla‘t“(? torksalevdf with a
K2 1 i gl 851 pBerad i WP A%l ROIDRA &Rfh1d BRled Oford N SIff. P52

pol ypept 1 rderin second bi ol ogi cal le with the nornalized | evel of

p- NF- KB 852auanbloyiprapmdntieith 4 Ql‘ﬁ%mﬁibﬁ% alkﬁ ) eqgRasing %Wmall%é’l”@loﬁ Pa decrease
in the r&rl nﬁ|45 %;%Qrpl:;ﬁb&@'m ﬂie chd}lEﬂ%g%?@%’an%?é m&%‘ﬁﬁé g&rﬂaﬂzeﬁh@v@ %fzﬁjﬁdl

bi ol ogi cal sanpl € conpar ed he first biological sanple is indicative of ,
a positiT5 rPels’meléémt ﬁﬁb@@hﬁlﬁel sginRlpy Wheesinokgecraatfi ipithegrormalized fsyd i | n

anot her ﬁi?ﬂe‘ﬁ% 1532%2blndéei'ﬂtﬁa@@ed%@\ﬁlo@%?caﬁsa‘?fﬁﬁéﬁ%ga%d ©r @difedt i vModibte

sensitivi nmedi at ed disorder, such as a proliferative disorder
and/ or asqmphfw inficgiive o) BesiBieArPOnsE fp treatnn] with the CRZHBRPHAENt with a CK2

i nhi bi tor :[0@2@@}%%%9&%@%@{ FHe ARGt dnNS ol 184l m@hodPfoNBreliBisb @9 sprlivpept i de in
a bi ol ogi cal g)l e derived fromthe subject, wherein an increase in the
®)

| evel fOqu{ﬁ-'Z igsddisyderypep s RroliEraHYs jrordes apddoian dnflammalory diseidey e of t he
sensi ti Vlhtaysug ectl Bardain@nt Hah al CKE irkisioR Icompridi m@érﬁwng iROEEELf hP21 r eat nent
with a CK2 i bitor. 1002151 I n_yet anoth ect, the invention

pr ovi desTlé‘SrPé’(YﬁERﬂ‘dFH‘rab‘P@&icéltsP’ﬁgleldﬁ'é"egéW& the 4 i?t SLPININGEASE 4t B

di sorde lr3 leve} UER pBST B45PoBipbtRIE adlitive tdjdoi‘aﬁblﬁﬁiérediﬂld/ewf tmrsemwl@rmgmew di sor dﬁr
in a subject to treatment w nhi bitor, conprising determning the
| evel of%iﬁ‘ﬂﬁdﬁﬁrdﬁﬁtrﬁm%é’ﬁf‘?%ég%l e&f‘i’ve to the Irrgvel 019 total NF- K%

pol ypepti qeozom 2 abmaérquee@khesmm@ pieme\sedneftrroarmtﬂaailauﬁgnmstensmm@rom n an

7T ease, Ehat R RSUTLLE S Letol Bl e IS SR8 POLRGRLIIR g v T

CK2- nedi :ﬁilﬁﬁ:cdﬂoﬁﬁﬁtdﬁht Wigh § CRatifmisitor Wotmbrigingi2erinitindoiht davel of p-A200RA461 | n

anot her such aspect, the invention provides a nethod for selecting subjects
suffering froma CK2-nedi ated di sorder, such as a proliferative disorder
and/or an inflammatory disorder, for treatment with a CK2 inhibitor,
conprising predicting the sensitiviti of the CK2-nedi ated di sorder to
_treatment with a CK2 inhibitor in eath subj ect by one of the foregoing

net hods, and sel ecting those subjects show ng an i ncreased | evel of pNF-KB
S529 pol ypeptide or an increase in the nornmalized | evel of p-NF-KB S529

pol ypeptide for treatnment with a CK2 inhibitor.



1002171 I n another aspect, the invention provides a nethod for treating a
CK2- nedi at ed di sorder, such as a proliferative disorder and/or inflammatory
di sorder ,wopreos/sutsfect in need thereof, conprising detergirnisegonhs4i evel of
p- NF- KB S529 pol ypeptide in a biological sanple derived fromthe subject
by one of the foregoing nmethods, and treating the subject with a CK2
inhibitor if the level of p-NF-kB S529 pol ypeptide is el evated. 1002181
I n anot her aspect, the invention provides a nethod to predict the response
of a subpodpeptide relateattorthatieval efitoml IR olypkptig ioe biotgivpl samplegledetddran ni ng t he

| evel —of QSIM ectkghfggl%%np%l'% 1Rttlll %nﬁélgn(?legcg o%F\;;ZBIF}/Z?SO&o%pEQ%e r ?\Je t@f tot al

NF- kB po ype tr 'n a blo oglca sanpl e he su j ect, wherein
an i ncr eths eorraspdndmg adostodi Ut @redictino pivthiei seesdtiviitg \of [theoCKB-nidiased @B@@rml ypept i de

relative,t ontrol is predictive of responsweness to a CK2
i nhi bi torea&egp%glgg?g'?ﬂhnn&%ﬁfurt her aspect, the invention provides a nethod

for i dent ilP820Aln ayet ampbemespeeetthel invertion heotidesammbod fof selectr-swbidétat ed
di sorderg 45ieh 635 4 ERQ'AeEELe%t l\égrd\%l'l %ﬁérﬁ%ﬁlg@%{lg{ﬁtg@fh SERt Qfdodhsor der,

conprising: (a) analyzin eve peptlde In a
subj ect ipflanynatery dlsqaréﬁrnéwt tredtmentt Wish @oﬁﬁéumﬂrbltanow@bylmamaﬂrqdzqtlng thhe | evel

of p- NF- dggl% Wﬁﬁ&%fﬁel ERLdifE bifbrer 340 a%ﬁénltwp§%%eﬂ£%ﬁ& if Ea%ﬂts Dipyd th the

conpoun ein a ecrease in the eve S529 po ypeptide is
i ndi cat i ene opfhedfprggping mitbodsy and seletGOAOSE shbjeeis shopvlrmrﬁmtlhepasa’s]@e@tof pt he

inventio néhlg?gyb%ﬁ%p@degg;t@gng Olyith eﬁktzllgm, E)g_aa conmpound useful for the

treatnme ated di sor such as a proliferative disorder
and/ or i nflP@4fHn oYl ahother denect, dbmwrvrcsthngpr0(lé98 amtibg Apn geledviag | sabietts of

p- NF- kB sﬁﬁgr%lgp(ﬁ]o)ﬁpgp&kg%eﬁﬁ{e@t hl\éﬁ'dér Lot ak N5 rc?ﬁ%rﬁ@ey@@&tiérdgnd/& Qn subj ect

prior to treatnment wth the conpound; and ( ) anal yzi ng the |evel of
p- NF- xB s@@gn?jenyyﬁiecptiftrd@rrteqamn\txemﬂb at 6i<a| inj\jpiterp comppyng, pegsiiatiae the a

subj ect IHBSRYURMRe ER I ARIIBNordl: () (b RRHAMRPH K MRBKE! ndsd&shgase in
the normalized I evel of p-NF-kB S529 pol ypeptide is indicative of drug

ef f i cacythose subjegtpshpwingranf inergersrin thentrsaplined deyel of p2d TiP prlvEPidE 8529

pol ypept idendne¥il scxb Biigiop! | ferati ve di sorder conprises cancer or
mal i gnancy. I n an exenplary enbodi ment, the cancer or malignancy is

mul tiple r{W 6Hn 2 fgﬂﬁrgsp?qgglepﬁ\@gmpryylgeq gomethod to predict the response of a
subject to treatment with a CK2 inhibitor, comprising determining the level of p-p21 T145

polypeptide in a biological sample derived from the subject, wherein an increased level of p-
p21 T145 polypeptide relative to control is predictive of responsiveness to a CK2 inhibitor.

[00207] In another aspect, the invention provides a method for treating a CK2-mediated
disorder, such as a proliferative disorder and/or an inflammatory disorder, in a subject in need
thereof, comprising determining the level of p-p21 T145 polypeptide in a biological sample
derived from the subject by one of the foregoing methods, and treating the subject with a
CK2 inhibitor if the level of p-p21 T145 polypeptide is elevated.

[00208] In another aspect, the invention provides a method to predict the response of a
subject to treatment with a CK2 inhibitor, comprising determining the level of p-p21 T145
polypeptide relative to the level of total p21 polypeptide in a biological sample derived from
the subject, wherein an increased normalized level of p-p21 T145 polypeptide relative to '
corresponding control is predictive of responsiveness to a CK2 inhibitor.

[00209] In another aspect, the invention provides a method for identifying a compound
useful for the treatment of a CK2-mediated proliferative disorder and/or inflammatory
disorder, comprising: (a) analyzing the level of p-p21 T145 polypeptide relative to total p21

polypeptide in a subject prior to treatment with the compound; and (b) analyzing the level of
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1002221 As shown in Exanple 11, treatnment with a CK2 inhibitor reduced the
phosphoryl ati on of STAT3 Y705 in various nmultiple nyeloma cell Iines.
Accor di ngWg,20im4emst ai n aspects of the invention, the neCha$010B6LBUT €
assessi ng the phosphoryl ation status of STAT3 at tyrosine 705 in a

bi ol ogi cal sanmple, systemor subject. In the nethods described herein, the
phosphoryl ati on status of STAT3 may be determ ned by assessing the | evel of
pSTAT3. Y705 pol ypeptide alone (i.e., the absolute value). In.some such
enbodi mar2d, T1#heolypaptilie riatige STATEP2Y POB pEoidy pepiubitet swhseqbat teteatmrinhed
relativ I nt r m a

nor mal Sty ol RS Rl ddlcusc IR B AOELTBPORE] PUSRIEFCIETTS vr0s
may be de«t@ltlmvléﬂug)gfﬁ%sesm ng the Il evel of p-STAT3 Y705 pol ypepti de

rel ative tal 1.3 e e S | be

expr essedtﬂﬂnt@h;fl fr&&ﬁ}tlt ngﬁﬁggpo%ﬂ%dngA%? 2\\{(7(}4513%/01’(?)66%?{(168'?'%% rHI.?n sone
such enhmdufmnesdlsqrm compriEs PuTdi crgm@lmarrcal Injan| expmplatyeerpinditednt. 2B | evel of
p- STAT3 CXIZCQ§ OpglaYlglﬁaBE} %esetlé%letdottr&’ll bﬁzéTgénbé? ﬁxﬂﬁr‘ﬂéﬂ?}lry %peggtré%hcer (I}i(%0223] I'n
one such asp nvent1 on provi or monitoring of the

T esponsmaeqwslscufcelaaI@KQulheldmledladl sease in a subject to treatnment with a
CK2 inhibitor, conprising: (a) determning the |evel of p-STAT3 Y705

pol ypeptide in a first biological sanple derived fromthe subject prior to
t r eat menNFiBt3929 Piiphdrylhiidn t or; (b) deternining the |evel of p-STAT3 Y705
pol ypept 3@2& Al h&dstin 3 ﬁr&%nqlb't%!at%htc@\llthsgrr@kg %mn\éfe%JJCQJn thbe

subj ect subsequent to treat bitor; d (c) conparing the
| evel ofphp®RaTBRtiay 06 NjeodBy §&3h indearipys mhliplsapynhamad e b'@fiscaﬁccgré!mwe i th the

| evel of o], ﬁj!é $f e 1rRQLtY091691teln%10'd§]retqn?e fds&sSihg meoahegihs@hatéaerﬂa%u@of\Aherel na
decrease Int fevel 05 ‘pol ypeptide in the second biological
sanmpl e A¥frpRakering f'tzﬁen fal hi@?glﬁﬁl Giﬂﬁld?ycﬁetﬁte@&’r‘rﬁ}l‘éeqts Ip rﬁ‘tﬁ wethedsedegribed positi ve
respons gl kfeGhbIhbylaNbh E'ta{'u}s"%f 150z rﬂzw l};la' de®mined ﬁ)QQ%%éjs]ng tﬂe ﬁoatoh‘%r such

aspect, the’invention provides a method for nonitori ng

res pon5|%ﬁ%§§2%P01aP@KQe Ao Hice dhadibselgisevalug) alnssspeeic te@bt)‘?'l@ﬁ'ﬂtﬁréh? with a
CK2 i nhi by} o Nﬁ(?cm59§b5l ep(léémQ%ee(fef&rﬂanretahee 108V tat™ coRrrSiT AR asfef 05

pol ypepti de reI ative level of total STAT3 pol ypeptide | nafirst

bi ol ogi ccarresgalvﬁp%saa@hfmapwm fubiecs Upjotet erphadipents themammakigemt levifl oh a ck2

i nhi bi t g Nr&B) SOt BELOIBGMIIRR beYAtssRE tRe RTUATS YRASHD S5YP Bl Eqﬁdé el ative
to the l'evel of total STAT3 E@I ypeptide in at |east a second bi ol ogl cal

sanpl e deliNeea tIRION-theVietap BErelaimsdenlieny seBet PERFERTSSHH fh? BTesRd

i nhi bi t ofrjraiRNék {-NE-EOHPB o Nekal KE- KBOVIW%Uné %dch' &H&Jdnﬂént@'t&-r&]:r@sp\éz&lﬁg
pol ypeptide in the second b|oIo i the nornalized | evel of

cal
p- STAT3 O?M“ﬁ'ép’f/ﬁ‘éﬁf’ﬁnﬁ’élz‘?%e‘f%@ N8 %ngmslgp@afie ?&ﬁ‘ﬁ] RE-<RHR R 8P, decr ease
in the nonw®l i zed |l evel of p-STAT3 Y705 pol ypeptide in the second
bi ol ogi cal sanpl e conpared to the first biological ? le is Bgd%cat'l ve of
a posi ti vd042d2ip e St“EJh 5RESh iR ENVERYR PRYAEKD TEiRgd fqromonitoring (ioihe) |

anot her BgppRGieness Ve al CWERlcli@Rd ROt GheS sabjed td) @eathmerit PitlediCK mglbttb\e

sensitivity of a CK2-nedi at ed dIS rd a olif sorder
and/ or amrrwmlvgar%f’a?war% diedlere! ot é‘&b#]sé?tp"?)@’eﬂ?‘%a'f‘n% IfS‘M{ "
i nhi bi tQaample@ewddsmﬁgthde&t@drcnpmrn@trédmaeﬂtamela a2 mhﬁ'iié\r]'(ib)\((?dﬂé&mﬁmlgytpeptl de in

a biolo riy framthe subje ein i ncrease in the
level ofeyst efaint s&5 anlvsaterat (Pt 35pras bisioki sapbd SrhPEER e of 't he
sensi ti Vdubjyct@ﬁbsbchenpb akitherttatiihaeCkidhibitort aidl (Qrooaiparing tda: &msld»ép -NFekB r eat nent
with a i nhi bit yet anothe S e tion
provi des™&’ nﬂ’ﬂ’Sﬂmgofn &eeﬁ‘ic(?‘fcfr?%ojr?gﬁ L sameles vk ttg}e L INI} c# %;é%]

di sor derpolypeistide ds the fpstdlidlbgcahbinvee; dvheminte decasast/ mrthanvelrﬂf Ipamrﬁ’chﬂsw di sorder,

|nasub ct to .treatnen i nhi bi : det ning the
| evel o pPei 55 REN pibeD e sORpE-] & inet PR AT FEPEE TS

pol ypeptindieativeio®a ;lmsmlve)gasprmke snwpnhemdarh the@KeR irduibitohe subj ect, wherein an

i ncrease I&Z&gﬁngggtﬂar suc gisplece:tvgle npon IerTl%e Z%etlpo% p%}lltgr? eflt?fgl ve to

t he correépon contro S pre et velo he 'sensi IVI ¥ The

CK2- rredlraipenislangssmdiercmbntedlead risedse Wi bhu*aem treathniefti Wit a CK2 m@tI»ZQr?l In
anot her such aspect, the invention provides a nethod for selecting subjects
suffering froma CK2-nedi ated di sorder, such as a proliferative disorder
and/or an inflanmatory disorder, for treatment with a CK2 inhibitor,
conprising predicting the sensitivity of the CK2-nediated disorder to
treatnent with a CK2 inhibitor in each subject by one of the foregoing

net hods, and sel ecting those subjects showi ng an increased |evel of pSTAT3
Y705 poI ypeptide or an increase in the normalized | evel of p-STAT3 Y705
pol ypeptide for treatnment with a CK2 inhibitor.




1002281 I n another aspect, the invention provides a nethod for treating a
CK2- nedi at ed di sorder, such as a proliferative disorder and/or inflammatory
di sorder ,wonos/sutsfect in need thereof, conprising. det@crEius2ong/osisel | evel
of p-STAT3 Y705 pol ypeptide in a biological sanple derived fromthe subject
by one of the foregoing nmethods, and treating the subject with a CK2
inhibitor if the level of p-STAT3 Y705 pol ypeptide is el evated. 1002291
I n anot her aspect, the invention provides a nethod to predict the response
of a subjomptisitg (a)r@amn'mmg the levelaofQKIIF ixBHF B3P tpolypentiderpatatske g thdeteal of ni ng t he
| evel of REAR3 o i e r tR f total
STAT3 pof’ype-gt;Eg Olyg%n %Bo@'}stgﬁloggcgp?an%ep :?1]\1/\%3 f¥°§%ﬁ1 lgb?%ch%\lgtttg wher ei n
an i ncr easmennwithe QK2 ahiir;orb)ndaterminize the |lewkbf pNFHET AP0 W]®§€ppé¢ ypepti de
relative_ to tr f to a CK2
iy bi ¢ gp e OB RB et BG4 Eor i GRRERANERGRE L ° 2, 100
f or i denfrinf yliengnbect ewbpoqmaet tosedatrhent oritht hé"K2 editbitentandf(ch c@rparmedhat ed

conpr 1 o iegTHBR) R ReLEE R8s MBuRbAR 6% QLTI RO I dho of der
subj ect prmalized evelr dam-h@mB \Sﬁl%p@lhwpbdmpothnd'lrstdndoglb’c)l Samaleyzwhprgmt he | evel
of p- STﬁ‘l-le_:gre ZQ§ tf?eokgr%%ﬁ%ddl%vél rl)f tﬁ#%e§§%9sm§&%$nx%l L% _; ({gﬁ 6E1caW th the

conmpoun erein a decrease in eve ypeptide is
i ndi cat i samplef cohpargd ebfthcefcy biologit€) 0@ ple isnmélmtivh ﬁn@ﬂ)hethasepme t® he

i nventi for identifying a compound useful for the
treat rregt'%a eng@ %Kggate "di sorder, such as a proliferative disorder

and/ or i nfl0QA#iHn enophed psposidiae invewsrppprayiides a methpd frairgdiiting thefsensitityjof of
P- STAT3 Y0P me Rty Bf B‘E&hﬁdﬁﬁﬁ &l ap) oY{%ratuQe @%@ér apd/ &Tﬁl lnﬁixa{rnﬁw&%rdep iR subJ ect

pl‘l or to treatnent e cohpound anal yZi ng l evel
p- STAT3 adBcipel tyepapni wih pcflsd inpiiton cp@praqmssqwgmmﬁ the el a@pﬁf B Subj ect

subsequegibg }pglyfx{pﬁ@é m%omgrw shififle GOTRQWIR: thmje@e QheHenNiFASRe mhz he

normal i ze eve - STAT3 Y705 polypeptide i's indicative of drug
ef fi cacylevel of n-0WF2d» $529polypspfidsrielayrbig diontEntis predictiteery thosepsiSTIATS %705

~pol ypeptﬂrgiﬁexjaﬁ%edlnalor ﬂlhsmmafaw Jlﬁﬁ@eﬂovt?eaqﬁeapmﬁs cROMRibiRES cancer or
mal i gnancy. I n an exe nbodi ment, the cancer or malignancy is

rrul tiple rff&sha. yeymggwgwsctlo@% inpigBiigshBioyidat jaomethod fop@PBEEtnAsthe hown i n

npl e Sll]‘?ltlvtltgea‘ﬁ R Whidlat@ @BrdeRNhbRht & af pRUESHiVvE NEsRBQS WSy hatt | on of
JAK2 Y1007/ 1008 in various multiple nmyeloma cell lines. Accordingly, in

certai n B8RRery oflisQrAd. jipvefuPisH, ta KEAHsPhJds i‘e%’ﬁ?r’é‘h‘%%res%’frﬁg‘s‘f‘ﬁe
phosphoraeke%;nmg e Vs o Oh-NFAKR s@tz9 wnwei;na@ rdlAsk dbese Q0700 MO&Gin a

bi ol ogi cal sanple, systemor subject. I'n the nethods described herein, the
phosphorBARERtHlA '§taa‘P18§’g6F1 SSW*FSdW?d BeMd e SHPiEHe Y Eginaas BSerssgint e | evel of

P- JAKZ Yi3Q4{zd0 08 cpof ypanks d2al 0 I'g(tldeerel,atﬂiehﬁ) o S@kdigRndiag lé@ﬂtro”l@ sone
such enbodi nents, the |evel of 2 Y1007/ 1008 pol y@éptl de. may

be
det er i rRefigiyp af the sensigvidy of the %IBE aedigigtl disprderdp & ﬁa“&‘E“taY" RGeS B‘B‘r‘?&%g sanpl e

from a norpg6gHh&sér- suki aﬂkbteliheellﬂb&ﬁbmFHv&les tahBethadr f&|shl§ﬁd1g| fvRtts of p- JAK2
Y1007/ 1008 may be determ ned assessi ng the IEvel JAK2 Y1007/ 1008

(0}

pol ypept Pt faM ¢eCrémediand Q‘Aﬁ?(ée’ viHEr &F rf PHITTist F\?@d TefRIY ARy
sonet i MeENemAKNT &ssed, 3s Gedd@EMRERTth Qr CKat inBibabr, Q:o&)ﬁﬁané(lpﬁ&ﬁ'dtﬂa@%et o tot al
JAK2. In sone such enbod.rre({;é.s, the corres % g contr.ol
nor mal i Z€BEIHaY &f the K- ‘3%{{‘?6 B399 1O BRI Vg‘gﬁt l{}e‘“lfg 1tgrdg Sﬂc 'Awt ¥I a nor mal
control one of the foregoing methods, and selecting those subjects showing an increased level of p-

NF-xB S529 polypeptide or an increase in the normalized level of p-NF-xB S529 polypeptide

for treatment with a CK2 inhibitor. '

[00217] In another aspect, the invention provides a method fo_r treating a CK2-mediated

disorder, such as a proliferative disorder and/or inflammatory disorder, in a subject in need

thereof, comprising determining the level of p-NF-xB S529 polypeptide in a biological
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1002341 I n one such aspect, the invention provides a nethod for nonitoring
of the responsiveness of a CK2-nedi ated di sease in a subject to treatnent
wi th a CKRoi2nhidaitssr, conprising: (a) determ ning the | @celused1opsBAK2
Y1007/ 1008 pol ypeptide in a first biological. sanple derived fromthe
subject prior to treatnent with a CK2 inhibitor; (b) determ ning the |evel
of p-JAK2 Y1007/ 1008 pol ypeptide in at | east a second biol ogical sanple
derived fromthe subject subsequent to treatnment with a CK2 inhibitor; and
(c) conpsaniptegderived fremehe eijqgtJWsKQne\tlfO@e?fOI@&gpmtbfpiepmddeeating thhesuettond

bi ol ogi c e / polypeptlde in the
first bi %t%g?gglnﬁnlw& I}tﬁehg T ng NFQJB gééﬁé%ef?r%&g e% 2Ptgdve of pJAK2

Y1007/ 1008|092118y1p@pbihd1easwpttme lryem@ndarbiidﬂsogmdmd taprpdiet bomgpsaese of @ t he

first big] eat ment
w th tne ! SRS d € BRLAR LR R R 0 ent  on

provi despfdymtldecﬂorfemr retathietto thergveb pf tonéNrFe@pmﬁmeprelgy wplogicgyeampledi at ed

di sease jnes nNeipg: (a)

determ n{jﬁg ﬁgmlﬂgevsgpte &ﬁ&%@ﬂ\&g@g#l@(ﬁgﬁ% Sll}r}leogl? |51 eed }egglgﬁﬂve to the

| evel of S¥28tmmlypdpide rqi@ivyp@p@rredeonldmgaomrqi QPTMI@IV@glf caponsapisetdetikyed from

t he subj %ﬁtb ﬁglor to treatnent with a CK2 inhibitor; (b) determ ning the

| evel of ht K2 Y1007/ 1008 pol ypeptide relative to the level of total JAK2 -

pol ypept i dl@ﬂzlﬁ] Tata fughgtaspect desoineentipo broyidest msthepifer identifviaglafcpopeunde subj ect

- subseque t ngLdvdae

" normal i zg%ﬁjltl g?/rgfeeé%a%&ﬁ %H\?/(lzg% / 1%(*0(58%5%;5%%‘1{)? ?Qgroflﬁ}atﬁg@%g{:dgn%dbl ol ogi cal

sanpl e vmnﬂhmmhteryrrbmﬁncz@drmwéa) apdlyzing)th VBJP@@N&@B§5%P%}¥1@BM%&3| n the

first bl abRel sk o athtn WAGHELMBuHE ShERT Sndiild Ve RENG J-uFdel e306! of

p- JAK2 Y1007/71008 pol ypeptide 1 n'the second biological sarrpl e conpared to

the fi rsPOlmeml@gil@élubJS%tr?p‘PSéqllth forfespenent wih g camperyid Mhercingsgrsiea® o

treat man{he“@vt:lh)f he. %51 dﬁkﬁtﬁfe is 1ndlcé]tglgg§(§(&%13fﬁc?é§0t her aspect, the

i nvention provi es a net ho redictin e sensitivity of a

CK2- medi at B8228] o ptik anotheic psped. aleprndplitfoer @rpv%s di wethad rfonAtenyfyingn 2

i nfl ammat arbuf SQRHEor tﬂentr@mﬁamo%t CkO-rhdfdd "B rddM mhaas%rdlmmu or,

conprising determ ning the | evel of p-JAK2 Y1007/ 1008 ﬁeptl de in a

bi ol ogi céifordeispe/er iglanmataryt dispiderfemetinE 61, angleipehs e i’er: E38eS2R the

level of ,Qypbht 0L 1A WRKEPRMpeptRICr 1ﬁ|aa-tsdb}’e%t bﬁop@ntréa%emswm gdi ctive of

t he sensrtlw;}fy of the proliferative and/or in mmat ory di sorder to

t r eat mengomopR; andfe) apahyriing thelevel of pPNJowiE 7329 WIWPt‘dérfﬁlPH@rtoé%tblM kBt he

i nventi OBOWeQHdedﬁ% s@bjeatsh&dqdeaf tonfeemeat Wil tHehBmpenl tvnetnya @credse in
CK2- nedi at ed di sord proliferative disorder and/or an

i nfl ammthPmiléférlavé} of - IHF-éBs%éB? %‘b‘t’PePbdet‘F Bdteaysot AugrFtheaek2 i nhibitor,

conpri si ng[odxeztlfr nBgRE: thBodigval rethted-1d AKRIFYED G504 OBy st dep Pt deher el ative
to the |evel total JAK2 pol ypeptide in a biological sa Ie derived from

the subj Betiterafitie AEPHRIPMARETSHEET Oh PHEMRBE mil 112 EXFIPEAR I mBPdipenfalls

Y1007/ 100840t yaRhhdas maltigleinveldn. t he correspondi ng control is predictive
of the sensitivity of the CK2-nediated disorder to treatnent with a CK2
i nhi bitor. 1002381 I n another such aspect, the invention provides a
net hod f eTABElEES PHgpieeitREt s suffering from a CK2 medi'at ed di sorder, such
as a proli fﬁ{ﬁﬁl ve di sorder ar]d/or an infl afn di sgor der r treat ment

f
with a CROPHHBS (PR cBnfraRIR gl I r ERIRE Ryt H‘e JphipRATy Fduge 9t Hg
CK2- medi ﬁﬁo@ﬁo@llamhdﬁfsmCBtY’ﬂHtlﬁ‘B@ﬁouMIﬁlhtlp’nle a&zlommebnmesr Aﬁccediﬁé'lysmbj ect by

one of the foreqgo nmet hads nd. sel.ectin ecss an

i ncreas e&enﬁg’\fé?eggfor%gl?ﬁkﬁen%’béhﬁ Tﬁb(éngcl‘Sfﬁé%ffSB’g tger P }foﬁ\t':l?téogs ganfsnoqt he

nor mal i zeOATEwakrosihe peﬂﬁ@blm@nea/sa:ﬁﬁw Peky pe pitjde fromaetrrreﬂa)ﬂmmwdt h a CK2
inhibitoy. . 91Ina th pect , the i.nvention . met hod
for tr ea[“?rﬂ{j the &@ ditiop ga% 23?3 ma¥t§’8ﬁet§r§m%edebryo"}ssefs %ﬁ’ © leveg?%’or der
and/or i TAEMOS)ptylyphpama" dete, (ienthe absddjte gblue)n Insenie tsinehr enatfodingamrspthiesi ng
determ nleog otf QFSTKQF‘F%OQ ol@pep'tAldKe2 maYle Z /te]r'r(r)1918ed pe(?z!tiylg?oo a; Isu(%lt%blle rc]one%ro?lsgclhoagl cal

a corresponding sample from a normal subject. In other embodiments, the normalized level
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sanpl e derived fromthe subject by one of the foregoing nethods, and
treating the subject with a CK2 inhibitor if the level of p-JAK2 Y1007/1008
pol ypept iwe 206/l B3at ed. 1002401 I n anot her aspect, tPrh&/tlisamensizan

provi des a nmethod to predict the response of a subject to treatnent with a
CK2 inhibitor, conprising determning the [evel of p-JAK2 Y1007/1008

pol ypeptide alone or relative to the |level of total JAK2 polypeptide in a
bi ol ogi cal sanpl e derived fromthe subject, wherein an increase in the
absol ut eofgrSTAFINET05zBaly beedetdrmoted py 3siERiny 1XOIEYel 00 8-SFAITY pEISS ipdypersidat i ve t o
correspon t i I i.0hi bitor.
[00241] PRI EARSIA TS SnBER kIl Blod SRPARRINEDESSol el st porett

i denti fycvrrrglcaofqaﬁi‘)@i]hd’ 705;61 total SHATE.hén saneeatupie pnbafiment CHiR- srexdbrondiag di sor der ,

h Lif &
(o) anal RO B TR o KRBT s MRyt 4% SPATL BB EC "or o
t o treatmentl canttdh. t he corrpound and (b) analyzing the | evel of

P JAKZ Y1005 3 AR50 ROLYR SREdch ind @no%n&fﬁbg,%%defubrﬁggibe@%%gm}omggtmm{a with the

conpound; In a ecre S8 1'h 't he 8 pol ypepti de
i s indi caspovaventssadfagCE?-hiedimtey . disease 1Q@ 20pigct|tn tmtmeht withh & He¢2 mb;be‘elb t he

i ti ovi. hod f oAkt h
treat merf Btk (5 A ARARE e et GIAN R0ZEORBENTT YIF oL der
and/ or i sfrpkveEYadrfjontihs svident prieraapredtmiemgrith(GKamhibjtet; ny) édiaminngethe of
p JAK2- IXJBQQF (3 %QQ&%3 R%%{T&%Qb{:&%ﬁ frPat %}%a'stvaeset:&dc}gélg%ga] AﬁﬁplngrY\ngtohpﬁe' n a

subject prior to treat e conpoun anal yzing the | evel
of p- JAK@bﬂquem@@@ t(p@byple{litwmlear@f%mhmot @ndl d¢)atonpARDE gel by firde in a

subj ect TP ase in
t he norma |zed Ohfpgp*({eq?g%&@é%@?éi%g%SB pol 3}!2%?'1%?'6? |@ ggrggﬁb\%e of drug

efficac ypolypept[d@orzxt@]ﬁrastrbuﬂmm eample wﬁ@mmfe@ﬂcseaWP alteelaveﬂ ef pSTAKD YW907/ 1008

- pol ypept g, +tﬁiéelrlsvhe sb&mermlbg,@an asta;nm% Qhpardab tﬁ@mlbm%l&m%me%
mal i gnancy. Tn an exenpl ary enbodi nent, the cancer or I gnancy 1s

mul ti pl einfigative afa pagkive afsp@ie logreatmenew i) @H‘Eﬁ*(l@e’iﬂéblfoér the Creation of Sanple

Profiles (op22lsP26dhed &cu%pe@mﬂehﬁcer@ép%ﬁéwdeg Rendthoeivk 'n%ﬁnt@fru@/bﬂ@l@ a met hod
for predi ctl ng responders from non-responders for treatnent of

CK2- medi Htroasivingefe, CKZatediated Aisspss| in pebiestvie HgpEEPUNID Al pmbior _
i nfl ammag ooy 1s1ﬁ%{5&f ARLminthd e Feveled J-SPA DI 1965 pdt ideSleRBve bahe ROEIQTM Ni Ng

the | evel of expressi on and/ or polype tide [evel of one or nore
bi omar ketoigl §3Métlé%VPFP% ok dirst taposical Salﬁa'el%nsed fromgthe \sigbiect RYIGE-1® 5 and/ or

the | evele.ghenPwithta §I¥29mh1]ﬂto{\kt(b) Setinify Be JevElilp-SPANE-KB5 $oRPeptide STAT3
Y705, or p-JAK2 Y1007/1008 | ypeptide 1n a sa Ii)e derived from a subj ect,

wher ei n EREV&QRA level 8 198 S B%E@HPGPBdec‘ﬁét legeda F%H‘i‘%‘?'?%g‘c‘l‘léa’ﬁl’ sF#Eda sanpl e

profile; r&Rdnd Q\)bj&@m'él]&gt tdﬂeeaﬁﬁgml\enrpraoém Gntibitdh, and’ @ @orP&gPtel i | e;
wherein the reference profi i s indicative of res onsiveness to the CK2

i nhi bi t ofor@AliFed devrbAl Pégf}gﬁsﬂ%r?@%yge&tiﬁ‘e tih dhecieeondtplppipysample with the
normalized level of p-STAT3 Y705 polypeptide in the first biological sample; wherein a

decrease in the normalized level of p-STAT3 Y705 polypeptide in the second biological
sample compared to the first biological sample is indicative of a positive response to
treatment with the CK2 inhibitor. '

[00225] In another aspect, the invention provides a method for predicting the sensitivity of
a CK2-mediated disorder, such as a proliferative disorder and/or an inflammatory disorder, in
a subject to treatment with a CK2 inhibitor, comprising determining the level of p-STAT3
Y705 polypeptide in a biological sample derived from the subject, wherein an increase in the
level of p-STAT3 Y705 polypeptide relative to control is predictive of the sensitivity of the

proliferative and/or inflammatory disorder to treatment with a CK2 inhibitor.
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1002451 I n yet another aspect, the invention provides a nmethod for

predi cting responders from non-responders for treatnment of a CK2-nedi ated

di sease, wochiias1®sprol i ferative di sorder and/or an inflparnmst@aopsdusor der
with a CK2 inhibitor, conprising:(a) determ ning the |evel of nmRNA
expressi on and/ or polypeptide | evel of one or nore biomarkers selected from
CK2a, CK2a', and IL-6, I1L-8 VEG-, H F-1 a and/or the level of p-Akt S129,
p- Akt S473, p-p21l T145, p-NF-KI 3 S529, p-STAT3 Y705, or p-JAK2 YI007/1008
pol ypept i de0226]la gangubthed @speviedhd ribrmidons plojveles ,a wiethoei for tm&iiétmgptlhe i s not
exposed to.the idﬂ% [t ovi d anp rofile: conpari ng
t he sarrpﬁerésnbvr'%f ﬁ%a W me&“g ea(rjsé)%%e Surcgf i?ﬁ % l?erBwe 9'ﬁ°rder gdr/érg)gré profile

i s i ndi ciaflanneatordy de&ﬂansnvenmhsmtn>UhanQNZ“mmhabCKbrmamdmonmnmnmng ‘
non-resp S|vene t " 6111

enbod: nHEnhERERE 14 SORSTRT o R debRiiss s4RRE B M2 e BT BES Tt

expr essi pmrypamdlkon d broEvgp@ll yaoet dateved rﬁrohhémesah}p(cte“diememvadufcream tnhe subj ect .
InsmeeMJ teR 162 S n e e L- 8 nRNA
expreSS|on %n mmfﬁf pojép%% “mﬁﬁfhgﬁ%gém%gwdgnkp ahﬁgéﬁ??léLsubject

| n ot herprefiive ofibnt@sitisinepl t(xaﬁ;szrcpxates esordettertrnatmemtgmthmeCKENalbltglf CK2a

and/ or ' ﬂRNA re S|on nd/ ol |d I ived from
t he subfgﬁﬁhzr nfﬂ?@ her' ento |ﬁenPV&m8 8XR?Q% Sah&%§£§eﬁﬁpgsﬁbg§%g t he

| evel ofsuffertlgt i8i2Q@ PERymepitddddisondert hvechs and eraderatived disorden phdorsabj ect. I n
some such di e e.n I eptide is
used, by §§§§%$2@%3§ hg&]g&g gﬁ %Eﬁ%kbﬁg %Q%Hgféfﬁln %%¥%@Q%QA@%

. pol ypeptsenbetivitb'rmf dehdi2-medbudd drremtlcs’ to mae"pen(t &)th e digrinkibgordet@hsiieatgy t he | evel

of p- Akt [ ' I Om : ' In sone
such enbog%ﬁéﬁﬁgkgﬁﬁghﬁg§%%ﬁ?£gﬁcﬁgggkgéﬂﬁg#%ggw%&$§?%§F$%§%%?dg i s used,
by det er$iAng 70hepokyportideofr pr AkdreaSA 18 the nemaliecdt develorhlp-WA T Vpept i de.
In furt ] H§igipri ses determning the level of p-p21
T145 poﬁ% glgggghﬁ% 3“§§$9Fk§§ér.ved fromthe subject. In sone such
enbodi rrent[§0228He an@thmsvegedhq ayeitiopprqyidepa nethng fpoir¢atiepta @e2-insdigiséd, by
det er m ;o ssve%roﬂferaqwga%ormréla%droﬁ hitlnRudrPaisOHE P2 LyRN YPRRA de."In
further i ments rises determning t eve of p-NF-x13
. S529 poltimeqft P@eprismgt#@r@mm élede vea-STAJh YA pelbpeptide in p bigdpgicaduch
embodi meghsie deh@ed”f?&ﬁ%e‘ s%%}ict' l?yv&le d?ftheofo'r\!%o?ﬁéc'ine'ﬁﬁ%? aqglt%%%\fhg%uﬂj&t used, by

determning the | evel of relative to total

pol ypept Viea Clﬁﬁlfﬁllh'tph’éfheé%b‘éﬁm%?ﬁ? Y'éq5é’ﬁly(>§)“dééfrﬁb@r"ia§és deternining the
l'evel of nmﬁiéﬁé axdifler éagécynﬁ@mvelﬁmhr},rctvlf&s %e}fmhcﬁi Qeﬂrkd{@idméf ﬁ@n‘é@@f gubj ect.

I n sone such enbodi nents, the normalized |evel | ypepti de
i s used, suwctdett@mem Fih tahGK?- aRfibitopy coamsqwéetwesmg éheaiqvvleoft Ibs?éif%u STAT3
pol ypeptme yg ,g(w@takb%e oemag%rmmeaev%%taﬁ @)rAqngawpgﬁsdedetaQﬁmgiéang the

| evel of p- K 1007/ 1008 F ypeptide in the sanple derived fromthe

subj ect . Sa’lnﬁle%fr‘ﬁéedsf{j’(’i‘hthem N@ﬁw antipegeaprolf e b5 efe PeyRIMaliged fevglgér-

Y1007/ 1098, 10Y 3086 lyipeiRide SImpR T cdésbaligE BantloNd phdaRtik € ¥BilesfohsiPend AKE

Y1007/ 1008 relative to total JAK2 pol ypepti de. 1002471 I n sone

embodi ment’s2 inkibHPT ar ity bet ween the sanpl e profile and the reference

profile pr[@mo]tm avmﬂmaﬂagpetmqena&dnﬁm ploSidés 4 RSMENURTidiAIRNa taspander to the
drug for treating i ated di sease. In sone I ments, the

enbo
r ef er enceB} F f}ieetrqa?%ﬁ“b%fi? gezﬁedf@ﬁdﬁ?ﬁebéﬂﬁ‘s%s % Uol‘ﬁ@“ﬂ? ﬂ’éo“d? ¥O(&i ned from
oEe or f mﬁn@ar@aéﬂyeﬁofdemergaﬁ@xgr @@mﬂ?% iMEthé @vEINg pABTUgr3 YVUSQidﬂ)ﬁfeptﬁfébﬁ)d! ment s,
the refere rofile indi ive o S si venes 0 is
obt ai ned® #P§ gﬂ‘étod‘iﬁa%fltew‘b}hé‘? 8‘?1?%0“ %{bg %@ﬁ“‘rgégepl&‘f‘z P{L/%'Siré?tq’ S;g'dgr ug. In
fr equentpowb;mﬂk e BlsBhject bﬂ)sdtﬁidg tb Sreéim@ﬁz“nt}ﬂﬂhb Rbipsund; whek@iQ 24 dreddaan net hods
provided her dentify or.predict subjects for whom
P oat ot (e AL e SERI Ry BvSRERs PeBf o thsdMPbicr i ve. and thus to
sel ect aHIOMMthdﬂﬂHaﬁﬂhﬁes$mmrﬂﬂ graipn Povipspall méthah faf ikubfyemgt 8 who are
likely to ben flt such trea ifie such ects can
hen be SEPRRTCueRb O PEfetubt 2hay Gk rediEe i oo b ErPAF
Conver sedigordes alhj/ce_onfkmﬂmorardesodleﬁ, esmprivang: Gaparhayzinglthdleve} of p-SHamefvi7os f rom
treatnent with a CK2 inhibitor can be identified and excluded from

treatment with a CK2 inhibitor or provided an appropriate alternative
‘treatnment. I n various enbodi nents descri bed herein, the subject can be a

human or other mammal . I n exenplary odi nents, the subject is a human
subj ect. Conparison of Biomarkers to Reference Popul ations for Mnitoring
Responsi veness 1002491 I n an additional aspect, the invention provides

a nmethod for nonitoring the responsiveness of a CK2-nedi ated disease in a
subject to treatnent with a CK2 inhi bi_tor corrpr|5| ng: (a)_determ' ning the



sanple is indicative of a response to treatnent of the CK2-nedi ated di sease
to treatnent with a CK2 inhibitor. [ 00250] To correlate a subject's

bi ol ogi cavo=anpl4e78s0 a st andard reference popul ati on, i PCrasSa@oesSsary to
obtain data on the clinical responses exhibited by a popul ati on of
individuals who received the treatnment, i.e., a clinical population, before
and/or after treatnent with the CK2 inhibitor. This clinical data maybe
obt ai ned by retrospective analysis of the results of a clinical trial(s).

Al t er natpolypkptide trblatiel fontohISTAAS potmwgptise okt subjeedpity desirgrainhyitairtle car ryi ng

out one e I S l | ation
data 15 QPR FahE R Ll a5t pey ARTOKBUAPLARE N BB SERPY 25 0.

i s usef ulolypeptidk ars s isfibjecs suljsemiest th treatgehteritl b cofpdundy waein iacleeressatiment |

and/ or t I j S gsponse to treat ment
with a é%é&ln%ﬁ?ﬁ{i%3?1%%%%%3?;‘02}%8&&?%%3% i é,&{ ¥§ng §éct S included in
the clini d@ﬂ23pldpLﬁ®zu¢r0mr¢deendn§er¢l@¢dadem S’Ta‘rT3t NéO%MOQPem@e loYels, be medi cal
condi ti it d di 8eas8n1.S afbdathat Rotenti al
subj ect %lgélraal“yr%c(ﬁgog&tr Cm%algsesg%]sclggﬁrdla%?%nq c3%/IS| ca exaPna? one or ’ntnre | ab
tests. Aanasr orandligedngy isgneldplagryelomgubj ect s can i ncl ude use of a gene
expression pattern, a protein expression pattern, or a phosphoryl ation
pattern. For exanple, gene expression pattern is useful as grading criteria

wher e t hidka-Y H0%/ 1608 Rhosphondatishat i on bet ween gene expression pattern and
di sease 53 Asb'sIAVI i?T ESER N1hY el STiANGaLgor ﬂihwngpcr@d&@cp%@tl on

conpri sin jects arl ng gene expression pattern profil
char act elhp@bpld(agyn of lg¥K2eX HiFI1808 b wamqvskmvltiple myclogarcel dipesn Accordmgly,

charact gp 'céwuf:{]sgécts & e Ih%srttwn ahQ rﬁeﬂ%dgpehmpéi%s&gmé e RESRED b VgL i on to

corrpare W th measur ed | evel one Oor nore gene expression pr oduct in a

gi ven suBjlAKR at typisige grsiducsehofy é%%iQS)ﬁ ipp b@hxgtcélss)amakeW@ICmI ¢ sptiect it theds of t he

present Alametde%bwﬁwﬁlemebwosa{o?yna% didM Bﬁém@a Raydbe d&@&sla&tg istic .
MRNA associ ated wt artl cular genoty group or %peptl de gene

expr eSS|Q§WS%¥?&)@9&VCb‘Pfﬂ h’h‘ﬁ JeABYI98 Ry Y@Bm’de Iahmﬁnﬁ'é e‘hbé‘éFPWEenYa‘“ dbject is
classifigge %chaél%oamtst Be B RBbE #) wk@ry Ig@ﬂmox%wéawa noly el Rasmhiesed on
S|mlar|t bet ween t he neasured 1evels of a one or nore biomarkers in the
subj ect wvettﬁésvléa\b@lcomolméh HECOBiCSHPBEIBS BAMPiaiT KB f SO tbiesH ether st andar d

refer enC&lb@@iBiéht@-tth@ﬂormahzeliqu%ﬁafip b AK 21Y 16021008 ﬂ{ayl b@'@i@l@f%lﬁ&ﬁﬁy& askdgnpi omar ker
| S sel ected fromt gresm on and/ or ! \?ﬁ)}\a}gtl de | evel of CK2a,
)

the legel qf p- é‘*@é’éﬁoww I-IIOP’PF%PdedF'aE“I?etOI #> yheagip they redptive At
S473 p 1Bk iy Somdtiml¥EHKBx n§5%8d aPa SERLR of 18R oPP-JAKIAKRDOYA 06K’ (01008
od

pol ypept| de. I'n another e i ment, conbinations of two or nore biomarkers

are usedAXdndn %I%%‘P‘éﬁf“‘fqdﬁﬁ?“t‘%é"erFRI‘{Wpé‘?@b'Ige“é’éir‘EJﬁ”‘HﬁSﬂtﬁr"OBﬁ*}lVﬁfblﬁt’? @& 1 evel of

CK2a, CI?QQ(Z YidWﬁOOg ﬂ)dlﬁ)ept\/(g%totQUAHblﬁTéﬁorm@l’coﬁh& | evel of p-Akt S129,
p- Akt p- NF- KB S529, p-STAT3 Y705 JAK2 Y1 07/ 1008
pol ypept| d@o B4 i [‘15‘625‘32]] aFHeC\MtI‘? inygntifigBROYE0a PHAd lf‘ﬁ ‘E‘E‘Bmﬁ‘éﬁ S8 descri bed

her ei n_redpahdivegest of thexd-pv@hed Alsefe Ak s89j2Q to PreAlentSAitBa qx2PpRhibEaA5,

p- NF- KB S529, T3 Y705, or 7 08, ei.ther th bso ute | evel
or the riORREINGE @@V@wn&fhﬁlﬁ‘@‘ Bf mﬁ%ﬁé&g {ﬂ%gmly mﬁ-flﬂﬁ’% © p- NF- KB
S529, p-sahHE Fer¥vld FronDihe PubjodPriof 1O GrédthOISviaal (y[pzamhibder,, (b)a@ep@ﬁﬁnm/g,ethy, may be

o © or | 7 PO JOTLOBE Bon5irls Bt it wsierd s EBLMHErFE St | bed

herein, thheubieet hestguait td henper samta CRY @iibion a4(c) bnbiring thverof por e

nbi nat K denti f f t t
andlor R v ionf oOPRESEfin e Deineeed sl hie AT I B0t a8 T oot rent

wi th a CKormosopdgeptide in fH2AZ2SHioldgics sampile; oﬂemﬁmhdehrdfm(ﬂtn th¢ eeelpfsent

inventio nbi nati o oftssus edjctin

det er ni nllr}‘r% ?(m%&?l%ggtpn@ﬁfpm%fl c%& 6t rd g’&?c a"I?fl 'Q%ared ?cf sthe?\gg'rSt irst

t est forbiclegied tannge tshmhdaewedfaqiosnavé nes;&hsebb Gnaimkrerwnthfthacm oihdugpcal sarrpl e
froma su and ndtet for. .detecti I . nd

bi omar ker @Sg]aln §"Bi %rl o a%ﬁeCtSae ‘f‘ven"\/\fﬁgfoéidep? H?Oldrﬁl%l%%“en% (?tgt%gl fferent
f r om t herespensivedesswif IaeEKZ Inndlatleé d&ﬁb@dn renbjectith aredtmestt with etk mhibiter, sel ect ed
fromthe nmRNA expression and/or polypeptide | evel of CK2a, CK2a', |L-6,
IL-8, VEGF, or HHF-1 a, or the level of p-Akt S129, p-Akt S473, p-p2l T145,
p- NF- KB S529, pSTAT3 Y705, or p-JAK2 Y1007/1008 pol ypeptide. In a further
enbodi nent, the second bi omarker i S(I:K%Pl ected fromthe nRNA expression

and/ or pol ypeptide | evel of CK2a, ", IL-6, I1L-8, VEG-, or HF-la, or
the | evel of p-Akt S129, p-Akt S473, p-p2l T145, p-NF-KB S529, p- STAT3
Y705, or p-JAK2 Y1007/ 1008 pol ypeptide.




[ 00255] I n another enbodi nent, the present invention provides a conbination
of biomarkers (i.e. a biomarker panel) useful for predicting or determning
t he treatwenniigl4iissacy of a CK2 inhibitor. In one enbodipoentsomielsbi omar ker
panel includes one or nore bionmarkers selected fromthe nRNA expression
and/ or polypeptide |evel of CK2a, CK2ot', IL-6, IL-8, VEG-, or HF-1 a, or
the I evel of p-Akt S129, p-Akt $S473, p-p21l T145, p-NF- KB S529, p-STAT3
Y705, or p-JAK2 Y1007/ 1008 pol ypeptide. In another enbodi nent, the

bi omar kepmpasied: (zi)rdcdenndeisg thadgvet dfipel\K2f H1007/1098/poly pspiide relatiesrto theilgyist | ni ne,

tp oy popT s P 8@55% gﬁg&% &ngaétsaﬁfaﬁfz%ﬁ%@r bESHE AU BF 10

| evel oftrzepmmt “&mz@ CI62 AtibiB473 (b)p dp@inifitg She devaF- K- stszgY l(wJéWg \/705k
or JAK2, Y1 tl r I omar ker
panel 1 ROPEHISE HRNE BHRIRER ISy LB GTR B IBRPRLaRbiaidelal 2 OF

and/ or pahpipeistivaieltbevibé safjedCikREseqCKO® {reatnerd, with_a &K A/E@ibitogrand| ) | a, or

E) ?epl \?X%WJTB‘%AF gégl?z’e? Pevﬁkotfpfjﬂ@ befgéé%g )ﬁyeptg%egtﬁﬁgegr%ee ng% il c§tTAT3 Y705,

pr esent samplemtithghe pcrrowluctéée\al ofcnt-Wol€2 &l 0QY PPB @lypentide firuthe ifipdt diokgidabn f or
predlctln ] . r efd | ARl t.or

Cormpr i si "oy STea tebleld b O, AR R e BAEY x0T P pol Pt 1P

bi ol ogi ckd sEampbwlagicah sanpg ecmpaamwpt’nevfir@h biglogisel $ampdd isomdigaiveo?t for e

bi ORI KefoSiit e An&lb bbb finREAM iAo e CLi on o determnation of the
t herapeuti c ef cacy ased on an 1 ncrease or decrease in the |l evel of one
or nore bileN286Kepeotiien agpegthf dwention @evidgs emerod f@iprediqting Bietsesitivitn obne
enbodi ngy e Piepigl/ or

o sent, M- fn%atl@a Qg&%égz;uch S éﬁx]oﬁfeIa‘ﬁde &E&&rertan@om%m&s@%gg cARdlor
of p- Akta SbRG topireakpenSAB a @ngthmmmnwnwpg LBewgnng the BYATE prfIS2 or

p- JAK2 \@1%97//16(95%1}%9 t)ﬁ@%P& blgﬁ)glc&'{bstalgﬂg%emed%m@&%csméﬁtﬁ ihQ@eas¢ edi ct

Responsi veness £r esent invention rovi des a met hod of
screeni rig thm!ﬂvelcvfspéﬁ@eﬂ(}%/ 190% Relxpgpriéd Fﬁflﬁwattp\f@“@?ls‘érm@wtivﬁ drifer to

predi ct skﬁkﬁivst%r&smnﬁbm%awé ah@ot ERBLIBRRy Widhied (S%atnitit BiithOk . ciePNPr i si ng

determ ning t | evel MRNA expr essi on and/or pol ypeptide | evels of the
CK2 cat dhiibifeg.- subunits (CK2a/ CK2ce), IL-6, IL-8, VEGF, H P-la and/or the

phOSDhory}ﬁfZB@]rln?e@tdﬂ&h&f eékttheslrg'%mtlda HYlidSE A3 melho® 2br TldiRuting-thE- XxB S529,
p- STAT3 Y705, an K2- YI007/ 1008 by a nethod as defined above.

1002581 seasityity upk r@eFK&srp@&ted tdiperdst ewight a5 Ay Bitifesiivpr $¥aréREs ad/Srehod of

treati NgnfanBhbry &s&hérvqna&l%%ctl rf |na£miaﬁt0wthdh SOK 8l€fhhibRord &u@haﬁg in need
t hereof, conpriSi nlg determning the le of expressian of
{

th
cat al yt |49te§l]'ﬁﬂﬁlﬂt“‘s btk a'! 07/ Il(P_086’°1y|PEPtBie TWGQ to Flﬂel'—*e‘iebo%tﬁﬂ} B?K:f he

phosphorgslyat _Iﬁtf?l@ it taabidgRhl Ample wrﬁé@mm dhe Alsbjed1 3Ber@in MKincP4€3in @€ P21,
preferably T145, or NF-ic referably S529, STATS, 1Qref ablx Y705, or

JAK2, pricradlized (el phppALe \9986300% H?lyﬁegéiﬁﬁ?l@“'aé‘? I STEPERAINEINEN ect |

the net hpgscidestiht Raitilier &tk Clﬁﬂlﬂle&ﬁ@&'ﬁis&@eﬁth&ez&bhbjn%fh ACKNinAibEH? | nhi bl t or
if the level of expression of catal ytic subunjt

EGF,
H P-1a and?¥38HnRsapher Peiapersciakie, inpeption REevides a ’Eel‘h forélfae?fﬂﬁzsupjgétél evat ed.
1002591 difteridgevioin detrpmearetdf afsoraerpamm @ylaarprdnfaawekersomer biddsraakers in a
bi ol ogi cal sanpl e, gch as a cell or tlclS( yst em or UdetECt may be

conpar e dn%n{uﬂat&rﬁ glﬁ(ﬂ' %p If(?ra{r%atment with a mhlbltor compnsmg predicting the
sensitivity of the CK2-mediated disorder to treatment with a CK2 inhibitor in each subject by

one of the foregoing methods, and selecting those subjects showing an increased level of p-
JAK2 Y1007/1008 polypeptide or an increase in the normalized level of p-JAK2 Y1007/1008
polypeptidé for treatment with a CK2 inhibitor.

[00239] In another aspect, the invention provides a method for treating a CK2-mediated
disorder, such as a proliferative disorder and/or inflammatory disorder, in a subject in need

thereof, comprising determining the level of p-JAKé Y1007/1008 polypeptide in a biological
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control sanple. For exanple, a control sanple may conprise a bi ol ogi cal
sanpl e derived froma subject not suffering fromthe di sease, or a sanple
of nor malwOi2eBUE1T85. €., non-tunorous tissue) fromthe saoE/Gsades1341
1002601 El evated | evel s of nmRNA expression and/or polypeptide |evels for
CK2a, CK2a' and/or 1L-6, IL-8, VEGF, HF-1 a and/or an elevated | evel of
phosphoryl ated Akt, p2l1, NF-KB, STAT3, or JAK2, either alone or relative to
total . Akt, p21, NF-x13, STAT3, or JAK2, respectively have been found to be
pr edi ct isamplefdenvedefied thei subjetthor appandtthecfoefghing tmetifods a@K2reptiigi the swWyect The

el evat ed_l,ev, S Whi - eyl J.nhiRitar is indicated may
be det eSvnéhnaeﬁk%gmgwgﬂklfﬁeg%g{)%&s%rﬁzc’(t]b%g/égégaﬁ?o rl?gg?;bdg&%] érlrgevrai‘%eg', treatnent with
CK2 i nhi bile@3A0limypndskeriasptict abieeihvertion @ravivies @l meatkdetld dradiet|thg respdnee sfampl e i s

det ect ab] y. v t I here P i 3 50%

750 00sieda8ifiablfy R4 S fkBlor, RopPiRleS bl B 3T PR e
enbodi neEYIt0§7/1903epapyeptige hlane oc gplatial tonfhk | levsd of toeht AKR podyppptaicoit ai ned from
a nornaly. j : f.. subj . i i t he
ool 1 1 orifAgis? skt oy BLRUR o B! G WIRCALE (PR selld GoBpld TR0
appr opr ileteboCpHAKBIY IR0/ 1008 polypoptidegtlatentplcerréspording erotrpdls pealitiveof t i ssue of
t he SUbjrgéﬁlB__nsﬂfeflésL & £8P YnidAE: proliferative disorder and/or the inflammatory
di sorder. "For exarrpﬁ e, In a subject afflicted by cancer, the test

bi ol ogi call002dhiph e famther bepecte thieviexnfigroprogidesiammethpch far hdentifysng e cepfifosed ed by
cancer, [ . ned fron 118 t i's not
affected %ﬁ”ﬁ" gleggg%:%gd. ° ?% nt'?glrerag?a%r?qusggg%glﬁ&b% aa%rgg?selggtéé ?%éfm?trh%a{o{avel of
MRNA ex priesgnasery adidgrder, t dtpenppisingpdt iagdydingy éhe devel hef Ipdvier K B478P0%f

I nter eStpol}BEptitdp% PQB%QF&QW lt@‘{réa%eﬁm% &tn Bltl]ﬁ, Q{(f)(’g?grlﬁ%fzingﬁwlegg igpar ed to
the corresponding levels for the bionmar kerfs) of interest in the test

bi ol ogi calAkakpi0e/1008 palgegpade invikewbiechaubseubide teemartev o therremppends ct i on of
sensi U1 Wi feYeiPh de&SROMS 't1¥eef%€-‘e‘i%f?@Jﬁ(%d?%b@bé}%eptiE@% BHRhGCt off Gug YPI cal Iy

a subject who has been identified or diagnosed as having a CK2-nedi at ed
di sease,cf®@®h as a proliferative disorder and/or an inflammatory disorder,

and who hgg2aitn UWaHesQeRe dp&at B Nhviibh Roidd 4 hidid @8- idlhMSingt he met hods
can be used to predict whic sub%ects are likely to be responsive to

treat merfmRPoH ugeigkdor thiitspimsnt BF P ofKe-mediated idierdsy weleat meprelieraivot her
enbodi mMefosier Gh@oiS WltlafelatdtPHiBRRA RLHPHiBhs! ?%Qalﬁzi%e‘ RREbLE gryakand the

subj ect is being assessed to nonitor the effectiveness of treatnent.

Met hods DYO0ZEGScRalYpGPISSIEgHYe (ostolah J4he PPIRIRETS fred SBUSSHRKYY @ treatmeph02631 The

met hods aifh thé)EonoBRERhd (B) L8R} 2iR8 he B e P rSOI A - VS®RIF/ 11008 S8 RStidARIAPHT OPri at e
dose of a CK2 inhibitor to individually optimze therapy for each subject.
Fact or s ' é'ah @AKo RelyprRafidgin; arf“é’éFtéB‘?ﬁeﬂf&“%/ tRéreaipisntopH the ecrersyadiierie t he
parti cul@gresstih @t nonnslize@ et &p@mﬁtmoom@atp@gpeﬁda@ i€ lndithG@l ofcigi ti on of
the indivjdual patient, the site of delivery of the active conpound, the
parti cul%¥@¥%pe of the active conpound, the nmethod of adninistration, the
schedul i ngoo2i3]as Meflichi érabddafentd Retediay @riAKL viozheos paihdptianicael Bs her
factors kqgmn.to.ne ical practitioners. The therapeuticalIy,effegtive
amount  JYOHTRLE FRAEIE SABBUTT CEUCher RATANATYt P SHPTPlaBeSBErTEd Dy such
consi deraahdepstanalighghey & rhll@pleitloma amount necessary to prevent, ameliorate,
or treat the disease. Such anount is preferably below the anpbunt that is
toxic to the host or which renders the host significantly nore susceptible
t 0 i nf edlise ©NOne driMorBBd nexik ceafor @ MpéaBion of Sample Profiles

[00244] In yet another aspect, the invention provides a method for predicting responders
from non-responders for treatment of a CK2-mediated disease, such as a prdliferative
disorder and/or an inflammatory disorder, with a CK2 inhibitor, comprising: (a) determining
the level of mRNA expression and/or polypeptide level of one or more biomarkers selected

from CK2a, CK2a’, and IL-6, IL-8, VEGF, HIF-1a and/or the level of p-Akt S129, p-Akt
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[ 00264] As described herein, the nethods relate to the determ nation of

bi omarker levels in a system The systemmy be in vitro or in vivo. Thus,
t he net howe 20myo4bssperfornmed in vivo or in vitro, e.g., PON/US200053gi cal
sanpl e derived froma subject, including but not limted to a mamal i an
subj ect, such as a human subject. In one enbodi nent, the biological sanple
is a biological material derived fromthe subject such as e.g., a cell
(e.g. acirculating tunor cell), cell line, tissue (e.g. a biopsy tissue),
tissue cSAII7B,Lprp21 Tlab) p-NF-«Bi Sﬁel,ep BYAE3 ¥70%, onpd AK2rY 18011 @W8qgiypeptideiig d or a
fraction_the a er.u I [N I

per i phersﬁfnhlﬁ “V n%%%ﬁusgﬁgg’r Eerf' (e Egﬁisg)g,ngf%rp °§%?afr‘%§’i‘e éﬁh 7 ‘ﬂ‘?:}&";?

nonocyt eerBcM:s saxhpslespmfee eand bl ntﬁmtasmg uliraesaﬁBWOﬁreewslepaﬁfateecb PWﬁbf,
phenotyp (o] Vi +) PBMCs.
PBMCs can opa” h!'go‘fta péc%l‘g?tl?(g%azéé%gfﬁggonsm%ngst(ﬁ%d ugiill{r)\lltor%mg/ 3 known to
t hose ofresplsndn}eneslstdtlhecwznnhnlﬁtor exarrpl e t hrough t he use of ficoll or by
hypot oni ¢ Bi o]zt ker sure s and/ or
hosphor yifH8h 9 o e Bheskh MR SR L arevigesy PR RF BAREMERSAUER °, RO

bi ol ogi cfadm sampdsportyrsafoy tteetmtrm ofila Gﬁaﬂsd@wdthwams‘u@ of aRNAliExtivessi on
using fo tec P QFIQ N n the
basi s olesﬁ)r ot n;E)(Jr/loreai1 lrrlﬂamman Sor(f%r t“?ﬂnegga%g&po ’yBPeEBﬁlglg%(a gééﬁ“@?“%si ng for
exanpl e thhkvtled hrrmqmexméssmgn@pmpdﬁmpmderigvel phonenomat boherkestselectod  ELI SA,

i ncl udi 4

[ 00266] Hurt CRof 6 apant [P HaR i el PRl B B EEH RRRES R BATEY,

| L-6, I LS483 pYEEGFT 1461 pFNE IGB, SSQkIp SPARS G’UOS])QB—JAKQAM@OBM pop@iptideip2 1 T145
NF- KB %aﬁxp KdBfl iﬁi?ra%l ét Q/hsgn'rbf-lt- € sYaZg)te’ s not< oserzidtogh éﬁ% quginQ tg‘008 my

be used fbass sure expression Tevel s. For
i nst ancq;rosEEdld SAaxﬁﬁnmycsfHe | and K comwmuglmlmosahe)m piafkayith tayrpértmscs aredije;

| munopr elg:; E at Iforre]n c%llg'lssslr?‘ 1ca’t|vc(::(()) \égprc])t s!n(ljneasls .to %tCEI\{Z m?ln?c;r ah&'/g S ays,
i munof | USTRSCEAEE AT ys Imrunohir'stochem stry assays usi ng nonocl onal

or pol ycﬂe@nadweaeﬂsndomdcwxmamm so be utilized to det erm ne | evel s of the

CK2 cataly ubuni ts t, Akt
S129, p- AR {’62%3’?‘% soml5 i CK%‘%{ %ﬁ% S)“ﬂﬁFd i_<|€3§m‘|?)‘E kﬁrﬁféﬁ\%@'ﬁzét s@&‘]ﬁsgf I T ATS
Y705, lJAKzNAaaxdrepﬁaqlMQAor me(wwmme asthé bamrmde &eewe@frgmehmabwpbllycsbmﬂal and
nonocl on
rccor dangioHehB D QBB Eickinh 3330 ATECTRRATRYPRARINASE 1o
gﬁglsur gdpqutgietnv\mgsamnﬂnémyn@fror(nzhe[})u_bgetl ln_edtleemtembpcgmprgsw@p (éarvzdmplh@ﬁh . :

yz i 0 n i | ods
novn | riethaie B oIR8 oA Wl P B LB JOOF
of the prmplenirivad\fent ihembj&cheln(ﬁ@*enadbaﬁredlts;listsle@ eomprisas fatagmifieg thei ve
di sor derlea‘erllccl)/for l;;}(r;brl& po ggﬁﬁ)lde i tl(lje §a q dénfzﬁg' 0 eesm&%gl nﬁlngo%le &QE

proliferative dA cancer can be cancer of the
br east, epmhoéir@m, thcolloonahzqrdebwmf pp@lncﬁlé%tsmlymméq: s lkﬂeé,lhy detpzmehizgndie neck,

lung (SGLG f N RS20 Ao SK W S S pdIBARTr ofrldr SREGrbifis, SO dfias”ems

the cancer is ‘prostate cancer or bre cer n certain & i ents, the
cancer i ®miprifdsalsiveatiomy thy ad tof oeie $473 belyrephids ingthb satimie derived tiiom Bk sor der i s

acut e ore GALORH G rﬁa/s‘aklpgﬁ&%ﬁn SCHK GBI R we?oéyﬁpr@%%%#g&ndgmw ¢

| yrrphocyt em a positive eu em a [tiple
nmyel oma. byl deterrtieing dheb tdelmeh psAkt t34@3 dieleyed tor total /aktsmlvatldﬂmrln furker udi ng an

g?\slggceden‘?‘o%hfn%ntsuggﬁ (a)lJamglllnzgrde%ﬁpqgllgqﬁ@ie%el (gfh;?pfjll %94{§js(§ly;5e§t1@§xt heman’ s
sample derived from the subject. In some such embodiments, the normalized level of p-p21

T145 polypeptide is used, by determining the level of p-p21 TI145 relative to total p2l
polypeptide. In further ‘embodiments, step (a) comprises determining the level of p-NF-«kB
‘$529 polypeptide in the sample derived from the subject. In some such embodiments, the

normalized level of p-NF-xB $529 polypeptide is used, by determining the level of p-NF-xB
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[ 00269] I n other enbodinents, the disorder described herein is an

i nfl ammatory di sorder. Sonetines, the inflanmmatory disorder is

gl oner ul onephrivaims mul ti ple sclerosi.s, systenm c | upus ecytuseomissus,
rheumatoid arthritis, or juvenile arthritis. In sone enbodi nents, the
conpounds are used to alleviate inflammtory pain, since nurine nodels
denonstrate that CK2 nodul ates noci-ceptive signal transm ssion, and reduces
pain response in mce when infused into the spinal cord. [00270] In

al t er nat$50¢ relatbedion®ml NF-kBepoGif2ptivedi bt Butheli sobadenentss sepl @k tceriprisedm t he
group consi sti e of the
vascul ar(pgys'tn Qheol Veq EB%&%@?O glpgfg S‘ldgglrtgg ga%dyge %’ dfr q#r]ﬁj%cﬁg{ or bone
tissue, Iprsmhomamnqbadlasnts abé¢ sormalized lesiel afl p-BTAERYE0S polypelz@@ZI? Dged, by cert ai n
enbodi ne t he 2- r | i rder. In
come. sucHeCNBUA HERTE ot ke ALAr basqanrap il §ATS GaBRALEY 1 dhiee!

di sease, en%dlmensmém(aucmsa demmmm}g ihepeavelk ofemiA KDY 4047/ 1098 elypeptide

Guam Par Ki.nsaon denent.i hr, 0 8 ngr - sive

supr anudh éhaersamgqj deriv ta dm ﬁ) aczemaso%eﬁq%&%lsogp%%gs,s %e%‘gﬁna[hg%(gg(é«]ﬁ%l 0 furt her
enbodi mgniAK2 b{ﬂ\@omms rp'ehiptaitléd isdissdriyedeterminimgdhe veleaf pofAKNY 100751008 ar
system e nts, the disorder of the vascular systemis
at herosclefze}tr“(’fglrr?ouﬁljgﬁz Oryg(g%ggr stress or hypoxi a. 1002731 I n ot her
enbodi rrent[eQ24t7he SO -embddiacets, dindwoityldrtwicsn thepamblohyfdle ané dhecrferdics or der  of
skel et al b el Mdanatdenosiak erosis,

| am nar prﬁi‘d?ﬁ reg| c%evélge%(?t ‘%ﬁ%hgisl g%ﬁ%dgrgé}g{&két g%dgo%dtﬁt i Bu% rn s%me such
enbodi neth¢ LK2- tnedletﬁécmsdeqe ils waedénbmdoestse thy peferenephipfilg Wﬁ%ﬂaﬂé‘ﬁ df nsul in
si gnali ng pgﬁsnt%ﬁgsg é(g S(H\% iq'o’ﬂglfn%h 'ﬁ%ﬁlt (l)rf%rl)‘r more LaQQ%HJho ape éE;&Jané)th{ﬁE

enbodi nent ord is a protozoan parasitosis. Infections

pr ot 0z oadres. hkvethtrecsrbodhmsws, the Elseedca pfO‘élerm@t:atu‘vm?édprateépqnﬁwr@&%@sthfﬁ n lL-8

| evel's i GRS tmore pa AR Led Aol hoLfk, kg nvglagement of
CK2 i nhi %féﬁglaﬁlﬁﬁt{? ?r!%fe cor%f)aet og such pe?t h%;é)erlls to- V g IS egl scussed
above, tm@osbwpisetbsdma IScﬁfCIFlH@lbetRDr essi on may be hel pf uI in anmeliorating
local i zed bmﬂ{ e%e?ﬂﬁ% %}o%fheWhEJ@mpéB%{%bth Gsddatb RRGRRSor pHctGRNRQURAS of the

i nvention are us use for treatnment of parasitosis due to Theileria

parva; Toboopirestment gith aquZ irhipiterioklshatode afffctiveiead s i ssleeleg)individgadd hmani a

donovani g, 6" P&t QRN 85 psPUEEAE BIMUBISE AHEre ks HOStn b0 fh GldRarcdiMent.
Tr aypanossuojlérrg bruég(g?) p(g}d Schi st osonma nanseoﬁl@ﬁarmn ot hersc 160026961 I n

further @resddantifie suchtsybicels sy Ger b geleatwlfsaratreaav@éézyéorltf?a@e ethay €h2

inhibitor. Conversely, subjects who are determined to be unlikely to benefit from treatment
with a CK2 inhibitor can be identified and excluded from treatment with a CK2 inhibitor or
provided an appropriate aitemative treatment. In various embodiments described herein, the
subject can be a human or other mammal. In exemplary embodiments, the subject is a human

subject.

Comparison of Biomarkers to Reference Populations for Monitoring Responsiveness

[00249]In an additional aspect, the invention provides a method for mc;nitoring the
responsiveness of a CK2-mediated disease in a subject to treatment with a CK2 inhibitor,
comprising: (a) determining the level of one or more biomarkers in a biological sample
derived from the subject following treatment with a CK2 inhibitor, and (b) comparing the
level of one or more biomarkers in the biological sample to the levels of one or more
biomarkers obtained from a reference population of individuals suffering from said CK-2

mediated disease, wherein a decrease in the level of one or more biomarkers in the biological
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enbodi nents, the viral disease is human i nmunodeficiency virus type 1
(H'V-1), human papilloma virus, Epstein-Barr virus or herpes sinplex virus.
I n ot her wotrodiorersss, the viral disorder is human papi |l IPoFaIS2I0OSI34human
cytonegal ovirus, hepatitis C or B, Borna disease virus, adenovirus,

coxsacki e virus, coronavirus, or varicella zoster virus. CK2 Inhibitors
[00277] CK2 is a protein with a unique active site that can be inhibited by
a variety of known therapeutics, including staurosporine, a natural product
ori gi nal dayxpless)nlnaxwd/eioﬁa fe9pbnsd wormtBtenietlenyK2 sedivad dospoasinfe@nuita et al .,
1977, J. é% nlgﬁ 30: 275-82), which inhibits protein kinases through the
preventi on o E; bi nding to the kinase. In addition to staurosporine, many
ATP- conpet[Da250ETd coirclaietacubjecifs EEHAgited yeniile e srta{d@lrdtreﬁdrehw fdpelalignt @riat ur e,

| ncl udi nl%? s6 dltocglbtgl t%i o]ﬂ?’thcp_cllir{lba ré'lsr 9nrgossé/xhbo?t dp%%l?llat%n[)cﬁq)ldi@fdnﬁg hyl -

1, 3, 8- tr|?1 &Y oX anflhraqumone moai 3

2- di net hsylhoamcmdéthét,rﬁnﬂerm ater, atwhmmj-pbbklttemzbafvrdazdfbxeaf(eDMﬁaTr)lent with the

4,5,6, 7- zotriazol e . o

Hexahydr%l)g(%/dlglt% ptor. I 1saccm1 alzaaéa rﬁaybé-gﬁgglf:d ﬁcyg%ﬁé%{:étﬁ: analfﬁls o§ t%rﬂeaﬂt@ ofa

[ 5- oxo- &lﬁwdllthyldib mlwdlatlml)( theXlingdiglaiamagydleiohtaineg by é@egtnm aad:pajry(ng@l) and

2- (34d|hydro e - -4 in). See,

e.g., ZhU“et mof Z‘Séé)a : tl%? ﬁ&ﬁn l&gégf)@ﬁ%cﬁ]ﬁg%g%%qﬁgﬁa gaﬂgfﬁf)‘%ﬁﬁﬁﬁ%s etal .,

2010, Fasaldard resz&nceanmla@ﬁgs vetnch, @owpa istsehil tq cl2BP sulhnth. foRedectiRewf 30:

419- 62. [/ bt e I t i ncl ude,

but are the ?gelgg%‘l ‘%‘8‘% an%h%icﬁsﬁg )é‘gtﬁasplragl ?@{é{fg% ﬁBéltY\l hﬁ‘?j"d‘%ﬂ?‘? ng

protein tkqamewatbta UKeyinhigk2. Imiipbiferedsengmdinrot uhaswigsisondidedkinibse CK2

activity u g \/ d

i nhi bi tl%’rlllﬁof %E&r %a\YP 0 rE gﬁ fﬂl‘ egl@t%%e orfedé% m\%%?%?gh}éﬂé@s%i %}regt descri bed

herein, ehi EW@@C@S%QS%@EG@WIDQ OémeienfenﬁtsubJe@tte@slnobde org-uhdesdaed | evel s

of CK2 t Zetclufle Sl Pl €

appl i caﬁﬁ%%l&sql%mé&;bglrb ggﬁ[}%(?mgﬁl rllxgtrg {?gtf“%i)ﬁlg& Eseul‘%e'rcJS ¢ Fo? exampl e, CK2

i nhi bi t ogese rupressiondpaticras a titieleini gxpresden pism, sarer Rbrsphdrppieadpatem- (Foy

modul ati &QmPl,fe ggrfgt Hﬁs&%rp%a?en@% 'uyéﬁ'ilyas( gragmg c%laa@ﬁéré/ 'tltlé(é 1S Q' étl)onémdu' ation

of cell profli ratlg (1i1) nodul ati on”of apoptosis, (iv) treatnent of

cel | pr otorklation befwesne Bege cRkPEFsiay pRiten ard diseass ShRBHtA, OF ISHYRHONRCh mul ti pt e

nyel ome, o afthqSelelecd HiPRlafiof BorflprisidgUdiBiests QflarI ?egegé %Qﬁr&ss@fl paQatRéMe . and (V)

treat ment of neurodegenerative di sorders, ammtoreg di sorders, disorders

of the vebaweirrsticsy JIor pramples Biogarkst é‘f“esek@le%?to&ICh?fﬂ%‘E‘l‘Sé‘C } aporeff instge,

pr ot oz oalﬂe@@frsaﬁltﬁeoms%m Mwnabn i sRdaRSwitRd Ralied level QRS QAAo%ne nhi bi t or

can be fornul ated as a pharnmaceutical conposition. Such Phar ITB.CEUtI cal

conposi t XEFsEErPredIEhineivrarihiPgt Breerns pr AT ios Braddpise u?eéldt"é hgfmethods

adm ni st §@td HBsenf AlenBSRHRIGe, bAT Ak h¥t lirRRkdaR eSS, adhhdcteic I AbsobiRte PT AY,

rectally, or topically in dosage unit formul ations containin convent| onal

nont oxi cwﬂhéhahﬂ’é@ﬁ‘ﬂli‘fc&?nlovpéc%‘éﬁﬁt Ubthe RONPERIEE sBeng GrRIGSSIRsProdisl oG il cl es as

deSI red. 9:&@1 ub. n1 Sfc EHhbEIBmérs, Q'sﬁt‘ééEb‘iS@QIalsﬁﬁedf er a@igaaplue,a ﬂd&wm John
E., REM %\IGT RI\/ACEUTI CAL . SCI ENCES, Mack Publ i shi ngf ., Easton, Pa.;

1975. Q%FQPW%%(&YHBW asclas bated PrisHRIANDAPTISFE e mepwraddayi ot PIeHErEh, H A

and LachgBiarkérs in thélSubjecPAIORMYSTRWDE holond6ISASHE bioeRME:s d¥edread inRetkedsrd New

York, N.Y., 1980. Pharnaceutical conpositions suitable for use in the

pr esent TefRRRAt POHIaSR | ude conpositions wherein the active ingredients are

cont ai ned [ogesaNnehd @érhpiy aEmbUAImdn® M6 hbieMerkthes |sat=,ammnpmepasm;\

Determ nation of the effective anpunts_and ﬁppro I’I%&}@ 8%%&8‘ reginmens is

Wit hin t Rereesgaidor polypsptife lseel of K40 FK2H 1 of 1%

i nhi bi t ofevdrRY plX&tisma@ pthiersapgytpnatisy, giNrag 5¥®, arauwmt YsaophaskRceut i cal
corrp05|t|on Forrru ation or nedicament, which is an anount that can |ead to

a desiredl4y dP%PQ}wep'é‘?"f dBEnothes SEAG™ER: SORNINAGPaY $IHYC OF MO HIAPFTkES

| esseni Ngte uQRl, dn@RAVdtddFrohY R HRIPA Sfprédsidh 51&9&@)0@/?(:&@9@&“&@KZ-&hQK'Q@T ms al so
can refer to reducing or stopping a cell proliferation rate (e.g., slowing
or halting tunor growh) or reducing the nunber of proliferating cancer

cells (e.g., renoving part or all of a tunor).
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1002811 CK2 inhibitors as described herein include, but are not limted to,
t he conpounds of any of the fornulae described in International Patent
Appl i cat iwo 2biog41BET/ US2007/ 077464, PCT/ US2008/ 074820, ®0W/US2010/051341
PCT/ US2009/ 035609, and U.S. Provisional Application Serial Nos. 61/170, 468
(filed 17 April 2009), 61/242,227 (filed 14 Septenber 2009), 61,180,090
(filed 20 May 2009), 61/218,318 (filed 18 June 2009), 61/179,996 (filed 20
May 2009), 61/218,214 (filed 14 June 2009), 61/41,806 (11 Septenber 2009),
?].:L/ I188 0B%, [If-B, EEGR,®r MiK-1200 He, le @1 b2 8kBN29( H-AkeSH 73 8p-dUnE1430pNF;xB5 1/ 237, 227
ile 6 Sept enber 2009) and 61/ 243, 104
(filed isg @é’g%ﬁs"{r{%%gp%%r M%ﬁ%(?:ogzltoégn Al?p%]‘)&cgeach of which arza I ncor por at ed
herei n by [(NESE]I‘IE‘N(IH)CI umderlsﬁeod thatninitreghigthodSidesciibdsi Hsrdimredatioate e leyglahesi zed by

Patnt Aopl WY gk RS h e RS 699480 S HKERES s b P IR O

PCT/ uszoomomemoamer the fBORB2IE ! onthe spaditaddemel of the brétkpﬁb%?en{AkF p¥Bnt i on, the
CK2 i nhi bit,0 ctural r

phar nacéwzlt]crarlllltfi Ecce %{&g Q)aﬁ {\f)gt eOHJ J ?gr %@é@% ypegtrlde

wher ei nrtdpectgal@upaylacbsbdad a represents a 5- or 6- menbered aromatic or
heteroaromatic ring fused onto the ring containing QL, wherein ais a
6-membered aryl ri ng optlonally cont al ni ng one or nore nltrogen atons as
I‘Ing ‘é" B M KT $ d A o Ala 36

t hi azol e; e s a
singl e bor#dozsgjlngn&_%b)%gleﬁ%m%pg g thg‘?&‘gg)?g% &ggﬁnﬁﬂ%gﬁn@ Is a
doubl e bemdtilizendnerbe mera comlieghions ehbomarkes identifiRd ; herem for predicting the

sensitivity and/or monitoring the responsiveness of a CK2-mediated disease to treatment with

a CK2 inhibitor.

[00254] Thus, in one embodiment, the present invention provides a combination of tests
useful for predicting or determining the treatment efficacy of a CK2 inhibitor comprising a
first test for detecting the level of a first biomarker of a biological sample from a subject and
a-second test for detecting the level of a second biomarker of said biological sample, wherein
the first marker is different from the second marker. In one embodiment, the first biomarker
is selected from the mRNA expression and/or polypeptide level of CK2a, CK2a’, IL-6, IL-8,
VEGF, or HIF-1a, or the level of p-Akt S129, p-Akt S473, p-p21 T14S5, p-NF-xB §529, p-
STAT3 Y705, or p-JAK2 Y1007/1008 polypeptide. In a further embodiment, the second
biomarker is selected from the mRNA expression and/or polypeptide level of CK2¢a, CK2a,
IL-6, IL-8, VEGF, or HIF-1aq, or the level of p-Akt S129, p-Akt S473, p-p21 T145, p-NF-«xB
3529, p-STAT3 Y705, or p-JAK2 Y1007/1008 polypeptide. '

[00255]In another embodiment, the present invention provides a combination of
biomarkers (i.e. a biomarker panel) useful for predicting or determining the treatment
efficacy of a CK2 inhibitor. In one embodiment, the biomarker panel includes one or more
biomarkers selected from the mRNA expression and/or polypeptide level of CK2a, CK2a’,
IL-6, IL-8, VEGF, or HIF-1a, or the level of p-Akt S129, p-Akt S473, p-p21 T145, p-NF-xB
$529, p-STAT3 Y705, or p-JAK2 Y1007/1008 polypeptide. In another embodiment, the
biomarker panel includes two, three, four, five, six, seven, eight, nine, ten, or more
biomarkers selected from the mRNA expression and/or polypeptide level of CK2a, CK2a’,
IL-6, IL-8, VEGF, or HIF-1a, or the level of p-Akt S129, p-Akt S473, p-p21 T145, p-NF-xB

50



each Zi,
is CR3;

al kynyl ,

or each
NRCONRZ2,

Z2, Z3, and Z4 is N or CR3 and one or nore of Zi, Z2, Z3, and Z4
each R3 is independently Hor an optionally substituted C

- C8 al kylwoear@aitsst er oal kyl , C2-C8 al kenyl, C2-C8 het ercaliusenylos13€R2- C38

C2-C8 heteroal kynyl, Cd C8 acyl, C2-C8 heteroacyl, C6-Cl0 aryl,

C5-Cl12 heteroaryl, C7-Cl2 arylal kyl, or C6-Cl2 heteroaryl al kyl group,

R3 is halo, OR, NR2, NROR, NRNR2, SR SOR SO2R, SM2NR2, NRS2R,

NRCOOR, NRCOR, CN, COOR, CONR2, 00CR, COR, or N2,

wher ei n

each R i$529,ndSPENUERQY, pr pHIAK2CY 1007/0808%pdtyreptide2 -|C8n leagreplaralckppdimept, C3

al kenyl ,
acyl ,

or C6- Claadbepaymeatidel la‘lrd{ysf CKaadCIMZt@r &i-6, that) WEG@ of lhIéF-ska,mI thet lowel of p-

or hadj acen%e)??t Pkt ﬁ,gfse 2'1 grl'%sf%g\tfrpmﬁ%rsf@ g S%A%‘S%Qer &9 1009%{)9”3' 1y

oup, and each

Contalm

ring forpwBgefidel i nki ng two R groups toget her,

e B PR w67 s PRl ¥ ne 1, IS ARG ien 2T

Is optionally substituted

with one %(gglre su tltu nts E&ecte ﬁ}‘%hglogm woa%g}%ﬂ@}g CNCR'

NR 2, SR

CQ]?' Gl ﬁ’:forﬁﬁ)ﬁﬁ' for Wctm@.nddd‘tﬂuning the treatment effibeey @if @ @42 mhiditof s

B N o

het er oars)abjaétkzmh pre\&d}hg aiie lehélcdt o @pﬂnm@rtaédwgrkaubrstan teutltedthw prhvidesea or nor e

Cl - Co

level of one or more blomarkers in a subject treated with a CK2 inhibitor. In one
embodiment, the biomarker is selected from the mRNA expression and/or polypeptide level
of CK2a, CK2a’, IL-6, IL-8, VEGF, or HIF-1q, or the level of p-Akt S129, p-Akt S473, p-
p21 T145, p-NF-xB S$529, p-STAT3 Y705, or p-JAK2 Y1007/1 008 polypeptide.

Methods of Screening Subjects to Predict Responsiveness

[00257] The present invention thus provides a method of screening subjects suffering from
a proliferative disorder in order to predict their responsiveness to treatment with a CK2

inhibitor, comprising determining the level of mRNA expression and/or polypeptide levels of

the CK2 catalytic subunits (CK2a/CK2oa’), IL-6, IL-8, VEGF, HIF-la and/or the

phosphorylation status of p-Akt S129, p-Akt S473, p-p21 T145, p-NF-xB §529, p-STAT3
Y705, and p-JAK2-Y1007/1008 by a method as defined above.

[00258]In a further aspect, the present invention provides a method of treating a
proliferative and/or inflammatory disorder in a subject in need thereof, comprising
determining the level of expression of the CK2 catalytic subunits (CK2a/CK2a.’), IL-6, IL-8,
VEGF, HIF-1a and/or the phosphorylation status of Akt, preferably Akt S129 or Akt S473, or
p21, préferably T145, or NF-kB, preferably S529, STAT3, preferably Y705, or JAKZ2,
preferably Y1007 or Y1008, in a sample derived from the subject, by the methods described
herein, and treating the subject with a CK2 inhibitor if the level of expression of CK2
catalytic subunits, IL-6, 1L-8, VEGF, HIF-la and/or phosphorylated Akt, p2l, NF-xB,
STATS3, or JAK2 is elevated. |

[00259] The levei determined for a particular biomarker or biomarkers in a biological

sample, such as a cell or tissue, a system or subject may be compared with an appropriate
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and wherein two R can be linked to forma 3-7 nenbered ring optionally

containing up to three heteroatons selected fromN, 0 and S, R4 is H
or opti onabl2g1isdbmssi t ut ed menber sel ected fromthe groupCtarsseisisrsgl of
Cl-C6 al kyl, C2-C6 heteroal kyl, and O -C6 acyl; each R5 is

I ndependently H or an optionally substituted nenber selected fromthe group
consisting of Cl1.10 al kyl, C2 10 al kenyl, C2-10 heteroal kyl, C3.8
carbocyclic ring, and C3-8 heterocyclic ring optionally fused to an

addi ti ona)htroimainplaalﬂoy esanipdd, iat whed samploonaycdompries ahéﬂ@i@tyminl@derb'led R5 is a

C1-10 al Q. heteroal kyl substiruted wi an
opt i onal#§ su%:l%{emt u‘? Sﬁﬁn%"%frggr %(ZJCdgc el ngmBﬁé %?3 {'Sé“rl% ycI 1?021 ring; and
i n each tuﬁd%%nssw}fmndhmntecsgbgedner with N may for m an optionally

bstitut = [ whi ch t ddi t I
s ont i BB G s H TR PR PR L SRR R )
i N For mund/of A)-6] B.-CVIGF, WiBne a(ld/)’r arlselﬁptedcmal d)fypmsmstylettm,eld nﬁer- i f
h d t N
g nenBes TATS, paIds. G e pEcafiie i b T MR Sp AT . o 5

each R3 regettivelyniane bken fasu:sd tdole ﬁrldﬂlsth\retmﬂzedeneﬂﬂdl therapeutlc effecttdfie €Khg | abel ed

0SSP ) ST S S SRR oS R IR By 5o 5, 2
determined by a skllled person In certain embodiments, treatment with CK2 inhibitor may
be indicated where the elevated level in the sample is detectably above the control level, or
where the level is at least 50%, 75%, 100%, 300%, 500% or 1000% higher than control.

[00261] In some embodiments, the appropriate control will be a control sample obtained
from a normal subject or a group of subjects Who are not afflicted with the proliferative
disorder and/or the inflammatory disorder. Sometimes, the appropriate control may be a
control sample from a normal cell or tissue of the subject afflicted by the proliferative
disorder and/or the inflammatory disorder. For example, in a subject afflicted by cancer, the
test biological sample may be derived from a tumor in the tissue affected by cancer, and the
control sample may be obtained from a tissue that is not affected by the cancer. Control
samples can be assessed for the level of mRNA expression and/or the polypeptide level of the
biomarker(s) of interest, or the phosphorylation status of the biomarker, and compared to thé
corresponding levels for the biomarker(s) of interest in the test biological sample.

[00262]) When the methods relate to the prediction of sensitivity or responsiveness to a
CK2 inhibitor, the subject is typically a subject who has been identified or diagnosed as
having a CK2-mediated disease, such as a proliferative disorder and/or an inflammatory
disorder, and who has ﬁot undergone treatment with a CK2 inhibitor. Thus, the methods can
be used to prédict which subjects are likely to be responsive to treatment with a CK2 inhibitor
prior to initiating treatment. In other embodiments, the subject has been administered a CK2
inhibitor, and the subject is being assessed to monitor the effectiveness of treatment.

[

Methods of Selecting Dosages Using the Identified Biomakers

[00263] The methods of the present invention may also be used to select an appropriate
dose of a CK2 inhibitor to individually optimize therapy for each subject. Factors to be

considered in‘selecting the appropriate dose include the particular subject and condition being
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1002831 I n one enbodi nent of Formula (A), the conpound is represented by
structural Formula I, I, Ill or IV. NRARS  Z5R5 Z6 Z7 7874 Z1Z3
WO 2011/041785 PCT/US2010/051341

treated, the clinical condition of the individual patient, the site of delivery of the active
compo{md, the particular type of the active compound, the method of administration, the
scheduling of administration, the severity of the condition and other factors known to medical
practitioners. The therapeutically effective amount of an active compound to be administered
will be governed by such considerations, and is the minimum amount necessary to prevent,
ameliorate, or treat the disease. Such amount is preferably below the amount that is toxic to

“the host or which renders the host significantly more susceptible to infections.

The Biological Sample

[00264] As described herein, the methods relate to the determination of biomarker levels
in a system. The system may be in vitro or in vivo. Thus, the methods may be performed in
vivo or in vitro, e.g., on a biological sample derived from a subject, including but not limited
to a mammalian subject, such as a human subject. In one émbodiment, the biological sample
is a biological material derived from the subject such as e.g., a cell (e.g. a circulating tumor
cell), cell line, tissue (e.g. a biopsy tissue), tissue culture, cell or tissue lysate, tumor, or a
biological fluid or a fraction thereof, such as plasma, serum, blood, urine, saliva, or peripheral
blood mononuclear cells (PBMCs), for example lymphocyte or monocyte PBMCs. In some
embodiments, the PBMCs are separated into phenotypes, such as CD19 positive (CD19+) or
CD45 positive (CD45+) PBMCs. PBMCs can be isolated or extracted from whole blood
using methods known to those of skill in the art, for example, through the use of ficoll or by

hypotonic lysis.

Biomarker Measurement

[00265] Expression levels and/or phospﬁorylation for the biomarkers described herein are
assayed in the biological sample by any technical means on the basis of RNA expression
using for example the technique of RT-PCR and DNA microarray, or on the basis of protein
expression (i.e. to measure polypeptide levels) using for example the technique of Western
blotting, immuhohistochemistry or ELISA, including immunoassays, immunoprecipitation
and electrophoresis assays.

[00266] Antibodies specific for the CK2 catalytic subunits (CK2a/CK2a’), IL-6, IL-8,
VEGF, HIF-la, Akt, p-Akt S129, p-Akt S473, p21, p-p21 T145, NF-kB, p-NF-xB S529,
STAT3, p-STAT3 Y705, JAK2, and p-JAK2-Y1007/1008 may be used in a standard

immunoassay format to measure expression levels. For instance, ELISA (enzyme linked
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Formula Il oR5 Z4 7173 Z2Fornmula |1l or a pharmaceutically acceptable salt,
sol vate, and/or prodrug thereof;.wherein: each Z1, Z2, Z3, and Z4 is N or
CR3; eachwofodf41®B8, Z7 and Z8 is N or CRG; PCT/US2010/051341

immunosorbent assay) type assays, immunoprecipitation type assays, conventional Western
‘blotting assays, immunofluorescence assays and immunéhistochemistry assays using
monoclonal or polyclonal antibodies can also be utilized to determine levels of the CK2
catalytic subunits (CK2a/CK2a.’), IL-6, IL-8, VEGF, HIF-1a, Akt, p-Akt S129, p-Akt S473,
p21, p-p21 T145, NF-xB, p-NF-xB S529, STAT3, p-STAT3 Y705, JAK2, and p-JAK2-
Y1007/1008 as biomarker proteins. Polyclonal and monoclonal antibodies specific to these
biomarkers may be produced in accordance with known methods.

[00267] Biomarker levels can also be measured using two-dimensional (2-D) gel
electrophoresis, and then analyzed, e.g., by immunoblot analysis using antibodies, using

methods known in the art.

CK-2 Mediated Diseases

[00268] In frequent embodiments of the present invention, the CK2-mediated disease is a
proliferative disorder and/or an inflammatory disorder. In some embodiments, the
proliferative disorder comprises cancer. The cancer can be cancer of the breast, f)rostate;,
colon, rectum, pancreas, liver, brain, head and neck, lung (SCLC or NSCLC), or skin (e.g.,
melanoma). In specific embodiments, the cancer is prostate cancer or breast cancer. In
certain embodiments, the cancer is inflammatory breast cancer. In other embpdiirlents, the
disorder is acute or chronic myelogenous leukemia, acute lymphoblastic, chronic
lymphoéytic leukemia, Ber/Abl-positive leukemia,’ lymphoma, or multiple myeloma. In other
embodiments, the disorder is a solid tumor, including an advanced solid tumor. In other
embodiments, the disorder is Castleman’s disease.

[00269] In other embodiments, the disorder described herein is an inflammatory disorder.
Sometimes, the inflammatory disorder is glomerulonephritis, multiple sclerosis, systemic
lupus erythematosus, rheumatoid arthritis, or juvenile arthritis. In some embodiments, the
compounds are used to alleviate inﬂammatory pain, since murine models demonstrate that
CK2 modulates nociceptive signal transmission, and reduces pain response in mice when
infused into the spinal cord.

[00270] In alternative embodi.ments, the CK2-mediated disorder is selected from the group
consisting of a neurodegenerative disorder, pain, a disorder of the vascular system, a
pathophysiological disorder of skeletal muscle or bone tissue, protozoan parasitosis, or a viral

disease.
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none, one or two of Z1-Z4 are N and none, one or two of Z5-Z8 are N,

each R3 and each R6 is independently H or an optionally substituted C1 -C8
al kyl , Cwgaoheauerssal kyl , C2-C8 al kenyl, C2-C8 het er oal emyus2010251381

al kynyl, C2-C8 heteroal kynyl, Cl1-C8 acyl, C2-C8 heteroacyl, C6-Cl0 aryl,
C5-Cl12 heteroaryl, C7-Cl12 arylal kyl, or C6-Cl2 heteroaryl al kyl group, or
each R3 and each R6 is independently halo, OR NR2, NROR, NRNR2, SR, SOR
S2R, SO2NR2, NRSC2ZR, NRCONR2, NRCOOR, NRCOR, CN, COOR, CONR2, 00CR, COR,
pol ar subgq0027uEnt certgiar obodinngd, She tEE2emed@@H dipordslOds a neurodegevgentieé n each R

I s i ndependent Hor C1l -C8 alkyl - t eroal k - C8..al kenyl ,

G- 3 hePRres| %W%e,su‘&‘j‘fi . d%‘iel??/sn‘ég,“é“c‘fg’-%%%ﬁgfeeﬁ%"gﬁl‘i&%ﬁ’zf‘g’%ir?&?eﬁ%y|  2-8
het er oacBakkinsGf's CliSeasy, yinem&@y- Glghitretertoainyische@a, Oh2anaPyikaiséay | dementiaC6- C12

het er oar%l al k

adj acent &Y' Il“!’c}thnd?}eeﬁolni Sﬁﬁdécc)im?’???(?%%?ﬁeég@?@hﬁgaﬁgégg’ﬁ %ndaég%pﬁ }glr;\ﬂa%)lr yon
cont ai nidigasene or nore N, 0 or S;: '

[00272] In furthef embodiments, the CK2-mediated disorder is a disorder of the vascular
system. In some such embodiments, the disorder of the vascular system is atherosclerosis,
laminar shear stress or hypoxia.

[00273]In other embodiments, the CK2-mediated disorder is a pathophysiological
disorder of skeletal muscle or bone tissue. These conditions include atherosclerosis, laminar
shear stress, and hypoxia and associated conditions. In some such embodiments, the disorder
is cardiomyocyte hypenrophy, impaired insulin signaling or bone tissue mineralization.

[00274] In still other embodiments, the disorder is a protozoan parasitosis. Infections by
protozoans have been shown to lead to almost immediate increases in IL-8 levels in the
infected host.

[00275] In addition to the involvement of CK2 inhibitors in the life cycle of such
pathogens, which is discussed above, the suppression of IL-8 expression may be helpful in
ameliorating localized injury associated with parasitic pathogens. The compounds of the
invention are thus useful for treatment of parasitosis due to Theileria parva; Toxoplasma
gondii, Trypanosoma cruzi (Chagas disease), Leishmania donovani, Herpetomonas
muscarum muscarum, Plasmodium falciparum, Traypdnosoma brucei, and Schistosoma
mansoni, among others.

[00276]In further émbodiments, the disorder is a viral diseése. In some such

~ embodiments, the viral disease is human immunodeficiency virus type 1 (HIV-1), human
papilloma virus, Epstein-Barr virus or herpes simplex virus. In other embodiments, the viral
disorder is human papilloma virus, human cytomegalovirus, hepatitis C or B, Borna disease

virus, adenovirus, coxsackie virus, coronavirus, or varicella zoster virus.

CK2 Inhibitors

[00277) CK2 is a protein with a unique active site that can be inhibited by a variety of
known therapeutics, including staurosporine, a natural product originally isolated in 1977
from Streptomyces staurosporeus (Omura et al., 1977, J. Antibiot. 30: 275-82), which inhibits
protein kinases through the prevention of ATP binding to the kinase. In addition to

staurosporine, many ATP-competitive inhibitors of CK2 have been reported in the literature,
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and each R group, and each ring formed by linking two R groups together, is
optionally substituted with one or nore substituents selected from hal o,

=0, =N CNyO=2bk1IER17850R', NR 2, SR, SO2R , SO2NR 2, NR SEZRUS2NR0ECHMR 2,

NR COOR, NR COR, CN, COCR , CO\IR'Z, O0CR, COR, and N2,

wherein each R is independently H C 1 -C6 al kyl, C2- C6 heteroal kyl,
Cl-C6 acyl, C2-C6 heteroacyl, C6-Cl0 aryl, C5-Cl0 heteroaryl, C7-12

aryl al kyl, or C6-12 heteroaryl al kyl, each of which is optionally

substit u'heiutiing‘ t hsmméctnmom@ -ripoduqresisineiotdadolf r ortPR&D.0, Emedyl-ABRyl , Cl-C4
het er oal k cyl ‘

and \AhereX%d’r(fx ant%gqm che bg © %E 2%&1‘?&1?@%11@54@6?% r%rﬁ ﬁerﬁ%qgja%cﬁ%nal ly
cont ai nl(tmg/IAiIJ) to 4,5J6§eteﬂlm)trcen®atlmmzslel ec(BBB)X r ontedprufin, and 43',5,5.,6,6 R4 is H

. b- . B f t st f
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i ndepend@mnﬂayolhi byl]za;nmop‘pudoﬁéllf\l)y agdibB (34 dltlﬁhlomhdwk) -3s%l- emhefdrOf(Ylert he group
consi sting of el g & @Q ’83%?%1%%' %Pyiow%llfbeﬂeb F)?e%l loy3 .. 156378

carbocyc‘ilc ring rocycli ¢ ring ional [y fused to an
additionlaipezammmlal y20§Q|,b'§tv¢lt~ﬂt2éd3ldaf850Wcﬂqzca @ral hx18r Mes Rei-ReriWy; or RS
Is a Cl | kyl, C2_113 al kenyl, or C2_101 heteroal kyl substituted with an

optional Iy Substituted C3-8 carbocycl ic ring or C3-8 heterocyclic ring; and
in each - NWOPRS|,CKU irhitdtoRSexerdaelhgicalwctivitied thaly intlyden b agpnptoliralt¢dy to,

Substi t Ubifhids e AR ddmolil il JTBin 0RO, CORb MR AdAl LT onal
FET e 258 e

het er oat om Sef 6¢ rom a ring nenb provi ded t hat
when - NRAREIlaItfmrmmmmaae €Ky aﬁs'ltyNHd Withewtebeing poynsi hyphqoanaq ip 961%%@1@( ut ed

phenyl : © in 1on bf Cﬁb lpfogﬁdegﬁe%%ll%% thl't 0 rlogpgls&tierﬁges%ﬁbédshe'r\ém %&t/hléheﬁ@t one of

Z1-74 1 s east one e a non- drogen subst tuent; or
assomated w1th aberrant excessive, or undesued levels of CK2 act1v1ty Such compounds

therefore can be utilized in multiple applications by a person of ordinary skill in the art. For
example, CK2 inhibitors may find uses that include, but are not limited to, (i) modulation of
protein kinase activity (e.g.,, CK2 activity), (ii) modulation of cell proliferétion, (iii)
modulation of apoptosis, (iv) treatment of cell proliferation related disorders, such as
leukemia, lymphoma, multiple myeloma, and solid tumors (e.g., tumors of the breast or
prostate), and (v) treatment of neurodegenerative disorders, inflammatory disorders, disorders
of the vascular system, disorders of skeletal muscle or bone tissue, protozoan parasitosis,
viral diseases, and pain.

[00279] A CK2 inhibitor can be formulated as a pharmaceutical composition. Such a
pharmaceutical composition can then be administered by any suitable route of administration,
for example, orally, parenterally, by inhalation épray, rectally, or topically in dosage unit
formulations containing conventional nontoxic pharmaceutically acceptable carriers,
adjuvants, and vehicles as desired. Formulation of drugs is discussed in, for example,
Hoover, John E., REMINGTON'S PHARMACEUTICAL SCIENCES, Mack Publishing Co.,.
Easton, Pa.; 1975. Other examples of drug formulations can be found in Liberman, H. A. and
Lachman, L., Eds., PHARMACEUTICAL DOSAGE FORMS, Marcel Decker, Néw'York,
N.Y., 1980. Pharmaceutical compositions suitable for use in the present invention include
compositions wherein the active ingredients are contained in an effective amount to achieve
the intended purpose. Determination of the effective amounts and appropriate dosing

regimens is within the capability of those skilled in the art.
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If each R3is H, then (lI) nmust be substituted; or if all of Z5-Z8 are CH
or one of Z5-Z8 is N, then Z2 is not CGOR', and Z3 is not NH2, NC2,

NHC( =0) R'wor2oNH@{788) - OR', where R' is C-C4 al kyl . 10028AB2010/061381

enbodi ment of Forrmula I, the compound is represented by structural Fornul ae
la, Ib, Ic or Id: or a pharmaceutically acceptable salt, solvate, and/or
prodrug thereof; wherein: Z5 is N or CRGA, - each R6A, R6B, R6C and R8

i ndependently is H or an optionally substituted Cl1-C8 al kyl, C2-C8
het er oal ky0028GA C82abHikitey may 62 inG8thprapaticrdly leffiagtive ampurdn aphajmgecutiead- cs

het er oal %%BXJ(I,}}O %(ér%%laﬁ ¥ lo{( ;/rr%lc en%g&'%rig(i’ﬁ?ﬁl am5Bnt Gk @hYkad &5 GWedred

het er oary ary eteroaryl al kyl group,
biological effect, leading to ameliorating, alleviating, lessening, or removing symptoms of a

disease or condition. The terms also can refer to reducing or stopping a cell proliferation rate
(e.g., slowing or halting tumor growth) or reducing the number of proliferating cancer cells
(e.g., removing part or all of a tumor).

[00281] CK2 inhibitors as described herein include, but are not limited to, the compounds
of any of the formulae described in International Patent Application Nos.
PCT/US2007/077464, PCT/US2008/074820, and PCT/US2009/035609, and U.S. Provisional
Application Serial Nos. 61/}70,468 (filed 17 April 2009), 61/242,227 (filed 14 September
2009), 61,180,090 (filed 20 May 2009), 61/218,318 (filed 18 June 2009), 61/179,996 (filed
20 May 2009), 61/218,214 (filed 14 June 2009), 61/41,806 (11 September 2009), 61/180,099
(filed 20 May 2009), 61/218,347 (filed 18 June 2009), 61/237,227 (filed 26 August 2009),
61/243,107 (filed 16 September 2009) and 61/243,104 (filed 16 September 2009), fhe
contents of each of which are incorporated herein by reference in their entirety. CK2
inhibitors can Be synthesized by methods known in the art, including methods disclosed in
International Patent Application Nos. PCT/US2007/077464, PCT/US2008/074820, and
PCT/US2009/035609.

[00282]In one embodiment of the present invention, the CK2 inhibitor is a compound

having structural Formula (A):

(A)

z‘\\ _

or a pharmaceutically acéeptable salt; solvate, and/or prodrug thereof;
wherein the group labeled « representg a 5- or 6-membered aromatic or heteroaromatic
ring fused onto the ring containing Q', wherein a is a 6-membered aryl ring optionally
containing one or more nitrogen atoms as ring members, or a 5S-membered aryl ring selected
from thiophene and thiazole; '
Q'is C=X, Q2 is NR®, and the bond between Q' and Q? is a single bond; or Q' is C-X-
R’, Q2 is N, and the bond between Q' and Q’ is a double bond; and |

wherein X represents O, S or NR?;
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6A, R6B, R6C and -8 or each Ra K independently is halo, CF3, CFN, OR NR2,
NROR, NRNR2, SR, SOR, SO2R, S2NR2, NRSO2R, NRCONR2, NRCOOR, NRCOR, CN,
COOR, carwoxyiini4oissostere, CONR2, O00CR, COR, or N2, PCT/USRD10/0S1341

i ndependently an optionally substituted CI -C8 al kyl, C2-C8 heteroal kyl,
C2-C8 al kenyl, C2-C8 heteroal kenyl, C2-C8 al kynyl, C2-C8 heteroal kynyl, C1
-C8 acyl, C2-C8 heteroacyl, C6-Cl10 aryl, C5-Cl2 heteroaryl, C7-Cl2

aryl al kyl, or C6-Cl2 heteroaryl al kyl group, or R9 is_independently
hal 0, OR, eNRZ', BRORandBNR, orSR’ aB0Rje oBERR, of SOINRZ, ar&SIRRR;NRCONR2,  NRCOOR,

NRCOR, CN, CgIJIE, ng q R r . erei h i

I ndependent | yaIC %r R%depgﬁ%ifyky ’or (iﬁ M@%yeﬁ%béf‘ﬁi‘%, é%zlqgcglﬂgll’ kdeaﬁg?, C2-C8

het er oalHe@malkyl, C2-CBalbdriyy 52-C8 [B2erGkdngt, €268 dkymyl, C2eC8 hetagalkynyl, Cl€2- C8

het er oa E rOar - r -Cl12
Cé/i% %ﬁyg%%gég hggr\éll(fghg?%\gé(? aelpﬁtC?\-,@%&yelteroa 1, @%—%1% aY)llei’Hr#ﬁyJ)r’ C@-blf:G

het er oary [ on the sanme dtom or on adjacent
at onms cdnrtepmryilalkdecuppo form a 3-8 nenbered ring, optionally containing one

or nore N, O D3 a YR n a [ eesh | i nki ng
two R groups Of(g)agcgt%el? }]al?’s&g’gl;“?%?l\g}(ﬁyqiub‘s% istﬁ t’Jtg Ce)g’ %5%‘% %%Iéﬁ{g’r m)rzlgy
subst i t NREGNB 8 NREIQGQR INREO RN, COOR, CONIGNOOCR, CORNR NOER | NR 2, SR,

gg)zcg : %N!-‘y g’n dN@,Q%Rea’Ch NRs G ¥R endY: FPER 08 MEICERCE 1o, CONR 2,
C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl,
C2-C8 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-C12 arylalkyl, or C6-C12
heteroarylalkyl, ‘

and wherein 'two R on the same atom or on.adjacent atoms can be linked to
form a 3-8 membered ring, optionally containing one or more N, O or S;
and each R group, and each ring formed by linking two R
groups together, is optionally substituted with one or more substituents
selected from halo, =0, =N-CN, =N-OR’, =NR’, OR’, NR’;, SR’, SO:R’,
SO,NR’;, NR’SO;R’, NR’CONR’;, NR’COOR’, NR’COR’, CN, COOR’,
CONR’;, OOCR’, COR’, and NOs,
wherein each R’ is independently H, C1-C6 alkyl, C2-
C6 heteroalkyl, C1-C6 acyl, C2-C6 heteroacyl, C6-C10 aryl, C5-C10
heteroaryl, C7-12 arylalkyl, or C6-12 heteroarylalkyl, each of which is
optionally substituted with one or more groups selected from halo, C1-
C4 alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroacyl, hydroxy,
amino, and =0;
and wherein two R’ can be linked to form a 3-7 membered ring
optionally containing up to three heteroatoms selected from N, O and
S,
R* is H or optionally substituted member selected from the group consisting of C;-Cs
alkyl, C2-C6 heteroalkyl, and C1-C6 acyl;
each R’ is independently H or an optionally substituted member selected from the
group consisting of Cy.jg alkyl, C,.0 alkenyl, Cy.0 heteroalkyl, Cs.g carbocyclic ring, and Cs.g
heterocyclic ring optionally fused to an additional optionally substituted carbocyclic or
heterocyclic; or R’ is a Cr.0 alkyl, C;.10 alkenyl, or Cy.jo heteroalkyl substituted with an

optionally substituted Cs.g carbocyclic ring or Cj_g heterocyclic ring; and
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wherein each R is independently H Cl-C6 al kyl, C2-C6 heteroalkyl, C1 -C6
acyl, C2-C6 heteroacyl, C6-Cl0 aryl, C5-Cl0 heteroaryl, C7-12 arylal kyl, or
C6- 12 hetwocarwydsadskyl , each of which is optionally subs®PCcraiSeeowstht one or
nore groups selected fromhalo, CI -C4 alkyl, O-C4 heteroal kyl, C-C6
acyl, C1 -C6 heteroacyl, hydroxy, amno, and =0; and wherein two R
can be linked to forma 3-7 nenbered ring optionally containing up to three
het er oat ons sel ect ed frorp N, 0 and S; nis Oto 4; and pis O to 4.
[00285] In certai im e RER’sndR’ Geethurlvath N mah éroanpptiendlly subsétbiedt ed from
the gr OUP ¢ Gxhpered kil ) quic:h may optionally contain an additional heteroatom selected from N,
O and S as a ring member; ‘
provided that when Q' in Formula (A) is C-NH®, where @ is optionally substituted
phenyl:
if the ring labeled a is a six-membered ring containing at least one N as a ring
A member, at least one R} present must be a polar substituent, or if each R} is H, then
@ must be substituted; and
if the ring labeled a is phenyl, and three of Z'-2* represent CH, then Z? cannot be
C-OR”, and Z® cannot be NH,, NO,, NHC(=0)R” or NHC(=0)-OR”, where R” is C1-C4
alkyl '
[00283]In one embodiment of Formula (A), the compound is represented by structural

Formula I, II, II] or ['V:

.NR4R5 0
z8 RS
f v
27\ |
Ny Z g4
z' z°
X,
z? Formula Ii
ORS SRS
z°8 25
~
ZG/ \N ZS \N
] Ll
b4 z
S A i
Z! z8 Z! z3
x x> ,”
z2 Formula 111 z? Formula 1V,

or a pharmaceutically acceptable salt, solvate, and/or prodrug thereof;
wherein:
each Z], ZZ, Z3, and Z* is N or CR?;
each of ZS, ZG, Z” and Z%is N or CRG;
none, one or two of Z'-Z* are N and none, one or two of 75-7% are N;
each R® and each RS is independently H or an optionally substituted C1-C8
alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C38
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1002861 I n specific enbodi nents of the nmethods described herein, the CK2
inhibitor is Conmpound K (CX-4945): or a pharmaceutically acceptable salt or
ester theweab11/0418802871 As used herein, the term " Conpeamaskiioiosi3used

i nterchangeably with CX-4945 and refers to a first-in-class potent,
selective and orally avail abl e ATP-conpetitive inhibitor of CK2 with
favorabl e drug properties. CX-4945 is currently being investigated for the

treat nent of several different cancer types, includi ng advanced solid
tunors, IGtesedlensn'Gd-C seds62-Cinbcteredeyl, $16eC Iy aybried-CE detewagyl, C7-E€X24945, an

Oally Birgglg Al)la&l élﬁﬁ}ét&%&d’l\({&?’ﬂ %gupbl tor of Protein Kinase CK2, | nhi bits

Sur vi val ngi ogeni ¢c. Signat g and Exhibits Antitunor Efficac
Si ddi qui - Jai n, A. orefackaR’ andGaple BY isfedspendeily halop PR NRa NRPRpNRNRo SR, on: and

"Di scovery angheStyugt %C(foi%t NKSbYR, ﬁFéM”SM%ﬁR QRRERS, ¢ COlR, -1 n- O ass

Pot ent, Sel ective and Avai'l’ e | nhi bitor of Protein Kinase CK2 for
the Treat mentCOYR:CARERs CORPP(é?erébstlFueﬂteQar@IXy biofsostyeCO@H@RNO24 0 be

subm tted. CX-4945 is 0 Lok | Cso of
0.001 nM See Figure ZWﬁ%{gﬁriﬁg Mud@;%@é?ﬁl gﬁ%r?]lr@% ?lé}télgmag\tg:hwi gQCX— 4945

in conparison to G%rﬁi?o%lsenmx@gz\t%h@maﬂbgyl RsC& abspyli B fa?b‘lleéﬁr@‘kwxhgﬁ has

high specificity &Prcst&gl Q@@s%@&r&%ﬁacmfeumt s. Eﬂblh@te%ary%ﬂw is a
Hi ghly Sel ective CK2 tor. Kinase nh) CK2
- arylalkyl, or C6 Cl2 heteroarylalkyl

and wherein two R on the same atom or on adjacent atoms can
be linked to form a 3-8 membered ring, optionally containing one or more N,
OorS;
and each R group, and each ring formed by linking two R
groups together, is optionally substituted with one or more substituents
selected from halo, =0, =N-CN, =N-OR’, =NR’, OR’, NR’;, SR’, SO:R’,
SO,NR’, NR’SO;R", NR’CONR’;, NR’COOR’, NR’COR’, CN, COOR’,
CONR’,, OOCR’, COR’, and NO,,
‘ wherein each R’ is independently H, C1-C6 alkyl, C2-
C6 heteroalkyl, C1-C6 acyl, C2-C6 heteroacyl, C6-C10 aryl, C5-C10
heteroaryl, C7-12 arylalkyl, or C6-12 heteroarylalkyl, each of which is
optionally substituted with one or more groups selected from halo, C_l-
C4 alkyl,-Cl-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroacyl, hydroxy,
amino,.and =0;
and wherein two R’ can be linked to form a 3-7 membered ring
optionally containing up to three heteroatoms selected from N, O and
S; |
R* is H or an optionally substituted member selected from the group consisting of C1-
C6 alkyl, C2-C6 heteroalkyl, and C1-C6 acyl,
each R’ is independently H or an optiénally substituted member selected from the
group consisting of Cy_jo alkyl, C5.1g alkenyl, C.1¢ heteroalkyl, Cs3 carbocyclic ring, and Cs.g
heterocyclic ring optionally fused to an additional optionally substituted carbocyclic or
heterocyclic- ring; or R’isa Cii0 alkyl, C,.10 alkenyl, or C,.i¢ heteroalkyl substituted with an

optionally substituted C;_g carbocyclic ring or Ci.g heterocyclic ring; and
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CK2a' 1 DAPK3 17 FLT3 35 TBKl1l 35 CLK3
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in each -NR*R’, R* and R’ together with N may form an optionally substituted
3-8 membered ring, which may optionally contain an additional heteroatom selected from N,
O and S as a ring member; |
provided that when —NRR® in Formula (I) is -NH®, where @ is optionally
substituted phenyl:
ifall of Z°-Z8 are CH or one of Z>-Z% is N, at least one of z'-7% is CR®
and at least one R* must be a non-hydrogen substituent; or
if each R® is H, then ® must be substituted; or
if all of Z*-Z® are CH or one of Z°-Z8 is N, then Z? is not C-OR”, and Z* is not NH;, NO»,
NHC(=0)R” or NHC(=0)-OR”, where R” is C1-C4 alkyl.
[00284]In one embodiment of Formula I, the compound is represented by struétural

Formulae Ia, Ib, Ic or Id:

Formula Ia

R® Formula Ic COOH  Formula Id
ora pharmaceutically‘ acceptable salt, solvate, and/or prodrug thereof; wherein: '
Z%isNor CR6A;
each R®, R°8, R®C and R® independently is H or an optionally substituted C1-C8
alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2—C8 alkynyl, C2-C8
heteroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C12 heteroaryl, C7-C12
arylalkyl, or C6-C12 heteroarylalkyl groﬁp,
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or each R®A, R®8, R®C and R® independently is halo, CF3, CFN, OR, NR;, NROR,
NRNR;, SR, SOR, SO;R, SO;NR;, NRSO,R, NRCONR;, NRCOOR, NRCOR, CN, COOR,
carboxy bioisostere, CONR;,, OOCR, COR, or NO»,

R’ is independently an optionally substituted C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8
alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8
heteroacyl, C6-C10 aryl, C5-C12 heteroaryl, C7-C12 arylalkyl, or C6-C12 heteroarylalkyl
group, or )

R’ is independently halo, OR, NR;, NROR, NRNR;, SR, SOR, SO;R, SO;NR3,
NRSO;R, NRCONR;, NRCOOR, NRCOR, CN, COOR, CONR;, OOCR, COR, or NO,,

wherein each R is independently H or C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8
alkeny.l, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8
heteroacyl, C6-C10 aryl, CS;CIO heteroaryl, C7-C12 arylalkyl, or C6-C12 heteroarylalkyl,

and wherein two R on the same atom or on adjacent atoms can be linked to form a 3-8
membered ring, optionally containing one or more N, O or S;

and each R group, and each ring formed by linking two R groups together, is
optionally substituted with one or more substituents selected from halo, =0, =N-CN, =N-
OR’, =NR’, OR’, NR’;, SR’, SO;R’, SO;NR’;, NR’SO;R’, NR’CONR’;, NR’COOR’,
NR’COR’, CN, COOR’, CONR’;, OOCR’, COR’, and NO,,

wherein each R’ is independently H, C1-C6 alkyl, C2-C6 heteroalkyl, C1-Cé6 acyl,
C2-C6 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-12 arylalkyl, or C6-12
heteroarylalkyl, each of which is optionally substituted with one or more groups selected
from halo, C1-C4 alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroacyl, hydroxy, amino,
and =0; _

and wherein two R’ can be linked to form a 3-7 membered ring optionally containing
up to three heteroatoms selected from N, O and S;

nis 0 to 4; and

' pisOto4.
[00285] In certain embodiments of Formula I, the compound is selected from the group

consisting of:

62



DYRK2 91 AKT1 >500 AKT2 >500 AKT3 >500 mlCOR

WO 2011/041785

/@F
/
HN cl HN O

NN N A A
OH OH{
O
HN F
| ] N
N A
H
N\
Y
=N
HN/©\CN
N A=
OH OH
0 O
Cl
F
HN F HN : 7(
N £ F
SN F SN
N Az N A~ Z
OH
(0]
HN/©\CI
SN
N A=
OH
(o]

63

PCT/US2010/051341

HN : F

| Y N
N A A

I
N

AN
=

rs

N

OH
0]

HN

XY N
NP

OH

@)

s

o
CHs

O 3
jod
HN Cl
~N

a4



>500 PDK1 >500 p70S6K >500

Pl 3K (pl10f 3/ p85a) >500 Pl 3K (p120y) >500

WO 2011/041785 PCT/US2010/051341
CH
F /[:j °
HN HN
N FF HN_ _N HIY
N N
N'(\ N N USSN HN NG Ay
PN N A\F N Az
OH OH OH
0 o) o
o NSNS A ANy
N _ A N~z
CHa .
OH OH
o) o
CHs [ ]
F
H N HNQ\ \l HN A
TSN e T
N A N| A
CHa
0 0
. Q.
HNQ/ KN cl Cﬁis HN cl
HN._N Fr Y
Ty e LTI
\VARR 3
N A N A A N A=
OH OH OH
F /@\
H‘ N HN cl 0 HN X
X NATTN DS
v X YN ch; © oW
N~ CNoz
OH OH
, and
o) o



Pl 3K (p110S/ p85a) >500 [ 00288] An ongoi ng Phase | clinical study of
CX-4945 in patients whose tunors express CK2 is described in Exanple 1.

CX- 4945 haie 2baéen1séen to inhibit cell proliferation in wariusasooarsser cel
lines and is efficacious in nmultiple xenograft nodels O cancer.
Furthernore, CX-4945 is orally avail able across species (% 20-48), has no
significant in vitro inhibition of 5 CYP isoforms and the hERG channel, and
i s non-nutagenic. [ 00289] As shown in Figure 3, CX-4945 shows

di f f er ent i [80286EInsspedifyd embizemewe nf tha moethads Slesgribednneial the K 2sinhikgerals| Y,

CX- 4945 n ant levels of apoptosis in cancer cells, while

nor mal t s%‘?zﬁg}:g 4ugl;élla)?f ected. In vivo, CX-4945 inhibit tunmor growth and
phar macodynam c markers in multiple el s, including nodels of breast and
ovarian cancer. See Figures 4, 5A ( t Cancer), and 5B (Ovarian Cancer).
In addition, total plasma exposyyg X>4945 correlates with reductions in
tunmor volune in BxPC-3 (pancreatif cancer) xenografts. See Figure 6.
[00290] In other specific e s, the CK2 inhibitor is a conmpound
(Compound 1 or Conpound 2) e formula: 0(1), or0(2), or a
pharmaceutical ly accept abl ter thereof.

OH

0 Compound K (CX-4945),

or a pharmaceutically acceptable salt or ester thereof.

[00287] As used herein, the term “Compound K” is used interchangeably with CX-4945
and refers to a first-in-class potent, selective and orally available ATP-competitive inhibitor
of CK2 with favorable drug properties. CX-4945 is currently being investigated for the
treatment of several different cancer types, including advanéed solid tumors, Castleman’s
disease, and multiple myeloma. See, e.g., “CX-4945, an Orally Bioavailable Selective
Inhibitor of Protein Kinase CK2, Inhibits Survival and Angiogenic Signaling and Exhibits
Antitumor Efficacy”, Siddiqui-Jain, A. et al., Cancer Research, submitted for publication;
and “Discovery and Structure Activity Relationship of CX-4945, a First-In-Class Potent,
Selective and Orally Available Inhibitor of Protein Kinase CK2 for the Treatment of Cancer”,
Pierre, F. et al., J. Med. Chem., to be submitted. CX-4945 is an extremely potent CK2
inhibitor, with a CK2 ICsy of 0.001 pM. See Figure 2, which shows the CK2 inhibitory
activity of CX-4945 in comparison to various CX-4945 analogs. As shown in Table 2, CX-
4945 has high specificity for the CK2a and CK2¢' subunits.

Table 2. CX-4945is a Highly Selective CK2 Inhibitor.

Kinase I1Csp (nM)
CK2a 1
CK2a' 1

DAPK3 17
FLT3 35
TBK1 35
CLK3 41
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100291] Conmpound 1 exhibited an 1C50 of 6 nMfor inhibition of CK2;
conpound 2 exhibited an 1 C50 of about 9 nM (as conpared to CX-4945, which
exhi bi t edwerroi1@ad7ssf 1 nM for inhibition of CK2, See Fi gurasioiansi3¥able 2).
[00292] In other specific enbodinents, the CK2 inhibitor is selected from
DRB, enodin, DVAT, TBB, resorufin, ellagic acid, |IQA and quercetin.
1002931 The conpounds of the invention as descri bed above can be

synt hesi zed usi ng net hods, techniques, and materials known to those of
skill in the art, such as$ déséﬂP&@d for exdfple, [in March, ADVANCED
ORGANI C CHEM 'STRY 4. sup. th .:uPI lvw.cy 1992)-—Carey and Sundberg, ADVANCED
ORGANI C CHEM STY 3. sup. rd Ed. ols. Aland % (Pl epum 1992), and Green and
Wit s, PROTECTI VE GROUPS N(@RGKNbEuBYNTHESISEZ sup nd Ed. (Wley 1991).
Starting materials useful—forf ar+Ag—corgounds| of. t he i nvention and

i nternmedi ates thereof are nggpgpally avalpgble from sources, such as

Al drich Chem cal Co. (M IwaukeEKTNVs )| Siggeo Chem cal Co. (St Loui s,

Mo.), Maybridge (Cornwal —Ergi ““A‘, A.incx ’V¥ﬂston Sal em NC), ChenBridge
(San Diego, CA ), ChenDiy (Saf‘B%g CS (Del ft, The Netherlands) .
Timec (Newark, DE), or alterm@{ryely ,an beomrepared by wel | - known

synt hetic nmethods (see, Harri+soni-et—al “Conpendi um of Synt hetic
Organi ¢ Met hods", Vol s. L 8 (EHKH{VVIe anas%an 1971-1996); "Beilstein
Handbook of Organic Chenistrypbigeilstéin beegitule of Organic Chemstry,
Frankfurt, Germany; Feis —— Drgani c.Synthesi s, "

Vol umes 1-21, Wley |ntefsci eWOSSKTros{ et >aP9, " Conprehensive O ganic

Synt hesis, " Perganmon Prespd@9iop/psshf| 1 Neshgy s pynt hetic Met hods of
Organic Chem stry," Volupes 1-45__Karger 1991: rch, "Advanced Organic
Chenmistry," Wley Inters¢i eRBE ®PIYY); |ar o¢RO® Conprehensi ve Organic
Transformations," VCH Pua@tgpeﬁgmhgggp Pagggite, | "Encycl opedi a of Reagents
for Organic Synthesis," Bd Edition John Wley & Sons, 1995). O her nethods
for synthesis of the present conpounds and/or starting materials thereof

are either Oﬁi@%FAh Q@Q)ldgrl’hta&el @rfnﬁcapﬁuc‘l’y b cx 649 ﬁ%ﬁhér%s @p&grt@rﬂ(;rs rerr&sI‘s]e skilled
artisan. Alternatlves to the rg@gents and/ or protecting groups nay be found

in the rekéredeesbodrisvigmaleabode-4Ma has bseesencloripibitiicethraliératiorridwn to the

skil'led @ribohsdthcer cdPAR4 hnkri€RAi@io0E in Fhullifie M@é’@@tm&ﬁﬁpgp ResoefraY
i nclude one or nore steps of protection and deErotectlon e.g., the

f or mat i o AT fEAP4o0 crdixtaapilafieotriey sPagiss d%H c-48dr has ap esigniiitgnisii t abl e
prot ect i figo hiksh of 31T YPAsSoRGnd TR MERKIRRRL, ahdlis FHRENRg&iMItS, "Protective
G oups in C}ﬁﬁnlc Synthesis," WIley |Interscience, 1999 In addltlon t he
prepar at i JAOZFRYAT Hhorade i b 6 W.SP?%@lfferﬁgﬂal ST Viks bty pagrfignoerous

chr omat ogidaphital cEllsaStotgdly, @rRLOGH laa\mfs mgrhﬁaml eeyag opwogma& QY EARDYceITLC)
recrystal dlstlllatlon pressure i d chronatography (HPLO)

zat i on,
and the WH{E norgpal, ells, gemain, nglledid; q%ésv’\’ﬁelq: ﬁﬁi‘ﬁm 'Pl“ tHEOC B M dar t s for

t he i denpHafmdzadynamicamarkery aﬂt bR Al TindiBil 6Rlicls @2 WréON alf QHAS, such
as proton and carbon-13 nucl ear magpetic resonance (1H and 13C NWR)

i nfrar ed®8ffl §°¢ :Fﬁ\'z‘feél tSAs(Bé??ftr%@ff%?Jf“(ilsﬁ (é:ﬁ’d“ManC)’(r)r ay additiongf °It"c5gr aphy,
el enent alblasaﬁakmme (tEAYX-4bIRL CodsledTBEH RRGGILAOSE Ao MEhmEean Beraised as
wel | . @1% aratlon may_al so |nvo ve any ot her nethods of protection and
depr ot ecPPEFARHEFE] £4P8 Ws 81848 ft i fi cati on and quantification that are
wel | knOWI"[OOZ))OIIh@t}ﬁhﬁdﬂlﬁalemadidlﬁents tmﬂﬁhlbﬁddisfaic@m@bundqs&hbcﬂhhQl'bii rel at ed
to the pre araé% qn of the l%iesent CK2 inhibitors can be found in U S
Uility AR e s o 230, which was filed on August 31, 2007 and
publ i shed as US 2009/0105233 Al on April 23, 2009. The contents of the
application is hereby incorporated in reference in their entirety for al
pur poses. 1002961 The terns "conpound(s) of the invention", "these
conpounds”, "such- compound(s)", "the conpound(s)"”, and "the present
conpound(s)" refer to conpounds enconpassed by structural fornulae

di scl osed herein, e.g., Formula (A, (1), (I1), (1t1), (1VvV), (la), (Ib),
(lc), and (I1d), includes any specific conmpounds within these fornul ae whose
structure is disclosed herein. Conpounds may be identified either by their
chem cal structure and/or chem cal nane.” When the chem cal structure ‘and
chem cal nane conflict, the chem cal structure is determ native of the
identity of the conpound. Furthernore, the present conpounds can inhibit

t he biological activity of a CK2 protein, and thereby is also referred to
herein as an "inhibitor(s)" or "CK2 inhibitor(s)". Conpounds of Fornmnul a
(A, (1), (1), i)y, (rv, (rta), (Ib), (lc), and (I1d), including any
speci fic conpounds described herein are exenplary "inhibitors". 1002971
The present conpounds may contaln one or nore. chlral centers and/or double

______ I T - oy o I o I D I [T 1
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i sol ated stereoisoneric forns as well as m xtures of stereoisoners in
varyi ng degrees of chiral purity, including racemc m xtures and m xtures
of di ast eweanavmei1788ccordi ngly, the chem cal structures ®epiust@d/ohsaei n
enconpass all possible enantionmers and stereoi soners of the illustrated
compounds including the stereoisonerically pure form(e.g., geonetrically
pure, enantionerically pure or diastereonerically pure) and enantioneric
and stereoi soneric mxtures. Enantioneric and stereoi soneric mxtures can
be resolved into theirsACopponent enanti omers or stgfegi soners using
separation techniques hiral synthesis techniq pel | known to the
skilled artisan. Ths NM¥eén §gp i ncl udes. each ofyn sotpf ed stereoi soneric
forms as wel | agqni<tures of reoi sonefls in varyi ng degrees of chiral
purity, incIudWﬁg\ acemic mxtures. | §ﬁ/e* onpasses the various

di astereoners.y /;tructures may appear yt o _Mdepjict a specific isoner, but
that is nerely eni ence, and is not i ) tolimt the invention
to the depicted ol ef OD®H. 1002981 The prls oRrpounds may al so
exist in several tautomeriic fornms, and the depiction ferein of one tautoner
is for convenience only, and is @)99 understood to enConpags, ot her

taut oners of bhe f orm shown, f@ ordi n % , ghe chem cal structures depicted
herei n encBAp §§m§PP“w6§§FBPBeféh?ﬁﬁﬁg'%e?orns of the illustrated

conpounds. [00192] ¢ @npound duéxhitited aaSICused6 mdf éorninhidftien soft ©K2;s@mposnd bat change

caui | § br POFt G ShPE T RTBramans, Srorare i Tht ey e 1 of one

conpoundfor Inhibitivatoll EK2 e Fidues 1 andSbk2)t uted 1, 2, 4-tri azol e derivative may

exist in t three tautoneric fo .as, .shown, bel qw: LRr 2Ry 2
RT2NesNr-ﬁ@o%ﬁﬁﬁﬁfﬁ?F%?Fﬁéw]8%?F8ﬁﬁ%?§ﬁgd%g?§¥ﬁ1%1C%F%VP15$PSl is an
opt i onal byasysBi tesdrefh, allagic ackl 1QA, and Q28@1. The conpounds of the invention
of ten have j.oni.zabl e group o0.as to be, capabl e of prep I salts. In
that case, lo\l}\ﬁéié‘fe?or?pgf’%&réeoﬁfc%e Y eastdoesctrﬁgéjggor‘r/ﬁocﬁﬁc}),% S?E'tﬁ%gs'é%gn‘%glﬁst ood in
the art mhthbddsatephaquescednacaihls knae eptheds! of skitllit theeayt, suchas ldescribald forThese
salts may be acid, addi,t] tSpkR i i e o] i ids or
he salt SRRy T Nt ATANGED SR GRIR, uliSIRE DT 0 An e IR, P02l
i nvent i ofarke apd Spaiberd, ADYANCED RGANIST CHEYHSTE draped EdFivatpudnend/B t he
conpoundg, a1 & gb@p%@é’reg{ ardSE s SR PR TRE VRO GA IV 0REGEH r@rﬁééJES
prepared as addi T on products of pharnmaceutically acceptable acids or
bases. Sbupatdl Bd.ptiEileyat®Ud.i cSihitiyg ateiplsabretl foi depamd trampogndsr ef el | - known
in the aft, n%h'grt‘d i?f?enﬁé’d?'agé%ci{}éré’orf' G cortitl PR 1aGail gbé%ﬂpsro‘a{@e&1suéPaC£tA'1&rich' acti c,
citric, ortartaric acids tor ?ornlng acrd addition salt's, and potassium
hydr oxi déhensicadi Gon OyidvakedeViarmBanu ihapihabioddSt. cduisi Me,). Maybodes

(Cormnwall, England), Asinex (Winston-Salem, NC), ChemBridge (San Diego, CA ),

ChemDiv (San Diego, CA), SPECS (Delft, The Netherlands), Timtec (Newark, DE), or

alternatively can be prepared by well-known synthetic methods (see, e.g., Harrison et al,,
"Compendium of Synthetic Organic Methods", Vols. 1-8 (John Wile)}/ and Sons, 1971-1996);
"Beilstein Handbook of Organic Chemistry," Beilstein Institute of Organic Chemistry,
Frankfurt, Germany; Feiser et al., "Reagents for Organic Synthesis," Volumes 1-21, Wiley

Interscience; Trost et al., "Comprehensive Organic Synthesis," Pergamon Press, 1991;
"Theilheimer's Synthetic Methods of Organic Chemistfy," Volumes 1-45, Karger, 1991;
March, "Advanced Organic Chemistry," Wiley Interscience, 1991; Larock "Comprehensive
Organic Transformations," VCH Publishers, 1989; Paquetté, "Encyclopedia of Reagents for
Organic Synthesis," 3d Edition, John Wiley & Sons, 1995). Other methods for synthesi; of

the present compounds and/or starting materials thereof are either described in the art or will
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amnes, and the like for formng basic salts. Methods for preparation of
the appropriate salts are well-established in the art. In sone cases, the
conpoundsworytig@ntsai n bot h- an aci dic and a basi c functi @ecaiusgeiompi34i n whi ch
case they may have two ionized groups and yet have no net charge. Standard
met hods for the preparation of pharmaceutically acceptable salts and their
formul ations are well known in the art and are disclosed in various

ref erences, including for exanple, " Reni ngton: The Science and Practice of
Phar rracyBe reﬁdlly(mmwantoto bel skllle)tahlsedr tilternatives ppithecsrgents\ynd{or amecingV | ki ns,
Phi | adel Of $EOORbAbhaiIRAH Aok RmPOUNd
formed b ‘°%Po gﬁago#n élrhgg’%ge}r%r%ér?‘g?t& a%bosoﬁn\gent érr}%%ehai es Wi th r)ml ecul es or
ions of wite skdledbmi}an. or an aggregate that consists of a solute ion or

mol ecul e, Qheludbich b o0 e Yep B8R €Nt

rml ecul es. ‘h?/@éhpr\%'é?ag‘rgp ?gtﬂ? ﬁggegg%eﬂnw&qﬁg colrre)spoprﬁ?rﬁ ego \})a(t)e I'S

"hydr at ednd deprateplians(cgf, ttwyfdrraattlen iand ferngeal df@eetad geounet Guidaneefpr sefecting

hemi hydr , ! ety ARG ELRe GRS

Choul 3 pEhEe BRASRKC: g}‘géﬁ'{ejf’% il ‘?rrfézr"ﬁblp ficptfie el FRADMERUR, Rl 1

phar mac emt(i)rgat1¢ §ymhe@ept\&b¢>e1n§amenmada?%r Irpérdddrougthefpr appratigry @awiclvdenpound
may al so ol yqt TRaRRlYR), Sk chibRlaftply,f RI0BGEVI a

hydi at i o‘rta?v\#lssg‘lllﬁtlﬁggoerﬁt he? %a{ot%{(;)a “t eapg "‘E'z’lr atal or? of at&%ealpp)r esenrr:itgﬁcorrpound
or t hr ougorepdeanardly (AbSh rptrystlizafiomolistillatian, bightrnessuin higeid hsoeadngsaplind of t he
present el'ﬁ’\ﬁ%')"tah&) the like. 1$Q§OHIOIP?€CLEEIJQS Wit ElownTRARS cREMYicAt SETor0fhe@ Pr €sent
conpound 1 n which any o functions of the nolecule is repl aced
by a - COdrutifigetionianéh quankifigghipe Al ehimicRl repqtien progacts, ljecheas peqtor] andgagpon-13

car bon- copj Qfﬁééﬁgtrcggewﬁgncwlkpahdf'% NGIS) Q?r@@hQnﬁﬁtrgtolm&)&tt%scok?@h%qhng but
not limted to alk , akeni/ kynyi’, cycloal kyl, cycl oal aryl,
aryl al kyVY) Hétae/rqsb%togqaphme eéﬁ@‘é&/éﬂawsal(ﬁﬁ B §l?fb§taﬁst W@@S%Vr ives
thereof . c.fhg uteadars NS Ak Bre §§,Ia@s§mgf artdtﬁvarceaﬁymth&mwgﬁ BeQidnN@d compounds
whose carboxyls are presen form of hydrol ysabl e ester groups. That
i s, theséereigcten parlécq@ﬁman%teatlﬁeawr jnhgeeplicabpe eharecusl! beovHy tr ®eyzed to
t he corr gspeadi-Rg carboxyl acid in vivo. These esters may be conventi onal
ones, |nclud|n? | ower al kanoyl oxyal kyl esters, g pi val oyl oxynet hyl and
1- pi val oy 89398 Additionak daseriptiopsyesiates) t@dimapﬁatrﬁm%ﬂt g Pregayt &K, inpibyors

et hoxy Cain Be Adtn@ Xyt Difhit AJppﬁéah@ﬁ(NGalrlmwb@Wﬁthws,ﬁle?trrtﬁr August31 2007
1- |sopropylcarbonylox | ower_al koxy nethé festers
[0}

et hoxy b Isaet 1 TR B9 Adsrehr BP0t hesrricats’ Bepapigaicn €

t hi obenzwrawaxtbotseta%demt&érametmare@ir&amxh@mpaeﬁret hyl esters, e.g.,
acetyl am norret esters. Qther esters can al so be used, such as benzyl

esters and/®¥ emé?’ﬁ?l “campaprd(s) of e fhe o YHFHES: ofhetth e0FPARYdS s THGBI ude:

(2 2[ (22 di &Hﬁ{ﬁ)h?ﬁ{d(fi)” o‘fweprc?ﬂydurga(y)’ gﬁhdny‘theea%@mls corﬁ;lB&a(s)l RELteXyaipbyldsest er s,
- met hyl propyl oxy) car bony nt en
1- [ [ (1- nBCPRPatHdR G Bbinynyiee %&ngﬁ Ry mes g ep g (A), @, (D, (1), V),

l SOEr f)pytt@xy{eﬁr(mnyﬂdow)eltulrtyﬁdeesherssemﬁcgcdmiobxyds witllX Qhcke Fornflil@X@h®e4-y1)
et Yy esters - Cl onex on X est er
3, 3- di metA§Hress 85%‘3%%5 relgs 8 é%/z‘t %H{?g ﬁ)“ hﬁﬁ&g CEW‘F‘IﬁéH“‘inHet he art

t hat hydsmaloy SAbhizalefdney. S WHent me dhexm@lunetenmef ahd@hghiied emimel ConBlit,i b8 can be

formed at. free carbaxyls of .sai n usi nvent | onal t hods.
Repr osenMAPIT L GEP BTSSR HEES P VSR ODRERy M A i Gemore b Bsedl 1O

i sopr opy&cmpysarars banyihidi yietbiyldgies h(ﬁi‘vﬁy afladCKZ protein, and thereby is also referred to

(5- - OXO- d ester

'prodr ugi’e ATYSNUN "?IBb‘g) ‘g? Oéu?’gg)?’/“%tfn%a( hh&P P?B%u’ﬁf PEIa({rT“y% (ﬁ) (\)eﬁgoﬁpg]und
wher ei n (Ih}a () £ Clby, S@¢), iabds €ld), mmalpdiap aimyspa@ﬁc emphadsraleeubed abtein aet i ve but,
upon adm ni SLI atlrlho‘fltorsw || be converted, either netabolically or otherw se,
into t heSHRPRAdMIYI®al 1y active conpound or drug of interest. For exanpl e,
prodrug cal@02ssd) Bie msdeetr conqtohmds mgy cauaigend or mof charapbmtermwei[mi dDablley active
conpound pes dr Y d for a
vari ety (*nyéa {]I{éiﬁfrilfcé%%%é“ xslstg QCreé{gglF@ségucRea?Qou%Eetpgd?s%mégq gé:g tﬁ}g .
J. Phar mso@vs suci@s EJ@@QZLZ:Gar(t@@B@)or d‘ﬁlsmsomcmeTbﬁf macrdlonarcwdskcdch of thet he art
knows how to prepare these prodrugs with comonly enpl oyed techni ques of

or gani ¢ synt hesi s. [ 00303] "Protecting group"” refers to a groupi ng of
atons that when attached to a reactive functional group in a nol ecule
masks, reduces or prevents reactivityg,of the functional group. Exanples of
protecting groups can be found in Geen et al., "Protective Goups in
Organic Chemstry", (Wley, 2nd ed. 1991) and Harrison et al., "Conpendi um
of Synthetic Organic Methods", Vols. 1-8 (John Wley and Sons, 1971-1996).
Represent ati ve am no prot ectr ng groups |ncI ude but are not limted to,

. o - . I T 1 VAT T



het eroatons that are included as replacenents for carbon atons in the

backbone of the ring or chain being described. 1003051 Typically, the

al kyl , alwergiimnmsal kynyl substituents of the inventi orCtarst@ionsB410C

(al kyl') or 2-10C (al kenyl or alkynyl). Preferably they contain 1-8C (al kyl)

or 2-8C (al kenyl or alkynyl). Sonetines they contain 1-4C (al kyl) or 2-4C

(al kenyl or alkynyl). A single group can include nore than one type of

mul tiple bond, or nore than one multiple bond; such groups are included

Wi thin tibaatetberspisorericoformihes weH s maikikess of 'Steydoisamensdy vepineadss st of east one

car bon-c 0 ingl kgayl " when

t hey conc'?\cgirlt‘?ln‘nJ rgpﬁlgéé@fr%oﬁgengg?ﬂgﬁ{eggé g,lr.]ﬂﬁr@%joff/\ﬁlgé?&rgmﬂé?@ k@%&%ogg Al kyl ,

al keny| cheadicall styetytes gqtm?ﬂsheaﬁr"ee@ptnews@bw%ﬂ?% qngntinmess 4nd FHEEPISPHEBRE ext ent

that suc| ubsdndis@nt s

e e e SHREAES Uk Siln w&egdﬁgnﬁfs@@&%ﬁal&% &{wa;@ U fV98 b Sl e s

SOZR SCMNREnanNIRS@mQHy m@mmstemmm pmdﬁ%ﬂﬂm‘e“?\mo‘ﬁm CN

CQE},%FI R, QQE, e g &‘zhélmy%r%na@nt ly H

CI - 08 al %U%%tgs X e0%’I(é:lmli\é%"xacy bl rgQﬁhg{%et'?oacyl C2-

- al kenyl , en@zxo@srmts@maspmewrsmg paggiornleRhigHes omureesyn@?%ir ts‘a}rwwe“cs C10
aryl, or d: Skdrtdidordrivi t h hal o,

20, —N- Cﬁ\? nﬁéQheh%ﬁé’doﬁ'ﬂ%ln ’ﬂfé m@&ﬁt}n Rlc'lu%e@%chq{fa%hé YSof%H’% sfté vty

NR CSNR Rrms\® @lpRminRes of Nﬂre@@mmrs nNRarwR deg@N otﬁm purggpoReudisENR 2,

00CR , QfRmic %EQmHQQ It m@%ﬁdoﬂlpgéwthg vatidus! AIAERENLENT DneFstrbtareB mal Kyl

C2-C8 heteroal C8 heteroacyl, C6-Cl10 aryl or ClO

het er oarappear A Rgpllct aél?%é'r?ylﬁor%cp%méyﬁﬂer@}’ &useneaisnes 3wl iB@o 0158540t e by C

i 58 2y o3RG B9y oChn bl V1 of G5 CIO heteroaryl, each of

whi ch can be substituted he substituents that are ap prlat for t he

parti cul arl0gg98Lie mpEpe C‘?W“PéisofnaRalsar@‘sbr"éssé‘fﬂal dﬁ‘"?’ﬁ%“csg’r‘@

NR2) , Orde%ﬁtlgrglh@EQPBf hoMButbhat isafof BRNERH.L 98I9L ARt i{ Qisg- undeN&)@:(tQ) R) t he
two R or rouEs can be taken together with the atons they are %(Z)lnnect ed

to to fommpss gherssriepaeofhh R /‘c,ca?fdﬁélhﬂ?ﬁglﬁﬂt'm‘é‘&l%f‘fsrf‘eéfte al kyl

Cl- G4 aCydrein Qﬁéo%pa&lalqos@%léoﬁéﬁ(tom@{kd fdrE off itteeillugfledCedingoaidsal Thearkrmaddi t i onal
heteroatom selected from N and S as a ring nenber, 1003071

" Opt i onaftfujorasshay peed dergin raéer&fgéwnw&té?trfh?mﬂ@at%% apqiber Wi H FESSSBI ar gr oup

Or  gr oup@atifdy@n ERiSGH AR inMilIBAVE. REr di@ﬂplb)’l&i(ﬁh@@ﬂd Sr\-bh)SITelttvbl%tcﬁnen@r the
group or_groups may have one or nore non-hydro en substituents.

ot her wi sEmaHUENE F%ﬁpouwelntaa?ta?r HRAME R SEPSUBIRI - SR E Jehal Ve maY e’?‘rﬁy be

present in%tﬁwdaireettsm&halcnumwsswwnmemwns present on the unsubstituted form
of the group being described. Were an optional substituent is attached via

a doubl e bgﬁd R'Such Rd% @ car 2hyl oxygen (=0), the group takes up two

avail abl e Nences Wwhe to anéﬁberRTéfs Hsw bisondlly eubbiduted vyl nay be

i ncl uded is lgrecnlluced H&ér di ng Ns/t he nun®éis aobrtanadly supbitedeall.ences.

[ 00308] Ui t ut edRr™ when used to nodify a specified group or radical,

nmeans that one Qr nore en atons. of .the specified grou dical are

each, i ndel§&3tHe V“’@P“‘B‘éﬁ/ g%d?‘ﬁé?on Hiep gl \Kﬁﬁ%grto%s LHe® @? C%Pal;l?erent

substit u@fnlsréﬁa}anon 2 QAIR09%]n Gabsdst t\w&lﬂévegfe(wme Lisefadé td dfe Qupstnd, ut isng

saturated carb toms inthe s |ed %%F% di.cal &nﬂdee but are
ptab It m

not |i mi tdgrstos "} € apjdhg a phgrmacat ‘Cal YARE° a 50_hg use ese sdlts

may be acid addltlon salts mvolvmg morgamc or organic acids or the salts may, in the case of
acidic forms of the compounds of the invention be prepared from inorganic or organic bases.
Frequently, the compounds are prepared or used as pharmaceutically acceptable salts
~ prepared as addition products of pharmaceutically acceptable acids or bases. Suitable
pharmaceutically acceptable acids and bases are well-known in the art, such as hydrochloric,
sulphuric, hydrobromic, acetic, lactic, citric, or tartaric acids for forming acid addition salts,

and potassium hydroxide, sodium hydroxide, ammonium hydroxide, caffeine, various
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=NRb, =N-ORb, trihalonmethyl, -CF3, -CN, -OCN, -SCN, -NO -NO2, =N2, -NB3,
-S(0)2Rb, -S(0)2NR1', -S(0)20-, -S(0)20R', -0S(0)2Rb, -0s(0)20-,
-0S(0) 20RO 20R(@)7188-) 2, -P(0) (ORb) (0-), -P(0)(ORb)(0ORb) PCTAS)IMO5134C( S) Rb,
-C(NRb)Rb, -C(0)0-, -C(O)OR", -C(S)ORb, -C(O)N el e, -C(NRb)NRcle, -0C(0)Rb,
-0C(S)R1', -0C(0)0-, -0C(0)OR1
, -0C(S)ORL', -NRbC(0)Rb, -NRbC(S)Rb, -NRbC(0)0-, -NRbC(0)ORb, -NRbC(S)ORb,
-NRbC(O) Nl el e, -NRbC(NRb)Rb and - NRbC(NRb) Nl el e, where Ra is selected from
the gr OLﬁmlU@n&ldShQ lilg fof foa‘nklg Ibasie gedth.oMlethpdls, fohpreparaioniof khe appropuesadsoal kyl
aryl, ar X r r i ndent |y
hydr ogenzx%)r% ¥ tabh d% 8’% Yt hﬂs]oq’fe% geegéﬁﬁge&{n%p%%mag?gg@{] e%ll8 trlllzft% Ia\'c/@fl%% gt he two
| es may i)bistcafmuoxtad)gletlmelr which laase ey miaty hexgewo étnéned groupindlyet sy naped bonded
forma 4, - e | i Iy
el ude P5E P sfiofFIEP el P DEMBEARE R R IP VIR B0
sel ect edfofmdationheregret kpoenirsths itrapd efe dsclasedaindagousAsierpessi in¢ledieg &npl es,
-Nele ig nt C PYi I
- MoOr phoﬁlﬁgﬁ% R }n?n A Hed§"c1exwt| dPrNH‘cgu( armaw'su Eﬁlﬁ[agé[ g% a(ﬁﬁg?ltl?ns meant to
i ncl ude LigpikgditeWalidna &y ilkins, Zhiadelphie- Pret er oar yl |
-al kyl ene eal ky I ) I ngy , and
- CH2- CH2- (!?@Iogggm'{f‘ D Jese%rh%krféé%/eﬁg %?I %{%ﬁ%ndgrféﬁ%g tag(k)gﬁN%:%g{eﬂ?her W th
t he at on®ntbmatipri @ﬂﬁotwﬂetyndc@ldgo’ndredolem of mnmﬁthey@wleh or pmeggregeicubidtng
cycl oal k%hmé\@@f@éSlh%*\%B of Qri%llé&ﬁe i.e., Q'Q Ql;lld §f me lm;ejny{on %Hh\s(gr{ct 4efbre 9roups
useful for substituting unsaturated carbon atons In the specified group or
radi cal sohvshtutielecules Arhennwater jspihe sdlvew, thﬁR@”eW&P@ﬂg splvate .ipRBydratgRh, - S- |
-N el e, 3 (N MNERy %9) 2R1"
_5(0) Zo_ﬁ{ah%?elé%ﬁ%&}){e mc'ltg: butﬂ)g\lnotl 0} 2t8_slghll d,S 03 ZH(I)RJ. dral J:\L?dl]')ly(d )
- P( 0) ( ORmihyd3te, hep(hy)iv(a@mtc) (Iomul)i be. f@wzei by ang( )ombnary eiNEb YR thit( 0) 0- |
i g(c(())oooRilthe Pl&a%%)e%uy a&@%%ll)\llle %1? and/&(é%m%@tetfl@presegg@dg@md maPQ@&g ke 0) 0-.
- NRbC( 0) @RtﬁOIVﬂNFfB@Q sjfwlvarq\mmlwﬂlwf@m@ vw hydresiep M 1s either part 0f<th)=|< and
- NRb( N@Q ;Mrﬁﬂoﬁ of e rp?esgﬁ co%o@trhd of @rdle® AfurPl ﬁ)‘ébf@H@A )6f ql[%;ldtlﬁ‘@d)y the
1003111Substituent groups useful for substituting nitrogen atons in
het er oal 3pydrayfForperndivé thePerePRy1vepi®ups i ncl ude, but are not I imted to,
-le, -0-, (06389 THeSBRn “&sRr meddls| ahﬁ%&@ie&hay{)reseng,; oufeNin wiNEh anNGRihe--S( 0) 2Rb,
-S(0) 20 -S(O}ZORb - 0S(0) 2Rb, OSO)2 -OS(OP)ZO P((%Q 2,
- P( 0) ( ORI funcsipm qferplofly is eteog e -CRQRYstion. & wis eF) Ry

- C( S) ORbhe 246 Q9 n- 'cg;(tm R)u whﬂch'leg(SQi) S%Ie e‘sQanS)eBb mci‘u@@‘gQ))JORh '
-0C(S)ORh, . -NRbC(0) Rb, - ]2 C{I% C(0) NRal e,
- NRbC( NRy}ites tardkyl, W'N%)’Nﬁc%loambrcéd% ylahey la‘i"féil pe/lalkyd: léféerﬁ‘fyéw ousl y
def i ned. heterodhPQRiks LandARBItikiENEerivatARs tiictdd £ NT e Bidlyatle Gstark by tglpr@eaups t hat
are optionall'y substituted, and are of the fornul erein ltais

H or C1- tgPapidyare teocqmpoppdsathoss WIOXY@I@@@S&W%Hg?a%omc%ﬁ@éw#éf f 68 kenyl |
C2- C8 al kyipsl , Theis GBedd@b@FsQRd bNd?rYlheeu@Lﬂ@co@ﬁt}(&le ke c oS IBldRITRRE Yo the C6- C10
aryl, C5-Cl10 h teroaryL Cr-Cl2 ?%I al ky or C6- Cl heterﬁlggéllal kyl, and
each Ra {7GtA9"8S GPTYhat] §7 Yo dtf aft&raHW/PﬁC%wsmea fBF% MSLiELEI VRNt s

sel ect edalkdnoyoialigl &firs, —d\nglwaIsNo%ethﬁl\Rd 1R aloyNRy2thy ISkSters, STRR,

N, - CooreReEperaghies. = orpeheaiiaep it o s P T hctindent |y

H C- %lﬁbwbylca%n%xmwreaﬂskwkvm ﬂk@'nﬁﬂlyl estdr®) e@, haheyartyl estéch- C10
aryl, CSl ClOlhet eroar% Cr-1 i n{j’ ero r%/l al k\x each of
whi ch i SR8 on&fry ST Phit e t(W teﬁterS’ne BPORE rauif,Iro é) $&8F et 44V om hal o,
Cl-4 al kydnpylﬁiinneﬂaethgt etem|e|gy|apet(jlimﬁﬁmathyll gste@l - Qhehastees amcatdo, behysed,0x Yy,

am no, and = ered ring
opt i onal 151 & PI %Pﬂ G ang CY%’O rﬂeﬂgg eﬁerf e(?%%{teéﬁ%glesefpthfsecfStFrs lrr”r%l‘f\?engzr’%)ind S. In
sone enbmdiemgm sxypRpylkynel@! Ra éserdd or (1RB)-1-Wetoxgethylo RegersR & [€2-pr esent
on the same ato or, on adj t t.\ha [e bo t oget her
(e.qg., - mﬁ Qf)(y%%%bdnya@)z%shtenyl este i[?grélﬁ% fg{ﬁ%x carg%ngdet PXY :jcq V\ﬂt h the
atoms thesyersar somopm@bzwbmyb)xyﬁh)ﬂopmra 5—ﬁettrﬂrﬂ3eroeu3rldngplemyl¢hneihyi be
substituted with C1-C4 al kyl, CL-C4 acyl, halo, C1 -C4 al koxy, and the

| i ke, and can contain an additional heteroatom selected fromN, 0 and S as
a ring menber.
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1003131" Het eroal kyl ", "heteroal kenyl", and "heteroal kynyl" and the like are
defined simlarly to the correspondi ng hydrocarbyl (alkyl, alkenyl and
al kynyl ) wocopa4i1tsat the hetero' ternms refer to groupsPChatS2@onssi4n 1-3 0,
S or N heteroatons or conbinations thereof within the backbone residue;
thus at |east one carbon atom of a corresponding al kyl, al kenyl, or al kynyl
group is replaced by one of the specified heteroatons to forma

het eroal kyl, heteroal kenyl, or heteroal kynyl group. The typical and

preferr ecbtess, Zelf(cyavhehdoanof mnpBoxyletial lesters; 3P idemnsthyl@rexobitiklyepidrs. gltolips ar e
general | &b vﬁdﬁ‘é‘ tiﬁl’g?e &R1eH M tl}ehﬁt A, %Fo%ﬁ@@lh Qgerplsgfth:@{ngéfllndgBPH‘@%res@tﬂd the
substltuents that may be present et er of orms he sane as those
descr i bethventiow eanfhgrfomnted ahfyetr ey bf gidaepwourds by peingemsensipnal metfioga|
-stabi it iRIRT M aRO L Rathy1 dRLCRSprON IS WrBGyRRGG1Ic8Es Such
groups dgqﬁ%%mbﬁgqﬁﬁg rmrep aﬂ% x&o yont| ugﬁéhﬂgﬁe;oagong éigept where an
0X0 groupwm§ﬂpﬂ9§éﬁK0éﬁ'$@m#e$W%mﬂhﬁeaﬂﬁltro or sul fonyl group. [ 00314]
Wi | e "al kh3oappheASat 6 nrfpsc UAGSuFBE bORAbENha RSk Y GliRRIcKMbANGY |
groups, th%b?gfﬁr C CIQ(F%% Fe 0 qg(ﬁéed he?elnato aegcrlbé abcgrbocycllc
non- ar onﬂbftr@mgﬂleumequmr ltsslfc@%né%:t@@' vioh b phapgacentidebn astismbubingpon

" cycl oal kliakd¥on PR @@nvyﬁ deiffdr ﬁf;&ucpﬁy& oﬁé;m&y,ﬁ& lng pﬂma@erugmyl c group
that i s connecte ecul e rough an alkyl’ linker. Simlarly,

"het er ocycéllqu_dmmyd bredrus eﬁlmte@esaelé@rqupla mesugpaaThtancesiey elhies ogpmide t hat
cont ai NS of € 3flm e AL SRR AR | \unegs G GRARE L AR faabechrapRpect ed Lo
the molecule via a ring atom which or ﬁ het eroc cIyIaIkyI
may be uzudlisclpseieioep Wbreetssgﬁmhaanfgremml% ﬁa‘! f1>rse><élanlﬁe%w1@aaatrfb Harsed Hess.nol ecul e
~through @ j 'pﬂkrﬁ{ Scil h@ 19h20§ (RJ3d) SYRAL bﬁm&nw%uaﬁ%é&u kdRls@ofab the
cycl oal kyl, cycl oal kyl al kyl', 'heterocyclyl, and heterocyclylal kyl groups are
the sameParre heseraiais mibsamagplysmplay chicRipiaugy inseanicasnthiestsd her ei n, these
ternms al soppsia) @&eétfn@%?bug’h?etferﬂﬁééﬂo %M&h@thmﬁn%ﬁtaéh\é@to @%a&tﬂz@g as the
ring i s not aromatic L used herein cyl"™ encomnpasses groups
conpri si Rgctipralgrayp in aamql@ﬁwmas 3 KSpHgAs or areyFntoieacsivify af oy funcheiieb&PuRt t ached

at one Oﬁxatnﬂﬁesto%rcﬁééﬂh% @Qhﬁs M8 e dRR Brddn QN 81 OfPrReGifE BRAIBS i OFARR at om
and heteroacyl refers correspondlng groups wherein at |east one

carbon ofEhastpRaiiave 2¢ £Ab A andaHpERo e <l h detnpeagivacd PyBetic Resari oat om

chosen f§RiKuAY, Oo@nﬂs$Joh}[huﬁeyhﬁ¢d%daacwmnm)ud@§ne5a‘nemlv@>.sﬁrﬂalrﬁeteaﬁsg =0) OR and
-C(=0) NR2 as wel | as het er oar yl [0 Acyl and heteroacyl groups are

bonded t o8ty BFwlsy B R S| Hmitgd mﬁicﬁ”?ﬁbyw§ﬂ@ At AREYEhP6tAh t he open
val ence sénzylb@cﬁaamnwcmn boaartai,w%ycaTwypad Byt hﬁﬁhe@fy&ﬂﬂ | «T™MSB),acyl

groups, which include formy pi val oyl , and enzgﬁl, agd C2-CB

et or oacd PSS eEoT T TG - (ot R B HoRD DU oony

4-pyridi MydnenyTxhahhmrc%amylFlng@qpstroawdrylgmmﬁsnyl @md/d:(et)eﬁ@ﬁlema of such
groups that conprise an acg or heter % oqg can be substituted with
the substPRIEEMPEeARSENY BEcHar é%rwpaglcg@ﬁe% Freynddintistiie SessYitulfits for
each of hﬂ%x@%&d@&@ﬁﬂ@i zrtglac‘e@rasp@mgemed Qiichtal eenay‘y hndotkityn etherds @aayll agaliopp.
1003171 " ronat nnlet% %9%W mP'Qgé g q{s to a nonocyclic or fused
bi cycl i c® ?é?? HERAYFGY %r%éﬁﬁ WP LAY S i cs of aromaticity;
exanpl es i[l003(]4|j1&s @daemyﬂemamd tevap halloy ). “alBbryi’t @idl yikynyre ineluaastedighit-ciedin, and

"het er oa clic or fused bicyclic rin stens whi ch
cont ai n EmSppd L R ST BT ey b O 4 EP B EPO AT S5S and N
The i ncl Wh‘llcli)lorﬂéfln anlh el @tdod tvhizh }ﬂmymret ensalfstifdddi dixdapipies llﬁ}LﬂEIi’thWEd:thyi ngs as
wel | as 6 het er.oat onmat i c e | ude, nonocyclic
G5 Co aur SHRTS ot S B preemio s by B RES g 1% Fifdl)

furanyl, otpylrh‘oolay)lms upyachzadhydroupt lblsémﬂlnyels degxbaidieydin, eegndwhemtlukagmiwdanand t he
fused bl C(X)?ll tmene(;[alrbeo% a[o rsrlrtec%nlggr 36 % logortah?ﬁeClO '&‘?CD(’)C' (en3r OUPS
with a phenyt "Bi°ng RO ARG SF TR hEt Br oa oet 1 monecyali ¢ Groups to
form a CBet€tddorhs (N/o(])mcd grtgpnpals/mm aibwmhd@teplape be&bai atpdazohrthterpn@dzol yl,
benzotri i q | 0 zof

pyr azol O%)%/)QAS qu egcgrg qéfji atzofllymbelrs Hescr?b b t 1 hlah Ill}'\Lm tet% arl ‘t{]la&%’ i ke. Any
nonocycl 'represfmt fths:smh o thg riumbyncbﬁ carlscynsztterm vmtl@rgrhmsplvhdlecmmbacbésucm ics of
aromaticity in terns of electron distribution throughout the ring systemis
included in this definition. It also includes bicyclic groups where at

| east the ring which is directly attached to the remai nder of the nol ecule
has the characteristics of aromaticity. Typically, the ring systenms contain
5-12 ring nenber atons. Preferably the nonocyclic heteroaryls contain 5-6
ring menbers, and the bicyclic heteroaryls contain 8-10 ring nenbers.



[00318] Aryl and heteroaryl noieties may be substituted with a variety of
substituents including Cl1-C8 al kyl, C2-C8 al kenyl, C2-C8 al kynyl, C5-Cl12
aryl, C Iwe@Biiaayiss and heterof ornms of these, each of wercthisean/ostssel f be
further substituted; other substituents for aryl and heteroaryl noieties
include halo, OR, NR2, SR, SO2R, SO2NR2, NRSO2R, NRCONR2, NRCSNR2,
NRC(=NR) NR2, NRCOOR, NRCOR, CN, C=CR, COOR, CONR2, 00CR, COR, and NO2,
wherein each Ris independently H CI-C8 alkyl, C2-C8 heteroal kyl, C2-C8
al kenyl , hdtﬁemnmater@atlkmws repBRerBatsafbkgarboin atoBR-iCEhelpatkdpuad fkanyrig or C6- C10
aryl, SO NOR %teie 2reay yl, Cr-Cl2 arylal kyl, or C6-Cl2 heteroarylal kyl, and
each R iS optl &na fy substltut ed as descri bed above for al kyl groups. Were
two R or RﬂouhSeTmceﬁenﬂle aikyt, regkes glnandadliomy( eubgtitueriRa) theoinvatiomdpeieient at ons
that are, , 03pgs can be
t aken togzﬁgﬁﬁm ?’gfﬁé;@(alée%?frgor %lgj\lﬁafgp%%%br%e?{égdt)mma ﬁ?dﬁ%l% -8 rrenber ed
ri ng, whfatdendan alkenyehb&nmeﬁlumedlewcomalmll -ACA(abkly Ryor 2-4C) (alk4nyl oy blkymd)- 04 Cl -

al koxy, n t.eroal-omsskect ed
fromN, %Qgge %Qgpagrkgfc}ulﬁ%qm%a E%é %F(Sg%fgiwérﬁdggsgljb?pﬁtuent egr ougls on an
aryl. or br@ﬂesuolagsohpsgﬁrowpludaywxﬂfm o Swtidreoffthy tehe FalkanbE tbiten thed coitain t he
groups d d.herei | ch,substidHent s or
for eachgt?g?{%)g%ecna?o% a&ﬁg%wﬁg&s%@%&u%ﬁ{ Q&fﬁﬁpﬁd%{?&e@gnﬁh e, l§}r]19ary al kyl
subst i t uteyt cqmaiyn Hdeastng tarbent-edboorriplhbordyr y| portl on with substituents
~ descri bed | ' 0 andnb tsubgY HE Lhel

substi t ut e ﬁ'{qﬁgﬁgﬁﬁ%wﬁg}ér k?}(;)yr%a%mydtpb%e tpuse%tg Sdescrt‘%agte)d hereltn as
typi cal that smh tsalpstiutibo makfsk senseg ehsopenlly. TYP@@BQ{DSJIt@Wﬁﬁ InghuHgs, but groynedl kyl " and
"het eroaﬁeéita' Y lhato! €l£T=N-ENAIRIBR! cNﬁn%m&ﬁ csakr%@tw CsdzNRQ ﬁ}(%ﬁﬁgs"\h' ch

are bond theit attachnment point throu a l'inkin roup suc an
al kyl eneNRCﬁﬁmudNKQS@&bé‘{RQ(UNBH‘UbF NREOWRs 1N QﬁpedJNs%Ft aﬁ ofONRsat ur at ed,

cyclic opog y@bkcarld' I‘[fﬂff(vﬁcrel-g%géhc[@ks 1§{deﬁag}%ellnt|yqu%1 t§ al%'l' @§ @&l }}&él'oaﬁcr ,a hetero

formthereof. These linkers may also iInc e a carbon roup thus maki ng

t hem abl 61-C8 apyloG2-€8 hsternaeylt GekB slksaylap2- §§Wte@|a‘kh’@tle¢%\é§§ Yﬁfﬁi 68 An aryl

or heter %rbfdlk)}’nkp@6'@O%yl%ryéﬁbk(ybet&barpleglﬁ{ &gh ¥l igb Ndnagf QUBBLTRY wWhe
substituted wt he sane substituents described above for ar?ll groups

Pr ef er abhdlo, a8, atCR KN -OFf omR nARideR a |§P}en§92fh 2Dt 3 oNRIS

substi t UNRECHWRY, NI CINRUPSNIER{RINRROV &N @OOR )"NR’J’C@RDS ca»ndcacfz: | -C4
al kyl ene that is unsubstituted or is substituted with one or two Cl- ¢4

~al kyl gr 68F% .drONBhe PO&IRKy FOBH A NOmptdping sieh & Ky indsperAeti¥ribat kif groupe

can opti gpal &y c@y,edefo%ﬂ(yt elf@r B CRId¥he Rl 1286 wclaemp@ar@eo heleR¥Ql.ane, or
oxacycl opentane. Sim| eteroary Ial)(< g_HO(::J%) preferably includes a
a

C5- C6 nofibkdl @lkery! ped élkwﬂ 91i°u@%eaalsﬁﬁaﬁuhsgm@5tbw Y& rstS PefEragryhi th t he

groups deseibheH oRDSCT0 AsteRERS lehdhUsTitSehl 4R b6 Blbsited K'th@fu@ﬁﬁ&n&ﬂﬂata Cl-c4
al kyl ene that "is upsubstituted or is substituted with one or two Cl1-C4

al kyl gr &6 3ePreRriatatos thsertiprlag gioups Where e B AtRuae PrSAnt g o fagnq gjom
subst i t utegd NHI§ Y bn hdji@ntQiorkdthat @R HHRAQIGYEHHeE (1LL- emzoe(roj)k) andwa RGE-1GA
het er oal kyl ene that is unsubstituted or iIs substltut %h one or, two

Cl- C4 al &OPPsSen Refaked RS Witolp dlominley @rd sRanehiqeyte ' FOrHeh B 328 Idgr oups
can optlﬂﬂfg’;tl“lhychcaéﬁlblez;eoshdta‘domm 61-U4rhg<y$lEth@-SC)QMCJI(QQIIO(pﬁBlQOX)dIaﬁn(mkane, or

oxacycl opent 003 ere an a eroarylalk group is
descri bedad® PF‘B’F{‘H'IL F’i/a“éd ailibegoatym ¢ gteﬁméd &eﬁtests“ﬁdv‘gﬁ’ée ‘ei ther the
al kyl or h[ﬂbmp‘&bﬂ(MhalQOﬁibktﬁﬁle@T a® skl Nieread yhdi@kes heiteﬂhearayiculporgtduprbrof t he

ro The sybstit e 0 onal | esent n t he or_het eroal kyl
gor'tj Pon gP%PStLﬁglglsdé?u?é‘ E mf‘XF-: 8|s"5 “8é1§%P?%%%f“zib‘%f\}gle?tf)’roraﬁ‘ﬁ(@}f’u"g?rogﬁ%‘éps ggﬁergl ly;

t he subshdvt wea bﬁm&p&xbﬂh@drbgenbnmlemhts OIT riohethawyde specifinat te mnaalyium;bardﬂ on are

t he sane_as thase rib d above for ary n

1003221" Y1 V§§?“$§€gdﬁg §EHBH§P§% %ﬁgu ydroggr yF*“%%ﬂb%‘P? they are
unsubsti nmhmtutcairldnabem%smplﬁam@ dB;Crl'béIE Wotralan roprrdnet subktito@ lxoattagliedns i n t he
ring and aIk e, or simlar Thu en S a ryIaIkyI
group, and % 0eu‘rilf\’el By PuGhsasy® 'b"%Yr YRR 2o, B %@2%{( {&p S yPgI kyl " as
described above refers to a noi ety conpri sing an aryl group that is
attached through a linking group, and differs from"arylalkyl" in that at

| east one ring atomof the aryl noiety or one atomin the linking group is
a heteroatomselected fromN, 0 and S. The heteroaryl al kyl groups are
described herein according to the tot ?I nunber of atons in the ring and

| i nker conbi ned, and they include aryl groups |inked through a heteroal kyl
linker; heteroaryl groups |linked through a hydr.ocarbyl |inker such as an

al kyl ene; and heteroaryl groups |inked through a heteroal kyl |inker. Thus,
for exanpl e, C7- heteroarylalkyl mould |nclude pyrldylnethyl phenoxy, and

AN AT o o v o



and preferably n is 1-4, though where specified, an al kyl ene can al so be
substituted by other groups, and can be of other |engths, and the open
val ences woeeadimai7s8se at opposite ends of a chai n. Thus PCHUSR)10/05x3d1
-C(Me)2- may alsso be referred to as al kyl enes, as can a cyclic group such
as cyclopropan-1,1-diyl. Were an al kyl ene group is substituted, the
substituents include those typically present on al kyl groups as descri bed
her ei n. [ 00325] In general, any al kyl, alkenyl, alkynyl, acyl, or aryl
or aryl abatepbesgsoabiptoait namber hetubstobatsthoimagibe insfudehssedugrdnsperdingian the s
cont ai ned i,n may itself optionally be substituted by
addltlonal1ber ff??gk %%ﬁx he nature of these substituents is simlar to
those recilDeasitiSubstinegkidhenaisedte npdifjraspeciigh gtonp aendisalt heans dlaver arf t he
substi t uent re not - ot s¢rib r t of, for
exanpl o s reR Gfom?, - EY PR EE S gk e YR BB ERRE PrmE] O
renainingm&mbsmkmubmmmﬂwsam%nidm@NHWBdﬂmmem@b for R7 mhere t his nakes

.chemi cal t hi rovi ded
For the ailBono Pt ghfe! efiy A7 SSofRknk SHFE Db LR FL e P oul d
sinply eybend'wheaUppbdeHwnwm mﬁlmambdn afdnk>f@n={he§8 e¥BodiSvetts, and is

not i ncl I—@wv r bal t b Yk ena o,nél y.n=0, and
the i ke%ﬁl’d |ﬁc %det rlt%\hl n t gd(ﬁ)p—?d{ gﬁg meenT?orﬁ%anlal 't he atoms
of these-S¢0bRY i HORNR GBEVES, @(@)zﬁ&f @S(Cﬁtl’ed QS601As -ADER UPED(OD: descr i be

the al kylp t Bg ﬁgﬁp ibbe er, nunber of
substi tue#—t»ztl) ?W%eé’?@ egg ea h &;@ﬁ @IR {/‘1 é k%yléto%R or aryl
group meyC(HORSUBSIONBIRS -GINRD)NR Bunﬂé@(Q)R SOEESIRC ue@?@)@oc&fé(pb@ toits
avai | abl e (ﬁ{nce%Rbbp))p\arth(u& PRb ar}yRQf(O}daes?ngéR”g%b rra)qu@%sggplstl tuted

V\nthfluorlne atons a or a of its avallable val ences or exanpl e.
1003261" PR GONBIRT -NB® QI%IBd)Rheﬂrnél NRPGMER BNR B, avhss iRV 4t isclectest framgtheup such

as an al gtélllpc%??%wn 0 Elkacy)lcloam%?ﬁlgt'ex%aﬁgl Lﬁ%gtelggﬁylc%pgf}la‘mﬂmeﬁioﬁﬁe

desi gnat oc C rou been’ repl aced by a”heteroatom sel ect ed

from N, @damrcgrylalmseaplha ﬁetl@qpeﬁdﬁﬁtrbsh)&ffogah RYR’; agd ke is HdRREAYINY acy ! |
aryl, angh grakahdoely, ﬂ{eqwt;%@m}amsken Jagétﬁerrthhﬁewlkm é;seatt&ﬁ qaukwmey

heteroacyl het eroaryl, and heteroaryl a , resg |ve % i s under st ood
that no #ebendethiermiady, &, 600bF- rrsméz?r@%ycdw@temaathy ich ynay on ‘é‘&‘!léd""lu e

sequent i ghhY to £EERPEanMWR WG teRdht ngﬁ)tl(ﬂlﬁlq{égrdaﬁ)nﬁtsgl@&a?go& Q’nelgr&fp condiQingOr m a
nitro or sulfonyl group. 1003 'Hal 0", as used hereln |ncludes fl uoro,

chl oro, ofr B A Si 049. SPW‘%P@"&%‘R& MR & gs aneantofor wRluds efeky iH-alkyl, 1003281

"AM N0 RSyHSRAN SAENIndrBH Bl (AR dNbter Qb&ﬁd’@k@ﬁxﬁle%‘s@@ﬁtﬁk@d bikydesfeitbed as
"substituted" or "optionally substituted”, the termincludes NR R' wherein

each R Wnticirde ‘§1leﬁEF99é‘Hﬂ’éntail9’lePF h?fFroP%'l anlkxlepgpyclobeteroaliyl, -akplspgy  acyl |

aryl, orcgr ywRa! Kmylew @@N«RPRta ahetenaicenvof-cane 1ot dhbesends oumerand each
of the al ‘al kenyl , al ké acyl, aryl, or arél al k?( rou S Ofr
‘het er of ogrﬁ%PSofakﬁh@gﬁfPert‘ﬁ‘éhs CRIBHY Which ey g Penfed Bt Fa it et he

subst i tugeﬁl&nfi@&walk?egjdtwa@ndfbr@askﬁU| table for the correspondl ng group. The
termal so i ncludes forns wherein i nked togg}roher to forma

3-8 nenber @P10] Sigpilaghy: éHbsﬂﬁﬂ?mb%O‘éPét”tﬁ?fé‘t g&l S“‘lﬁ?’\@%’f%?‘&f“@fﬂ‘te&r A" and whi ch
cont ai NS hd sgecliRl @Fddp lop MRlidaNHEINEs) Benirt YoSiehieatigdRF, mars) Ny, @RINGRS, 85 ring

menber s, argdvvhch Is optionally t ut h e tit
descri bedia®> it %I%EBT" I ()’{: al &k Bﬁg’gpé&%}r ﬁﬁgf% 3 I—%BEZ ggﬁgh ’C group,
it is optjopeRty sodEhirR°ut edsydnd’, thez)s(ob;s)tRf“tuen@(s)((mgscrin@)doa%)(prl cal for

o o oyeri@MoBHRIM cOME ey OB Rn O TCPIERY A6 ke cas o

"het er ocy@OMWRRES @(NRE)&R&{“cyoC(@)Réomem e@@qmwm -0G(@)IRSt eOOEH)ORT, The

car bocycl r gli @ o] nlg% g

monocycl |1\!§§CE¢B§V I%I?Cg@i ]ﬁ‘ § @ ;ng]gy@t%% 1t hi)s%( g)gﬁg #\ér el(nfwﬂf Eése terns
al so i ncINRTe(VR PR Sth Al R MHNRYINR B, dfhethRé, RSandiRbare bsyweviasly defigedas the ring is
hot aromat 1108311]Subst1tuent groups  useful for substituting nitrogen atoms in heteroalkyl and

cycloheteroalkyl groups include, but are not limited to, -R?, -O", -OR®, -SR®, -S", -NR°R’,
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[ 00330] As used herein, the term"heteroatom refers to any atomthat is
not carbon or hydrogen, such as nitrogen, oxygen or sulfur. 1003311
Il ustratwoeoexansses of heterocycl es include but are neCThSx10G613ED
tetrahydrofuran, 1, 3-dioxol ane, 2, 3-di hydrofuran, pyran, tetrahydropyran,
benzof uran, isobenzofuran, 1, 3-dihydro-isobenzofuran, isoxazole,

4, 5-di hydroi soxazol e, piperidine, pyrrolidine, pyrrolidin-2-one, pyrrole,
pyridine, pyrimdine, octahydro-pyrrolo[3,4 b]pyridine, plpera2|ne

pyr azi netrihatompthyl i 16F;, tGNorrthoheN(Dﬂe S(O)ﬁiﬁazfdpézo i AP@R" HOSORRA- di one,

1, 3-di hy zi ot ol b

t hi adi azg?'sgg)ephl g%@ R%Qf/d gﬂ (ER 3@(% l&)f 6ﬂ 8 %I aggsp))}{ne

triazol eC(g&%)RPdr(E(@)ORﬁ aﬁ&) cl-6{PNR R h@ﬂﬂ&dER°l¥Z 5OC(O)R -OC(S)R®,

di azabi c b 4 hex b n e,

oxi r ane, )66 5ané 1(%)84%5 Igﬁycr?(g) lé) d?rg%c%%k Wg{e@Okam ‘ri@zléglgebﬂazetl di ne,
pi per: di fNER C(@)NRéRfs -Niaf‘ﬁé(Niﬁ?R Sﬁhrsig b?h@mzm? quemf@SR%“ %f agt RSrarf IaISulst rative
exanpl es yl's include but are not limted to furan, pyrrole,

pyri di nepr(gwo‘g?};rr%w%{e i m dazol e, benzim dazole and triazole. [ 00332] As
used her eu[n031t2héAct¢etem suhsmg.‘ama@e 2106 pikynpd groups Bhieare optipnalipowibstitifedit s t hat
00 1Ot SRR B GEfBAMa 06-CREL Alcif & RANPEHES i @hBOPRUSoALNSE ERaD

hydr ogen carbon nonoxi car i'oxi de, and

car bonat é)tcnyEm& é@temhlkmmhr gati8callymybtG2- G%rh@@rqafkdhxldéltﬁ& acyh.eChE8 | nit ed
to nitro L 12 f I %lg,[ i Oy,

phosphat léestggalc? e C@O@ng@%rh%tero% L %@té?a ){ll(g}u%%?lfgééﬁggtaﬂ&}arel n
refers tandagagh Rlystn is wetirnalhasubstifutach with eng eri reord ispstimentasriectsgtiioonkdle.y a

di pol e mogeny he-Ho Oﬁam@@ywtmkcaﬁ PabAE. Sulsk! NRNo.Rasvecditol e moment

and a syrm’etrl cal dr substituent does not havé a po e nonent Pol ar
subst i tu@ﬁf@N&elW&(ﬂ%éNRizué}ﬁt SOPRatNRESHt Cdk Qﬂﬁﬁat EWNK%dP368Bn bond,

and groupggt QF& Nd’z\p\wh&lelﬁ %ﬁghYR alE uld%}?e?lﬁerﬁ‘lyﬁ-?-rdl' @6 alRPS C@'O@he@é}oﬂ%ga@i ve char ge

i n aqueous sol utioh at si ol ogi cal gH evels. In certain enbodi ments, a
pol ar suB§tacylu&RtCo het@ﬁ@y rféﬁ*clﬁhﬁryéc% P10 detervaryht €7-éF abtldliorls of {642

non- Covahﬁ%&rﬂm&%@dﬂ HORE Mt &btl@ﬁ@l&%ﬁstﬁm%ﬁﬁlon%k @lo¥e groupdQR3kL I n

certain enbodi menfs, a polar substifuent is selected froma carboxy, a

car boxy BpmihglosEEfd abyl, (ﬁlh%"r heterpalk et 1-Feactot ECY hetsmecd ey @B m nat el y

as an anhrgirk@tan@wﬁé_r’elﬁftw@-ho&tn bz lﬁlf?edao rmh ﬂhﬁl@mb&(hﬂﬁg cﬂf?x'oﬂd’lly%'dﬁl&ﬁlntguent S
i nclude, but ‘are not limted g?roups containin NH.. .an et her

oxygen, amtanﬁ@tﬁP‘tt?fBb@ﬁCteéﬁfOBW el Sl s e'B‘?OdHP?"t‘%B‘eﬂf Caccpar‘bﬁnyl a

nitrile, ;a0d avikd fQA€0r ﬁoﬁ%%ké%rﬂ%n(?ﬁe @még.am (’e%"ﬁﬁk{)'&%n%k@ér@@%s' cring
whet her aromatic or non-aronatic. In ments, the %ol ar

subst i t uat arg bersted degsther (e, -RR-FOIR), éﬁf'r B’%B&Ioétge E5UPS, CehPh B logether

bi 0i SOSt G4 the atoni‘sQQe?}sﬁé- c&ﬁé&&%%'t@?&mm DB SREDHEEE TinQ whiSAER ¥ ¥ulldtiitegest er e”
as used herein refers noi_e i S expected to be negatively charged

to a sub¥thrtl-af aH%’br%bcétackﬁhﬂgl"olcdgﬁ:‘bélk%ﬁ anfythe dikea Rl EHHSYIHBMS, the

car boxyl a&d%mhahmeﬁ:ﬁb%toﬂ{@ldc@dammﬁ%d@AsQth@dn&rmm t he grOUp consi sting of:
and salts of the fore 0| nrg?ﬁ@vvherel n eac|

€ s i ndependent | r_.an

opt i onal | yl083A3dtHgterpaliy! foatkenydot 4 E?Fﬁalkﬁéylgra& tﬂ?:g“rlf%l%? qﬁg negf A ni
al kyl, C&mﬁ@rlﬁlt&%y&orre%aﬁg h@ﬂ@waﬁko,ﬁlkyl Gﬂ<e8ylcafdbﬁlﬁyr(§f|l)l gro[llbsngwt ared C3_8
heterocycl ic.ring gptional onal i.onal I tituted

car bocycie€™y r‘erﬁ‘éfeé‘?rd?:ﬁ?f‘?sctx?‘ Cﬂﬂa‘"dr3 9;7@? ygel‘imitﬁmélok mb"@ﬁ'o %{F enyl, or
C2_10 hetvﬁﬁlﬁaﬂlé(bébk&ubﬁdsidﬁattlﬁﬁ aMehdd oﬁ?d’lcaﬁpirxlaw’mabif ¥y caiehshiing hikgl, QBer§/1,

car bc)CyClorI glk{q{yli] I'OCI)JE) 15::%Ep aceg 1;b o%%yoqklti]e spec{}gd heteroatoms to form a heteroalkyl,
heteroalkenyl, or heteroalkynyl group.. The typical and preferred sizes for heteroforms of
alkyl, alkenyl and alkynyl groups are generally the same as for the corresponding hydrocarbyl
groups, and the substituents that may be ﬁresent on the heteroforms are the same as those

described above for the hydrocarbyl groups. For reasons of chemical stability, it is also

understood that, unless otherwise specified, such groups do not include more than two
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[00336] In certain enbodinments, the polar substituent is selected fromthe
group consisting of carboxylic acid, carboxylic ester, carboxam de,

tetrazol ewotniizmotse, oxadi azol e, oxot hi adi azol e, thi azolPeT/uspéo5t34RZ0l €,
hydr oxyt hi azol e, and car boxynet hanesul f onam de,. In sone enbodi nents of the
conpounds described herein, at |east one polar substituent present is a

. carboxylic acid or a salt, or ester or a bioisostere thereof. In certain
enbodi ments, at |east one polar substituent present is a carboxylic

aci d- contoaiigrong heterbstbint weaept whera as aixb ,graptiepresent on Y oSt asrie a Metpeddf . | n t he
| atter en‘ﬂodl rrents t he pol ar substituent may be a C-Cl10 al kyl or Ci-Ci10
al kenyl i P a car boxylic acid (or salt, ester or bioisostere

t her eof ), [00314bwarhq)1‘2él(yl as WD BS7ih ifdheles e)rcﬂnall@bargquyqpalky)lplkyl groups, the
"solubiljt b, I uj f ragment
sel ect ed” orcxc{ga&yb "IgCIygoe lfsgd gﬁglgﬁgggsc ge'rsi?o og ?(E:lgﬁré u’ﬁ?‘[z?é{g‘;p P g]{alscorrpound
t hat hascontdvedwiis ea rrregastarbsoel gtorlnomndséby,c}lnallqyta%yl Amgy s‘u:bsieidt eeddscribear can
facilitat f LEW @ i lrg(r any

by ol ogi cuirPobd doR 3Rkt B n B cBRENLE, AL AAREERBL TG il 20V

sol ubi | dxmuig,tbgl‘bupscmye miube ayed tndescribiern moeehrqrnﬁtlcazmyhcsa]wtlh@tuenlaméont ai ni ng
a group al‘f% I}Q:le?anan Qsell Q@g'n?e'ﬁ'lb%re d tjﬂatV@tc ne&&d & tﬂyn{o%gﬁ \fia{Q g to 14;
any ionizable group succept | orma sa or any |y pol ar

subst i t usgerh, wiigh hnaabhﬁgh I‘tilapd)l mterm)'n’e'hﬂkyanlda)cb@p@bﬂ@ dﬁfSClﬂGerg gEupPONg

i nteract e ol ¥ bidsli@b g udl Qrgps are,
but are th{(ﬁ)}p > méﬂp?g&)lo ﬁlld h@? gfecw@hgguflh LZaxl?nmgllmeﬁhtaesSflZe§ hs?l% tuted 5 kyl

al cohol ssuitatilkfor tl@@h@p@kylmyylbalmlhelshetfpwypldi ﬁe%het%mnbla\&yl gRpps oy thec aci ds,
tetrazol bofd Tk Gfiey1 H,'u%sonxé 4R, It RALE aRG littRugeSUI Fi ni c
aci ds, ospgﬁégﬁwlﬁﬁoan)? roeag('y : a’T%Sw tmab é gr ougs flor teh

pur pose llmlth?deontaﬁlm d%ﬂ@hr’f’ph‘éor yeoaspenga theliimg figrofgomatiy( CH2) 04- G, Wnere Ais
absent, 0, opf3sNR us\é@ﬁ{]rgi a'cyc‘l Ehdp M@cs s%rﬁ?ﬁn@%na‘all&@rah@?fﬁ AN, a

car boxy bi 0| sostere dr ox hOSP onat e fonate, or a group of the
forml a aerzwdalkp(r@r}nqwtzed atteae ef haswo Rypilpkle Vﬁe@p@ﬁawwaﬂaemﬁ Cl- C4

al kyl th@a;boﬁefbnb%néuaésoaéme@gs% &1@ cer@epa{dufgogrr&]pewe;emtlle/asuaqetaargohree) of

t hese groups: NH2, OH, hal’o, or =0 (carb Ogil ox*gen) and
two Ry |wh%ﬁ@@mWWU@rmmabéeqnlrmétfdd Py gdetsertonpcoginniran 3 P #dnber ed
ring, opfhRnRldohcHomtizadll A &Am thé ONGR ARETRY AN dNweld 9T-CBORS a T'ing
menber, and opti (c)ﬁal |y substitu ed vmdzt?]@% Cl- a)t I kyl , ’ W?n c?h can )latself be
subst i t ukesoaRrlt h one or more (typically up to three) of these groups: NH2,
OH, NHVE, b2 AéMand habBacyPEromfh &G%Bm@% g/rg@wa,r molRE & tCivhiog egnsi tivity

and/ or I\/bnl torl n Res OnSI veness of CK-2 IVE iated D seases to Treatnent
with The?faﬁ‘é%fl?dc he QpPFToYAienee ADIF §itrhglytf<azbanﬁ«wr51 tfypigally, thepgaredglr | n

addi ti oncg Qeyl @ﬁ)uabmhdee@da foefy1esdeQdipiarys and b@hz@f]eﬁﬁﬂ”@Z CRweRtdaO al so
provi des bi omarkers for predicting the sensitjvity and/or nonitoring the

r espons es8¥PsgWhikb inchidgimatharyeficld £ihoxy@ihoRyla andy4 ﬁ?"d‘i“f“?yér diof pedrgrarty! der
and/ or  agrohgdf hSIMERLEY, Yindlh&@Fol@ins ofistidh &epsi thkti d@htpagesaxv\/a@m od Se@rdabyl

conbinatton with additional therapeutic agents. 401 ll& one aspect,
r

the pres®AP (AR &Rt FBHIPFS VY dhepshtipely SEHR Q?rému%SeigEl‘Pe”? SWiERl8i cti ng

t he sensiubitithdnls fENALIDES theSopREFONYIAE EsiSpoatnt Af thel Bgy® 6 he®rodtySdreup. to t r eat ment
with a CK2 jnhibitor when used |q conmbingtion with a dltlg‘n I grapeutlc
agents, sU@FPIL ARPASBRUFY Hntd] MADHREEDAY 2 BATICY§ 15t Hctop '§§° fits, as
wel | as ﬁ)bﬁfy@ﬁ@iﬁgItEéSwf:lﬂlﬁndthcﬁaEdE&tlﬁf&@tof @ifonﬁﬁ«tlt’y é&ng)lesaﬁah@eﬂieﬁﬁl)anand

aut oi mune, di sof. ne e

associ at ’éﬁ?htﬂelt %H’éla'if ﬁ@tﬁ@ﬂﬁpfrﬁac s%ﬂddmgeﬁ’ﬁ&? RS ‘%éﬁéﬁb‘a"'{%é@” °6al{§]sé3fject an
i ndi vi duabycﬁuhhgiﬁ}tsteﬁfs v&ncmapuia&tasomgm’fenﬁ)ulbjoec:mSméxemetefoea)hﬁeﬂbcwﬂ frbma

particul ar utl tion conprisin
i nvent i oﬁ %1 %1{"8 S‘PBnF?lga}ff%to'pre saéonbag‘(%%éﬁ(% gm ereén{)?ﬁs oY egr predi ct
t he out Cﬂ;rmrnefhbérédaﬁhg}iemtyplcll lsandapaeaﬁmctnestags adnianmsbeyelit @s-Clherapeiat i c

conbi nati on conp descri b d h

bi onar keFORIGBILE F5ETPuierh Rir-ehd bisng: BPONEpIadlh SFRARHT BwPRL": he

r esponsi wandgls and iraidCi6hA raditht éded bsgdsemoietidsr feaartemt fwntghora ¢fhthmpeut iC
conbi nation conpri si ng a CK2 inhibitor include the nmRNA expression and/ or
pol ypeptide levels (i.e., the protein expression) of IL-6, IL-8 HF- 1 a,
VEGF, CK2a and/or CK2al subunits, C1(213, and the |evel of phosphoryl ated
Akt serine 129 (p-Akt S129), alone oL, relative to total Akt polypeptide
(i.e., the normalized | evel of p-Akt %129). Addi ti onal bionmarkers include
the | evel of phosphoryl ated Akt serine 473 (p-Akt S473), alone or relative
to total Akt polypeptide (i.e., the normalized | evel of p-Akt S473), the
| evel of phosphoryl at ed p21 thr eon| ne 145 (p p21 T145) aI one or rel at| ve

M o~ A -— oA =\



[00342] In one enbodi nent, the therapeutic conbination conprises a CK2

i nhi bitor and one additional therapeutic agent. In alternative enbodi nents,
t he t her apeubil4tmaposi ti on conprises a CK2 inhibitor amdTtuse)ioiobriee, four,
five, or nore additional therapeutic agents. 1003431 I n one enbodnent,
the additional therapeutic agent is an anti-cancer agent. Anticancer agents
used in conbination with the CK2 inhibitors of the present application my
i ncl ude agents selected fromany of the classes known to those of ordinary
skill i nmbﬁr&yarctgrodpmwithdiﬁhgnyl friog oewalr]ahsepf tht kstkrmgriomgtiQgemicgclic groups
anti-netabolit l.ant kal ( Anes

t opoi sorrgrfgse :E‘Eh(fl@l bt“BIChC gro‘ﬁ‘f Quc?' i m n’tl BI @?‘fﬁg"zy' %dgzr?%'naq%t her)zil } es,

nol ecul aisoduirfotyet eqhimg@nt be;nzatlhdazollnb Iblekwfurmherla'lrdzylosxrml amuamedlzahcer agent
is an al kyl atin e t.i - netabol i xane, a

t 0poi son%‘%/aosxé TR r% FIBA grtlhegne A Onoc)?f?l i 8? wg'?gaﬁt{l%%g%%én %h%ﬁs

i nhi bi t ohas th clnammmmmﬁramnvey materod pleectmn dgtibitiohitiypughout e rEDAC

i nhi bi tor aan T bitor, or
a PI3K i MR mCRl%Efiomrm's ALt trldn 91?? %%@gmaé’en?gfog&s‘g %éc% ed‘%:etrh(lgrilm]tﬁ he gr oup
consi sti ngclmfxs aiuredblyt attanllmdbtot thle remAinDAG thahmbletudy hasatheHgpgOteristish ift or, an
MIOR i1 nhi bi t or. I i ocl onal
ant i bodyarto rg?tbcé i n plca Yan e r/u%,g {ygig%séﬁét?lagsnﬂ ﬁ{% lgrgﬁg?r %ﬁznﬂg%{aﬁggﬁlger agent
is sel ectnenbc\yc:larhetemngsr cnnpmcﬁ)ﬁsnngtmmgaemt aghthAkicy¢lisHielsrdanyls cantpiHPBAC

i nhi bitor. %e 58p90 inhibitor, an nmMfOR inhibitor, a PI3K/ mlfCR i nhi bitor and
a PI3K i n?ﬁ Ftor [ 00344] AI kyl ati ng agents i ncI ude (a) al kylating-Iike '
pl at i num bS] Myérmd hermpelmogtiegeny e substituda! witls pl ariety, of sabwivishat i n,

nedapl at r [ P- S gk an

amm IE])edI E: dﬁ%a&g B%Pp?/% |%g%n§f at ?%ﬁ(&'?f )CAS?L (ag? (h C8 lonatdes such
as busul haﬂof0(109 ofethépg! eaqkiofrivhichza ltméf h&/f\w@PraWﬁéuterbquhﬁatS\“hﬁé@e@ﬂ@qﬁ as
altret ag}éégﬁgﬁn&‘ﬂue&ma €RGetids Dinc Rk rtBQ)efblﬂUﬁR?r dR SYLR, %ﬁ)zﬁﬁ | ONREB

cycl oph tranustine, ifosfam'de, nechl oret ham ne, tro?gsam de,
predni WW@@RzmﬁRﬁﬁT&RaNRC&(ﬁHRW%ﬂNM@ NRGORj N, detheh- 64208 € ANBs

carmusti B%CRl e Sgrldr}@Oz tvﬂ&r@mgéﬂ I@?s 1n&ypgﬂ{§£ﬂlm crl- @@'aﬁrylstbﬁ,% }f%n:goalkyl

streptozoci n; triazenes and i m dazotetrazi nes such as dacar ba2| ne,

pr ocar bage#8, alkeayinS B8 eterealkenydh Gerballyyi@eCs heteroriomsh CAr 102t @bl i t es

include () nPldfohRe @ﬁ@hmﬁylaﬁmho,aszafdltzdﬁe&@mrﬂmylcIaa@rehm Reis optionally
chl or odeoxyadenosi’'ne, cl ofar abi ne, nercaEtopurlne pentostatin, and

t hi oguanpyetituiedys dryeribed abave ferrmdiyd gzouRtcWhers tWe BeF Bupmdresentgaihs A8 ne,

capeci taQt'oﬁﬁe CYR r@itHnrb@Jac@ﬁ%h)rs kﬂk%boﬁ@@td’g@%éﬁ(@g RO e twaRrd
troxacitabine; (c) antifolates, such as net hot r exat e, 4Eemetrexe

raltitregeB; smues tan bretakaxpeetherawth thepatamo ey @& sanoectedhia 9almp Ky frifdy | at e

synt hase pjeRbiba LR, Svhich Yebasibtlbted QUK atida ahdldii-t4 88 thaloC@PeBialiadky,Ne,
floxuridine and penetrexed; and ribonucleotide reductase inhibitors such as

cl ari bi nand &F dkaraabicaecontiin #1 adfitional hrteroatom sejepsudsiro™Ny Y 2aq R 46 @i'Heand

t er penoi ¢eR8&i ved agents include nmtotic inhibitors such as the vinca
al kal oi ds vi nbl astine, vincristine, vindesine, and vingrel bine, and

m cr ot ubul WOHII Pheetubsiitugst groyps en ay, @l g5 hetpaary bhgrappomay of 694itf BBt not

limted t@siaeh wiBXR) grosh @eica¥@d herdidbOhARE for@adhad poxe suclﬁﬂiﬁst’itﬁﬁﬁ axel .
[ 00347] Top0| sonerase j nhibitors include topg sorreglﬂgg i.nhi bi t(r)Prs such as
PRBRKN " ANHHE PP q

canpt ot h&¥icASh togpeRsRE ghthe spbsHertc abus. fap WagH may
t opoi somebamEted lon itiehdr{li goRich »slucéhba&u@tso@@&lbé@ herk@nis pysdatl €or a@ncgr(amacr i ne.

1003481 Antj -tunor,. ant. i¢s ipclude (a) anthracyclines.such as
daunor ub”™ ¥ “("‘P’rrL[élfH eﬁé‘gsf“ﬁﬁgd’ﬁéﬂa Glggrﬁ?&‘ﬂ?ﬂl @ 5”b5t8§3{‘(53r %}Jﬁfrbbleﬁ%f'ieﬂlc?sudi ng
| i posomakypitardisuitiblziforalky@giotpsdi ci n, i darubicin, and valrubicin; (b)
strept onyc act i no m t hra

- at.e ,such, Ci c nycin,
nit onycin, ﬁ%ﬁ%‘ﬁ#% i ﬁ‘y?ai B hﬁﬁf%fyig eﬁ?ééﬁ%gromg alée,teroatr%?glr?t rone and
pi xant r orieg sy%&hhrvamhcﬂm basled vileit hm@bmemq)hmn'thsmh efllnamglgmup sucit ssrapal at i ng
bet ween bas n hi biti POIi,0SOMEr gse
onzymer ARG DG obdfnrbar Monathiah SvbBlier ot Bat QREHBCSTELERS Lo ona
and cel | linlerbriapeslly BatilkeasyCl-CRekylbrre }gemeifoah Ittysretoha"fmset Bukemathyadso
t opoi sonerase Il inhibitors.
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[ 00349] Hornonal therapies include (a) androgens such as fl uoxynesterone
and testol actone; (b) antiandrogens such as bical utam de, cyproterone,

f 1 ut ami dewoand/mitsat ami de; (c) aromatase inhibitors suclCaaIS2010/051341

am nogl ut et hi m de, anastrozol e, exenestane, fornestane, and | etrozole; (d)
corticosteroids such as dexanet hasone and predni sone; (e) estrogens such as
diethylstilbestrol; (f) antiestrogens such as fiilvestrant, ral oxifene,
tanmoxi fen, and toremfine; (g) LHRH agonists and antagoni sts such as

buser el i inglugros emagbonyl, grbepu phwsl maleng drch dblé pe eravidensubstithentspasogreseyils such as

medr oxypy ogest er o t te, I hd hornones
such asp}ileg%%c 15?%?(%2‘%2‘ oﬁe@{l%@%ﬁ%ﬁ%EPQW%g(gg@d%tewgﬁg%ﬂ IQF&P ﬁaggtg ed agents
i ncl ude (ubitituted eypthothe tsymo shbstituentn alsecripedAOVE fonhaiybigrenps, Rrafstablys annhi bit or s
of EGFR, _ingluding. tinib, fit.lnhb, atini b i R bi of VEGFR
i ncl udi nagry'\?'g‘?ﬁﬁgrf"iﬁing',ruhegea fug%'i‘g’,% °£h!3ﬂggé?‘$gﬁf°gs£‘g‘nﬁgigg"i%‘i’%?‘{ﬂc’?r@étaﬁé PDGFR;
furt her foneiyligmdpsaand aRTKCH phiylsng thasis tuhsubstipeted at issubstiyiddewitleerepardwosi t es

P o EOTU e LA ! S B bR ot

i mted ¢eptiomatlyt ¢yalite, tosfomint 4 minp sugopsateshéporane digwiananpboxagydepentaes-uded are

inhibitoii i h - K]j : as | i,0i.h: E bi ndi ng
o L6, B A5 300 TR B 455 el S

baf i | omytbatris optépalivy sibstitited moh ithrugpupaiidscayet dloverassubftgyentsetmpical lparamdy agent s,
ant| 5e.”fgrolyégﬁlé‘l%ycﬁ@e?gﬁ&rené‘&% nglﬂﬁxb ec‘?%ﬁlsosﬂbﬂl‘?xﬁéﬁ BhiPoRe SLGHR @Bchhe
retinoi nd rexinoids; e.g. adapal ene, bexarotene, trans-retinoic acid,
9- ci s- r etlkyl@raupaiei heteraatict] stofis, bryitmobegeshrarpplinally sybaniutd pheng) ring or C5-

phenot ypgg oﬁﬁcgh?cdhetté?@afr%\%d 239604 ﬁ%texjoéﬂﬁ):il%{%' A9 i DPRAGdARA 030t iRAd{gs such as

al ent uzuna vacl zunab, cetuxi nma unomab tiuxetan, rituximb, and

t r ast uz uwvilbone(as pwé Finhidaikok Prietesepdiy] axoupsehers theebyb oidisaneadliyh gropps) can

radi oi MyRGEARIYEARE &foiH G BingSuch 3 tyclBRiph A TRITRRancARh bk icp @GR! vacci nes.
1003511 Nbnoc ocgal ant | bodings i nc\i'ytfdog, Pbut 'lar eanr?bt k % togd to, nurine,
chimeric, [80323hWherajan awylafign pyherruenariplindgronprivddseniher] agAptionald wstinged h

ther apeuft ¢uiRfhERORLEEe bGHARe aRVE ordeRrddRl1 +drmr¥ &bnttRe Y1 daRelSS,1di rect ed
to tunor or cancer antigens eithef on the Cell surface of inside the cell.
Such t hePosRMAfitee grAen: bbkf whstitests oprienaliyereswien dieeliber haterpaled pegicant i bodi es
di rect edyf thels@hO8S o deRBHBYEYYe Hrla8GH Fﬁéﬁ&r gen 8y Gd du¥stASRRUpAbRHyW th CK2.
Therapeutic anti bodies may further include, but are not limted to

ant i bodi Riesent angbe ay! ar feteropybpties arp e HyaG % thepadearibeiabpye fontrakgigpswi t h
targets ghehmf.hways associated with the conpounds of the present invention.
In one variation, therapeutic antibodies include, but are not linmted to
ant i cancerl0%Y2hiAavlalkeh geouphaajovendabereiRddeathyfivrtiby! AFUPhziindsyY ®faci zunab

pegol ,  AlRNEsHRIHIBIh 2R ddde@ by PR M iftrdinBer ARALHARORD il ME ARALRPalk ARl | ZUmab,
Bavi t uxi mab, Bel | munab, Bevacl zumab, Bivatuzunmab nertansine, Blinatunpmab,

Br ent uxi e dBkem, Thus it berarteasoupe’s anb e kybgtoupmesndrasny Ryl ik A ridh,

Gt at uzugrkikpogat ox, G xutunumab, Cdivatuzumab tetraxetan, Conatununmab,

Dacet uzumab, = Det unomab, Ecroneximab, Edrecol omab, El ot uzunmab, Epratuzumab,

Er t umaxondB0328} dietrzoan ik, ardeserdied 2bovgetensiig P MAREBTPTIEFE S8 DTS FAB,

IGal i Xi lTBtlBabt i&mb@_ttugasu@fafnimﬁﬂg)glbﬁpﬁ ahd)aiiffetsnwm%ryltluggetnaﬂm dtgéaEttthlé”Uﬂi@b, o
not uzumab o am cin, ilimunm .ratumunmab, Labet uzumab, _Lexatunmunab,

Li nt uzunBf? of the 2 mfﬂf%?fp ERHIT Ri thfa{y}k%%sa‘emﬁﬁr?ﬁﬁfoam i??ﬁ?‘?ﬂﬁ{""m t uzumab,

Mt urmrraebmbsNagaé aateﬂaarty&i@g@m;ss aﬂélaigiddim&eiﬁsdc&fg&ilﬂ@tt@ﬂ]e Nac intmpnsxa;rrﬁab,b

Ni not uzuneab, . Of at ununab,. arat u , ortuzumab nonat ox,. ovormab,

a1 urAVRBS Tt Uik it s G TR (HGHRBLY PR ATHS. CRARAG, r urra,

Ri | ot umuiieeddoaliil tinkerr;rftaroaRa iyt paninkad thr@igh bty dia euveyd linfacadhuiz umalhy leed; r axet an,

Taplitunp apt ox, Tenatupomab, Ticili b, Tigatuzumab, Tpsitunomab,

Tr bt us b RN Bt ket QB s e B b ohYerPustmess ¢

Vol oci Xi nsedboarMatkyineowbbinclddd pitidyhmeailpl, peandxy andNipyurogboethaxysone enbodi nent s,

such ther ti.C ti bodi es .include,  alentuz evaci zunab, cet uxi mab,

ot zummn0e a8 inen 3 o2, el e 16 o TRl R BB PR Rise S5

t osi t unmodiredent.anchntlink $w el ztheredyoups mogothbe rTypithibylit meers 39 —(€lih- wheroaliohal

anti bodi es include al entuzumab, bevaci zunab; cetuxi mab, 1britunonab

tiuxetan, rituximab, and trastuzumab; alternately, such antibodies include

dacl i zumab, gentuzumab, and pantitunumab. I n yet another enbodi nent,

t herapeutic anti bodi es useful in theﬁ reat ment of infections include but

are not limted to Afelinomab, Efungumab, Exbivirumab, Fel vi zumab,

Foravi rumab, |balizumab, Libivirumab, Mtavizunmab, Nebacumab, Pagi baxi mab,

Pal i vi zumab, Panobacumab, Rafivirurab, Raxi bacumab, Regavirumab, Sevirumab,

Tefi bazumab, Tuvirumab, and Urtoxazumab. In a further enbodi nent,

T = Y e 1 b1 e - T L



1003521 Akt inhibitors include

1L6- Hydr oxynet hyl - chi ro-i nosi tol-2-(R)-2-0-net hyl- 3-0-

oct adecylwenoglosemsocar bonat e, SH 5 (Cal bi ochem Cat. NoPCIA%B@8)5138H- 6
(Cal bi ochem Cat. No. Cat. No. 124009), Cal bi ochem Cat. No. 124011,
Triciribine (NSC 154020, Cal bi ochem Cat. No. 1'124012),

10- (4' - (N-di et hyl ami no) but y1) - 2- chl or ophenoxazi ne, Cu(I1) C12(3-

For nyl chr onone t hi osem car bazone),

1, 3-di hymd(prefer@tj_ly,@zls (8; ph@y\&helﬂpemﬁdqh;_ao [alkyBne can also be substituted by other

a1, noxgll) P ROSEURITLI) L RS B 8 PRI el grane
S) - 3- pi pdwindi Thyps REHME)} @my}—C@MeBb |rmycké_g)d[e4re@rred to as alkylenes, as can a cyclic

R

GSK21417@5ud@b¢§8ﬁm¢aﬁlePTC@K@lﬂEﬂmPS M ded@ibeddberdin7, PF- 04691502, BEZ- 235

-[2-Met hy1- Y

i mdazo[ 4 '§Mfé TZ %?P ﬁ( %1 ?9 14t’yo aﬁ%lng;{ rglfy? f % §@§ Ougcoerta:n():'am d
(1S, 4E, 1gRrafomy me@lelozfra}esf 4mpathhwamtmo¢ﬂemhwmbﬁ@wet myadrtsykfyomowwmxyrret hyl -
10, 13-

di et hyl - gsnfutidiw r fl%t)%%nalls%sﬂm?‘t TRelna}Lt%re 4 these %bStlltélenlt% lsd% lel%:ratﬁ;g?sg 2- oxacyc
| opent a[ a}lpﬂde‘n&lmm@w-tlle]pryllarbSltbetiit)lénts tD%r!L@B'SﬁBQ the@abstin@ts aEmODGtharwise \
(2-(1Hi Y, 7 Rerazi

-yl met hy%g ﬁ)?'m)r plﬁ ‘%ﬂeﬁ%ﬁang 3?66% r?%ﬂglsr%fe%li gﬁ%ﬁ%.tﬁé%w malg of tlonauéFllSS
SF2523, TGHbYitaadby the[romajnigy awishipeBs [igedhsschmbegieatsyipy lrst wherelihis makes

yl'l phenoél]emldal EEAE‘?P%d thhe;ehﬁa%eddeg mophﬁ&l:ﬁme %Cg?zeaﬁmltfﬂ?&w@e)ﬁaf%p iR al%ﬁz' 235,
PX- 866, D 10666 1, SF1126, SF2523 are also identified in
the art ms@mwmhsmteslbwﬂ@ oahndplmruhapuléﬁmw exjendsthe Hpres lipftofp3

[ 344- (4- EE‘PJoHQRJn{sWJ tHySE leﬁgng’ilq‘lelgtS ‘afld é]nt)HﬁaL&dzHo@LW ra‘llml litRritdrel bol' 911%3 nol
hydrochl oride] are well-known to those of skill in the art. Additional

wel | - knosring|atkhexy. ). 8nd the dike wepld de inclupodiwghin the scope of the invention, and the

[ 2- (4- mogphobt tm,(s]:)suﬁs'tlﬂﬁﬁtné{'guﬁdle J@@t%ﬁméﬂ AMhdn@nel uddado \Wedctip@maiaey1,MTOR
inhibitors known t hose of skill in the art include tenslrollnus

def or ol i #Henyl, sic sqopprﬂsat ISebfe%ﬂqsmd ¥hexg BY PrRCT of AHOSHIUSRE i speaifed. A

repr esent@h kY@ HDSAtenPl aRYSN, dNIPbPERup Rl WdRSHIHRARI %1h b Mfber of
deforoli rruss zotkgerol |erl;81$a 965“ bc?o OI ntyqs)%Asb y 003531] HDAC i nhi bi tors

i ncl ude TPYIRRPL KAMNE 1R d‘§a‘§t‘]@h"a§§°eﬁ inchRBiquisti any Qf tRSF ieFRYEt Jay be

- (suber oy, agtithttA®ith NES% AN aBGhyCor GHOHHY JvailddRNARhARSoAExalnpBHE89)  and
bel i nostat (PXD101) t(ll) cyclic peptides, such as trapoxin B, and
q

depsi pept i @&326] drigrotgan’t aiised heiel fefscoenderrayve qfia g‘)’“bé‘f‘r‘fémaaé’ékyl’such as

MB- 275 (f}fpl‘f éc‘;y |vJH€Fehlyit‘lé\J'sl{cﬂ're[cﬁr%o@-%ﬂl%hl&fﬂéll)gnated carbocyclic group has been
car banoyl] - benzyl | - car bamat e)

(4- acet y{eam:eﬁd)qu_ %‘i’ﬁ‘%ﬁﬂ%‘ﬁﬁf}m‘bé’nﬁ’aﬁ?ﬁ ée)Thaﬁﬁle e'eh sadek) of alkyl, alkenyl,
(N-(2- anhll’dﬁ@hGhﬂyll)iry‘pr(aﬁlé-abﬂédkylcﬂré\h&eﬁ()@lﬂjﬂ[ hetbidhiRerdt, heleasrikyayTRétByplyENZani de)

| ect ket h d d h
pheny! bufSHae. SR BHORY. iatne. TobBud et oTR BB € Fnbl Ude

benzoqui peas a&aﬁmﬁuy\mﬁlwm &guaehltlaBamyoitere ah/oxDAGp is attached to N or

(17-Di rreg h% am no-eth am no- 17- demet hoxygel dananyci n), tanespinycin

(17- AAG, > 157941 P HIU8 A A OTV &®Het hoxygel danamyci n), EC5, retaspinycin

(1 P1-504, 163221 Halb deshsed Rerdid ird@ied foxy, cAl8ro2drotho dediode. 1Blu@rd and chloro

- di hydr O%%?flt ;% penyl am no) - gel dananycin), and herbinycin; pyrazoles

such as T18T "?4 [ 4- (2, 3-di hydro- 1, 4-

benzodi oxi 008y Amine’hat fuyed héddeipyretezsoto- BiHy,1hut Grletdyd -ainid> fxe desenitedi ol ) ;

g‘%g: gl)lggesgsﬁlgﬂ ézcﬂ)lilgrqgll%l()sgl?slti;tutcaads, t\ﬁglelrm ?nsclulél:sl I@IQ%{L »\ghgr\clallzr? Qa%ﬁ')R” anScl\%_’ 155422’
independently H, or is an alkyl, alkenyl, alkynyl, acyl, aryl, or arylalkyl group or a

heteroform of one of these groups, and each of the alkyl, alkenyl, alkynyl, acyl, aryl, or

arylalkyl groups or heteroforms of one of these groups is optionally substituted with the
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1003551 M scel | aneous agents include altretam ne, arsenic trioxide, gallium
nitrate, hydroxyurea, |evam sole, mtotane, octreotide, procarbazine,

suram n, wbabiidanisde, | enal i dom de, photodynam ¢ conpourd3/usae/0as41

met hoxsal en and sodi um porfimer, and proteasone inhibitors such as

bortezom b. [ 00356] Biologic therapy agents include: interferons such as
interferon-a2a and interferona2b, and interl eukins such as al desl eukin,
deni l eukin diftitox, and oprel vekin. [ 00357] In-addition to anti-cancer

agent s i substivebach described heagahnsﬁtaldafmetre woebdpsndicpgrbimatliedernt der ingihdes
including the use of protectiy (Y C .
cyt opr ot g’é‘{‘? \Vgerglﬁelgtasn Hslﬁczﬁe 1ol 8 tn"?efthert [ gog;n dggﬁge?g%zegnﬂé& \L'Hg}'l ﬁg% r?g,
phosphonahesed umhata@tepaomdrrxanataed \almh Zohtaids dn3 chegedatbmsamdepnilentlyat i ng -
factors s dar beap etl n nd
sar gr ampst i EXiaf:torme al s% de%valssﬂngn bers, a %&ggg Eal(g]ﬁo ﬁ%%sg%ﬁegodlm e
addi ti onaibsttthmtsa@sutble(t aagetable|f9r ahylamups ionfif aIrWr&Y @Y 30 ZG@AMC, group, it 1s
Anti -infl Sef ibitors of the
present %‘%m%’asf’ B/S(t)lﬁlger‘rja |tﬁ ltuen% (mf)sn%gée lwétf{}rhyrghﬁ)ai;uéog%tl coi ds,
NSAI Ds, copdi9) Acaxed heremt the and$s:arm;1¢lgersfecsso aicydiiclgpmpeund géntHning p@li(ygenase
i nhi bltors of 5-1.1 poxygen actiyvat 15N dnl S0 hecept or
ant agoni %a[ S. aIS(mS mﬁlges%%’ Wﬁgrﬁasta he%g) wgn't@fe?ﬁ t(r(a%fal cr?cncqmrlrpgHrgl(g;éentpsl ?%g | ude, but
are not hdtfﬂ‘b:ttad tﬁhd(@etrbcmydfoemd héterobyiche ofreatyres bugomphssncompaprds xiEaying -
f enopr of en a [ B incQUSRERZI N,
pranopr of” ehocy %(wf @ OFmlep{r%g%go?Jt% b%tl{sg({%frgg ' "%?E ol?)ge)nacmcket or% | ac,
aspirin, thlaeoohtaa),a doeble bemiqr two, @xi@nandthaoeg smohaspeatie. | n one enbodi nent,
anti -i nf| awoguu&q%g&n X ReflCRAELABA" rABL DA Eom i} RAGK Bigsonesfoodi ment,
anti-inflamratory agents’are nonoclonal antibodi'es targeting at receptors
or anti gbyttsog:th,rssdtdsyntmgem weygeact $wfunssoci ated with inflammati on. I n anot her
enmbodi ment (0033 Etp«z 1L/émmaa fi% %gelﬂgéro@)fc?eanmeo%l aat iBediigfed apgeting
CK2 ki nase or et anot her enbodi nent,
anti -inf teaahMthmyn,agéﬁfdlsquml u?d%dlhlzm?fuaarne RN, | RSP PY RN ACRENF AR
Atlizuma s%bé&ufm BaRLAE UZKTBRy drBidSdabdiX] d
Benr al i z%na@gagertl ?raéﬁ Besi omab, Bri aki nuym;b éanak:%#alge
Cedel i zupmnlid@er t gywcmrazaonpfegcnyrrolg eRYiding mpyTimikes | AgirRYIo-peFielddab,
Ecul i Zun’ﬁﬁa&)ﬁgégﬁ 9&@&@ pﬁ&z@r{ecaﬁléfﬁghnelzmlé ne, Fm%lgquzoll%ﬁ)rﬂ:tp“ zumab,

mu

Fresoli t ener urab | I nonmab [ i rrurrab Gomi | i Xi mab,

I nflixi méione, nio}-Aikpdrabenzikadazel hats, nssle; k azaish. bE@PH‘&ZP]ﬁunﬁ‘Hd‘%&ol i zunab,

Met el i m"ﬂﬁawher%ur QAN Qrocmhlomk@-l i ?@Mldemrcﬁédeﬁlﬂmbﬁn@w [ r@l@ﬁlbme
Omal i zuma Qélixi zumab Pascol i zumab, Prili ximab, Resl |%g§8 H tUXI mab,

Ront al i zdireadicyRelle) iheptans, 2.Ru diarabinyall2- 25 Theptanga i 42 8i9p1e

Sol anezugﬁ@olmgt athit B e tahd! 't&MHﬁQ@pyTaﬁne@xWQ, 1ak@kd, Z WATB8ine, Tagdilling unab,
Toral i zumab, Usteki nunab, Vedolizunmab, Vepal i nonab, . Visili Zu?jﬁ@ ¢
Zanol i mumiBtidieg dacksns, AefrERY A5t BROMPas HHIBYY s nORALHIEFARRSEHMRI Of ¢ he
addi ti On"ﬂl:texrot'@fsa@@uaé ButaBEeNbt hiMiteNtodtdn; bﬂf’(ﬂ@tﬂy\hﬁmag@ﬁﬁmdlﬁ&t imdaablect i ve
agents used in conmbination with the CK2 inhibitors of the present

appl i cat beFimidelfded {16¢¢ agents known in the art to treat viral, fungal,

parasitic flf03bﬂ¢Js%Eéda{erdlrnftl&ctt#noﬁﬁorga}h@sdb@tlitﬁ&nt ’Rdrd D s(ilbdtﬁuentsaﬁat dsadt herei n,
refers to chem cal substance that inhibits th

ni cr oor gﬁ?ﬂtas‘ﬁbcarb%@bﬁ?ié%‘%éél' BY bpypd stoteé‘?{?ﬁnﬁr‘éheéﬁﬁ?‘b‘;W?gﬁ“ B édﬁ%’@(ﬁmﬁ&/ a

M Croor gagtbsd) ca@&)n\/\ﬂiohoya& Swﬂwﬂeﬁlo&ld&nfahcbldaiboﬁae)knommpllbst b& igdrganic
Ant|b|ot|CS|ncIue but are not limte rithro f 1 oxaci n,
and met r SYhSHRSHE @clufle, befase ety eﬁé?ltm" ﬁ? Ipgen %Zd?l ?‘na"zggg%(c qu%lr fﬁ%ﬁbcl onal
ant i bodi @ﬂfd;hﬂé@@h@ghett& aatl gens associated with inf ectl ous agents or

m cr oor gani s exanpl es f nonoc¢! onal hagu B3, effective in

the treat mife %thfﬁr@ctp? "gqs'ﬁtBT'\fldés WS PSS f?fﬁ"ﬁ ?)V"ﬁ Fumab,
Fel vi ZUW&QctrlE@[palél 5Mr®bonaﬂlpaldnmwmdﬁned1(d3g vanrasyminstrlhmtpalar wmbent Nesracunab,

Pagi baxi nab, Pl b, Panob b Fafi
Ragavi MG REUTY Githh OPRr T B ZOHR O UR FoNdBt P DR b T hgp ol

substituents include substituents that accept or donate a hydrogen bond, and groups that
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1003601 I n anot her enbodnent, the additional therapeutic agent is an

i munot her apeuti ¢ agent useful for the treatnent of pain, inflammation,

i nf ecti orwendiio1mat oi mune di sorders. Such agents usedPCm/usoeioionsti on Wit h
the CK2 inhibitors of the present application include include but are not
limted to m croorgani smor bacterial conponents (e.g., muranyl dipeptide
derivative, Picibanil), polysaccharides having i mmunity potentiating
activity (e.g., lentinan, schizophyllan, krestin), cytokines obtained by
geneti ¢ wodd naerdt hegsttagmitil gesétéve(oe negative ¢ilaege filmaqyaousisplution atpkysiolpgicdl) | col ony
stinmul atim ctor F. G5 L Peal i nl%g@é Lefpgkastin,
Gwvt CSF (k}%?g‘{egm@t%ﬁm rbé)fi@r?o%t r%OIaL g@ﬁ% Ancest % a, ‘e tyt hl’OpSl etin)
and t he ¢ledtons ivemouicovrédnt bydrddsn Homiswithapthhehemialohoitthier apeut i ¢ ef fect s

- i ncl ude, g ‘@y,g@m febded WIRL, cABRY 0l éam,mb

Asel i zumab, 63@% rfg%;z"ﬁﬁ}ﬁlgl&’@gm% ?“.‘é?a?m enr aﬁglezﬁérab Bert i PI mumab

Besi | es obnallsosteBr brkihpusmihderTan aldiety fab exige desdpruataly, asGar aien 2t araH q:fegol

A enol i x cl.i MaR ohasaRb. = zumab,
Erli zurra ’ézt‘g%éﬁuw&g%g ?lgurra urﬁ%‘r&eggﬂfi@n&%% Gant ener“ﬁ% ps

Gavi | i moeratainin@oini Qi iwe NH, @ ehéri oxygaaban amifi¢ hisgpgeaban vididdraoerter nkesgEsi mab,
Lebri ki z e b By oMLk dRER ghRRpb

Nt al | 2o & AR RO LEWARR ol fren e W GURR e

Pascol i zwhaler apPmiali¢ Ri milbaromyl ilm @m@emlmd!fumisnﬁlb pORombaqltpgmﬁIaweseRWel i zumab,
Rupl i zurr%px 1 gal anezumab, Stamul unmab, Tali zunab,
Tanezuma %JSIB i?r%{ﬁ%@&‘lao%b%% %’E, t)slioral i zumab, Ust eki numab, Vedol i zumab,
Vepal i nomel8033§] ‘Giarhoxyplatgbbioizestant ] prlu‘r‘mﬂooxarbeplszétleienmbe%rhﬁne@xrefermﬁp| es:
1003611 ;Et}% tgzlt 19& (fle@%%me 1vlelly|cH§r LA HtdiantlD (plee bi yfsmtogfncal' -ention.
Exanple 1 hase I nica h CX-4945 (CX-4945 21 CX-4945
denonst r bt @d‘algl %@Oé%énﬁhep@f@’métel biolsestspr Es% Megi% &4 fremt thensFougr owt h
with a wdgeghepapeutic window pre-clinically. A Phase | study was
undertaken to determ ne the maxi numtol erated dose (MID) and dose limting
toxicities (DLT®), to characteriz he phar magoki neti cs<(PKs), and to study
t he phar nacod m Hef f ec OLH CX4945-nPr ocedu eNH —NH

7 0 SR’ 7N N
SN N<R? o] R 7\ o] S R N o
/ \/OH /NHZ )< )< /N )gp’OH )S_‘NH )S\NH
/\O // \\ /, \\ /, \Y o~ N/ v /
00 O H \N N \N/ R7
NH /ZNH )ZNH
20H )j"““ )jr SR’ s-R’ N
& 4 >—R7 (o) o//S\\oR (o] 7 \O/‘&O
(e}
)< OH A NH >< H H )<
- . _ 7
A s sNgr sNNRT R-OH NH —NH
00 N 3o do 0" oH N N N, A7
o N N~ TR

and salts of the foregoing, wherein each R’ is independently H or an optionally
substituted member selected from the group consisting of Cj.jo alkyl, Cs.10 alkenyl, Cz.j0
heteroalkyl, Cj.3 carbocyclic ring, and Cj.g heterocyclic ring optionally fused to an additional
optibnally substiguted carbocyclic or heterocyclic ring; or R’ is a"Cy.10 alkyl, Cy.10 alkenyl, or
Cs.10 heteroalkyl substituted with an optionally substituted Cs.3 carbocyclic ring or Cj

heterocyclic ring.
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1003631 Eligible patients with advanced solid tunors, Castleman's di sease
or nmultiple nyelom with progressive disease, or for whomthere are no
avai | abl ewetandan st her api es, recei ve CX-4945 i n succes®Crasdasmssehort s
at: 90, 160, 300, 460, 700 and 1000 ngy per dose. Oral doses are

adm nistered twice daily for twenty-one consecutive days of a four week
cycle. Therapy is continued in consenting patients until signs of

i ntol erance to CX-4945 are observed, or there is evidence of advancing

di sease. H@Q}%m@@emn RERISTerits tibepobr mibnéderd fstselected Epwp tik grqupl eonsist®er i al

bl ood an . saml es .ar e collect e i nal,qdosi ng days

of Cyclegﬁ ﬁ§g§F %g@’l§gﬁg9ﬁhy&%%) ?HmQﬂwggné%%%?%e?ﬁ%ognd?%g|s %nd for
phar mac odwﬁamiambi thinaolk camisathiagat, | g xytbpeds, fand ahibgxymegtandsulergmide,.

phosphor Yn [rr%de I odﬂﬁen%f ofpﬁulr c%@? ﬁAr‘}ﬁE )descnbélno Régﬂlatpfgas@%Qé tp'oQP@tllbsﬁﬁEntOf
patients, T sane el 1 gl PIty Criteria 1ecel ve CX- I n successive
dose cohpretest ag a ®®®xy5<0®md6®oaasnu 0@ stay opey b@méereohaﬂeofdoslmceé?’é

admi ni st rd flued four
ook cycr ot s Bt et N e b BB Bl o

i ntoler anwattms@omlgdlsosaar‘ethmg%rlvw latgar cmh@d‘l@ents tl@\/ﬂOéPéﬁ@@l@PmaW ci ng

di sease. o] Ticely £ (o N1 rial

1 k

bl ood anéﬁ%%?@%sa%%@ré’ %loﬁ]%ﬁd;%jggrgoﬁ I:q?ldr?és{tgagn tegl)éght hofjtgfl ng days
of Cycl ethérepf). fercxabplg. 1 and Day 8) for pharnacoklnetlc anal ysis and for
phar macody i ¢l AR (G 3 Ug) GEREGE L&A LY usdiOfedin A26h
phosphoryl@ orns og)%%ﬁ) Aﬂ99§e EFI %é‘?ﬁ g%eresgannlﬁéoéytonetry
met hod ma@bdévéhﬂpemSah@mb&*ﬂﬂdmb@t@@ﬂqu§n$V$¢0wﬁéSﬂh@bﬁhﬁ@fP@P@éﬁ of p21
and Akt Hﬂt 6 hgmlér}glatt&%l)plla@rs@ﬁlbﬁ’lw z,ené; Jaeaﬁueﬁumatca@%a%ﬁuat@th@ lafs&d#hefhni NG bl ood
cells and circulating turnor cel | ected from patients undergoi ng
t r eat men®f eyt harggdar| meledile oy svatewewnash@@l%%edlaswve f a Rellilts:

[ 00366] gnmaﬁ&ﬁ/ g?bﬁia ﬁﬁglln?l@; of smui)hlzﬁ\g\é?cﬁ ete SR A€ nbUIed 1d: 3md sPRlilgRt S per
cohort, fromsix separate dose cohorts) received oral doses of CX-4945, and
all pati ecr%nmgwatgmpwmw%m bangoiwniged imwalen ekl Gines firopBRts 1488Yi nning in
pati ents ;jnn, 60 BRL séceplﬁbl@r{@folﬁ%ra%al@lm%s %ﬁ;r B ChBAGRS:, Wihh@irqipnaf i | e

concurrently wth inhibition of e’ and Schedul’'e of Admi nistration:
[003671 Pamerifng cappblegt{dpraing sgongeipisragoaeyith woksulgapfl yaien| Byemlesrofor al

capsul es sol@l@r{gt r%uﬁs%@'ﬁ(@%egl%trmm%ﬁ 16Xt dmeBlaRy] GRANRE tsugstﬂhﬁ&f«‘hl\(ﬁd 160 ny
of CX-4945 BID. %b hort 3 received 300 ng .of CX-4945 BI'D. Cohort recei ved

460 ny opledirlsg oyl BEETS.CARBY EMEiey. o B4R PPOLP Iy CBPOXTHE 4%l BF*E?ZO@&hort 6
recei ved g idQ5nides, 0hmfd¥s, 4%&1501‘513@}1@5 sulfonic acids, sulfinic acids, phosphates,

sulfonylureas.

[00338] Suitable groups for this purpose include, for example, groups of the formula -A-
(CH2504-G, where A is absent, O, or NR, where R is H or Me; and G can be a carboxy group,
a carboxy bioisostere, hydroxy, phosphonate, sulfonate, or a group of the formula -NR”; or
P(O)(ORY),, where each R is independently H or a C1-C4 alkyl that can be substituted with
one or more (typically up to three) of these groups: NH,, OH, NHMe, NMe,, OMe, halo, or
=0 (carbonyl oxygen); and two Ry in one such group can be linked togefher to form a 5-7
membered ring, optionally containing an additional heteroatom (N, O or S) as a ring member,
and optionally substituted with a C1-C4 alkyl, which can itself be substituted with one or
more (typically up to three) of these groups: NH,, OH, NHMe, NMe;, OMe, halo, or =O
(carbonyl oxygen). -
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[00368] Patients in Cohorts 7-9 were dosed four tinmes daily (QD) wth oral
capsul es. Cohort 7 received 300 ng of CX-4945 Q D. Cohort 8 received 500 ng
of CX-49480QbD/o4CsRort 9 received 600 ng of CX-4945 Q DrCBiusp@wkosr34Anal ysi s
[00369] To identify biomarkers useful for neasuring CK2 inhibition, whole
bl ood sanples were collected at pre-treatnent, 4 hours and 8 hours
followng the first dose of CX-4945 on Day 1 and Day 21. Plasma sanpl es

wer e al SO coIIected at these tlne p0| nts for gquantification of IL-6 and
b e bR S : pdipigd Dhisedspy <o of

treat ' T Fi 7, 1L-6
| resa ”emrreXHntthvQ ﬁl%%l et ' ﬁ]taﬁ(l; d%% isin &RQ%Jh%ltoAé(den#hg :#g(l’)'; eand |L-8

| evel s vver[@03§a'|9glm dddgant 1oyth|ee@|geedle5i:rribeti hemehe dipeenise tites ples@t inveBliont2B9. The
ercent i th

Eorrpoundgrl%%? %@A@ﬁ%@s ig)Or%%gt erm ﬁle e P R’M gﬁ/éeﬁggghgg?h%geﬁﬁé??%g 2N prostate

(#9), thyediated disqaid, bechys é#mfer#@@)ilsawdr dndfpd pyinfleinmatopndipagder iy ) CKPL-6

| evel s, WhBinst k] LEAR Lkl RHCEH LR RALLARIB(FO. #20, with a _smaller

reduction in g

evel s. were si reduced in three
patients (H#03404n3one#0Yct, e rmehguit ingentionm nrQW®Sah1@rn¢rlser8 that\as¢ sisefph éor 21 days

of treat Aot eé&a?@h)%&%r%%'an&mes@%%% GCor Y st§r§13cplt1%at eRCARIE 2 2S

evi dence I ncr eased n treat nent I gur own in Fi gur es
9A and BCK2 inhabitoe vher asast in nembmatey with pddigonal thempenticrpgents,| saphvat 81ty br east

cancer (LB ARdnfl, r‘?‘aﬁ—% g ean%alﬂr%@e;vep%h}t@% Svelas tl%pa%@Ethgqmati]E GLatmdnidtys of

dosing. As shown | evel s were reduced significantly in
pat i ent spam (eg. pradgesigt)eand @Wymldvep’eﬁprqetsaﬂ?lus amand @ykpidgneng|the pigmpykers

1003711 {ad’d %E(Qlawdorﬂethf@%néﬁﬁfr%ils%g | @(;n?aqkérp Cﬁ'lnﬁé ﬁ(s%g tp %éiec;r oh QLdlv@ga]r T145,

- Akt Tota , . and Ak time 0, 4 hours post dose on
Day 1 anehbisalyoroel popmiikips ofiabiectsriat yzaé‘aerasw@ mw@ﬂaﬁheraweslbc supiradioad into

phenot ypgs, 199%% Cl@p‘}mbltoFofheeﬁ%?mEﬁ QRo RALBY o ThB&sE BF 't}f%sé)t)m[?lgé(e;gltéy Tot al
p21, Akt-SI29/Total Akt, and -S473/ Tot al Akt was cal cul at ed [ 00372]

The changeniton or fpeedic thepowsgoms. mveasxaep?, i anuQsESabelwednaﬂlsereﬁcmr*@rap%ls dose on

day 1 angonmug;cdnqbrg;}%gd?@l\(%b,f[&r cohorts 1-3 is shown in Figure 11. The
change in the ratio of R p21 T145 to total p21 at 4 hours post-dose on day

1 and day [89341hAcdssri reing bimeaRiers Hsebil glor epradcting the gensaqity| #ndiddi t i on,

PBMCs V\’efn@mloﬁﬂgaﬁeegsﬂogmmlsygfea CRQQRe]ﬂlaTéh‘lzﬁsea& Kt ea®ded® wind teAkuniod 73 at
time O and hours post dose o and Day 21 for the BID dosing

schedul ecopfinagien epmprisge CK "Hmjtoe 1*}?819? éhep*agNAd?s@éeS%n erjorPobiRaPtiSsy 8 f or
the QD dogi ne. ssn%g#&ha expRMish) VI R-@naly 26 &5 veEom atieaest@l sr2@epar at ed

into phe?u%hx%/lg B, and the lev5e} of phosphorylated Akt serine 129 (p-Akt S129), alone or
relative to total Akt polypeptide (i.e., the normalized level of p-Akt S129). Additional
biomarkers include the level of phosphorylated Akt serine 473 (p-Akt S473), alone or relative
to total Akt polypeptide (i.e., the normalized level of p-Akt S473), the level of
phosphorylated p21 threonine 145 (p-p21 T145), alone or relative to tot_al p21 polypeptide
(i.e., the normalized level of p-p21 T145), the level of phosphorylated nuclear factor-kB (NF-
kB) serine 529 (p-NF-kB S529), alone or relative to total NF-kB polypeptide (i.e., the
normalized level of p-NF-xB S529), the level of phosphorylated STAT3 tyrosine 705 (p-
STAT3 Y705), alone or relative to total STAT3 polypeptide (i.e., the normalized level of p-
STAT3 Y705), or the level of phosphorylated JAK2 tyrosine 1007/1008 (p-JAK2
Y1007/1008), alone or relative to total JAK2 polypeptide (i.e., the normalized level of p-
JAK2 Y 1007/1008).
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[ 00374] The percentage change in p-Akt S129 was conpared from pre-dose
(time=0), at 4 hrs, between Day 1 and Day 21 (or Day 1 and Day 8), and as a
functi on wb 20um4ll Bs5i ve CX4945 AUC as shown in Figure 13RCT/USR@OBFB}1 The

per cent age change in p-Akt S473 was conpared from pre-dose (tine=0), at 4
hrs, between Day 1 and Day 21 (or Day 1 and Day 8), and as a function of
cunul'ati ve CX4945 AUC as shown in Figure 13B. [ 00376] The percent age
change in p-p2l T145 was conpared from pre-dose (tine=0), at 4 hrs, between
Day 1 and [D83#2Ph oneremBadiméntathd tBagpeijc, combihatien gorhprises # &K 2ohhibiendndt i ve

CX4945 " ' ' 3 1.0 l}fﬁ LA Fi - 13A-C,
phospho'rbzi/q\gaat%?lgr%]&gmtr#gutdl %ﬁk%nr agteﬁ??{es é)m t Sig %mgéfgngﬁ%%igﬁdecr eases
in a cl eempexgsegilikinhibiteatand AU, fwndiee.. or Morewidisional therapedst agemienonst r at es

that CX-4 ' i bbbt b TR Akt - i n .PBMCs and
I ndi cat es gltﬂﬁjé‘? ﬁ&%%g‘ﬁg&{ﬁ%"%gﬁﬁ a%ﬁ%gﬂi?%ha {Elgla(:%% | rrp%g{mléﬁﬁﬁetﬁ %getg tétr'grcladtD nol ecul e
CK2. [ GO&T kentnusad dn torobinationrvoith e iGKG nbihibers o€ Hespr¢semMGppligetipe nagol at ed t o
anal yze p-.Akt - .= S ose on
Dy b1 IRt e deiBhed R BHARE of e T KR e b R e number
of CTC aimdudihg for AkampBl 2¢kylpsiag peents, pni-mstabli@eyatant akplaide dnd rterpsngids- dose
(time=0),. on : r Vo I | 1 Exanpl e 2
Ef f ect o(fe'gméaQF’?léﬁ)%b?)P glrs O%Q#L- té)(l::gfr’al e?“ﬁéﬁ’ﬁ%’imﬁﬁ?%%%%‘%ér feﬂgrsaf) l.@(Cancer

Cel s  mploodrjredipbagsaiss adithnlit GanepllpyucBlgmardapder agdnt snarealorgfingr east
cancer Q{g@@, ar® til-xﬁet%%te(?%(Q'lnldgglﬁgoi%:sa @xin‘é,né:{obggbn%frasgﬁ%iﬂiﬁp,'ah'a}lﬁ)—rtumor
concentration. I'L-6 level's as a percent of untreated control were

det er m natibistic,@ thresine kippteHnig)iergaps maunesyppressivie anractohide.fap gt anhdistor, anj M up to

50 ii M l@ﬁlﬁb 1Hllugll%r,| aintIXsp@() _ir{hlﬂﬁt_o ,QW {Ehﬁﬁénl, 2 Pﬁ@@m@@k@ﬁmiﬂﬁﬂo&fﬁﬁk 96
hours. Results are shown in Figure 15.
inhibitor. Commonly, an anticancer agent is selected from the group consisting of an Akt

inhibitor, an HDAC inhibitor, an Hsp90 inhibitor, an mTOR inhibitor, a PI3K/mTOR
inhibitor, a PI3K inhibitor, and a monoclonal antibody targeting a tumor/cancer antigen;
alternately an anticancer agent is selected from the group consisting of an Akt inhibitor, an
HDAC inhibitor, an Hsp90 inhibitor, an mTOR inhibitor, a PI3X/mTOR inhibitor and a PI3K
inhibitor. .

[00344] Alkylating agents include (a) alkylating-like platinum-based chemotherapeutic
agents such as cisplatin, carboplatin, nedaplatin, oxaliplatin, satraplatin, and (SP-4-3)-(cis)-
amminedichloro-[2-methylpyridine]  platinum(II); (b) alkyl sulfonates such as busulfan;
(c) ethyleneimine and methylmelamine derivatives such as altretamine and thiotepa; (d)
nitrogen mustards such as chlorambucil, cyclophosphamide, estramustine, ifosfamide,
mechlorethamine, trofosamide, prednimustine, melphalan, and uramustine; (€) nitrosoureas
such as carmustine, lomustine, fotemustine, nimustine, ranimustine and streptozocin; (f)
triazenes aﬁd imidazotetrazines such as dacarbazine, brocarbazine, temozolamide, and
temozolomide. ‘ '

[00345] Anti-metabolites include (a) .purine analogs such as fludarabine, cladribine,
chlorodeoxyadenosine, clofarabine, mercaptopurine, pentostatin, and thioguanine;
(b) pyrimidine analogs such as fluorouracil, gemcitabine, capecitabine, cytarabine,
azacitidine, edatrexate, floxuridine, and troxacitabine; (c¢) antifolates, such as methotrexate,
pemetrexed, raltitrexed, and trimetrexate. Anti-metabolites also include thymidylate synthase
inhibitors, such as fluorouracil, raltitrexed, capecitabine, floxuridine and pemetrexed; and

ribonucleotide reductase inhibitors such as claribine, clofarabine and fludarabine.
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Exanple 3 Effect of CK2 Inhibitor on IL-6 Secretion by Aggressive

I nfl anmat ory Breast Cancer Xenografts [ 00380] The effect of CK2

i nhi bi t orwocenitdae7ssecreti on of I L-6 by aggressive SUM 128PSz@nogr3afts was
al so studi ed. Aggressive tunors (larger than 1g) were found to have a

hi gher rate of I1L-6 secretion than smaller tunors (Figure 16B). 1003811
CX-4945 was found to significantly reduce IL-6 secretion by aggressive
tunors (Figure 16D). Exanple 4 1In Vivo Study in Mce beari ng SUM 149PT
Xenogr af t s[00346DP138 2]kaicaduepenond)dSiukd 1gkaRTincledeoyjitadit tishibikoresuckpg thant r eat ed

(UTCQ) orviwg?[a%i@gamﬁﬁgg%gﬁ%&tggWﬁn&eglﬂs)anmm@e@lag SR ForlvkEol ﬁérh 75

ng/ kg of asma wWas i sol ate unors were ‘e acted and
wei ght edstabiimeesrsu¢t asothe ewales, includibhg dnenondimited et @ndlitaxeld dbgetaiell BrotaxsH resul t ed

val ues \Agrrta?axg’gnr(riqlesieégg‘ for tunmor weight.

[00347] Topoisomerase inhibitors include topoisomerase I inhibitors such as
camptothecin, topotecan, irinotecan, rubitecan, and belotecan; and topoisomerase 11 inhibitors
such as etoposide, teniposide, and amsacrine.

[00348] Anti-tumor antibiotics include (a) anthracyclines such as daunorubicin (including
liposomal daunorubicin), doxorubicin (including liposomal doxorubicin), epirubicin,
idarubicin, and valrubicin; (b) streptomyces-related agents such as bleomycin, actinomycin,
mithramycin, mitomycin, porfiromycin; and (c) anthracenediones, such as mitoxantrone and
pixantrone. Anthracyclines have three mechanisms of action: intercalating between base
pairs of the DNA/RNA strand; inhibiting topoiosomerase II enzyme; and creating iron-
mediated free oxygen radicals that damage the DNA and cell membranes. Anthracyclines are
generally characterized as topoisomerase I inhibitors.

[00349] Hormonal therapies include (a) androgens such as fluoxymesterone and
testolactone; (b) antiandrogens such as bicalutamide, cyproterone, flutamide, and nilutamide;
(c) aromatase inhibitors such as aminoglutethimide, anastrozole, exemestane, formestane, and
letrozole; (d) corticosteroids such as dexamethasone and prednisone; (e) estrogens such as
diethylstilbestrol; (f) antiestrogens such as fulvestrant, raloxifene, tamoxifen, and toremifine;
(g) LHRH agonists and antagonists such as buserelin, goserelin, leuprolide, and triptorelin;
(h) progestins such as medroxyprogesterone acetate and megestrol acetate; and (i) thyroid
hormones such as levothyroxine and liothyronine.

[00350] Molecular targeted agents include (a) receptor tyrosine kinase (‘RTK’) inhibitors;
such as inhibitors of EGFR, including erlotinib, geﬁtinib, and neratinib; inhibitors of VEGFR
including vandetanib, semaxinib, and cediranib; and inhibitors of PDGFR; further included
are RTK inhibitors that act at multiple receptor sites such as lapatinib, which inhibits both
EGFR and HER2, as well as those inhibitors that act at each of C-kit, PDGFR and VEGFR,
including but not limited to axitinib, sunitinib, sorafenib and toceranib; also included are
inhibitors of BCR-ABL, c-kit and PDGFR, such as imatinib; (b) FKBP binding agents, such
as an immunosuppressive macrolide antibiotic, including bafilomycin, rapamycin (sirolimus)
and everolimus; (c) gene therapy agents, antisense therapy agents, and gene expression
modulators such as the retinoids and rexinoids, e.g. adapalene, bexarotene, trans-retinoic

acid, 9-cis-retinoic acid, and N-(4-hydroxyphenyl)retinamide; (d) phenotype-directed therapy
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[ 00384] Both single dose and BID x 8d treatnents resulted in dramatic
reduction of human IL-6 levels in animals' plasma (46 and 58%
respect i webypii/@s’sshown in Figure 17. Exanple 5 The Phespruseyloasizen St at us
of Akt S129 is a CK2 Specific Bi omarker [ 00385] The S129 site of Akt 1
was found to be unique to CK2 using the Scansite 2.0 software. See (Cbenauer
et al., Scansite 2.0: Proteone-w de prediction of cell . signaling

i nteractions using short sequence notifs, 2003, Nucl Acids Res 31: 3635-41.
[ 00386] a'gante,vmthdilng mdneclefidl eptibalies G¥cki 8¢ Bleomziineb, rﬁwsq@iwraw egtivomalst at us of

Akt 8129 rifi omaeI ﬁuxQ%nOfrl A)‘(If absjaﬁi tr@&zzw] Esga?ﬂndn@t sﬁé}# & §91%L4u§1agu-rc) and

a conpared 0 C reate er
chenot heompmmt:lmc(ﬂalgémmnunon@ijugdtemgxcﬁas {3 llrosoumargat; ar(CB(gFu)rlcerBBZnESS, a

T R i MOk it ﬁzem Ak o IS AR e LD oPoaril EOFR

tyrosine klnas I'tor ual I'tor,
sor af eni &, fubly hwrhaniizetl arogedlechl EﬂflbOQIRaf SuckPDEFRpeEGH!ib@didg ingludea het asfumtt inib

(Sutent) limed o antlbodleg q% éc?egi toR—l;.Fnor'%% c§&9m&gﬁﬁ 5 1%‘1” ﬁtﬁl@cdltsnﬁaog dA‘Kkldngg

mar ker resp ond ment W|th hese results were
val i dat ethe peﬂl caich th@ubwmr: entitiodiesrplss mclP@iBst, araum limgted oraptibadias slirect¢d tpiC) .

1003871 ! glpgtlhvgg s a@?éct géli5li.!11pe|3{l)p Lls%gé?znel;ﬁ\fvlt% ZS]‘[%graBQRé QQP{}o\éleélﬁrLg” was

found to E%e reversi ese data suggest t
phosphor forth¢riindudst b.tttuse oot ligdited Sleﬂ@bmm divecteds wdtangers eppathwrystired direstisonse of a

cancer C%keracg &ltg@éi%n%{}gghgg,;sggssocﬁéafmlhqheﬁcon%an&%?wy PresERXRARIEP Imand

sensitivi Yy
one variation, therapeutic antibodies include, but are not limited to anticancer agents such as

Abagovomab, Adecatumumab, Afutuzumab, Alacizumab pegol, Alemtuzumab, Altumomab -
pentetate, Anatumomab mafenatox, Apolizumab, Bavituximab, Belimumab, Bévacizumab,
Bivatuzumab mertansine, Blinatumomab, Brentuximab vedotin, Cantuzumab mertansine,
Catumaxomab, Cetuximab, Citatuzumab bogatox, Cixutumumab, Clivatuzumab tetraxetan,
Conatumumab, Dacetuzumab, Detumomab, Ecromeximab, Edrecolomab, Elotuzumab,
Epratuzumab, Ertumaxomab, Etaracizumab, Farletuzumab, Figitumumab, Fresolimumab,
Galiximab, Glembatumumab vedotin, Ibritumomab tiuxetan,_ Intetumumab, Inotuzumab
ozogamicin, Ipilimumab, Iratumumab, Labetuzumab, Lexatumumab, Lintuzumab,
Lucatumumab, Lumiliximab, Mapatumurhab, Matuzumab, Milatuzumab, Mitumomab,
Nacolomab  tafenatox, Naptumomab ¢stafenatox, Necitumumab, Nimotuzumab,
Ofatumumab, Olaratumab, Oportuzumab monatox, Oregovomab, Panitumumab,
Pemtumomab, Pertuzumab, Pintumomab, Pritumumab, Ramucirumab, Rilotumumab,
Rituximab, Robatumumab, Sibrotuzumab, Tacatuzumab tetraxetan, Taplitumomab paptox,
Tenatumomab, Ticilimumab, Tigatuzumab, Tositumomab, Trastuzumab, Tremelimumab,
Tucotuzumab celmoleukin, Veltuzumab, Volociximab, Votumumab, Zalutumumab, and
Zanolimumab. In some embodiments, such therapeutic antibodies include, alemtuzumab,
bevacizumab, cetuximab, daclizumab, gemtuzumab, ibritumomab tiuxetan, pantitumumab,
rituximab, tositumomab, and trastuzumab; in other embodiments, such monoclonal antibodies
include alemtuzumab, bevacizumab, cetuximab, ibritumomab tiuxetan, rituximab, and
trastuzumab; altémately, such antibodies include daclizumab, gemtuzumab, and
pantitumumab. In yet another embodiment, therapeutic antibodies useful in the treatment of
infections include but are not limited to Afelimomab, Efungumab, Exbivirumab, FeAlvizumab,

Foravirumab, Ibalizumab, Libivirumab, Motavizumab, Nebacumab, Pagibéximab,
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[ 00388] CK2a nRNA | evels were determined in breast cancer cells using
standard net hods. Breast cancer cells with higher CK2a, nRNA | evel s were
found to we anve@1mensi ti ve toward CK2 inhibitors, as sheoem/useoBiogsae 20 for
breasts cancer cells treated with CX-4945 (A), Conpound 1 (B) and Conpound
2 (0. 1003891 The correl ati on between CK2 subunit expression, Akt S129
phosphoryl ati on status and sensitivity to CX-4945 and Conpound 2 was

anal yzed. 1003901A direct correlation was identified between CK2a nmRNA
expr essi balivizawmeb,s Paamobatuhtﬁabactmaﬁvitqtnamf Rexxieercainatﬁ:l(meigm\hiulniab,or Sevimmeancer

cells. Breast cn cells hi | evel s r to be
nor e seng?tabla\zlléma{% lrumzlijbnd 'i@ ELP& 9128 and bt ererd&bo 'me rrggg%d 1 and
Conpoundaipodies cdni beous:ﬁﬂ hanhe ekdtment ¢ﬂunﬂmweatlolneandlos ao‘fonﬁil'@a: équd@sm on (see
Figure 2 0039111l.n.breast qance lin ens 4945 and
Conpound' ")QIUd'tnﬁebu]thacg%poérhy g it |Eio’n};\(si atuy b?\ o Rt alélgé)roshmum dry c? fZQmS:S(

proporti Bamheutmna(BKZ&dsxlanmbesBmmahzumab bBeisthumatn c Besileginlab) |Brenkm|uesb st ant to

CX-4945 andk%gnfpbg%e%elxﬁ'um%@ecggﬂ 1pmz8>r eg{>t IC%EBIS)EI%EI})JSDaC 1zﬁAr‘rl1<atb %ﬁ%ﬁ 0, ar e

mul tipli cative Ver se pr op ortiona expressi on.
shown i nE&iligemab, 215dobacb®ﬁl392EBﬂlagpdtoprE:rtnmmbl e\Fe:takmdaab eaBagtoligumhb,

I ncr easi XPOS t he g:K?CE or a cumdl.ati ve AUC,
denonstrg'gl qnpuimr? i brt n?egn i'n arvgce ulaémtﬂ@naé agmﬁmm ’ H%%é 1
Accor di _ngioymomaial ¥slismab, tﬂwerlklalrmbl, ohshnlmldmbv\e‘écpowznabat Metetimomglybuni t
expr eSSI uro%]o%a E)3 S%%%ll?l*n? %p Qpcre)flzgr%% Ol‘b(ﬁ‘ﬁ }i!lgb %ngaflzuﬁ‘r gf %e?leGm%ed to

predi ct e sensitrvit Cancer itors, such as
CX- 4945. Pascol[26®&94] Pmlmradx;h t Rshzunpiho s gphoripladt | Gonefizunhe, biRomelizkmals Akt

S129, 1 h se in an
exposur e re1 at aetg%?%%@mg grp?hm?% gdﬂe%mg%A Wlu}@%ﬁi iﬂ%ﬂ‘ﬁaﬁ ? ﬁg&%}ﬁ&
phosphor Yémizimoab, sTatilizmeb, ARQralsclxz@b Alkitekgmmb,an‘&dp@@mpm45vmhmb@amsed to

moni t or mﬁ@m%ﬁgh&amwean%omo%a%t &fo0i SEARE H0mLY SALSEALA ViR a CK2
i nhi bitor

therapeutlc antibodies include, but are not limited to adalimumab, basiliximab, certolizumab
pegol, éculizumab, efalizumab, infliximab, muromonab-CD3, natalizumab, and omalizumab.
Alternately the therapeutic antibody can include abciximab or ranibizumab. Generally a
therapeutic antibody is non-conjugated, or is conjugated with a radionuclide, cytokine, toxin,
drug-activating enzyme or a drug-filled liposome.

[00352] Akt inhibitors include 1L6-Hydroxymethyl-chiro-inositol-2-(R)-2-O-methyl-3-O-
octadecyl-sn-glycerocarbonate, SH-5 (Calbiochem Cat. No. 124008), SH-6 (Calbiochem Cat.
No. Cat. No. 124009), Calbiochem Cat. No. 124011, Triciribine (NSC 154020, Calbiochem
Cat. No. ‘124012), 10-(4'-(N-diethylamino)butyl)-2-chlorophenoxazine, ~Cu(I)CL(3-
Formylchromone  thiosemicarbazone), 1,3-dihydro-1-(1-((4-(6-phenyl-1H-imtdazo[4,5-
glquinoxalin-7-yl)phenyl)methyl)-4-piperidinyl)-2H-benzimidazol-2-one, GSK690693 (4-(2-
(4-amino-1,2,5-oxadiazol-3-yl)-1-ethyl-7-{[(3S)-3-piperidinylmethylJoxy }-1H-imidazo[4,5-
c]pyridin-4-yl)-2-methyl-3-butyn-2-ol), SR13668 ((2,10-dicarbethoxy-6-methoxy-5,7-
dihydro-indolo[2,3-b] carbazole), GSK2141795, Perifosine, GSK21110183, XL418, XL147,
PF-04691502, BEZ-235 [2-Methyl-2-[4-(3-methyl-2-0x0-8-quinolin-3-yl-2,3-dihydro-
imidazo[4,5-c]quinolin:1-yl)-phenyl]-propionitrile], PX-866 ((acetic acid
(1S,4E,10R,11R,13S,14R)-[4-diallylaminomethylene-6-hydroxy-1-methoxymethyl-10,13-
dimethyl-3,7,17-trioxo-1,3,4,7,10,11,12,1 3,14,15,16,17—dodecahydro-2-0xa-
cyclopentafa]phenanthren-11-yl ester)), D-106669, CAL-101, GDC0941 (2-(1H-indazol-4-
yl)-6-(4-methanesulfonyl-piperazin-1-ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine),
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Anal ysis to determ ne Markers Influencing Sensitivity to CK2 Inhibitors
1003951 Expression |levels of the eK2a subunit, p-Akt S129 and total Akt 1
wer e det ewoiznad4ussng st andard techni ques. The usef ul negsTafS2el0esB4mar ker s
to predict the 1C50 values for CK2 inhibitors in cancer cells was assessed.
[ 00396] The 1 C50 of CX-4945 was best predicted by examning the relative
expression of CK2a and Akt S129 phosphoryl ation status nornalized to total
Akt expression, according to - norm the expression: IC50 = 5.58 - 0.14
(CK2cc) $FU2p( ¥l BL28E2R3e TG irld 5 2 B3-[2B«dirpine-68(3 -1GHrs gtEnNIptkuidit & s

Pl 3K/ Akt _Si I n - Pro [ 0 KT fgct of
increasiH@h%@ﬁleﬁgpgﬁggﬁgl%?§%§$§5§§ %%§%§k§?ﬁﬁ?mg%g§§?9§& g%éﬁéb | cycle
pr ogr essilgeeSAleVal, (HREP41,rBRBT264 BE2198 @ssalsccidentidied amdic Bt RCPB KgaihOReat i ¢
cancer ce} ' ' 1 =494 : .08 4. _ p- Akt
S$129 and%ﬁibi{fé‘is’p%@gw%éé‘{\?\%ﬁ &g’é%f)-glgEofqﬁﬁﬁgﬁﬁ’ﬁﬁpﬁg’?ﬁ%@é‘ﬁﬁgij'géﬁ"%ﬁ [ 00398]
As seen dlpyfinglin-2-yQdphen@Xhidrdéhlorisidlilant exclithmewnelol thoge|od shall biot theBI474 and
BxPC-3 ¢ 2 < ' res. - ' 1% 1V POX | Laer easi ng
concent r Aenst S ko h bt BRBRGL ik RlaB R 0RRDRE P BB iy IET BEE

f or mat i oh-barrdpyragd-anélomdiverBePgn3 ncEPR snhitders Hhoyarte tpge oCenlt énthe arti ons  of
al dol ase;Muhé te[h%gb'l%ﬁ\gs E%Joﬁ%&%rgﬁ ! OR lirﬁll\fs,tﬂ)t Q&ﬁg\#?and\’mbﬂirﬁusl&yehs of pVHL
and p53 were I ncreased. See Fi'gure 27. I ng a luciterase reporter assay to
measur e tepesangsive seisetref efchhipipbisdrain ndrsderpirelimag defordlisnus Hiokrdlgius, fidcr easi ng
activity,ofi bl ko 1 a was seen fol |l owi ng exposure to increasing

concentrations of CX-4945 (Figure 28).
[00353] HDAC inhibitors include (i) hydroxamic acids such as Trichostatin A, vorinostat

(suberoylanilide hydroxamic acid (SAHA)), panobinostat (LBH589) and belinostat
(PXD101) (ii) cyclic peptides, such as trapoxin B, and depsipeptides, such as romidepsin
(NSC 630176), (iii) benzamides, such as MS-275 (3-pyridylmethyl-N-{4-[(2-aminophenyl)-
carbamoyl]-benzyl}-carbamate), CI994 (4-acetylamino-N-(2aminophenyl)-benzamide) and
MGCDO0103 (N-(2-aminophenyl)-4-((4-(pyridin-3-yD)pyrimidin-2-
ylamino)methyl)benzamide), (iv) electrophilic ketones, (v) the aliphatic acid compounds such
as phenylbutyrate and valproic acid.

[00354] Hsp90 inhibitors include benzoquinone ansamycins such as geldanamycin,
17-DMAG .(17-Dimethylamino-ethylamino-17-demethoxygeldanamycin), tanespimycin
(17-AAG, 17-allylamino-17-demethoxygeldanamycin), ECS5, retaspimycin (IP1-504,
18,21 -didehydrb- 17-demethoxy-18,21-dideoxo-18,21-dihydroxy-17-(2-propenylamino)-
geldanamycin), and herbimycin; pyrazoles such as CCT 018159 (4-[4-(2,3-dihydro-1,4-
benzodioxin-6-yl)-5-methyl-1H-pyrazol-3-yl]-6-ethyl-1,3-benzenediol); macrolides, such as
radicocol; as well as BIIB021 (CNF2024), SNX-5422, STA-9090, and AUY922.

[00355] Miscellaneous agents include altretamine, arsenic trioxide, gallium nitrate,
hydroxyurea, levamisole, mitotane, octreotide, procarbazine, suramin, thalidomide,
lenalidomide, photodynamic compounds such as methoxsalen and sodium porfimer, and
proteasome inhibitors such as bortezomib.

[00356] Biologic therapy agents include: interferons such as interferon-a2a and interferon-
¢2b, and interleukins such as aldesleukin, denileukin diftitox, and oprelvekin.

[00357] In addition to anti-cancer agents intended to act against cancer cells, combination
therapies including the use of protective or adjunctive agents, including: cytoprotective

agents such as armifostine, dexrazonxane, and mesna, phosphonates such as parmidronate
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Exanmple 9 CK2 is Overexpressed in a Panel of Human Multiple Myel oma Cell

Li nes 100399] The nRNA and protein |levels of CK2 were evaluated in HMCL
(Human MpEDana/i@etss Li ne) and nornmal plasma cell s CD138PCTHsSe0@yBE of
CK2a, CK2a', and CK213 were neasured and normalized with actin transcripts.
As shown in Figure 29, the nRNA and protein |levels of CK2a, CK2al, and
CK2r3 were elevated in the multiple nyeloma cell lines as conpared to
normal - pl asna cells. Exanple 10 CX-4945 Reduces CK2 Kinase Activity in

Ml ti pl ealdymlcdrmicCeid, ahd stisulating @04 G0ch @reppetiny idembeopkiim d8grastivs HEGras

performe ivity in nultiple nyel oma cell Tines
fol | ow nglg{a?térg{aa?fiég rErah?ﬁ %geth%\%ne%sslﬁ cﬁ1945 As shown in Figure 30, CX-4945

signifi can[l003358l mchrothdr Godnienadie alditiovaltterapsuti@ &pt RRW qntlﬁ)iﬂlafmoryand KMVS11

mul ti pl e %ﬁ%ﬁ&%@ ﬁ?e GPORR; a&oﬁ Q/it”% (?I@i ﬁlqlb%ﬁ s o?th(eH%g} ¢ Exanpl e

11 CX-4 | ng 1 n Human el ona Ts :
application may include agents selected from g]ucocomcmds NSAIDs, coxibs,
corticosteroids, analgesics, inhibitors of 5-lipoxygenase, inhibitors of S5-lipoxygenase
activating protein, and leukotriene receptor antagonists. Examples of nonsteroidal anti-
inflammatory agents include, but are not limited to ketoprofen, flurbiprofen, ibuprofen,
naproxen, fenoprofen, benoxaprofen, indoﬁrofen, pirprofen, carprofen, oxaprozin,
pranoprofen, suprofen, alminoprofen, butibufen, diclofenac, ketorolac, aspirin, bextra,
celebrex, vioxx and acetominophén. In one embodiment, anti-inflammatory agents, are
monoclonal antibodies. In another embodiment, anti-inflammatory agents are monoclonal
antibodies targeting at receptors or antigens directly or indirectly associated with
inflammation. In another embodiment, anti-inflammatory agents are monoclonal antibodies
targeting CK2 kinase or CK2-regulated pathways.‘ In yet another embodiment, anti-
inflammatory agents include, bﬁt are not limited to Adalimumab, Atlizumab, Atorolimumab,
Aselizumab, Bapineuzumab, Basiliximab, Benralizumab, Bertilimumab, Besilesomab,
Briakinumab, Canakinumab, Cedelizﬁmab, Certolizumab pegol, Clenoliximab, Daclizumab,
Denosumab, Ecuiizumab, Edobacomab, Efalizumab, Erlizumab, Fezakinumab,
Fontolizumab, Fresolimumab; Gantenerumab, Gavilimomab, Golimumab, Gomiliximab,
Infliximab, Inolimomab, Keliximab, Lebrikizumab, Lerdelimumab, Mepolizumab,
Metelimumab, Muromonab-CD3, Natalizumab, Ocrelizumab, Odulimomab, dmalizuma_b,
Otelixizumab, Pascolizumab, Priliximab, Reslizumab, Rituximab, Rontalizumab,
Rovelizumab, Ruplizumab, Sifalimumab, Siplizumab, Solanezumab, Stamulumab,
Talizumab, Tanezumab, Teplizumab, Tocilizumab, Toralizumab, Ustekinumab,
Vedolizumab, Vepalimomab, Visilizumab, Zanolimumab, and Zolimomab aritox.

[00359] In another embodment, the additional therapeutic agent is an anti-infective agent.
Anti-infective agents used in combination with the CK2 inhibitors of the present application
include those agents known in the art to treat viral, fungal; parasitic or bacterial infections.
The term, "antibiotic,” as used herein, refers to a chemical substance that inhibits the growth
of, or kills, microorganisms. Encompassed by this term are antibiotic produced by a
microorganism, as well as synthetic antibiotics known in the art. Antibiotics include, bﬁt are
not limited to, clarithromycin, ciprofloxacin, and metronidazole. In one embodiment,

antiinfection agents are monoclonal antibodies directed to antigens associated with infectious
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1004011 Thi s exanpl e denpnstrates that CX-4945 exhi bits nedi ates several
activities including nultiple nyeloma cells, including the reduction of
Akt - S129,wp2atifiidB5 NF- KB, and JAK/ STAT phosphoryl ati onpcrhuis2e1e0smsti on of
IL-6 levels, and induction of cell apoptosis. In addition, CX-4945 inhibits
hypoxi a i nduced HI F- 1 a and suppresses VEG-. Responses assessed in this
study include determnation of the |levels of the follow ng markers: p-p21,
pAkt, 1L-6, IL-8, Ki67, Caspase, CIC and FDG PET. [ 004021The effect of
. CX- 4945 egenGip midrepganisny. Was-limetérueedplenoth menerlonal antipediesraflettoman del | s.
Specific apf, N 468 hb, yI L 0Rab JAK/ STAT
nodul at i glr:#tﬁ{eanrt]dg%i%ég) Seal&{:alg(get V\'glgh@ég% uatﬁgl 4> See @ﬂgﬁpes - D. %:X 4945
reduced Féraviplmedphbeliuatabon Lafivipumaki Sl izameb, W@aéﬁn@uré’ammlmalas wel | as
the phos [ R Fi 3 ROMET  sEGuAgS was
shown topgglszﬁélé‘ggtﬁ%n%cgnﬁérgﬁggﬁ onbof k%H%%B\T %@J % -JA?KZ Y1007/ 1008
(Fi gur e 3df@pzummabdTwarymgaend Ugokazemense PARP cl eavage (Fi gure 31D), a narker
for cell a i 9% e sifiect, af 49 élgn VEGF
secretion @ggﬁﬂggla%mgeerd 691%09\1/?1 a?ﬁg@a‘ gl?reap%%, g% eat n%ntmlﬁ)éﬂh ? tl
CX- 4945 agedinseld] fonghedreaiment ofipaif mﬂE@latlw mftqtmpla@d/mtmume@lﬁordqrhes
Mor-eover 4 k £ Jon AoibliGn s @ panel
of multi STC% e Bec AP o bR eeéFigé‘{iﬁr“gmss&ﬂﬁéﬁeloto%’iltLEs‘
treat msntncwift fpuCxee4 9u1 SliitedURG Bnigrodrednyine omtakieria @C@moser\mée sh@wnamﬁ reduce
the produgldap ifvalite, 8jciintt®Hodatitbigddvis iathialy JRGliRnel Rl ipglom cells
as gdg malaovrall bcl ) ¥? gc?tor ? ‘p’)la ients Véot h Wg i mg’y@ €l oma. See
Fi gur e 31$ntman 53@'@@5‘1“8&@@&1@60}’@3@%94@alﬂéﬂm%e®@ge{@9mﬂ& t@ghnmemﬁglgu pl e

nyel oma ﬁl?elrlleﬁm i tm'f@l%uﬁutf'e Elff))ect chfon dwlrﬁﬁlhtﬂ% thg.@gti V('etgy ofg %@l‘(er al key
proteins in th di sease. Spécif |ca hosphoryl ates nmul tiple

subst r at gslgtaﬁlftﬂﬁ%fﬁ’grmkfeenﬁa&aﬁm (FMC‘:FSFd i(Mglengen 0559112 93avaﬁ¢re%tltn§ SGE| usi vel y
phosphor VAIQES%%) b Xn%hr&&x@ﬁw bl Otﬂe 1%2 MU&]@MF SanﬂMéTﬁItv h@Rdsuch

phosphoryl at es NE- KB i ncl udi ng NF- K . Moreover, lor esses cell
apopt osi SeERpRItiF §ffeqteyralydg méeernwlﬁbtﬂiép AE‘%H’PHW@ Mlzwpeh t/’H@P imppalst i gation

of CX- 4A94Q1iAehdnY | Bipindlzink®, PBaaki{xAkdb, PBEMMBYmab, BLAARAGLLASBdRSEMARed above,
CK2 phosghoryl ates multiple substrates in the PlI3K/ Akt pathway. See Figure

35. The Brdkdimad; Qirekipepad. Gaddizanghntertpliamak pessl. Zéle@%lst@dvr Daslizamgb,
phosphor pbafs@fat)y Edfizumab, Edobacomab, Efalizumab, Erlizumab, Fezakinumab,

Fontolizumab, Fresolimumab, Gantenerumab, Gavilimomab, Golimumab, Gomiliximab,
Infliximab, - Inolimomab, Keliximab, Lebrikizumab, Lerdelimumab, Mepolizumab,
Metelimumab, Murorr}onab—CD3, Natalizumab, Ocrelizumab, Odulimomab, Omalizumab,
Otelixizumab, Pascolizumab, Priliximab, Reslizumab, Rituximab, Rontalizumab,
Rovelizumab, Ruplizumab, Sifaiimumab, Siplizumab, Solanezumab, Stamulumab,
Talizumab, Tanezumab, Teplizumab, Tocilizumab, Toralizumab, Ustekinumab,

Vedolizumab, Vepalimomab, Visilizumab, Zanolimumab, and Zolimomab aritox.
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1004071 In this exanple, the ability of the CK2 inhibitor, CX-4945, to

i nhi bit phosphorylation of Akt-129 was conpared to that of staurosporine
(STS), amwoheri/ditsase i nhibitor. Interestingly, CX-4945pcmhisbém@si34l
phosphoryl ati on of Akt-S129, while exposure to STS did not affect the
phosphoryl ati on of Akt-S129. See Figure 36. 1004081 To further
investigate the ability of CX-4945 to reduce the phosphoryl ation of various
targets of the PIK3/ Akt pathway, the conpound was administered orally to
m ce ( 75Exmypley: bi d) and the phosphoryl ati on of Akt-S129, Akt-S473, and
p21-T145 was eval uated in nmouse PBMCs. As shown in Figure 37, the
phosphoryl ati on of Akt-S129, Akt-S473, and p21-T145 was reduced in mce
_treated wil0B36TKIEX4BowiEx exrmpipées 11Bistraixbut dd SotCmrbihpitvewsies. wi t h DNA- Danagi ng
Chenot her apeuti c Agents 1004091 Using a conet assay, CX-4945 was seen
to increase genctitabine induced DNA damage in A2780 ovarian cancer cells.
See Figure 38: In addition, gentitEainpk land CX4945 exhi bited synergistic

anti-tunor activity in A2 % ESQ@ ﬁl g. - Rhgures 39A and 39B. Exanpl e
14 CX- 4945 Conbi nati ons w?ﬁse 2 %i% ‘Tﬁﬁﬁxg%ﬁ#s [00410] As shown in
Fi gure 40, crosstal k exi sts betwees I.GFR and CK2 signaling. Specifically,
CK2 controls nultiple protein ki !g!a by phosphorylating a

oki nase-targeting mol ecul ar chdperone,®Cdc37, which exerts effects on EGFR
directly, as well Src, which™SubsSgquently interacts with EGFR In addition,
nucl ear export of S6KL1 Il i 2 ted by CK2 phosphorylation of at Ser-17,
whi | e EGF-i nduced ERK activatio onot es CK2- nedi ated di ssoci ation of

al pha-catenin from bet a-catenin sactivation of beta-catenin.

Lastly, C2K is a conmponent of the KSR sg¢akfsghg] conplex that contributes to

Raf ki nase activation.
[00362] CX-4945 demonstrated single-agent potency in suppressing xenograft tumor

3

growth with a wide therapeutic window pre-clinically. A Phase I study was undertaken to
determine the maximum tolerated dose (MTD) and dose limiting toxicities (DLTs), to
characterize the pharmacokinetics (PKs), and to study the pharmacodynamic effects of CX-
4945.

Procedure: -

[00363] Eligible patients with advanced solid tumors, Castleman’s disease or multiple
myeloma with progressive disease, or for whom there are no available standard therapies,
receive CX-4945 in successive dose cohorts at: 90, 160, 300, 460, 700 and 1000 mg per dose.
Oral doses are administered twice daily for twenty-one consecutive days of a four week
cycle. Therapy is continued in consenting patients until signs of intolerance to CX-4945 are
observed, or there is evidence of advancing disease. Response by RECIST is determined
after every 2 cycles. Serial blood and plasma samples are collected on the first and final
dosing days of Cycle 1 (i.e.,, Day 1 and Day 21) for pharmacokinetic analysis and for
pharmacodynamic biomarker evaluations (specifically, total and phosphorylated forms of p21
and Akt). _

[00364] An additional set of patients, with the same eligibility criteria receive CX-4945 in
successive dose cohorts at: 300, 500, 600 and 800 mg per dose. Oral doses are administered
four times daily for twenty-one consecutive days of a four week cycle. Therapy is continued
in'conseqting patients until signs of intolerance to CX-4945 are observed, or there is evidence
.of advancing disease. Response by RECIST is determined after every 2 cycles. Serial blood

and plasma samples are collected on the first and eighth dosing days of Cycle 1 (i.e., Day 1
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[00411] To exami ne the effect of CX-4945 on epidermal growth factor
(EGF)-stimul ated CK2 activity, A431 (epidernoid carcinonma) and NCl - H2170
(lung carwenotei4i sy were treated with 100 ngimM EG- andPom/uBR010ASM3EX- 4945
and p- Akt S129 and p- Akt S473 | evel s were nmeasured. In both cell types,
CX-4945 was seen to significantly inhibit EG-stinulated CK2 activity. See
Figure 41. [ 00412] As shown in Figures 42A and 42B, the conbination of
CX-4945 with erlotinib reduces the phosphorylation of Akt and rpS6.

Er | ot i ni imdt Rayg®t for pheemeaqokoheticranalygisoantl Hof platroacodyeempt bipmikGFRpluanehsi s used
to treat NS pa ti cer n ot her cancer types. In A431
xenograf Sgecq_cqllyofogzﬁla &mh ‘%?ﬁ% %rms ipg??%&éﬁgt ‘nergi stic anti-tunor
activity. [SMSFAgasemcd:sung&t)umghnhmmwade@tlbpﬁdtﬁnarvdlicta)ed4@415arsilfboﬁred
significn i nhi b tieo I ation was
cvan mor BBt of B flo ANTRcoHE R  DUERLHAF (el B8 I cEAMTRE™ i e 1o
endpoi nt blood ce[ll@ @dd &}cu]éltneg Merceﬁw(CHfC)@abwtega&oan patlepatuemrgmpg) Ireagenton,
publlcatl bghced herein hereby is incorporated by

refer ence%gﬁ? h%?&,}ls”%?,@ﬁ. ﬁgeégg'g?/g pat ent's, patent applications, publications
and docufwmhaypofRerolts:an admi ssi on that any of the foregoing is pertinent
prior art t S Y. or date
of these p’g ?Gy%{éﬁﬁ%ﬁ% p(%{r}é?'l o%llﬂlﬁrg&n‘srsl&g Sogz{j%ﬁ’%? elelﬁjtg ’rtg’f’%gr}%"?ég%r‘% es are
provi dedseparate| dags teokbdrts) trémeiviederit dases af C>dé94%0tand iafhi pationts defthpetidys scope.
Modi fi cag ] e f tin t he basic
aspects @)%‘Rét} aééa?%nvgﬁl%e?@% &%Eﬁ}l\?ﬁs hggﬁ&% ‘Aﬂafl%‘gyﬁ%s bg‘%n3 dg‘s){r:]?l??ed in
subst ant ﬁ@iondett@idhal\deihtheeﬂmpfélnc@cvmermlmeVltbnnhrbrlerl efgded.fi ¢ enbodi nment s,

t hose ofR tgéd?iasrc){ed%l%'dfkd “;;t 8ot W Il recognize that changes nmay be made
to the y disclosed in this application, and yet

t hese m)dl [K)le,@ili’a@nm ar@mﬁpﬂévmﬁ%dﬂssd trriee deily KBIP) i %ﬁ@m@uhﬁ(ﬁosbgﬁrllt of

the inveptlon. oTJﬂg ok%g@ms%d Idohisit 5%&%‘3&?6 ﬁ%%ﬂ@;@qgkseﬁmnc%m gbl'y -may

be practiced in t ence of any ment ?ggm i cal di scl osed
her ei n. TeRcived Y08 mgxebafsta94s BrﬁDeﬁefh)rtl ﬁsqcezmde4®eme|0ﬁ §P45tBIDh & obest s

" Conpri SiRfved 706 MRS X MS%?ée@thﬂlé%cé}@edqo@@Q @@&549%5'13'1@ of* may be
replaced with either of the other two terns. ﬁ the ternms and

expr essi onl803(8i Raveniaie Cokwts Ehprens deped feur fiey désly {(QHNswidH opbsenstlisti on and
not of | pidk@f teLlvedestid M?'o?@tx%q%‘ dibe cheat sr&sivehovnmand dessqsi §gsl, or
portions thereof, are not excluded, and it is recognized that various

modi fi catPhests ra?eeveﬂég%iﬂsl%‘:%‘t%ﬁ RIPhe scope of the invention. Enbodinents
of the i pueRi-PAnAYsH set forth in the following claims. Cainms 1. A nethod

for monitorin 6% the response of a subject being treated wwth a CK2
i nhi bitor, [00369] To identify biomarkers useful for measuring CKZ2 inhibition, whole blood samples

were collected at pre-treatment, 4 hours and 8 hours following the first dose of CX-4945 on

Day 1 and Day 21. Plasma samples were also collected at these time points for quantification
of IL-6 and IL-8, and changes in serum IL-6 and IL-8 levels following 21 days of treatment
with CX-4945 were determined.

[00370] As seen in Figure 7, IL-6 levels were significantly reduced in three patients (#9,
#10, #20) and IL-8 levels were significantly reduced in three patients (#9, #13, #20). The
percent change in IL-6 and IL-8 in patients undergoing treatment with Compound K (CX-
4945) was determined for patients having NSCLC (#6), prostate (#9), thyroid/papillary (#13,
#20) and Leydig cell tumors (#16). IL-6 levels were significantly reduced in two patients (#9,
#20, with a smaller reduction in #13) and IL-8 levels were significantly reduced in three
patients (#9, #13, #20). A reduction in IL-6 and IL-8 levels after 21 days of treatment was
associated with the appearance of stable disease as evidenced from increased time on

treatment (Figure 8). As shown in Figures 9A and B. a marked reduction in serum IL-6
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sai d nethod conpri sing: (a) determining the |evel of a biomarker in
a biological sanple derived fromthe subject at a tinme point during or
after admvoietweaiissn of the CK2 inhibitor, wherein the lpconsekensisi
selected fromthe | evel of phosphorylated Akt S129, the ratio of

phosphoryl ated Akt S 129 to total Akt, the |level of phosphoryl ated Akt
S473, the ratio of phosphorylated Akt S 473 to total Akt, the |evel of
phosphoryl ated p21 T145, the ratio of phosphorylated p21 T145 to total p21,
t he | evelevas inphﬂmphmrylbeﬁasdaridéﬁ HBCB5@Prostateecaneer patienfs vphobqsh@ﬁyftqﬁéd NF- KB

S529 to V, f p@$§ t atio of
phosphorz1 gtg AT? 5 B(g‘%‘l }9%13? éP 'A%gag %{Jﬁge rlgglvcggp%?lﬂ%}gg g {gt ed JAK2
Y1007/ 1008h pastatet therordgtapidlanyf andHesdibosliabsd JAK2 Y1007/ 1008 to tot al JAK2;

and . [t(]mﬁﬂ) z?cﬁRi%El p@M’tQQ’VCI’% Ysghtegfto tanﬁ}'% &Taf&%r pbf‘lv\}{{se All?(lt Q‘Ioggl cal

sanpl e w t ef erence n a decrease
in the | &kel126f andhisktiHiddivatr thoeg O, |4nant1f8ehObr8010€ig10@abn Danplaad Danphr BAMCs t he

referenc f [ ti nse to

st el flaslo, | UBo AFRAY Shalit MIPBRALLES, 513, PORL PLLERRRNP, |

r ef er encpoihtethel ratwd of bl -Bldortdk 2 1.i AkisHP¥EvielAkY and tike S¢i3olgwal odnsiast i ng of

1) the lg %!lab Qf said biomarker fromthe subject prior to admnistration of
n |

the CK2 | tor; (2) the level of said biomarker froma reference
popul at i onl00372) The qheegegs ithyrretd dlavakt 3498 to toital Akit en®ihuss postrdebe (on)day he | evel

of said r h - [ | i 0 the
Flrst o BeUEpESS CLIFLMIS GURHER 1.8l oS8 RORGu) T2 G Ring Pl BE rd,
bi ol ogi cef p- B%llrriil‘é fogotglepZd cat ddhdursopnstadase fop da)altalllésiaré 21 an CD48 PBMGH sur e, a

tunor, o anhiplbegiisal fluid derived fromsaid subject. 4. The nethod of

claim3, wherein sard biological fluid is selected from plasma, serum
[00373] In addition, PBMCs were isolated to analyze, p-p21-T145, p-Akt-S129, and p-

© Akt-S473 at time 0, 4 and 8 hours post dose on Day 1 and Day 21 for the BID dosing
schedule and at time 0, 2, 4 and 6 hours post dose on Day 1 and Day 8 for the QID dosing
schedule. PBMCs were analyzed as a whole and also separated into phenotypes (CD19,

~ CD45).

[00374] The percentage change in p-Akt S129 was compared from pre-dose (time=0), at 4
hrs, between Day 1 and Day 21 (or Day 1 and Day 8), and as a function of cumulative CX-
4945 AUC as shown in Figure 13A.

[00375] The percentage change in p-Akt S473 was compared from pre-dose (time=0), at 4
hrs, between Day 1 and Day 21 (or Day 1 and Day 8), and as~a function of cumulative CX-
4945 AUC as shown in Figure 13B.

[00376] The percentage change in p-p21 T145 was compared from pre-dose (time=0), at 4
hrs, between Day 1 and Day 21 (or Day 1 and Day 8), and as a function of cumulative CX-
4945 AUC as shown in Figure 13C.

[00377] As shown in Figﬁres 13A-C, phosphorylation of the biomarkers Akt-S129, Akt-
S473, and p21-T145 decreases in a clear exposure-related (AUC) manner. Moreover, this
data demonstrates that CX-4945 is affecting the CK2-specific biomarker Akt-S129 in
PBMCs and indicates that CX-4945 is having a signficant impact on its target molecule CK2.

[00378] In addition, circulating tumor cells (CTCs) were isolated to analyze p-Akt-S129 at
predose (time=0) on Day 1 and 6 hours post dose on Day 8 for patients on the QID schedule.
The percentage change in the number of CTC and the p-Akt-S129 measure in the CTC was

compared from pre-dose (time=0), on Day 1 and 6 hours on Day 8 as shown in Figure 14.
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or PBMCs. 5. The nethod of claim 3, wherein said cell is a circulating tunor
cell (CTC). WD 2011/041785PCT/US2010/ 051341 6. The net hod of any of clains
1 or 2, wwereiw4smsd subject suffers froma cancer or meCirgrsanossi3d1 The

met hod of claim6, wherein said cancer or nmalignancy is selected from
breast cancer, inflammtory breast cancer (IBC), pancreatic cancer,
prostate cancer, |lung cancer, colon cancer, nelanoma, and nultiple nyel ona.
8. The nmethod of any of clains 1 or 2, wherein said subject suffers froma
CK- 2

Example 2
Effect of CK2 Inhibitor on IL-6 Secretion by Inflammatory Breast Cancer Cells
[00379] The secretion of IL-6 by SUM-149PT inflammatory breast cancer (IBC) cells was

evaluated as a function of CK2 inhibitor concentration. IL-6 levels as a percent of untreated
control were determined at 6 hours with CX-4945 at concentrations from 0.05 uM up to 50
uM. Cell viability of the SUM-149PT cells was determined after 96 hours. Results are

shown in Figure 15.

Example 3
Effect of CK2 Inhibitor on IL-6 Secretion by Aggressive

Inflammatory Breast Cancer Xenografts

[00380] The effect of CK2 inhibitors on the secretion of IL-6 by aggressive SUM-149PT

xenografts was also studied. Aggressive tumors (larger than 1g) were found to have a higher
rate of IL-6 secretion than smaller tumors (Figure 16B). _

[00381] CX-4945 was found to significantly reduce 1L-6 secretion by aggressive tumors
(Figure 16D).

Example 4
In Vivo Studv in Mice bearing SUM-149PT Xenografts

[00382] Mice bearing SUM-149PT xenografts were left untreated (UTC) or were treated
PO once (one time) or BID x 8 days (xD8) with 75 mg/kg of CX-4945.

[00383] Plasma was isolated, tumors were extracted and weighted. Human IL-6 levels in
plasma were determined by ELISA and resulted values were normalized for tumor weight.
[00384] Both single dose and BID x 8d treatments resulted in dramatic reduction of human

IL-6 levels in animals’ plasma (46 and 58% respectively), as shown in Figure 17.

Example 5
The Phosphorylation Status of Akt S129 is a CK2 Specific Biomarker

[00385] The S129 site of Aktl was found to be unique to CK2 using the Scansite 2.0

software. See Obenauer et al., Scansite 2.0: Proteome-wide prediction of cell signaling

interactions using short sequence motifs, 2003, Nucl Acids Res 31: 3635-41.
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medi at ed aut oi mmune, inflammtory, or infectious disorder. 9. The nmethod of
any of clains 1 or 2, wherein said CK2 inhibitor is CX-4945. 10. A net hod
for noni twoizng/whssr esponse of a subj ect being treated WCTUS201@KR1341

i nhibitor, said nmethod conpri sing: (a) determning the |evel of nRNA
and/or protein expression of a biomarker in a biological sanple derived
fromthe subject at a tinme point during or after adm nistration of the CK2

i nhi bitor, wherein the biomarker is selected fromIL-6, IL-8 CK2a, CK2a',
CK2P, VEGF00386diT¢Hcraldatathe afigct of CX- -494%pn denpasphayylatice slagwedf Aot 1A

bi omar ke I v | omar ker ;
wher.ei n EX d%%ltr)ggg%k?g??jheg% evg@éd ntrgab?do%egﬂcrsgg?&?%né Qe%blp%fe%g?ggﬁ sanpl e
conpar edtrtamedt methr EKet9éh cad | ®\vemberf Of teghebi chpmptkerrpdutic j ageits ainclugingf 5-a
positive ) ' hod of
claim 10ﬂ£(\%§1e?églls§ %Lﬁébﬁg%?gﬁglﬁ%@sgﬁadg ! l?ﬁl%lt [:ﬂc%‘rrzl;vr %{4 ?yﬁs%hg}l:%% fromthe
group coetinib, agy EGFFR1fyrasine Kirmge Inhipfitos ddpdtimb.oamaFRER ahd dier feal dnliiest pri or
to adm nk(?&fr:lﬁgl Olgulgfta Qg“d % (%(gé;'bgthOVEGi:?é-lélg nld%}flfi 1?19f(SL§éHt)d mu(ﬂmir ker
froma retrerence a | on; reassi Teve or said biomarker;

and (4) targsteddVEN. 615 Slsca‘frdmmlmﬂ&ethe pAdinS1 2Hemarlby wsenongds cagly de troxigrenti me p0| nt

prior t me%){ 5§4§t T‘h!:é%‘?esﬂﬁé Blre validated in cell culture, in mouse PBMCs, and in tumor
tissue (IHC).

[00387] In addition, CX-4945 inhibition of Akt S129 phosphorylation was found to be

reversible. See Figure 19. These data suggest that the phosphorylation status of Akt S129

can be used to monitor the response of a cancer cell to a CK2 inhibitor.

Example 6

CK2 subunit expression and sensitivity to CK2 inhibitors

[00388] CK2ao mRNA levels were determined in breast cancer cells using standard
methods. Breast cancer cells with higher CK2a mRNA levels were found to be more
sensitive toward CK2 inhibitors, as shown in Figure 20 for breasts cancer cells treated with
CX-4945 (A), Compound 1 (B) and Compound 2 (C).

[00389] The correlation between CK2 subunit expression, Akt S129 phosphorylation
status and sensitivity to CX-4945 and Compound 2 was analyzed.

[00390] A direct correlation was identified between CK2a mRNA expression levels and
the activity of several CK2 inhibitors in cancer cells. Breast cancer cells with higher CK2a
mRNA levels were found to be more sensitive to Compound K (CX-4945) and other CK2
(e.g. Compound 1 and Compound 2) inhibitors than cells with lower levels of CK2a
expression (see Figure 20). -

[00391]In breast cancer cell lines sensitive to CX-4945 and Compound 2, the
phosphorylation status of Akt S129 was directly proportional to CK2a’ expression. In breast
cancer cell lines resistant to CX-4945 and Compound 2, the phosphorylation status of Akt
S129 was a multiplicative inversely proportional to CK2a’ expression. Results are shown in
Figure 21. ‘

[00392] Phosphoprotein levels decreased with increasing exposure to the CK2 inhibitors,

as measured by cumulative AUC, demonstrating inhibition of intracellular CK2 activity.

94



12. The nethod of any of clainms 10 or 11, wherein said biological sanple is
selected froma cell, a tissue, a tissue culture, a tunor, or a biol ogical
fluid derwoedifuorsssai d subject. WD 2011/ 041785PCT/ US2@t@/132418431341.3. The
met hod of claim 12, wherein said biological fluid is selected from pl asm,
serum or PBMCs. 14. The nethod of claim 12, wherein said cell is a
circulating tunor cell (CTC). 15. The nethod of any of clainms 10 or 11,
wherein said subject suffers froma cancer or malignancy. 16. The nethod
of clai m 1BP39¥hac@idingini dnatysiscef te rvbdtib@ﬁhmndvytwesn s€Kactadytia chhirteast

cancer, L IdAEmha" X« D§ 385 hn LA Jnoﬁl'{%ﬁ%y RPIRIAAL & § ance: refib 031 ©

cancer, Fﬁ’res ncer, ona, an 17. The
met hod oﬁenanyltyodfcwican creﬂs wautCliZ_mthtels,esmch @e@ﬁ%@bj ect suf fers froma CK-2

medi at ed %B@4Wa%§1’tlon pfh s%m;@ a951¥ of il blonqgrﬁgrg IA%P§1§' RRf gﬁ@ and p21 T145
in the PI3 pathway was shown to decrease in an exposure related (AUC) manner (Figures
22A-C), indicating that the phosphorylation status of Akt S129, Akt S473 and p21 T145 can
be used to monitor the response of the CK2-mediated disease to treatment with a CK2

inhibitor.

Example 7

Analysis to determine Markers Influencing Sensitivity to CK2 Inhibitors

[00395] Expression levels of the CK2a subunit, p-Akt S129 and total Aktl were

determined using standard techniques. The usefulness of these markers to predict the ICso
values for CK2 inhibitors in cancer cells was assessed.

[00396] The ICso of CX-4945 was best predicted by examining the relative expression of
CK2a and Akt S129 phosphorylation status normalized to total Akt expression, according to
the expression: ICsp = 5.58 — 0.14 (CK2a) + 4.5(pAktS129,0rm). See Figure 23.

Example 8
CX-4945 Modulates PI3K/Akt Signaling and Cell Cycle Progression

[00397] The effect of increasing concentrations of CX-4945 on PIK3/Akt signaling and

cell cycle progression was evaluated in BT-474 breast cancer and BxPC-3 pancreatic cancer
cells. As shown in Figure 24, CX-4945 reduced the levels of p-Akt S129 and p-Akt S473, as
well as p-p21 T145 in both cell types.

[00398] As seen in Figure 25, CX-4945 modulates the cell cycle in both BT-474 and 7
BxPC-3 cancer cells. With respect to angiogenesis and hypoxia, increasing concentrations of
CX-494'5 were seen to have significant effects on tube formation and migration in BxPC-3
cells. See Figure 26. Concentrations of aldolase were reduced following treatment with CX-
4945, while levels of pVHL and p53 were increased. See Figure 27. Using a luciferase
reporter assay to measure the expression of hypoxia-inducible factor-1o (HIF-1a), decreasing
activity of HIF-1a was seen following exposure to increasing concentrations of CX-4945
(Figure 28).
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18. The method of any of clainms 10 or 11, wherein said CK2 inhibitor is
CX-4945. 19. A nethod for predicting the clinical response of a

CK2- medi avododiaemse to treatnent with a CK2 inhibitor iPoTaSsMbjoss] sai d
met hod conprising determining the | evel of one or nore biomarkers in a

bi ol ogi cal sanple derived fromthe subject, wherein an el evated | evel of
said one or nore bionmarkers relative to a control biological sanple is

i ndicative of sensitivity of the CK2-nedi ated di sease to treatnent with
said CK2 inhibitor, and wherein sdixdmpledmarker is selected fromthe |evel
of  Phosphor y| ated Aste ShaSked 1 bl %, SyRARABIIA ALEd A S 129 Lo tota
Akt, the |evel 0 O osphoryl at ed Akt
S 473 to t90389] Thet mRN+e anévabtenf lepélo NFHOKY | vedre ¢ v 2dtedr MEﬂMﬁhe(HrtmaPo of
phosphor ; ev r 4dNF- KB
S529, th)é/l ra{th?llgijod%gf1L l %ﬁﬁdhﬂg?ﬁ tap %IIQ%Ié—jls %Bg%ééb ?ﬂ; ltgic’)etlgppag%)KBdkﬁ\gﬂl evel of
phosphor K2 wreSﬂiﬁa‘FBred'?% nomkﬁélzqdamth) agin fdvegitror b ahah STATGe 290%et 0 t ot al
STAT3, /

phosphory te%'(afA(%m %ggg%%%ﬁ@t% K%{qlA‘QQrz e%ﬁ@%‘?%‘%?’é‘gﬁ@%%@%"ﬁ of IL-86,
t he expre@lshneﬁaSICemefirﬂbfonIOLmESPIaSIIl‘IeC@b%pre55| on level of CK2a, the expression
| evel of CK2al, the expression | evel of CK213, the expression |evel of
VEG-, and the expression level of HP-la. WD 2011/041785PCT/ US2010/ 051341
20. The nethod of claim 19, wherei Exauplell®i ol ogi cal sanple is selected from
a cell, atissueeiishigsiecRylditlechib Wbl viobhotogiaal fluid derived
fromsaid subj éct. he method of claim 20, whérein said biological fluid
i s sel ect ek904d%ml o] a@rﬁﬁmag@mﬁx wep pRBNDSd tomeases e ((Hedkiptse @rtyi R0,

Whe_r ein %@itiglectﬁ;lélomasc@l ﬁﬁe‘éqylll(ﬁ)&lhé"greéthﬁgﬁrwﬁlell&) p(\PI§EX-4945. As shown in
Figure 30, CX-4945 significantly reduced CK2 kinase activity in U266, RPMI, OCI-MY1,

\ )

and KMS11 multiple myeloma cells lines as compared to untreated cells (UTC).

Example 11
CX-4945 Modulates CK2 Signaling in Human Multiple Myeloma Cells

[00401] This éxample demonstrates that CX-4945 exhibits mediates several activities
including multiple myeloma cells, including the reduction of Akt-S129, p21-T145, NF-kB,
and JAK/STAT phosphorylation, the reduction of IL-6 levels, and induction of cell aﬁoptosis. .
In addition, CX-4945 inhibits hypoxia induced HIF-la and suppresses VEGF. Responses
assessed in this study include determination of the levels -of the following markers: p-p21, p-
Akt, IL-6, IL-8, Ki67, Caspase, CTC and FDG-PET.

[00402] The effect of CX-4945 on CK2 signaling was measured in human multiple
myeloma cells. Specifically, CX-4945’s effect on Aktl and NF-xB phosph6rylation,
JAK/STAT modulation, and PARP cleavage was evaluated. See Figures 31A-D. CX-4945
reduced the phosphorylation of p-Akt S129 and S473 (Figure 31A), as well as the
phosphorylation of p-NF-kB S529 (Figure 31B). Moreover, CX-4945 was shown to reduce
the phosphorylation of ;;-STAT3 Y705 and p-JAK2 Y1007/1008 (Figure 31C), and was seen
to increase PARP cleavage (Figure 31D), a marker for cell apoptosis.

[00403] In addition, the effect of CX-4945 on VEGF secretion was examined. As shown
in Figure 32, treatment with 10 pM CX-4945 reduced the secretion of VEGF in multiple
myeloma cell lines. Moreover, CX-4945 was seen to modulate the expression of HIF-1a in a

panel of multiple myeloma cell lines. See Figure 33.
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23. The nethod of claim 19, wherein said subject suffers froma cancer or
mal i gnancy. 24. The nethod of claim 23, wherein said cancer’ or malignancy is
sel ect ed woamibuemst cancer, inflammatory breast cancer PCTRSR10parsar eati
cancer, prostate cancer, |ung cancer, colon cancer, nelanoma, and multiple
nyel oma. 25. The nethod of claim19, wherein said subject suffers froma
CK-2 nedi ated autoi nmune, inflammtory, or infectious disorder. 26.The

met hod of claim 19, wherein said CK2 inhibitor is CX-4945. 27. A method for
predi ct i ng0040d] kdsilyi teaimene sjabPe4965 ia Wahnoevltige myalomgreale yag showmelat ment

et or i iR CR Pl G B iR S AT AR, SRR Gl o w0
bi ol ogi cabjos@angbidity datdrfedafientnwitth®ulsiple jpeetomaa$ed Figure 34.

[00405] Because CX-4945 reduces CK2 activity in multiple myeloma cells, it has the
effect of modulating the activity of several key proteins in this disease. Specifically, CK2
phosphorylates multiple substrates in the PI3K/Akt pathway including Akt-S129 which is
exclusively phosphorylated by CK2. In addition, CK2 modulates JAK/STAT, and
phosphorylates NF-KB including NF-xB §529. Moreover, CK2 suppresses cell apoptosis and

is elevated under hypoxia.

Example 12
Further Investigation of CX-4945 Activity in the PI3K/Akt Pathway

[00406] As described above, CK2 phosphorylates multiple substrates in the PI3K/Akt

pathway. See Figure 35. - The present inventors have shown that Akt-S129 is exclusively
phosphorylated by CK2.

[00407]In this example, the ability of the ‘CKZ inhibitor, CX-4945, to inhibit
phosphorylation of Akt-129 was compared to that of staurosporine (STS), another kinase
inhibitor. Interestingly, CX-4945 inhibited phosphorylation of Akt-S129, while exposure to
STS did not affect the phosphorylation of Akt-S129. See Figure 36.

[00408] 'I"o further investigate the ability of CX-4945 to reduce the phosphorylation of
various targets of the PIK3/Akt pathway, the compound was administered orally to mice (75
mg/kg bid) and the phosphorylation of Akt-S129, Akt-S473, and p21-T145 was evaluated in
mouse PBMCs. As shown in Figure 37, the phosphorylation of Akt-S129, Akt-S473, and
p21-T145 was reduced in mice treated with CX-4945.

Example 13

CX-4945 Combinations with DNA-Damaging Chemotherapeutic Agents
[00409] Using a comet assay, CX-4945 was seen to increase gemcitabine induced DNA

damage in A2780 ovarian cancer cells. See Figure 38." In addition, gemcitabine and CX-
4945 exhibited synergistic anti-tumor activity in A2780 xenografts. See Figures 39A and
39B.
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(b) determning the |evel of p-Akt S129 and/or the ratio of p-Akt Si 29 to
total Akt in a biological sanple derived fromthe subject; wherein a
positive wonroel@iisdn bet ween the | evel of CK2al nRNA an@C®rUSpe1o&inl
expression and the |l evel of p-Akt S129 and/or ratio of p-Akt S129 to total
Akt is indicative of sensitivity of the cancer or malignancy to treatnent
with said CK2 inhibitor. 28.The nethod of claim27, wherein said biological
sanple is selected froma cell, a tissue, a tissue culture, a tunor, or a
bi ol ogical fluid derived from sai &amglgé&&t. 29. The net hod of clai m 28,

wher ei n sai d biol ogi b | SGRSER ToRRL 3$PRs serum or PBMCs. WO
2011/ 041785PCT/ USZOl%%?f—%%noa e A 27, said cancer or

mal i gnancyl00410bAeakdwrc smEmgure #hf ¢rossiatkt oxists hewgen E€diRc end GIKBO)IgHang mul ti pI e
nmyel ona. Specifically, CK2 controls multiple protein kinases by phosphorylating a kinase- -targeting

molecular chaperone, Cdc37, which exerts effects on EGFR directly, as well Src, which
subsequently interacts with EGFR. In addition, nuclear export of S6K1 II is regulated by
CK2 phosphorylation of at Ser-17, while EGF-induced ERK activation promotes CK2-
mediated dissociation of alpha-catenin from beta-catenin and transactivation of beta-catenin.
Lastly, C2K is a component of the KSR1 scaffold complex that contributes to Raf kinase
activation. ‘

[00411] To examine the effect of CX-4945 on epidermal growth factor (EGF)-stimulated
CK2 activity, A431 (epidermoid carcinoma) and NCI-H2170 (lung cancer cells) were treated
with 100 ng/ml EGF and/or 10 pM CX-4945 and p-Akt S129 and p-Akt S473 levels were
measured. In both cell types, CX-4945 was seen to significantly inhibit EGF-stimulated
CK2 activity. See Figure 41.

[00412] As shown in Figures 42A and 42B, the combination of CX-4945 with erlotinib
reduces the phosphorylation of Akt and rpS6. Erlotinib targets the epidermal growth factor
receptor (EGFR) and is used to treat NSCLC and pancreatic cancer, amongst other cancer
types. In A431 xenografts, erlotinib and CX-4945 exhibited synergistic anti-tumor activity.
See Figure 43. Although both erlotinib and CX-4945 showed significant inhibition of tumor
growth when used alone, the combination was even more potent, showing synergistic activity

which prolonged the time to endpoint.

[00413] The entirety of each patent, patent application, publication and document
referenced herein hereby is incorporated by reference. Citation of the above patents, patent
applications, publications and documents is not an admission that any of the foregoing is
pertinent prior art, nor does it constitute any admission as to the contents or- date of these
publications or documents.

[00414] The preceding examples are provided to illustrate the invention and do not limit or
define its scope. Modifications may be made to the foregoing without depérting from the
basic aspects of the invention. Although the invention has been described in substantial detail
with reference to one or more specific embodiments, those of ordinary skill in the art will
recognize that changes may be made to the embodiments specifically disclosed in this

application, and yet these modifications and improvements are within the scope and spirit of
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31. The nethod of cl aj m 27, wherein said CK2 inhibitor is CX-4945.

WO 2011/041785 PCT/US2010/051341

the invention. The invention illustratively described herein suitably may be practiced in the
absence of any element(s) not specifically disclosed herein. Thus, for example, in each
instance herein any of the terms “comprising", “consisting essentially of", and “consisting of"
may be. replaced with either of the other two terms. Thus, the terms and expressions which
have been employed are used és terms of description and not of limitation, equivalents of the
features shown and described, or portions thereof, are not excluded, and it is recognized that
various modifications are possible within the scope of the invention. Embodiments of the

invention are set forth in the following claims.

99



WO 2011/041785 PCT/US2010/051341

Claims

1. A method for monitoring the response of a subject being treated with a CK2 inhibitor,
said method comprising;:

(a) determining the level of a biomarker in a biological sample derived from the
subject at a time point during or after administration of the CK2 inhibitor, wherein the
biomarker is selected from the level of phosphorylatedA Akt S129, the ratio of phosphorylated
Akt S 129 to total Akt, the level of phosphorylated Akt S473, the ratio of phosphorylated Akt
S 473 to total Akt, the level of phosphorylated p21 T145, the ratio of phosphorylated p21
T145 to total p21, the level of phosphorylated NF-xB S529, the ratio of phosphorylated NF-
kB S529 to total NF-xB, the level of phosphorylated STAT3 T705, the ratio of
phosphorylated STAT3 T705 to total STATS3, the level of phosphorylated JAK2 Y1007/1008,
and the ratio of phosphorylated JAK2 Y1007/1008 to total JAK2; and

(b) comparing the level of the biomarker in the biological sample with a reference
level of the biomarker;

wherein a decrease in the level of the biomarkér in the biologi;:al sample compared to
the reference level of the biomarker is indicative of a positive response to treatment with said

CK2 inhibitor.

2. The method of claim 1, wherein the reference level of the biomarker is selected from
the group consisting of 1) the level of said biomarker from the subject prior to administration
of the CK2 inhibitor; (2) the level of said biomarker from a reference population; (3) a pre-
assigned level for said biomarker; and (4) the level of said biomarker from the subject at a

second time point prior to the first time point.

3. The method of any of claims 1 or 2, wherein said biological sample is selected from a

cell, a tissue, a tissue culture, a tumor, or a biological fluid derived from said subject.

4. The method of claim 3, wherein said biological fluid is selected from plasma, serum,
or PBMCs.
5. The method of claim 3, wherein said cell is a circulating tumor cell (CTC).
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6. The method of any of claims 1 or 2, wherein said subject suffers from a cancer or
malignancy.
7. The method of claim 6, wherein said cancer or malignancy is selected from breast

cancer, inflammatory breast cancer (IBC), pancreatic cancer, prostate cancer, lung cancer,

colon cancer, melanoma, and multiple myeloma.

8. The method of any of claims 1 or 2, wherein said subject suffers from a CK-2

mediated autoimmune, inflammatory, or infectious disorder.
9. The method of any of claims 1 or 2, wherein said CK2 inhibitor is CX-4945.

10. A method for monitoring the response of a subject being treated with a CK2 inhibitor,
said method comprising;:

(a) determining the level of mRNA and/or protein expression of a biomarker in a
biological samplé derived from the subject at a time point during or after administration of
the CK2 inhibitor, wherein the biomarker is selected from IL-6, IL-8, CK2a, CK2a', CK2p,
VEGF, and HIF-1q; and

(b) comparing the level of the biomarker in the biological sample with a reference
level of the biomarker; '

wherein.a decreaée in the level of the biomarker in the biological sample compared to
the reference level of the biomarker is indicative of a positive response to treatment with said

CK2 inhibitor.

11. The method of claim 10, wherein the reference level of the biomarker is selec‘ted from
the group consisting of 1) the level of said biomarker from the subject prior to administration
of the CK2 inhibitor; (2) the level of said biom.arker from a reference population; (3) a pre-
assigned level for said biomarker; and (4) the level of said biomarker from the subject at a

second time point prior to the first time point.

12. The method of any of claims 10 or 11, wherein said biological sample is selected from

a cell, a tissue, a tissue culture, a tumor, or a biological fluid derived from said subject.
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13. The method of claim 12, wherein said biological fluid is selected from plasma, serum,
or PBMCs.

14. The method of claim 12, wherein said cell is a circulating tumor cell (CTC).

15.  The method of any of claims 10 or 11, wherein said subject suffers from a cancer or
malignancy.

16. The method of claim 15, wherein said cancer or malignancy is selected from breast

cancer, inflammatory breast cancer (IBC), pancreatic cancer, prostate cancer, lung cancer,

colon cancer, melanoma, and multiple myeloma.

17. The method of any of claims 10 or 11, wherein said subject suffers from a CK-2
mediated autoimmune, inflammatory, or infectious disorder.
)

18. The method of any of claims 10 or 11, wherein said CK2 inhibitor is CX-4945.

19. A method for predicting the clinical response of a CK2-mediated disease to treatment
with a CK2 inhibitor in a subject, said method comprising determining the level of one or
more biomarkers in a biological sample derived from the subject, wherein an elevated level
of said one or more biomarkers relative to'a control biological sample is indicative of
sensitivity of the CK2-mediated disease to treatment with said CK2 inhibitor, and wherein
said biomarker is selected from the level of phosphorylated Akt S129, the ratio of
phosphorylated Akt S 129 to total Akt, the level of phosbhorylated Akt 8473, the ratio of
phosphorylated Akt S 473 to total Akt, lthe level of phosphorylated p21 T145, the ratio of
phosphorylated p21 T145 to total p21, the level of phosphorylated NF-kB S529, the ratio of
phosphérylated NF-xB 5529 to total NF-«xB, the level of phosphorylated STAT3 T705, the
ratio of phosphorylated STAT3 T705 to total STATS3, the level of phosphorylated JAK2
Y1007/1008, the ratio of phosphorylated JAK2 Y1007/1008 to total JAK2, the expression
level of IL-6, the expression level of IL-8, the expression level of CK2a, the expression level
of CK2a!', the expression.level of CK2p, the expression level of VEGF, and the expression
level of HIF-1a.
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.

20.  The method of claim 19, wherein said biological sample is selected from a cell, a

tissue, a tissue culture, a tumor, or a biological fluid derived from said subject.

21. The method of claim 20, wherein said biological fluid is selected from plasma, serum,
or PBMCs.

22.  The method of claim 20, wherein said cell is a circulating tumor cell (CTC).

23. The method of claim 19, wherein said subject suffers from a cancer or malignancy.
24, The method of claim 23, wherein said cancer or malignancy is selected from breast

cancer, inflammatory breast cancer (IBC), pancreatic cancer, prostate cancer, lung cancer,

colon cancer, melanoma, and multiple myeloma.

25. The method of claim 19, wherein said subject suffers from a CK-2 mediated

autoimmune, inflammatory, or infectious disorder.

26. The method of claim 19, wherein said CK2 inhibitor is CX-4945. ,
27. A method for predicting the clinical response of a car.lcer or malignancy to treatment
with a CK2 inhibitor in a subject, said method comprising:

(a) determining the level of CK2a' mRNA and/or protein expression in a biological
sample derived from the subject; and

(b) determining the level of p-Akt S129 and/or the ratio of p-Akt S129 to total Akt in
a biological sample derived from the subject;

wherein a positive correlation between the level of CK2a' mRNA and/or protein
expression and the level of p-Akt S129 and/or ratio of p-Akt S129 to total Akt is indicative of

sensitivity of the cancer or malignancy to treatment with said' CK2 inhibitor.

28. The method of claim 27, wherein said biological sample is selected from a cell, a

tissue, a tissue culture, a tumor, or a biological fluid derived from said subject.

29. The method of claim 28, wherein said biological fluid is selected from plasma, serum,

or PBMCs.
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30. The method of claim 27, said cancer or malignancy is breast cancer, inflammatory

breast cancer (IBC), or multiple myeloma.

31. The method of claim 27, wherein said CK2 inhibitor is CX-4945.
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