WO 2011/ 084108PCT/ SG2011/ 000011 1 METHODS AND COWVPCSI TI ONS FOR TREATI NG
CANCER FI ELD The present invention relates to the tields 01

medi ci ne,woebivdsimBogy, nol ecul ar bi ol ogy and geneti cs. pEimiss20mnentii on
relates to the field of medicine. In particular, it relates to treatnent
and di agnosi s of diseases such as canceld, as well as conpositions for such
use. BACKGROUND - Protei n phosphatase 2A (PP2A) functions as a

mul tinetric enzy METEODS ANRICGMPOSITRONSYEOR TREAMING CANCGICR( f ol di ng
A-subunit and one of a large array of regulatory B-subunits. Eukaryotic
cell's contain over 200 biochem cal distinct PP2A conpl exes derived from
10di ffer 251 conbinations of A B, C and other subunits. The regul atory

subunits are [ ' - £ Ml ' ence
oi it orone DIBRFSST AU RGP RH! LEnERR oy LRI R e
Shenol i kafid gef069. Thidineanen relates tostht fiekleofmeglidiad. dn particabh érrelatedno t he
catal%tic subuni t that provide the substrate specificit aqd to, catal yze

di st i hct AEPRASHHHIENLEES 9h dBGasRt SICh@s CARFSE @S e @éF@ﬁPO%iﬁhwt PSR Ut comres.
15Al t hough a tunor suppressor role of PP2A has been -shown in a variety of

i rmort al Baegcroi®p cell types (Chen et al., 2004; Ei chhorn et al., 2009;
Janssens and Goris, 2001; Rangarajan et al., 2004; Sablina et al., 2007;
Zhao et al ., PgA&h phbiphagen?A i(BP2adoctidnias epiujimetric engpnelthatenpongtheng t o

a prevalent_ inactivation of PP2A in human mali gnancy have not e .
Fepor t od CHSHAL Wb A BRI A TR IAT Pl bl A RUPPE SN can
result 2@4,Radbec EAR %o%inEi%v%P @@U‘Biﬁc}mnﬂ%l Rgstin U Ve mBbx &Rl derivePRdh, Were

found only ih up to 15% of some human cancers (Calin et al., 2000; Ruediger
et al0, 2UttentiBhkegbinaticuls of A2800; antarthek sutamits| The regdatoryywbynits arg expressgd g

West er mat ck..and Hahp, 2008), and.the reduce r essihn of  PP2A nit-
B56y3 hadl %8%%1}6'?8%%&? TRy K?aﬁé}ﬂg D08 PEESHES r"?égﬁ?‘“}% Prad CERERE M %ﬁl‘g‘uen 004:
Zhao et @MammaAAMAIissuds fﬂVﬁﬁﬂgfﬁH,Sh%ﬁkﬂil@f% PeLH: Mire®Rt,JER @ids€ repbingssatitr PP2A
conpl exes in human cancer 25remains to be definped, as is jts _inpact on

cancer sitlynghe eajalptic subani Pt prayidedbe shstiatespedifigiyanddo exayapdistitsie of t he

PP2A 1eg uk@#o%g?oggaﬁ@g ﬁéén%ﬂé'iﬁlpgse%ﬁ&\éﬁtyﬁn&ﬁ)n& (BB pat hvay, a key
conponent pat hway that many cancer cells are addicted to for growh
advant age (Guertin and Sabatini, 2007; Sabatini, 2006). Although snal

nol e¢fil e mrORG1thongh & funarsuppressor role of PP2A has been shown in a variety o

immortalized human cell types (Chen et al., 2004; Eichhorn et al., 2009; Janssens and Goris,
2001; Rérngarajan et al., 2004; Sablina et al., 2007; Zhao et al., 2003), the genetic and/or the
epi genéﬁc evidence pointing to a prevalent inactivation of PP2A in human malignancy have
not been reported. Somatic mutations in the A subunit of the PP2A complex, which can result

20 in the loss of B subunit binding (Ruediger et al., 2001), were found only in up to 15% of some

: ~ human cancers (Calin et al., 2000; Ruediger et al., 2001; Takagi et al., 2000; Tamaki et al.,
2004; Wang et al., 1998; Westermarck and Hahn, 2008), and the reduced expression of PP2A
subunit B56y3 has been reported only in some cancer cell lines (Chen et al., 2004; Zhao et al.,
2003). In general, the genetic or epigenetic changes of PP2A complexes in human cancer

'25  remains to be defined, as is its impact on cancer signaling or therapeutic responses to targeted

therapy.

One of the PP2A regulated cancer signaling pathways is the mTOR pathway, a key
component of PI3K pathway that many cancer cells are addicted to for growth advantage
(Guertin and Sabatini, 2007; Sabatini, 2006). Although small molecule mTORCI inhibitors,

30  such as rapamycin and its analogues have shown promising rationals for their use in cancer

therapy and have been approved for clinical application (Guertin and Sabatini, 2007; Hudes et



30such as rapanycin and its anal ogues have shown prom sing rationals for
their use in cancer therapy and have been approved for clinical application
(Guertin WOQROBaBatBNi , 2007; Hudes et WD 2011/ 084108PCPCHERRUL/00@0011 2

al ., 2007), these i nhi bitors have had only limted successes and the
clinical outcone is unpredictable. Wi | € a known mechani sm of rapamycin
resistance is linked to its feedback activation of AKT phosphorylation

t hr ough - B1.,3K0&)) thas¥ GRS tof ChaReibiad pnlgtlingited, sueGBS:s aBa thizadingal ettcahe js 2006) ,

further under d re ance chan m and i dent

oo e PR M ok e AR AR s PR Pucs IR kil 1%6%655%
i mpor t anbctvalbs 8f Ab@oplﬁ)k}l)_ie rylatigP@&ughPIK 2688 nAIORC2A0ReiliT1e Hﬁ520©5 al .
2006) . SUMVARY we describe a B subunit of the

hol oenzy ferbaspP2RAB 2086k thgumss:u_@duaothg easestanea Meghdnige @mdxd@@tefymg tb¢ onot er

DNAr1pe net hyl a orec r. 1l ): t hat
ppoa. bppoot ksmeLlelh B R E ARl RS B bt mpomang s MV
PDKlfdirgptgmgN&anhgspnmgytaﬁh@nxaLg§m6pf this specific PP2A conplex in
CRC resulted in strong Myc phosphoryl ation in response to mlfORC1 i nhi bitor

rapanycisU whi ch confers rapanycin resistance. 15Intriguingly, unlike
rapanyci d AKT phosphoryl ation, rapanycin-induced Myc

phosphoryl ati does . e
therefore identi % deg&}be aeg%ﬂu%n %}}ges@gﬁ P&Bﬁdzﬁl s%%%%?%{%ﬁ?&r%n%ﬁl\/yc
signal i ngplgact:tﬁhm/\inhdstatatal wgirembter DNAlhﬁpelmgﬂnblbihbmm henagiscdlarectekéantance to
nWCR-based cancer therapy. 20According to al St aspect of the present
|nveﬁQ|oﬁ R provi de a nmethod of determ ning whether a cancer cell is
likely to be resistant to treatnent by an nilfOR i.nhi bitor, the nethod

conpr.i si-ng deweaestonothat PP2 ARPP2RRBB eﬁapﬁamknoﬁeﬁem mmolixluuﬁmﬁesssoﬂ\w rh&ﬂg@ﬁﬁg or
(i) PDK1 (CGenBank Accession Nunber: 2613), or both, in _or of t
cel | . ThEDXdrsrstadaylye hgspherylagien deqss ﬁgffﬁfem%lrf 5PP3A omAleinSPs resplt ’élm)t er

in or. of Eé@glggggo@g@ i}ﬁlom g?l{ggxo FAH ﬁﬁlhfi)%ﬁﬁd&%gmhywﬁfcﬁ%m{sat' on of

t he PPP2 e met ation or ypernet I on may be conpared
to a canempamyeinirediktadcel s not niTOR i nhi bitor resistant. Detection of
hyper met hyl ati on may i ndicate that the cancer cell is likely to be

resi pfant to h{tﬁgﬁlﬁgﬁf uﬁﬂ(e@gba%-gf%-inﬂm:&li /&ﬁrf'phosphorylation, rapamycin-induced
' Myec phosphorylation does not require PI13KC4, but is PDK 1-dependent.

We therefore identify a new tumor suppressor mechanism controlling PDK1-Myc
signaling and show that a defect in this regulation leads to resistance to mTOR-based cancer

therapy.

._20 ‘ According to a 1% aspect of the present invention, we provide a method of determining
whether a cancer cell is likely to be resistant to treatment by an mTOR inhivbitor, the method
comprising detecting: (i) PPP2R2B (GenBank Accession Number: NM_181678) or (i1) PDK1
(GenBank Accession Number: NM_002613), or both, in or of the cell.

, The method may comprise detecting methylation of the PPP2R2B promoter in or of
25 - the cell. The method may comprise detecting hypermethylation of the PPP2R2B promoter;
' ~ The methylation or hypermethylation may be compared to a cancer cell that is not mTOR
inhibitor resistant. Detection of hypermethylation may indicate that the cancer cell is likely to

be resistant to treatment by an mTOR inhibitor.



WO 2011/ 084108PCT/ SG2011/ 000011 3 The nethod may conprise detecting
expression or activity of PPP2R2B or PDK1l, or both, in the cell. The PDKl1l
activity weypoomsprosse PDK1 nmedi at ed Myc phosphoryl at i onpagisiczotio0011 The
met hod may be such that a decreased expression and/or activity of PPP2R2B
conpared to a cancer cell that is not n¥OR inhibitor resistant, indicates
that-'the cancer cell is likely to be resistant to treatnment by an nrTOR

i nhi bi tor.. Thahewietod mBycddepriy dbtet il expreskios beaaity &f PPESR2Bor RD#/106r
activity of PDK1 conpared to a,cancer cell _that is not ng? i.nhi_bi tor

resi st anboth 'W%ﬁ?lb?hﬁﬁ)&{mt Hhivity sy copprise PRK| mediated yysephpgphiostlatian ¢ o
treatnen%ctg}{ an mMIOR i nhibitor. 10There is provided, according to a 2nd
aspect o thtg' present invention, a nmethod of choosing a treatnent for an

i ndi vidual suffering fromor suspected to be suffering froma cancer, the
net hod conpr i dhagetiiod)mpr basugh thyt a deerrased exprassiqreandayactiyify) of fRPEREBng nmTOR
i nhi bitor _resistang . ; ere
the cbi 1 crEPaelFREE sl Rudhs Y RThRR TR e ARl BR R et ecr b N

i nhi bi t olikéls t@bé FRRtaME R trdaheiitde ah P DAR Vhidbiadr, Thatheibod meaytBeasuciethat ars
determned to be mMfOR inhibitor resistant, choosing a different treatnent
for the infRagedigrpression and/opgetyityof §DK lacomnagrdrg arcaneer selythatisaot JiOR he

present. -iirﬁj\{t‘ii’fbtriré)sg&taxﬁ, igﬁifcbtggg{af thg%ﬁxfée%éli R9ik¥R8b kB@!’refs i Rfird e by Sl fering
from or suspected to be suffering froma canCer w respond to treatnent
by an nToRORMmhbitasr . The net hod nmay conprise performng a 20 nmethod as set

out above on a cell of the individual. The nmethod may conprise, where the
cell ;4s determ : OR i.nad hi t ar ' : er m.mi t hat the
Cndi Waual s qqf‘ug‘%g? @“?’t‘b&?@%g%@ '8 a{yrﬁ e%?tf’rée%r?tf E@?rgﬁﬂ{nﬁ&ﬂﬁﬁh{l fHeftiod'of As
a 4th aspeadsinfa trdaempntefseat individeal sudfering fieneor sispecosdi td dd safferbtghfoen af '

i ncreasing the sensitivity of cancer cell to treatnenf by an OR

i nhi bi t ofancehdhgBE _QC%%?P%:@QP@B@H&% '%hf‘_e%‘te@s'g‘?)di?teﬁﬁ’aﬁ BrOK vity of
PPP2R2B, ; ibigﬁv\gés@sfi‘ﬁic_@%f BEREA DT I GNEY RF 0 R GbbW; bXd (fwHeRthe cY isRRtcPmired OF

of the cell. W provide, accofding to a 5th aspect of the present
i nvent i onpt ta been HOR ivlibiteraasistant, chroopingwe mTOR idupiteras areatmeanh firvhaual

suffegin r. syspected to be.suffering fro nger.. the t hod .conpri si ng
ner Gasi UL e 1 sl s dss v g be R IR AR el ogene &
30expr es gifthtert tdh@Senf €drityd individuaPDK1, or both, in or of the i ndi vi dual .

We provide, according to a 3™ aspect of the present invention, a method of
detefmining whether an individual suffering from or suspected to be suffering from a cancer
will respond to treatment by an mTOR inhibitor. The method may comprise performing a
20 ‘method as set out above on a cell of the individual. The method may comprise, where the cell
" is determined not to be mTOR inhibitor resistant, determining that the individual is likely to

respond to treatment by an mTOR inhibitor.

As a 4™ aspect of the present invention, there is provided a method of increasing the
sensitivity of a cancer cell to treatment by an mTOR inhibitor, the method comprising
25  -increasing expression and/or activity of PPP2R2B, or decreasing expression and/or activity of

PDK1, or both, in or of the cell.

We provide, according to a 5™ aspect of the present invention, a method of treating or
preventing cancer in an individual suffering or suspected to be suffering from cancer, the
method comprising increasing expression and/or activity of PPP2R2B, or decreasing

30  expression and/or activity of PDKI1, or both, in or of the individual.



WO 2011/ 084108PCT/ SG2011/ 000011 4 The net hod may be such t hat
expression of PPP2R2B is increased by decreasing nethylation of the PPP2R2B
pr onot er .wbkbhylsatoson of the PPP2R2B pronoter nay be aclkcesedoipo@iposi ng
the cell to, or admnistering to a patient, a denethylating agent such as
5-aza-dC or Azacitidine. - The met hdd may conprise exposing the cel

to, or admnistering to a patient, a PDKLl inhibitor such as BX912 (CAS
Accessi on Nunirae meﬂQﬂﬁﬂdJy- ebsudh thout e@ﬁ&ﬁ)n(MPBRQBS§ lrmfbakdlalrﬂyaiecreasmg
702675-74-9) . resent invention, in pect, provides a

met hod ofmethydation g ﬂeﬁrPl?cP rpﬁ)@teéal}%@mﬂﬁnaﬁtherPa’.P@Raﬁéarorga@f BaY 8§ or
t
Sty i st SetibvRby b ale (8 LRI AN RseriodTaeN, AGAMRI LG Mhent suchas .,

an nTOR 6nha%K1anzamudnw In a 7th aspect of the present invention, there is
provi.ded a conbi nation of an inhibitor of PDK1 expression and/or activity
and ap nTOR i r - I t of
cance? 15Accg p% F}lneg%td Jl;gf Ccﬁlﬁ lsgg )5}2%89}%? 9'? ?‘llgiop?{e%g{rllgg %trrll\l} | Qggt\{&l@med %?Iéw de
use of ainhditorRath HBXY1 22(C A Ackdstion NuintiePKD267p5@4$ boRXANT((OAS Actesgiony and
an nTOR inhibitor in the manufacture of a nedicament for the treatnent or
preventiawngﬁtégﬁég%7£§@ provi de, according to a 9th.aspect of the

i nvention, use of PPP2R2B or PDK1, or both, as a biomarker for.
sensitivity offha pEafefiventbh, ih @ 68sHIEORroviddski hetho®of freiting of preserititlg -

ZOcancer (CRC), such_ as rapanycin resistance col orectal cancer, ~The
MIOR i nhi#icebi anapdivishipksudleripa paHppesiedio by HiFTa P ReanssE e metiod ppK1
i nhi bjto ( i
T e R S o R L L SO
present mi@RinhdbitorPDK | or an antagoni st thereof for use in a nethod of
treating colorectal cancer (CRC). 25The cancer may be selected fromthe
group consi st 0 , cer
and oesophagegFgga%SEﬁRMQBgﬁgggbﬁﬁgco d&%%?gﬁnggﬁggfgo ?ﬁﬁ¥ﬁg&g?§ggﬁge of
t he preseNPDKIe&pidssion whd/br &uipitpynd anh@OR mhibetonfs aisé rnda methed of reatinent i onal
t echni ques of chenlstry mol ecul ar bi ol ogy, microbiol ogy, reconbi nant DNA
and |nnuﬁbP@§V“KWH1GW“§Fe within the capabllltles of a person of ordinary
skill in the art.

15 ' According to an g aspect of the present invention, we provide use of a combination of

'an’inh1b1tor of PDK 1 expression and/or activity and an mTOR inhibitor in the manufacture of

a medicament for the treatment or prevention of cancer.

We provide, according to a 9" aspect of the invention, use of PPP2R2B or PDK1, or
both, as a biomarker for sensitivity of a cancer cell to an mTOR inhibitor or for colorectal

20 . cancer (CRC), such as rapamycin resistance colorectal cancer.

The mTOR inhibitor may comprise rapamycin or a derivative thereof. The PDK1
inhibitor may comprise a shRNA, BX912 or BX795 (or any combination of these).

There is provided, in accordance with a 10™ aspect of the present invention, PDK 1 or

‘an antagonist thereof for use in a method of treating colorectal cancer (CRC).

25 The cancer may be selected from the group consisting of: colorectal cancer (CRC),

bladder cancer, brain cancer and oesophageal cancer, preferably colorectal cancer (CRC).

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant DNA

and immunology, which are within the capabilities of a person of ordinary skill in the art.



WD 2011/ 084108PCT/ SG2011/ 000011 5 Such techni ques are explained in the
literature. See, for exanple, J. Sanbrook, E. F. Fritsch, and T. Maniatis,
1989, Mlwoubares@osni ng: A Laboratory Manual, Second EdipCireGoBomokal 1- 3,
Col d Spring Harbor Laboratory Press; Ausubel, F. M et al. (1995 and
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and 16, John Wley & Sons, New York, N. Y.); B. Roe, J. Crabtree, and A
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87969-630-3. Each of these general texts is herein incorporated by reference.

BRIEF DESCRIPTION OF THE FIGURES

20 Figure 1. Loss of PPP2R2B expression by promOter DNA hypermethylation in CRC

Figure 1A. Differential expression of PPP2R2B in 24 pairs of patient-derived CRC
and matched normal colon mucosa as determined by Illumina array analysis. PPP2R2B-

mRNA expression is presented relative to log 2. ** p<0.001.

Figure 1B. Hierarchical clustermg of PP2A subunits expression in 24 pairs of

25 colorectal tumors (T) and matched normal mucosa (N).

Figure 1C. RT-PCR analysis of PPP2R2B expression from eight randomly selected

pairs of human CRC (T) and matched mucosa (N). 3-actin was used as a PCR control.

Figure 1D RT-PCR analysis of PPP2R2B, PPP2R2A4 and PPP2R5C in a panel of

CRC cell lines compared to the normal colon tissue.



6 Figure 1E. Methylation specific PCR (MSP) anal ysis of PPP2R2B
pronmoter in CRC cell lines. Figure 1F. MSP anal ysis of PPP2R2B pronoter in
ei ght tumwo 2anghsmmsmal control s Fi gure 1G RT- PCRramaiGgeiiso@il PPP2R2B
in HCT116 and DKO or DLDl cells treated with or w thout 5-AzaC (51.1,M for
3 days. Figure 1H MSP anal ysis of PPP2B2B pronoter in HCT116 and DKO
cells. ‘Figure 11. Methylation analysis of PPP2R2B pronoter by

bi sul fite-sequpne T MeB MEbS sfeBER)PCR (M SPRatiabyyi st BERS Bl omb@t GACRA.  The
arrow i ndicates the transcriptional start site. Qpen circles represent

unnet hyl &2lkdnespGs; cl osed circles denote nethyl ated CpGs. 10Figure 2. Gain-
or loss-of-function analysis of PPP2R2B as a tunor suppressor Fi gure

2A. ‘I'mmunobl ofigana] B VISP ehal{diddf PPPIER 6 flotcd i EigRNHRBE R SorBRbortidts
ect opi ¢ B550- Myc, using anti-M/c tag or anti-B55 subunit antibody. Cells

were treated with i ut 1.0 pi X ine f 3 days.

Fi gure 2B. SAHE@fegg(iE' %\dgé)@{ W}ﬂsﬁ%%@%&mgﬂié Eﬁ%(ﬁpf gﬁi%@g tredtedt ed
Wi th or JewdRegbuDAZRo 5 B3 dagal e bars =1001. . un. Fi gure 2C.
BrdU i ncorporation of DLISl P?DP2R28 or vector control cells treated with or
wi t hout .Dox for 96 _h. Shown is pean + S.D. of thr i nd e '
experi nents. F’guffktﬁdt@? analysis o §1¢ R25 promQietHB Lo gﬁ&gégﬁ&growt h
assessed by soft agar assay in DLD1- PPP2R2B or HCT116- PPP2R2B cells,
treated wth Biguwd (IhMethyRatonfanlydid of 2P$2R 28 bighister REbisulfiragadrcideunor
growt h of DLD1- PPP2R2B or control  cells in nude nmice treated w th Dox at
100 g/ karadwsis (BGD). b regigmemalygedisiadicgipdtlde appydadigrtesthe trapssripggpal start
represent; : - r :

transf ec%%ed% ] ?ﬁ“‘éleioEBgéri% snarﬁltﬂ%gdo{ib glyl'g@l\?AS% 1Fr> aé?&gr%v?]ﬁﬁg%‘gegd n(?S "PPP2R2B
si RNA and the PPP2R2B nmRNA was assessed 25 by Tagman assay (Figure 2F) and
the &l ony foFigd dribaamridesyolvirctivganalysy OBéPé’éngB AGARINE SHPPIEFPHUr e 20) .
Shown on the left are representative i mages of three independent
experiments. § Eémqlnlm@mbkﬁ@ﬁalgﬁi bf DK DV £8P 710 Biies bERYdRhd & B¥Jocundsed as

positive control. WO 2011/084108PCT/ SG2011/ 000011 .
“ectopic B55B-Myc, using anti-Myc tag or anti-B55 subunit antibody. Cells were treated with

_or without 1.0 pg/ml Doxycycline (Dox) for 3 days.

Figure 2B. SA-B-gal assay of DLD1-PPP2R2B or vector control cells treated with or
15  without Dox for 96 hr. Scale bars =100 um.

Figure 2C. BrdU incorporation of DLD1-PPP2R2B or vector control cells treated with

or without Dox for 96 h. Shown is mean + S.D. of three independent experiments. ** p<0.001.

Figure 2D. Anchorage-independent growth assessed by soft agar assay in DLD1-
PPP2R2B or HCT116-PPP2R2B cells, treated with or without Dox for 12 days.

20 Figure 2E. Xenograft tumor growth of DLD1-PPP2R2B or control cells in nude mice
~ ‘treated with Dox at 100 mg/kg daily as described in Experimental Procedures. Error bars

.represents S.D.

Figure 2F and Figure 2G. HEK-TERYV cells were transfected with a PPP2R2B smart
| podl siRNA (SP) or an independent PPP2R2B siRNA and the PPP2R2B mRNA was assessed
25 by Tagman assay (Figure 2F) and the colony formation capacity was assessed by soft-agar
assay (Figure 2G). Shown on the left are representative images of three independent
experiments. SV40 small antigen (ST) expressing HEK-TERV cells were used as positive

: ‘control.



7 Figure 3. Restoration of PPP2R2B- PP2A conplex results in inhibition
of p70S6K and Myc phosphoryl ation Fi gure 3A. | munobl ot anal ysi s of
HCT116- PRv@R2B/m3u108he vector control cells for indicategcpseteirnsonn the
presence or absence of Dox for 48 hr. Figure 3B and Figure 3C.

| mmobl ot anal ysis of DLDI1- PPP2R2B or the vector control cells treated with
or without Dox for the indicated | ength of tines. ‘Fi gure 3D.

Co- i nmunopr ecFigutel.iRestoodtiorRE R PP BdRliAngipleutesulist in amdbitian af pTGSHKGnd
subuni t th PPPZ%B DLD1- PPP2R2B or vector control cells were treated

W th jDox #%as | nmunopreci pitated with anti-Mc tag anti body.

WCL, whol e ceI | |ysates. 10Figure 3E. Serine/threoni ne phosphatase activity
f or DLD1- PPP2RigBreo3 A Menhwrobboahalgsis GEIHCSFIl@PWéRﬁBphﬁsp/hamathbéHsi foy of

t he i nmunopr eci |tates of PPP2R2B:- red intriplicates from
three i nH’éigcéFF&é)R? e@ﬁb‘éﬁeﬁ’é"rﬁ?%ce or ab%@z“ﬁﬁ% Krmmobl ot anal ysi's of

DLD1- PPP2R2B cel | s for Myc and p70S6K, treat ed PPP2R1A si RNA or a negative
cont rol si RNAFigurd 3B aiid Righiei (. Iﬁi&md)rcﬁaﬁa’[}%’ii of DBBil gUt2 2B or@icowdckorcur ve  of
HCT116 and DLDL cells treated wi th c._or p70S6K s RNA or a negative

cont rol SPraQhcs! &tranﬁSl‘%lgt‘érdW’éll%ﬁ}%Dox rthemcg‘zﬁ“‘éi lﬂngt PPYRSB r e- expression in
CRC sensitizes rapanycin both in vitro and in vivo, and overrides

rapanycin-i ndepee NycCephasn rydxpmat@ﬂ ofPP2A scaffoldinfiAgsubanidAnd Bltalytié €r at i on
of DLD1-PPP2R2B cells treated with 10 ng Dox (Dox) or 2010 nM rapamycin

or bot h pirpyt WlB‘rPﬁ)fr’w%ﬁ?cBa@d)ldB%’?MB or Veqﬁ?rﬁanﬁol@e Is B@??stéeaff‘dcwlth Bexatdon on
a monol a)SPPZR% %ﬁﬁ%ﬁggggite&ﬁx %0(1\\11 91%1509151 jv}@gicgefllq%a\% st h‘ 10 nM

rapanycin trrent for
Fi gure 4C. Cell cycl e &@/Marrest in DLDL- PPP2R28 or vector control cells
treatd 25 wi FigupodE.crering(Bueqrananhosplistash aptyityslgr RLD 1-PPP2R3 Bk eecto,

Xf”‘ig{)a“ Iitr%”%usg{)P%ﬂ‘y%sg%?ée;ﬂ?ﬁf%ﬁh%?%h%ﬁb&ggigﬂﬁeg{)ﬁ HJ%&E@ &ts*c‘r Dox |

i n Exper nmirai inRripliethsriasn thréd ddegeadant eeporgsand. SEM  *** p<0. 01.
2011/ 084108PCT/ SG2011/ 000011 8 Fi gure 4E DLDl PPPZRZB or DLDl

vector control. cel wer e, eated S e, or
absence of Doiz g%rélié EPﬁ%nal%% I%?Di ana yS| < sﬁ yct‘}l p%o%ﬁ f?égaﬁ%d
i nduces WFpe2RNOSIRNA vt ahegam,vewbmfm sIRN AW idlg at @dhmcmxm%ﬁaﬁaﬁ expr essi on.

15 ‘ - Figure 3G. Growth curve of HCT116 and DLD1 cells treated with Myc or p70S6K
siRNA or a negative control siRNA for indicated days. '

Figure 4. PPP2R2B re-expression in CRC sensitizes rapamycin both in vitro and in

vivo, and overrides rapamycin-induced Myc phosphorylation.

_ Figure 4A. Proliferation of DLD1-PPP2R2B cells treated with 10 ng/m] Dox (Dox) or
20 10nM rapamycin or both (R+D) for indicated days.

Figure 4B. Dense foci formation on a monolayer of DLD1-PPP2R2B or DLD1 vector
control cells treated with 10 nM rapamycin, with or without 10 ng/ml Dox treatment for 14

days.

Figure 4C. Cell cycle G2/M arrest in DLD1-PPP2R2B or vector control cells treated
25  with Dox or rapamycin or both for 48 h.

Figure 4D. Xenograft tumor growth of DLD1-PPP2R2B cells in nude mice treated
with Dox at 100 mg/kg, or rapamycin at 4 mg/kg or both, every other day as described in

Experimental Procedures. Error bars represent SEM. *** p<0.01.



Fi gure 4F. | nmmunobl ot anal ysis of indicated proteins in DLDl cells treated
with 10 nMrapanycin for the indicated tines Fi gure 4G | nmunobl ot
anal ysi s wO 2MymsisDLDL cel I's treated with shRNAs tar gecmgcaii@Boooapt or or
rictor. Figure. 5. Rapanycin induced Myc phosphorylation requires DK1, but
not ‘Pl K3CA- AKT. 10Fi gure 5A. |nmunobl 08 anal ysis of DLD1 cells for AKT and
Myc.:'DLD1 cells were serumstarved for 48 h and foll owed by treatnment with

10 n |V| r apany Cifigr&#E! DEDIl H@Pmmt)rtDL@B vector contrbl @lis &/eﬁdﬂrealtdmwnlo b0 aM
anal'ysi-s of DLDl cells for AKT and Myc in response to g MTORC1 and P1
10a i nhi BPEBYCIp|in maarfssn@cﬂamen%pf Pﬁéfqrrﬂ?ﬂ@r hsgimmyroblot g5 Vﬁﬁ?@% at

| munobl o S meré
transfec%’%ﬁa &Aﬁmﬁdlﬁ&ﬂk@% t| rl}aélo][hh{?evhwgs bgét%ﬁed: nes PP}"Z a ne geglﬁ\% cont rol
SiRNA for 48 h, followed by 10 nM 1rpg‘%arrym n treatnment for

Fi gure 5D. | mkigspHBiimmenopkit gnaysippindicaipd pmmnmrDLHlBElmtr%aéqd with 10

transi ecﬁlﬁqaﬁﬁxﬁ{]%ﬁf%tﬁﬂn&%ﬁ%@&mﬁe@m si RNAs or a negative control siRNA and

then trea rapanycin for 24 hr. Fi gure 5E. | mrunobl ot
anal ysis of PDK1, Myc and AKT in SW80 cells infected with a retroviral
PDK1 shRNA. - Figure AGFImympeotdet, anplysig 96 Mystin 214D yedlls tisptefgpith SRR Asrfarestne i n
DLD1 ceII eatted W. h PDK1 i nhibitor BX912 (2.5 [i M, or PIK3CA inhibitor
Pl K90 (Sm[ I{%rap? CI n (10 . nM or 25indicated conbinations for 48 hr.
Figure 6. PPP2R2B blndsto PDK1 and inhibits its activity that is :

upr egul at ed i Rig@RG. Rapamycifiigfnced Bixc pCOSphnmdﬁumrré@ulmSt[ﬁif/é’nt BEIHK3CH- 293T
cells tr. ected with PPP2R2BMyc, PDK1-HA, or both.

2011/ 084 PCT/ S&G2011/ 000011 9 Figure 6B. Co-i mrunoprem pitation
assays in DLD1-PPP2R2B cells. Cells were treated with or without Dox for 24
h anth PPP2R2BFigyure A. IRDKInobkt englydis eDHBWeeldnir S et et BLDineelirowtrot

o Pk rupatstepo g B MBS fem i G IRGOREREE o ho

hro " times.

Figure 5B. Immunoblot analysis of DLDI cells for AKT and Myc in response to a dual
- “mTORC]I and P110a inhibitor PI-103 (0.5 uM) for the indicated times.

'15 Figure 5C. Immunoblot analysis of DLD1 cells for Myc, AKT, PI3K, or PDK1. Cells
were transfected with siRNAs targeting the indicated genes or a negative control siRNA for

48 h, followed by 10 nM rapamycin treatment for 24 hr.

Figure 5D. Immunoblot analysis of PDK1, Myc and AKT in DLDI1 cells transfected
with two different PDK 1 siRNAs or a negative control siRNA and then treated with 10 nM
20  rapamycin for 24 hr. "

Figure SE. Immunoblot analysis of PDK1, Myc and AKT in SW480 cells infected with
a retrov1ra1 PDK1 shRNA. ’

Figure SF. Immunoblot analysis of Myc, AKT and S6K in DLD1 cells treated with
PDK1 inhibitor BX912 (2.5 uM), or PIK3CA inhibitor PIK90 (5 uM), rapamycin (10 nM) or

25  indicated combinations for 48 hr.
Figure 6. PPP2R2B binds to PDK1 and inhibits its activity that is upregulated in CRC.

Figure 6A. Co-immunoprecipitation assay in 293T cells transfected with PPP2R2B-
 Myc, PDK1-HA, or both.



Fi gure 6D. | nmunofl uorescence for PDK1-HA in DLD1- PPP2R2B with or w t hout
serum and Dox treatnent. Fi gure 6E. | nmunohi stochem cal (I1HC) analysis
of phosphwoybatmadioRPDK1 i n human col on and nornmal appendiPRTiSIGREUS000DAr K
brown col or represents positive signal of phospho- 10PDK1 at S241 and bl ue
colore represents the nucl ear staining.9Magnification for scanning IHC is
40 X. Figure 7. Inhibition of PDK1l- M/ signaling overcones rapanycin

resi st ance Flgure 6B Ricgmnauﬂdpredrﬁ%ilbﬁ as®al$ s DEDe-RAFRIRIBaetle Calls twersi RNAs
targetln or PIK3CA for 48h, and_then tre%fed with 100 nM
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i nhibiti I ted cells. . Fi gure 7B. Rapanyci n-i nduced
growt h Iﬁﬂ?%l%ﬁ%ﬁ¥ﬁﬁ&%%%g%u%é s expressing PDK1L shRNA or a negative
control shRNA. gure 7C. GQ/Nlphase arrest in SW80Q and DLD1 cells
i nduced by raPumRe® Ip&mmmottlrm@@b/sm theimambrape [agriqns op PKkprsgared or i n
conbi at S ﬁﬁf}% gnal ysis. Data are

pr eseﬂt ed 8§1§Dlﬁ§a%w%%%?¥1 {tgeagetg?‘k@n ges o?ﬂ)ce s arrested in @/M ,
Flgure 7D. Cell viability of DLD1 and SWI80 cells treated with BX912 (2.5
uM, rapanyci Riguiooinmmunoflyerescenes farPdickabiédindlyR1-PPP2R2Bryigyerevitout Dense
foci fornatlon f xt%%ug$ﬁ§ on a nonol ayer of DLD1 and SWI80 cells treated
as Flgur% g ure A nodel indicating a role of PPP2R2B-regul ated
PDK1- Myc pathmay i.n nodul ating rapanycin response. Loss of PPP2R2B i
expr essi on i nFERE ¢dmmunohistachetuisal Mcbﬁnmoﬂépm&ew&m in human

h h I f
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SUPPI@SSeDKi 1Mt Sa4t hitl Blub Yo 1©pREETSthe MEIEM smidlat MagiifitatdhFosdeaming t he
normal i zed expr ession of PPP2R2B in nalignant and correspondi ng nornal

ti ssues HACHY #4dfer (Dyrskjot et al., 2004; Sanchez-Carbayo et al., 2006),
brain (Ri ckman et al., 2001; Shai et al., 2003; Sun etal., 2006), esophagus

(Wang et al ., F ') 1Amgitoalof PDRN-MSE s@nahn%@@?aomdgﬁﬂia@@%ﬂi Rbisdacglat a are
shown across rru iple i ndependent I y publ i shed m croarray studies fromthe

ONCOM NE b f t f. P R2B |
cancer cell ol 7Adﬂ€£ﬂ e R A NG A e s Y e
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GFP sel ection. The mor phol ogi es of DLD1
15  the rapamycin-induced growth inhibition relative to non-treated cells.

Figure 7B. Rapamycin-induced growth inhibition in SW480 cells expressing PDK1 |
shRNA or a negative control sShRNA.

Figure 7C. G2/M phase arrest in SW480 and DLD1 cells induced by rapamycin (10
nM), BX912 (2.5 uM), PIK90 (5 uM), single or in combinations, assessed by PI staining and
20  FACS analysis. Data are presented as mean + SD of the percentages of cells arrested in G2/M.

Figure 7D. Cell viability of DLD1 and SW480 cells treated with BX912 (2.5 uM),
>rapamycin (10 nM), or both for indicated days. |

Figure 7E. Dense foci formation for 14 days on a monolayer of DLD1 and SW480
cells treated as Figure 7D.

25 Figure 7F. A model indicating a role of PPP2R2B-regulated PDK1-Myc pathway in
modulating rapamycin response. Loss of PPP2R2B expression in CRC results in induction of

'PDK1-dependent Myc phosphorylation by rapamycin, conferring rapamycin resistance.



10 and SWI80 cells i nduced by PPP2R2B re-expression are shown in Figure 8A
and t he anchorage-i ndependent grow h of 5WI80 and HT29 is shown in Figure
8B. Scal ewbansi/084@pm Fi gure 10. Ectopic expressipom/schoRBRDREB
inhibits the growh of NIH 3T3 cells transfornmed with Ras. 15Fi gure 10A.
Anchor age- i ndependent growth foll owi ng Ketroviral packaged pM\- PPP2R2B in
Nl H 3T3-Ras cells is shown. Colony formation in soft agar was neasured.

Figure 10B. | Figuro®| RRAIRIG is bigdifRantOf sulpesaddn Sﬁiﬁllﬂé ati@hmearicersNl H 3T3- Ras
cells infected with PPP2R2B or control vector. Figure 11. S6K interacts
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studi ed By Western tt| ng of the inmunoprecipitates. FI gure 12.
PPPZRZB and raparrym istically induce GZ/ M cel | ycI “FACS
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growt h i nhi bi t| on in HCT116 and DKO cel Fi gure 13C. | munobl ot

anal ysi s=680uy.c, AKT, or p70S6K in a serl es of CRC cell lines treated with
rapamycin for. 48 hr. Fi gure 13D. Rapanyci n-induced growth inhibition

in CRCcell | F%x g 105%8clop Yd Abd iy omwkgﬁ uﬁfﬂgl?srthégﬁﬁ\)fﬁ of Ne@BTBRENWM th 10
nM rapanyci n.  The graph bar represent s

transformed with Ras.

15 Figure 10A. Anchorage-independent growth following retroviral packaged pMN-
| PPP2R2B in NIH/3T3-Ras cells is shown. Colony formation in soft agar was measured.

Figure 10B. Immunoblotting studies of Myc and S6K proteins in NIH/3T3-Ras cells
infected with PPP2R2B or control vector.

Figure 11. S6K interacts with PPP2R2B-associated PP2A complex.

20 Figure 11A. DLD1-PPP2R2B tet-on cells were treated with 1.0pg/ml Dox for 8 h and
- cellular extracts were subjected to immunoprecipitation with S6K antibody and interaction of
S6K with PPP2R2B and PP2A C subunit were studied by immunoblotting of the

immunoprecipitates (IP).

Figure 11B. DLD1-PPP2R2B tet-on cells were treated as Figure 11A and cell lysate
25  were immunoprecipitated with Myc-tagged antibody and the interaction of PPP2R2B with
* S6K and PP2A A subunit were studied by Western blotting of the immunoprecipitates.

Figure 12. PPP2R2B and rapamycin synergistically induce G2/M cell cycle arrest.
FACS analysis of DLD1-PPP2R2B or vector control cells treated with Dox or rapamycin or
both for 48 h. The percentages of cells arrested in G2/M are indicated.



10r apamyci n- induced growh inhibition (% conpared to untreated cells.

Fi gure 14. Rapanyci n does not induce Myc phosphorylation and is nore

sensi ti vewonrooasems cel |l s expressi ng PPP2R2B. Firgurse 2014 A40000NCOM NE
dat abase showi ng the expression of PPP2R2B in renal (Boer et al., 2001),
liver (Chen et al., 2002), |ynphoma (Alilzadeh et al., 2000) and ovarian
15cancer (Hendrix et al., 2006). Fi gure 14B. Tagnan assay of PPP2R2B
MRNA i n i ndi caigae I:?clmapﬁmyﬁhlmddce@M}&ﬁﬂhOﬁ}ﬂfoﬂﬁhtmrﬁls assotidedseith ACT2R2B ues
wer e shown. gure 14C. | pmunblotting apal ysis of Myc and AKT
phosphor §XREISHN qnﬁ r%p*ﬁ&’r?é‘} Segpitipprento n%@ﬁ?re%?gﬁ ‘ng cancer cell Iines.

20Fi gure 14D. Rapanyci n-induced growth inhibition in PPP2R2B-expressing
cancer cell I'Figelsemelﬂnnvdr@bidtbﬁalysi\@@fma,wmdnabvm6léuﬂa&$lwaﬁtm{m W th

| OnM rapa cin. raph bar represents the rapanycin-induced growth
i nhi bi t i 8#1s(tRptedrafl ezpamy clinfor Bstiedicded fimes-Fi gure 15, Subcel | ul ar
| ocal i zations of PPP2R2B, PDK1l, and Myc in DLD1 cells. Fi gure 15A

DLD1- PPP2R2B Fﬁguk@mr@pbﬁ@aheﬁhu%a BrokaK ift@bitidBh HOTi N6lugeDRER2ZREB
25expression and cells were stained with anti-Mc (9E10) and DAPI to detect

the localizatipn o PP2R2B- Myc in bars=101
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anti-p- PMt%&@Wﬁprﬁg&?g}l fbhww focal i zation. Scal e bars=10im Fi gure
15C. ‘DLD1 cells treated with Raparrycm for 48 h and stained with anti-p-Mc

(T58/S62). Figure 1 Phar macal fects. of hi bi 12 and
ShPDK1 in col SRRk Rapamyein- ’P& 55“’1‘@ inhipitign Egée‘? lgpe%\fifglowgéxﬁys under
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Figure 14. Rapamycin does not induce Myc phosphorylation and is more sensitive in

‘cancer cells expressing PPP2R2B. .

Figure 14A. ONCOMINE database showing the expression of PPP2R2B in renal
. (Boer etal., 2001), liver (Chen et al., 2002), lymphoma (Alizadeh et al., 2000) and ovarian
15 -cancer (Hendrix et al., 2006). | |

Figure 14B. Tagman assay of PPP2R2B mRNA in indicated cancer cell lines and

normal colon mucosa. ACT values were shown.

Figure 14C. Immunblotting analysis of Myc and AKT phosphorylation in a panel of
 PPP2R2B- expressing cancer cell lines. '

20 Figure 14D. Rapamycin-induced growth inhibition in PPP2R2B-expressing cancer cell
| lines. Cell viability was measured after 5 days treatment with 10nM rapamycin. The graph bar

represents the rapamycin-induced growth inhibition (%) compared to untreated cells.
Figure 15. Subcellular localizations of PPP2R2B, PDK1, and Myc in DLD1 cells.

Figure 15A. DLD1-PPP2R2B cells were treated with Dox for 48h to induce PPP2R2B
25  expression and cells were stained with anti-Myc (9E10) and DAPI to detect the localization of
PPP2R2B-Myc in DLDI cells. Scale bars=10im.



10 and cell cycle was neasured by FACS anal ysis. Percentages of cells
arrested in G/ M were indicated. Figure 17. PLK1l inhibitors Bl 2536
and GN8438862x1mBrmssel ectively decrease the cell viabil ipty/schoRDEd10r
Myc-transfornmed cells, conpared to control or PTEN stable knockdown i nduced
transformation. The cell viability assal2 was carried out in the presence of
15PLK1 inhibitors for 4 days. Figure 18. The PLK1 inhi bitor Bl 2536 :
preferenti al | Yigurdhl 3B.13LD heelprsadinddewidtt amainp-PDKIDK24 t)tadsttarthekbcalidatisn. but
has | ess_effect on control cells (PW) and PI3K transformed cells (E545) in
both HEKS ‘ﬁﬁﬁﬂﬁMPEl syst ens Figure 19. Apoptotic assay in
HEK- TERV cel ls treated with PLK1 inhibitor BlI2536 20 10 nMfor 24 h.

Fi gure 20. PDKiguretB@&LIPLKdIsardteivatipRagsptyoinyfoatd anand staingt twithl antigpiMsheel i al
cells..(gtgﬂaf 20A). I nmmunobl ot anal ysis of Myc and PLK1l in HEK-TERV cells
transfor Pn PDK1, Myc or shPTEN (Figure 20B). | mmunobl ot analysis of
Myc and PLK1 in human manmary epithelial cells (HVEC) and prostate

epi thelial ceFlgard RNPEMrma2bhoigldl effedls of DKL Miheiex BXOY S iand ShRTOKIC @ScdWie

phosphoryl ati on and accunul ates Myc protein in 293T cell. - Figure 22.
PLK1 knotX¥euitllsy si RNA suppresses Myc phosphorylation in HEKPDK1 cells.
WO 2011/ 084108PCT/ SG2011/ 000011 13 Fi gure 23. BEZ 235-induced Myc

phosphoryl at i piyuremA MerpRbiEics bEWIBDIcolls @il indlicatcaftreMserand AKT
phosphorylation in DLDL cells treated with PLKL inhibitor BI2536 (10nM,

MTOR ‘i nhi bitor. B 0 . i ndi nbi nat i f 4

il gure 24, Goriews MOIAGS s et BV BRrRL okl oot Brorae
(10nM, BNV B CA GHit@PIROD WithQr vithduCabady daYsr-48 h. Cells RefitfindPwith PI
Apoptotic assay in SW80 and DLDl cells treated with BI 2536 (10nM BEZ 235

(100HM) and ¢adk dycteovasagedsured by FACS-arpliyses. Percenpgrs|cdyells artsisigdyn O3awdron
assay'in.%%geﬂpells treated with BEZ 235 or Bl 2436 or conbination for 12
days. IQE$gure'27, PDK1 transformed cells generated a greater nunber  of
tunmor spheres as
R Figure 17. PLK1 inhibitors BI2536 and GW843682X more selectively decrease the
cell viability of PDK1 or Myc-transformed cells, compared to control or PTEN stable
knockdown induced transformation. The cell viability assay was carried out in the presence of

15 PLKI inhibitors for 4 days.

Figure 18. The PLK1 inhibitor BI2536 preferentially inhibits the proliferation of
PDK1 transformed cells, but has less effect on control cells (PMN) and PI3K transformed
cells (E545) in both HEK-TERV and RWPE1 systems '

Figure 19. Apoptotic assay in HEK-TERYV cells treated with PLK1 inhibitor BI2536
20 10 nM for 24 h. ‘ .

Figure 20. PDK1 induces PLK1 and Myc phosphorylation in multiple epithelial cells.
(Figure 20A). Immunoblot analysis of Myc and PLK1 in HEK-TERYV cells transformed with
PDK1, Myc or shPTEN (Figure 20B). Immunoblot analysis of Myc and PLK1 in human
mammary epithelial cells (HMEC) and prostate epithelial cells (RWPE).

25 Figure 21. PLK1 overexpression induces Myc phosphorylation and accumulates Myc
protein in 293 T cell.

Fi'gure 22. PLK1 knockdown by siRNA suppresses Myc phosphorylation in HEK-
PDKI1 cells.



conpared with pMN control cells, PlIK3CA-E545K or shPTEN-transformed cells.
Figure 28. The PLK1 inhibitor Bl 2536 bl ocks the tunor sphere formation in
HEKPDK1 cwbl2s11/08m@scel | s were treated with or w t hout 5ebrRG2eEModoar 7

days. : Fi gure 29. PLK1 knockdown by si RNAs inhibit tunor sphere
formation in HEKI5PDKL cells. Fi gdre 30. gRT-PCR anal ysis was
performed for stemcell- associated genes in HEKTERV cel | s. Fi gure

31. Tunor gr olighrecs. BEZ T8dainduSDMynphuspleorpiatien Bqueek BLE t lmmumjbéait i on of
1000 HEK-PDK1 cells a mpared with 1 or,. 1x104 HEK- .cells.
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of a patient. W denonstrate that such loss results in resistance to nilfOR
i nhi bi tor treBigweani6. Menotaysecalpmaforpationgssay inddar, eslls tregtedaviheBEG 20D w8 of
rapanyci LOVl for use of PPP2R2B as a tunour suppressor.
e fUrt'hgizztggg)\r/l%g@f)?‘%{r%rrﬁ%o?ﬁgéls of detecting cancers which are resistant to
treatment- with mfOR i nhi bitor, including nTOR inhibitor resistant

col otect al cahigere 2P i misirmed cellssgenerated argreaterarunthen e BRUIMORFOIRI¢SHSI bi t or
resi‘'stant _oesophage r @ F Rt [ )r.aj.n cancer, the
ot hode EOTRTRE g PN SO e P R R L A A B TERY BRSO "pppares,
as described above. The mTOR inhibitor nay 10conprise in particular :
rapanyci n or Bigder28 dhe PeKilHehiboér BI2536 bidggks g tmet sphere fformatioa 3w HEHK -of

i b s Bl aecals Bt f AR S e s PRATET T * L e

cancer, oesophageal cancer and brain cancer, including mMTOR inhibitor
resi stant forRgurafy PLKdrlafokdovebyt siBNAsdnlihit apnoreghérattommptivhén HEKI-vi t y
and/ pe eigBEasc%hgn of PPP2R2B, optionally in

Figure 30. gRT-PCR analysis was performed for stem cell- associated genes in HEK-
TERYV cells.

Figure 31. Tumor growth curve (mean + SD) in nude mice 3 weeks after injection of

-1000 HEK-PDK1 cells as compared with 1x103 or 1x104 HEK-Myc cells.

20 DETAILED DESCRIPTION

DETECTION OF MTOR INHIBITOR RESISTANT CANCERS

As shown in Example 17, colorectal cancer (CRC) cells display epigenetic loss of
PPP2R2B (GenBank Accession Number: NM_181678) activity and expression. PPP2R2B
may therefore be used as a marker for colorectal cancer. Example 13 and Figure 8 also show
25  similar loss of PPP2R2B in other cancers such as bladder cancer, oesophageal cancer and

brain cancer.

We therefore provide for a method of detecting a cancer cell or a patient suffering or

likely to suffer from such a cancer, such as colorectal cancer, bladder cancer, oesophageal



15conbi nation with treatnent with mlfOR i nhi bitors such as rapanycin or a
derivative thereof, and we therefore provide for such nmethods in this
docunent .wéxpriassiosn and/ or activity of PPP2R2B nmay be achisezed/obeni1 exanpl e
by use of denethylating agents such as cytidi ne anal ogues, i ncl uding
5-aza-dC and Azacitidine (Issa JP, Kantldrjian H Azacitidine. Nat Rev Drug
Di scov 2005; May Suppl :.S6-7). 20Accordingly, we provide for a conbination of

(or conmpegicti &braif ¥Rdes, i thdhethod @oMphYh@HEBE i rpdRBtcaddtxpressIdbhd/ehdckiviter ,
such-as for use in treatnent of a cancer including colorectal cancer,

bl adder eGPRIEAR2Bassphagelhiorinpicea sHefBratienicancer (as wel | as MTOR
i nhi bitor resistant fornms, including rapanycin or rapamycin derivative

resistant for W defonSHAB (RRBEBNISY-resUNS lmﬁg&ahmobhrgla iEYithEdaetelent! BNy Ci N
or a derivative thereof and the 25denet hyl atin ent may include 5-aza- dC

or Azaci a9 t¢atment with rapa/@ycghbwa derigntavepaapanytch t dheraipes provisgdercesemfc

phosphor I to il | A e
Ki nasgg %{éfﬁqﬁ%% ﬁ’fn ppresso toﬁleer ePl (&)lgljeﬁ gg‘dég"? %a{g&ia\g ()frdgtéc %&a%é@rg “le on of
PPP2R2B {iagedi@afitd tre&in@bpwm) nﬂr@R delikor) indudiap @eTGR smlsnmesmmrcemraital

cancer, bl adder cancer, oesophhgaeal cancer _and brain cancer, as well as
MTOR 30i eAICHi fIOFOR aiikjtos mesistast bladdereaaest, mEOR inhibgpriesisiant oesephagsscapger

rapamyci re provide
For ot s Ehifof 1B et AR, A ks e RH5 3 s 8aurFA&51 ) Bodon
15 det ecétpoesson aRDiét actotiyvaf tPPPARIB oas dexqarrbedsabm TopmiTeaidhybitoogetyher wi t h

detection of PPP2R2B activity and/or expreSS| on. We further provide for use

of PBk1 smpriserRpaSeiar PRy gaEr pJPrivatNE hteqfnc| udi ng col orectal cancer,

bl adder cancer, oesophageal cancer and brain cancer. Accordingly, we
provide for tUp régtﬂﬂidiﬁfﬂexplfessiﬁnﬁﬁl?fﬁ)moﬁsity(i'li'ﬂrch@éldﬂ ircamigingtidnl widder

cancer, oesophageal cancer. and brajn cancer, s mr i

resi st an’iapf"@V?ﬂﬁl%Eeﬁ@?"é‘éfmll‘@tbgmwﬁ}éﬁél Eglﬂg é’é‘ieést A aﬁ) Fo P%@% h&dé?fat ive

resi stang,f.or g%oﬁﬁa%%%lp&ngé}%ﬁg b2din @éhcgpm'l&ﬂlgé’fn%ﬁ)ﬁhﬂﬁtolp %ta%?fdn‘ﬁ'stﬁ‘la}and/ or

expressi on. Ivity and expression may be down-regul ated by use a

nmodul at otheafforebi reaietl by iupyregari ating the agnaty sindfor e)sprcstslcmsofai’PIPQRZBamt@@@}f}ﬂ’ gt or

PDK]fl 5  combination with treatment with mTOR inhibitors such as rapamycin or a derivative thereof,
and we therefore provide for such methods in this document. Expression and/or activity of
PPP2R2B may be achieved for example by use of demethylating agents such as cytidine
analogues, including 5-aza-dC and Azacitidine (Issa JP, Kantarjian H. Azacitidine. Nat Rev

Drug Discov 2005;May Suppl:S6-7).

20 Accordingly, we provide for a combination of (or composition comprising) a
- demethylating agent and an mTOR inhibitor, such as for use in treatment of a cancer including
“colorectal cancer, bladder cancer, oesophageal cancer and brain cancer (as well as mTOR
inhibitor resistant forms, including rapamycin or rapamycin derivative resistant forms, of such
cancers). The mTOR inhibitor may include rapamycin or a derivative thereof and the

25  demethylating agent may include 5-aza-dC or Azacitidine.

We show in Example 19 that rapamycin induced Myc phosphorylation (leading to
mTOR inhibitor resistance) is mediated by PDK1 kinase. Detection of PDK1 may therefore be
used as a proxy for detection of PPP2R2B (as described above) for detecting cancers such as

- colorectal cancer, bladder cancer, éesophageal cancer and brain cancer, as well as mTOR
30 inhibitor resistant forms thereof (e. g., rapamycin resistant or rapamycin derivative resistant

forms of such cancers). We therefore provide for methods of detecting such cancers, by



10i nhibitor. PDK1 inhibitors and antagoni sts may be identified as descri bed
in further detail below, and may include for exanple PDK1l inhibitors such
as BX912 wOABAsemssi on Nunber: 702674-56-4) and BX795 (eCASGAcams@iion
Nunber: 702675-74-9). O her PDK1l inhibitors are known in the art and are
described in, for exanple, Rl Feldman lét al. Novel Snall Mbl ecul e

I nhi bi tors of 3-Phosphoi nositide-dependent Kinase-1. J. Biol. Chem, 2005,

15280, 2@eteckRBQf PLABI74tiantg ahd/Beépedssiok), dptioAhlBS®izeth&mith détedtRaw®PIPARRBI t or s
of PDK1. ChemvedChem 2008, 3 (10). We therefore provide for the use

of a PDKActivifhiiaBfobeXmsessioit agoni st in the treatnment of cancers such as
col orectal cancer, bladder cancer, oesophageal cancer and brain cancer, as

vel I as nTOR inthiulth&Qro¥i8s tsrtud@ bt POK M b Rt Girgbt forl ARGHHY RicudigSi St ant
or rapanycin 20 derivative resistant forns of such cancers). Treatnent may
further cdmseiabeansenrbladdercangenrpeapphaprel canekr Hid ypin concaanhergedinglyswen

conmbi nation.mith,an ml i.ahi bt or i ri pve .
her oo . PROSoN WE Ryt b B PE Sy AS Rk OBMREE bl Sl bXBbAEY
conpri si gghkeddndi ifin RhihRF, 28 wellnts YDOR SiihibitorfEstafernanthef R cighhaparhyin  such
as for use in treatnent of a 25cancer includi ng colorectal cancer, bl adder
cancer, BESHheFERIMYER deivaiing rastsiank frms of pughaanggas) byowproguiaien 8f t or

resi-stan r B it ' : ' ) W j lWE 1S4 gt
Form, -of PSR i AR A BT By e B,
deri vat i ve 4 hedwatbr ahPDKh ectbi¢landrdriekptession su@dmsagtiPK $ aintapynistempiiksle BX912

(CAS Accessi.on Nunber:. .702674-56-4) or 795 S Accession. Nunber :.
702615- 7iphgHitor. R}fz@mmaww@@m%w%%@s@w@%mﬁeﬁé R
The net hgdswanh ARe _dE'f&!%%aHi%WI%I@PM@F&% %ﬁhb@@b@ﬁ@f&@!ﬂs@%&@séwﬁ)r ovenent

in a?rreasurabl e criterion in an individua whomthe treatnent is
appl i ed, Noorpa 7626 465 @ARandBX Aes(G1eS Acesssion dimbee 102631-AeA1. Other PRI s

pur pose, . a.nunber . of criteria e desi. t ed i neflect .t rogress
of cancel bl?tof%%re\%g?w Hb%ﬁnﬁgt%ﬁeegﬁg??eéﬁg’% Xea%nLﬂ\i\Qgr; ﬁ%&rin%n Hef) Ipﬁ‘(’: ude .
tunour  sg#@i MMBRIE BRSO PhdsphEiasditigh-aeyRadain Kahast UMD Wiol. ChemYr200sber
presence of tunmour markers (such as al pha-feto protein), degree or nunber

of bt as2&.28, 19862-198R%and g etfpr, EXBnplessi, Small-Malecpls nbivitosmtiPHal show a

decreasei Si rih0 nunber as nmeasured by an appropriate assay or
test. A tcbég{\%ge?{% i%@ﬂgl(l%y for exanple

We therefore provide for the use of a PDK1 inhibitor or antagonist in the treatment of
cancers such as colorectal cancer, bladder cancer, oesophageal cancer and brain cancer, as
well as mTOR inhibitor resistant forms thereof (e.g., rapamycin resistant or rapamycin

20  derivative resistant forms of such cancers). Treatment may further comprise administration of
- . PDKI1 inhibitors or antagonists in combination with an mTOR inhibtor such as rapamycin or a

derivative thereof.

Accordingly, we provide for a combination of (or composition comprising) an
inhibitor or antagonist of PDK1 and an mTOR inhibitor, such as for use in treatment of a
25  cancer including colorectal cancer, bladder cancer, oesophageal cancer and brain cancer (as
well as mTOR inhibitor resistant forms, including rapamycin or rapamycin derivative resistant
forms, of such cancers). The mTOR inhibitor may include rapamycin or a derivative thereof
and thevPDKl inhibitor or antagonist may comprise BX912 (CAS Accession Number: |
702-674-56-4) or BX795 (CAS Accession Number: 702675-74-9).

30 | We further provide for the use of PDK1 and PLK1 for cancers such as cancer stem

cells or Myc-driven tumors.



show a 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 15% 20% 25% 30% 40%
50% 60% 70% 80% 90% 100% or nore decrease in tunour size of a

parti cul avotormogniosor decrease in tunmour nunber, or botlrcTGoRPAreE11 0 an

i ndi vi dual who has not been treated. In sone enbodi nents, the effect of the
treatnent is suitably quantified using It andard 15tests, such as the
international criteria proposed by the Response Evaluation Criteria in
Solid TummexsmERECKF EhncEanmi ttee, as described in detail in Therasse, P.,

S. G Arbuck, et al. (2000). "New guidelines to evaluate the response to
treatment in $hd indtliodm&conﬁamhmeadesﬁrigahhaasﬁimhlyfmab]leexsémprdvemndt iraeat nent

of Cancer, National Cancer. | ns the United Sta Nat.i onal ncer
I nsti t ut Begureblngrfgrion m %Qdf“li“’@ti‘ﬁt %%iheé&ee@}em SoPlie. SoBPRC LhBRe WO
enbodi rreﬂgssnot}g&gw@aft&q{,eagﬁeﬁthe treatment may be quantified by follow ng the
adm.ni stration and testing protocols described in the CI ini.cal Trial:
(Exanples El to E8). Thus, assessnent, of the effec f t reat ment be
carrlngd out uEPHBISOWEPQsE: atebes pl 9%%?@?&&&?@%%?@@» ﬁe%whle pragreg%%? out
in Exarrp{:aﬁlcgﬁor tﬁ@@éﬂ”b%{ﬁ%rgfﬂg AREAC B fulRESS ?nc'lﬁdettﬂxﬁoﬁtas?fe Gt r eat ment
may resu Ina Partia Resp nse (PR 3 or a Conplete Response (CR).

25A1't houdimenbienclergestalimentgscof thawug hoveurmavbeh pesseuesy tuhed raarkendsuehdsal s
who have n recei ved treat nent cases, a nore suitable control may
be the péﬂpﬁ%mom%@ flegrsy PW“W%“PEB’@%F AeS Feat ment . For the

pur poses of this docunent, the term "cancer" can conprise any one or nore
of the foll owlhgg, asaa:uémrﬂgtemhm‘gﬁﬂlmddxmluklemyash(oﬂd.decrmuhﬁumpet gradod eukem a

( AML 30ady enocortic cancer, .anal cancer, cer, .bl ood cancer,
ol o pan b BR streRby S5 e s SR B 150y GBR a5 bR

cancer, QaReLTv0bod 5, HOIMBLE 6OE M4, B, Y5118, 19%9@%,954@%@% geni tal
system central nervous System’| ynphona, cervical cancer, chi | dhoo

r habdomny 68%r 48aE8§0%H0%HE0% eranere wlacre@swrlm mmourysrzp l@é@mﬁ@ulaemrepr( CL L),
chroni ¢ gvel oi d | eukeni d re anc n
endomet r reaé%\m:télplouéﬂ%t’é %qth’ C8 1 8l Vé\%‘éag W%(? }ﬁé g?t%egyge% cer ,

gal | bl adder cancer, gastric cancer, gast roi ntestinal tract cancer, hairy
cel |l | eukenm aln srwwdembudlimadk theaeftet of the pabiowsl 1swhmb13cqmmirﬁ,edlﬂemmtand@d

Cancly . 1=APBRh 3 HR3GRieh R Efipch TShhieoy Pl Bonst b IS CR G f SHD e

hi st OCYTQﬁEursr(RECgS‘?)r@orhﬂthgén&, delBiRAG Betail B Ph&rRdsk MBS, GIUAbuE!, @t Ay el oma
nyel oma, nasal cavi t(}/ and paranasal sinus cancer, nasopharyngeal cancer,
(2000). “New guidelines to evaluate the response to treatment in solid tumors. European

Organization for Research and Treatment of Cancer, National Cancer Institute of the United

States, National Cancer Institute of Canada.” J Natl Cancer Inst 92(3): 205-16.

20 | In other embodiments, the effect of the treatment may be quantified by following the

| administration and testing protocols described in the Clinical Trial (Examples E1 to E8). Thus,
assessment of the effect of the treatment may be carried out using one or more of the
protocols, preferably all, as set out in Example E8: Measurement of Effect. Where this is the

case, the treatment may result in a Partial Response (PR) or a Complete Response (CR).

25 Although the controls described above have been described as individuals who have
not received treatment, in some cases, a more suitable control may be the patient himself,

- prior to receiving treatment.

For the purposes of this document, the term “cancer” can comprise any one or more of
the following: acute lymphocytic leukemia (ALL), acute myeloid leukemia (AML),

30 - adrenocortical cancer, anal cancer, bladder cancer, blood cancer, bone cancer, brain tumor,



10 nervous system cancer, neurobl astoma, non-Hodgkin's |ynphoma, oral
cavity cancer, oropharyngeal cancer, osteosarcona, ovarian cancer,

pancr eat iwoeangmuiospar at hyroi d cancer, penile cancer, plrarscegealoo@ancer,
pituitary tunor, plasma cell neoplasm primary CNS | ynphoma, prostate
cancer, rectal cancer, respiratory systldm retinoblastomn, salivary gland
cancer, skin cancer, small intestine cancer, soft tissue sarconma, stomach

cancer,  BicgdtRaicel 2aAME OF thelfehhlie @ehi®dl sgAaE Sfancdrivf g Blale @BEieA sydiérh N@hitalsyst em
cancer, uterine sarconm, vaginal cancer, vascular system Wl denstroms
macrogl oBUNPYesyPEmdmphpmascerwigahsancepippdhood rhabdoyyyesascama chiddhpofror i s

ot ng ¢ Hodn SER mohbo SR RIEICIA st e i efbia RuRGlFA S £ BolRHEN
par ti cul sectay cadivef) 0419b aker, Rhadmaetainl sancerl Ekdonetedl Sarcoma, oprmges equencge

Thus,  particul ar.  h | ogues enconpassed by this terminclude human .
honolbgugdicel g2 1‘%%%%?%’,"%8&%%% FaISeTn BRAtROIE e RR RS SIcoT, flmpf %Q@u@mlaa |

Hs. 50914§%ad|74‘ﬂ%¥§§ canEQ?hée@Edggﬁﬁlﬁpccf%é&?H%d ih 8'dRRhdeY By ROPRAAASS BAIKR!, 0gous to

mMTOR,© such as pol ypeptid rived fromother species, |ncluding ofher 25
manmmal i aKappe'sisasomididesyanapta, laryngsa climen|leukgada, ddukeniRlivevdanceraltiogssi on

mber NM 020009. 1 064393, Mn .21158 JLN9, F73196 d,.AF152838
ol uded 8y PHUEHIY IS BHO AR e IS BP R g R bPE QL ae on
nunber s NMibl43d:810aRIMMMoRLIRAE] d0aPaRd E)Mﬁllléé)tl sinus cancer, ﬂﬂ%a@g@é&@n&ﬂom

as FKBP12- Rapanyci n Conpl ex- Associ ated Protein 1, FRAP1 ( 06- Bi ndi ng
Prot Hl n neveessasge sancsnpiussblasienss ingndipdekiy elymphompram capfpapencelanmal i an
Tar get of . ' I ] 1

preter aby g ok SurRBedeihuchman PR IRE RBGE G AR S etsn e
of such perilécheat) pharyggeaileaser, pitattatyanmdr, piamaasll heoplimdnpriagine CNS :
"derivatjve" or "fragnent" as used here include any substitution of,

var i at i oy mgthomzppriostateganess, 15etal cappsratEpEHOTY oY Stepeletinpbiastonaclivyyietandn of

one (or cg‘[), sIH GhiRle A saehidatefit @aﬂger,tsgﬁtttﬂguesﬁ%?rﬁc?toﬂlfacl?ca[ﬂ-gg?sﬂa l:ﬁof[ i de

sequence. Unless the context admts otherw se, references to "mrOR' include

r ef erencescto testiolanancanthgroihomobn grieay sgeer catdev,egeraredafcoagmeagiml of nmMTOR.

These are described in e detail, bel ow . . Pr ahl the resultant

e eot G s EE TRV R odle b SRR Pty pr of er abl y

havi ng at | east the same activity of the human nTOR referred to above.
MTOR

Where the term mTOR is used in this document, it should be taken to refer a
~ polypeptide sequence having the accession number NM_004958.2, P42345 or NP_004949,
20 more particularly NM_004958.2. |

Preferably, mTOR refers to a human sequence. Thus, particular homologues
encompassed by this term include human homologues, for example, accession ﬁumbers
NM_004958.2, NP_004949, Hs.509145. However, the term also covers alternative peptides
homologous to mTOR, such as polypeptides derived from other species, including other

25 vmammalian species. For example, mouse homologues of mTOR having accession number
| NM_020009.1, NP_064393, Mm .21158, Q9JLN9, AAF73196 and AF152838 are included.
Bovine and rat homologues of mTOR are also known (accession numbers NM_174319 and

j NM_019906 respectively).

mTOR is also known as FKBP12-Rapamycin Complex-Associated Protein 1, FRAP1,
30 FK506-Binding Protein 12-Rapamycin Complex-Associated Protein 1, FRAP, FRAP2,
: Mammalian Target of Rapamycin and RAFT]I.



10Preferably, the term "honol ogue” is intended to cover identity with
respect to structure and/or function such that the resultant nucleotide
sequence woeotassmspol ypepti de which has nifOR acti vity. pPéftsic2oampeat to
sequence identity (i.e. simlarity), preferably there is at |east 70% nore
preferably at |east 75% nore preferabll;S at least 85% nore preferably at

| east 90% sequence identity. More preferably there is at | east 95% nore
preferably at Pﬂeﬁs’i@lﬁly,%T@Rhﬁslﬁdl&effﬁgﬂldncbﬁH@ﬂleguéEheﬁﬁmtsefnﬂﬁieﬁ{/ﬁbzee ofarhass
allelic variations of the sequences; he _fol |l owi ng description of
NMTOR, r epslgatige seAugscefRhpterps * mwr e]éPnf“?lB&ﬁ‘et hedeeﬁﬁql  OR/Eianengnas used

| nheri t fGE 1ﬂcnud¥9alﬁ \Qﬁlps?l'ttgtf?)g of, (\pcl 1tat101{ é) Sm{loxgég‘r%#l%ﬁ?f} gélgt]g(ﬁlo(;f%%l)

FKBP12-rapamnmyci n assocl prot ei ns
i nvol vedadfiioh ok (GMﬁbﬁ:) pmdgr: asﬁs fmm oM\ thiesse quidnica af & ﬁﬁomndclaw&edarrage

det ect | a 245- k t nb T th

s?g?\%f : ggﬁ%@f?f@ﬁ'&ﬂ@@%ﬁ? sorftﬁfé adg)its wgrewpr Oegg &@F( Séﬁoﬁ‘p@r@r Besds T astC%fﬁa has

been s hom LQridRS, %hfbtl&n\% (il difel gﬁﬂ*‘ﬁ‘%}ﬂéﬂté 8 HBR1 %hés%%@eqéélzrlbéﬂ i more
Al 1994 (1954)

rapamyci n- epe ent i on (Sabat i ni . Brown et al
not ed t hdttail heowkBP12- raparrym n conpl ex was known to inhibit progre55| on
t hrough the Gl cell cycl e 25stage by interfering with mtogenic signaling

pat hways i nvo [
PeastThe aurRorabig B LR R A g e o P R A R O i

correl at adlwvyi prefereblyahaing ayt ledst thlaessrae hctgatycbf theohinmn ol ORcrefdrredyte higove.

pr ogyess Rap cin,is fflcac us anti.cancer ent t SO

P Lol b eraig e e oo B E s e R cp i R VB B5Bpe BER By ASET «
dependenfunenoﬁ ;Hl%h IR F 5Bt ﬂfclé@tﬁi@ g&fﬂ@n&%e@dda tat]fowapﬁde WHieR hidHnToRNt
concentrations ch ange, pal‘tICU ar | y t hose of essential am no acids, the

mammal | asctivity g¥ithagspeeigasgaience MRy KiraFimilanindt prsfrsabiy theegyislantessty/Ohat hway s
Vo 2011/ r%%ﬁell%f) %E) Cﬁeas%'e%?gl]ég'e preferably at least 85%, more preferably at least 90%

- sequence identity. More preferably there is at least 95%, more preferably at least 98%,

115 sequence identity. These terms also encompass allelic variations of the sequences.

The following description of mTOR, referred to as FRAP, is provided from the Online

Mendelian Inheritance in Man website

(http://www .ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=601231)

FKBP12-rapamycin associated protein (FRAP) is one of a family of proteins involved
20 in cell cycle progression, DNA recombination, and DNA damage detection. In rat, it is a 245-
o kD protein (symbolized RAFT1) with significant homology to the Saccharomyées cerevisiae
protein TOR1 and has been shown to associate with the immunophilin FKBP12 (186945)ina
rapamycin-dependent fashion (Sabatini et al., 1994). Brown et al. (1994) noted that the
FKBP12-rapamycin complex was known to inhibit progression through the G1 cell cycle
25  stage by interfering with mitogenic signaling pathways involved in G1 progression in several
v cell types, as well as in yeast. The authors stated that the binding of FRAP to FKBP12-

rapamycin correlated with the ability of these ligands to inhibit cell cycle progression.

Rapamycin is an efficacious anticancer agent against solid tumors. In a hypoxic
environment, the increase in mass of solid tumors is dependent on the recruitment of mitogens
30  and nutrients. When nutrient concentrations change, particularly those of essential amino

acids, the mammalian target of rapamycin (nTOR/FRAP) functions in regulatory pathways



19 that control ribosone biogenesis and cell growth. In bacteria, ribosone
bi ogenesis is independently regulated by am no acids and ATP. Dennis et al.
(2001) dewonstwmimd that the human nifOR pat hway i s i nfl remsedofyodce
intracel lular concentration of ATP, independent of the abundance of am no
acids, and that niTOR/ FRAP itself is anl&TP sensor. Castedo et al.
(2001) delineated the apoptotic pathway resulting from hunman
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30 immunosuppressant rapamycin.

Kim et al. (2002) and Hara et al. (2002) reported that mTOR binds with RAPTOR

(607130), an evolutionarily conserved protein with at least 2 roles in the mTOR pathway. Kim
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1472f | abnormally in intracellular aggregates. Ravikumar et al. (2004) showed that mammalian target

of rapamycin (mTOR) is sequestered in polyglutamine aggregates in cell models, transgenic
25  mice, and human brains. Sequestfation of mTOR impairs its kinase activity and induces
- “autophagy, a key clearance pathway for mutant huntingtin fragments. This protects against
. polyglutamine toxicity, as the specific mTOR inhibitor rapamycin attenuates huntingtin
: acéumulation and cell death in cell models of HD, and inhibition of autophagy has converse
effects. Furthermore, rapamycin protects against neurodegeneration in a fly model of HD, and
30  the rapamycin analog CCI-779 improvéd performance on 4 different behavioral tasks and
decreased aggregate formation in a mouse model of HD. The data provided proof of principle

for the potential of inducing autophagy to treat HD.
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INHIBITOR OF MTOR ACTIVITY

The methods and compositions described here rely, in some embodiments, on
blocking, reducing, or decreasing the activity of mTOR protein. Such inhibition of mTOR
30  activity may be used in conjunction to treat cancer or prevent cell or tissue growth or

proliferation according to the methods and compositions described here.
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N T e
nucl eot.i sigweéh ¥ Mdd&ulcCand another entity (for example, the interaction between a enzyme and

: its substrate). However, the antagonist need not necessarily bind directly to a catalytic site,

and may bind for example to an adjacent site, another protein (for example, a protein which is
complexed with the enzyme) or other ventity on or in the cell, so long as its binding reduces the

25 activity of the enzyme or molecule.

‘Where antagonists of a enzyme such as mTOR are concerned, an antagonist may
include a substrate of the enzyme, or a fragment of this which is capable of binding to the
enzyme. In addition, whole or fragments of a substrate gene'rated natively or by peptide
isynthesis may be used to compete with the substrate for binding sites on the enzyme.

30  Alternatively, or in addition, an immunoglobulin (for example, a monoclonal or polyclonal

antibody) capable of binding to the enzyme may be used. The antagonist may also include a
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polypeptide, a peptide, a nucleic acid, a peptide nucleic acid (PNA), a virus, a virus-like
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suspension (e.g., in crystalline, colloidal or other particulate form). The agent may be in the

30 form of a monomer, dimer, oligomer, etc, or otherwise in a complex.
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20 s to prepare double stranded RNA (dsRNA) specific to each gene of interest and to transfect

this into a cell of interest to inhibit the expression of the particular gene.

The following protocol may be used: a sample of PCR product is analysed by
horizontal gel electrophoresis and the DNA purified using a Qiagen QiaQuick PCR
_ purification kit. 1ug of DNA is used as the template in the preparation of gene specific single
25 stranded RNA using the Ambion T7 Megascript kit. Single stranded RNA is produced from
| both strands of the template and is purified and immediately annealed by heating to 90 degrees
“C for 15 mins followed by gradual cooling to room temperature overnight. A sample of the
~ dsRNA is analysed by horizontal gei electrophoresis, and introduced into the relevant cell by

conventional means.

30 ANTAGONISTS OF MTOR ACTIVITY

Any agent which is capable of reducing mTOR activity or expression, as described

above, may be used as an antagonist of mTOR for the purposes of reducing its activity.
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, 34, 34a- WeRBABINPEr 0- 9, 27- di hydroxy-3- [(1R)-2- [(1 S, BRTAREROYAH8NT OXy- 3
-met hoxy cycl ohexyl ] -1-met hyl et hyl ]
-10, 21- di met hoxy®6, 8, 12, 14, 20, 26- hexarretzﬁyl 23 ,27-epoxy-3Hpyrido [2,1 -c]
[1, 4] -oxaazacy cl ohentr| acontl nel, 5, 11, 28, 29(4H 6H, 31H) - pentone. -
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preparation are disclosed 6, 885 Fur t her nore,

4, 31
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conf or mat i gnal trans io of 4:1 chlorof]grn) due to

soner
hi nder ed” %t 8t 76 &1 ﬁﬂ%l"“iaﬁée %poll f'er &E:“dtd%&%n]ﬁers Shd'S¥T t2998 Y5 Bar i ngly
sol ukl e 4vivat Brepaimity pn‘atheshydnf@@x@rlbmgaamadnetﬂwvr@lherrdfmmtéas it is

sol ubl e bglzlal,%ghﬁk Iag{sq}gg[@% ed; hydrgcarbons and di methyl sul f oxi de.
Rapanycin is unstabl e in solution and degrades in plasma and | ow, and

neut er al - pH bmlfuisep@fqtedamld@gﬁ@fe@t@odxes mamévwalsqdfféomﬂnxme or mpteeofdhe uct ur es
of the deggradati on products h € r cinis
&%P?}Vé g[srelqg% CES. {m%o acl fz %} %p[l %Ct?(?sé?‘ n% E{Cﬁ%% ﬁqgéw

a macroc & AT 81T proadce tOnyces groscopi cus,

whi ch Wwagminouialdls 30821580, andind adidy WHIY-HAR] ofidnyino padmmleemey agai nst- Candi da
al bicans, both in vitro and in vivo [C. Vezina et al. . Antibiot. 28, 721

(19 a i bi ot 727 97 .
B o o SRR Bl bR P L g g%fsy it P
NO 3, 995eptid@ hntibodies from immunised animals. Antibodies may be produced by injection into

rabbits, and other conventional means, as described in for example, Harlow and Lane (supra).

Antibodies are checked by Elisa assay and by Western blotting, and used for

 immunostaining as described in the Examples.

25 RAPAMYCIN

In some embodiments, an agent capable of reducing mTOR activity comprises
‘rapamycin. As the term is used in this document, “rapamycin” includes the specific compound
rapamycin (also known as Sirolimus, Cs; H79 NO;3, which is described below) as well as any

of its derivatives. Such derivatives are described in detail and include rapamycin prodrugs,

30 - rapamycin dialdehydes, structural analogues of rapamycin (rapalogs), etc.

Rapamycin, including its derivatives, etc, is therefore provided as a specific antagonist

of mTOR activity.



Rapanycin alone (U.S. Pat. No. 4,885,171) or in conbination w th picibanil
(U.S. Pat. 25No. 4,401, 653) has been shown to have antitunor activity. R
Martel etw@l2011/@8aw8 J. Physiol. Pharmacol. 55, 48 (1977PLT&Geel1deedl t hat
rapamycin is effective in the experinental allergic encephalonyelitis
nodel , a nodel for nultiple sclerosis; 4’n the adjuvant arthritis nodel, a
nodel for rheumatoid arthritis; and effectively inhibited the formation of
| gE-1i ke ant i Raghngsin and its derivatnes inmylheemppyed st coreeptrdteos svaflnMygamyci n

ot her  matyEEyeI e AV DA, dnah Sl okl Shewtt Fumo B e e
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rejection WO 2011/ 084708PCT/ SG2011/ 000011 29 | FASEB 3, 3411(1989); FASEB

3, 5256 itd@8Bptivantaybe admifiiane wthualan indisidosts atl dB8gds DI 7@)dxamplet teowegn i t

shar st.ruct.ur homal ogy, .wi th t he i munosuppressant tacrolinus and bi nds
to tx smgﬁ'mﬁ%&“ﬁlod&oﬂ?yndi ng protein in | ynphocytes, rapanycin

i nhibits S6p70-ki nase and therefore has a mechani sm of i Mmunosuppressive
acti on dRarAmetIN (Sorortikas) of tacrolinmus. Rapanycin was found to prol ong
graft survival of different transplants in several species alone or.in
conbi nat i on WRepamotche(Csi i bos nplesbamass 91h1 Ehg/mel.) sodeing fungsl anpbmticum of
toxic effec s.-'i§ d{ &%efrent r mthe%t of %ﬁcltos or}g& or. FK-506, conprising
i mpai r meRt 0° YTEESE HOESSTAST S e Gmad WP UPEET A &1 PVl ght | oss and

t hr onbocyt openi a, al t hough no nephrotoxicity has been detected. 10
RAPAMYCI N DERRMAyvirthas an IUPR4peemyecofn deri vati ves incl ude rapanycin

a5 Loe . o ¢ .
(ool Socr AEPENR LA ML el AT S SrrROZROHAS ' "Shecr Tl C

derivatiyeg 10f1311aRaMRCI3MAIE, T4 TBY. 3984 U5£HerkadeddNGdrdes, Idmyafsty COFPRE DL | Ons
descri bed here 1nclude RADOO1 (Everolinus) and CCl-779 (Wet hg'. 15 RADOO1
( EVEROLi KUS.$R,4R)-4-hyrispxan3 -npatisspigspohexy Infpmethyleshy L hbg 31-dgeethoxy-g/ nol ) is a
deri vati for in. .S i £ i . .

150351 covd > ATRAaE s EshSnlin b e R B MR arorvse

of RADOOLS5]18, 2894 H B EI 31M)-fektode.,

15 Rapamycin is identified by its CAS number 53123-88-9, ATC code LO4AA10,
PubChem 6436030, DrugBank APRD00178. The structural formula of rapamycin is shown '

below:

HO,,,

H,C.



0OH WD 2011/ 084108PCT/ SG2011/ 000011 30 RADOO1 is al so known as
Everolimus and is nmanufactured by Novartis AG It is currently used as an

I MmMmunosupwoessiaisi1oBo prevent rejection of organ transpl a0r$G2011/000011 RADOO1
is described in detail in OReilly TM Wod JM Littl ewood-Evans A, et al.
Differential anti-vascular effects of @OR or VEGFR pat hway inhibition: a
rati onal basis for conbi ning RADOO1 and PTK787/ZK222584. Presented at: 96th

Annual Meet i nRawinyichitis AlKBIkn6@hA adSEOKMmas.i on for Cancer Research. Anahei'm
Calif; April 16-20, 2005. Abstract 3038 RADOO1 is al so described in 105.
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stromal tunor refractory to I M[abstract Proc Am Cin Oncol.

2004; 23; method theerdtremown anelisglpeed byeihaldhifu b % Pat. No. 4,316,885 dturthgrgorecee |
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42-[ 3- hydroxy 2-(h droxynethyl) 2- met hyl pr opanoat e],

(3S, 6R, 7EEopipRate piadragsrand tke pyeol WE"Z‘@Ea?lf’E;O‘%BSS 26R, 27R, 34a5) -

9,10,12, 13, 14, 21, 22 23, 24, 25, 26, 27, 32, 33, 34, 34a- hexadecahydro- 9, 27- di hydr ox

y- 34( 1R) 2- . The methods and compositions described here include the use of natural and synthetic
20[ ( 1S, 3R, 4R) - 4- hydr oxy- 3- met hoxycycl ohexyl ] - 1- net hyl et hgl -10, 21- di met hoxy
- rapamycin, genetically engineered rapamycin and all derivatives and prodrugs of rapamycin,

r | acont i Sﬁ‘éﬁ%’* égsftllgé}gﬁgb%’%a %&f’ﬁﬁg‘&g@ %%%@W'SdiaLtZN%s ¢ §2b, 0% 393 agy.Cl ohent

[ 2, 2- HB 54, Ry3rnad 6501898 ) the Omtmab‘é\]vhmhdrerlmmhymocmpdrﬁted by reference.
[2 b| s(hydr oxynet hyl ) propi onat e] . 779 is identified by its

Shown bei ow RUBTGL 6e4 10gEer Lo B %%9*7W@3»%5th°4 mifeeulff fhals®

0f 913.6 Da. In solution, sirolimus forms two conformational trans-, cis-isomers with a ratio
of 4:1 (chloroform) due to hindered rotation around the pipecolic acid amide bond. It is
15  sparingly soluble in water, aliphatic hydrocarbons and diethyl ether, whereas it is soluble in
| alcohols, halogenated hydrocarbons and dimethyl sulfoxide. Rapamycin is unstable in solution
and degrades in plasma and low-, and neuteral-pH buffers at 137 degrees C with half-lifc of
<10 h. the structures of the degradation products have recently been characterized. Rapamycin
is a macrocyclic triene antibiotic produced by Streptomyces hygroscopicus, which was found
20 to have antifungal activity, particularly against Candida albicans, both in vitro and in vivo [C.
. Vezina et al., J. Antibiot. 28, 721 (1975); S. N. Sehgal et al., J. Antibiot. 28, 727 (1975); H. A.
Baker et al., J. Antibiot. 31, 539 (1978); U.S. Pat. No. 3,929, 992 and U.S. Pat. No.
13,993,749].

Rapamycin alone (U.S. Pot. No. 4,885,171) or in combination with picibanil (U.S. Pat.
25  No. 4,401,653) has been shown to have antitumor activity. R. Martel et.al. [Can. J. Physiol.
Pharmacol. 55, 48 (1977)] disclosed that rapamycin is effective in the experimental allergic
- encephalomyelitis model, a model for multiple sclerosis; in the adjuvant arthritis model, a

model for rheumatoid arthritis; and effectively inhibited the formation of IgE-like antibodies.

The immunosuppressive effects of rapamycin have been disclosed in FASEB 3, 3411
30 (1989). Cyclosporin A and FK-506, other macrocyclic molecules, also have been shown to be

effective as immunosuppressive agents, therefore useful in preventing transplant rejection



H3C," Thr OH 0 HO H3C 0 OCH3 H3C'- -\ CCl 779 is also known as
Tensirolimus and i s nmanufactured by Weth. Tensirolinus binds to the

cyt osol i cwpnotgismos FKBP, whi ch subsequently i nhi bits nT@Rr(SGammabécan t ar get
of rapamycin). I n ani mal nodel s of human cancers, tensirolinus has
been found to inhibit the growth of a d%erse range of cancer types even
when an intermttent dosing schedul e was used. The conpound al so appears to
have pot @ASED 3 f3U1 1t hes%) KaKER 6, @256i(r1|9$93nmmﬂbrv Caspeand.ebames b3t 8@ t h
aut oi mune. and rheumatic di geases by

Ehlbltln T-cel | g)ﬁ“f g
cal 779 flhenakdt drresstrygirel Bapelogy w@& By MEROSHBRAFAZRG ACTO RS P%Cf Eﬁa 2l
rapanyci e g{lhiéﬂl\ﬂa]\éﬁlulért éﬁ(figé)gllo'te%\{ & yhﬁ)%n@@yt@@? ug&l:i%rlﬂlfﬁbﬁs $E0-KiAR_ATKG! N

when. use Inically an urrent ei'ng s for use in oncol ogy
pat i ent stherefdhhsea ieclamibn bf 1mrnurwlsspr(rbssbdewdﬁmgd1bmmt frotruthet of)tacrolimus. CCI 779

s described in det n Nat 0 585-95 and.J din Oncol. 2004;
3. 9500, BT et und HORP R8I BV R SRRl ants e el siciee
Di scaf anéloné/\gi" 1%Q@H1%1naﬁo§kx@ﬂ1@tl@f'1mnﬁng§ fdssan®1th dnim RBAAS ité thm Jft&Re @

noveI ‘target breast cancer: the 15effect of CCl-779, an mIOR i nhibitor,
in precl éfifd 1s drffml@itirqm thot eﬁs@lwmmr FIEA06.0QompeisinRemppiseientzd @iIcos: ( 3)

249- 258 and J Mari,a Per al ba Friedrichs,
Letitia IE—?H‘ WI)IQ?%’V EF \R/a’l elg o?sfaggy &é{bgé};tgﬁg qi/é\ﬁlllljéquﬂﬁ Cdal go (2003.
Phar rracogiafmmﬁc@/msmbhaaeaéd CCl-779, an Inhibitor of nTOR in Cancer
Pat I ents. Clinical Cancer Research Vol. 9, 2887-2892. ‘

110 ~ RAPAMYCIN DERIVATIVES

Rapamycin derivatives include rapamycin prodrugs, rapamycin dialdehydes, structural

analogues of rapamycin (rapalogs), etc, and are described in detail below.

Specific derivatives of rapamycin which may be used in the methods and compositions

described here include RAD001 (Everolimus) and CCI-779 (Wyeth).

15 RAD001 (EVEROLIMUS)

RADO0O01 (Cs3Hg3NOy4 molecular mass 958.224 g/mol) is a derivative of rapamycin.
"RADO01 is identified by its CAS number 159351-69-6, ATC code L04AA18 and PubChem
6442177. The structural formula of RADO0O1 is shown below: '

gOH
e




WD 2011/ 084108PCT/ SG2011/ 000011 32 RAPAMYClI N PRODRUGS The nirOR
inhibitor, particularly rapanycin, may be provided in the formof a
prodrug. WO2pHHSHI08 exanpl e of a rapamycin prodrug i s CECTBRG)11desndt i bed
above. The term "prodrug"” as used in this application refers to a
precursor or derivative formof a pharmfceutically active substance that is
| ess. cytotoxic to tunor cells conpared to the parent drug and is capabl e of
bei ng enzynmat RARIONY isadsd kratvedasdivecadinmerandds matwfa¢theedrbyréovactis 6. lvas ent

form See, e.g., Wlman, "Prodrugs in Cancer. enmt her apy" 1Bi ochem cal

Soci ety STERUR G IpunGHIPPE R PN E FeIfRIST IO g B0 PR S 986)  and
Stella et al., "Prodrugs: A Chem cal Approach to Targeted Drug Delivery,"
Di rect ed Dr ugREBEIOOY é3 descidseddhdetdil ie O’ Réilly TM,Webd)IM d@ttled4dd-Ians Auereaha

Press (11985). The prodrugs,descyri h include, .Qut. .are nat lLim.ted to,
phosphat Qlfgfamta@l ARtYASSH BRI s Of{m;ﬁ@grﬂsgéﬁi%ff@pe Wéil%lwaowormlalyé basis for
sul f af e- GOMiRIn IRADOG OHIUDSC 7998RL D 2888 Ot @nRldng: JHPALHES Mdeiafbhthe - |

aci d-nodi fied gr odrugs, glycosyl ated prodrugs, .beta.-lactam containing

pr odr ugsAneptanAsdociatien b tGanatrdRbspdreln ddnpheiot, LialiGeAmdivalOn QP . grbsdtadigs or
opt i”onal,é 8su;_bst'i t ut ed phenyl acet am de-cont ai ni ng 15pr odr ugs, i

5-fl uoro lez[os'i ne and ot her 5-fluorouridine prodrugs which can be converted
into-'the nore active cytotoxic free drug. Exanples of drugs that can be
derivati zed i RA®0A1 i adsly degcfiloadnnflof. ViaeOosteoheATeDinds Habdsa dngpaki t i ons
descri bed here.include, but .are not limte 0, .thgse ¢h her.apeutic
agent s dgg@g}nﬁgﬁn L érania@mw@f “ES?%E&W&@ t%&gg’ﬁr?ﬁiﬁigﬁaaﬁ@g@ such as
rapafyy ci & ethigheialry e oie z%d Refintmbidte dnBliahaGertatped) twifh bigadtitaAhU, et
al) may be enployed in the nethods and conpositions described here. -
Mono- anstraiad eyrhert (60 S Herefractoiwied Mofabstegstlnricrim Sot &ilinfQregl. 2004:88:198. and 43
position i)tha)égz een shown to be useful as antifungal agents (U S. Pat. No.
4, 316, 885)5'4l§ QJ ed to make water sol ubl e prodrugs of rapanycin (U S. Pat.
No. 4,650,803). Recently, the nunbering 25convention for rapamycin has been

changed; CCAgrg{benasiaotmigi)ng t o Chem cal Abstracts nonenclature, the esters

descri bed above woul d be at the 31-and 42-positions. Carboxylic acid
CCI 779 (cell cycle inhibitor-779, Cs¢Hg7NO)6, molecular weight 1030.3) is an ester

f15‘ “analogue of Rapamycin.

CCI 779 is also known as rapamcyin-28-N,N-dimethlyglycinate methanesulfonate salt,
rapamycin, 42-[3-hydroxy-2-(hydroxymethyl)-2-methylpropanoate],
(3S,6R,7E,9R,10R,12R,14S,15E,17E,19E,218,23S,26R,27R,34aS)-
9,10,12,13,14,21,22,23,24,25,26,27,32,33,34,34a-hexadecahydro-9,27-dihydroxy-3-[(1R)-2-

20 [(1S,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylethyl]-10,21-dimethoxy-
| 6,8,12,14,20,26-hexamethyl-23,27-epoxy-3 H-pyrido[2,1-c][1,4]oxaazacyclohentriacontine-
L 1,5,1 1,28,29(4H,6H,31 H)-pentone 4'-[2,2-bis(hydroxymethyl)propionate] and rapamycin 42-
' [2,2-bis(hydroxymethyl)propionate]. ‘

CCI 779 is identified by its CAS registry number 162635-04-3 The structural formula
25 of CCI 779 is shown below:



esters (PCT application No. WD 92/05179), carbamates (U.S. Pat. No.
5,118,678), am de esters (U S. Pat. No. 5,118,678), (U S. Pat. No.

5,118, 678yofbuasisnat ed esters (U. S. Pat. No. 5,100, 883) pcasetalimoqos S. Pa
No. -5, 151413), silyl ethers (U S Pat. No. 5,120,842), bicyclic
30derivatives (U S. Pat. No. 5,120,725?} rapanycin dimers (U S. Pat. No.
5,120, 727) and O-aryl, O0-al kyl, O0-al kyenyl and 0-al kynyl derivatives (U.S.
Pat. No. 5,258,389) have been @g8scribed. WD 2011/084108PCT/ SG2011/ 000011
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and conpositions described here. For exanple, the extensive :
l'iterature oncanat®gslso@FRnhed TendRblinas indeis naindfactuf@) byCwROL TS sitfladLd
structurally to rapanycin ("rapal ogs") include anong others varjants of

r apanyci bindatei thgcyspsolismreteine FEBPy whichspbssanerndly bty wdORowaampmaplian torget o
raparnyc5{¥ mge thyl ation, elimnation or replacenent of the nethoxy at
c7, ca2 AndP8PYC9; el i nination, 20derivati zation or replacenent of the
hydroxy at Cl13, C43 and/or C28; reduction, elinination or derivatization of
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CCI 779 is a water soluble ester (prodrug) of rapamycin that releases rapamycin in

n. This accounts for the degradation
ed activity. STRUCTURAL ANALOGUES OF

3 . .
be nunmber structural variants of rapanycin
Al

10 vivo. It is believed to be more tolerable than rapamycin when used clinically and is currently

‘being studied for use in oncology patients in Phase II and III trials (including brain tumors).

‘CCI 779 is described in detail in Nat Genet. 2004;36:585-95 and J Clin Oncol.
2004;22:2336-47. Reference should also be made to K Yu, L Toral-Barza, C Discafani, WG
Zhang, J Skotnicki, P Frost, and JJ Gibbons (2001). mTOR, a novel target in breast cancer: the

| 15 effect of CCI-779, an mTOR inhibitor, in preclinical models of breast cancer. Endocrine-

: Related Cancer 8 (3) 249-258 and Josep Maria Peralba, Linda deGraffenried, William
Friedrichs, Letitia Fulcher, Viktor Griinwald, Geoffrey Weiss and Manuel Hidalgo (2003.
Pharmacodynamic Evaluation of CCI-779, an Inhibitor of mTOR, in Cancer Patients. Clinical
Cancer Research Vol. 9, 2887-2892.



Pat. Nos. 5,525,610; 5,310,903 and 5, 362, 718. RAPALCGs "Rapal ogs" as
that termis used herein denotes a class of conmpounds conprising the

vari ous awel20p%s84te8nol ogs and derivatives of rapanyci n aau/scké|roo@anpounds
related 30structurally to rapamycin. "Rapal ogs” include conpounds other

t han rapanmycin (or those rapanycin deri3datives nodified in conparison to
rapanycin only with respect to saturation of WO

2011/ 084RABRACYCHBAAVANKEBZ0011 34 one or nore of the carbon--carbon doubl e
bonds at the 1, 2, 3, 4 or 5, 6 positions) which conprise the substructure
shown in For nTnlheamlTOR)mhtbutng pangcuhdybqranufclranwarheelrgwldﬁd isuhsformudnat s, and
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rapamycin. havi ng one or nore of the followi ng nodifications relative to
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replace nt o d,;or tituted
cycl open E?P ar‘:FlﬂIéf ?ﬁé%)a zggﬁélsgﬂ? E%tew{l%?ﬁ&?sz E@Qﬂ ighlactaly r8§m|gnc/% ude
rapanyci ghérhie@l Appraath b mafLtealab g Meliverdy, ’cm&mcma@ Ioeqmeﬁ Bbht}ﬂgﬂ cbgit,ween Cl
and C30. Illustrative exanpl es OF raEaI ogs are disclosed in the docunent s

| | st¥d i §dvamn. @47 26 Bthumpanad’res (F285a radryey desaribad heye wekidgfathare ot Tabl e
15 Tﬁﬁhgd Wc?séﬂ:&?%nt\ﬁ?l%fg]ﬁ%%gé’@ﬁ%%&ﬁﬂate -containing prodrugs, sulfate-

containing prodrugs, peptide-containing prodrugs, D-amino acid-modified prodrugs,
" glycosylated prodrugs, .beta.-lactam-containing prodrugs, optionally substituted
' phenoxyacetamide-containing prodrugs or optionally substituted phenylacetamide-containing
15  prodrugs, 5-fluorocytosine and other 5-fluorouridine prodrugs which can be converted into the
more active cytotoxic free drug. Examples of drugs that can be derivatized into a prodrug
form for use in the methods and compositions described here include, but are not limited to,

those chemotherapeutic agents described above.

RAPAMYCIN DIALDEBYDES

20 Rapamycin prodrugs such as rapamycin dialdehydes described in United States Patent
" 6,680,330 (Zhu, et al) may be employed in the methods and compositions described here.

Mono- and diacylated derivatives of rapamycin (esterified at the 28 and 43 positions)
“have been shown to be useful as antifungal agents (U.S. Pat. No. 4,316,885) and used to make
-water soluble prodrugs of rapamycin (U.S. Pat. No. 4,650,803). Recently, the numbering
525 convention for rapamycin has been changed; therefore according to Chemical Abstracts
nomenclature, the esters described aBove would be at the 31-and 42-positions. Carboxylic acid
~ esters (PCT application No. WO 92/05179), carbamates (U.S. Pat. No. 5,118,678), amide
esters (U.S. Pat. No. 5,118,678), (U.S. Pat. No. 5,118,678) fluorinated esters (U.S. Pat. No.
- 5,100,883), acetals (U.S. Pat. No. 5,151413), silyl ethers (U.S. Pat. No. 5,120,842), bicyclic
.30 derivatives (U.S. Pat. No. 5,120,725), rapamycin dimers (U.S. Pat. No. 5,120,727) and O-aryl,
O-alkyl, O-alkyenyl and O-alkynyl derivatives (U.S. Pat. No. 5,258,389) have been described.
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Rapamycin is metabolized by cytochrome P-450 3A to at least six metabolites. During

incubation with human liver and small intestinal microsomes, sirolimus was hydroxylated and

- demethylated and the structure of 39-O-demethyl sirolimus was identified. In bile of

- siroliijs-treated rats >16 hydroxylated and demethylated metabolites were detected.

- j In rapamycin, demethylation of methoxy group at C-7 Carbon will lead to the change

“in the ¢0nformatioh of the Rapamycin due to the interaction of the released C-7 hydroxyl 7
- group with the neighbouring pyran ring system which is in equilibrium with the open form of
_the ring system. The C-7 hydroxyl group will also interact with the triene system and possibly

- alter the immunosupressive activity of rapamycin. This accounts for the degradation of

rapamycin molecule and its altered activity.

' STRUCTURAL ANALOGUES OF RAPAMYCIN (RAPALOGS)

A large number of structural variants of rapamycin have been reported, typically

__arising as alternative fermentation products or from synthetic efforts to improve the

compound’s therapeutic index as an immunosuppressivé agent. Each of these may be

employed in the methods and compositions described here.

For example, the extensive literature on analogs, homologs, derivatives and other
compounds related structurally to rapamycin (“rapalogs”) include among others variants of
rapamycin having one or more of the following modifications relative to rapamycin:
demethylation, elimination or replacement of the methoxy at C7, C42 and/or C29; elimination,

derivatization or replacement of the hydroxy at C13, C43 and/or C28; reduction, elimination

- or derivatization of the ketone at C14, C24 and/or C30; replacement of the 6-membered

pipecolate ring with a 5-membered prolyl ring; and alternative substitution on the cyclohexyl
ring or replacement of the cyclohexyl ring with a substituted cyclopentyl ring. Ih nearly all
cases, potent immunosuppressive activity is reported to accompany antifungal activity of the
rapalogs. Additional historical information is presented in the background sections of U.S.

Pat. Nos. 5,525,610; 5,310,903 and 5,362,718.

~ RAPALOGS

“Rapalogs” as that term is used herein denotes a class of compounds comprising the

various analogs, homologs and derivatives of rapamycin and other compounds related

| structurally to rapamycin. “Rapalogs” include compounds other than rapamycin (or those

rapamycin derivatives modified in comparison to rapamycin only with respect to saturation of
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one or more of the carbon--carbon double bonds at the 1, 2, 3, 4 or 5, 6 positions) which

comprise the substructure shown in Formula I, bearing any number of a variety of

. substituents, and optionally unsaturated at one or more carbon--carbon bonds unless specified

- to the contrary herein.

. Rapalogs include, among others, variants of rapamycin having one or more of the

' folloWing modifications relative to rapamycin: demethylatioh, elimination or replacement of

-the méthoxy at C7, C42 and/or C29; elimination, derivatization or replacement of the hydroxy

at C13, C43 and/or C28; reduction, elimination or derivatization of the ketone at C14, C24
and/or C30; replacement of the 6-membered pipecolate ring with a 5-membered prolyl ring;

and elimination, derivatization or replacement of one or more substituents of the cyclohexyl

: ring or replacement of the cyclohexyl ring with a substituted or unsubstituted cyclopentyl ring.
.- Rapalogs, as that term is used herein, do not include rapamycin itself, and pieferably do not
-contain an oxygen bridge'betwee‘n C1 and C30. Illustrative examples of rapalogs are disclosed

“in the documents listed in Table 1. Examples of rapalogé modified at C7 are shown in Table II. .

TABLE T
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W09600282 = WO09402485 Us5597715 US5362735 Us5200411
W09516691 W09402137 UsS5583139 US5324644 Us55198421
W09515328 W09402136 US5563172 Us5318895 Us5147877
W09507468 WO09325533, US5561228 US5310903 055140018
W09504738 W09318043 US5561137 US5310901 US5116756
W09504060 W09313663 US5541193 085258389 Us5109112
W09425022 WO9311130 US5541189 US5252732 US5093338
W09421644 W09310122 US5534632 US5247076 US5091389

ANTI-PEPTIDE MTOR ANTIBODIES

Anti-peptide antibodies may be produced against mTOR peptide sequences. The

sequences chosen may be based on the mouse sequences as follow from the following mTOR

reference sequence:
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241
301

mlgtgpavat
trfydglnhh
vvmemaskai
tfffqggvgpt
aekgfdetla
kdlmgfgtkp
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361
421
481
541

601
661

721
781
841
901
961
1021
1081
il4l
1201
1261

1321

1381
1441
1501
1561
1621
1681
1741
1801

"1861

1921
1981
2041
2101
216l
2221
2281
2341
2401

2461

2521

ccrdlmeekf
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tvftcismla
kmlslvlmhk
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llkdssspsl
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ANTI - PEPTI DE MTOR ANTI BODI ES 30Anti - pepti de anti bodi es may be produced
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m gt gpavat 61 trfydqgl nhh 35 121 vvnemaskai 181 tfffqqvgpf 241 aekgfdetla
301 kdl ngf gt kp asaatssnvs ifelvsssda @bl amagdtf fdnifvavwd kekgmmr ddr
rhitpftsfq vlqggfasglk nerkggilai taeyvefevk pkgairegav ihgallilne
avgpqgpnal  sThegprefdtredantiipgpedomtibadiesvingade rasddrfash ahy ohe/ér A the

vgl I gyss akel ghyvtm strigr.fan negr r haavl repkengk r|reepeei
gl ngf gt S@OW&&S@W@% A G| ) peing aslds %av%ﬁhemm@@%c?gwgﬁ{};c

pakstl veghinodeids 1382-1982; amino acids 2019-2112; or amino acids 2181-2549.

Correspondmg sequences from human mTOR may be chosen for use in eliciting anti-
5 peptlde antibodies from immunised animals. Antibodies may be produced by injection into

‘rabbits, and other conventional means, as described in for example, Harlow and Lane (supra).

Antibodies are checked by Elisa assay and by Western blotting, and uséd for

immunostaining as described in the Examples.

DOWNREGULATION OF PDK1

10 o . The methods and compositions described here involve in part down-regulating the

-~ activity and/or expression of PDK1.

In general terms, our methods involve manipulation of cancer cells, by modulating |

(such as down-regulating) the expression, amount or acfivity of PDK1 in the cell. A step of
detecting modulated PDK1 expression, amount or activity in a cell may be conducted before
15 or after the manipulation step. The detection step may detect up-regulated or down-regulated
PDK1 expression, amount or activity. Any of the methods of modulating or down-regulating

PDK1, as described in detail elsewhere in this document, may be used.

For example, PDK1 activity and/or expression may be down-regulated by use of
- PDK1 inhibitors, including small molecule inhibitors of PDK1. An example of a PDK1
20 - inhibitor is BX795 (CAS No.: 702675-74-9).

Other PDK1 inhibitors which may be suitable for use in down-regulating the activity
and/or expression of PDK1 are described in R I Feldman et al. Novel Small Molecule

Inhibitors of 3-Phosphoinositide-dependent Kinase-1. J. Biol. Chem., 2005, 280, 20, 19867-
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or alleviation of cancer.

25 PDK 1 polypeptide represents a target for inhibition of its function for therapy,

. particularly in tumour cells and other proliferative cells.

The term proliferative disorder is used herein in a broad sense to include any disorder
that requires control of the cell cycle. In particular, a proliferative disorder includes malignant
and pre-neoplastic disorders. The methods and compositions described here are especially

30 useful in relation to treatment or diagnosis of adenocarcinomas such as: small cell lung cancer,
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20significantly inhibited (i.e., by 50%or nore) relative to controls. The
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i ncldfde ¢MsikSH estnelementgry t@\;heaﬁqnéqqn\gygelgagégf mRNA, are described in detail in

- 6,100,090 (Monia et al.), and Neckers et al., 1992, Crit Rev Oncog 3(1-2):175-231, the

teachings of which document are specifically incorporated by reference.

In a particular example, cancers such as colorectal cancer, bladder cancer, oesophageal
cancer and brain cancer, as well as mTOR inhibitor resistant forms thereof (e.g., rapamycin
25 resistant or rapamycin derivative resistant forms of such cancers) may be treated or prevented
by reducing the amount, expression or activity of PDK1 in whole or in part, for example by
'siRNAs capable of binding to and destroying PDK1 mRNA. We specifically provide for an
aﬁti-PDKI agent which downregulates PDK1 by RNA interference. The anti-PDK1 agent
: may comprise a Small Interfering RNA (siRNA) or Short Hairpin RNA (shRNA).

.30 RNA interference (RNAI) is a method of post transcriptional gene silencing (PTGS)
induced by the direct introduction of double-stranded RNA (dsRNA) and has emerged as a
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Other methods of modulating PDK 1 gene expression are known to those skilled in the
“art and include dominant negative approaches. Thus, another approach is to use non-
“functional variants of PDK1 polypeptide in this document that compete with the endogenous

20 gene product resulting in inhibition of function.

PDK1 gene expression may also be modulated by as introducing peptidés or small
molecules which inhibit gene expression or functional activity. Thus, compounds identified by
the assays described here as binding to or modulating, such as down-regulating, the amount,
activity or expression of PDK1 polypeptide may be administered to tumour or proliferative

25  cells to prevent the function of PDK1 polypeptide. Such a compound may be administered
along with a pharmaceutically acceptable carrier in an amount effective to down-regulate
expression or activity PDK1, or by activating or down-regulating a second signal which

- controls PDK 1 expression, activity or amount, and thereby alleviating the abnormal condition.

Suitable antibodies against PDK1 polypeptide as described herein may also be used as
30 therapeutic agents. An anti-PDK1 antibody may comprise a rabbit anti-PDK1 antibody.
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Colorectal cancer cell, bladder cancer cell, oesophageal cancer cell and brain cancer
cell cell specific reduction of PDK1 levels may be achieved by targeted adrﬁinistration, ie.,
applying the treatment only to such cells and not other cells. However, in other embodiments,
down-regulation of PDK1 expression in such cells (and not substantially in other cell or tissue
25  types) ié employed. Such methods may advantageously make use of tissue specific expression

~vectors, for tissue specific expression of for example siRNAs.

"IDENTIFYING MTOR ANTAGONISTS AND PDK1 ANTAGONISTS

Antagonists, in particular, small molecules may be used to specifically inhibit mTOR

and/or PDK1 or both.

30 We therefore disclose small molecule mTOR inhibitors, as well as assays for screening

for these. Antagonists of mTOR kinase may be screened by detecting modulation, preferably
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20 Similarly, modulators and antagonists of PDK1 activity or expression may be
identified by any means known in the art. Putative such molecules may be identified by their

binding to PDK1, in an assay which detects binding between PDK 1 and the putative molecule.

One type of assay for identifying substances that bind to a polypeptide involves
contacting a polypeptide, which is immobilised on a solid support, with a non-immobilised
25  candidate substance determining whether and/or to what extent the polypeptide and candidate
substance bind to each other. Alternatifzely, the candidate substance may be immobilised and
| the polypeptide non-immobilised. This may be used to detect substances capable of binding to
mTOR polypeptides or PDK1 as the case may be, or fragments, homologues, variants or

derivatives thereof.
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what extent the pol ypeptide and candid substance bind to each other.
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” Alternatively, binding may be determined by immunological detection techniques. For
“example, the reaction mixture can be Western blotted and the blot probed with an antibody

20 that detects the non-immobilised component. ELISA techniques may also be used.

Candidate substances are typically added to a final concentration of from 1 to 1000
nmol/ml, more preferably from 1 to 100 nmol/ml. In the case of antibodies, the final

concentration used is typically from 100 to 500 pg/ml, more preferably from 200 to 300
ug/ml.

25 Modulators and antagonists of mTOR and PDK1 may also be identified by detecting
modulation of binding between mTOR or PDK 1 and any molecule to which these bind. |

ACTIVITY ASSAYS

Assays to detect modulators or antagonists typically involve detecting modulation of
any activity of mTOR, preferably kinase activity, or PDK1 activity, in the presence, optionally

30  together with detection of modulation of activity in the absence, of a candidate molecule.



In a preferred assay nethod, the pol ypeptide is i mobilised on beads such
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2011/ 084the&REEfeBEEA0MHIBP@fraYs of candidate molecules (for example, an arrayed library). /n
| vivo assays are preferred. Preferably, therefore, the mTOR or PDK1 is comprised in a cell,
preferably heterologously. Such a cell is preferably a transgenic cell, which has_ been

20  engineered to express mTOR or PDK1 as described above.

Where an extract is employed, it may comprise a cytoplasmic extract or a nuclear

extract, methods of preparation of which are well known in the art.

It will be appreciated that any component of a cell comprising mTOR or PDK1 may be
employed, such as an organelle. A preferred embodiment utilises a cytoplasmic or nuclear
25 preparation, €.g., comprising a cell nucleus which comprises mTOR as described. See Zhang,
et al, Predominant Nuclear Localization of Mammalian Target of Rapamycin in Normal and
Malignant Cells in Culture. J. Biol. Chem., Jul 2002; 277: 28127 — 28134. The nuclear
- preparation may comprise one or more nuclei, which may be permeabilised or semi-

permeabilised, by detergent treatment, for example.

30 Thus, in a specific embodiment, an assay format may include the following: a

multiwell microtitre plate is set up to include one or more cells expressing mTOR or PDK1 in



43 The assays involve contacting a candi date nol ecule (e.g., in the
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t hereof) as descri be
25 ) -screen as descrl% 9 elsewhere in this document) as a putatlve modulator.

Candidate molecules subjected to the assay and which are found to be of interest may
. be isolated and further studied. Methods of isolation of molecules of interest will depend on
the type of molecule employed, whether it is in the form of a library, how many candidate

molecules are being tested at any one time, whether a batch procedure is being followed, etc.

30 The candidate molecules may be provided in the form of a library. In a preferred

embodiment, more than one candidate molecule is screened simultaneously. A library of
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‘ Alternatively or in addition, a combinatorial library, as described in further detail

‘below, may be screened for modulators or antagonists of mTOR or PDK1.

ASSAYS FOR MTOR ACTIVITY

Any of the activities of mTOR may be used as the basis of the assay.

20 In particular, cellular activities mediated by mTOR may be assayed to identify
antagonists. For example, mTOR is responsible for phosphorylating substrates including
eukaryotic initiation factor 4E (eIF4E) and ribosomal S6 kinase 1 (S6K1), RNA polymerase I
and eEF2 kinase. Accordingly, the effects of the putative antagonist or agonist on kinase

| activity mediated by mTOR one one or more of these substrates (or peptides derived from

25  their sequences) may be assayed using for example kinase assays as known in the art.

_ Such assays may employ 4E-BP1 and/or S6K1 as substrates, or use peptides from
these polypeptides as substrates. mTOR is known to phosphorylate 4E-BP1 at Thr37 and
Thr46 and S6K1 at Thr389 (Schalm SS, Fingar DC, Sabatini DM, Blenis J. Curr Biol. 2003
May 13;13(10):797-806; Schalm SS, Blenis J. Curr Biol. 2002 Apr 16;12(8):632-9.), and

30  accordingly peptide substrates containing these positions may be generated using known

peptide synthesis methods.



10 nol ecul e”, we refer to a nol ecul e whose nol ecul ar weight is preferably
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Cancer: Vol ume 2: Activation and Reyiul ation Protocols, July 2004, pps
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Bi Ol_ P9Y" of incubation with protein-G-Sepharose beads. Immunopreciptates are washed twice with 1 ml
mTOR wash buffer A (20 mM Tris, 500 mM NaCl, ]| mM EDTA, 20 mM f-
| glycerdp_hosphate, 5mM EGTA, 1 mM DTT, 1 mM Nas VO4,40 mg/ml PMSF, 10 ug/ml
leupeptin, 5 pg/ml pepstatin, in ddHz2 O, pH 7.4), once with mTOR wash buffer B (10 mM
HEPES, 50 mM B-glycerophosphate, 50 mM NaCl, 1 mM DTT, 1 mM Nas VO4, 40 mg/ml
20  PMSF, 10 pg/ml leupeptin, 5 pg/ml pepstatin, in ddH2 O, pH 7.4), and once with ST (50 mM
Tris-HCI, 5 mM Tris base, 150 mM NaCl, ddHz20, pH 7.28).

Kinase assays towards recombinant GST-4E-BP1 WT or GST-4E-BP1 F114A (ie.,
human 4E-BP1 subcloned into pGEX-2T/GST, Pharmacia) in washed immunoprecipitates is
assayed in mTOR kinase assay buffer (10 mM HEPES, 50 mM NaCl, 50 mM -

25 | glycerophosphate, 10 mM MnClz, 100’ uM ATP unlabeled, 10 pCi [y-32P] ATP (New England
Nuclear), pH 7.4) for 30 min at 30°C. The reaction is separated by 12% SDS-PAGE and 32P
incorporated into GST-4E-BP1 is assessed by autoradiography and quantified by
phosphoimaging (BioRad). One kinase unit is defined by thé amount of kinase ie protein
required to catalyze the transfer of 1 pmol of phosphate to the substrate per reaction volume in

30  one minute at 30°C.



MTOR Ki nase Assay A further nmlOR assay is disclosed in Ml ecular Mechani sm
of mMITOR Downstream Signalling (PhD Thesis, S. Schalm 17th Septenber 2003,
Fachber eiwb 2Bi1alsegse, Cheni e, Pharnazi e, Freie Universi tatr/sBesi1iongo11
http://wwv. di ss. fu-berlin.de/2003/249/index. htnl). 10Cells are grown for 48
hours in DVEM contai ning 10% FBS, and l47sed in lysis buffer B (40 mM HEPES,
120: M NaCl, 50 mM NaF, 1 nM EDTA, 50 mM P-gl ycerophosphate, 0. 2% CHAPS, 1
nv Na3 VO4, 4ﬂ7m/Ron%Essa§ vi g/ mipepstatin, 10 n/nl | eupeptin, 1 v DTT,
ddH2, 0, pH 7.5). éhlrd of, total cell Iysatefroma 150- mggngﬁ\de
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i munoprecipitates is assayed in nTOR ki nase assay buffer (10 mM HEPES, 50
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nol ecul es, a hybrid gene encoding for a nRNA with a 5" UTR derived from a
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gene: e. g, 1i{(FR QUnhddifit f&ofsisiosr, MTRE [iG fngieeul ggecﬂ%'d uHie cells

are either s rumstarvé?g rapanyci n-trea to shut o tra slatlon of
t he . r epotrgrestatiofelf He rap@iem;(mé%ghrt 8Band &mdingdet®. nol ecul e or a nenber of a
library. Addition of an nifTOR activating nolecule will upregul ate

transl ation Oﬁeﬁ@d’é?ﬂ%f er (see Figure 8A and Exanple S)

, Furthermoré, we show that mTOR activity is capable of lengthening cell cycle times;
20 accordingly, the cell cycle period may be assayed in the presence and absence of a candidate

molecule to identify antagonists or agonists of mTOR activity.

ASSAYS FOR PDK1 ACTIVITY

_ Any of the various biochemical other activities of PDK1 may be measured in order to
-assay PDK1 activity. Accordingly, the effects of a putative antagonist or agonist on PDK1

25 | “activity may be assayed by any one or more of the folloWing methods as known in the art. -

Assays for PDK1 activity are known in the art and include for example a PDK1 Kinase
- Assay Kits sold by Upstate Biotechnology and Millipore (Catalogue No. 17-280, Upstate
Biotechnology, Lake Placid, NY, USA) as well as the HT Scan® PDK1 Kinase Assay Kit
(Catalogue No. 7577, Cell Signalling Technology, Danvers, Massachusetts, USA).



Mol ecul es and agents which inhibit nTOR activity are identified as follow
To screen 10 for nlTOR i nhibiting nol ecules, a hybrid gene encoding a nRNA
with a 5 woRotensimwed from nmRNAs whose translation is upregsicabadowhen
cap-nediated translation is inhibited e.g. p27Kipl nRNA and codi ng region
froma reporter gene e.g. GFP or lucife8ase is transfected into mammalian
cells . The cells are either serumstarved or rapanmycin-treated to turn on
t ransl at Losra®iied he reporter. Then serumwi || be added or rapanycin renoved
to activate nTOR 15and turn off translation of reporter. Cells are exposed
to a candi dat blbnmleswuﬁbmdmdat@mmmﬂes soh anlHraﬂlﬁSa}f}DDlyW[deB henmcéepoaclés, is
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( 1990 SUPh8gebolRYE An advantage of phage-based display systems is that, because they are
- biological systems, selected library members can be amplified simply by growing the phage
containing the selected library member in bacterial cells. Furthermore, since the nucleotide
20  sequence that encodes the polypeptide library member is contained on a phage or phagemid
vector, sequencing, expression and subsequent genetic manipulation is relatively

straightforward.

_ Methods for the construction of bacteriophage antibody display libraries and lambda

phage expression libraries are well known in the art (McCafferty et al. (1990) supra; Kang et
25 _al.I (1991) Proc. Natl. Acad. Sci. U.S.A., 88: 4363; Clackson et al. (1991) Nature, 352: 624; |

Lowman et al. (1991) Biochemistry, 30: 10832; i%urton et al. (1991) Proc. Natl. Acad. Sci

US.A., 88: 10134; Hoogenboom et al. (1991) Nucleic Acids Res., 19: 4133; Chang et al.

- (1991) J. Immunol., 147: 3610; Breitling et al. (1991) Gene, 104: 147; Marks et al. (1991)

supra; Barbas et al. (1992) supra; Hawkins and Winter (1992) J. Immunol., 22: 867; Marks et
30  al., 1992, J. Biol. Chem., 267: 16007; Lerner et al. (1992) Science, 258: 1313, incorporated

herein by reference). Such techniques may be modified if necessary for the expression

. generally of polypeptide libraries.



10proven useful for creating libraries of antibody fragnents (and the

nucl eoti de sequences that encoding them for the in vitro selection and
anpl i fi cavpapigB4®peci fi c anti body fragnents that bi nd RCT&GGeH1/08011 gen.
The -nucl eoti de sequences encoding the VH and VL regions are |linked to gene
fragnents which encode | eader signals t4at direct themto the periplasnic
space of E. coli and as a result the resultant antibody fragnments are
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1992, 1 Biol. Chem, 26 Lerner et al 21992 Sci ence, 258: 1313,
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M Caf f er fypcafidhber b 82 Rbent Hﬁhﬁ)erSQf%(Hb?é}Sl i8R ordel&%bbusSLbbRevdMahée. Otk -
(1991) supra Chiswel | et al (% Trends Biotech., 10: 80; Marks etal .
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supggi, whi ch are incorporated herein by reference. 10Alternative I|brary
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| ysogens,’ as previous use et a i ence, 246:
1275; Cathe rbe@dlﬁadéd Pricogls i1nx(01\&9 (ﬂa)ggﬂfgoaach bleadl witlAg adiquSadentifierSad).spcl8as an
Mul | i nax et al igo Proc. ﬁf . f%_ US. A, 87: 809? Per.sson et
al . (1999hgapugleotigs s as tﬂéaellta%ﬁent calign of g amspasid seqnence OF sach Jdganyy t he

15met hodg g, %H%Qﬁip}dx%ﬁ%egcﬁﬁ&feﬂﬁ%da%ﬁedel'&l@o%ﬁ ifWROSHBS. Systens may be
used to screen

25 Another chemical synthesis method involves the synthesis of arrays of peptides (or
peptidomimetics) on a surface in a manner that places each distinct library member (e.g.,
“unique peptide sequence) at a discrete, predefined location in the array. The identity of each
library member is determined by its spatial location in the array. The locations in the array
where binding interactions between a predetermined molecule (e.g., a receptor) and reactive

30  library members occur is determined, thereby identifying the sequences of the reactive library

‘members on the basis of spatial location. These methods are described in U.S. Patent No.



| arge nunber of different nenbers of a library, in the order of about 106
or even nore. Qther screening systens rely, for exanple, on direct chem cal
synt hesi swof2ol1/dssmsy nenbers. One early nethod invol vespchscaynionesi s of
peptides on a set of pins or rods, such as described in W84/03564. A
simlar nethod involving peptide synthédis on beads, which forns a peptide

20 library in which each bead is an individual library nenber, is described
in US Patyesd;Ne09d,16670 aiIwaed/ 10092 ridedendt (h0el)iSeiedes Q51 0y ; Dower and
W92/ 00091, A significant inprovenent of the bead-based nethods invol ves

t aggi ng Eedon (KB4 4urtheraMedi Ghegri dert/llfi er tag, such as an ol i gonucl eoti de,
so as to facilitate identification of the am no acid sequence of each

library menbepthel BRsend P beneestingaibiarza 9 GolyBéfAds opfR 1dEidey inbelde e use of
W93/ 06121. 25Another chem cal synthesis nethod involves the synthesis of
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WO 2011/ R8x,1163 PTY; Beaddry 260 06ytt (5125 Sdidaed35]: 60090558 and W92/ 10092;
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machinery for the in vitro synthesis of the librar nbers. In one nethod,
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transcription factor (Thiesen and Bach (1990) Nucleic¢ Acids Res., 18: 3203;
Beautfr y Belsomespde disploy pplypeptedes dor splpptions Jhesegug 2lldbo segning deppsnisflsg3) .

In a,sin&%qﬁu) awhﬂm¥h§5gehﬁag§!ation can be used to synthesise
es

pol ypept 1 a nethod “for generating large libraries. These nethods
whi ch generalIgéqonprise‘stabilised pol ysonme conpl exes, are_descri bed
further in W&ty iigaszmaypogrosiasompsos §yeasof 1olingrs 78:c ngsrrosb%eyn and

W92/ 02536,  Al.ternati % i 4Nof: = ,gasuch as
t hose dig@?%g%ggﬁﬁﬁmﬁéﬁT%5§§§?§ﬁ5X5$§§?%§gﬁﬁq%@%f@ﬁﬁi?gﬁ§gﬁﬁﬁ%ﬁﬁﬂgg ySOnes
t o di spl eyanipid, )Wepta/@Hs6 hod W@ 985808h Cohkastion nf ziak fingérditraniasgoayngfilise
docunent s _al so . . . : . :
20 rules for determining interaction with specific DNA sequences, as disclosed in for example .
WO 98/53058 and WO 98/53060. Zinc fingers capable of interacting specifically with
methylated DNA are disclosed in WO 99/47656. The above zinc finger libraries may be
immobilised in the form of an array, for example as disclosed in WO 01/25417. Accordingly,

: preferred molecules capable of altering the potency of a cell include zinc ﬁngers. :

25  COMBINATORIAL LIBRARIES

Libraries, in particular, libraries of candidate molecules, may suitably be in the form of

combinatorial libraries (also known as combinatorial chemical libraries).

A “combinatorial library”, as the term is used in this document, is a collection of
“multiple species of chemical compounds that consist of randomly selected subunits.
30  Combinatorial libraries may be screened for molecules which are capable of inhibiting mTOR

- or PDKI.



are incorporated herein by reference. The library may in particul ar
conprise a library of zinc fingers; zinc fingers are known in the art and
act as trwo<erigstiosn factors. Suitable zinc finger |ibracrssensoeiiscl osed
in, for exanple, WD 96/06166 and WD 98/53057. Construction of zinc finger
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enzymes), or RiyhdpdtiehCRlde@RibilOheBATRBbink N al T AL iHeRHrMuction and

use include those available from the URL http://www.netsci.org/ 801ence/C0mb1cherr1/

1nclud1ng The Chemical Generation of Molecular Diversity. Michael R. Pavia, Sphinx
Pharmaceuticals, A Division of Eli Lilly (Published July, 1995); Combinatorial Chemistry: A
25 Strategy for the Future - MDL Information Systems discusses the role its Project Library plays
in managing diversity libraries (Published July, 1995); Solid Support Combinatorial
Chemistry in Lead Discovery and SAR Optimization, Adnan M. M. Mjalli and Barry E.
- Toyonaga, Ontogen Corporation (Published July, 1995); Non-Peptidic Bradykinin Receptor
Antagonists From a Structurally Directed Non-Peptide Library. Sarvajit Chakravarty, Babu J.
30  Mavunkel, Robin Andy, Donald J. Kyle*, Scios Nova Inc. (Published July, 1995);
Combinatorial Chemistry Library Design using Pharmacophore Diversity Keith Davies and
Cli\}e Briant, Chemical Design Ltd. (Published July, 1995); A Database System for



20denet hyl ati on. Furt her references describing chem cal conbinatori al
| ibraries, their production and use include those available fromthe URL
htt p: // wworzetsis108r g/ Sci ence/ Conbi chemi, incl udi ng ThepCrsGzealoodaner at i on
of Mol ecular Diversity. Mchael R Pavia, Sphinx Pharmaceuticals, A
Division of Eli Lilly (Published July, 52995); Conbinatorial Chemistry: A
25Strategy for the Future - MDL Information Systens discusses the role its

Pr oj ect Cbi@bﬁfawrﬁl Sytsthésis }Biﬁ}ﬁalgieﬂ@ dimngain%y ahd baaﬂiveanm@ulb Daghigid Cheghical
1995) Solid Support Conbinatorial try in Lead Di scovery and SAR
Opt i mi zakf @fmatlAa @aﬁrem Ige. (ﬁ}ﬂalpthd élHu, lé’a?é? ﬁrénfom@yeaawagm%@éﬁhltwure

Cor por at EIRH'% or

Ant agoni gt? sra: romt%&g;t‘ril Slcl:lt%&%'éﬁ%agﬁayleegltg g%eﬁ}ﬁo%ll“g%e ti ga@%éf‘%l?%% ZL%aj it
Chakr av a(Ru;bhs}BdUulyJ 190 Mo ud ISeftwaRoTn(ﬂls fhme?gd,drd@mngﬂlieﬂllca@i\e’fsltys& 8s Nova

I nc. ed Jul atori Chem Lib sigh usin
s risc PSR- ShrdiPrs, ok Sl e B Al e e e ey G O Dot g Lt .

(Publ i Shpﬁlarﬂﬂb L UkvESily of rdat Shedy/eh& M, 01r996 pportunities for Computational
2011/ 084108PCT/’'S&2011/°000011 52 Conbi nat or1i al nthesi s Experinments - Craig

James an@h@aistscAfMfeided hy e, Nda Piratghies @hRrhgdiscdviefyo u&m@pmmnSYw@rmsComoﬂy

Publ i sh | hj t
oot et B AR b MRS ATER rES GBS AR, posi n
Ltd.. ( PUMﬂe;SJhgd 1998)YCorhB8RatorialNON&hisSp b IBIofechiRg ste‘rgg @&dﬁ@&&hmnmgﬁﬂyc al

Di ver si ty, R S Pearlman, Laboratory for Ml ecul ar aphi cs and
Theot®t i eflowpdide:isPescoptipagmef. PpaiplenBypartpgny ef §h@rplsa’f/ Yaiversity plibl i shed

June/ Jul ¥0u1§\91ﬁ§ Pub e%rJEiHQ/'Jﬁl\g; eﬁ)9%%€h%@%@a"ﬂ&%én%&%d @g@%ﬁﬁbﬁrfeg/ﬁﬂggnp y the

New Strategies I'n I'nron vonne
Conmput er aﬁEﬂtﬁkEMld}bleERuﬂ’eaAia ISpBingIPhE’lm;cemhcalsAAtibivimdmdifdﬂaLﬂ]yI (Babl{sRad! i shed
1996 Conbi natori al .Chem stry and, Mol ecul ar versi ty .Course at

{Jul v,
fﬁge_uﬂ?v@r@( Tuly, 00); ChemiSeh §1TReeioR I8 dRirq eing -arbghydrage Mejeepigr §1V°E“Eﬁ’allnf°rrent
of Cheni ?Bé @éﬁg}f@&f@%&& bRidhsey iy] dftial E%kéélhfééh&mgés]rﬂcy(pu%ﬁ&@h

Chem cal creening Libraries: Present and Future. M chael R
Pavi B - SpmeﬂmlyPﬂ]%%)aBeuathgsmem for Gombinatooihl Ehémikiry.| MaryRubatiosdreski,

J /J I t E | nt r,od

VBl coul st hEY o torg g Shei By DE Vil bt pen bP B e R pRae A B iy of
Transcel WaTﬁ&tLrua{&Gﬂ Compdds - (Pﬁtﬁma&d NBesmBE, 19958 /ah8 Mhe 1HPEE bt HREE Bhiagigaenent
for :Conmbi natorial Chem stry. I\{gl% o Zaborowskl Chi ron Corporation and

Shei | a HOrgewW $xnthasisrdaeR ©RVin BieRaserladuitiies omdd Qeviin (Pulilished Marcs 1996).
V\r ner - Lanbert Conpany (Published Novenber, 1995) and The I npact of High

Throughput O géainﬁqlu’g’é’ i QetiSatOftal R&Eisty BtOg a? %1&W%t5ﬂc‘%%moﬁg Modrm Devlin

(Publ i shed March 996). Techniques in” conbinatorial chem stry are gaining
W de20accapth@ds&)ralm)g@emudeDﬁn@@nrbam@d@ltfce}rlea@e(('@émerl\étzﬁoﬁ abf 199dwJ. Med.

pharmaceytical, | eads (L AR s My & 21108, 1) MEQ Whierns) 37¥B85-1401.). One

combinatorial approach in use is based on a strategy involving the synthesis of libraries
" containing a different structure on each particle of the solid phase support, ihteraction of the
library with a soluble receptor, identification of the "bead” which interacts with the
25  macromolecular target, and determination of the structure carried by the identified "bead’
(Lam, K. S. et al., .1991, Nature 354:82-84). An alternative to this approach is the sequential
release of defined aliquots of the compounds from the solid support, with subsequent
determination of activity in .solution, identification of the particle from which the active
v' compound was released, and elucidation of its structure by direct sequencing (Salmon, S. E. et
_30 ~al., 1993, Proc.Natl. Acad.Sci.USA 90:11708-11712), or by reading its code (Kerr, J. M. et al.,
1993, J.Am.Chem.Soc. 115:2529-2531; Nikolaiev, V. et al., 1993, Pept. Res. 6:161-170;
- Ohlmeyer, M. H. J. et al., 1993, Proc.Natl.Acad.Sci.USA 90:10922-10926).



Chem 37:1233-1251; Gordon, E. M et al., 1994, J. Med. Chem
37:1385-1401.). One conbinatorial approach in use is based on a strategy

i nvol vi ngwohe1isgmioBesi s of |ibraries containing a differemscaorwosoar e on
each particle of the solid phase support, interaction of the library with a
sol ubl e receptor, identification of thed3 bead' which interacts with the
25macronol ecul ar target, and determ nation of the structure carried by the
identified 'bsadble(rh@i®m Eomnatetialdibrarick XY, beNFhthesiz@bukiila Shple Pinciple
alternative to this approach is the sequential release of defined aliquots
of the cBupsermsratiopaf eqiamelsr mixtyres 96 peptidgs whichurrsdystelsscrihed by Huda i on of
activity | ut 1,0 ¢ trlf] i . B Y el active
compound as Ptk a1 988 S0 bk AL inoiUR, BAULIEIRE CRARLIT IFRapO?
sequenci h9RY; BatkapA, etQl., P88 4tBUalernatid®A L onBres< oNaiokhehriaitly, Rragud3IA8S;

3 e Tmehibbon 28! b5 kOB Gt §7kt-adh, Yoo SrsPsiogiet R

6: 161- 17 Qprafbd 15 Yifativicrbbnink h&lid been 4&2a3bed %ﬁﬁ%h‘féh,l RA% 3 a56991URAwre
90: 10922-10926). WD 2011/ 084108PCT/ SG2011/00001T 53 Sol ubl e random

combi nat 874:84-86). It & Larm diwlosbé theynovtlewid zeexpesiedly mverfubtechpauaef ysing f or t he

gener ation of. equj nol ar,.m xt.ur.es of peptides.which was fi.rst . cribed by
Lok ( P ble g iRt Rhanies, FER R St S RN R iR
Cheni st 1 YolidpHdaPapbort) 88 thak badhasuppdrt Bid Bdest, cokiPBnd dfhilifdrmtresIBallaraatture,
Congress of Biochem stry, Prague 1988; Furka, A et al., 1991, Int. J.

Pept 1¥e mrdicesencRihs libgariesgvitheggpriorTeraovad of thedest compernds dlogbihe spprorely es f or

iterativ i-0G: i ﬂﬂ‘ﬂ}f 5 A et al.1991,
Nat ur e B%Jﬁ@iﬁségg’lﬂ&ﬂg?%tg{@%%ﬁg%g‘ggﬁﬂf Eg&lﬁove ggﬁﬁgﬁrﬁ‘g (pect edl y power f ul
t echni que of wusing insoluble random conbinatorial |ibraries. Lam

synthesi zed r &hesoemlibowp pheandidatd mplepiles iney boa syshetis qombinaterigh hbrars (e.&oa t hat

each. suppor It%in?tl%%?lgcﬁtegl%al ﬁﬁ%ﬁug gelﬁlﬁar%girgc?{/%l})o%efﬁﬁ% ?e{ %S S Bf%g,’ntagrg and

screened Th STW t prior reno 5t compounds™fromthe

support - byeasQdrisalivah asethdr ddkige oF ghoeat sr ddtail prsdudss (., @libraryl&S3iallNat ur e
354:82-84). Thus, a library of candi date nol ecul es may be a synthetic
conbl hat Boleghles ppp fgrgpepigtign migure).conbi nat ori al chenical library), a
cellular extract, a bodily fluid (e.g., urine, blood, tears, sweat, or

saliva), or opN@frafiofimbleults nSaThB1add, Foiasxampled binoicRBU6gopbptids, a |ibrary
of small 15nol ecules or a fernentation m xture). A Iibr.arzl of npl ecul es may
q.

i ncl ude, Pelypensidaspraicingar Afiggmeny o1 pentidgs peprotedtss nuGer ppidpt. getntispsst ei ns,
or frag 35 ADP i old TRSAN. e i . i . DNA;
oSSR P 85 BRE R0k ERELCoPGH Dy RN TR

pol ysacchadh tiemberkdahe litralarandk singalak bbearbe pant dfer mixngulag., acompresdzd a
part_of a mxture (e.g., a caonpressed 20library). The library nay contain
pur i 39 edB@RPolbfMbTaR BAKCHEAIn @pritigd cqmp%m,gs RioTiRdenfil "4l-- containing a

significant quantity of impurities).

Commercially available libraries (e.g., from Affymetrix, ArQule, Neose Technologies,
Sarco, Ciddco, Oxford Asymmetry, Maybridge, Aldrich, Panlabs, Pharmacopoeia, Sigma, or

Tripose) may also be used with the methods described here.

25 In addition to libraries as described above, special libraries called diversity files can be
| used to assess the specificity, reliability, or reproducibility of the new methods. Diversity files
- contain a large number of compounds (e.g., 1000 or more small molecules) representative of "
many classes of compounds that could potentially result in nonspecific detection in an assay.
Diversity files are commercially available or can also be assembled from individual

30 compounds commercially available from the vendors listed above.
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may al so be used with the nethods descrlbed here. 25l n addition to :
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new net hAygIBADIE®rsity files contain a | arge nunber of conpounds (e.g.,
1000 or nore smal|l nol ecul es) representative of many cl asses_ of conpounds
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above. Muzehﬂﬁlﬂﬂl«ﬂés&%aﬁa’r/tﬁéﬁﬂm ﬁﬂﬁﬁﬂ_l 54 ANTI BODI ES Speci f| c
ant agoni sts of nTOR, which nay be used to regulate the activity of these

o101 & 1. (T o SRRR, o 0 RAP008 AL PR R BT B 20T A, o

PDK1 ‘i nhitkiPDK®& nmay i ncl ude anti bodi es agai nst any nolecule i nvol ved in t he
PDK1. Antibodies, as used herein, refers to conplete ant i bodi es or

anti body frag capabl e, of . bi 8¢ .ed tar.ge and |nclud|ng
PV, SoFv. Fabinipoice BE0g el s P Rp e SR o AR ARl

engi neer efbabRtof BadigStoianeleudt wg@thmaerhi:l@dm@lm_ gdsraf Fekh aalﬂcF(awnumﬂbas@hl
antibodies, and artificially selected antibodies produced u5|ng phage

di spl ay &1 palydenphantkodiesceiiginggeed antihedies lpﬁlaeweﬁbgner%&?magraﬁ@ ard SC Fv,
POSSHS ﬁg%(%pée%%ﬁﬂédl@{ gﬁféﬁfu;gﬁg&gé1e&b@%%fdle§ ?&ﬁcé&&sﬁﬁg?@gﬁghglsﬁ%'drcat' ons

on accoun thel'r snma consequent superlor
di st i bualieomativEhechaigued Statisrapasnts, heb ab évandByFugosdeseadvenaptdusodi es
conpri sing an e%fector Froteln 15such as .a | abel tBP&giall Fref rred are

| abel s WPHOBFTUSS fashiagnesticRgithgarsiie ARPIFALSRS QR ACFOHT Kematsizs in vivo

or in VitdRequaHcirkAbeliSudm¥Batisadi oactive | abel s or radi oopaque | abel s,
such as net ? parplc ' es, which are readily visualisable within an enbryo or

a Ce_l | mass. The antibodies described here may be altered antibodies comprising an effector protein
15  such as a label. Especially preferred are labels which allow the imaging of the distribution of
 the antibody in vivo or in vitro. Such labels may be radioactive labels or radioopaque labels,
such as metal particles, which are readily visualisable within an embryo or a cell mass.
Moreover they may be fluorescent labels or other labels which are visualisable on tissue

samples.

:20 : Recombinant DNA technology may be used to improve the antibodies as described
here. Thus, chimeric antibodies may bé constructed in order to decrease the immunogenicity
thereof in diagnostic or therapeutic applications. Moreover, immunogenicity may be
minimised by humanising the antibodies by CDR grafting [see European Patenr Application 0
239 400 (Winter)] and, optionally, framework modification [EP 0 239 400].

25 Antibodies may be obtained from animal serum, or, in the case of monoclonal
‘antibodies or fragments thereof, produced in cell culture. Recombinant DNA technology may
be used to produce the antibodies according to established procedure, in bacterial or
‘preferably mammalian cell culture. The selected cell culture system preferably secretes thé

antibody product.
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or ocess R A BB O B it el L P Phg'S oot e

E. coli or a mammalian cell, which has been transformed with a_ hybrid

vect or conpri SNwigphention of brlyidemacels er memowhipp hest sgllsainprtsorstcarriedpat bl y

|l i nked tQ. i rst .seqguen n i i I tidecl i in the

pr oper r%uéfélbl? u?[}l%?r‘}%e 'S “Céh“g%%grt]lge %%%msnag\ﬁg‘%ﬁ%ag&]glﬁlgggﬁlﬁsgsgirggéﬁ&ebody

pr ot ei n, DadciBOMIdifitd FaglcdMpdiaheiDMEM) or RPMIl 164p Inheziivirh coptiohalhyyiepledished
cells or mammalian host cells in vitro is carried out in suitable culture
medi a, wWhY @ magiealianserirs eamirejal Sl serae Ot itee HlansRitand erewih YREHING

Dul bgeco. j£d ' v of [ Iy
replvgdrzli s%@gh%géngg’ ﬁ%m%@élrgcﬁh%glrcgﬁ%l ge. g. Oglé% E%? Méréﬁlja? é)glg%?rd]eﬂgprw%?%gg&gl enent s
and  gr owbénesust@i maogpphégek, Zampioethanslsinselig trahgfedsy, loveddnsity lipbpragim otaal
nouse peri.toneal  ex te.cells, spleen cells, bon rrow macy,o es

2- ani nOef%éer%lﬂ?e kikss Eﬂﬁ%&}cﬁlﬂ%ef%ﬂ}sﬂwﬁg high Hsﬁé?t?ﬂ}ﬁﬁie %%rr%?ﬁéticﬁfls BIEeS e o
or the | [dReq Yl ihisRdptdddiRbe RbdiRRAEWE & 1he aWh ik Qxé}ﬁﬁe F@CBa8tetialin GRUusn DB,
yeast cells is |likewse carried out in suitable culture nmedia known in the

art, for NECaiy) NZiod, Nt Eeiridici Brothe 80BaSO8;, 2N2CYMr M@ Winimgt Wlediemy qrfd; for

veD, Iyepbr N ST PR ] B 8 e RO Mmef Rt My O

production provides relatively pure antibody preparations and all ows
scal-e-up to gimetrb pragmcaomprovslesfelathvelydeee aastbodp pidpoditiess anfied lomisgoas-upor

bacterial cel|, yeast or | i,an..cel | ultivatio re. known i.n the art
and i ncl @F%fo«,lfﬁg%aéﬁmdgg%g%?fgfl S'ﬁtllﬁoéllelsuf‘?ec,h_mél}lﬁs. %Olr Ea‘gﬁnaelicnl?’iyfe?ﬁroéact or or
i N a contyafiseiian Sbit EdlAVatiodasé RiowPin théBRRhd irkRde bmBRéneaRPadp&Ridn culture,
20cul ture, e.g. in hollow fibres, mcrocapsul es, on agarose m crobeads or

cerani c ed&rinrandgrdi€ reaciorgy i a gontindous stifer pepstaear imapbilisef woenteappedeelhl so be
oram ey St . s i viv, ;
pybr i Hongitaide PP e RIS, bfadostintBrobblls btk Bl bR REes.

hi st oconpati ble mammal s to cause growth of anti body-producing tunours.
Optional |y, thergagbantitios af the glesiraddintibediescamadiiodiwanbirored yspeléiphling ni ner al

oi | s such _as 25pristane (tetranethyl-pentadecane tiok to. .0 ection.
A tor ondanind P eeT AdRe FEHBRTRMSs PREYARE ARG ap i s RSB AE |70
of t hoseagaARELS intdalstR¥mpRide ntahiidld onaausetroatobt Aitibedy-pyodheiag amafrs. -
suitable nyeloma cells with antibody-produci ng spleen cells from Bal b/c

m ce, or OpHarbeteanineds pe paarsdveth 4 by rarben. aeesialis PHingrakilssyoh a5 ¢ hat
Prodye . pﬁgﬁ%ﬁ@a@gg}g};@g@ggécgmﬁ?)gﬁﬁoﬂ BRI AP 8hé [ARRRM KL e Bal bl ¢
antibodies are isolated from the body fluids of those mammals. For example, hybridoma cells
“obtained by fusion of suitable myeloma cells with antibody-producing spleen cells from
‘Balb/c mice, or transfected cells derived from hybridoma cell line Sp2/0 that produce the
“desired antibodies are injected intraperitoneally into Balb/c mice optionally pre-treated with

30 ~ pristane, and, after one to two weeks, ascitic fluid is taken from the animals.



30pristane, and, after one to two weeks, ascitic fluid is taken fromthe
animals. WD 2011/ 084108PCT/ SG2011/ 000011 56 The foregoing, and

ot her, te¥AO84108r e di scussed in, for exanple, Kohl er PERGGRATIOD@ILN,
(1975) Nature 256:495-497; US 4,376,110; Harl ow and Lane, Antibodies: a
Laboratory Manual, (1988) Cold Spring & bor, incor por ated herein by
reference. Techniques for the preparation of reconbi nant anti body nol ecul es
i s described The fonegoalppuad othér teehuigsesarel dabyssed m, for exareplanifdlder #id 0623679;

The.cel | VEBIFHl! B30 SERRas SO0 s Ut Bl b op ot r AR Co oo
pr ef er ent Art¥rydMahdll "l‘%ﬂ)ithg@_ Sgﬁ‘ﬂfg Hatet, MddgpPhteL R inBy REN&Ice PTebhhRpES Nt

cells, such as’ES or EG ce - by 1mmunoblotting, by an enzyne inmmunoassay,
e. g.  a stontiwi prepasigamyofgecambinant astshody nurleculesOs desdiibed iminalwys agferences  For

(o0 o e oL g ! PEMORRRERH LR A A s

preci pi-t idréi@nbywkfefen@agmoni um sul phate, dial ysi s agai nst hygroscopic mat eri al
such- as pol yethyl ene glycol, filtration through sel ective nmenbranes, or the
li ke. I'f necessary,and/or desired, the antibodi.es are _purified by.th
15customary c ﬁ?‘S ﬁétl 8@?1%'{?) ﬁ‘gpeﬁbaﬁﬂlg%%f? S‘er?negig"nfg‘F gesdlé?a aPPf’)‘B‘fJ%& P e,reﬂ/tlatlly%y

i on- exchaREenFHoRIYBAR SHadihl of IBHCOHBSRET INOtEH &R 8 #S 3 KIG BelRNBY OF
(immuno-) affinity chromatography, e.g. affinity chromat ocg)r aphy with nTOR,
or fragmemnenabhestieg by aprengyme imEmpReassayAC- S HY A WEkeassay] ar ¢ doEEeYi NG t he
nonog| onal,. ant i I are al so provided. Preferred 20hybridoma cells are
geneﬂ _ca]faldifmg é’%ﬁ%ﬁg}gecrete nonocl onal anti bodi es of the desired

specificity and can be activated from deep-frozen cultures by thaw ng and
recloning.  Forisplasion pfithewdabbdies, thepmonmeglobwlinstin ghepudipee tippatants og in

hybri dong. cel.]. Line secreting monoclonal antibodies direct .
Char act o iy RURind 5 Settel § g RaprecPUpiani imonEh lphde ithis o

i muni seghamst Ry @odPicahatBl4 SudHT s opaispeart diges, fileati@nthi@@hiseledbvef r agnent s
t hereof ; anti body-producing cells of the imuni sed mamual  are fused with
cel | s of mgmbaAnesisr eherdiket Hingeessary apd/qedesimd the aatihedics prespusbiedibdbe i n t he

fusi pn aé&pgigé%gggrﬁpnfag@gé%q@@'eng&w&efosr%g@ﬁgg PO AR TS EEaRRY | DOI es_ar e

sel ect ed. cefl I"b/'c mceé I muni sed with mTOR are

f used -w ¢hromelolgmphy, dhematyglapipocee DEAE-oellubdde and/or ienmyrek pattingel | | i ne

5p2/0-Agl4, the obtained_hybrid cells are.s ned,. for secretion of the

desi red éﬁ?iﬂﬂ@&ra@ Y, 639 lé’o@r?‘fl@@gm}@( pith ral Qi ‘i’rgff%na thersgl or with
Protein-A.

Hybridoma cells secreting the monoclonal antibodies are also provided. Preferred
20 hybridoma cells are genetically stable, secrete monoclonal antibodies of the desired specificity

- and can be activated from deep-frozen cultures by thawing and recloning.

Also included is a process for the preparation of a hybridoma cell line secreting
monoclonal antibodies directed to mTOR, characterised in that a suitable mammal, for
example a Balb/c mouse, is immunised with a one or more mTOR polypeptides, or antigenic:

25  fragments thereof; antibody-producing cells of the immunised mammal are fused with cells of
a suitable myeloma cell line, the hybrid cells obtained in the fusion are cloned, and cell clones
- secreting the desired antibodies are selected. For example spleen cells of Balb/c mice
- immunised with mTOR are fused with cells of the myeloma cell line PAI or the myeloma cell
- line Sp2/0-Ag14, the obtained hybrid cells are screened for secretion of the desired antibod'ies,

30 and positive hybridoma cells are cloned.



WO 2011/ 084108PCT/ SG2011/ 000011 57 Preferred is a process for the
preparation of a hybridoma cell line, characterised in that Balb/c mce are
i mmuni sedwpPRo11j8¢WBi ng subcut aneously and/ or intraperit 80E&IG2911196900ken 10
and 107 and 108 cells expressing mlfOR and a suitabl e adjuvant several
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var i abl ePrtarably thef mpelomp edlilscare fiseé st theseniptmeny falé sxesspelspianeeks Aper or e

are also di.scl. os i 0 I nded
s ot BELRRES il e Hioh PRty ST RS R RNAIRISE ol b
conpl erremh@necula?\ba&lghh@xroahmom Atft&e&e fosiopthercens Me}éxﬁ&dﬂ@ﬁtﬁsmﬁabk&miﬁdﬂe DNAs

t hensel ves. Furt hernore, DNA encodi gﬁ a heavy ai n_vari abl g{‘%;ﬁ_rrai n
and/ bt f Bedia as deteribedyhgrrinbeforea surpleroraigdh Wik a ﬂ??tw@dn ury; fog exaupple OR can
be enzy h@fdﬁl g&i&nia%lwg hRARENRDIhE DNA
sequencrerﬁltgg ﬁJ 'ab’re ﬁlapn%ea%y%“c gi&ﬁo arl a ] g In and/ orofor eﬁ |§ght
chain vadé_sabdhybimmmmqellsr a nutant thereof. A nutant of the aut hent| c DNA
is a DNA encodi ng a heavy chain variable domain and/or a |ight chain
variabl e doma - - rent i ' ' e

i 1o aci ds. ALy Rt LR Bt Ao PR pE Ay e aREe DEmilBY 2
Prefer abhr)d/@xefbda tileti chiimatariabié spmaineof2htbddiediiracted tCDAROR s ddseribeiivy chai n
vari abI e do and/or of the |ight. chai i abl e domaj.n of the anti body4.
Suchi . nhATSHPCIBRRTF alsaislonsi BtdnitgnsuchDNASERmRRGE SHingHREERTARE o

mor & NUCHREY gﬁfbl@&iaanﬁgcpbmﬁs%oﬁéﬁstﬂ{%ﬁf saldLOUBRIDIRS alid Bﬂ&ﬁ}ﬁerﬂ&%@mﬂ§
coding for the same amno acid a nutant "sequence is also a
degenerathed:tcse)qd@ﬂ@eommeglemWa(tsmalewqu@dd@é\Ua&@aemé‘dmﬁerat ed within the
meani ng of the genetic code |n that an unlimted nunber 30 of nucl eotides
are replaced Ry RLAGH. THEAS {-, a %Hamr\/aﬁ%lte ua&afnrhna/oq hanpgtnike

am no aci d sequence originall'y encoded. Such degenerated sequenctes may be
usef ul dueiabte ddmedin oflrftibedientlirectat toinTOBras bt eszyamadically 61 dgmecatly of

tjcul d h f
Don 1) b aRoeTTERR i oot Foen DR sursE eodifh farachimgy phpieverigls | 1o
obt ai N agoRRhiaABbr ffRRESSIt @RaiR vatidile AEANM, SEhGtaiLinERSS. m&u@h{@ftﬁ@m n

and/or -a light chain nurine variabl e domai n.
authentic DNA is a DNA encoding a heavy chain variable domain and/or a. hght chain

variable domain of the above-mentioned antibodies in which one or more amino acids are
_ deleted or exchanged with one or more other amino acids. Preferably said modification(s) are
25  outside the CDRs of the heavy chain variable domain and/or of the light chain variable
domain of the antibody. Such a mutant DNA is also intended to be a silent mutant wherein
one or more nucleotides are replaced by other nucleotides with the new codons coding for the
- same amino acid(s). Such a mutant sequence is also a degenerated sequence. Degenerated
- sequences are degenerated within the meaning of the genetic code in that an unlimited number
30 , of nucleotides are replaced by other nucleotides without resulting in a change of the amino
acid sequence originally encoded. Such degenerated sequences may be useful due to their

different restriction sites and/or frequency of particular codons which are preferred by the



The termnutant is intended to include a DNA nutant obtained by in vitro
nmut agenesi s of the authentic DNA according to nethods known in the art.

For the aseenblog4mB conplete tetraneric i munogl obul i n rolrscadérasoend t he
expression of chinmeric antibodies, the reconbinant DNA inserts coding for
heavy and |ight chain variable domains 8re fused with the correspondi ng
DNAs cdding for heavy and |light chain constant domains, then transferred

i nt o appsgpificiiost, pasiculady IES colf, @6 obtimral dptiafal €Xpresivardialicetidadn chaih enunynbr i d
vectors. 10Al so discl osed are_ reconbi nant. DNAs conprising an insert coding
for a he¥dnabladamainand/prea gltichiinenyisicaicnalle daWaint i body directed to nTOR
fused to a human constant domain g, for exanple yl, y2, y3 or y4,
preferably yl Toe w3t mbtahf—‘iéﬂlﬁt@nde@(i@ﬁhﬂld&rhtDI@Mﬁutﬁ@ﬁﬂmmﬁém%r anir@sert codi ng
for a light chain nurine variable domain of an anti bod irected to nirOR
fused tomataganasis of desaudhantig SIPhA aeeqrdipg tamethods kineym ip th @arér e al so discl osed.
151 n- anot her enbodi nent, we discl ose reconbi nant DNAs codi ng for a

recomgi nant . pPJnytH@%sbﬁl%lyVmbﬁip'Ibté ’f&@ra&%ﬁwnﬁhﬁéglomm Adk&ulgoMmithe and the

| ight chain variable dormain are 1|inke a spacer group, optionally
conpri si cvgar@ssmngpfahlnmw@hb@dwsadwlrre@cmnbmgltD%Amsoﬁesmln@fomge@manddtghbody in
t he host cel aci |

purifi ca'fl?aﬂ)'?'lv?ﬂa f%‘gonéaﬁﬁ %Séveg%&ot 8101’5755%{8}& yf ¥ cogmgl or n‘%“ﬁ (%h%}é spacer

and/ or aph#i E@ftaAt dARAMS, ekdH eansferred intd Iapp@bﬂats aditralld, dsr e&am@fefeff&t or
mol ecul e is intended to be a DNA coding for the effector nol ecul es usef ul

i n di agnBseiperasiontinehypedyeEosppl i cations. Thus, effector nol ecul es which
are-toxins or-enzynes, especially enzynes capable of catalysing the

actiygtion of AROQREUSEd aRiBcdd@ihark WNAS Uorh;fﬁbnfgadrﬁlﬁsert-r&'tﬁlllﬁ%r gmepdi diginsuch
an effector nbl ecul:e has the 25sequence of naturally occurring enzyne or

toxin enmmm armb):e dgraig ofrgi artbody direded thmEOBafNS%iet BrisRnCanBHNLIAeMITY S

e mrcripb Pl 7S, AT PO Y ke e ARAIA AO8L St

ant i bodi %mséﬂﬁhfodlﬁ‘g el lai 116 Eiehin Alufine vaeible MmATRaNsn Qitivoas Atee®® KTORN i N
the art, 30for exanple by the use of |iposones, polyners,

(e.g.
pol yet hyfusediog kersan ¢amsiant dapainx orm%?ﬂblmg@m@lmM1 1/ 000011 59
hydr oxypropyl ) nethacryl am de (HPMA) copol yners, pol yan doam ne (PAVAV

dendi4.mers, HEMhyotler BRBbJiRRZNY 8 HQa08 R RivdTe D?\I@st &))dlr%t ©r a #¥8mbinant

|nnunoglobullns and/ or antibddies may al so be delivered into cells as
protei n polgpeptisle mhemm}h@gaa‘escmrt Vargblsrdomsimanghiba bigkt abpincvaieblerdgmatrearpl asma

menbr ane,.and/.or t nucl rane. For .example, the i L obulin

T or s U sy G RS ot B0 08P S8 E sl rore DAY o such

a prot ei procesRRTitR mtihod Inhcﬁe hoanrsl @@cabﬂ ODAA esdihg/fok ¥ - geﬁﬁ&f@éi[iaﬁng the

transl ocati on domai ns an nguences i ncl ude domai ns. and sequences_fromthe
A

H V- 1- t perfacation of Breiantboshoingion a(ciearyge e 68¢jont PeptilstserisapediprrRdgionmi n
protﬁyn ﬂ@ﬂmﬁﬁ? her pes sinplex-1 virus VP22 protein. FURTHER ASPECTS

The DNA coding for an effector molecule is intended to be a DNA éoding for the
effector molecules useful in diagnostic or therapeutic applications. Thus, effector molecules
which are toxins or enzymes, especially enzymes capable of catalysing the activation of
prodrugs, are particularly indicated. The DNA encoding such an effector molecule has the

25 sequence of a naturally occurring enzyme or toxin encoding DNA, or a mutant thereof, and

- can be prepared by methods well known in the art.

- ANTIBODY DELIVERY
The antibodies against the mTOR protein or antibodies against PDK 1, for example,
anti- PDK1 antibodies, may be delivered into a cell by means of techniques known in the art,

30 for example by the use of liposomes, polymers, (e.g., polyethylene glycol (PEG), N-(2-



10Furt her aspects of the invention are set out in the foll ow ng nunbered
paragraphs; it is to be understood that the invention includes these
aspects. wo2011iRgamgraph 1. A nethod of determ ni ng whet lper/sg2eanmo@nicel | is
likely to be resistant to treatnment by an nTOR inhi bitor, the nethod
conprising detecting: (i) PPP2R2B (GenBénhk Accession Nunber: NM 181678) or
(11) PDK1 (GenBank Accession Nunber: NM 002613), 15or both, in or of the
cell.  hydroRgiregi pgpbthadcryAntigd (HIRMAG copadymers] golRanidgdraink (RAMMNGh conpri ses
detecting nethylation of the PPP2R2B pronmoter in or, of the cell. Paragraph
3. A et ASUNRED HEMG- Hiecapapygmadoqminegpolymers staygice hhé iappag oRpligs ?Iefi{%f

t he -PPP2 - : : : i : Liphi bi t or
A L o B S R R S LI

t r eat nentapaplear crafGRg ithehpliintaomembrane and?ar thg naglbardnendbmand. Fod exeemae,dhaig t o

Paragraph 1, 2 ar 3, i ch conpri ses detecting, expression and/or. activity
of " PP IOl il op Geet T rtont CRGRERF © 4 JOTIaIpgT SGIRGRY B At hod
accor di ng plReidPpBiSHIe #brfe RALALLAGKR abthvihpfelferf@lttankoYatRh doRtInsGRAAPTr | ses
PDK1 nedi ated Myc phosphorylation activity. 25Paragraph 6. A method

accor di ngequencgminchrdeclodiaimg apd sequeagss, fronm thetilldh 1 -dradeeeteatieg pewtgin €5a).on
and/or agtivity of PPP2R2B ar . an .increased..expressi on and/or ivity of
Ao or DEPRIA. Shismassdadonhadh PROFRSRR sF RERS e Bh Wik Ve afibih
resistant, indicates that the cancer cell is likely to be resistant to

t r eat menFURVHEBIMASTIGRSI nhi bt or. WD 2011/ 084108PCT/ SG2011/ 000011 60

Par agraph 7. A nethod of choosing a treatnment for an individual suffering
from®r  suspebudhraspasts of gieriaremignfaroiet auidameseiollowhg nwstticend rasagsanhsi e (a)
provi ding al fi Lent.:. i nMIOR i nhi bitor resistance of
the cel Iigb%»&ngfﬁgog)défé%gl}%@ﬁ%&{%lgﬂgaesgg%gglgdﬁgg%r agraph; and (c) where the
cell . is determned not to be nTOR inhibitor resistant, choosing an nTOR

i nhi bitor as Bamgrph reAtmsthed efidstarmining whether aeracotnstds likady tebg repistant to
determ ned .t o he mTOR .nhibitor resistant. .choosi a .di ﬁ(an tr ment
for the [REMGTHA" r%owmh%ét?raél%ea% tlhgé.i C%Il%%%l%%&%%glgeglgi;% i ngECJﬁ{leEﬁlﬁlér an

i ndi-vi duakcesbibh ®unit@r NN ©1678)610EI PEXK It @ daBaski Atedskiog Nuhiber:aNa00Es13Wi | |
respond to treatnent by an mlOR inhibitor, the nethod conprising performng
a methodonkatbriniongf the calhy of Paragraphs 1 to 6 on a cell of the

10i ndi.vi dual , and, where the cell is determ ned not to be mIOR inhibitor
resi-stant, depghgiaph DIAniahod dt@oddih t6iPRbERraphsS] , Wik donipeisé £edaviifigt O
treatment by an mIOR inhibitor.

metliylation of the PPP2R2B promoter in or of the cell.

Paragraph 3. A method according to Paragraph 1 or 2, in which hypermethylation of
“the PPP2R2B promoter, compared to a cancer cell that is not mTOR inhibitor resistant,

20 indicates that the cancer cell is likely to be resistant to treatment by an mTOR inhibitor.

Paragraph 4. A method according to Paragraph 1, 2 or 3, which corﬁprises detecting
expression and/or activity of PPP2R2B or PDK1, or both, in or of the cell.

Paragraph 5. A method according to any preceding paragraph, in which activity of |
: PDK1 comprises PDK1 mediated Myc phosphorylation activity.

25 ~  Paragraph 6. A method aécording to any preceding paragraph, in which a decreased
. expression and/or activity of PPP2R2B, or an increased expression and/or activity of PDKI1,
or both, compared to a cancer cell that is not mTOR inhibitor resistant, indicates that the

cancer cell is likely to be resistant to treatment by an mTOR inhibtor.



Paragraph 9. A nethod of increasing the sensitivity of a cancer cell to
treatnment by an mlOR inhibitor, the nmethod conprising increasing expression
and/ or acwowbiywsefos PPP2R2B, or decreasi ng expressi on angtwerscactijovecty of
PDK1, or both, in or of the cell. 15Parggraph 10. A method of treating or
preventing cancer in an individual suff@%ing or suspected to be suffering
fromcancer, the method conprising increasing expression and/or activity of
PPP2R2B; or dBamgmaph ﬁgAemshcelscsﬁ abrogingli treataeni for ey inslivigmik suffesingbiseh ori n or

of the indiyv r A nethod ccor ar.agra h
o o 10, SPRARH Brieauring from £nag: BEmsY Potitie eV hadrEal g *7
met hy| at p&en0f(b} figeBRPARABR PRIIBRIr@Esistance of t@%eﬂ%&ﬂé?hd&accérd@ ﬂ@QﬁiyaCCOf di ng
to Paragraph 9, 10 or 11, which conprises exposing the cell o

adni ni st preceding Baragisnkiiasd(c) whete thetsl) indgterainggnat labe MTER Elhsbﬂézr érelstant

Par agg ap@ho]o%tng an%f@ﬁqnﬁﬁqgr aqlart% {n?en%?(Yr tﬂé mﬁ aaBH%v ret e %gl% V\’h' ch

conpri ses = exposi ng he eél 0, or adm moni's érin o a patient, a PDK1l
i nhi bi t odetstntiRed® BXATOR(IGKBIt2SBsicaBIS besNgrﬁtIBffereﬁﬂZ&?lﬂelﬁ&“eﬂt}te individual.

Par agraph 14. A nethod of treating or preventing cancer in an individual

suffering or d to S erin canc h c rising
adm ni steri ngﬁﬁrﬁ iaﬁﬁ b‘i“tn& tg%df Iﬁ%}ffmél}% Wilgtwgrnanalnl Viduaps{fi i %3 f%gg?her wth
an MrOR knpedied @'be sutietin® &dmOBAhOGRET/r&4pd0d 1d QERBEH: Bylan mTOR IHﬁﬂbaglﬂﬁ‘m'l 15.

A conbi nation of an inhibitor of PDKlL expression_and/or activity an

MTOR i nhimsthogreomprising eerfarmings mrskpdacceiding thepy obParagiapknt ohonp C%Ié%@?
Par a% apﬂh (i alﬂsa%do&fhée?%'ll hétgl tlﬁgdﬁ&t BQhﬁldIQEnh%ltOP % ftﬁffpc{ree (l;ﬁalﬁ

and/-or y ant or he manuf acture o
for the_ttraeatemmdoal iplikele nd fesporalfto ¢c@ament by an mTQRindgrimph 17. Use of
PPP2R2B or PDK1, or both, as a biomarker for sensitivity of a cancer cel

to an mroR i ”B%&?{Egﬁ 931‘3{%@&3& 51%8%591’}#&@ se dt té]l ofald 'ar{(?ertcgl?{oet?éatmentb

Par agr aph 18 Or "conposI t1oit accor to any precedi ng payagraph

i n whi chniTiGR bRtdr) rthe hiettoxd coaippising exscrmp@r@zprassmm ad/ceactivay bfBPRIRIR @i WO

2011/084108PCT/SG2011/00 11 62, aph 19, A nethod or conposition

accor di neeqr%aswxmeéeeaﬁ OfRgHiX Y SE)RDKII ‘i%ﬂ tn Ph%f@ﬁﬁglg cell is a colon

cancer cell, and/or in which the cancer conprises colorectal cancer (CRC).
15 Paragraph 10. A method of treating or preventing cancer in an individual suffering or

suspected to be suffering from cancer, the method comprising increasing expression and/or
activity of PPP2R2B, or decreasing expression and/or activity of PDK1, or both, in or of the

individual.

Paragraph 11. A method according to Paragraph 9 or 10, in which expression of

20  PPP2R2B is increased by decreasing methylation of the PPP2R2B promoter.

Paragraph 12. A method according to Paragraph 9, 10 or 11, which comprises

exposing the cell to, or administering to a patient, a demethylating agent such as 5-aza-dC.

Paragraph 13. A method according to any of Paragraphs 9 to 12, which comprises
exposing the cell to, or administering to a patlent a PDK1 inhibitor such as BX912 (CAS
25 Accession Number: 702674-56-4).

Paragraph 14. A method of treating or preventing cancer in an individual suffering or
| suspected to be suffering from cancer, the method comprising administering an inhibitor of

PDK1 expression and/or activity together with an mTOR inhibitor.



EXAMPLES Exanple 1. Experinental Procedures - Sanples, cell |lines and drugs
Human tissue sanpl es were obtai ned from Singapore Tissue Network in

accor dancwowilnsitve | ocal ethics conmttee as previousl ycissaoitweah1(Ji ang
et al., 2008). The cancer cell lines used in this study were purchased from
the Anerican Type Culture Collection 10l Manassas, VA). HCT116 cells
with genetic disruption of DNMI'1 and DNMI3B (HCT116 DKO) were kindly

provi ded by Dpara@ph 1508 ebmbiatiod JodniahibapkéfMPDIIN exsesidnyandMPhactifly- ahdRV
cell's were aﬁgnerous gift fromDr. WC Hahn at Dana-Farber Cancer

| nst it ut @& mg a@tamfW9ery%meﬂ@dx%ﬁréatm%mg@wnﬂ%ﬁf @ngefa. 15Rapanyci n
and Pl -103 were purchased from Al exis (San D ego, CA). PDK1 inhibitor BX912
and the Pl K3CPaﬂa§'ﬂ%bﬁ"16QUse%f'§%nﬂﬁ[a@ioﬁ@f§ﬂ nhifor BIPBKARxPRIGHS IS Ravitgen,
Net her I ands) . nple 2. Experinental Procedures - Plasm d constructs and

i nduci bl endcast mT QPnlelbletQt inthe mgnhfaperoEzEned ANt ferghe Heatment g @raeationgf

RT- PC;Q @Qgr 100 ng total RNA 20from nornmal colon tissue and the follow ng
priners: GGTACCACCat ggaggaggacat t gat acc-3' and

5' - CTCGAGCAgt t aacct t gt ect gga- 3' . The PCR product was cl oned into

pcDNA4/ nmyc- hi BBapmphvdénlseord APP3Ra@Bxh ®DK Is ot beths asra luvmaétxpf@§msﬁwﬂ§tqml es or

DNA4/ TQ B bl Ful | lified b
RT- PCR ugﬁl}'f?éf Crign bk TR B F By oL R o o g

primers: 5'-tcGAATTCgccaggaccaccagccage-3' and 5% _ .
GAGAATTCct gcaEaggrgghQB e‘&gg:—tlﬁid or ThmpPERopaduting Wesy piressiling parageppHA. CE

vector uenced To ener t.e the, PPP2R2B Tet - on
i nduci bl %’ Fe Tﬂﬁﬂgi “%quﬁ)r GYMPIESFE 1B ER B 4 Flvatfveﬁgergg)ﬁ)resm ng pcDNAG6- TR

(I'nvi trogen) and selected with Blasticidin (10vtg/ m) was first isolated
according to the protocols of T-Rex systemkit (Invitrogen), and WO
2011/ 084108PCT/ SG2011/ 000011 63 then transfected with the

pcDNA4/ TQ PPP2R2B- nyc and sel ected for Zeocin (100g/ ml). The generated

cl ones were screened for doxycycline inducible expression of PPP2R2B. For
doxycycline treatnment, inducible cells were treated wth doxycycline to a
final concentration of 1n/m. '



To make PPP2R2B retroviral expression, nyc-tagged PPP2R2B fragnment was
subcl oned into pMN GFP/ I RES retrovirus vector (a gift fromDr. Linda Penn's
| ab) bet weenroiyosBasH | and Xba | sites. Cells were infeetedceitivosoairovirus
packaged wi th pMN control vector or pM\- PPP2R2B-nyc genes for 48 hours and
sorted with GFP for further analysis. 62 Exanple 3. Experinental

Procedures - |llum nar gene expression data, sem -quantitative 10 RT-PCR
and Taqman Assay Il l'um nar gene expression data of human CRC and
mat ched nornmal control s has been described previously (Jiang et al. 2008)

and can be foynd at access
For " RT- PCR, ?rﬁgra?éf\li\g\/@? ﬁg@eqré:gmpp%ﬁ%?chggn%t& Ay p(rffce%lg&n%%af?p& Dr | rrer
with 158%%&1@5 tddker del1fi€Y €5188 cAicBNEST, hikl/asi@ viHisl ihe c@fRP €dmprled colpratal c DNA
was used for PCR The priners PPP2R2B F: 5' ATGGAGGAGGACATTGATACC 3" and
PPP2R2B fancer (CREATTGTATTCACCCCTACG 3' were used to anplify the PPP2R2B
CDNA. Quantitative real-tinme PCR of PPP2R2B was perfornmed on a PRI SM
7900 §qugQWLi§S Det ection System (Applied Biosystens) using a TagMan probe
(Appl i ed Brosystens). 20 Sanples were nornalized to the |evels of
GAPDHTRNBxamp R R IFxpérinfenpd Provsduats FSnfpldsircel lineONA dridsy| ati on anal ysi s
Bisulfite nodification of DNA was perforned by using the EZ DNA
met hyl ati on | d kit Resear cor fact ure'
st uct| ons. e dswe RS Smo frard Fam hedets T TRat feldpirfragmee
net hyl at e -tgdPReAlfetificImMrhiMEP)s ﬁﬂédlobsl? weidrﬂbed glem@rat al. 29eey Uds chmgr (BGS) as
previously. described (Jiang et al. ner. s targetl ng the
PPP2 R2B pResrsedin thtSrStWtWP av@ha%étf@m ﬂilé |Am¢sr§>an PEpo ﬁEBU@MO llegtion
Ggg%;g&g PPP2R2B 3ML, 5' GAACAACCGCGACAAAATAAT 3'. For
unrre I ets: PPPZRZB 5Ul, 5' AGTAGTAGTAGITGIGAGIGIGT 3', PPP2R2B 3UL,
5' V\D 2011/ 084108PCT/ SG2011/ 000011 64 AAACAACCACAACAAAATAATACC 3'. The MsP
res ul ts of seH&Jtldo celipitiogengiie discuntion of VMY srsRNMTS FEnlddd PKQywertci ng.

ATTATTGTRGT TR 5. B TER T R R AR R °
The condiveieangertus YBPframdh Ve, Hale atsRaiaefebard Rk Iasteuaviilzablaad on

request . . .
Doxycycline were purchased from Sigma.

15 Rapamycin and PI-103 were purchased from Alexis (San Diego, CA). PDK1 inhibitor
- BX912 and the PIK3CA inhibitor PIK90 were obtained from Axon Medchem (Groningen,
" Netherlands).

Example 2. Experimental Procedures - Plasmid constructs and inducible cell lines

Full-length PPP2R2B coding region was isolated by RT-PCR using 100 ng total RNA
20  from normal colon tissue and the following primers: 5°- .‘
N GGTACCACCatggaggaggacattgatacc-3’ and 5’-CTCGAGCAgttaaccttgtcctgga-3°. The PCR
product was cloned into pcDNA4/myc-hisB between Kpn I and Xho I sites for overexpression

- studies or pcDNA4/TO/myc-hisB for inducible system.

F‘ull-length PDK1 was arhpliﬁed by RT-PCR using 100ng total RNA from HEK?293
25 cells and the following primers: 5’-tcGAATTCgccaggaccaccagecage-3” and 5°-
| GAGAATTCctgcacageggegtcegg-3°. The PCR product was cloning into pHA.CE vector
between EcoRI and sequenced. To generate the PPP2R2B Tet-on inducible cell line, DLD1 or
HCT116 stable cell line expressing pcDNA6-TR (Invitrogen) and selected with Blasticidin
(10ug/ml) was first isolated according to the protocols of T-Rex system kit (Invitrogen), and



Exanpl e 5. Experinmental Procedures - Antibodies The follow ng anti bodi es
were used: Myc, p-Mc(T58/S62), p70-S6K, p- p70S6K(T421/ S424),

p- p70S6K(W8a9)1/08prop 70S6K( S371), p- AKT (S473), p- AKT ( T3@8X/SGRO11/000011
10PDK1(S241), S6, p-S6(S235/236), p-MEKL1/2(S217/221), p-ERK1/2(T202/Y204),
p- P38NMAPK(T180/Y182), PP2A A Subunit (88G), pl 10a and pl1013 (Cell -

Si gnal i ng. Technol ogy). p- PDK1 (S410) (Abeam, 13-catenin and PDK1

( BD Bi 0Sthef fagSctedrwith @it pcNPRATB/BRDIRI B-myB2hd sdlédpsd &tr@e&hﬂ(ﬁﬁ)pugﬁhk)gy) ;
HA( SC-805) and 13-Actin (Santa Cruz Blotech) and: 15Myc (9 %
(Si gma- Al'be e@Kyatedsiangs vere scresasd Foray ayclips srduaiblcpresgan Pf TrRBRYB thr

Senesce nﬁ(%%'_] gﬁlglel%feQﬁ{lén@ qg&&%&gﬁlﬁ{}yerg treatg@ W; thvdo%)gchhé’ to‘é?ﬁneff%@ﬁéégﬁgt idtsi ng

Cel I Titer m Lum nescent rome 20I'n brref, 1000
cel I s weoklggmtled in 96-wel | plate and the cell nunmber was measured
fol lowi ng manufacturer's instruction. To detect the senescence in DLDL-tet

on Ce§ s, cel J1"8 8&’3% %{IﬂZ?gb?&rquaPe)&é%fJo g Agﬁe&lp%e?g‘% fra&ﬂknt%%’si ning was

perforned accor € protoco

( Bi oVi si Qubrlon€glidto pMN SFRITRERItBovAS vdaoe(apift Bt Derltisdd Pamaslab)f beraednon.
25The cells were fixed with 70% et hanol, and stai ned with pr.o i di um i odi de

(50 t g/ mymtlandiihg | sitee C§U&Wﬁ@dn€eéieﬂé"’l§l7eﬁeg0‘élﬁ%§l Rﬁflé%eeswlth fonpek  (BD
Bi osci enge),aRgndais Sk 8dn by éh%F Frgzx@q{oh%atsoﬁaf RO BPRRIHeS SlAEE) -

For .BrdU 1. ncor poration assa were treated as above and i ncubat ed
mnth BrdU rea?ent for 5 hours before harvesting. Cel|s were fixed and
stai‘hed Wxamplend FxpgrimentalFaagedupgs oBminan gesrapreson datnemi-guantitatiye

7- AAR,aCEﬂ{ﬁC guhpr&ﬂﬁ Eggg@gcture s protocol (BD Bioscience). Stained

cell's were an yzed li bur (BD Bi osci ence) and quantified by using

Cel | Quest software (BD Bi osci ence). anpl e 7. Experimental Procedures -
RNA i nterfer eHluaninar gene expression data of human CRC and matched normal controls has been

_described previously (Jiang et al., 2008) and can be found at the GEO public database
| (accession number GSE10972).

For RT-PCR, total RNA was reverse-transcribed using oligo(dT)12-18 primer with
15. Superscript II reverse transcriptase (Invitrogene). 100 ng of cDNA was used for PCR. The
| primers PPP2R2B F: 5' ATGGAGGAGGACATTGATACC 3'and PPP2R2B R: 5’
ACATTGTATTCACCCCTACG 3' were used to amplify the PPP2R2B cDNA.

Quantitative real-time PCR of PPP2R2B was performéd on a PRISM 7900 Sequence *
Detection System (Applied Biosystems) using a TaqMan probe (Applied Biosystems).
20 Samples were normalized to the levels of GAPDH mRNA.

Example 4. Experimental Procedures - DNA methylation analysis

Bisulfite modification of DNA was performed by using the EZ DNA methylation-Gold
- kit (ZYMO Research) acéording the manufacture’s instructions. The CpG island DNA
-methylation status was determined methylation-specific PCR (MSP) and bisulfite genomic
25 ' .’sequencing (BGS) as previously described (Jiang et al., 2008).

MSP primers targeting the PPP2R2B promoter for methylated sets includes: PPP2R2B
5M1, 5' AGTAGTAGTTGCGAGTGCGC 3', PPP2R2B 3M1, §'
GAACAACCGCGACAAAATAAT 3'. For unmethylated sets: PPP2R2B 5U1, §'
AGTAGTAGTAGTTGTGAGTGTGT 3', PPP2R2B 3U1, 5’



Specific siRNA oligos targeting Myc, p70S6K, PPP2R1A, AKT1l, PIK3CA, PDK1,
NMIOR, raptor and rictor nRNAs were descri bed previously (Cappellen et al.,
2007; Heiwornen/mstioal ., 2008; Sablina et al., 2007; Sarbaessczetioade1r 2005;
Vasudevan et al., 2009) and listed in Table S3. PIK3CB si RNA was purchased
from Santa Cruz Biotech. The SMARTpool®) siRNA targeting PPP2R2B and the
non-targeting control were 10 purchased from Dharnmacon (Lafayett, CO. A
separ at e ABPR2ARR BCAGNACha LT ARG ACE 3. The MSH reguisefudaced sdhples were
GCUUACUUUCUUCUGJCI,EA- . was aobtained from Si gmaProl i go. Cells were

t r ansf ectXHIGEed BY Gfﬁ?fﬁﬂlg?li%f: SeBYEEREr ati on of si RNA dupl exes using

Li pofectam ne RNAI MAX (I nvitrogen) follow ng the manufacturer's

i nstructi ons. TASstEnanpbaiid BOSqRant ST 2k P N BCaohioes werd PRFORIGB G SIdSpendent
colony formati on assa DLD1 and HCT116 inducible cells foci

9
f or mat i of TASJH THGEDGCEAM Glod cando BRIk GP6S3eT | pl ate wi th or wit hout
treatgre nEA\%’%}QTR%XT Afct ﬁ)&%‘(?t\'/\? {S:ﬁ rh cYRfi GorR VISP d BiERE %egﬁ:gﬁciﬁ@ €

survi'ving colonies were staine gentian violet after net
fi xat i onPCRrudle wvaslable@ncedwesi. es (>50 cells) were counted. 20For
anchor age-i ndependent. growth, cells were suspended in DMEM containing 0.3 %

agar, 10.%fe ovi.ne I . 1a n DVMVEM cont ai ni ng 0. 6% agar,
10% FBS gﬁ%‘pf???ﬁ.%‘P\réTjﬂfﬂlch@cng(ﬁ'ggﬁ n&éﬁé\g‘ﬂfsopl ate. After 4 weeks, col onies
were stained with iodonitrotetrozoliumchloride %Ssie%rra) for overnight.

Col oni es fr onThafudloming sdibedics werarngd: MyeasMot(ERrHe).maptSckae wel I's were

25enuner at ed. . 9, apat al es x iRkt ation
For | RO Ut Frp R 8, B0 R ORRe P PSP AR R B o
wi t h1HAPPKK 188 1 RRIE2 RA3( 9435 /13%) s MEK IF2Se n7/BR) )( pREIE)(T262/ Y284 p-
post-tranfection, the cells WD 2011/084108PCT/ S&2011/ 000011 66 were |ysed
and i muBdMARKST 8%/ ¥4820 PP Ak Subwaited GOy 1P padip | 198 (868 Signalea, oruz) and
Mc-tag 254810 §25)che). To study direct interaction between

PPP2R2B- Myc and endogenous PDK1, DLD1- PPP2R2B cells were treated w th Dox

for 24 h and cells were I‘g/sed and irmunoBreci,gita,t ed with anti-PDK1l and
anti - Myc- t ag. PERRRh (%1 90(Ateapeyi-paierin pndPBEd dBieBioscienasslp and arghBP3A iBs

The cel | s ,wer ] . i éesn wel: t : tr eat ment
wi th Dox YepityRS ﬁre@?’gtégﬁq?%’%\?em?&ég@x%é(%ét%ﬁ 5 ga“%‘t% %E{rlﬂéf%“?raa%‘é%%%&?)na%% and
per neabl Maed9om O)SEn2dAdrichpn- X100.

Example 6. Experimental Procedures - Cell viability, Senescence, and BrdU

incorporation

Cell viability was measured using CellTiter-Glo™ Luminescent Cell Viability Assay

(Promega).

20 In brief, 1000 cells were seeded in 96-well plate and the cell number was measured
following manufacturer’s instruction. To detect the senescence in DLD1-tet on cells, cells
were treated with Dox for 48 hr and SA-B-Gal staining was performed according to the

- protocol of Senescence Detection kit (BioVision). Cell cycle analysis was done by DNA

“content quantification.

25 : The cells were fixed with 70% ethanol and stained with propidiﬁm iodide (50 ug/ml)
staining. The stained cells were analyzed by FACScalibur (BD Bioscience) and quantified by

using CellQuest software (BD bioscience).

For BrdU incorporation assay, cells were treated as above and incubated with BrdU

reagent for 5 hours before harvesting. Cells were fixed and stained with the BrdU antibody



10Cel I s were sequentially incubated with primary antibodies (anti-Mc or
anti-p- PDK1(S241) and Al exa Fluor 488 or Al exa Fluor 546-conjugated
secondar ywenvilnsdioes (Il nvitrogen) for 1 hour each and DfPir/siGas1vo@hear
stai-ning for 15 m ns. They were then nounted in Fluorsave

(Cal Bi ochem) nounting medi um The stairféd cells were exam ned by Zeiss
LSMb10 confocal m croscopy. 15 Exanple 11. Experinental Procedures -

Pr ot ei n - pidBphdd as@rdiag to/iht ynanufacturEe praibus PR Biseicssa $aincdicells Wee2R2B or
DLD1 control cells were susgen,ded, in lysis buffer (50mM. Tris-HCL, pH.7.4,

T o0 Gt yaeted By i b BORRIoREERCe) B Cosalicd By uSingAFIQUSH S0 0BieN BDo

Pr ot easeg|jibiRid)or) . cleared fromdebris by centrifugation, incubated with
c-Mec (9ELO, Roghe Inc.) followed by incubation with Anti-Muse |gG Beads
20( Roche). The beads were resuspended in PP2A phosphatase reaction buffer
and anal §xempleot. EoperimentalBrogedwphgRN interfemspetoni ne Phosphat ase Assay kit
(Upstate) according to the manufacturer's specifications. Fluorescence was

neaswy ed usi NGpekifid HRNSSEIRIHE RarBbticOy &t 086RIRP PL AU AISEL, PIRSEA) PDRY,
Exanpl e 12. Experinmental Procedures - Muse _Xeno%rafts and dr&g]treat ment
The fenaimd QR.hgptprandaite/ oRNdgevers desciibedprigriorslp (dypnsteretabud @Y ; iHeinonen

Bi ol ogi cal soyr.ce. Cent lge, were | ] subcl ne i L

o1 des of Cri AR AR ob 290t SERESRE F 208 MR e 4 DRI e .
WO 2011/ 08448 88 PRIK 3B ORNANOMkclméed from SateOrulz Bisesh.r eached -70 B, the
m ce .were-divi ded two groups (6 mce per group) and the Doxycyclin was

admi'ni strat ed. a at 100 i1y, Tunpr progress was

o tored i ¢ ARSI AR TR BIENR torgRthe Atk AP it e PR SBRREFS G2
conbjpat p@ahdseeHoREDharMatsn (IAFAMCCO) N Sedexy PPPLRIB siRNIR t-3@iTmgdRS € Of
doxycyclin was given at ever% other day and rapanycin was ?dm ni stered by

i nt r aper falloiérg sqanprest oM EHUACKHE RGUMCHAY CYA-8, Was ohigingd from Sigma-Typor

di anet er g, \{\@E)_e nmeasured every 3-4 days with caliper and tunmor vol umes were
cal cul ated from 7-9 nice per data time point. Al aninml work was perforned
in accordance with animal experinents guidelines of Si n%ﬁgor e. 10 Exanple

13. Loss of PPPIReeremsepplestsd anththpOmNAfipglrenessiiaiiomef RN ndupezes using

Lipofectamine RNAiIMAX (Invitrogen) following the manufacturer’s instructions.
15 “Example 8. Experimental Procedures - Anchorage-independent colony formation assay

For DLD1 and HCT116 inducible cells foci formation assay, 1x10* cells were seeded
~ on 6-well plate with or without treatment with Dox or rapamcycin. Cells were grown for 2
weeks and the surviving' colonies were stained with gentian violet after methanol fixation, and

visible colonies (>50 cells) were counted.

_20 For anchorage-independent growth, cells were suspended in DMEM containing 0.3 %
~ agar, 10 % fetal bovine serum, and layered on DMEM containing 0.6% agar, 10% FBS and
1.0ug/ml doxycycline in 6-well plate. After 4 weeks, colonies were stained with

" iodonitrotetrozolium chloride (Sigma) for overnight.

Colonies from randomly-selected image areas of three replicate wells were

;25 enumerated.
Example 9. Experimental Procedures - Co-Immunoprecipitation

For immunoprecipitation analysis, 293T cells were transiently transfected with HA-

PDK1 and PPP2R2B-Myc by using Fugen HD ( Roche). At 48 hr post-tranfection, the cells



G ven the |l ow frequency of nutations found in PP2A fam |y nenbers in human
mal i gnance, including CRC, we sought to determ ne whether they are
epi genet iwel2by/dsmmet i vated i n CRC. Through interrogati ngcespgreasoanl dat a of

a series of CRC cell lines we published 15previously (Jiang et al., 2008),
we found PPP2R2B, encoding B5513, -is tH® only subunit that is consistently
downregul ated or silenced in all exam ned CRC cell lines, but not in the

nor mal - cakalysedend damganpprecipiiabl evithiahtibddies foi Bik-faiz¢80t80d pSamt @ltliAtandn of
PPP2R2B was further | i dat ed usi ng gene expression array data of 24 pairs
of patleMYCdé% E\ﬂ%e?urmrs and mat ched normal mnucosa 20 controls (p <
0.01, Figure 1A, and this appeared to occur in-> 90% of CRC sanpl es '

(Figure 1B ando §abl Qiré)interaction béthe&2CRPRAIRE BLM & 0@ Rhddgracus FBK PAPEB2B
downregul ation in 6 randonly-selected CRC and matched controls, as weII as

in a ser PRE2REB crlls wek frsated et 0o ign P hand sells wergdiysed apy immynopsesipiiated
;Egg&%f\egu aﬁpﬁﬁﬁp?mn%_ gqagbeen previously reported to be

ung cancer- (Chen et al., 2004), were not found to be
downregul ated i n CRC. W next determ ned whether the | oss of PPP2R2B
expr essi BrampledicExperimental Rreceduresr Gonfaealanalynia hyper net hyl ati on.
Met hyl ati on-specific PCR (MSP) anal ysis reveal ed a hypernet hyl ated PPP2R2B

pronot er in. CRGe 6&lslwdrk 8&ded %tﬁé?liss@ﬁdés@n ab hvefl p@&f@%ﬂf@@re%@n@%tﬂ'@c{x for
sanples, but not in their matched normal controls (Figure 1E VWO -

2011/ 0844&Bmmallsmqﬁmbw0hi 7§8 paraformpldelytisrimbBS, anmmwbbéq withB28% ed of
bot h- DN rr? MI3B (DKO) or DLDl cells treated with 5-aza-dC exhibited
re- expre 5‘ Br !) "PPP2R2B (Figure 1G, correlated with a denethyl ated
PPP2R2B pronmoter in DKO, as denonstrated by both MSP and bisul fate genomc
sequkhci ng (FCgﬂﬁrwextHeawdtiﬂil)gimpebaldd)with primaryTakibadico@atifdy¢ ot dndise- resul t's

nyper mot PORALTER) S st &10or B8 B e SRer b Rbhip et Bp b AR B

al so si gabitegat)fyr dRywraehdt BAPI fbr(hhbleér JMIAMp fearcals, such as bl adder,
brai n and esophagus carci noma (Figure 8). Exanple 14 PPP2R2B Re- Expressi on

in CRC Cells sults jn Senes Decre Prol.i fer t| and
Xenograft Tu nggeydv B‘Qﬁtth 1 Iﬁﬂ‘i‘%?‘fi"g[‘ﬁu‘ﬁr&‘? @F%ﬁg @%P%&efiﬁlﬁn gﬂ’l%
suggest scdits vt BRdrhived BN 2Eis®NSMBES0 BoAfdBR microscopy.

15 . Example 11. Experimental Procedures - Protein phosphatase activity

For phosphatase assays, DLD1-PPP2R2B or DLD1 control cells were suspended in
lysis buffer (50mM Tris-HCI, pH 7.4, 7.5% Glycerol, 1mM EDTA, 150mM NaCl, 0.5% NP-
40, 1mM Na3VO04, Complete Protease Inhibitor), cleared from debris by centrifugation,
- incubated with c-Myc¢ (9E10, Roche Inc.) followed by incubation with Anti-Mouse IgG Beads
.20 (Roche). ”

The beads were resuspended in PP2A phosphatase reaction buffer and analyzed for
'PP2A activity using Serine/Threonine Phosphatase Assay kit (Upstate) according to the
manufacturer’s specifications. Fluorescence was measured using a fluorescence microplate

reader (Sunrise, Tecan).
25 Example 12. Experimental Procedures - Mouse Xenografts and drug treatment

The female afhymice BALB/c nude mice (5-8 week-old) were housed in the Biological
Resource Centre. Mice were implanted subcutaneously in both sides of flank with 3x10°

DLDI1-PPP2R2B or control DLD1 cells, respectively.



suppressor. To investigate this possibility, we established stable DLD1 and
HCT116 cell lines with doxycycline (Dox) inducible expression of a

Myc-t aggeNORPRZRZBS desi gnat ed as DLD1- PPP2R2B or HCT11®8CPBB2RABI001BAS
shown in DLD1- PPP2R2B cel |ls, addition 26{7 Dox for 3 days resulted in
PPP2R2B- Myc (B553-Myc) expression in | evel conparable to that of the

endogenous B55a, as detected by an antibody recognl zing B55al113 subunits
(Figure 2A) Mxemﬁlén%rr%achﬂirﬁén ntapwﬁf‘swgw&w o ETREPSCORIES BFIBTOMR el
of PPP2 S r to
t hat . e nor {' C@%I“@%)&fi lltnglgﬁlé % aﬁ&gl W%&gﬁﬂﬂk E@@%@B % IS
i nduced was fikqitared mathi whae b@d;ye\kzelghtadndltSmpmga ok ogirg athey daye [Fev esrhbinhfivehe r
this condition, restored exgresm on of PPP2R2B resul teﬂel n a.typical

senescen@%at’ﬁ‘ﬁ’é%‘ﬁlﬁly‘/f?@amb’ﬁélaﬂ Apgy HpinG Gedams orq ahrqoxnexsinaras ngﬁ“ﬁﬁSYf‘&jy, as
wel |~ as &%5&% )

(Fi gufe 2B). Acco ?’g’éﬁp‘[‘}%ﬁ%‘ﬁ’gﬁ/ﬁ?fgﬁ%ﬁp %ﬁ% gzécggﬁ %tr4 %7k#3dg%or3ag I on
decr easedandit kedl y 25fo| | owi ng PPP2R2B expressi on by Dox (Figure 2C),

i ndi cative of inhibition of cell proliferation. Furthernore, PPP2R2B -

restoration c in
sof t - agar (Fi gt@g@%@k%%&igﬁ;%g& %%é“is%_/ g\?{{ﬁ%ggg%%gggﬂresu 1?5(353\\0'%1% a
si mi'l ar  cadeydlred gincaD ntibapgeakata thhg poiet. ) aramal worlki vidstpediorroéd mrasedrdance sof t
agar (Fi g/uke‘ %QI?‘ . To .%ﬁsessf he cagaci ty of PPP2R2B in tunor growth
i nhi bi ti BHPAMA GEPCIRAL #HIUCINGT 81 DRBWOLel | s expressing PPP2R2B or the
enpty vector were subcutaneously injected into nude mce and the forned

t unor0 gr Bxainpleaks. oo dfaPRRE R Expressione bk DNA tHypermethybdion idaCR¢ Dox

treat nment. The data showed that the tunor growth derived from

DLD1- PPP2R2B ERIh Shdf3S: fg@a[ug@g) é’frh hg&istfs&d i pﬁzg[e%yrg ?%qu%vec Xy Wher eas

t he t unor gro rom-t expressing or was

unaf f ectmdh@)anaQXndlﬁ(ﬁﬁg 3008 V\(el'_sbggﬂteo d&prminbudethehihsy asopidendticailgl i dated t he
growh inhibitory activity of PPP2R2B in a xenograft nouse nodel. Exanple
15. pPrr2iegiRifddR¢dMn Pronotes Cell Transformati on W next addressed

whet her abl ation of PPP2R2B is sufficient to pronote cell transformation in

inmortalized Th@agh ﬁiﬁéifdg@ﬂhglehiréh@@ﬁ datdRifa seiiby sftRS cell ExEy s publghéd ERT and
oncogeni ¢ Ras (HEK-T
S prev1ousl§l (Jiang et al., 2008), we found PPP2R2B, encoding B55p, is the only subunit that is
consistently downregulated or silenced in all examined CRC cell lines, but not in the normal

colon mucosa sample (Table S1).

The significant downregulation of PPP2R2B was further validated using gene
| expression array data of 24 pairs of patient-derived CRC tumors and matched normal mucosa
20 . controls (p < 0.01, Figure 1A), and this appeared to occur in > 90% of CRC samples (Figure
1B and Table S2). "

‘ RT-PCR analysis confirmed the PPP2R2B downregulation in 6 randomly-selected
CRC and matched controls, as well as in a series of CRC cells lines (Figure 1C and Figure
1D). By contrast, PPP2R2A, or PPP2R5C which has been previously reported to be |
25 downregulated in lung cancer (Chen et al., 2004), were not found to be downregulated in

- CRC.

We next determined whether the loss of PPP2R2B expression in CRC is associated
with promoter DNA hypermethylation. Methylation-specific PCR (MSP) analysis revealed a -
hypermethylated PPP2R2B promoter in CRC cell lines, as well as in all 8 examined CRC

'30 - tumor samples, but not in their matched normal controls (Figure 1E).



15In this previously well-characterized transformati on nodel, inhibition of
PP2A by overexpression of small T antigen results in efficient

t ransf or M¥OI20H/08@198N et al ., 2004; Hahn et al., 2002; S@&cT&g2el1/080011 1993).
Small interfering RNA (si RNA)-directed knockdown by targeting different
regi ons. of PPP2R2B nRNA resulted in end®nous increase in

anchor age-i ndependent growth of HEK-TERV cells in a simlar efficiency as

t hat obser vedFwithenma®, bidilésg pelbsdslaed of bogtmBINMTT amlthMT 36F€Dg1ﬁ9)e<>rmlahd
Fi 2G),, . th i. f both of f
92, 20 R BN s P BSRT e A

of whi chy fiafbthi lhRUTP IIROBREGM6tel IPADRDD a§BrheH3trated ®)Pbth MEP and bisulfate
PPP2R2B- Associ at ed PP2A Conpl ex Modul at es Phosphoryl ati on of Myc and P70s6k

in CRC Ce¢romiosenvendhmp@igire dfuAndtfagyre dbbuni t s gui de the substrate
specificity towards the dephosphorylation events in a cell and

cont ext - depe n@ﬁ&h tH@éf'l’iE? rthés\{ rEﬁﬁ‘ﬂé Beﬁ@ﬂst@&eﬂﬁﬁ’ﬂ PHPIR2FQ le)gene%@éﬂi RJst RCREENI €

prot el ns, includi ng AKT, K, mfOR, |3-catenin and Myc, have been
pr evi ousthyoughepnombieeB’Nﬁohhwrmh@ybub@tManeesero%@mAe datavziningueveals| thatsy st enrs

( Andr abi 007 and 00 Peterson_e

Seel i ng BEP, é‘?}B Is e ”@j @F%vanfegﬁ jin Oﬁkﬁbﬁ%i‘lf%ﬁ’foﬁ’ﬁ%ﬁ Eﬁﬂﬁﬁrﬁg‘oon
70 - aﬁEpesd? §Ear@iﬂbmhmE1gﬁﬁ:S©i bl e nmechani sns responsible for the growh
i nhibitory effect of PPP2R2B, we began with the HCT116- PPP2R2B cells to

S Rl S e LT R A

'denIOflG@H'PQﬂllféPaﬁMpaﬂh(?&ﬂhgfa\ﬂ ThindP GP6*Ph $nkiBitonar € i nhi bited by PPP2R2B
re-expression followng Dox treatnment. The first one is phosphoryl ation of

p70S6K. Using pho ion specific antibodjes, w t hat t he
phosphoryl at i BES é]?%?‘)j;ﬁ/?&?ﬂre\?\% RePRES SYLgeS deging ﬁg [ tumor
re-expr eﬁgippéasorwﬁ@ iRRStJaRethRNRSABBEY Mt ds@iBlidled SBBR BDD@%@E'ICCIQ 18&ell lines
unaf fecte esting a site-specific nodul ation of@g{ 0S6K by PPP2R2B.

10The s ewuhdommchme @aw) induhibdghrpressian ioba MysstagigadelR B4R APy designagedoas

phospho T581S62, which was al so downr egul at ed
upon PP épﬁ%px%dérsli?iﬁ ékﬁ%ngglﬁ.er exani ned oncogeni ¢ signals, such as
p- AKT, p-ERK, 13-catenin and p-p38 were not noticeably affected by PPP2R2B
r e- ekpr essi onA§ Bhayur i BIAD 1-PRAZREBfcels, sudditioPPPRR2 Borohdqy? 088KedindP BP M5-

(t her eaf re 15furt n cells-in a
time- couﬁ’@é (gﬁéﬁ %y ge’(ﬁff"%’%‘ svel Forapyably t%ﬁ’gg\%flcfkf ﬁ%ﬂogfﬂg}m%ﬁ&c% on of
PPP2R2B gBit&56y AMantRdoly t@dghidin ?HSSW[I%UB@&WW YhptFueherdordIRT-ROR p70S6K
(T421/ 5424, but not T389) in relative to the total p70S6K and My c hot ein

| evel s, endyséssthion thaghe qu@@ors aabls” it 2R 28RN Aegftes QYoxgfeatrppn p B
unl i keI yPID?Zp?B EQFS wisS ?rﬂﬁﬁ‘rtx t}?aft EI‘F&ITC n8Imeﬂ 81’&1QISEMdQﬂatHIOP ghown)

20 Thus, PPP2R2B-Myec is induced in CRC cells in a level that is physiologically
" relevant. Under this condition, restored expression of PPP2R2B resulted ina typical
- senescence phenotype, including enlarged and flattened cell morphology, as well as increased

senescence-associated B-galactosidase (SA-B-Gal) (Figure 2B).

Accordingly, DNA synthesis as measured by BrdU incorporation decreased markedly
25  following PPP2R2B expression by Dox (Figure 2C), indicative of inhibition of cell
- proliferation. Furthermore, PPP2R2B restoration caused a strong inhibition of anchorage-

independent growth in soft agar (Figure 2D).

The strong growth inhibitory effect of PPP2R2B was further confirmed in two
additional CRC cell lines by using retroviral transduction of both GFP and PPP2R2B, which



20The decreased Myc phosphosphoryl ation eventually resulted in |less protein
accunul ation by 48 h of Dox treatnent (Figure 3C), which is consistent with
t he previWO0f/084i0Rg t hat i ncreased Myc phosphoryl ati onP&T/SEBRI1W00ME| at es
with Myc protein accunmul ation (Arnold and Sears, 2006; Junttila et al.

2007; Yeh et al., 2004). Thus, p70S6K £d M/c are two downstream si gnal S

af fected by PPP2R2B- PP2A corrpl ex, while no marked differences 25were

obser vedresultadhe aesnpﬂzafsmrphologlcplmlpga@ (Yigate %) atlanhibition obgreevth ansdtegar ¢
signali nﬁ: gat Bﬂzys known to be inmportant in colon cancer. W al so confirned
the inhi Bi'#'8Fy éf fect of PPP2R2B expression on cell growth, phosphorylation
of Myc and p70S6K in NIH 3T3-Ras transforned cells (Figure 10A and Figure
10B). O noti TeassPRRA&RRDacey ek PPRARI DM thadr powel frhhitiaminAlio, TRAS8inducible

S e
nei ther pnl3maah %? SWihakdsQRotMo & ok ?ne@-v@e%k;g@/ﬁth%f w1t‘}11\91t dally Dox
2011/ 084108PCT/ SGZOll/ 000011 71 PP2Aa in CRC (Su et al. 08).

additi on§reatmenmﬁan mammary epithelial cell cells, Sv40 smal |t
anti.gen( ST).- nedi at ed ‘PP2A inhibition is associat ed W th increased AKT $473

phosphor y1at | . andl ke TS LR-8 L0S0LS T3ASIAbRTPORYb AL oRal Andr ab

et al., 2007; Chen et al., 2005; Zhao et al., 2003 and these changes were
not s ee nmlafkreélyl inhibfiesinoeick teated eothtIdok, whttves theftimdr grgs/tiafremaba HIlS2 lecwdlswi t h

t he substrates cificity of diff 2A/ B su its ti

Speci 11 cNRRTNIER (i EPrRbIe oy prpBran be Dss isria prasirs ol e BRsktss 12)

di stigng U{/eﬁf&ﬁtefirt@é%rb% i torPRARIG QFPIPERRSB Y a Réddedfi Meudd rhb®n ent

downst ream substrates. To dermnstrate t hat ect op| c PPP2R2B in fact

i nt eract subuyni t active PP2A conpl ex, we
perforrre X?’HBH’C% ?ﬂ%ﬁ&éﬁ%‘&?‘%ﬂ?ﬂf‘ a‘é@”ﬂ At ¢ he PPP2R2B i ndeed
co-i mmunopreci pitates with both PP2A structural (A) and catalytic (C

subuni ts (Fi gWemedD)ddréssed Whetherablation ol IPAR?B tis suifREenh tapamyoteiselhg a

synt heti c phosphot hr eoni tide T) VA as strate (Chen et al.,
2004) , tﬁ@SEQﬁﬁ?HB‘E) rwrﬁ?lﬁﬁtzei B@P&l@ﬁﬂ%@l%@%@%@?@ RRFINBICSEPP2 R2B

cells clgpERy aﬁ SRl R¥Rd RhinekepsRY) PP2A activity conpared to the controls
(Figure gﬁgé |dat| ng that PPP2R2%3 re- expr essi on restored the | oss of

t he associ ated PP2A aCtIVI}zH in CRCc o.confirmthat
dephbsphor yI alfi his re¢viprhss| @WQ‘I‘F‘A@)tr@ﬁfOWétlmﬁdqﬁPPQWB’nr@P@%ﬁrté’ss| on

requi resgﬁ%@ gfoh‘é E%all?‘%fnﬁg& I%fsﬁ% i d%xﬁ‘ﬁ%Hé}b{mé%fon'?Eﬁér GTPH 604 ﬁ% ' RNA

i n DLD1 san ndtatt is nol ecul e mani pu atlonclea
prevent eet 4.h20020 Sdeqag etsqjhdf)%)aSmaHn inérfdving RINA (pIROBEKd il tddRARERB WFbygur e

3F). Toget her these eri d evidence denonstratin

Fuet | oncreee Sl GrepaRo PRI RO ot e ST AT AGSEREERT
phosphor yqatdn@Bnt dréwRASTHERITERAE célﬁMﬁ aqﬁﬁ%teﬁ@lmém ab iSBKsekvedRAAf\- PPP2R2B
i mmunoprecipitates (Figure 11A and Fi gure 11B), but we were unable to

det €21 t brpipyessivalof smak Tentigem(thgired rannglW 2@). PPP2R2B, Al t hough anot her
PP2A subunit 25 B56a has been previously shown to interact and

dephosphoryl abg (M/GsishriEEHAA3nE £lid) Sarﬁi%ﬁ%f@uﬁ&ﬁm%@ar e ’%%@e thhd PPphkap et
al ., 2007), PPP2R2B-PP2A conplex (B5513) may nodul at e ¢ phosphoryl apl on

i ndi.r ect ﬁyxctlmns@R@ tembt Suppressor anmhtalbd;%pf vwlnclefaaﬂl@msecejlcog@mf uarstorontibn.
Si gni fi cance of Myc and p70S6K downregul ation in CRC. W found that Myc

knockdovwgy3hpRNE. PPPUREBERREHa R 2 Lompi@PMolilbates VifsRSrylation of Myc
' and P70s6k in CRC Cells

25 The PP2A B regulatory subunits guide the substrate specificity towards the
dephosphorylation events in a cell and context-dependent manner (Virshup and Shenolikar,
2009). Several oncogenic proteins, including AKT, p70S6K, mTOR, B-catenin and Myc, have
been previously identified to be the substrates of PP2A in various cell systems (Andrabi et al.,

2007; Arnold and Sears, 2008; Peterson et al., 1999; Seeling et al., 1999; Yeh et al., 2004).



30p7056K knockdown did not yield a significant effect (Figure 3G . Thus,
this data indicate a functional contribution of Myc inhibition, to the
growt h i NDIRPt1IA8Y108f f ect of PPP2R2B. This is WO PCT/SG2011/000011
2011/ 084108PCT/ SG2011/ 000011 72 consistent with the established role of
Myc in colorectal tunorigenesis (Kori nel etal ., 1997; Morin et al., 1997;
Sansom et al., 2007). Exanple 17. PPP2R2B Re- Expression Sensitizes mIORCl
| nhi bi t or Rap&ondissert out the pﬁrisﬂ)lmﬂi@halnimsesponﬁbbift)lotthe lgapreth)im‘iihitdfrasffact of

di I t it ffect t bst r
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si gnal i ng promoted us to Investigate the possibility that PPP2R2

expr essi anlyised & thaydeatifiegiontdféwe phowhary lafionsiventy thayaneanlibiteshipc P RP2R 3R
t hus onpar r cin on cell viability of DLDl-PPP2R2B
cel | sé:loeex%???télogrf%soéﬁ%éw)xn {s%ge%e of Dox. The data showed t hat »

rapamyci n-i nduced growth inhibition was much nore effective when PPP2R2B

was T e- expr es$hafifsobhaisiphgspborylationaf pEHFEK. a{ésmugalw;pb(d’ylayoespd@érc the cell

viabi it ) for. 5 Jon on as o

(Figure %‘ﬁ&ﬁtﬁ’g Py gthoy ﬂ‘%@e Phosé’gali‘yﬁ;a?lé’ﬁa Eé? ]Ir/ %CYV%S lgﬁ ¥ i é%yélf]i)%%

cyt ot r ppehRmS rd-biiresoIn, wn&e&stm@phwpha@ﬁ%%at TX8Y Gpehred t¢ BsuhdrRdtedn cel |
cycle & arrest, which is further marked 15 a ment ed by addi ng

r apanyci wggpﬁmgcaa%ﬁeﬁgeqlﬁamomagmsfﬁ7rﬂ§6l<akry ynergi stically induced

cel ' cycle arrest (Figure 4C and Figure 12). To verify the in vitro

resulgs in viyRe setBndbitdis @MY O BhAbh&GasioRS asldetecRA by uB3R@MisHoBp HHR- M
xenograft tunmor growth in nugesm %e&ﬁm ng DLDL1- PPP R28gand f%e co*ﬂfr ol DLD1

cel | s. Witibedy hpecr@p%mif & 8/r$6a,rwlmglx WlaS alse Aevnreghloted vpan Y kg8eR a%-éxgresswn
at t enuat e tunor
t unor i&i ?lt hRiBIS or{1 CP%enEﬁ_Tﬁna ‘I%Zaﬁ Hal% E%ﬁt(qﬁéﬁeﬁlh ﬁﬁ%é%g gn etré ceI S

(Fi gure Addceably affectCd bl PEPIREB Ye- eiﬂreﬁ&)nr(ﬁg.mlré 3ApDbt ai ned both in vi tro and
in vivo established that the PPP2R2B re-expression in CRC cells led to

cpl gencti c. | 03l ST BHRADE T e A okar s ar CyshRerdr el FhaSEpge
25sessi t fitihey coifiraBEid DL QRIS i #hé-@6Srse my@d EighBe 3Bﬁﬂ?hmdﬁtarshbﬂﬁ&lﬂﬁ8 Myc
Phosphoryl at| on and Protein Accunulation in CRC Cells, Wich:is O/errl den

by PPP2 eERPBAR2B eXPresswAm%l@%ab«raﬁﬂcmh?WWéﬁ@Mé Mg gnd
act Pvati g‘ibs%'?éj 51/5%1 %&p&%@ Y Q8 1d gxg@%ﬁ&pﬁm}c @g%ggféyags been

i nked t© rapanyCin resistance n cancer
Sar bass oyuggtestﬁig that 20436 Lharlgesiae darly affeste iPi PLR2Ban® nhlilely ORE thebdcondagul t ed

in the

effect of growth inhibition.

20 The decreased Myc phosphosphorylation eventually resulted in less protein
accumulation by 48 h of Dox treatment (Figure 3C), which is consistent with the previous
finding that increased Myc phosphorylation at S62 correlates with Myc protein accumulation
. (Arnold and Sears, 2006; Junttila et al., 2007; Yeh et al., 2004). Thus, p70S6K and Myc are
_ | two downstream signals affected by PPP2R2B-PP2A complex, while no marked differences
:25 were observed in the expression or phosphorylation status of other oncogenic signaling
5 pathways known to be important in colon cancer. We also confirmed the inhibitory effect of
PPP2R2B expression on cell growth, phosphorylation of Myé and p70S6K in NIH-3T3-Ras
transformed cells (Figure 10A and Figure 10B).

Of notice, PPP2R2B re-expression had no effect on AKT T308 phosphorylation,
30  which is known to be targeted by PP2A/B55a or B56B complex in NIH3T3 cells (Kuo et al.,
2008; Padmanabhan et al., 2009), neither on B-catenin phosphorylation which is a target of



WO 2011/ 084108PCT/ SG2011/ 000011 73 i nduction of AKT S473 phosphoryl ati on,
but this phosphorylation seened to be unaffected upon PPP2R2B re-expressi on
(Figure 4AEp.2011/084108 On the ot her hand, both p70S6K and BéTpicasnfoswi ati on
was effectively abolished by rapanycin treatnent in both vector control and
PPP2R2B expressing cells (Figure 4E), tHus excluding the possibility that
PPP2R2B- i nduced rapanycin sensitization is associated with AKT S473 or
p70S6K. PP2AHe CRAL(Sakyal. andsj i dddiion) & bumaembmtiady égithelidlaphoyidd, SV40

treatnment resulted in a |nduct|on of Myc, phosphoryl atjon and protein
accunul aﬁfiﬂ%‘ht anrmeg(sérﬁfr@%ﬁ %P piHbitien is deaeciFed W énqrﬁaSF%éﬁ%ﬁ%ﬁ M/c mRNA

(data no gﬂ&? atlaﬂqnew@é REeRL Me&%@ms@dmi@ ﬁmgql&{)ﬁﬂo& pRRrihfee 2B

re-eXpre Figure 4 me course anal ySis I ndicates that the
Myc res pb@(ﬁe Cdnenamledoefs Zehao byala§0@3)hmdth¢sei Cﬂlam@SMdr@hOtWB¢mhdl‘hm thiduct i on

of AKT $4 hos I at reveal i n i onal dba vent in
s pehs oot bR aRRRy oI B as oot fite b TS st rat difees
rapamyci PPQW%%M& aakseé@iyewlcaﬁmer mcghé@ t%WR@!BLé%Ebdleﬁed pegd the
resul.t of ‘/mfORCL i1 nhibition, as knockdown of mTOR, or raptor, an essenti al

corrponencomplentSQ&)tdlstmgursﬂrm@zl thonihenBZA complgxes bya@ffﬁctlegidiffi:r@tsu m | ar
i nductio o %t%/gleﬁﬁggl&ﬁ%oryl ation (Figure 49. ~Gven the inportant

rol e of S | genesis, this observation inmediately suggests a
possi'bl e mechani sm under|yi ng the PPP2R2B- nedi at ed sensitization to

rapanyci n. 20To dsmbsttrat that @tctpmePBB%Z:B ot factrinefacBRPRIRoBeeRIBl e sedhwors Wi t h Myc

resp se.and ra sensjtivit ared the H

B e sk R 4 SoBRley. Wi phioedifi B opee o asay s alhdited as
a r esul t tHéfPIHIZQEl’@tlﬁﬂee‘aQﬁﬂhﬂydrﬁbfe@@ltﬁ@@Q/lt%ﬂfoltﬂ BP2 A k@it@rall(). an&%aﬂagr@l(@;-
cells, Myc phoshoryl ation was strongly induced by rapanycin in H

cel I's, whdwais(HigurpRD)yrthstmenpcimgagn eltig RS easspnugng aw kel | evel , and
di d not %ﬁ{spﬁét gm%%e#}t @%{/F' %Lﬁr&bgtgfg g%hgg e@glt '2(6%4 "ﬁﬁT S473

phosphoyi'a arl ra arryél n in both cell

| i nes, T agauabRssSp Mtemwmﬁ@mam&u@wupmma ctB#YlearlViisplayed
2011/ 084108PCT/ SG2011/ 000011 74 the effect of PPPZR% on Myc correl ated
wel | 19 t Hcraeed IRl iy ceapaned do Bcrortipis SFiguts o wlidntineppolr s 75 re-

regul ati Qggrééé&n%aﬁ.ghwlbgé 419 2RG:iLRY @pma@a%g # é}@@ Skiid vity. Moreover,

corresponding to t consistent silencing o in CRC, all the CRC
| To confirm that dephosphorylation of p70S6K (T421/424) or Myc upon PPP2R2B re-
expression requires PP2A activity, we depleted the A subunit of PP2A complex by siRNA in
DLD1-PPP2R2B cells and found that this molecule manipulation clearly prevented the
20  dephosphorylation of Myc and p70S6K by PPP2R2B (Figure 3F). Together these experiments
' ~provided evidence demonstrating a functional role of PP2A-PPP2R2B complex towards
| modulating p70S6K and Myc phosphorylation. In addition, we have detected the p70S6K in
PP2A-PPP2R2B immunoprecipitates (Figure 11A and Figure 11B), but we were unable to
- detect the physical interaction between Myc with PPP2R2B. Although another PP2A subunit
25  B56a has been previously shown to interact and dephosphorylate Myc in HEK293 cells
| (Arnold and Sears, 2006; Junttila et al., 2007), PPP2R2B-PP2A complex (B55B) may
modulate Myc phosphorylation indirectly in CRC cells.

Finally, we evaluated the functional significance of Myc and p70S6K downregulation
in CRC. We found that Myc knockdown strongly suppressed DLD1 cell viability, whereas
30  p70S6K knockdown did not yield a significant effect (Figure 3G). Thus, this data indicate a
| functional contribution of Myc inhibition, to the growth inhibitory effect of PPP2R2B. This is



cell Iines we have exam ned exhi bited a marked induction of Myc

phosphoryl ati on upon rapanycin treatment (Figure 13C). Consistent with the
Myc i nducwoDaoi/hlost hese CRC cell lines were in general pcesicaéanbocio
rapamycin, showing the gromh inhibition for less than 10% after 5 days
treatment with 10 nM rapanycin (Figure 7123D) a concentration that often
results in strong growh inhibition in other cancer cell |lines (see |ater

Fi gur e 1adjsistehninsthitheiestablieked toke ofl Mykingfol@ppalrpmotigenere (Ketinek 4tgl-ak¥dei at ed

wi th the esi stance 0@@ contrast to colon cancer, the Oncom ne
dat abase]\/{oﬁﬁ’o&még’ %I%% §aéltsmgl ?aIZ’ ?Pr eveal ed increased expression in several

ot her human nalignanC|es including renal, liver, and ovarian cancers
( Fi gur e EBSawple HeaHPHZiRﬂB_R’ta@nanessisa@ynsiﬁMSdaT@cR(Ehth&)mlessi onin a
series of cell lines derived fromabove tunors, including HepGZ and HepBB
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OVCAR5, .and S |an carci nonma; as we UZOS ceI I S
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i ne Fi 14B f
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phosphor }5?(?61@%} %hz{hn':giﬁ&ﬁgéﬁ ub B MILHIYE IR pd%%%ﬁitfr ﬁla@PP?QRQB ERptbssidiiighs on of

AKT S473" phosphoryl ation in all cases (Figure . Moreover, these cell
i nes wenmy mitett tROpalludar semsitivityvie rapamyapanyci n |n gener al, as conpared to
CRCcell lines (Figure 14D). These results together have provi ded evi dence

to show e ik corifar bR BB ERER A of i GRRQDADL SAPPPLROB s

correlates wt SItIVIty or resi'stance to rapanycl n,
Thi s1@or irethapresendesor absmce af Pox.Wihelattshbwed thai rapplaycmfm@ca@ grawth igfibition

R e e A T S e e

2011/ 0843 {8R(dd @G&%&&%ﬁmabﬁﬁy RERGEESS (454 tatobdte t&ﬂbatdnrussayawm days

Sekulic et al., 2000), and PIK3CA (encoding pl 10}{@ is required for this
&

process (PigaredtA aid Figmed®). Juradgitionegellaycle azglo@s by gy @ttoraetry stpgealhat Dox
ﬁofs Bﬁggﬁd(g? tlgﬂs_lofr ﬂbﬁﬁ{ﬁ devx%trelsgl?)n %?s ltéc? Hx[c%ll ?91% r@'férpes{ I(5\§i1'1'¢§1('}19 fﬁaflﬁl-lér %dlbglc

osrgnifican rdpanyci n-i nduc

phosphor yh@hémed hyhdiiiCrapAhycihNindidsakirg tha, PHMZEDB?}A rapahkalin hkRGAicalld mrORCL
inhibitor (Fan et al., 2006) redu&ed AKT S473 phosphoryl ati on, but

enhancedIWéedp%‘éls‘p(ﬁEraﬂeé‘t(lFéﬂW‘{ﬁ:@H g [ hese findi ngs suggest that

rapanyci n i nduces Myc phosphoryl ation through a distinct nechani smthat
does not depend vefAfyRbK3 hirro results in vivo, we studied the effects of Dox and rapamycin on

the xenograft tumor growth in nude mice using DLD1-PPP2R2B and the control DLD]1 cells.
While the rapamycin or Dox treatment alone only moderately attenuated the tumor growth,
V2O_ “their combination gave rise to a strong tumor growth inhibition in DLD1-PPP2R2B cells, but
~ not in the control cells (Figure 4D).

Collectively, these results obtained both ir vitro and in vivo established that the
PPP2R2B re-expression in CRC cells led to improved therapeutic effect of rapamycin. Thus,
the data suggested that epigenetic loss of PPP2R2B may be a molecular event affecting the
25 sensitivity of CRC to mTOR inhibitors.

Example 18. Rapamycin Induces Myc Phosphorylation and Protein Accumulation in

CRC Cells, Which is Overriden by PPP2R2B Re-Expression

A feedback mechanism leading to PI3K activation and AKT S473 phosphorylation in
mTORC2-depenent manner has been linked to rapamycin resistance in cancer (O'Reilly et al.,

30 2006; Sarbassov et al., 2006). Indeed, rapamycin treatment of CRC cells resulted in the



To further elucidate the upstream signals |eading to rapmayci n-i nduced Myc
10 phosphoryl ati on, we knocked down several major conponents in the PlI3K
and nTOR wet2bhag4108he results show that PDK1 knockdown etTsctimmbeotl

i nhi bi ted rapmayci n-i nduced Myc phosphoryl ati on, while knockdown of PIK3CA,
Pl K3CB, or AKT1 had no such an effect (Bigure 5C). Further experinents with
two additional PDK1 si RNAs and a PDK1 shRNA in DLD1L and SW80 cells

confi r methduttsoned fTAKT SdM3 presphbrgEnon) yut diis phosphorglation Sé2naddo be guaffecidl SE) ;
but of notice, PDKl knockdown had no di scernable effect on AKT-S473
phosphor W%’t?%PnZ,R%@rﬁecﬂri‘PFﬁﬂ@UéE‘gEr&ﬁ"EBe clearly abolished by PIK3CA knockdown
(Figure 5C). Conversely, ectopic Myc showed enhanced phosphoryl ation and
accumul ati on oheke SBerchapd gssie g708akhaRcS @phaspitisdlhtioh wat Bectivulgpbolished by rol e
of PDK1 in upr_eg%ul ation of Myc.. . To substantiate this finding, we nmade use
of speci fapamyein(eatpnd Hubath vegipnsongel g KO 4i381exprsreing celtskigtam et tils.

2005): and. & spegi.fi c..Bl: b BB 5 A gl KR et
- Soosy bt Gt R A Bl TP s P Zion 1S PR Bial e AL,

r apmayci AKThs4iSad pWs6Rhosphoryl ati on (Figure 5F), but had no nmuch effect
on AKT $S473. By contrast, PIK90 was unable to inhibit rapanycin-induced Myc
phosphoryl ati gn;, but f I al i ' i on
(Figure 5G. 9&%?%%1 trt% gggiien\r{r?élﬁ?ég’e&% g(;squgiﬁtt @g@}a{g@?%gﬁé\ﬁ%ﬂﬁé&@ﬁ dence
to show gihadg ihdydion of Myiciphusg®rdatikihddepeimdeaimdyiton MhéftcybaMyon, in
parall el to P/K3CA-sensitive AKT S473 pgosphor yl ati on. Exaqu e 20. PPP2R2B
Bi nds t oPHHAN Mk ng qus tppicased MypmRNA (data not shoyg) apdwag Regfle gompestely

possibi | i y: PF}%;FQ@ 1 i act with PDK1L and 30nodul ate its
actiw)t y%g&ﬁ\’ls\%&gﬁoofﬁ 08410%33rFT%)'Ié/X ké%%g%%%rgtf?m Co-transfection of
PPP2R2B and PDK1l plasmds in 293T cells confirmed this hypothesis and,
showed that eltttps eoupsanalysisiipditaiepthalcth Mvsdesaonse Qasurrebrils aptdond 1y ce
versa (Fj : | S t ' [ hiL--BRR4 in

whi oh Doire o e B R AR T I00 RO IR, o R e RSB T gur e
6B) . - event in riespdnn@turapimycifeKguedégls to be recruited fromthe cytosol to
the plasnma nenbrane to activate its downstreamtargets (Kikani et al.,

2005). Both P 3. I | i : t opl asm
(o e 5 hand ARt ual fe MEAOTARLECH NOCA DALY DB SO0
PPP2R2B aaymaldteatis indsedthebesahef mAORCI T mbittition, b destdowp oimDOR tor egitorent  of
DLD1- PPP2R2B cells, we detL ected the domr%ati on 10 . of bot[] otal. and
phosphor §i stseRfiabepapenenhp iR AR R nBRHI0E M1 gorgpgneni prtah festeq 1 a sumular
DLD1- PPP2. : ; jon, ectopic PDK1l-HA was nmainly

det ect edﬁl{aﬁ%cﬁgf{c}?{%@gﬁ?h%{aﬂgSﬁlggfségg})i n both cytosol and cell nenbrane
upon serum stimul ati on, which was abolished when _ceLJ s were treated with

Dox to i nduceGPMn’éh@'BﬂI(qfﬁaQtﬁO@ oylyc W“a@%ﬁ HHgREHEHS, ¢ Kebsawtiondmmedtey r at e
that PPPgRoBER2 A RleENantnt H3ac Qi He PPPLRD B ddtidd SREREZARS to rapamycin.

| 20 B :To substantiate thé association of PPP2R2B expression with Myc response and
| rapmycin sensitivity, we compared the HCT116 cells with DNMTs-deficient HCT116 (DKO)
cells in which PPP2R2B becomes re-expressed as a result of promoter demethylation (see
earlier Figure 1I). As in DLDI cells, Myc phoshorylation was strongly induced by rapamycin
in HCT116 cells, whereas in DKO cells, Myc was expressed in a low basal level, and did not
25  respond to rapamycin (Figure 13A). Of notice, AKT S473 phosphoylation, however, was
similarly induced by rapamycin in both cell lines, regardless of PPP2R2B expression status

(Figure 13A).

Accordingly, DKO cells which displayed no Myc response were more sensitive to -

~ rapmaycin treatment as compared to the parental HCT116 cells (Figure 13B). Taken together,



15recruitnment for activation. Because Myc is accunul ated mainly in the

nucl eus in response to rapanycin (Figure 15C), the effect of cytoplasmc
PPP2R2B- WOKa11ai34ivBc is nore likely to be indirect and way/scauti®odoht ough a
PDK1 downst eam ki nases substrat es. PPP2R2B is lost in >90% of CRC. W
next assessed whether PDK1l activity is ®onsistently upregulated in primary
CRC tissues, which has not been previously assessed. 20 | munohi st ochemn cal
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cancer t 0hBrE2RAhw regelating Mygswhesp aWi%twaﬁ@ Ui AR CHY SeBMY¥or yI at ed PDK1

as conpared to the normal tissues in human col orectal cancer (Figure 6E).
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phar mac Obf)&%llclﬂ{es 'd@lh{/é?l' frdRAbdR (BoRDIkluding Hep(YaddoMEsB 3 Stk f&%ﬂep%w or

BX912, but not PI K90, induced a norphol ogi cal. change simlar to that seen
upon PPPZS‘Q@&I@@k{D}e@mfm {ePakearanare®)O %Béo@é’rCAIB?@mQ SKpQV-heellsHramo,

synergi zed with rapamycin tron X/ M arrest (Figure
7C k8 R S SesatRRAT Wb oS UDA R Bl et Sobniel i i et

syner gi stigregidnagtr raf2R28 1EEPZRHE&SE(H£§uE@pH31)yCI n on G/ M (see earlier Figure
40) . Thus, pharnmacol ogic |nh| b|t| on of PDK1, but not PIK3CA, has

phenocopi ed t eff ct, of. PPP2R2 ion, further ing,the
genetic inter g)gts Btt’?/%lg?f 9pp2 ﬁﬁdp [XD) Ssgﬁccﬁm%slmg %tl? %an
syner gi Slrid‘ﬁcﬂl&ﬁéf Mic ﬁEdsthP'ﬁilﬂbh lirk desPEisYRLRAPENIIIR, RRpite AERREnhindactidiercel | s

in both a 5- viability assa (Fl ure /D) and a 2-week col ony
25f or mat Al ggéagho@]ﬂpcgmlpgorve)all cases 1gure 4C). Moreover, these cell lines were much

20  more sensitive to rapamycin in general, as compared to CRC cell lines (Figure 14D). These

results together have provided evidence to show:

(1) the PPP2R2B silence or expression in cancer cells correlates with the sensitivity or

- resistance to rapamycin;

(2) This correlation is associated with at least in part the ability of rapamycin to induce

25  Myc phosphorylation.

Example 19. Rapamycin-induced Myc phosphorylation is PDK1-dependent, but
PIK3CA-AKT independent

mTORC2-dependent AKT S473 activation depends on receptor tyrosine kinase (RTK)
signaling upon growth factor stimulation, and PIK3C4 (encoding p110a)) is required for this



These findings support a nodel in which the |oss of PPP2R2B in CRC results
in activation of PDK 1-dependent Myc phosphorylation in response to
rapanmyci nworeassens, | eading to rapamycin resistance i nrPaTRIGEKBICA0MKT

i ndependent manner (Figure 7F). Pharnacol ogic inhibition of PDKl can
overcone rapanycin resistance by preventing the Myc 30phosphoryl ati on,
pointing out a potential conbination strategy for CRC treatnment. WO

2011/ 0843R3ETGHERID hhd 8APAILL, 2087 ESekifit et a222000)s@idSBIK3TA (encodingl 1 108)) s

paper, we have identified a specific PP2A tunor suppressor conpl ex
t ranscri fravsehiaryhis peacessvdie stiali, #OBStnighict aki4000; A9 halh 2986)-ent - der i ved
CRC sanpl es. | Functional analysis reveals its inhibition of PDKl-M/c

axi s as a pot Y foahd tHaMRurs YRPVAISH AboliBREd Aph&HtinRadmel AN Y Shmss of this
regulation i-n-CRC conferred a strong activation of oncogenic My

. . . . . . . . C . .
phosphor phespherilatiantei pashse sigpifi fect aprapamysiningysed, Mya phpsphanigiono

rapamyci p.:f esi:stance.:... 1dhis i i [ '

ol gonet [HEERRD o Bicon bk 1 oSuAEE IR & B ATRRED hitBL A GER 20061 1 e
a nol ecutedicelieAKTrR473 phodhdryaioanbut@nhiicedMycgthosfhotdatigalFygire SBRMRdski vi ty.
Addi tionally, the pathway el uci dated provides a_ therapeutjc approach to

al | evi at 8ndiRgs suggeshilat e rigyinduces Mygphpsrhopatiq tagqygh pgistinct mechanism

PPPZRZB-E}ISC@Q(%;' %k@geé}gﬁg&q(igﬁgtgx as a tunor suppressor We have denpnstrated
here that a BIR ¥ gulatory B subunit, PPP2R2B, is epi genetically

i nactivat ed bé/{ DNA hyper et hyl ation in col orectal cancer, and provided
15evi dence th t)f‘PﬂWRE‘B’déﬁ’ﬁh‘%PStr&émélgf@rﬁd?adé%ﬁ?rrél%@@fc.m'mduc‘?d Spite the

fact {4 ha - an: of - nstrated
|t PPl G, FUORIRES Ahyrh WS Bidt cgppriodl REPIREId 3D LT ha
et al., paibway Zieaesiltsahow thA0DBK 1 KAB2lAloswrbaffecti selh inhdbitrdeaprhayendiidacdie
nmut ated or deleted only i - 159% of rs. Thi es it difficult
to rec o:nM}’ICé’%PF@RQQatFQ% ahile Eléo- _ H‘Jnf’? ¥ @?@@%@@s W@E E%Bfranc aPief%tha
ie\r/]' gﬁpr; ﬁ(r@ n\ggr@g M hePEYPeAHRA AR th MMARRRIRICPBK T IFYA SRR LPDRIZARRUMDMNI TS
DLDI1 and SW480 cells confirmed its effect on Myc phosphorylation (Figure 5D and Figure
15  5E); but of notice, PDK1 knockdown had no discernable effect on AKT-S473
phosphorylation, which however can be clearly abolished by PIK3CA knockdown (Figure
5C). Conversely, ectopic Myc showed enhanced phosphorylation and accumulation when co-

expressed with ectopic PDK1, further supporting a role of PDK1 in upregulation of Myc. .

. To substantiate this finding, we made use of specific small molecule inhibitor of
20 PDKI, BX912 (Feldman et al., 2005) and a specific PIK3CA Iinhibitor PIK90 (Fan et al.,
42006; Knight et al., 2006). Consistent with PDK1 knockdown, BX912 treatment abolished
ﬁrapmayéin-induced Myc phosphorylation (Figure 5F), but had no much effect on AKT S473.
By contrast, PIK90 was unable to inhibit rapamycin-induced Myc phosphorylation; but '
effectively abolished the AKT S473 phosphorylation (Figure 5G).

25 Taken together, these results provided convincing evidence to show that rapamycin
induces a PDK1-dependent Myc phosphorylation, in parallel to PIK3CA-sensitive AKT S473
phosphorylation.

vExample 20. PPP2R2B Binds to and Inhibits PDK1 Activity

We next tested the possibility that PPP2R2B may directly interact with PDK1 and

30 modulate its activity.



Qur study now identifies that the epigenetic |oss of a specific subunit of
PP2A, encoded by PPP2R2B, occurs uniformy in >90% of col orectal tunor
sanpl es. Wwo 2addistioesn to col orectal cancer, PPP2A2B may aC38Ge11/000011
downregul ated in other cancers such as bl adder, ‘25 brain and esophagus
carcinoma, as reveal ed by Onconi ne dat alfase. Thus, considering the

| ow frequency of PP2A nutations anobng various subunits (<15%, the

epi genet| c m@bamsﬂ&tﬁ&a@%lmm&@ﬂlenpﬁ&ﬁid@m DeyT wlﬁwoﬁﬁmdethdom nant
role in PP2A inactivation in hunan cancer |i ke
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cel l'ular contexts. W hypot hesi ze that the | oss of PPP2R2B associ at ed
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a cruci aPredeminaggly lngates) an the cyioelasmdbiguge hisind F(‘Séfﬁééﬁ‘? élfh Bpfpymic
Alt houghleﬁaﬁ%%fmﬁ&ftﬁ'@@%%%fy &fdephd mebIfE rR@tifey, in CRC cells, it

regut ates Myc phosphorylation and protein accunulation. Thus its effect on
Myc is consistent with the strong Browth i nhi bition effewfii of PPP2R2B on
CRC cel | s t haindsed uparDex dwgatmeniat DERY Wl 824 cells ok Aetedehibe dgwnreguiatisigh a
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we wer e Dhddl-2PP2R 2R tEBtuntibresetuni etaamtlommctmptwmﬁﬁlmm BralRPP Aete&5& irBthewi t h
Myc. | ndeed

show t hat. PPP2 at i n of c routes through, PDK1 as
Pop2 oD, BRIt SRR Fbolh LR PR MERAPLpOr SEPHTRuion, Wt s
phosphor yhafsh@when cells werd IPsted with D¥%itd %{d%lge PPPIRSE Eig ﬁl%gi‘lﬂ)aTQ{en% gelﬁle@ K-
signaling as no upstream ki nase has 20been identified thus far.

i denti fi tetresnits démpnsitags thapNdRYE-BB2A bempl¢x baglstaandmhidbas DK 1omembrane
15  recruitment for activation. Because Myc is accumulated mainly in the nucleus in response to
| rapamycin (Figure 15C), the effect of cytoplasmic PPP2R2B- PDK1 on Myc is more likely to

~ be indirect and may route through a PDK1 downsteam kinases substrates.

PPP2R2B is lost in >90% of CRC. We next assessed whether PDK1 activity is
consistently upregulated in primary CRC tissues, which has not been previously assessed.
20 ‘Tmmunohistochemical (IHC) staining on primary tumor and normal tissues fixed on tissue
. microarray (TMA) slides containing normal tissues and human colorectal cancer tumors. The
result showing a strong staining of phosphorylated PDK1 as compared to the normal tissues in

“human colorectal cancer (Figure 6E).

Although the mutations of PIK3CA and PTEN, which occurs in 30% and 20% of CRC,
25  respectively, may also account for the induction of PDK1, the loss of PPP2R2B may provide

additional mechanism explaining the uniform PDK1 upregulation in CRC.

This finding Strongly suggests that PDK1 may be an ideal therapeutic target for CRC.



be consistent with a regulatory nmechani smof this master kinase regul ator.
Thus, in addition to PIK3CA or PTEN nmutations that occur in 50% of CRC,

| oss of RVB2BRRIRsSmoght provi de a nore preval ent nmechani srcirsadongodoat
deregul ati on of PDK1. We thus identified an epigenetic nechani sm
contributing to the activation of the POK1-Mc 25signaling in CRC Exanple
25. Discussion - The Role of PDK1-M/c vs. PIK3CA-AKT in Rapamycin

Resi st an&sample 21. Inlobitiot odeDKdmadlMya B\t ATHBCH aond MKTPB)&ismzmar d Myc

regul ati inr onse to cin. This PDK1-Mc signaling is independent
of P]KSCﬁgﬁkﬁwHﬁﬂ 'ESthﬁgﬂggugn 30al ternative feedback nmechani sm

| eadi ng to rapanycin resistance. WD 2011/084108PCT/ SG2011/ 000011 80

Al t hough we. d¥mmst el etdd/ioovatheawd aimintt saralingpabivaps cdibitute foDpariPain not
regulateg%yc directly. It is possible that PDK1 may route through ot her
downst r ek Aases to affect Myc phosphorylation. The precise feedback
mechani sm |l eading to the induction of Myc phosphoryl ati on by rapanmycin

remai s uncl eRDKa G Mt lﬁrﬁi&k&ovf/mlfdsﬁlled’d inmveBddlgaicteabed Bhiilotgsf pdidtein and
nMrORC2- de 2 endent AKT _S473 phosphoryl ati on has been suggested to be one
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as critical as rapmaycin-irn sp oryla I on
rapanyC|lVﬁE@uxﬂgwmm£$amzMam@kdmR@thhRmKBG%gmt7BKT does not sensitize
rapamycin. As such, we propose an AKT-independent 10 si gnal i ng nodul e

ool st ance i nl e Euts WiipoRICSRARE BB R TR | e B BB INE "
consiGt erdpattdytin reéiftmﬁm CRiGmHlls GMotealerNE data argmeeﬁa)r B(ﬁioré anportaddrdl©of -

prollfer ion of cancer cell th act i vat Pl 3K, pat hway (Vasudevan et
zoo§§> KitMys sighplang, a%?ﬂmﬁar Vith ﬁﬁ%f@é @&i@ g MYRBFMHGD FENANSE 8Y by

PPPZRZB wirdengsour understandi ng of cancer cell growth control and-
rapanyci n 15resi stance and enphasi zes the inportance of -epigenetic

mechani sns in regulatln oncogeni ¢ sggnallng and therapeutic response
Exanpl e 26. Didsatidedtisn of PAPLRZ BAreukded TR Syagasts@ magicakanpronsh for

and roughi MG uRRRRAR AN, WA HACR! ahiViel birBhd gl ARE HinbikaT O
ZOLMTbrtuﬁ%DKﬂy, clinical updates indicate that rapanycin shows prom se
against only a

We found that PDK1 shRNA or BX912, but not PIK90, induced a morphological
change similar to that seen upon PPP2R2B re-expression (Figure 16A). Moreover, BX912,
: but not PIK90, synergized with rapémycin to induce strong G2/M arrest in CRC cells (Figure
_ 7C and Figure 16B), which is again remarkably consistent with the synergistic effect of
20 PPP2R2B and rapamycin on G2/M (see earlier Figure 4C).

Thus, pharmacologic inhibition of PDK1, but not PIK3CA, has phenocopied the effect
of PPP2R2B re-expression, further supporting the genetic interaction between PPP2R2B and
PDK1. As such, we observed a synergistic loss of cell viability between BX912 and
rapamycin in CRC cells in both a 5-day cell viability assay (Figure 7D) and a 2-week colony

25  formation assay (Figure 7E).

These findings support a model in which the loss of PPP2R2B in CRC results in
activation of PDK1-dependent Myc phbsphorylation in response to rapamycin treatment,
leading to rapamycin resistance in a PIK3CA-AKT independent manner (Figure 7F).
Pharmacologic inhibition of PDK1 can overcome rapamycin resistance by preventing the Myc

30  phosphorylation, pointing out a potential combination strategy for CRC treatment.



few cancers, particularly mantel cell |ynphoma, endonetrial cancer, and
renal cell carcinona. Overall, the therapeutic response to rapanycin
i s hi ghl ywoaniashms i ndicating the strong need for bi onechscGaotivadorar e
capabl e of predicting the therapeutic effect of rapanycin. Qur data suggest
PPP2R2B pronoter nethylation may be an 7¢§pi genetic event that inpacts the
25sensitivity of cancer cells to nTOR inhibitors. This finding may have

i npor t anExpampld 2adispwssiéwr clinical trials of rapamycin derivatives in
human cancer: PPP2R2B coul d serve as one of the predictive markers for
patient sel ectﬂﬁ'fbpa‘ﬁ@x',%M@id@ﬂ@ﬁ&h@%&ékﬁfc'@?A%ﬂwp@%%ﬁ&%@c i&0gat e mar ker
to evaluate the drug response. WD 2011/ 084108PCT/ SG2011/ 000011 81

Fi nal 1y, trenscrigtonally ungstivatedDikdiotia ERE ¢eidimep end pasientdgitediGRCREplss.r enoval  of
PDK1 reduces Myc signaling and alleviate rapamycin resistance. This notion
was further i +rat S| : Lnhi b : ,. Whi ch
' able to aboan e R bR o B Y e Ao Paefal e
syneryi zeagppwissdr maghaniyai Reinark@BE. lodNatf d@hé yegutahien RDER Ci confeietl arstrasg an

anti-cancer agent has heep shown tq be effective i jtrqg.and in vivo in
Cancer (RRLYEGH e ongpeenis S PhpaToBN e ArDoste  sa Ch b Biot combdisty
under cl Qhiggho ApYRlOIRTERtancEher ef ore, we propose that its conbination with
rapanyci n- based MIORC1 i nhi bitors may becone a useful option for targeted
t her apy of . Exampl e .27. PLK1l as a_Cruci al Ki.nase, Mediatin )

PDK1- Di r-ect gﬁ%‘ﬁséﬂ’gi’ FrRadsssn eVt beRIgRATHC S O?H%Horiﬂmn‘i%ﬁ%%es Myc
phosphor y; ﬁélin%ébaﬁ{%@ay% bhiRhif&ta MBXCRS dABHiAn®Ind PHELEE blohdilerdgdi ti onal

ki nases. To i1dentify the kinases Iin the PDKl route that m ght be crucial
for Myc pipespbiorsyhstivign Addeiopalty, dhrenpathwsayedlicidastd prolvislek i thesapeiind appriroanh to
screens in HEK-PDK1 and HEK-control cells to identify those that are nore
sel ecti v&'Yy"! f@éﬁ‘p%&n{;"éﬁa&?han the control cells. 15Two PLK1 ki nase

i nhibitors B12 136 and GM843682X exhi bited selective growh inhibition

ef fect oRxiapleLX Discabdion aPPOIRPBrassheiated RE2 Afiémpdex av a tumer ssippeedsbs  ( PWN) .
More careful dose-response analysis in HEK-PMN. control, HEK-PDK1l, HEK-M/c

and HEK-shPT i LNl . C .t her

val i dat ed t hi ’S’%f,‘aﬁ%,‘ﬁﬁlg@%%%%ﬁa PRy b R S SRt

sel ect i vepigerieriballyi inadthatedrvgl DN Artgperanetiofiatteiib cBldraztal Myet, aad ptovidedd HEK
cells,. but HEK-P EK- shPTEN cel |s (Figure 17). Thi s finding
ndi Lt eevigege ﬂﬁ&’%ﬁ%ﬁﬁéﬂ e%t&éﬁéwlm?roﬁupa%w?h advant age of PDKI-

transforned cells, but not required for cells transforned with Pl 3K-AKT
activation (PDedpitentefadoma)the tumor suppressor function of PP2A had been well-

demonstrated in transformed model system (Chen et al., 2005; Chen et al., 2004; Sablina et
- al., 2007; Zhao et al., 2003), PP2A subunits have been found to be mutated or deleted only in

~ 8-15% of human cancers. This makes it difficult to reconcile PP2A’s role as a bona fide tumor
20  suppressor with little evidence showing the profound and widespread alterations of PP2A

subunits in human cancers.

Our study now identifies that the epigenetic loss of a specific subunit of PP2A,
encoded by PPP2R2B, occurs uniformly in >90% of colorectal tumor samples. In addition to
colorectal cancer, PPP2A2B may also be downregulated in other cancers such as bladder,

25  brain and esophagus carcinomé, as revealed by Oncomine database.

Thus, considering the low frequency of PP2A mutations among various subunits
(<15%), the epigenetic mechanism leading to gene repression may play a more dominant role

in PP2A inactivation in human cancer like CRC.



This conclusion was further validated in another cellular nodel using
prostate 25epithelial cells (RAPE) transforned with PDKL or P3KE545K
(constit uwowvelysamsi vat ed Pl 3K) (Figure 18). Furt her nor ecTRIGKd 1/ondvi1bi t or

Bl 2536 sel ectivl ey induced apoptosis in PDKl- transfornmed cells, but not in
control or PI3K (E545)-transfornmed cel I'® (Figure 19). Taken together, these
findings suggest a crucial role of PLKL in PDKl-driven transformation. WO
2011/ 084 EQaMPTd BGCDascus1600 fhe M3ldcu BN echalisnPOKRPPIR2R-PP2RI Mediated Tumor
Phosphoryl ation in Miultiple Cellular Systens Consistent with the above
effects éFPPﬁPR%Oi‘ nhibitors on PDKl-transformed cells, Western blot analysis
shows the i.nduction of PLK1 phosphorylation, concomtant with induced Myc

phosphoryl at i Die iidthRDKBstiateadiSéroiyBPIHAK e RARIEy sutthnkth/EGs@et sipridig toet i n
shPTEN cel |l s. These findings indicate that PDKl activation results in
PLKL andNWperopghergoseniy signaling pasaayseffiectad ibrarious proyrs aierligler RORisXt-alFed to

d0 05 EHAURhRIR that el thed of AP LR e ] QRSN Qhfifcldhty B@z&@e{al ation

To assess € 1 overxpression I's s icient to I nduc

phosphor yéragilation dfteviRinantogens kpahlad 2Z@B3TaysetdwsredifoCRC KR amdivel andl asmi ds.
The result shows that ectopic expression of PLKL1 induces strong Myc
phosphor PTG Fi gure 21). This validated PLKL as an upstream
regul at or of Myc phosphorylation in PDKl- driven transfornation.

Conversel y, kmacidemii MAd<ds adridialsdomNbtredio tdrgdied PIAPCRPB dispp blayy b adle dm i n
PDK1-transfornmed cells (Figure 22). 15 Exam%%g,ao. MIOR | nhj bi t or, '
BEZ235- | RYdEEag Medumpbemressar slfeePlifd Fediedn Tos icwragrssmest wih 28l 60lF Shed

by PLKL hahi:Rict@t +and: i Ratd i it | iiche BEAR35 Are
Syne%(gi swg 1??% %ﬁlﬁlg?ﬁﬁgb@tﬁ% %)%pg%ﬂi’ %épd(?%'t%@@ s‘IE h WPZﬁ\géﬁﬁgsﬁm%?%vi ously
shown t haffearib@ORV ntrattbiayon GRAD eetiscit megutedescdsc pbipholypeindend pidan i
phosphoryl ati on. i n_col.on cancey, cells,. whjch, results in resi.st.ancg to
Fapanycr HeoomiliopnERR e eea UG st RRih FHessnE sioveh FRHER Sfect ot
rapanyci ppippRnR 8 AR cells that are addicted to Wnt pathway for growth advantage.

Although a distinct PP2A subunit B56a has been shown to associate with Myc and
15 regulates its stability (Arnold and Sears, 2006; Junttila et al., 2007), we were unable to detect
the interaction between PPP2ZR2B-PP2A (B55B) with Myec. Indeed, we show that PPP2R2B
regulation of Myc routes through PDK1 as PPP2R2B binds to PDK1 and affects PDK 1
actiVity towards Myc phosphorylation. |

» PDK 1 is considered as master regulator of PI3K signaling as no upstream kinase has
20  been identified thus far. Thus identification of protein phosphatase-based regulation seems to

be consistent with a regulatory mechanism of this master kinase regulator. ..

Thus, in addition to PIK3CA or PTEN mutations that occur in 50% of CRC, loss of
PPP2R2B might provide a more prevalent mechanism leading to deregulation of PDK1. We
thus identified an epigenetic mechanism contributing to the activation of the PDK1-Myc

25  signaling in CRC.

. Example 25. Discussion - The Role of PDK1-Myc vs. PIK3CA-AKT in Rapamycin

"Resistance

Our study reveals a novel function of PDK1 toward Myc regulation in response to - |
rapamycin. This PDK1-Myec signaling is independent of PIK3CA-AKT and may constitute an

30 alternative feedback mechanism leading to rapamycin resistance.



phosphoryl ati on and sensitizes rapanycin treatnent. Now we show t hat
MIOR i nhi bitor BEZ235 can al so i nduced Myc phosphoryl ation and PLK1l

i nhi bi t orwehkolishmd this Myc i nduction (Figure 23). PCT/SG2#3/080mesul t,
conmbi nation of BI2536 with BEZ235 triggers a strong synergistic growth

25i nhibition (Figure 24), apoptosis (Fi%ure 25) or |ong term col ony
formation (Figure 26) in colon cancer cell |ines SWM80 and DLD1 cells. WO
2011/ 084108 PCAItH&REhIM:¢ aaﬁma&mwmﬂm&maﬁwgemnm @D hmaghoSt em Cel |
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ile shP ‘ j ) cells
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R C. (2008). A tunor suppressor role for PP2A-B56al pha 20 throu negat| ve

regul ati Gnding tgat kel redten mabreqriesd on prpiferaidemef cacemcells with agivaiddPIREy 27,

147- 158 pathway (Vasudevan et al., 2009). Thus, the identification of a PDK1-Myc 51gna11ng regulated

by PPP2R2B widens our understanding of cancer cell growth control and rapamycin
15 resistance and emphasizes the importance of epigenetic mechanisms in regulating oncogenic

signaling and therapeutic response.
- Example 26. Discussion - Clinical and Therapeutic Implications

Several rapamycin analogs have been under the clinical development (Easton and

- Houghton, 2006; Faivre et al., 2006; Granville et al., 2006). ;

20 Unfortunately, clinical updates indicate that rapamycin shows promise against only a

- few cancers, particularly mantel cell lymphoma, endometrial cancer, and renal cell carcinoma.

Overall, the therapeutic response to rapamycin is highly variable, indicating the strong
need for biomarkers that are capable of predicting the therapeutic effect of rapamycin. Our
data suggest PPP2R2B promoter methylation may be an epigenetic event that impacts the

25  sensitivity of cancer cells to mTOR inhibitors.

This finding may have important implications for clinical trials of rapamycin
derivatives in human cancer: PPP2R2B could serve as one of the predictive markers for
patient selection, while Myc phosphorylation can be used a surrogate marker to evaluate the

drug response.
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More careful dose-response analysis in HEK-PMN control, HEK-PDK1, HEK-Myc and

HEK-ShPTEN (PTEN knockdown by small hairpin RNA) cells further validated this finding
‘ -and showed that BI2536 and GW843682X more selectively inhibit the proliferation of PDK1
20  or Myc-transformed HEK cells, but HEK-PMN and HEK-shPTEN cells (Figure 17).

This finding indicates that PLK1 may be crucial for growth advantage of PDK1-
transformed cells, but not required for cells transformed with PI3K-AKT activation (PTEN
knockdown).

This conclusion was further validated in another cellular model using prostate
25  epithelial cells (RWPE) transformed with PDK1 or P3KE545K (constitutively activated PI3K)
(Figure 18).

Furthermore, PLK1 inhibitor BI2536 selectivley induced apoptosis in PDK1-
transformed cells, but not in control or PI3K (E545)-transformed cells (Figure 19). Taken

together, these findings suggest a crucial role of PLK1 in PDK1-driven transformation.
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driven transformation. Conversely, knockdown PLK1 with siRNA abolished Myc
_phosphorylation in PDK 1-transformed cells (Figure 22).

:15 Example 30. mTOR Inhibitor BEZ235-Induced Myc Phosphorylation in Colon Cancer
-Cells Can Be Abolished by PLK1 Inhibitor and Combination of PLK1 Inhibitor BI2536
with BEZ235 Are Synergistic in Growth Inhibition and Apoptosis |

We have previously shown that mTOR inhibitor rapamycin induces PDK 1-dependent

Myc phosphorylation in colon cancer cells, which results in resistance to rapamycin.

20 Further more, we show that PDK1 inhibitor can block rapamycin-induced Myc

phosphorylation and sensitizes rapamycin treatment.

Now we show that mTOR inhibitor BEZ235 can also induced Myc phosphorylation
-and PLK1 inhibitor abolished this Myc induction (Figure 23).

As aresult, combination of BI2536 with BEZ235 triggers a strorjg synergistic growth
25  inhibition (Figure 24), apoptosis (Figure 25) or long term colony formation (Figure 26) in
- colon cancer cell lines SW480 and DLD1 cells. '



Kuo, Y.C., Huang, KY., Yang, C.H, Yang, Y.S., Lee, WY., and Chiang, C W
(2008). Regul ation of phosphoryl ation of Thr-308 of Akt, cell
proliferavoani/@semssurvi val by WO 2011/ 084108PCT/ SG01kL@B30Qadit/ 08611 he
B55al pha regul atory subunit targeting of the protein phosphatase 2A

hol oenzynme to Akt. J Biol Chem 283, 18823-1892. Mao, J.H, Kim 1.J.,
Wi, D., diment, J., Kang, H C, DelRosario, R, and Balnmain, A (2008).
FBXW  t aE.gah pleBIORDIKI A Si@@itedGin e Stial Celidnepaies Wi th PTEN in tunor
5suppression. Science 321, 1499-1502. Maurer, M, Su, T., Saal, L.H,

Kouj ak, 'S., ins, B D , Barkley CR., W, J., Nandula,.S. ,. Dutta, .B.,

X o N St DR BBisey s ogh e et G RIS BRERAT o5
upst r eamaeet@RECOST al@r BRASRIMBLWEIY B4R 4l shBTRND@SRIRAE WelYs fallediotRSt
carcinoma. Cancer Res 69, 6299-6306. 10Mdrin, P.J., Sparks, A B., Korinek,
V., Bar ker(Figure 20 BUEA gnhibitor BIg§#4 weasmant (Bigurea® okiPhX1dmockdown 1997 £9)
Act i vati gn..of t gneat eni n-Tef signaling.in colon cancer by nutations in
pet a-pat SRR g S BRRTEN il B AR bR r OReiTly KE . RO,
F., She, QB., Solit, D., MIls, GB., Smth, D., Lane, H, Hofmann, F.,

Hi cklin, D.J.InadddiengPDR1lactivaes tht expret®d)of sielmGR1 fa¢tiotsi surlpas $ordute 8B,
upstrea e r.t i ne kinase .signaling and activates Akt. Cancer Res
66, 1508}‘%@({555 %@‘?ﬂﬁg@ﬁ\gﬁﬁn et ,(ﬂ%rlgﬁg)b)'adhyay, A., Narasinhan, S.D., Tesz,
G, Czech, MP., and Tissenbaum H A. (2009). A PP2A regul atory subunit
regul ates C. Ehelgari§00 BB litrankoFndd sillyrad suftjcibyt tordmtlvcarobugt ¥ek@graft tumor
phosphoryl at i. on. I 6, .939-95 eifer, .C.. and Alessi, DR
(2006 Grari i gaRiScPrics: VoIS sfolbmere My cellesmeningiio e st 35

Pet ef(s 0Nuntdrs(FigdpPe S 8, valRiating PHX-AMinSiormdd &lls afd el oSl hiBbAgMic andloan(AARS) -
Protein phosp a% ase 2A interacts with the 70-kDa S6 ki nase and is activated
by inhi bfanperrstant cetlsEPamationapamyci nassoci ated protein. Proc Nat! Acad Sci U

S A 96, 4438-4442. Rangaraj an, A., Hong, S.J., Gfford, A, and
Vi nber gReFfsncE?004) . Speci es- and cel | 25type-specific requirenments for
cellular"Transtormati on. Cancer Cell 6, 171-183. Ruedi ger, R, Pham

H T., and Wl ARdrabiGs., (F6&@dp,. O M. tieaat j. ANRobbrtfITokgiand Sobsfiaatens 8. 2803)buni t
interaction_in human carcinomas, of the lung and_colon with mutations in the

A bet a skietsin ph(@;@h@glse@ﬁ; 5‘@@}@@52@? andgdepthy dagipions\wig Akt in a context-dependent
2010841 03RCTH RAR U AR s A 104, 19011-19016.

Arnold, HK., and Sears, R.C. (2006). Protein phosphatase 2A regulatory subunit
B56alpha associates with c-myc and negatively regulates c-myc accumulation. Mol Cell Biol

26, 2832-2844.

Arnold, HXK., and Sears, R.C. (2008). A tumor suppressor role for PP2A-B56alpha
20 through negative regulation of c-Myc and other key oncoproteins. Cancer Metastasis Rev 27,
147-158.

Calin, G.A., di lasio, M.G., Caprini, E., Vorechovsky, 1., Natali, P.G., Sozzi, G.,
Croce, C.M., Barbanti-Brodano, G., Russo, G., and Negrini, M. (2000). Low frequency of
alterations of the alpha (PPP2R1A) and beta (PPP2R1B) isoforms of the subunit A of the

25  serine-threonine phosph.atase 2A in human neoplasms. Oncogene /9, 1191-1195.

Cappellen, D., Schlange, T., Bauer, M., Maurer, F., and Hynes, N.E. (2007). Novei c-
MYC target genes mediate differential effects on cell proliferation and migration. EMBO Rep
8, 70-76.



87 Sabatini, D.M (2006). nTOR and cancer: insights into a conpl ex
rel ati onship. Nat Rev Cancer 6, 729-734. Sablina, A A, Chen, W,
Arroyo, JwD2p11@suaro8l , L., Hector, M, Bulnmer, S.E, DeCapmrisc20ud/080011 and
Hahn, WC. (2007). The tunor suppressor PP2A Abeta regul ates the Ral A
GlPase. .5Cel | 129, 969-982. I Sanso¥4 0.J., Meniel, V.S., Mincan, V.,
Phesse, T.J., Wlkins, J.A, Reed, KR, Vass, J.K , Athineos, D., Cevers,
H., | and Cl ar ke:hepA\R A(rB:Q/G]JD Nymndﬁls ata. Qh%sfsaﬁﬁﬂa;i‘R Amd:Hdlai |chemm05)n t he
sma intestine. Nature 446 676- 679, Sarbassov Sengupt a,
S. , ' Sheefancerissociaigd PH3ApAalphg sybupits jndpce fupgfiqnal k@?&?l&sufﬁmency aa#d Sabatg i ﬁ. ,

D. M (20Q6) Hééeﬁt?r@ﬁgelrﬁwcgq@ Rigat ment inhibits nTORC2 assenbly and
Akt / PKB. Mo 22, 159-168 Sar bassov, .D.D., @uertin, D. A, Ai,

S.M; and Sabatini, D.M (2005). Phosphorylation and regul ation_of Akt/PKB
by the rictor ChioAV e Sapsemato, Bei(mnbel o, T. jaitner 104, Redlag: &6, and Hahp.2008) .

0. [Fang R0 [ AR AR RO aemo i geivad Biireel < W

Chen, S. traksfornixeiog, Cancer €¢ll 4) 127¢13809) . GOLPH3 nodul ates niTOR signal | i ng and
raparryci_n sensi ti vity in cancer. Nature 459, 1085-1090. Seel i ng,

J M, Mller, , | r

(1999) Regul g? ?t%?i JOE? %ﬂdtHROl%fgahE/[e)m n’ @0691’afn %ﬂd &ﬁlcer@ggr gﬁb@%%ge%? 5Ip\§/lr otein
phosphat 883-8446. Sci ence 20283, 2089 2091 ' Sekul ic, A, Hudson, C C,
Homme, J.L., Y| n, P., Qterness, Karnitz, and Abraham R T.

(2000) .. A‘dir Lin 0 p- AKT.
signal i ng pat g% @Eﬁaﬁ féna?ﬁgg&%gfﬁ @B‘?ﬁ?ﬁﬁoﬁemﬁ Gphatase 24

m tog@n-sdgumvdratse@hrat@dnaemf%mﬂn@bmﬁ/s Aenears, Ras. 60, 3504- 3513,
25Sontag, E., Fedorov, S., Kam bayashi, C., Robbi ns, D., Cobb, M, and -

Munmby, M (1993 interacti of 5 tu ant i rotein
phosphat ase 2% lé’f‘ei %u‘f(({?ggert ﬁe’ aﬁ@@‘%ﬁﬁ!@;@mﬁ@‘l‘éﬁdf (?geé’t 8}3 %ﬁ)
prolifer ﬁih'llﬁﬂ}rs sdnkticdiRer §g%}’1ts8BJZt Remlé%&é&ﬁﬂm&ﬂ%@?/ S&011/ 000011 88 -
Su, Y., Fu, C, Ishikawa, S., Stella, A, KO]IITB. M, Shitoh, K.,

tsg%glt |bﬁgr; phogﬂﬁhmag@(g}%gt"g g@{fd&ﬁl’?{gtla([fh %@5&“"‘?@%&9@6@%” i gase.

Mol Cel | SBekat 60R1.68 Weiss, WA éf gA duX] P13 RitaBOHTOR Mhibith? FAGHIE Rinerdént
Aoki, S., Takahashi, T., S. (2000). S5Alterations of the P2R1B

gene1$ ocafﬁ@dcsam gilpquampehQnﬁr?, &‘bll M%ct al cancers. Qut 47, 268-
Feldman, R.I., Wu, ] .M.,'Polokoff, M.A., Kochanny, M.J., Dinter, H., th, D., Biroc,
S.L., Alicke, B., nyant, J., Yuan, S, et al. (2005). Novel small molecule inhibitors of 3-
phosphoinositide-dependent kinase-1. J Biol Chem 280, 19867-19874.

Granville, C.A., Memmott, R. M., Gills, J.J., and Dennis, P.A. (2006). Handicapping
20  the race to develop inhibitors of the phosphoinositide 3-kinase/Akt/mammalian target of
‘ rapamycin pathway. Clin Cancer Res /2, 679-689.

Guertin, D.A., and Sabatini, D.M. (2007). Defining the role of mTOR in cancer.
Cancer Cell 12, 9-22.

Hahn, W.C., Dessain, S.K., Brooks, M.W., King, J.E., Elenbaas, B., Sabatini, D.M.,,
25 DeCaprio, J.A., and Weinberg, R.A. (2002). Enumeration of the simian virus 40 early region

elements necessary for human cell transformation. Mol Cell Biol 22, 2111-2123.



271. . Tamaki, M, Goi, T., Hrono, Y., Katayama, K , and Yamaguchi,
A. (2004). PPP2R1B gene alterations inhibit interaction of PP2A- Abeta and
PP2A- C prepedndsiwscol orectal cancers. Oncol Rep //, 65BCE5G20110WNdhAS,

G V., Tran, C, Mllinghoff, I.K , Wlsbhie, D.S., Chan, E., Fueger, B.,
Czernin, J., and Sawers, C. L. (2006). fﬁypoxi a-induci bl e factor determ nes
sensitivity to inhibitors of nTOR in kidney cancer. Nat Med 12, 122-127.
Vasudevan, K. MejnoBeam,3.eNieDiten, ADNdarsds, M, Kalliomminbviﬂqfstrﬂnﬂ NdNgamem, J. |

Cho0s) - Rich REERE AR08 o Siftng fotmRatreah bess Rt BhBmT o B

rrutation§ama§ammamma.31\@@r@@mﬁ@9,316., 21- 32. Virshup, D.M, and
Shenol i kar, (2009) From prom' scuity to precision: protein phosphatases
get a makeove Esplin, E D, Li,
351 % Toang. « HudlRlg, Ganiu? My fradaaks P, Dt {48lngRa KebGT P08

A ter§t| be?os@efwstkgeE P?E%%BJ Qmﬁehﬁoﬂﬂmﬁoéﬂé‘ggla%lg%@? ‘P@xﬁﬁi%hmt%c' ence -
282, 284- Vst ér mar ck 00 Mil tTple

pat hway's 1m@@:b1aaléad obpothifer adymedgg@%ceg soicinoPRAN Engl aM@rﬂﬁn@@meﬁslTr ends
Mol -Med 14, 152-160. Yeh, E., Cunningham M, Arnold, H, Chasse, D,

712 g, o A P oy RO

degr adat Dﬁsermh@hreompaplu@pbatamgﬂnplc'ncaterdainsélcbgmtth ond signdlim@MBicdichs] 3Mat Cel |
Bi ol 6, g‘t(l)? ?%8 WD 2011/ 084108PCT/ S&2011/ 000011 89 Zhao, J.J.,
Cheng, H7, f} S., Wwang, L., Goerup, 0.V., Mkam, A, and Roberts, T.M
(2006). The p 1 1 Calpha isoformof PI3K is essential for proper growth
factdd si gnal TiagS.aho, @ndogegisc, ItinahsZemgal i, bae, SFHoZhhiag, IJ. A@xdr&t,iS.,LL@iaA

103, 162 6300 Subra nian, RR,
Cheng, - Y., %)I RS, M. ﬂdﬁe&ﬁ@g) éswtlalgﬁlas 9@@&3)??7?6%6‘%’6% lgngwitn mammary -
epi thel | a{etéb%hémtaﬁ@nﬁﬁ&rgéa&gl@matd% gsgty7ktygoact i vati on of _

phosphat i dyl i nosi tol 3-Ki nase Cancer Oel | 3, 483-495. Ali zadeh

A A Ei sen,

Bol drick, J. CJlan%a?f)D? Li ;ﬂragﬁfi"lmla,e g Xa s)?ozrﬂuaé‘gsr“(é%%)efm%l‘%‘} Mdt> t ypes

of A zgan & gy Breele. T! YTRNQOBS). BT s & Bt ARG SIRLESONADbAE R ehing-
15 signaling in colorectal, cancer and is a therapeutic target of histone modifications. Cancer Cell

- 13,529-541.

Junttila, M.R., Puustinen, P., Niemela, M., Ahola, R., Arnold, H., Bottzauw, T., Ala-
aho, R., Nielsen, C., Ivaska, J., Taya, Y., ef al. (2007). CIP2A inhibits PP2A in human
. malignancies. Cell 130, 51-62.

20 | Kikani, C.K., Dong, L.Q., and Liu, F. (2005). "New"fclear functions of PDK 1: beyond
a master kinase in the cytosol? J Cell Biochem 96, 1157-1162.

Knight, Z.A., Gonzalez, B., Feldman, M.E., Zunder, E.R., Goldenberg, D.D.,
Williams, O., Loewith, R., Stokoe, D.; Balla, A., Toth, B., et al. (2006). A pharmacological
map of the PI3-K family defines a role for p110alpha in insulin signaling. Cell /25, 733-747.

25 . Korinek, V., Barker, N., Morin, P.J., van Wichen, D., de Weger, R., Kinzler, K.W.,
: Vogelstein, B., and Clevers, H. (1997). Constitutive transcriptional activation by a beta-

catenin-Tcf complex in APC-/- colon carcinoma. Science 2735, 1784-1787.

Kuo, Y.C., Huang, K.Y., Yang, C.H., Yang, Y.S., Lee, W.Y., and Chiang, C.W.
(2008). Regulation of phosphorylation of Thr-308 of Akt, cell proliferation, and survival by



10Boer, J.M, Huber, WK., Sultmann, H, WIlner, F., von Heydebreck, A,
Haas, S., Korn, B., Gunawan, B., Vente, A, Fuzesi, L., et al. (2001).

| denti fi owbi2on/@wobscl assi fication of differentially expressedogen@stin
renal cell carcinoma by expression profiling on a global human

31, 500-¢el enent cDNA array. Genorne Res 186, 1861-1870. Chen, X., Cheung,
S.T., So, S., Fan, S.T., Barry, C., Higgins, J., Lai, KM, Ji, J.,
I15DUdOI t theB55alyha régu@t?ry&hblaht tafg%ﬁﬁ@))f th@@rt&elemhbgﬁlala@enm albtoenmna to Aktrdan
iver caneer Bi o Il 13, 1929-1939. Dyrskjot, L., Kruhoffer, M,
Thykj aer BiofC %e%%&?u%%@ﬁ O%% Jensen, J.L., Moller, K, and Orntoft, T.F.
(2004) . Gene expression in the urinary bladder: a common carcinoma in situ

gene expr essi Dos] HNXith, €J.e%§ 05, disérgh) Kanyg HIC S DejRadshiio, CRJj&haﬂBalmain A
classification. Cancer Res 64, 204040-4048. Hendr i x -

Kui ck, R(2008% kRarW7 targetem TGR fyrsiegragation andrrgopgiates WlthPT@i\b@GYmoFl br obI ast
gr owt ivity and is a downstreamtarget of Wit
Si gnafrl nglﬁlﬁ)ggsgl\%{i%%n%g%ggﬁl{:}??llglﬁ% adenocar ci nonas. Cancer Res 66

1354-1362. Ki Jeung, H. C., Park, C H, Kang Lee,
G Y., Lee, W BlaurexjM, SN,EE Sa@lw%hnléoujaké HepdnsRRd). EaﬂdeY( de?)’vu Waol e

genone a i % f v tg S t.al cancer.
o3 canaue 3y, B8t Geot FUrROR RR e ERESH Ecthaef BhRE R, LRS-
Kui ck, R oteﬁﬁaad:s\/@ﬁtred\rﬂl lestSus Bh the ghobphatid@liriasitol kinagenshttheayaia breasi M (2001)
D sti nct| ve nol ecul ar_profiles of high-grade and |ow grade glioms based
on ol.i gofAienawe; dances Reodt 0459-4% ysi s. Cancer Res 61, 6885-6891. WO
2011/.084108PCT/ SG2011/ 000011 90 Sanchez- Carbayo, M, Socci, N D.,

Lozap®, J., Swidin, PF., Spaike, LB dostideR] WQ Bafker, N00GVersPHT, I\mgﬁgteﬁmmecaﬂdar
profiles_of poor out ConMe in patients with_invasive, bl adder cancer using
oI i gonucKéwlqrgk- Wi dP8Ax Agijvation afibeis-cefray)-Telpsignaligg jpeplon cancer byygptatigns ~gpj |

T., Kre”ﬁf‘betas-céem?ggé;’@ §8§§°62%‘ #7479 . C oughesy, T.F., Mschel, P.S.,

and Nel son ne ‘expression profiling identi fi es nol ecul ar -
subtypes of gliomas. Oncogene 22, 4918-

4923.
O'Reilly, K.E., Rojo, F., She, Q.B., Solit, D., Mills, G.B., Smith, D., Lane, H.,
Hofmann, F., Hicklin, D.J., Ludwig, D.L., et al. (2006). mTOR inhibition induces upstream

15 Treceptor tyrosine kinase signaling and activates Akt. Cancer Res 66, 1500-1508.

Padmanabhan, S., Mukhopadhyay, A., Narasimhan, S.D., Tesz, G., Czech, M.P., and
Tissénbaum, H.A. (2009). A PP2A regulatory subunit regulates C. elegans insulin/IGF-1
signaling by modulating AKT-1 phosphorylation. Cell 736, 939-951.

Peifer, C., and Alessi, D.R. (2008). Small-molecule inhibitors of PDK1.
20 ChemMedChem 3, 1810-1838.

Peterson, R.T., Desai, B.N., Hardwick, J.S., and Schreiber, S.L. (1999). Protein
phosphatase 2A interacts with the 70-kDa S6 kinase and is activated by inhibition of FKBP12-
.rapamycinassociated protein. Proc Natl Acad Sci U S A 96, 4438-4442. '

Rangarajan, A., Hong, S.J., Gifford, A., and Weinberg, R.A. (2004). Species- and cell

25 . type-specific requirements for cellular transformation. Cancer Cell 6, 171-183.

Ruediger, R., Pham, H.T., and Walter, G. (2001). Alterations in protein phosphatase
2A subunit interaction in human carcinomas of the lung and colon with mutations in the A

beta subunit gene. Oncogene 20, 1892-1899.



Sun, L., Hui, AM, Su, Q, Vortneyer, A, Kotliarov, Y., Pastorino, S.,
Passaniti, A, Menon, J., Walling, J., Bailey, R, et al. (2006). Neuronal
and gl i oomederiogsemsst em cel | factor induces angi ogenesi CwisGhin/obéver br ai n.
Cancer Cell 9, 287-300. 10Wang, S., Zhan, M, Yin, J., Abraham J.M, Mori,
Y., Sato,  F., Xu, Y., OQaru, A, Berki,87A. T., Li, H, et al. (2006).
Transcriptional profiling suggests that Barrett's nmetaplasia is an early

i ntermedi ate siwgai, DIMeSIN06RGEPOR ade 0Qwef: ¢higdgenesh Somplek egativnship, Nat

3346- 3356. .- Each_of the applications and patents nentioned in this .
docunent Reykaneaéh’Hoéitrent cited or referenced in each of the above
applications and patents, including during the 15prosecuti on of each of the
applications galinaah et Shdn, IPPAGS, JOD., Cotrald LdafdetR S "Bul@bfl SanyDeCaprio,
manuf acturer's instructions or catal ogues for any products cited or

nent i onedAirind&tahinoWV.€ Ha0@Ppl he tmas sepraerso2lR 2¢h f\ge@ﬁ%qlﬁe%ﬁh? RatA (Hase.

appl i gat | hted gdgcunents, are hereby incorporated herein by reference.
Furt'hée:rngrgfgﬁ%ﬁﬁgd%giments cited in this text, and all docunents cited or

referenced in docunents cited in this text, and any manufacturer's
20i nstruct i onSarspme &tJal Meuiels Vi Hr Mangamp Vodihesss, €t dNillans, dént Rende-R.n Vass, s

modi 11 cat Forkkan $o t Brran: 87 EReko gy RERREEdslston s &5 A egiepne

i nvent i ofh thé khaldehtespipanestiret 6] 6mes67%ki | 1 ed in the art without departing
fromthe scope and spirit of the invention. Al though the invention has been

described in gonnecti 1 £ ific referred e di,nents, At should
be underspopdg?ﬂﬁ?ofﬂgf}ﬁ@%ﬁ%ﬁgﬁﬁﬁgm§%§?ﬁgﬁxgﬁéﬂfgbﬁg¥9b§ggWHU?€”lini;ed to
suchy @ pesiakitiar€ WP JdiaA® Bhlsatinl, TIRE 20063 FreldGgdmdbirh fath trodtmedf inhibes dERORChed
nodes for carrying out the invention which are obvious to those skilled in

nol ecul apsspinblycil Advt/PRE}. MelCqll 21, d39-4P% i ntended to be within the scope of
the clains. WO 2011/084108PCT/ SG2011/ 000011 91 CLAIMS 1. A net hod of

det erm ni ng WRgbhabv,3 PANGRIiE DA i Al 9. el nd isabdimi B M SL60H). Pidsph@fatibhnt by
an mrCR i nhibitor, the nethod conprising detecting: él PPP2R2B ( GenBank
Accessi oand\igeblerion pfARBAIEB Y the rigtpi-mTiobkeomplex Beitacad ¢ 6d9P& 10 unber :  NM
002613),; or both, in or of the cell. 2. A method according to Claim]1,

whi ch conpri sgsweigt /et i P9ogETRY backomohrikeh froBRAE RaBuB g OY4gLs5on or of the
cell, preferably in which hypernmethylation of the PPP2R2B pronoter,

conpared to a_cancer cell that is naot nmlOR inhjbitor resistapt,. indicates
that 13 he canc&fote& k- Kabbarple |, bigngMiesivanoyi Ee érl@sréﬁ’e%ffﬁggh LaPhteR

i nhi bi t 08: Wu, M., Chen, S., Feinberg, T., et al. (2009). GOLPH3 modulates mTOR signalling and

rapamycin sensitivity in cancer. Nature 459, 1085-1090.

Seeling, J.M., Miller, J.R., Gil, R., Moon, R.T., White, R., and Virshup, D.M. (1999).
. Regulation of beta-catenin signaling by the B56 subunit of protein phosphatase 2A. Science
20 283,2089-2091. |

Sekulic, A., Hudson, C.C., Homme, J.L., Yin, P., Otterness, D.M., Karnitz, L..M., and
Abraham, R.T. (2000). A direct linkage between the phosphoinositide 3-kinase-AKT
signaling pathway and the mammalian target of rapamycin in mitogen-stimulated and

“transformed cells. Cancer Res 60, 3504-3513.

25 Sontag, E., Fedorov, S., Kamibayashi, C., Robbins, D., Cobb, M., and Mumby, M.
' (1993). The interaction of SV40 small tumor antigen with protein phosphatase 2A stimulates
the map kinase pathway and induces cell proliferation. Cell 75, 887-897.



103. A nethod according to Claim11 or 2, which conprises detecting
expression and/or activity of PPP2R2B or PDKl1l (such as PDK1l nedi ated Myc
phosphor wetzoomsamsi vity), or both, in or of the cell. pé&r/S620miohedl
according to any preceding claim in which a decreased expression and/or
activity of PPP2R2B, or an increased exy¥ ession and/or activity of PDK1l, or
both, conpared 15to a cancer cell that is not nTOR inhibitor resistant,

i ndi cat es thaSutYlgFﬁa@lcahlk@eth SiStellh kee| Kofimah®l. rShstost RN Bcliriber, ENNEMy, by an
MIOR i nhi_bt or. hod of choosing a treatnent for an individua

suf feri n§-Wr and bﬂu %é%ﬁ?éﬂ e%IPQ b% qseentigk ﬁOé Fargrgmgrpaﬁﬁpéwadﬁe%Petamcﬁ@nw«é9 ks
conpr i i 8@rp&R)r P biflilidhsE bl (ge‘u jhespakient; (b) detecting miCR

i nhi bitor resistance o e ce accordlng to any precedi ng
claim 20 and (c) where the cell is determ ned not to be mIOR i nhibitor

resistant, chdakighg -ahutamar, MthbmﬂWhth aAekiedt hakahasha, Tt and $ana SviZ908) |
d
and, wher 18Rl o prPsk S LASHAG: A9 BTER ANLRIAGLALRghakeRty Lhsgel o 2

an indivpgual suffering fronlor suspected to be suffering froma cancer
will respond to treatnment by an nWCR |nh|b|tor t he nethod 25conpri sing

per ornd 2, TEHGAPSSET I Rk, BT hePle ok indy Batdl £ Pl

resi st angeneCiﬂ?t%ﬁihﬁh@intht iRfkactibe of PHINM(B@J anldSPH2iAK €l proteids e sglometat ancers.
treat ment by an nTOR i nhi bitor. 7. A method of increasing the

senS|t|va9ﬂ6Fmd7c§ﬁ%é§ -cell to treatnment by an nTOR inhibitor, the method
conpr|51ng |ncrea5|ng expression and/or activity of PPP2R2B, or

30degpy easi Ny KGNSS . VN mﬂ/corMamh% ofE M. KOf WRldKik, DOS., OR4r) E.,iFuegdr, Bf, t he
cel . WD 2011/ 084108PCT/ SG2011/ 000011 92" 8. A nethod of treatlng or

pr event i hgeraiméernd Savayers, Sok (200R! Hypiaindugiblsr fagios griemiges SnHEVIENTf er i ng
from Ca”ﬁﬁﬁbltgw@frﬁ?bmﬁk? ch&dep%dtyécﬁﬁss'lﬂﬂﬁ%preSS' on and/or activity of

PPP2R2B, "or decreasing expression and/or actrvity of PDKl, or both, in or

of the individual. 9. A nethod accorQ|ngﬁto Caim7 or 8, in whi ch
expr essi on of VeREeREBK. M., BrrbieaBe B?Vldfé daRahinavsn k. avicYearo €% ldnpPP2R2B

DTt o SR, B LIRSS 0L i, S AT BGTARS gl o1 2

accorsli ngighdlingriowaitrédnfbNdncogtric QIKm@kutamﬁn B@fare0&i Qgndeh€eligls] 21-0, or
admnistering to a patient, a PDK1l inhibitor such as BX912 (CAS AcceSS|on
Nunmber: 392674- 56- 4) or BX795 (CAS Accession Nunber: 702675-74-9). 1011. A
met hod of treating or preventing cancer in an individual suffering or

suspect ed to Weshup, D.M., and Shenolikar, S. (2009). From promiscuity to precision: protein
' phosphatases get a makeover. Mol Cell 33, 537-545.

Wang, S.S., Esplin, E.D., Li, J.L., Huang, L., Gazdar, A;, Minna, J., and Evans, G.A.
20 (1998). Alterations of the PPP2R1B gene in human lung and colon cancer. Science 282, 284-
287.

Westermarck, J., and Hahn, W.C. (2008). Multiple pathways regulated by the tumor
suppressor PP2A in transformation. Trends Mol Med /4, 152-160.

Yeh, E., Cunningham, M., Arnold, H., Chasse, D., Monteith, T., Ivaldi, G.; Hahn,
25 . W.C., Stukenberg, P.T., Shenolikar, S., Uchida, T., et al. (2004). A signalling pathway
controlling c-Myc degradation that impacts oncogenic transformation of human cells. Nat Cell

- Biol 6,308-318.



suffering fromcancer, the nmethod conprising adm ni stering an inhibitor of
PDK1 expression and/or activity together with an mfOR inhibitor. 12. A
conbi nat iwo 20f/@mosnhi bi t or of PDKl expression and/or aetmsceyiianghian mroOR
inhibitor for use in a nethod of treatnent or prevention of cancer.

1513. Use of a conbination of an inhibit& of PDK1 expression and/or
activity and an nifTOR inhibitor in the manufacture of a nedi canent for the

treatment or gh&yent, I(Iheng;fH pﬁm,(sa,rWaﬂgl IU,SGJoefupPBF\ZRR/Bkﬂm BDKhd RebehgtlhM. as a
bi omarker for sensitivi cancer cell to an mIOR.i nhi bitor_or for

col or ect 84008hdbepl éQahé)a IS%feen 058 Salssnsratial freriopergiewtivigrior dgpalingificer .
2015. A "B QUL rafGORARIh! PRCAGAOAINE U AsPIesRddlggci al m In which the

MrOR i nhi conprises rapanycin or rlva I ve ereof, or in which the
PDK1 i nhibitor conprises a ShRNA, BX912 CAS Accessi on Number: 702674- 56- 4)
or BX795 (CASZh%‘bésTsiCU?PTP\ErQ)éfra Subgsperreany R.Ry) Chene, XnyChegnl-nfaebests, TMer eof .

16. P 1 ( %Q}u’ggﬁ'—@gﬁ(ﬁ@ e{nel%EmIn% Séﬁﬁﬁeilﬂ c@ll %h&&qn#fonttﬁl%ﬂ%ﬁﬁ}% col orectal

cancer or conp I'on according to any preceding
clai m i actiMaticiof llsiﬁ)spmldyhndsﬁolsbkmatced:aﬁc@rﬁellh?e4@3449@ consi sting of:
colorectal cancer (CRC), bladder cancer, brain cancer and oesophageal

cancer, prefer
5011/ 084108PCAT éi%&i’%’gogﬁﬁ M. %ﬁ%dc? \é\? 559821 o Rosepwald, 4.,
subst ant Baldritk A6C h kit eTeme TJeag K, bed! @10) i nges bbdidfise hsgesBaw i n

Figures 1 to 31 of the acconpanying
g lymphoma identified by genggxprgssmn profahng %ature 403,503-511.

'_ 10 ' Boer, .M., Huber, W.K., Sultmann, H., Wilmer, F., von Heydebreck, A., Haas, S.,
‘ Korn, B., Gunawan, B., Vente, A., Fuzesi, L., et al. (2001). Identification and classification of
differentially expressed genes in renal cell carcinoma by expression profiling on a global

human 31,500-element cDNA array. Genome Res /1, 1861-1870.

Chen, X., Cheung, S.T., So, S., Fan, S.T., Barry, C., Higgins, J., Lai, K.M., Ji, J.,
15  Dudoit, S., Ng, 1.0, et al. (2002). Gene expression patterns in human liver cancers. Mol Biol
’ Cell 13, 1929-1939.

Dyrskjot, L., Kruhoffer, M., Thykjaer, T., Marcussen, N., Jensen, J.L., Moller, K., and
Orntoft, T.F. (2004). Gene expression in the urinary bladder: a common carcinoma in situ

gene expression signature exists disregarding histopathological classification. Cancer Res 64,

_20 . 4040-4048.

Hendrix, N.D., Wu, R., Kuick, R., Schwartz, D.R., Fearon, E.R., and Cho, K.R.
(2006). Fibroblast growth factor 9 hasloncogenic activity and is a downstream target of Wnt

signaling in ovarian endometrioid adenocarcinomas. Cancer Res 66, 1354-1362.

Ki, D.H., Jeung, H.C., Park, C.H., Kang, S.H., Lee, G.Y., Lee, W.S., Kim, N.K,,
25  Chung, H.C., and Rha, S.Y. (2007). Whole genome analysis for liver metastasis gene

’ signatures in colorectal cancer. Int J Cancer /21, 2005-2012.

Rickman, D.S., Bobek, M.P., Misek, D.E., Kuick, R., Blaivas, M., Kurnit, D.M.,
- Taylor, J., and Hanash, S.M. (2001). Distinctive molecular profiles of high-grade and low-

- grade gliomas based on oligonucleotide microarray analysis. Cancer Res 61, 6885-6891.



10

15

20

25

WO 2011/084108 PCT/SG2011/000011
' 90

Sanchez-Carbayo, M., Socci, N.D., Lozano, J., Saint, F., and Cordon-Cardo, C. (2006).
Defining molecular profiles of poor outcome in patients with invasive bladder cancer using |

oligonucleotide microarrays. J Clin Oncol 24, 778-789.

Shai, R., Shi, T., Kremen, T.J., Horvath, S., Liau, L.M., Cloughesy, T.F., Mischel,

~P.S., and Nelson, S.F. (2003). Gene expression profiling identifies molecular subtypes of
" gliomas. Oncogene 22, 4918-4923. |

- Sun, L., Hui, A.M., Su, Q., Vortmeyer, A., Kotliarov, Y., Pastorino, S., Passaniti, A,

- Menon, J., Walling, J., Bailey, R,, ez al. (2006). Neuronal and glioma-derived stem cell factor

induces angiogenesis within the brain. Cancer Cell 9, 287-300.

Wang, S., Zhan, M., Yin, J., Abraham, ].M., Mori, Y., Sato, F., Xu, Y., Olaru, A.,
Berki, A.T., Li, H,, et al. (2006). Trénscriptional profiling suggests that Barrett's metaplasia is

an early intermediate stage in esophageal adenocarcinogenesis. Oncogene 25, 3346-3356.

Each of the applications and patents mentioned in this document, and each document

- cited or referenced in each of the above applications and patents, including during the

‘prosecution of each of the applications and patents (“application cited documents™) and any

manufacturer’s instructions or catalogues for any products cited or mentioned in each of the
applications and patents and in any of the application cited documents, are hereby
incorporated herein by reference. Furthermore, all documents cited in this text, and all
documents cited or referenced in documents cited in this text, and any manufacturer’s

instructions or catalogues for any products cited or mentioned in this text, are hereby

incorporated herein by reference.

Various modifications and variations of the described methods and system of the
invention will be apparent to those skilled in the art without departing from the scope and
spirit of the invention. Although the invention.has been described in connection with specific
preferred embodiments, it should be understood that the invention as claimed should not be
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CLAIMS
1. A method of determining whether a cancer cell is likely to be resistant to treatment by

-an mTOR inhibitor, the method comprising detecting: (i) PPP2R2B (GenBank Accession

Number: NM_181678) or (ii) PDK1 (GenBank Accession Number: NM_002613), or both, in

. or of the cell.

- 2. A method according to Clai_m 1, which comprises detecting methylation of the

- PPP2R2B promoter in or of the cell, preferably in which hypermethylation of the PPP2R2B

promoter, compared to a cancer cell that is not mTOR inhibitor resistant, indicates that the

~cancer cell is likely to be resistant to treatment by an mTOR inhibitor.

3. A method according to Claim 1 or 2, which comprises detecting expression and/or

: activity of PPP2R2B or PDK1 (such as PDK1 mediated Myc phosphorylation activity), or

both, i_ri_or of the cell.

4. A method according to any preceding claim, in which a decreased expression and/or

“activity of PPP2R2B, or an increased expression and/or activity of PDK1, or both, compared

to a cancer cell that is not mTOR inhibitor resistant, indicates that the cancer cell is likely to

be resistant to treatment by an mTOR inhibtor.

5. A method of choosing a treatment for an individual suffering from or suspected to be
suffering from a cancer, the method comprising: (a) providing a cell of the patient; (b)
detecting mTOR inhibitor resistance of the cell by method according to any preceding claim;
and (c) where the cell is determined not to be mTOR inhibitor resistant, choosing an mTOR
inhibitor as a treatment for the individual, and where the cell is determined to bé mTOR

inhibitor resistant, choosing a different treatment for the individual.

6. A method of determining whether an individual suffering from 6r suspeCtéd tobe
suffering from a cancer will respond to treatment by an mTOR inhibitor, the method

comprising performing a method according to any of Claims 1 to 4 on a cell of the individual,

and, where the cell is determined not to be mTOR inhibitor resistant, determining that the

individual is likely to respond to treatment by an mTOR inhibitor.

7. A method of increasing the sensitivity of a cancer cell to treatment by an mTOR

“inhibitor, the method comprising increasing expression and/or activity of PPP2R2B, or

decreasing expression and/or activity of PDK1, or both, in or of the cell.
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8. A method of treating or preventing cancer in an individual suffering or suspected to be
suffering from cancer, the method comprising increasing expression and/or activity of

PPP2R2B, or decreasing expression and/or activity of PDK1, or both, in or of the individual.

- 9. " A method according to Cl_ai_m 7 or 8, in which expression of PPP2R2B is increased by
o _de'crea_sing methylation of the PPP2R2B promoter, such as by exposing the cell to, or

administering to a patient, a demethylating agent such as 5-aza-dC or Azacitidine.

~10. A method according to any of Claims 7 to 9, which comprises exposing thé cell to, or

: administering to a patiént, a PDK1 inhibitor such as BX912 (CAS Accession Number:

702674-56-4) or BX795 (CAS Accession Number: 702675-74-9).

11. A method of treating or preventing cancer in an individual suffering or suspected to be

suffering from cancer, the method comprising administering an inhibitor of PDK1 expression

: and/or activity together with an anOR inhibitor.

12. A combination of an inhibitor of PDK1 expression and/or activity and an mTOR

'in_hibitor for use in a method of treatment or prevention of cancer.

13.  Use of a combination of an inhibitor of PDK 1 expression and/or activity and an mTOR

inhibitor in the manufacture of a medicament for the treatment or prevention of cancer.

14, Use of PPP2R2B or PDK1, or both, as a biomarker for sensitivity of a cancer cell to an
mTOR inhibitor-or for colorectal cancer (CRC), such as rapamycin resistance colorectal

cancer.

15. A method or composition according to any preceding claim, in which the mTOR

inhibitor comprises rapamycin or a derivative thereof, or in which the PDK1 inhibitor

comprises a ShRNA, BX912 (CAS Accession Number: 702674-56-4) or BX795 (CAS

Accession Number: 702675-74-9), or any combination thereof.

16.  PDKI1 or an antagonist thereof for use in a method of treating colorectal cancer (CRC).

17. A method or composition according to any preceding claim, in which the cancer is

selected from the group consisting of: colorectal cancer (CRC), bladder cancer, brain cancer

- and oesophageal cancer, preferably colorectal cancer (CRC).
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18. A method, combination, or use substantially as hereinbefore described with reference

to and as shown in Figures 1 to 31 of the accompanying drawings.



