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normal regulatory mechanisms that govern cell growth and proliferation are

subverted. However, in some instances, such proliferation control and apoptotic
mechanisms breakdown, allowing the cell to proliferate unchecked, potentially .
leading to a proliferative disorder or disease within an organism. Such proliferative
disorders include cancer and other hypercellular lesions such as psoriasis, warts and

Jeeloids.

[0004] Mutations and deregulation of the cellular protein p53 is often implicated
in various cellular proliferative disorders, including many cancers. In a normal,
healthy cell, the p53 pathway may be activated by a diverse range of noxious stimuli,
resulting in either cell cycle arrest or apoptosis. The process requires an accumulation
of p53 protein, which then mediates its physiological effects by transcriptional
activation of target genes (Burns, T. F. and El-Deiry, W. S., J Cell Physiol, 181: 231-
239, 1999; Gottlieb, T. M. and Oren, M., Semin Cancer Biol, 8: 359-368, 1998;
Levine, A. J., Cell, 88: 323-331, 1997; Vousden, K. H. and Lu, X., Nat Rev Cancer,
2: 594-604, 2002). Cwrrent evidence suggests that cells undergo cell cycle arrest



et al. Cell, 82: 675-684, 1995; Chan, T. A, et al. Genes Dev, 14:
1584- 1588, 2000; Brugarolas, J., et al. Nature, 377: 552-557, 1995;
el-Deiry, W S., et al. Cell, 75: 817- 825, 1993; Bates, S., et al.
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control of p53-induced cell fate, therapeutic outcomes have yet to arise from these

observations.

[0006] Recent studies have indicated that p53 can directly induce apoptosis at the
mitochondria. p53 has been shown fo directly activate pro-apoptotic Bel-2 family
member Bax or Bak (Secane, J., et al. Nature, 419: 729-734, 2002; Chipuk, J. E., et
al. Science, 303: 1010-1014, 2004; Mihara, M., et al. Mol Cell, 11: 577-590, 2003)
and forms inhibitory complexes with anti-apoptotic bcl-Xy, and Bel2 proteins (Mihara,
M., et al. Mol Cell, 11: 577-590, 2003). These interactions eventually result in
mitochondria permeabilization and cytochrome ¢ release. This alternative p53 death
pathway correlates with an early phase of apoptosis, which occurs independently of
P33 transcriptional activity (Erster, S., et al. Mol Cell Biol, 24: 6728-6741, 2004), and



p53 transcriptional activity (Erster, S., et al. Ml Cell Biol, 24:
6728-6741, 2004), and 2 can be nodul ated by direct pharnmacol ogi cal
activation of p53 (Erster, S., et al. Mol Cell Biol, 24: 6728-6741,
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cells, to respond efficiently to chemotherapy.

[0008] Thus, in one aspect there is provided a method of treating a cellular -
proliferative disorder, comprising administering to a subject in need thereof and
currently undergoing chemotherapy a therapeutically effective amount of an agent

that modulates glycogen synthase kinase-3p (GSK-3p) activity.

[0009] In another aspect there is provided a method of treating a cellular
proliferative disorder, comprising administering to a subject in need thereof a
therapeutically effective amount of an agent that modulates GSK-3pB activity in

combination with a chemotherapeutic agent.

[0010] In a further aspect, there is provided a method of inducing cell death in a
cell currently undergoing chemotherapy comprising modulating glycogen synthase

kinase-3p activity in a cell.



[0010] In a further aspect, there is provided a nethod of inducing
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combination with a chemotherapeutic agent, including in the manufacture of a

medicament, for inducing cell death in a cell.

[0016]  In another aspect there is provided a method of identifying a compound
useful for treating a cellular proliferation disorder, comprising contacting glycogen
synthase kinase-3f with a test compound; and determining whether activity of said

glycogen synthase kinase-3p is modulated in the presence of the test compound.

[0017]  In yet another aspect there is also provided a compound identified by the

above method.

[0018]  Other aspects and features of the present invention will become apparent
to those of ordinary skill in the art upon review of the following description of

specific embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]  In the figures, which illustrate, by way of example only, embodiments of



BRI EF DESCRI PTI ON OF THE DRAW NGS [0019] In the figures, which
illustrate, by way of exanple only, enbodinents of 4 the present

i nvention, [0020] Figure 1A depicts flow cytonetry profiles show ng
cell cycle distribution of HCT116 and HCT116 p53 -a- cells treated
Wi th LY211930 pfsedinveAlBR,(1 M or both for 24 h. Apoptotic (sub-d)
fractions as indicated; [0021] Figure 1B is graphs show ng the
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Adri anycin ogogsPPofigife 2% Eﬁ%@wc%gféﬁgp}@ﬁé%@%gﬂig‘g%giﬁ‘*f%egsjs in
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Figure 5 depiigirs ldgswd sedpdrfoe agive HBlidch§raseB| Petw@niagesydieplls-pokitive for

concentratiq i I ce or absence of LY2119301. Apoptotic
fractions d% ‘éergﬁﬁg%gesg%bagéﬁﬁlg\%eg’ytonetry; [ 0026] Figure 6 depicts
analysis for p53 levels in HCT116 cells expressing p53 shRNA or

control vect[8023s | Kigicad depiqis Bow cpametry profitdishavmg celebyde digtiBution of

treated wit Y211 DR r. 5: FU (10 for.24 h and were
subj ect ed tgH (Eholv%i/ m%ﬁéﬁgﬁj a'ﬁ&%&#s%??edﬁggte&?f’ﬁg%&og@ )i 1"?1313*98351;1@
as i ndi cat edCPTOORAMFfgas &, «zitdepmaltfﬂm1%momgbﬁwﬁda(rs@ﬁ@ge@aca&ns%sCO
and RKO E6 ce(%il?%?détreat ed as in Figure A Apoptotic (sub-d)

fractions as” ated; [0028] Figure 8 depicts chem cal structures
of three GSIC-3 inhibitors: LY2119301, SB-216763 and SB-415286;

i0024]  Figure 4 depicts flow cytometry profiles showing cell cycle distribution of
RKO cells treated with Adriamycin or etoposide, with or without L'Y2119301, or with
LY2119301 alone. Apoptotic (subG1) fractions as indicated;

[0025] TFigure 5 depicts dose-response of HCT116 cells to varying S5-FU
concentrations, in the presence or absence of LY2119301. Apoptotic fractions

determined by flow cytometry;

[0026] Figure 6 depicts analysis for p53 levels in HCT116 cells expressing p53
shRNA or control vector as indicated (left panel). Indicated cells were treated with
LY2119301 and ADR (1uM) or 5-FU (100puM) for 24 h and were subjected to Flow
cytometry analysis. Apoptotic (sub-G1) fractions as indicated;

[0027]  Figure 7 depicts flow cytometry profiles of RKO and RKO/E6 cells
ireated as in Figure 1A. Apoptotic (sub-G1) fractions as indicated;

[0028] VFigure 8 depicts chemical structures of three GSK-3 inhibitors:
LY2119301, SB-216763 and SB-415286;

[0029]  Figure 9 depicts flow cytometry profiles of HCT116 cells treated with



[0029] Figure 9 depicts flow cytonetry profiles of HCTI 16 cells
treated with 5 lithiumand DNA danage as before. Apoptotic (sub-Qd)
fractions as indicated; [0030] Figure 10 depicts flow cytonetry
profiles showing cell cycle distribution of HCT116 cells treated

Wi th ADR andiiibBm2#RiI08AmekEe A1eRR6. ABRME ¢lublG () FHbtiosla) iddicagddl ons as
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phosphor-tyr216/ 279- GSK3a/ B and total GSK-3a/B in HCT116 cel

treated wit hGL) frackprans indicetern301, SB- 216763 or SB- 415286; [0033]
Figure 13 depicts HCT116 cells were transfected with GSK-3(3 or GSK-

3a specific t C i f
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i mrunobl ot anal phospho- ser 9/ 21- GSK3a/ B,
phosphor -t yr% I“@%?‘?MK%/B and total GSK-3a/Bin cells treated with

LY2119301, SB-216763 or SB-415286, with or without ADR in nucl ear
and cyt opl asi082f r aBiguend2 debﬁ%ﬁﬂlmigic@awt&ni@si@emi' q,hsSphmuﬂl ﬁmt@sma/s
anal ysis for p53, p2 a i.n_HCT. trea
oen aDR ( odBBrpaiar e PG Bl dpiah B aa i HET B et fr g
panel ), in tihguRY EYRNBB00ISEDEERS r 9B-41Y2619301 for the |nd| cated
times and doses. (3- Actin is shown as a | oadi ng control; [0036]

Fi 16 d bl t f 53, B
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cells; treated with the indicated drugs, or wifhout lithium
(left paneldM ciapgside &gt 2. hevdh Abﬁsmq/%énérf’éé?émlem@ge wetel gRdyEed by
SB- 216673 Orlmgﬁmoé‘lﬁ;ﬁ’% 6 (right panel); [0038] Figure 18 depicts

m croarray anal ysis sfiowi ng p53-responsive genes in

[0034] Figure 14 depicts immunoblot analysis for phospho-ser9/21-GSK3a/B,
phosphor-ty1216/279-GSK30/B and total GSK-30/B in cells treated with LY2119301,
S5B-216763 or SB-415286, with or without ADR in nuclear and cytoplasmic fractions;

[0035] Figure 15 depicts immunoblot analysis for p53, p21, puma, Bax and
PARP in HCT116 cells treated with ADR (upper panel), etoposide (middle panel), 5-
FU (bottom panel), in the presence or absence of LY2119301 for the indicated times
and doses. - Actin is shown as a loading control;

[0036] Figure 16 depicts immunoblot analysis for p53, p21, puma, Bax and
PARP in RKO cells treated as in Figure 15;

[0037] TFigure 17 depicts immunoblot analysis for p53, p21, puma, Bax and
PARP in HCT116 cells; treated with the indicated drugs, with or without lithium (Jef?
panel); and treated with ADR in the presence of LY119301, SB-216673 or SB-
415286 (right panel);

[0038] Figure 18 depicts microarray analysis showing p53-responsive genes in



6 HCT116 treated with ADR alone or with ADR and LY2119301. C uster
and Tree Viewer were used to cluster 12 sel ected genes that have
been previously identified as p53 targets in HM 16 cells; [0039]
Figure 19 depicts p53-inducible DLDL cells were cultured in nedium
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p53, p21 ancbﬁ@,ﬁgéts[lp@é@hfﬁegyre 20 depicts HCT116 cells infected
with Ad-p53 or Ad-lacZ as 1ndicated were subjected to LY2119301 or

DMSO treatnment for 24 h. Cells were subjected to flow cytonetry
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i ndi cated drugs for_24 h (upper_panel). Western blots of cytosolic
cell fract ipgﬂéndsﬁ%%?ﬁ’(jg@’ﬂ%hﬂﬁ?réoaémgé%‘é@é and the proteol ysis of
caspase-9 in HCTI 16 co-treated with LY2119301 and ADR or et oposide

(1 over panelpe441004tituifel MUARicESHI6ke RYGietr) BroMss @bwklpdel ybleWishihBax
activation in DLD1 cells wth p53 1nduction (left panel) and HCT116
cell's with Pb3Chdp Baxpgreslls #@fﬁe‘? With DR gg lopysidegindhe prseangg) onplispace of

LY2119301; [L@&‘ﬁ@soﬁif&;ﬁﬁh.%noﬂﬁa%@ﬁ%—dl‘)%cﬁéﬁs%ﬁ%d‘ic)éte@! ofile show ng

JC-1 staining as an
[0042]  Figure 22 depicts flow cytometry profile of HCT116 Puma - cells as in
Figure 21;

[0043] Figure 23 depicts immunoblot analysis for p53, p21 and PARP in
HCT116 Bax --cells, treated as indicated;

[0044] Figure 24 depicts immunoblot analysis for p53, p21 and PARP in
HCT116 Puma - cells, treated as indicated;

[0045] Figure 25 depicts western blots showing Bax activation in HCT116 cells
freated with indicated drugs for 24 h (upper panel). Western blots of cytosolic cell
fractions showing Cytochrome c¢ release and the proteolysis of caspase-9 in HCT116
co-treated with L'Y2119301 and ADR or etoposide (lower panel);

[0046] Figure 26 depicts IP-Western blots showing Bax activation in DLD1 cells
with p53 induction (Jeft panel) and HCT116 cells with p53 over-expression (right
panel), and treated with LY2119301;

[0047] TFigure 27 depicts flow cytometry profile showing JC-1 staining as an



i ndi cator of mtochondrial nenbrane potential in HCT116 and HCT116
Bax a- cells. Percentage of cells with "Pmloss is indicated; and
[0048] Figure 28 depicts tine-course analysis of p53 accunulation in
the cytosol and mitochondria follow ng etoposide and 5-FU treatnents
( urz)per938an$I )il?diq‘aﬁcﬁ of ardtnulmﬂdgi’ali 0embrand ﬁtﬁem?ae &egcjeam zil_r@bﬁle"ﬂ Pﬁﬁf B£x5-§ cells(.j
LY211 1 follow.n 0pO0S] r eat.ngnt or . Levels of p53 an
nitochondriabﬁﬁg%@%”%%Q&V”W%ﬁéLﬁ%FéP gebapd Western blot anal ysis.
DETAI LED DESCRI PTI ON (0049] The present nethods described herein
relate to no@a048]i orFigire 28elepiets itivict doursefandPplfs S0p3300cBERNBES: inlRIUE&0PT
enhance an apo tqtig?response ina proliferating cell, including a

cel | that is®fnddfy I}ﬁi&acf?élﬁﬂf%e‘?tﬁms@ﬁ apch oYKl Weptmente drpiten ananelh p53
Wi th a chemphanARedh hﬂh@?ﬁ:@éme Bp&égléxe%‘ﬁﬁgfﬁﬁ0§¥ﬁfowege§(t?%&i£% tment

(GSK-3) is a constitutively expressed serine- tyrosin ase

has two i sof &g i hewlrofind$ andmdtostwnilna miaxked Coxi Vwere dsersingh by Wegtern
pat hways (CDBBF ag,ﬁand Frane, S., Nat Rev Mol Cell Biol, 2: 769-776,
2001). Initra ?§ d€scribed as a key enzyme involved in glycogen

met abolism GSK-3 (3 is now known to regulate a diverse array of

cell functi ODETMLﬁDm?imml ude a pro- apoptotic role in

neurons and ot her tissues asit, P., et al., JBiol Chem 278:

48872- 48879, ; o . i, 20: 67-2574, .. .
2000 81 ur QT iy G PGt Moo oBlapbea bR a8l cp S0nGRE 566 servity
[0051] The wf GEK-3feichwdsory edbesedeninntshan fpopditicgssidascin Heeblifkengion

that phar | gai m ation of GSK-3(3.markedly inpairs . .
p53- dependrerﬁtfpeﬂ’ ?Ir%gl(ﬁgléc% F‘\g‘/jlg%q%l %qﬁkgg%%bggqoﬂﬂa@ai %ﬁ‘ﬂ%ﬁ%ﬁa cpREAtiaE,
pronot es p53willep endenlierapeond syeAmt i onal activati on of Bax, resulting
in cytochrone c release, loss of mtochondrial nenbrane potenti al

and caspase- cessing. These observations. indicate that .

p53- nedi at ed[% ggéﬁgeafygggegﬁggﬁéﬁff%y J%E') 568 af‘:toBf’ﬁtEté‘lebf epEgseedaseripgst

to apopt ositgrosia ikinagilvRich Yad @b liibg (@Wg}g?ﬁd %Q?\ﬁ)h)é@rd% ]?fvlé?@%ignaling
a is effect appears

chenot her apeut.i c agents. |t s di scovere )

to be associ bé’f?yw%{%ﬂﬁet“hg ﬁﬁaﬁ%ﬁl?soﬁﬁ O Renrehi €6 \Piale2i 169976, 2001).
phosphor yl atfhgRip HesEHed3R aldl eRSimcthidlyddf oRkbidahidh it 88KDE: ;
phosphoryl at i on.pl? was f&rtkgr fgund T hat gf}%éé%ﬁ%ﬁ%h%ﬁé, %?t{a olf’) 0%i s
appears to d@ewR to regulate a diverse array of cell functions, which finctions include a pro-

apoptotic role in neurons and other tissues { Watcharasit, P., et al., J Biol Chem, 278:
48872-48879, 2003; Hetman, M., et al., J Neurosci, 20: 2567-2574, 2000; Bijur, G.
N., etal., J Biol Chem, 275: 7583-7590, 2000).

[0051] The within methods are based on the findings described herein that
pharmacological modulation of GSK-38 markedly impairs p53-dependent
fransactivation of targets including p21 and Puma, but promotes p53-dependent
conformational activation of Bax, resulting in cytochrome c¢ releass, loss of
mitochondrial membrane potential and caspase-9 processing. These observations
indicate that p53-mediated damage response can be converted-from cell cycle arrest to
apoptosis, particularly following exposure to a variety of chemotherapeutic agents. It
was discovered that this effect appears to be associated with the modulation of
inhibitory serine 9 phosphorylation of GSK-3B but not with the activating tyrosine
phosphorylation. It was further found that the induction of apoptosis appears to occur
through a direct mitochondrial pathway that requires Bax but not Puma.



through a direct mtochondrial pathway that requires Bax but not
Puma. 8 [0052] In the findings described herein, GSK-30 is observed
to participate in regulating p53 activity in both the nucleus and
mtochondria. In contrast to other studies which denonstrate a

pro- apopt ot i (0052 e flonhdCHKdidés3 deschibedrh@siaNGSREhadshaiwd tbasatige ihe
observati on tha[é Jphar macol ogi cal. nodul ati on of GSK-3(3 dranatically
‘Ig.

pronot es p537et %%@S%ﬁﬁﬁfl’é'slps}joﬂhtbﬁrﬁc eppeid mHtpchandria. Jp geptgst fryother
chenot her apy gy ik Gt BYEMAEES }[Jl%gépblgtoﬁé’%e for @ﬁt—gpe&{[ﬂ #es&fz%@%ods are
h “c ment of p

cells. Apoptosis occurs even w ncurrent inpalt
transcri pti oh#kd aotthy bbsgrvationd thap peanscdlogited methliative df GIK-6p glrenditicaltyt

m t ochondri al_ p53 act. vi.t whi ch appeal.s to require Bax but ngt
Pumm. W t hoBPERs 8> S  onols R peoliraiie: b pdergie phemeitseny
expressed celnchiday dahsrrsells Sook-a3(cdloddbngd ahscet Qelkavapehiadis Bethrsddveh ivigd
roles in regul ati nrgdngS, pat hways: pronoting transcriptional activity

of p53 in thEPDIHEFE JEPHHCTE b Fioé SEAs IR RE cactigibh (g 1aPecaE tq bp pyediatgd
p53 at the ”&E&%ﬁ@!ﬂ%ﬂnﬁtocﬁ&ﬁ?ﬂ(&ﬁ%&%ﬁ(ﬁgtﬁ %ioﬂ%ﬁﬁ%@toﬁ%@%x e @ Buind.

nodul ation of the activit in uncontrol proliferating

0
cel I s under gwiﬁguwmng@mﬂy pedishlanthdotyacirshturiedy Expgessethegiinbnisinagn,
i nducti on or t@qﬂ [ i ells,..
al | owi ng forGtg irae tr%g%%p{gfh ?%? %‘FE?P gtftgﬁn\%ﬂo%igélgr ge?@% %%é%g]%%%gé%mmg
enbodi nent, thscrptiopalmetvitydeih58 imtichoalen$ biinohppriessingcditdet aieatdiic activity
conpri sing np at .ng .gl ycagen synt hase ki nase-3(3 activity in a
cel|. [0055] 0%%@&)%‘8%“@%@%&% ki nase-3(3 ("GSK-3(3") as used herein
refers to the (3 isoformof glycogen synthase kinase-3, which plays
a role in cej0o8shr Tpapthetpresent RaheizTelartd éthlaide s TRMFAiAG GSK-3p
GSK-3(3, includin O\Hu n,GSK-3(3. The term i ncludes_honol 01%5,
fragments, JRrPoAy Pighiferating Seifssmgrreeisg chemotherary- pih axdulafen results
apopt oti C r egUbrd#Bfidn, aalickibh Yor AnhiaekmakiSor WRI SRpREL INifodseCRNSRE cells,
modul ated so as to induce an apoptotic response in aproliferating
cel | . [ 0056]allaviing fppiredtaentioferoliégitendisosierpol ypept i de sequence is a
"honol og" of, or is "honologous" to another sequence if the two

sequences hapesapbsiraftd ahbd@8 hbre RYSbvided RSHEHOEEr HRUERD hc%ﬂda_eadﬂe

functional activity of the sequences is conserved (as used herein,
the term "howplpogogstodiletag ghycogenminthasy binase-3fhartiyity ol ateldness) . Two

[0055]  Glycogen synthase kinase-3f (“GSK-3B”) as used herein refers to the B .
isoform of glycogen synthase kinase-3, which plays a role in cellular apoptotic
response and includes mammalian GSK-3f, including human GSK-38. The term
includes homologs, fragments, derivatives or variants of GSK-3f that possess the
apoptotic regulatory activity of GSK-3p, which activity can be modulated so as to

induce an apoptotic response in a proliferating cell.

[0056] A polynucleotide sequence or polypeptide sequence is a “homolog” of, or
is “homologous” to another sequence if the two sequences have substantial identity
over a specified region and the functional abtivity of the sequences is conserved (as
used herein, the term “homologous” does not imply evolutionary relatedness). Two
polynucleotide sequences or polypeptide sequences are considered to have substantial
identify if, when optimally aligned (with gaps permitted), they share at least

approximately 50% sequence identity, or if the sequences share defined functional



pol ynucl eoti de sequences or pol ypeptide sequences are considered to
have substantial identity if, when optimally aligned (with gaps
permtted), they share at |east approximately 50% sequence identity,
or if the sequences share defined functional 9 notifs. In
alternative @ﬁ%dﬁﬂrﬁﬁﬁm@tjvmﬁommys, aﬁtixmibrchlxgmmﬂeqm&srmay Beconsidered to

t. i denti ve substantl aI
Coont oy (PR Al o BE LSabl vt BB Sos 6Bk,
96% 97% 98M%, 9%, RIS, T09E 19586, JBOR; | K708 $8YT, BBV Rend) ovem%b@chféa
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|
p0ss! by | eoSEDmaAD BB R et CH SSRRIOEBS) SApSATere e Cyeh 404 Moty
pol ypepti de anarpops%ymésgIt@agtép%xﬁﬁat&?%s%n!@%t "/Oi’ﬁﬁut?aﬁﬁﬁ%g{o eyf)g]%ude

regi on of honology. The terns dent
sequence si rAfIPabinGlegfideyaehe mmﬂtweplmdespmﬁetdvmglopcmlfymmologpt iThe terms

I I I« b a e each posj.tion . .in
the ali gned comiend “feghtaf P hette FOMBR B SR ooy o tvo
sequences | sJoafnuﬂmtuielmiemﬂest Hiéenntymﬁrbeafetendﬁeﬂ bﬁabmpinﬂﬁvéa&bpékﬂ:w‘ﬁ%no

ds at po ns shared by nces, .i.e. over specified
?glgl gna OBt ﬁirlra fighe Ol s esofAsEEéfﬁ Bgéd%%‘?f be&%??&a%@él@r@l%ﬁ@%@!@ﬁ% i ¢

may be conduictign Uﬁlhﬂ GudbdedTidintcQ bor &Jaﬁ:&ﬁ:?taﬁﬁ% ackfs ARp &I Whred By fhBE
art, including the C ustal W pro am avai [abl e at

httn:// cl ust&PEensite OHef A. SPepifed | egian h&?g@ﬁ@byﬁh@?mfl @flﬁﬁ@fcnﬁmnﬁogm

d Wwat
al'gor i thm of @%’3’%2%@%“?&@”%%2?@%%%““?@8 Risieh G ARTRRG% BL\ARTE
search for éIF Fhelaats incjuding the & lustal Weprogtom, avmﬂaléleptrhma /1988 w. FBnome. F@m | .
Acad. Sci. ed | S
these algorit hms ?suc%y %B%EH]&B%%‘%#@% @ﬂb Wf’{’ﬁ 482,
W sconsi n GérechdnydoSoilignareat algatugmgﬁ N@Mm@mldgwﬁﬁughg[eg[g g]u_ﬁggé Bl’jgzl g
Madi eguence | dent.i a
the BLAST af*%g‘r‘?s (e Lo BOR S el BRfol ot e 414 Lipgg, 1955, Fogs, Moo
215: 403- 10 Hosd. Sgy. ThSe subids hﬁdﬂﬁ&{o@iﬁuien?ﬁiﬁﬂﬁlﬂﬁﬁ%nﬁaé@%i %17\%&% &t rithms

f i BLAST vai | abl e rou

Por | Bi ot echfOrba, OArmPESHE: B4 ArGUHAS e 2 B oV ieansia Cenetos Software
http://ww. Bﬁﬂthgeﬂ IGBn iR - @Muler ASup3R8hIRE! §INU.S. Agncogﬁ%ggﬁcﬁaﬁ{f%ﬂ?y

aci d se uence |ncludes any pol ypeptide which’i
or in pgrt alpg be, deierapasdausiis the B r‘?é@ﬂﬂﬁndﬁsmmﬂdt%ﬁe@uaet @519BCJ.

bel ow cri t ipalp;arelisiag-foqEReE ﬁfe%ﬁhs(hgghefaﬁlpse@tﬂygs)ooéé 20 RE p%fcpryn%gel ¢
acid sequence encodi n
BLAST analysis is available through the National Center for Biotechnology

Information (through the internet at http://www.nchinlmnih.gov/). As used herein,

“homologous amino acid sequence” includes any polypeptide which is encoded, in
whole or in part, by a nucleic acid sequence which hybridizes at 25-35°C below
critical melting temperature (Tm), to any portion of a nucleic acid sequence encoding

mammalian GSK-3p, including human GSK-3p.

[0057] A variant or derivative of GSK-3p refers to a GSK-3B protein or a
fragment thereof, which retains the apoptotic regulatory activity of GSK-3B , or a
GSK-3( that has been mutated at one or more amino acids, including point, insertion
or deletion mutations, but still retains the apoptotic regulatory activity of GSK-3 B. A
variant or derivative therefore includes deletions, including truncations and fragments;

insertions and additions, for exarple conservative substitutions, site-directed mutants
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manmal i an GSK- 3(3, including human GSK-3(3. [0057] A variant or
derivative of GSK-3(3 refers to a GSK-3(3 protein or a fragnent
thereof, which retains the apoptotic regulatory activity of GSK-3(3 ,
or a GSK—3(3 that has been nmutated at one or nore am no acids,

i ncl udi ng pandtalleliceiabispind Modidiedihs, diclidib@pemoids hindhg st bt most BdoRS
t he apoptotic regul atory activit

of K- 30. variant or derivative
theref ore i METRRIEY! GEUEE (BhsSugph di Pﬁ% W@Jﬂ&@&lmé toy %égwétws-

insertions apdgagiit 'n%l%ﬁcaﬁ@ﬁs exmls@d GRRREr Hat feMf ‘%Q&Héduﬁm%s acid
site-directed nutants 10 and allelic variants; and nodifications,

i ncl udi ng pepbssitionyaer * wgnS@ﬁ@hm sbsiitatiensi refarsi th dheagiptitgtion phorecpnying

sugar, lipid,..: j . he ﬁﬂgi 0
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am no aci d wvathost istibetaneinis Toser of' dlonseevat | fnectimbst int utakmgs %uche blmged, 0

th bstitut) f f h t |
1 the pept PURTOYES BT dHE LEBe Rl Frsufies 20 8 Tt bt Hat of el

subst anti al sirﬁlﬁa%t;ﬂf)f §ibechaal Qib@mleﬁty T6# b@ipld, thaiBkidd) Shae, hyapngasity,
substitutions of like am no acid resi dues can be made on the basis of

relative s |hbfﬂ4°a]|“i1§1§é’ @md e dike.cand; sHols ebsiintions ey, beasayed Aprgher ciferepr
Si ze, charg%emg{o ﬁ%b rBMtﬂ:{? icity, and the like, and such
e as %/ fyor therr i

substitutions nmay ffect on the function of the
pepti de by routine testing. [0058] The "apoptotic regul atory
activity" ofl0838Joptidei capanﬁotlvmegmlaf@ry @SRUtY3 301 eppap¥ticoadtivily aif] 8- of

GSK-3l 1o | %g%%g@tm%é ity F| e r%eé‘[??o Is &%t}f‘B %&ﬁ%ﬁl&nthtgﬁpgﬁ‘r’@%ﬁmm

including t transcri Act IVation Ct eus
and the di peihtvagd, imhtdmgfth@ﬁss tran:iumﬂﬂbnalmptmmnqaat}nmyhmthmimlolahmmﬁlrtha.

The apoptoti,c regul ator Vi t ected at le in
part by’ | nhi R EsRes it thraiyde i cRoedioc HEERoRaRt esed

increased phasRRArAISK-BOR afect%aramelaﬂ i AR By Qﬁﬁn%ﬁsérﬁl%tﬂlb@homt@ﬂ of

i ncreased apo t| c response of the direct mtochondrial

apoptotic pélt Form"@m@boplcmaﬁqﬁ pl@gmhoaﬂ@’fmp ﬁc&erﬁlintlgzm@am &i@ﬂz@%lﬁ;my

al so includ f GSK- 30
transcripti gnngn %ﬁg%ﬁj %’éuccl W 0T Of |°gﬁr£?t8$h°c%§%flap§ %tg@ca%athv{(ag
initiate celthe d@ﬁidhc&égtﬂﬂ@@'ta@ﬁtz@ ODGSKCBBaﬁii}aﬂ&ﬁ]ﬂchﬁeﬂiﬂ abiility o®IGSK-3p
tendency of a cell to undergo cell death or apoptosis, or to enhance
the sensiti WETQmB?@3@@ﬁIYat@gI@%WF§nt hat may trigger cell death or
apoptosi s, and

[0059] Inducing or induction of cell death means to initiate cell death or apoptosis

or to enhance the ability or tendency of a cell to undergo cell death or apoptosis, or to
enhance the sensitivity of a cell to events that may trigger cell death or apoptosis, and
as used herein refers to such inducing as a result, directly or indirectly, of modulation
of GSK-3f activity. Cell death or apoptosis can be measured using standard
apoptosis assays or by detecting known apoptotic markers, for example, cytochrome ¢
release, loss of mitochondrial membrane potential, caspase3 activation, caspase-9
processing, PARP cleavage or increased sub-G1 population in a cell culture or cell
population, as will be understood in the art. Inducing cell death may be performed in

Vitro or in vivo.

[0060] When refetring to a cell in which cell death is to be induced, or a cell that

is a proliferating cell, including a cell that is involved in a proliferative disorder, the
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as used herein refers to such inducing as a result, directly or
indirectly, of nodulation of GSIC3(3 activity. Cell death or
apopt osi s can be neasured using standard apoptosis assays or by
detecting known apoptotic markers, for exanple, cytochrone c

rel ease, | OS‘.Srrfo‘celIl"&‘ﬁEﬂ@Qﬂdrsh@le é&lﬁbrpﬁﬂﬂlt?@f@éllsl é¥la pdpaRASS 88 cells, unless
PARP cl eavage or i ncreased sub- Gl

activation, caspase essin
popul ati on |9§1135V85%I1P‘%83} (L?}Plémor Tg@qell BEHWE Ay osell s Wikich| prplaferation or
under st ood 'd"v1§13§ I@Hésue& RS BE iidghieR! br ﬁﬁe@f:uﬁl By d\?ﬁ ﬁﬁi;csgjlé gb% ?lhdu%& ro

or in vivo. [0060] Wen referring to a c ea Is’to
be i nduced, 1mluchng:@p¢11 thabhas lpg ﬂa: abilisy itd en@ugmgﬂldefble arnesta:lrumptgsm Thel |
that is inv i ratiyve disorde r

refers to a%5| ngyelgl%cglcéa %{a&% uré :&tmay ce Is g}napﬁoﬁhl é{n%ﬁqgéferem
cells, unl eg:sohfemhm v & eell rethire af @ phfcessl cﬁ“DN'h&e;ﬁi&laimﬂ;r@yovhﬁ a8 Wiiviedi,

in which prolif ion or division.is desired tqQ be inhibifed, in
whi ch cel | J@¢ e? 988 eEgse 19 thitotal e ﬁOfCF]?fc ﬁ’&lcﬁ%nﬁlyé’@lqe“‘(?ﬁiaﬁmﬂas

lost the abighy Bb’gaﬁ@m%ﬁﬁ%xﬂ&s&@l |GSK@|3%0&BT Shn Hﬂﬁﬂﬂla?%fu%odlmﬁt gl |
may be a cell in culture or it may b acei n a patient

used her ei njmangpadiapicelf, anqlmhngﬁmaumll &Ief@llsarabblthdl qzrrainm cofl. DNA
replication, growth and division, which leads to an increase in the

t ot al nunber cel I
that exprossor 1 G BBy SEb LB el Gl T A ORI
manmal i an céat the gell ushqugelalyrrbusg tosgted, with reat:h&mltﬂlqram! regohéd, inelhdingr

h 1L, [ 006 | | tl
Cnder goi g CHEBERA K REShPREE Srilsf riientily % weupdiiaser pt irap

treated wt hctﬁ;ﬂ@h@ﬁﬁidb@ AP heHRAITTRA effbd G tieh dhﬁmo&'efﬂdﬂ( b@ﬂﬁféﬁﬁﬂs bngmh@
overl appi ng.with, or sequentially to the nodul ation
activity, pr\ﬂl‘Hé?ﬂ 1t pepcompantiye i theomognlptien. offbeshe Cﬁﬁ'@ﬁb’t h‘éﬁlﬁmﬂlg

treat ment | shQNARiAg” ﬁd?uée@@h&%tﬂer%ﬂﬁﬁ%@&?& %?éu me%&%&@%ka&wﬂét

Thus, "currently undergoing chenotherapy” es c erapy t
covers a gr dwttime parioddeswhich drei astivigf of G&ﬁ %SIS ta h@mbduteteqhe Chemothempy

whi ch the a Vit GSK+,3 sto be dul at

treat nents gr%%mg %% s é);%héaéatpe% ﬂt[ar%[% r|tt apﬁgreﬁﬁﬁer%gn&%
further deshereined herein. [0062] OeII death is induced in a cell by
nodul ati on of GSK-3(3 activity in such a cell. "Mdul ating"” or

“modul at | On[(fbfﬁé] t h%eﬁ%ggtﬁ ?s:[ iingucres %JL. %éi%}y m%ﬁ&liat\ﬁzf 3/f C?gK- act1‘$1ty in such a
cell. “Modulating” or “modulation of” the apoptotic regulatory activity of GSK-3p
refers to any mechanism of upregulating, deregulating, stimulating, activating,
increasing, disrupting, interrupting, reducing, limiting, blocking or preventing the
ability of GSK-3p to perform its biological fimction or activity, including regulating,
inducing, effecting or interacting with p53-dependent apoptotic pathways, thereby
resulting in induction of cell death. Modulation includes the effect of enhancing or
inducing p53-dependent apoptosis, or inhibiting or down-regulating p53-activated
transcription. Modulation includes physical alteration of GSK-3p, for example by
post-translational modification, loss or lack of necessary post-translational
medification, mutation of the amino acid sequence, including deletion, insertion and
substitution mutation, or protein digestion. Modulation also includes stabilizing,
inducing, antagonizing, inhibiting, or competing with, the interaction between GSK-
3P and apoptotic factors which are targets of GSK-3p, and which GSK-3p normally
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refers to any nechani sm of upregul ating, deregul ating, stinulating,

activating, increasing, disrupting, interrupting, reducing,
limting, blocking or preventing the ability of GSK-3(3 to perform
its biological function or activity, including regulating, inducing,

ef fecting Orinre%c?sr Ak 'tcf"gféé’& EQI ﬁ%ge]: ﬁggﬁ%@@;&ﬁ lﬁﬂfg%ﬁmf(beﬂﬁgﬁﬂag cl%jg%sb

thereby resulting In inductio a ation1nclu
the ef fect oftanslhkiamedimglifeation rchhaien gnipbisory qrhesyderniatmpp firosdampleg serine
i nhibiting or, down-requl atin 3-.activated .t ription. .. .
Vodul at 1 on | P TRIEE i iRt e s ARy sg 6! hellRsinpinision, o
post -transl addvﬁf—‘@?ulﬁﬁkﬁi b1l e AFHAR phosPRSyRFioh, F6Kex@inp RGEARS AN els of tyrosine

post -transl ati ona nodi fication, nmutation of the amno acid
sequence, i ridlosihongatinel exfi §BK-Bhser Modwlatord fusibbss tineluddso rphammtaaologioal
or protein dj jon. Mydul,ation al so includes stabilizing,.... .
“ndbici ng, - ant S fon YRR BRI R A b P daibition with
interaction daghmeer dE8ISk- Sorarenplpapimallintoléatd i@RisitwhirGhhraes dr?éﬂﬁies
of GSK-3(3, .and which GSK-3(3 normally 12 interacts with to effect
cel | cycle pPbgHession or inhibition of cell death. Such post-
transl ati onal nodification includes inhibitory phosphorylation, for

exanpl e, serpppg3] PhERRNAEYLALE BB of ﬁ%S&ﬁ?atE W KaDAF Of @KLYA by Rl
GSK-3(3, as well as inhibition or down-regulation of activating
phosphor yl atdeln, Mognlatismmpilyeby echoomwtishedviey dreafing fheosilhavith an agent that

phosphoryl at i on. of K-.3(3. at.i,on further ingludes ..
phar macol ogi"¢4 ula{%%%?c’gtvf% gt &ggﬁejgﬁﬁg%# T °5 40 ﬁ@ék?’rg)r ebHEr IR 4<tikity,
non- conpet i tibveatiply, BicbipounWithan inheits] infekfaiel HithOéorspkes Hith orfiderraptamel e
a small nolecule inhibitor or a protein or_peptide inhibitor. [0063]

Thus, the ceéPppiplic regalgtosyadiyity §F B§Knti drcduding amolpetlevihat wases, ciimuBfes
inth | | £ : i t i ng t Ll
Wit o e e A AR LG AU BB A D fref e

maybe an i nhir dowoteglatdsSltiviidg aebding phpsphohaiticx@@dRe3p.a conpound t hat
inhibits, interferes with, conpetes with or interrupts the apoptotic

regul atory L vi ty of K-3(3, ingludjng a nolecule that cayses,

P murares T4, TR ag T e b LR R OB ryalero i 7 BOK030

or a nol eculfenctibadl frijdthdat tiBered adomeegw at RsmRes.| Vahd N@ertymePiteea

phosphoryl ati on of K.3(3..[0064] The agent may be.a small nolecul e,
a peptide, SCOHPEHEE TR NG9 agorRetiEve fRibitar HaMef s e REOLeIR dFiRase |

an enzyme Ofyahii@r none. The agent may be a

[0065] In a particular embodiment, the agent is the small molecule LY2119301 or
a derivative or analogue thereof, the chemical structure of which is depicted in Figure

8. In another embodiment, the agent is lithium, including lithium chloride.

[0066] The agent may be capable of being delivered internally to a cell, for
example by active or passive transport into the cell, or by diffusion into the cell. For
example, if the agent is a small molecule, it may be soluble in the cell membrane and
thus able to permeate the cell. The agent may also be modified to include a transport
tag that will facilitate its transport into a cell. Specific transport tags may be used in
order to direct the agent to be taken up by specific target cells. For example, the agent
may be modified to include a galactose residue to increase uptake of the agent by
hepatocytes, as is described in US 6,844,319, which is herein fully incorporated by

reference. Where the agent is a peptide, inclusion of a sequence such as a membrane-
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conpetitive ATP inhibitor, a conpetitive inhibitor of Mje+, or a
protein kinase inhibitor. [0065] In a particular enbodinent, the
agent is the small nolecule LY2119301 or a derivative or anal ogue
t hereof, the chem cal structure of which is depicted in Figure

anot her emo@ﬁn%@étmg%@@eﬁ&ecﬂ ta!lﬁw% ﬂ%gﬁeﬁﬁﬂ d.té W Qb dudi @%Jiﬁ&e@'té’ﬁ% ﬁﬂsg&teqe

[ 0066] The agent % capabl vered I nterna
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by di f f usi 0 ent a

mol coul o, 1 ol e eRaf el hon@RERn Trarnt, I ARGES kil o IE e
per meat e t héaydhd: bell. Thiteragively, i gt &ﬂyfbe inohetied ixesl biothatenial which dacreases
transport facilitate i trans ort into a, cell

hat wi | |
Specific tr aq{g‘ffﬁ'l‘;?s ypinke ofhy agent &ﬁgﬁ’ G b?’ﬁétp % 8Y greeReiating dheagemin g g

be taken up Il@)éscﬁﬂ?ﬁﬂefrarﬁtidnarigﬁésoﬁ@deﬁverjr: OF p&tRBPh R prbﬂﬁlsaug@ms is We
nodi fied to include a 3a actose residue to i ncrease upt ake of

agent by hepdatipdpecsibed dor pramples én {USe8,37H 725 agd 819 264 IOWcWhmh are
herein fuI I X?do?r?&ﬁtg@ifﬁ&Eﬁ% Wrerch&f € €nce. Where the agent is a
nc on of a seé

pepti de, guence such as a nmenbrane- 13 translocating
sequence that allows the peptide in which it is included to be
transport ed [096iflo allpel Imodiiation xemeiSK-3fh ezpopiotic r:agulatogecaa’em;e nakgr baed

fromthe Dr nael a ast nt en edi a n el
facilitat es%?lﬁgped P ARROTFC ¢ fég{?tt © B%fn[]ﬁgo‘é{@ﬁ T ' %@r(’:@t‘? Q%P@by fie
agent may beell rmlow@tgdthbragaatbb QEYBLaEY With CNRI- 9{&1 d ft@ge%ﬁe%ti-ﬂ; drAERSe
upt ake of the agent by the cell, for a y encapsul ating the
agent in a lttrlﬁefs‘ﬁlﬁ%ﬁ»ﬁr@ééﬁeﬁnﬁeﬁ aPEH’tB%%B%W@éI sovee iy mstlulyishe aiesiyitsied
proteins to is known, and is described for exanple in US
6,372,720 and US 20030108597, which are incor porated herein by
reference 0067] Thus, m)dul ation of GSK-3(3 apoptotic regulatory
activity rra&OQﬁﬁ] acliecimediligione e sher Eirther tah@anq:éishedt o tchabmgimt with a

al I 'owi ng for, eII ow ng the age o]

interact w t%%%% glac b ?1 ar get‘l' E’%‘P%M 3%@ }%emc?ﬂ%?é%r eagcfltri‘t]‘%alna%:ttaE

with the pS&edmpéﬂetmmt ocapmphasttmethhdvalyﬂn@ ovhich 4 @hm@thérap@nb lagent is

activity of 00 u on may be further

acconpl i shef*1%f %@%%‘P ‘%t? %EH’@ t Rt Blodulption 95 &HYE-3B jaqd the

conbi nati on; dﬂﬂnﬁsﬂaﬁo&@ﬁ@&ﬁ%ﬁfoﬁﬁ%@ﬁtﬁ: BARNhay ERBSsiRdneously or sequential,
and the respective time period for each may be conterminous or may be overlapping.
The modulation and the administration each may be achieved in one or more discrete
treatments or may be performed continuously for a given time period required in

order to achieve the desired result.

[0069] The cell may be further treated with the chemotherapeutic agent in a
manner similar to that described above for treatment with the agent that modulates
GSK-3p activity, depending on the nature of the chemotherapeutic agent. The cell
may be treated with the chemotherapeutic agent prior to, following, or simultaneously

with the agent that that modulates GSK-3p activity.

[0070] The chemotherapeutic agent may be a compound fthat is typically
administered to a cell and which has a cytotoxic or cytostatic effect. The
chemotherapeutic agent may be an agent that induces apoptosis, such as p53-

dependent apoptosis, or that induces cell cycle arrest, including p53-dependent cell
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t he nodul ati on occurs in a tine period during which a

chenot herapeutic agent is contacted with or admnistered to the
cell. The nodul ation of GSIC 3(3 and the admnistration of the
chenot herapeuti c agent nmay occur sinmultaneously or sequential, and
the respecti t

over | appi ng. e s B LFEAOE o6 B, ST S B Y Pl
achi eved i n tpemodulates &SEi- ﬁaeﬁwty tTfeaﬁmantImrapeutma;belsnéJefamramﬁk that

continuously for a given peri od rder to achi eve
The desired” 1eStef 2% 5608} s Bl phfRee ek Tk St chedhon e
chenot her apeatobfsia Gi@Nthe i8Il Adud BN BSFrofdi i bR thet gbnbhﬁdu ﬁ:%ﬁfelrél&% @POYE:
for treatnment with the agent that nodulates GSIC 3(3 activity,
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at no (

sinmultaneously wth the agent th ates activity.
[0070] The Cﬁ%ﬁdﬂ‘mtl&p}emdiuoesagﬁnieaﬁmyr mereasescsaqmdthgf tbhvall desthf ytpi adll y

adm nistered to a, cell agnd whjch has a cytotoxic or cytostatic
o Tect . The EEHEBEH RN Cougri HtyoHBoant g Bint PHHPoq R GSE-36

apoptosi's, sughitps p53- dependent apoptosis, or that induces cel

cycle arrest i ncl udi ng p53-dependent cell 14 cycle arrest, in a
cell that mﬁgnor mal | y prol i ferating, even in the absence of an
agent t hat 1 at Bae chpoagherapgufic vagept Web%%rﬁﬁﬁeﬁmﬁ @ZeriyOmalas o

be an agent a%eﬁ%xzcaé‘gtehﬁ’ e SaP BiRle F@ﬂ'dé&@?ﬁe@{: %g&@{ﬁf?l iﬁ)ugrd%%énﬁéft ejing

cell but th does not 1 nduce apoptosi
property of dhle atssomnalnrglifpratng eeltk at"ﬁhng:hembﬂherap@mc E@ealmmlar banwﬂ:hout

al terati Onwﬁgn%[?élﬂl%ﬁté %‘ﬁaﬂ o?e%gleou tpegn&ehgr gl%t V‘%’ﬁ% Cy eat ms %

the cell er apé agen do I na |on
agent that ragent| at €kyl sﬁﬁ}a&(, Bn anhdme JLap dl@dhmme,cambthglh&tldmm(nra nitrogen

|ncreases SGnSlt Vlt to C , at ﬁ\i% Jgf eat% %ﬁhan that
s P Bt R Bk S ?»aPr'i‘B’“@até? & pdbliccid paoe s
activity. [Cadlbguelhe mhaftihdemaped, s ageyhe, MBYpdaopkay1lobiiin] aaadhi@im-
agent or a rigenptom c agent that can activate p53-dependent. apoptosis

or p53- deperfdRAIREAgEnt AgYEokipe: é??feFﬁ}?lyat]}?r@FmP@P@PP% agent)is onydat is

chenot her apeubive (B8 NTBE% HBinsMHeculd: | BirtiR kﬁﬂfer@uv%r@édrdé?%ﬁcdéile
a peptide or a protein, an antbracycline, an alkylatin
type. In certain embodiments the chemotherapeutlc agent is Adriamycin (ADR), 5-

flnorouracil (5-FU), etoposide, or camptothecin or a derivative or analog thereof.

[0072] Modulation of GSK-3p activity is useful in vitro and in vivo, and may be
used in the treatment or inhibition of diseases or disorders that relate to abnormally

proliferating cells, in which it is desirable to induce cell death.

[0073] Therefore, in one embodiment, there is presently provided a method of
{reating a cellular proliferative disorder comptising modulating the activity of GSK-
3B. The method is accomplished by administering to a subject a therapeutically

effective amount of an agent that modulates GSK-3p activity.

[0074] A “proliferative disorder” is a disease or disorder in which a cell of a
patient is abnormally proliferating, resulting in uncontrolled growth and division of
the cell, which in a healthy individual would not be proliferating or would be

proliferating in a controlled manner. The proliferative disorder may be characterized
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agent, an al kyl sulfonate, an aziridine, an ethylenimne, a

met hyl mel am ne, a nitrogen nustard, a nitrosourea, an antibiotic, an
antinetabolite, a folic acid anal ogue, a purine analogue, a

pyrim di ne anal ogue, an enzyme, a podophyllotoxin, a platinum

cont ai ni ng agenfe Rk1ifrafiYs 6t ﬁl'ap aniD b ex}cﬁf 1%5’1 ant &) ﬁﬁﬂﬁ&ﬂerﬁﬁﬁlﬂﬁﬁofdms
agent is one that is known t ectl e agal e particular
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one enbodi ment, there is presently provided a of treati ng a
cel lular pr olvlﬂﬁiéma'ﬂ%éeaémgdpdfébrommmlrn@nw lnﬂ@umamméeaﬂm tacfibrosis.y Aof

GSK- 3(3. T

t her apeutica I0 ﬁ??&?ﬁ%ﬁ@%ﬁ? o?m anplgﬁg%f{af ?t‘%&ﬂ]gﬁ%%gt%e%g&%gw
activity. [ 00)‘1‘1311]11 \Aowqdrhmhhﬁgpattsnwlydeamgjmrémmsmva schrsme:eke{hmddmmdmr
in Wmchacell 191!:11 a%zgc is._ab rnnlclﬁkélgci‘){1 r%(? resul ting
in uncontrolqned”gro%/]at% %5?36 Rt HSSye gy Ry
i ndi vi dual wwohitld hmﬁmhﬁn@éﬂlslﬁiggeatﬂbﬁﬂalﬁfs mqméiifeﬂa% mﬂrd»ibof@é atttaogluld a
controll ed manner. The roI jfer f’n‘é’ e di sorder. may be characterjzed

15 by the prIB?tf‘Fé?IEP‘?I’&H dading|te Hheosis. rampls O%ellw%mCILQQIt Jpe host immune
popul at i ons.respaak icai@bAMEarctionqbickR), GARRSIal ML @em® h@IcRFLR acute
cancer, bl adder cancer, colon cancer, prostate cancer, |ung cancer,
nasophar yngdgtheri epdienladaigy Geamsieal ldinpmynailuki I ¢ antienlar embadisenta:
hyper pl asti GuSkiolretARE AR 3&3%%}&&1 gepital warts, psoriasis and

kel oi ds; ischem c heart disease; acquired i nune defici ency
syndrone; vasculitis; rheumatoid arthritis; athersclerosis;

gl orer ul onegRPT2li s A ealliisrrgsacisteg Witk probidertiieclisosder iiftha aelliis p g¢ll that is

i nf I anmat i O%h&‘ﬂﬁl Ji@erkit S| %E%f‘

fibrosis. l? falt?rnégdg?s%?odrggﬂ{ %&Fég%%ﬂdg%%or e%?(%% ﬁ‘?%ra |%e(r31
whi ch may allsdlawtmrzectﬂwﬂhﬂgrohfmatmof\amlmlceﬂeal ing, potentially

| eading to excessive scarring or keloid formation, and which may

occur durin [ AR LQLY, &'@n [ { s ue. i.nj |
whi ch host |qrmu e ceqel gr ?Igr;exe £ Hlﬁ}as‘feagisgﬁm Lotk efr%a ea%gi(% bl
el abor at e exbtagueg bankhigial or desired resuits, including clmlcal results Beneficial or desired

clinical results can include, but are not limited to, alleviation or amelioration of one or
more symptoms or conditions, diminishment of extent of disease, stabilization of the
state of disease, prevention of development of disease, prevention of spread of
disease, delay or slowing of disease progression, delay or slowing of disease onset,
amelioration or palliation of the disease state, and remission (whether partial or total).
“Treating” can also mean prolonging survival of a patient beyond that expected in the
absence of treatment. “Treating” can also mean inhibiting the progression of disease,
slowing the progression of disease temporarily, although more preferably, it involves

halting the progression of the disease permanently.

[0077]  The subject is any animal in need of treatment of a proliferative disorder,
including a mammal, including a human, and including a subject that is currently

undergoing chemotherapy.
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matri x conponents leading to fibrosis. Exanples of the latter include
t he host immune response to cerebral infarction (stroke), nyocardi al
infarction (heart attack) and acute ischemc renal tubular injury
(transient kidney failure). In a particular enbodi nent the
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per manent|y. 77] ubj e t“.is ani mal i.n_nee Be r.eat nent of
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[0078] The therapeutic effect, . chi eved by agm njstering to the
patient an g&&ﬂﬁp a{jﬁl?ﬁ Sﬁ%d‘gl‘ﬁ}%ﬁ tﬁ%é’_@ﬁfa@?g’ fegf thaisie 35??,"1%?3% Qifﬁﬁ a
mol ecul e t hatolifeatiNcAli®sddrielocaB@P DRiV&y e el 3tk Qlicdlud® IdpYdal ¥diBihistration,
GSK- 3(3. The ,a%,ent t hat nodul ates the activity of GSIg 30 is any
agent that AHSFH9B IQbedits, 6T Brgiselimplsatatianiforexample a6 e pite ofg HBSW: | bed -
above, including an agent that increases, enhances or pronptes
inhibitory seogfe THERsARAINYGALiNAknRfunEoKthS GZent PR Eduibs8hd SGtity of
amount of the agent that nodul ates the activity of GSK-3(3 is

adni ni st er e§¥3f Hobpadmisisteredrivdl vy niepsndiag onviee piotifemative alisordsedo be
herein Meang.alq, the type of cell associated with the proliferative disorder, the type of molecule

that is administered, the mode of administration, and the age and health of the patient.

OO

[0082] The agent that modulates the activity of GSK-3B may be administered in
combination with a chemotherapeutic agent as described above. A “combination™ of
the agent that modulates the activity of GSK-3p and a chemotherapeutic agent for
administration may be formulated together in the same dosage form or may be
formulated in separate dosage forms, and the separate dosage forms may be the same
form or different forms, for administration by the same mode or by different modes of
administration. Furthermore, administration of a combination of the agent that
modulates the activity of GSK-3B and a chemotherapeutic agent, when not together in
the same dosage form, means that the agent that modulates the activity of GSK-3
and a chemotherapeutic agent are administered concurrently to the subject being
treated, and may be administered at the same time or sequentially in any order or at

different points in time. Thus, the agent that modulates the activity of GSK-3f and a
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anount effective, at dosages and for periods of tine necessary to
achieve the desired result, for exanple, to treat the specific
proliferative disorder. [0080] The agent is admnistered to the
patient using standard techniques known in the art. The agent may be

admi ni st er ed.;syshe Iw=Telas Me] i : e:
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formulated in s&parate dosage forns, and the separate dosage forns
may be the JaHetReBY-m or different fornms, for administration by the
sanme node or by different nodes of admnistration. Furthernore,
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delivery, the agent that modulates the activity of GSK-3B may be formulated in a
physiological salt solution. Since peptides may be unstable upon administration,
where the agent that modulates the activity of GSK-3p is a peptide or a protein, it may
be desirable to include the peptide or the protein in a liposome or other biomaterial
useful for protecting and/or preserving the peptide or protein until it is delivered to the

target ceil.

[0085] The pharmaceutical compositions may additionally contain other
therapeutic agents useful for freating the particular proliferative disorder, for example

a cytotoxic agent, for example a chemotherapeutic agent.

[0086] The proportion and identity of the pharmaceutically acceptable diluent is
determined by chosen route of administration, compatibility with live cells, and

standard pharmaceutical practice. Generally, the pharmaceutical composition will be
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GSK-3(3, optionally in conbination with a chenotherapeutic agent, nmay
be adm nistered either prior to or follow ng surgical renoval of a
primary tunour or prior to, concurrently with or follow ng treatnent
such as adm nistration of radiotherapy. [0084] To aid in

adm ni strati n BSpdih %g&&
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ol at es ¢ HOUBEE VR b4 DU e Lo P SRR PLRPT g Methods For
accept abl e diht Ugidparafibe iofV @Rir@BertidalBN CacRE AL tcb@pes‘lmﬁ 85111&&1)16 for
i ncl udes such, pharmaceutical conpositions for use In treatin

prol i f erati VmiHsEpato Paats, & iapjcdR et vieerantEH Of fel aﬁﬁ@dh%’ﬂawulates
phar maceut i Ct‘ﬁ!alr%tl@l - a(%%k\?’g? ng é}%org%dlf?ﬁ%r QIEUVCS @'\I.lﬁstanpéjf fregub%}Pncfeso,r lr?s

agents, preservati i ous at e carriers. For a
of deliver yqombthmdégermﬂixmltfawlthathﬁrame&ltmﬂbf actptable ye]:dﬂe GShiGbBy( Bhivdes

be fornmulated i,n a si ol |cal salt soluytion des
be unst ani e SR RERE APS PR RmretE RERaR e S en R SR Bs P He
activity of KEakn@Quiicl Scipet lM@cl@PuIﬂzsthtCﬁinﬂJan IE43R¥, Pi)eusgswsapl ent 0
i ncl ude the tide or the protelnlnall osone or oth 0 terlal
useful for &gﬁﬁ@&lﬁa they PhasERRerULEH é@@mlwamt%uffea{bﬁaéwb?xcgwaieb olytiens|
it is delivessge hnqt Be: m[’)@ﬁl?t%é th%ecﬂchw# &Dﬁﬁk 3-Bh g@@rﬁ%ﬁ%@ SI?CJ or more

y contaln ot

conposi ti ons may add| tional rapeut| c agents

useful for tphemdcenficatie apmptablowtchiclgsral chl'uemta,t andeccuittasrmdcﬁa rbuffen solutions
exanple a 0 for X I her apeuti c agent.

[ 0086] The é%téhp%%l oﬁ%gle EIS 0% %‘In?'p Hml% aar1 maceut i cal | y acceptabl e
diluent is determ ned by chosen rout e of adm ni stration,

conpati bili t[9098]t h Tﬁwﬁna@ahdestic@wdmpssiﬁmﬁmaﬁ tphahm’aisemii wad piicat in ae

General ly, the ceuma conp. Slt wi | is.for.mul ate
conponent s HAFSTY Fong: cgr gl PRLRE | ergatobte, R aplyssgfich & S B! "
Fr Opei’tl ﬁs Qﬁdérblﬁo@@?ﬁhoﬁe%lleﬁ”ﬁduhﬁfaﬂs Tﬂbe%c&ﬁ}ioisi\ﬁbh)bfgﬁ% @Knk t3n3may be
0087] The p conpo ition, can be ar y known

ot hotls for AAHESEL (SRl G BT Rs PSR bt SEC et Al o

conpositions sui tabl e for
[0089] Solutions of the agent that modulates the activity of GSK-3p may be

prepared in a physiologically suitable buffer. Under ordinary conditions of storage
and use, these preparations contain a preservative fo prevent the growth of
microorganisms, and that will maintain the function of the agent that modulates the
activity of GSK-3f3. A person skilled in the art would know how to prepare suitable
formulations. Conventional procedures and ingredients for the selection and
preparation of suitable formulations are described, for example, in Remington’s
Pharmaceutical Sciences and in The United States Pharmacopeia: The National
Formulary (USP 24 NF19) published in 1999.

[0090] In different embodiments, the composition is administered topically or by
injection (subcutaneously, intravenously, intramuscularly, etc.) directly at the desired
site where the cells that are proliferating in an uncontrolled manner are located in the

patient.
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adm nistration to patients, such that an effective quantity of the
agent that nodul ates the activity of GSK-30, and any additional
active substance or substances, is conbined in a mxture with a
pharmaceutically acceptable vehicle. Suitable vehicles are

descri bed, f a j 1 ' I i
(Rem ngt on’ sﬂmlgﬁ;r ggiégﬁ?éfc% gﬁ%&%g@gﬁcaﬁg@éﬂgﬁﬁﬁ%ﬁ%?éntgc’%%our%r%g%?ends on
East on, Pa. , theSarti@85)condirion béing tizaeid sthe tsheerivh af tigec eatiditoal the individual

conposi tions_inc)ude, .al beit,.not exclusively, solutions . o he .agent
han rodul at RARRHE Sag AR sy ESER! Soian oottt et o G AGO D

nore phar netheUlriatadiy teC afpteabl @oN@itlet! @frply OF lad@)the PoslfiEqBhRI fed
in buffer SO|dL1{$IDnS, with a suitable pH and | so-osnotic with

physi ol ogi cat iP’lﬁF%FSQn_ e othey simplar ippigrsiiert ain Wighin thedwpwiadee el sragrtibeof
adni ni st er edgt, Qeeﬁth%g&dtﬁﬁﬁer! e AR ﬁfexmle&,%g&ﬁﬁ& &%ﬁﬁﬂfﬁgﬂ%iﬁ t@% g.gl be

sel ected route of admnistration, as Wil under st 0o
skilled in téddressad wittheinpostposineiesperipfientationi nvent i on nmay be
adm nistered topically, surgically or by injection to the desired

site. [0089] ti nﬁ%m | s i MLLY:
GSK-3 (3 rray[oggb}jpr %Bgre %mn&gg%ﬁgé%tﬁg%? é!g I yéécgll%fa &aEIF eéﬁqug’f %%IEC. 1S(lf?frllstﬁ’er
ordi nary congtedentinsomémsated agreof @napenisibat hbddsepGERBPaddions fandeing a
preservati veeio event the grom h of m.crogrganisns, and that wl|
i ntain t herflREnTHA gt oiee =a gesht thehmpdiigian aketd achimity lcthe panyfagire

GSI G 3(3. A gref sRilicakdd: l§dintifkidd) SolPHLatVRLL @extnﬁmaggvat&uﬁ &HQ%&T?HSIP/

suitable fornulations. Conventional procedures and ingredients
t he sel ecti gmdgisdingprhepatharapy randf inglyfling ih ecotnbinatibmtwitng dwemotherapeutic

L Tbed + ; - , e
T The Ui t P aF SeEpor SR A0L0 e 8 o THALIRRG U ReGRE RLENGER 08
NF19) publ i sheduidl:d98ycobBOGSK Arucity e artiianbodhl@ iciitruihe disordr
conmposition.is adninister opi ca 0 i nj ecti on

(s HE cut aneou8 Iaygugieﬁtt Ve ﬁ’g aéflvfgpquﬂﬁﬁlénﬁfieeﬁ%wﬁm é’% én et that mpadulptes

the desired c%l}'fd-ogﬁl ORI dchiginF &l fns ﬂaﬂﬁfeacﬁfeeofpi BE&if:z%&f[t 15%}83 ] fin4) ceflular

uncontrol | ed manner are |located int patient. }f)se
of the phar raelderativaisedapiiss silkiectt matuding a enbiiest tiwbds depentlstsindergoinge
particul ar ik i : t : ri f _the ndi tion,

the indivi dﬁgwbﬁﬁ%@%%ﬁ 1%%?%%% e&gjhl]ﬁnac %31?’%% c%%%?tﬂ%rﬁ Si 8% “ondi ti on,

si ze and wei ght, the duration of
[0093] A method for identifying or screening for agents or compounds that

modulate the activity of GSK-3f and that are useful in treating a cellular proliferative
disorder, including small molecule or peptide modulators, is also provided. Test
molecules are exposed to or contacted with GSK-3[ or to a biochemical pathway that
includes, is regulated by or interacts with GSK-3B, including in the context of a cell
expressing GSK-3p, including in a cell undergoing chemotherapy or in combination
with a chemotherapeutic agent. Once the test compound is contacted with GSK-3P,
the activity of GSK-3p is measured, including the ability of GSK-3p to regulate
apoptosis in the cell. The activity of GSK-3f3 may be measured using known assays,
including kinase assays, apoptosis assays, as well examining the phosphorylation state

and levels of phosphorylation at inhibitory serine phosphorylation sites within GSK-
3B.

[0094] The methods of screening for agents or compounds that are useful for
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the treatnent, the nature of concurrent therapy (if any), the

specific route of admnistration and other simlar factors that are
within the know edge and expertise of the health practitioner. These
factors are known to those of skill in the art and can be addressed

Wi th m ni nal tl'EaQ%g ant%llﬁiép‘fnfdl a dstcﬂlgﬁdel[aqg el Juﬂe@fﬁ%ﬁ%ﬁné%@ﬁbﬁfa&)pﬁi

with the above scri edrre ere 1s also
cont enpl at edlibregesaff cempeigent Thisathe mboe-atiebm@B6ds308 assays may e Employed

| | h dul
(3 acti vi 1y el A b ettiotSlnd & S SRR B PRt

death in a Clattér casﬂfjcsymmlglﬁlg: effeeesl provided by Sobinaiesmk lof cotpPeleiig @R tilso be
chenot her apy. a d| n jn_conbination with a chenpt herageutl C
agent. Furt h’élF zpd Jgsartgp epbpdigenisctne o aplupaldy petbe sigas of

amount of anth@%fk%nm ﬁiﬁﬁn{%ﬁ%eﬁ &Eﬁﬁ@&ﬁi@n% 3k Adhaid Y dRb assay_

treating a cellular proli ive disorder in~a subject or use o
t her apeut i calYFipmefnae CPpprIEND Uticyf Oﬁameal@em endble ami)dmtlmﬂssusegﬂ)awgen

GSK-30 acti %@@b&.%ﬁw@@% @giﬂcﬁﬁfbu?a {ﬁ%ﬁgcmo O{aﬁfe bu%te go%%otns,

cellular proliferative |nas heT bt
that is curr@nekampiader gmmogtmlodfqﬁbamézmpystmngthlamdltutjjrangde any necessary

nmbi nat th t 0093 A net hod, f
Caenti Tyi ng SrebaRunii fie g B ST Diinsh Erbra et biiBEL ehRErtHE
activity of GehbBednd fah tfnﬂfl‘tGSq{ 8p %ﬁﬁ;‘bﬁr] aﬂdrbrtsrfa\%ﬁh% n&dade?e%hbﬂ’ h‘%ﬁns to

proliferative disorder, |ncI uding s nol ec pept i
modul at or's, qnsblalﬂsaodemcuvm detie GRESB0 anbligc A eavicty of xchdsectidnomenns may

cont act ed vvith 3.or.to a em cal ath t hat _includes, is
regul at ed by°oF |htné?1‘bd&1i% bt oAt ?’%\%3393 O, @ t?dF‘\F'AﬂgglP?P"tnth f‘g WIRE o
cel | expressdiogbéHid e 32P)I ditibodli-Beged Betdetida) fludtbgded@Obshiluminescence,
chenot herapy or in conbi natl on Wwith a chenot herapeutl c agent. Once
t he test cor?BB‘iﬁlﬁ’acoipéc asthode ted- \ﬂe‘ﬁﬁamoﬁ@SPmdPﬂeW%t?W@tcg SPRCHEKRPIG( 3

i s measur ed,prifeeddy vasodshepdil Icailz%;f)‘xlta@fox: %lﬁ ) Ho%ﬁﬁ%h%erc%ﬂﬁpé, Qidesi
in the cell. The activity of GSK-30 may be asured usi W
assays, i ndlugERseRyt Pioieinsweeife h?@lﬂgaﬁﬁpﬂfééﬁg %@éﬁﬁ@pta‘eidﬂlgﬁﬁnﬁ others

exam ning the phosphorylation state and |evels of phosphorylation at

i nhi bitory gepesie phies mémiﬁtmanﬁme&sarwnschécfeue%gaﬁé 3f @9@3@{;&1&%

met hods of screening for agents or conpounds that are use
treating a @efviyl @r &Kﬁﬁlaﬁed@zﬂﬁ%bﬁltmabodsadmcmﬁlhew tisduding a small

screening Comfecu E peptlde modulator of GSK-3f5. The above-mentioned compounds may
be used for modulating the activity of GSK-3p, for inducing cell death in a cell, or for
treating a cellular proliferative disorder in a subject or used in the manufacture of

medicament for any of the aforesaid uses.
[0096]  All documents referred to herein are fully incorporated by reference.

[0097]  Although various embodiments of the invention are disclosed herein, many
adaptations and modifications may be made within the scope of the invention in
accordance with the common general knowledge of those skilled in this art. Such
modifications include the substitution of known equivalents for any aspect of the
invention in order to achieve the same result in substantially the same way. All
technical and scientific terms used herein have the same meaning as commonly

understood by one of ordinary skill in the art of this invention, unless defined
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| i brari es of conpounds. Thus, the above-noted nethods and assays may
be enployed either with a single test conpound or a plurality or
library of test conpounds. In the latter case, synergistic effects
provi ded by conbi nati ons of conpounds may also be identified and
char act eri zeglhedssecer t ai n enbodi nents, one or a plurality of the
steps of the screening/testing nethods of the invention may be
automat ed. Such assa systens may conprise a variety of neans to
enabl e and d§§@¥WE§L Sef ul assay conditions. Such means may incl ude
but are not Iimted to: suitable buffer solutions, for exanple, for
the control a ,oni,c strength and to provide any necessary
conponent s HQBQ%QKJ%%?Q%ggiVity and stability (e.g. protease
inhibitors), tenperature control nmeans for optimal GSK-3(3 activity
and or st abilP099] aMtoeieaid Methvdans to enable the detection of the
GSK-3(3 activity. A variety of such detection neans nmay be used,

including b | onbi n t| n_of the follo

r adi ol abel | ﬁgg{?ﬁg %ﬁ)cuﬁ&r Sd‘éf“ﬁaégﬁnlf BHYBH S9IPR SARSE &R V\’éggw
chemi | uni nedtE€hdls, andstseimwaisxm@n@: et - orlgnd” © Hix" Ged @b RiAdaBbRI DBD cell
product with., alter ectr pr. tie vari ous reporter
enzymes or B’I’JSEE &FT: ?‘J’(‘cﬁ?&o‘fl‘%ﬁ)@%@ﬁ ‘8&3[? gé@ns Honkéns Uﬁlll"%rﬁibeé\@é}]t
protein), s FIH(IDfah@ RIIOTES Bllsi g ﬁﬂﬁlsAf@cgc:eim Whrk @(ﬂ%ﬁé@ﬁ{ lﬁ‘iﬁg
others. [0095 so presently contenpl ated are es capé%? f

modul at i ng tﬁé Fiet Alli eujtupsy reagruss iyl ssdiagwerei froma dnpifrogéne Srdthkmwogracil,
described heyd@iafycinclopONidi0af MChmgg%ﬁep chﬁe@?@;&r# g?gmrﬁog%g} %)ﬁ ng

of GSK-3(3. The above- frent | one oun e us
t he acti vi tﬁpmﬁwla(l@lemﬂ@mhlhnﬁwbﬁgl%@l rwade@ﬂn fiom Bli LAyl (lndMnabelis)

treating a %ﬁ&éﬂ'zﬁ%%%r gbléﬂ‘lgﬁ@t goggasorgzg %@J@Pgubj ect or used in

t he manuf acture anent resai d uses. [0096]
Al'l docunents referred to herein are fully incorporated by reference.
[0097] Al t hiREWOWari O%Sf@rib(bthttmg}tlmrm:ﬁndphrempmm aah ndc®atiag Cliadsis:

herein, man t a thin_the
scope of thge%lﬁggfﬁts?llg dn%g]ﬁﬁ%éé‘?‘g (g ‘Wli S‘i H’Z’}!%%gﬁq’gewe%‘fl Cancer
know edge oRet, rﬁzsémemseaom thnsﬂ}arcélls %ﬁh1ysdaoa1tﬁlcsat1y@muﬂf@cdo@@@

mvent on i Nedtept EBEAeE YLt Pl Yo BTG amimar oo heo

sane way. Ahv Naer;imlmlN@wd S5 RANJ,i 2 Iﬁﬁr@mﬁeﬂ Q,%ﬁeépfbﬂﬂalv ;Igh%%]
same neanln as Co under st ood y one of ordlnary
art of thi S FW%O iuEes Ondes, j3Ra dhe lysates were clarified by centnfugatlon at

12,000 X g for 15 minutes at 4°C. Protein concentration was quantified (Bio-Rad,
Hercules, CA) and protein samples (50 pg) were separated by SDS/PAGE and
transferred onto Immobilon™ membranes (Millipore, Bedford, MA). Antibodies
against the following proteins were used: p53 (DO-1), p21, PARP, GSK-u/B, o-
Tubulin, and B-actin (Santa Cruz Biotechnology), Puma (Ab-1, Oncogene), Bax
(Sigma),  phosphor-(Ser9/21)-GSK-30/8 and Caspase-9  (Cell Signaling
Technologies),  phosphor-(Tyr216/279)-GSK-30/8  (Upstate  Biotechnologies),
cytochrome ¢ (BD PhartMingen). To detect Bax conformational change, cells were
lysed in 1% Chaps buffer and the soluble fraction was immunoprecipitated with anti-
Bax monoclonal antibody (6A7, BD, PharMingen), followed by immunoblotting with
anti-Bax polyclonal antibody. Microarray analysis was performed as described (Kho,
P.S., etal. J Biol Chem, 279: 21183-21192, 2004).
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21 otherw se. EXAMPLES [0098] Exanple 1 [0099] Materials and
Met hods [00100] Cell culture and drug treatnents: Human col on cancer
cell line HCT116 and its derived isogenic p53 _-, Pune', Bax i_ and
p53-i nduci ble DLD cell Iines were kindly provided by Dr. Bert

Vogel st ei h0g] HopkiAGS Whalyas 5f DINA Mltent T AR SHES: eelil §
vvg?g ?rglmnAgl'%]g ]Ilg VA\IE(?Se cultured in DIVeElll\/I cont a?ﬁsleng' 1‘%13/’9 E’%g ﬂel
culture reag@ﬂ"?ﬁ%gﬁ’ﬂ FEd & ik etlrpeinFixad cellsogern staned Fhithopropidimmi Fodide

. : ; i1 hi ' r h from Si )
GSK. 30" spech T one) St dmicht Lt TFRE P49, ToSHERAEE8E whp tanﬁw%g‘
Eli Lill yo(() |fﬁa%pw¢zg)bylfhxt¢ﬁs§mc@-iaﬁ%t§d cﬁs@;@%ﬁﬁgﬁ)’ Enﬁbﬁgﬁﬁﬁ%ﬁaﬁm
analysi s:  Coteiarcop bilehell e SRRl 0h oG gl

anal ysi s:
previously (ving @ CeBQuat™ Ganasy (BeBoS . Dibdnsca) 48y Héddre ga(é'\ga%)ea activity,
Briefly, cells were._l se%?\edt% Il lysgis buffer %0.3% 40, 1
EDTA, 50 mnc‘i"ﬁsr E’P’iﬁcﬁ""%‘p‘ﬂ Lol X&e}’ CEST ASolatignTEBT} Shatilingm) ag 5Gtrueted,
NaCl, 25 mmabaFhed seldeaRVOFTTR - BRMicaDERSHbit ﬁnﬁ-ta%h@ c?sgﬁs%ﬁj U octdnal
g9/ leupeptin) for 30 m nutes on ice, and the lysates vere
ciarified bfn@é‘?ﬁ%’r (B gBhardinesn). Quandificationg of wells Hositinetfos the cdase-3

Protein con c At WaSH l{g,rﬁ' | | 0-Rad, Hercules, CA) and
protein sanp(zlﬁggﬁ?%%% ¥ Weréea epdﬁrgﬁ%gé@y SDS/ PAGE and transferred

onto | mmobil onTM menbranes (M Ilipore, Bedford, MA). Antibodies
agai nst t he [F®183wi ngRPotinterferanes:e Tasgerafs BnddR@biin) , vepRis, fRARD, the

o 13, syl | antihab eioldd RO 9,47, 1 oLEChOg) ) P

Caspase- 9 ( CbgdnuSkoide pag wikeclnal dnoeth}, retroviral expression vector pSIREN-

hosphor - ( Tyt % +GSK- 3a/,13 state Biofechnologies), _ |

(F:)yt ochr one %ﬁe%égt P@ RaRgismy) af‘éérh%'gi% eggﬁ“’%ﬁ?ﬁ‘f%r&ﬁﬁ%ﬁ”ﬁﬁ%ﬁ Rrigihey 93

cel I's were célisswerei ankPécleliapish biuf pe3 sRRIAL Bs&@dtURL @8l £ 36 L0 claSal

I mmunopr eci pit.ated . wi th anti- Bax nonocl onal anti body)é 6A7, BD,

Phar M ngen) Earglglﬁ'o BStEKJISFrﬁ'?ﬁ gl traosfctiom elonsaHGIg ciebin atere

ant i body. MuescRar Y r@RASISINGS 1REHEREIESF #5eHa5HiRed. (KR%red colls
were subject to puromycin selection at 2ug/ml. Stable clones were firther expanded
and screened by Western blot analysis for p53 expression. SMARTPool® GSK-3[ and

GSK-30 siRNAs and negative control siRNA were purchased from Dharmacon, Inc.

[00104] Adenoviral infections: Adenovirus Ad-LacZ and Ad-p53 were
obtained from Dr. Shibin Zhou (Johns Hopkins University, MD). Cells were grown to
50% confluence and infected with recombinant adenovirus as described (Yu, J., et al.
Proc Natl Acad Sci U S 4, 96: 14517-14522, 1999) . Twenty-four hours after the

infection, cells were treated with drugs for the indicated times.

[00105] Subcellular fractionation: Cells were Iysed in mitochondria lysis
buffer (210 mM Mammnitol, 70 mM Sucrose, 10 mM Hepes (pH, 7.4), ImM EDTA,
protease inhibitor cocktail) with a Dounce homogenizer and subjected to
centrifugation at 1000 X g to pellet the nuclei. Post-nuclear supernatant was
centrifuged at 10,000 X g to pellet the mitochondria-enriched heavy membrane
fraction, and the resulting supernatant was firther centrifuged to obtain cytosolic

fraction. Total proteins (30 pg) from cytosolic or mitochondrial fractions were
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P. S., et al. JBiol Chem 279: 21183-21192, 2004). 22 [00102] FACS
anal ysis of DNA content and caspase-3 activity: Cells were harvested
and fixed in 70% et hanol. Fixed cells were stained with propidium
iodide (50g/m) after treatnment with RNase (100 g/nml). The stained

cells were an@l¥z8% infQk %1& fent by fluorescence-activated cell
sorting (FACS)Jei n a 1FACélga I u%l\sﬁ (Becton Di ckinson Instrunment, San

Jose, CA). Cell %Cl e fractions were quantified using the
Cel | Quest TMI88106far e Mzasuizment ok mitwomndrind praeabilly deansitive: Gells were

activity, | . W fixé [ selution (BD...
Phar M ngen) q%g‘;e?tﬁé\?& S}Elﬁﬁlegx,%gu%ﬂn%@to%lgs? % gi%%%ﬁ%%%&%@%fﬂ%&f@dhw
rabbit anti -temsitine weadqaniacd byodaihg thel cellanith BOdyBCBPhaPHabMngem)ing
Quantification.,of cells positive for e caspase-3 detection. was
performed byf F]J(?WW{I%%{)BF y. ’I[%Bitb%f' éﬁﬂ?cﬁ?ﬂ e}?eélﬁlefg}.‘htﬁ‘otr@’é?%ﬂat‘@s
knockdown vegh&iffedt9rflobssohéttic dbeinhiadioathr b8HI WA 88dréAe] SATHERE& NS
used: gactccagtggtaatctac [SEQ ID NO I]. The oligonucl eotide pair

was cl oned it BT patockandsy displayimg s lewsi wembiene petenal RiEKx). Reta seEMenBD

Bi osci enses);, 3569kH19 1R WFiBflocB WS acturer's instructions. Briefly,
293 cells were tr%ng)?ecte lEhel\;vloth tfie p53 shRNA construct for 48 h to

produce viral @arti cles. To establish p53 shRNA stable transfection
cl ones, HCTI9@1Q7d| | s Reswdts infected with retroviral stocks in the
presence of 5 g/m polybrene. Infected cells were subject to

pur onyci n 53‘)@@5\;\2” akmag/ Hioiecﬁea@SEKBPO e’ r&ﬁﬁfeg'e%en%wda%gnt-
and screened by stern bl ot analysis Tor p53 expression.
SMARTpool ( r)indused 3popingds indbuimag golrkpsaned acllyint 2 p&3-cependehit maRhek:

wer e purcha . 0 novi ral,infectiaons:
Adenovi r us %ﬂ@%@@%@ﬁ%ﬁ%r \#edr]lg“sc?k Saaﬁgg(lﬁ“:tﬁ%g?ngéy.%idg?l%glﬁ%gﬁem
(Johns HopkifaksiatdgeiveASIR)yandVDNA Esdlbguevk ERiogirain (3-BU) p&Uite ankéllende
and infected_w,.th.reconbi nant .adengvi rus cribed (Y . al .
Proc Natl AGHE&Rd aGPESR regggcng%g?ng@?gt?ﬁlgg@y f’?veﬁéﬁ‘@-ﬁ?‘éﬁ?’ hor's
after the Mofieakiigs the edlhdar\isters thae doaaatdiptsh rebbbigs, WOkcrédagd h belicsared
tines. [00105q]f§jgszllbcel | ul ar fractionation: |1s were_ |ysed i

i t ochondr i BTG SS OZPrs( SECPXaRITRE it 6ffcct o A Sleiese gespae e

Hepes (pH, Touhll, thdMspETHy GIN-9 QaRf fablbdit Shitgee ki &bl Jo3 )t bBrsRientty

Dounce honogeni zer and subjected to
converted ADR-induced p53 response from growth arrest to cell death. Figures 1A
and 1B show that HCT116 cells treated with ADR for 24 h underwent cell cycle arrest
(arrested in both G1 and G2/M phase) without obvious induction of cell death. Co-
treatment of cells with ADR and LY2119301 resulted in a marked increase in cell
death as evidenced by the sub-G1 population (~ 59%), compared to cells treated with
ADR or L'Y2119301 alone (~3-5%). In conirast, the synergistic induction of cell death
was not seen in p53 knockout HCT116 cells (Figure 1A and 1B) under the same
conditions, suggesting that the cell death is p53-dependent. The cell death was
attributable to apoptosis since similar results were obtained by using a cas;pase~3
activity assay (Figure 2). LY2119301 also triggered p53-dependent apoptosis in
response to other DNA damaging agents including etoposide and camptothecin (CPT)
(Figure 3). Similar results were also observed in another p53 wildtype colon cancer
cell line, RKO, but not in p53 mutant tumors such as SW420 and HT29 (Figure 4 and
data not shown). Moreover, LY2119301 greatly sensitized 5-FU-induced apoptosis in

a strictly p53-dependent manner (Figure 5), as no increased apoptosis was observed
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centrifugation at 1000 X g to pellet the nuclei. Post-nuclear
supernatant was centrifuged at 10,000 X g to pellet the _

m tochondri a-enri ched heavy nenbrane fraction, and the resulting
supernatant was further centrifuged to obtain cytosolic fraction.
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[00110] Pharmacological modulation of GSK-3§ but not GSK-3a promotes
pS3-dependent apoptosis: To verify that GSK-3f modulation accounts for the above.
observation, we examined the effects of three other structurally-unrelated small
molecule GSK-3 inhibitors: SB-216763, SB-415286, and lithium chloride (LiCI)
(Figure 8). The former two compounds are competitive ATP inhibitors that are
selective GSK-3 inhibitors (Coghlan, M. P., et al. Chem Biol, 7: 793-803, 2000),
whereas lithium inhibits GSK-3p by acting as a competitive inhibitor of Mg**, while
having no inhibitory effect on other protein kinases (Watcharasit, P., et al., J Biol
Chem, 278: 48872-48879, 2003; Ryves, W. J. and Harwood, A. J., Biochem Biophys
Res Commun, 280: 720-725, 2001; Klein, P, S. and Melton, D. A., Proc Natl Acad Sci
U S 4, 93: 8455-8459, 1996). Similar to LY2119301, lithinm treatment induced a
strong apoptosis in HCT116 cells exposed to chemotherapeutic agents in a p53-
dependent manner (Figure 9). Surprisingly, SB-126763 and SB-415286 had no effect
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attributable to apoptosis since simlar results were obtai ned by
using a caspase-3 activity assay (Figure 2). LY2119301 al so _
triggered p53-dependent apoptosis in response to other DNA danmagi ng
agents including etoposide and canptothecin (CPT) (Figure 3).
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t hat GSK- 3( Ud bl cgou faog._ the gbaue- ,observagtion, we

exam ned thé%??e%@g’ 0 I%h%éeQéot%}i’e%%({hrgﬂc?’u%zﬁl 32225% @%ﬁ sﬁehﬁ IsuCh’
phosphorylation status of these specific residues was used as swrrogate marker for

GSK.-30/B activity. Treatment of HCT116 cells with LY2119301 and lithium resulted
in an identical increase in inhibitory serine phosphorylation on GSK-3B, and to a
much lesser extent on GSK-30 (Figure 12, lanes 2&5). In contrast, SB-126763 and

SB-415286 only induced serine 21 phospherylation on GSK-3w and even slightly
reduced the serine 9 phosphorylation on GSK-3p (Figure 12, lanes 3 & 4).
Furthermore, LY2119301 almost completely blocked the active tyrosine
phosphorylation on both GSK-30. and GSK-3p, while SB-126763 and SB-415286
reduced tyrosine phosphorylation on GSK-30. only (Figure 12, lanes 3 & 4). These
findings suggest that L'Y2119301 and lithium inhibit both GSK-3a and GSK-3p, but
predominately act on GSK-3B, whereas SB-126763 and SB-415286 were only
inhibitory to GSK-3c in HCT116 cells, though both of them were previously shown
to be equally effective at inhibiting GSK-3o. and GSK-3B by using peptide-based in
vitro protein kinase assays (Coghlan, M. P., et al., Chem Biol, 7: 793-803, 2000).
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nol ecul e GSK-3 inhibitors: SB-216763, SB-415286, and |ithium chloride
(Lid) (Figure 8). The forner two conpounds are conpetitive ATP
inhibitors that are selective GSK. -3 inhibitors (Coghlan, M P., et
al. Chefn Biol, 7: 793-803, 2000), whereas lithiuminhibits GSK-30
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activities ganibesgieguliahiad (s A khot@h N9 phosphoryl ation on -

Tyr 216/ Tyr279 or by | nhi bi tory phosphoryl ation on Ser2l/Ser9

( Cohen, @@f Rev. Mol Cell Biol, 2: 769-776, 2001).
Speci fi c GS 142 hi bi ?%rfgstcﬁnGﬁKﬁﬁeknqqkmw thaBNA/a@ﬁeﬁgrenqeyW@gldnélso
phosphor yl atg I t _
(Conen, b, - saanizg DR G N SR BT G bRRRg s Bl G i
Cohen, P. aﬁa @Sgd@r pr negative RpRtroRSIRIDAUGCOSBIMA), ) S 4870-a0 ol oaiuby
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specifically knocked down the expression of GSK-30 and GSK-3pB, respectively.
However, knockdown of GSK-3p or GSK-3u did not result in more cell death in

response to etoposide, as no obvious PARP cleavage was observed. Thus, mere
reduction of GSK-3p levels was not sufficient to trigger cell death in response to
DNA damage. This observation is consistent with the notion that the induction of
inhibitory serine 9 phosphorylation of GSK-3p might be important for the efficient
apoptosis induction in colorectal cancer cells in response to DNA damage. GSK-3p
siRNA, which could not induce serine 9 phosphorylation, failed to mimic the
apoptotic effect of GSK-3B inhibitors.

[00113] We next examined the mechanisms underling the different effects of
GSK inhibitors on apoptosis and p53 function. Because GSK-3 is located in both
cytosolic and nuclear compartments and GSK-3¢/B is inhibited by phosphorylation of
Ser-21(e) or Ser-9 () and activated by phosphorylation of Tyr- 279(¢) or Tyr-216(F),
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phosphoryl ati on status of these specific residues was used as
surrogate marker for GSK-3a/(3 activity. Treatnent of HCT116 cells
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phosphoryl at'i on%?rl ggered t%ymgi&%%ggﬁ?%%&iaﬁ%ﬂﬁ ﬁil u ngj%gsagéllrﬂaﬁ%%)
and transactwatmn of pS3 target genes in response to genotoxic stress:

determine the effects of GSK-3f inhibitors on p53 response, we performed
immunoblot analyses of p53 and p53 targets. HCT116 (Figure 15) and RKO (Figure
16) cells were treated with ADR, etoposide and 5-FU in the presence or absence of
LY¥2119301. Cells treated with chemotherapeutic agents exhibited progressive
accumulation of p53 and activation of its target genes such as p21 and Puma,
mediating growth arrest and apoptosis, respectively. In the presence of L'Y2119301,
P33 accumulation induced by chemotherapy was markedly and consistently impaired,
as was induction of p2] and Puma. Thus, LY2119301 impaired p53 accumulation in
response to genotoxic siress and reduced its transcriptional activity. Importanily,
expression of Bax, a p53 target known to be essential for mitochondrial-mediated
apoptosis in colon cancer (Zhang, L., et al., Science, 290: 989-992, 2000), was not
induced following p53 activation. This is in agreement with previous reports that Bax

is not a robust target of p53 in colon cancer cells (Yu, I, et al., Proc Natl Acad Sci U
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[00112] To test if GSK-3(3 knockdown by RNA interference would al so
sensitize DNA damage-i nduced apoptosis, HCT116 cells were transfected
wth GSK- 3(3, GSIC-3a or negative control siRNA (NC si RNA) ) for 48
h and followed by etoposide treatnment. Figure 13 shows that RNA
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[00116] GSK-3f inhibitor L.Y2119301 promotes apoptosis induced by
exogenous p53: We next investigated whether GSK-3f inactivation also promotes
apoptosis induced by exogenous over-expression of p53. We used two p53
expressing systems: a tetracycline-inducible p53 expressing colon cancer DLD] cell
line (Yu, 1., et al., Proc Natl Acad Sci U S 4, 96: 14517-14522, 1999) and HCT116
cells infected with an adenovirus expression p53. In both cases, apoptosis induced by
enforced p53 expression was significantly increased in the presence of LY2119301
(Figures 19 and 20). Under these circumstances, LY2119301 had no effect on
ectopically expressed p53 protein levels, or p53 dependent transcription of p21
(Figures 19 and 20, right panels), probably due to non-physiological regulation of
p53 in this context. Therefore, this induction of apoptosis was not likely due to the
reduced expression of p21, since it has been reported that altered balance between p21

and p53 pro-apoptotic targets such as Puma can switch the p53 response from growth
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have been shown to inhibit GSK-3(3 as effectively as GSK-3a using an
invitro assay (Coghlan et al., 2000). The data suggest that nucl ear
GSK- 3(3 but not GSK-3a regulates p53 function in response to DNA
darmage, which is highly associated with its ability to regulate
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frame-shift mutation in the Bax gene (Tonov, Y., et al., Proc Natl Acad Sci U' S 4, 97:

10872-10877, 2000).

[00118] GSK-3f inhibition premotes p53-dependent -conformational
activation of Bax and induces mitochondrial cell death: Bax is known to undergo a
conformational change during apoptosis (Wolter, K. G., et al., J Cell Biol, 139: 1281-
1292, 1997). We next examined whether GSK-3§ inhibitor induces a conformational
activation of Bax after DNA damage. Co-treatment of HCT116 celis with LY2119301
and genotoxic agents ADR, etoposide and 5-FU dramatically increased levels of
conformationally active Bax (Figure 25), which can be detected by a specific anti-
Bax monoclonal antibody 6A7, as previously described (Suzuki, M., et al., Cell, 103:
645-654, 2000; Nechushtan, A., et al., Embo J, 18: 2330-2341, 1999). Bax activation

appears to be p53-dependent, as there was no detectable change in Bax conformation
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p21 i nduction, and did not induce PARP cl eavage (Figure 17, right
panel ). [00115] To extend these observations to other p53 targets, we
performed gl obal expression profiling of p53-induced genes using
mcroarray analysis. W had previously identified a subset of p53
responsi ve genereTiNG HBEl /18ete uhder(#B%anf: conditiohl (Fiure 25) BrBlsi 07
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cases, apopt03|s i nduced by enforced p53 expression was
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ﬁrst wave of cell death (Erster, S., et al., Mol Cell Biol, 24: 6728-6741, 2004).

However, etoposide-induced p53 accumulation in the mitochondria in HCT116 cells

failed to induce apoptosis. This demonstrates that p53 accumulation in mitochondria
per se is not sufficient to activate apoptosis in HCT116 cells. Furthermore, in the
presence of LY2119301, etoposide-induced p53 accumulations were similarly
decreased in both cytosol and mitochondria (Figure 28), although a robust apoptosis
was induced under these conditions, Thus, we conclude that the mitochondrial p53
levels in colorectal cancer cells are likely not correlated with the levels of apoptosis
induction in colorectal cancer cells, and that the apoptotic effects of GSK-38
inhibitors on p53 response is likely not due to increased translocation of p53 to the

mitochondria.

[00120] As can be understood by one skilled in the art, many modifications to

the exemplary embodiments described herein are possible. The invention, rather, is
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Nat| Acad Sci USA, 100: 1931-1936, 2003). To further asses the roles
of Bax and Puma in p53-dependent apoptosis after GSK-3(3

i nactivation, we used HCT1 16 cells wth either of these genes

del eted by honol ogous reconbi nati on (Zhang, L., et al. Sci ence,

290: 989- 992inteA@i0to Mtompass Al s@dh molFRS:i C

1931- 1936, 2003). o bass L sih mo e Ld\}}g{ff}é@o‘?fd%‘%b A by the
et oposi de, 3. cells were conpletely refractory to apoptosis
(Figure 21). In contrast, Puma -r- cells were still able to undergo
mar ked apoptosis, identical to parental HCT1 16 cells (Figure 22).
Consi stently, PARP cl eavage was not observed in Bax "r" cells (Figure
23) but evident in Puma "r' cells (Figure 24), though in both cel

| i nes p53 accumrul ation and induction of p21 after ADR or etoposide
treatment was simlarly reduced by LY2119301 (Figures 23 and 24).
These results indicate that p53-dependent but

transcri ption-i ndependent apoptosis triggered by GSK-30 inhibitor
proceeds through a pathway that requires Bax but not Puna.
Supporting this notion, colon cancer LoVo cells were resistant to

t he apoptosis induced by LY2119301 upon DNA damage (data not shown).
LoVo cells are p53 wild-type but do not express Bax protein due to a
frame-shift nmutation in the Bax gene (lonov, Y., et al., Proc Natl
Acad Sci US A 97: 10872-10877, 2000). [00118] GSK-30 inhibition
pronot es p53-dependent conformational activation of Bax and i nduces
m tochondrial cell death: Bax is known to undergo a conformationa
change during apoptosis (Wlter, K G, et al., J Cell Biol, 139:
1281- 1292, 1997). W next exam ned whet her GSK-30 inhibitor induces
a conformational activation of Bax after DNA damage. Co-treatnent of
HCT116 cells with LY2119301 and genotoxic agents ADR, etoposide and
5-FU dramatically increased |levels of conformationally active Bax
(Figure 25), which can be detected by a specific anti- Bax nonocl onal
anti body 6A7, as previously described (Suzuki, M, et al., Cell, 103:
645- 654, 2000; Nechushtan, A, et al., Enbo J, 18: 2330-2341, 1999).
Bax activation appears to be p53-dependent, as there was no
det ect abl e change in Bax conformation 30 in HCT116 p53 -/- cells
under the sanme conditions (Figure 25). Consistently, increased
cytochrone c rel ease and caspase 9 processing were evident after DNA
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damage in the presence of LY2119301 (Figure 25, |ower panel). Bax
activation was simlarly seen in DLD cells and HCTI 16 cells with
concurrent p53 over-expression in the presence of LY2119301 (Figure
26) . Moreover, a significant reduction of mtochondria) menbrane
pot enti al term y JC1 staining and FACS, was detected in
Bax +/+ cgvﬁgjggﬁﬁﬁghggﬁlgﬁth LY2119301 and ot her genotoxic
treatnents, but not in Bax"- cells under the sanme conditions (Figure
27) . Taken, toget ARkhodt B sRiuciNINGSatt SARRS LY 94 &apku@tﬁbsﬁander%ouég
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hours aftgr et pos'd . 5-FU treat nent, mhllelth accunul at i
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show ng t damage triggers a rapid p53 mtochondri al

accunul at wath 4 ahenm&wnewmwt whldahodhéatmmnvhlermg‘ donsicting e ]l wigi bn
deat h (Erst Bi ol 8-6741, 2004) ...
However , 61%%?6%0@:]15&% g'ac P‘HPF%%é |aﬁ“Y1ﬁV b}hlf‘%??&}?ﬁj}r%“&”ﬁoﬁ’
HCT116 ce&%&eph ggﬂﬁgmkﬁqu@3gpopt03|s This denonstrates that p53
accurul ation in mtochondria per se is not sufficient to activate
apoptosis in HCT116 cells. Furthernore, in the presence of
LY21193013. et opbsinkshadc dlickdmnpb 3vkecanntht aheoathevapy eindies | Eh3kdependent
decreased_in.both cytosol and mtochondria (Figure 28), although a
robust ap¥PEEs was i nduced under these conditions. Thus, we
conclude that the mtochondrial p53 levels in colorectal cancer
celI's ared4likeTke methodwfichiiatledhseinitht kBerhetelasy dfduagofi3osdpendent cell

i nducti on |n col orectal cancer cells, and that the apoptotic effects
of GSI C 3®¥cl§ #KShi tors on p53 response is |likely not due to increased
transl ocation of p53 to the mtochondria. [00120] As can be

under st 0ogl by oneratiologeatf da'f'l% la*&fhereﬂietﬁé( cﬁ@ﬂétﬁélﬁﬁ‘} {RBveh AdribRScin,

exenpl ary enbodi nents described herein are possible. The invention,
rat her, i &fluorouracil or etoposide.

6. The method of claim 2 wherein the chemotherapeutic agent induces p53-

dependent apoptosis.

7. The method of claim 2 wherein the chemotherapeutic agent induces p53-

dependent cell cycle arrest.

8. The method of claim claim 2 wherein the chemotherapeutic agent is

Adriamycin, 5-fluorouracil or etoposide.

9. The method of any one of claims 1 to § wherein said agent that modulates

GSK-3p activity is a competitive ATP inhibitor.

10. The method of any one of claims 1 to 8 wherein said agent that modulates
GSK-3p activity is a competitive inhibitor of Mg*".
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31 intended to enconpass all such nodification within its scope, as
defined by the clainms. 32 WHAT IS CLAIMED IS: 1. A nethod of
i nducing cell death in an in vitro cell currently undergoi ng

chenot herapy c risjin dul ati | y¢ogen synt hase ki nase-3
Cectvity 18 o ABRmEhEBoRRRE At af PrEny HOBT MR d cerfig B ptes
with an a g E synt hase ki nase-30 activity by
i ncr easi ng%il%%?E?%Véwggéﬁtﬁg%%gg%g@?ﬁati on of GSK- 3(3. 2. A nethod

of inducing cell death in an in vitro cell conprising nodul ating
gl ycogen $9§nt hdbe nkdthas ef 8ny 8naof clanty litn &wheteln ssid ageidi thatt modulaies h

contactin cell. wth a chenotherapeutic ent, j dul ati ng
i nvol vi ng%égg&g%éﬁ‘ﬁg' 1%“%%‘?“"&%1% Hreyne éﬂ%ﬂfﬁ%&?n %égi(%ﬁgg gl ycogen
synt hase kinase-30 activity by increasing inhibitory serine
phosphor yhat i ofyefn &K 3f 3ny 8ne dPEIATRE NP Pivheldl Rid HBRMBA mbBSates
chenot her apy i nduces p53-déependent apoptosis. 4. The nethod of claim
1 wher ei nGSke3 g hemityhen dihivmArdutasng&@naemdndent cell cycle arrest.
5. The nmethod of claimclaim1l wherein the chenotherapy invol ves
Adri amycin 5-fluorouracil or etoposide. 6. The nethod of claim2
Wher o ht RS chEHGPTSHL A, 7 O Bh BRI o< BES PG ASEH AR DERS
7. The ey @boligliOL 2 MRl & 4 RACEIATRIIG ABRIEI 1AGRALIBAYCES
p53- depen entB)c% In%lclycl e arrest. 8. CT e matﬁéo% o'fd ’(? ali m clcall m 2
wherein the chenot herapeutic agent is Adrianycin, 5-fluorouracil or
et oposi del59. The nmehdibdf afiy any odrodaiok Ictaildsvlertio Bodiigion of &3IKd3
agent that popdul ates GgK—3 3 activity is a conpetitive ATP

i nhi bi t or UMY 1IFHECHBIHOEPBIHAPORIAES-of clains 1 to 8 wherein said
agent that nodul ates

16.  The method of any one of claims 1 to 14 wherein modulation of GSK-33

activity inhibits p53-activated transcription.

17.  Use of a therapeutically effective amount of an agent that modulates glycogen
GSK-3p activity in the manufacture of a medicament for treating a cellular
proliferative disorder in a subject currently undergoing chemotherapy, wherein
modulation of GSK-3f activity involves an increase in inlibitory serine

phosphorylation of GSK-3[3.

18.  Use of a therapeutically effective amount of an agent that modulates glycogen
GSK-3B activity in combination with a chemotherapeutic agent in the manufacture of
a medicament for treating a cellular proliferative disorder in a subject, wherein
modulation of GSK-3f activity involves an increase in inhibitory serine

phosphorylation of GSK-3f3.

19.  The use of any one of claims 17 to 18 wherein the cellular proliferative

disorder is cancer.

20. The use of claim 19 wherein the cancer 1s selected from colorectal cancer,
bladder cancer, colon cancer, prostate cancer, lung cancer, nasopharyngeal carcinoma,

cervical carcinoma, skin cancer and leukemia.
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GSK-3(3 activity is a conpetitive inhibitor of Mgt+. 33 11, The
met hod of any one of clains 1 to 8 wherein said agent that nodul ates
GSK-3(3 activity is a protein kinase inhibitor. 12. The nethod of any

one of cl to 8 aid ent that | ates GSK-3(3
SCCivity Pant biie et Q8 HhvE g bR s ST Rt of GSK 0. 13,
The met hod of any one of clalns | to 8 wherein said agent that

nodul at es 22 GSKqBe i3 @fdnly\nk Y f tRirds 17 fol 1UFh&ointRe Qivpett somewrd. 14.
The net hod of any one of clainms 1 to 8 wherein said agent that

nodul ates GSK-3(3 activity is LY2119301, or a functional analog
thereof, @B. i {Usewhas gent thet modulateh &SKes B ogtivity ﬁwndimngwelbﬁwhm B

to 14 V\/n d | at f t t d 53-de
bpopt osi < ool GUTEH RadRERiTGr %@%@yﬁ% il TR graghfetinar 6F R3S
modul ati o ct@sfﬂ[)@%)l%ssan 1ﬁ&le S%H%?l}ﬂé@ﬁrg n%ﬁ%‘.ﬂ% lgt%r?(gf GERARS Cr' ption.

17. Use o apeutlcal an agent t

nodul at es gl ycogen GSK-3(3 activity in the manufacture of a

medi camen4f or Use esft amgigentCat whatulatgy AISK-8p addtivity dinscomlgination &vith a
subj ect currently under 0|n chenot her apy,. mherein_ nodul ati on of

GSK- 3( 3 aehm?tbvapwwg@ét 8h mdﬁem§§§1é degfhiin i 9sH B e e¥heprdn modulation
phosphor yl ?@S@?é[? %ct 1%1\&6115' 1H§r%a fln M@l%r%g (lgr%l %1%’0r§]a{1819 Bf H8K-

amount of "an ag Tr'ed gl'ycogeén y In
conbinatigp. with a chenot herapeutic agent in the manufacture of a
medi cament for treating a cellular proliferative disorder in a

subj ect, wherein nodulation of GSK-3(3 activity involves an increase

i n inhibi2éry Sktidtean pgrvs ghor ybdulpien GIK-GBKadi(vBy IEtheﬁh@ufwféfOfaﬁy

one of clai t liferative or.der
P2 concor Heffamfn for Bafie Rafl deb G oA RER hEEBO N P B
from col okgetedl nfRIGEON of PGB ab@BLInvoRRt Oh HRAGSES in PHIABH@EY Serine
cancer, |lung cancer, nasopharyngeal carcinoma, cervical carcinong,

skin cancphosavhdt}flaﬂlok@ﬁfﬁliﬁﬂ.
26.  Use of an agent that modulates GSK-3f activity in combination with a
chemotherapeutic agent in the manufacture of a medicament for inducing cell death in
a cell, wherein modulation of GSK-3f activity involves an increase in inhibitory

serine phosphorylation of GSK-3f.

27.  The use of any one of claims 17, 23 and 25 wherein the chemotherapy induces

p53-dependent apoptosis.

28.  The use of any one of claims 17, 23 and 25 wherein the chemotherapy induces

pS3-dependent cell cycle arrest.

29.  The use of any one of claims 17, 23 and 25 wherein the chemotherapy

involves administration of Adriamycin, 5-fluorouracil or etoposide.

30.  The use of any one of claims 18, 24 and 26 wherein the chemotherapeutic

agent.induces p53-dependent apoptosis.

31.  The use of any one of claims 18, 24 and 26 wherein the chemotherapeutic

agent induces p53-dependent cell cycle arrest.
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21. The use of claim 20 wherein the cancer is colorectal cancer. 22.
The use of any one of clainms 17 to 21 wherein the subject is a human.
23. Use of an agent that nodul ates GSK-3(3 activity for inducing cel

death in ce currently.undergoi ng chenot hera in.vitro, wherein
modul at | onZof - GER. 5% aclaith a9y LAY el | T s dnin 2P Eor §°
serine pheaRhoh¥lapidiRhglt iCREriZhFein2ublRBrRll cRBiopeqns. that nodul at es
GSK-3(3 activity In cofbination wth a chenotherapeutic agent for

inducing cell death in a cell in vitro, wherein nodul ation of
GSK- 3(3 aéBi vi e upsof angongwf chsnedste Ihwherpingetdogpnistbat medulates GSK-

phosphoryl,ati on of GSK- 3I. . of an agent that nodul ates
GSK- 3( 3 ab?ia\%nf@“isﬁ?ﬂ@e%ﬁigf‘ﬁﬁt%f a nmedi cament for inducing
cell death in a cell currently undergoi ng chenot herapy, wherein

nmodul ati on40f GRKud S A tdn¥iok ¥laly 0F ¥ER RRercMGaRIASRnt that ABdAtEOGEK-

serine phosphorylation of GSK-3(3. 26, Use of an agent that

nodul at es 3BBREBHBs acoimpktitva inhibgabeidei on with a chenot her apeuti ¢
agent in the manufacture of a nedicanent for inducing cell death in

a cell, rei g, nodul ati on of K- tivity invol an, . ncr e
" nn bl ooy TRERY AGBEROPT ol B il Ve 5, B0 RS FORS,
one of cl apnetidify is3Pr&iBel idaswhi@nsitdr. t he chenot her apy induces

p53- dependent apoptosis. 28. The use of any one of clains 17, 23 and

25 wherein the chenot herapy induces p53-dependent cell cycle arrest.
29. The usé of Thayswoplangfongohrlasms Y7 o3 whereipsaigreen thathedulates GSK-

or ot oposrieciiy Bk aE L B e B sPiorb BRENGS R g 26 "wher i n

t he chenot herapeutic agent induces p53-dependent apoptosis. 31. The

use of ang7oneTlt usd & 4% oh8 of 24N B3 IMMBEEInHaidEesBIOhHEN2BEGEKC
agent induces p53-dependent cell cycle arrest. 35 32. The use of

cl ai m any3pretiviy ig paithsmi@ntaing sempdngher ei n t he chenot her apeuti c
agent is Adrianycin, 5-fluorouracil or etoposide.

38.  The use of any one of claims 17 to 32 wherein the agent that modulates GSK-
3P activity is LY2119301 or a functional analog thereof or lithium chloride.

39.  The use of any one of claims 17 to 32 wherein the use induces p53-dependent

apoptosis.

40.  The use of any one of claims 17 to 32 wherein the use inhibits p53-activated

transcription.

41. A method of identifying a compound useful for treating a cellular proliferative

disorder, comprising:
(a) contacting glycogen synthase kinase-35 with a test compound; and

(b) determining whether inhibitory serine phosphorylation of said
glycogen synthase kinase-38 is increased in the presence of said test
compound, thereby modulating the activity of said glycogen synthase
kinase-38.
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33. The use of any one of clains 17 to 32 wherein said agent that
nodul ates GSK- 3P activity is a conpetitive ATP inhibitor. 34. The
use of any one of clainms 17 to 32 mherein said agent t hat nDduIates
GSK- 3 (3 ,acti itive | 35. use of
oy one. ofiZo) atthe taeiied agMAR < el B sttt 4 heenties sb BT 3 5
activity ic8ll exRbRhR saidd Pasen bﬁﬁhz@bkﬁfase@@waﬂi%ld%ﬁ cBfnpaid, one of
clains 17 to 32 wherein said agent that nodul ates GSK- 3P activity
inhibits actlvatlng tyrosi ne phosphoryl ati on of GSK-30. 37. The use
of any one of clains 17 to 32 wherein said agent that nodul ates GSK-
3(3 activity is a lithiumcontaining conmpound. 38. The use of any one
of clains 17 to 32 wherein the agent that nodul ates GSK- 3P activity
is LY2119301 or a functional analog thereof or lithiumchloride. 39.
The use of any one of clainms 17 to 32 wherein the use induces

p53- dependent apoptosis. 40. The use of any one of clains 17 to 32
wherein the use inhibits p53-activated transcription. 41. A nethod
of identifying a conpound useful for treating a cellular
proliferative disorder, conprising: (a) contacting glycogen synthase
ki nase-3)3 with a test conpound; and (b) determ ni ng whet her

i nhibitory serine phosphorylation of said glycogen synthase

ki nase-313 is increased in the presence of said test conpound,

t hereby nodul ating the activity of said gl ycogen synthase

ki nase-3(3. 36 42. The nethod according to claim43, wherein step (a)
conprises contacting a cell expressing said glycogen synthase

ki nase-30 with said test conpound. 37 Sequence Listing SEQUENCE

LI STI NG <110> Yu, Q ang
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