1 Conbi nation treatnment of cancer CROSS- REFERENCE TO RELATED APPLI CATI ON
[0001]. This application clains the benefit of Singapore Patent Application
No. 20100wb2dtsbssked on 15 Cctober 2010, the entire corcersicaonfooedssch are
i ncorporated herein by reference. Field of the Invention [0002]. The
present invention relates a nethod of treating cancer by sensitizing human
tunours to DNA danagi ng therapies and conpounds used in treating cancer.
Background Art [0003]. Cancer is ong of the main diseases of current tines
causing 13% of all deaths globally.” New aspects of the genetics of cancer
pat hogenesi s, such as DNA ne %g\ Lon.are. i 8eai ngly recogni zed as

i mportant. Most of the 2 bt HeRa Rl Al inds i nduce DNA damage to
activate cell cycle checkpoint

for DNA repair. Mst chenot herapy conpounds
are designed to induce cell cycle arrest or to induce apoptosis when DNA
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DNA of d i nduce apoptosis. The expression of p21 protein has
been r%éggﬁt&e%}%féreﬁgg'r ease in primary acute nyeloid | eukema (AM.) cells
when treated with a pol yconb repressive conplex inhibitor.

Field of the Invention

[0002]. The present invention relates a method of treating cancer by sensitizing
human tumours to DNA' damaging therapies and compounds used in treating

cancer.

Background Art

[0003]. Cancer is one of the main diseases of current times causing 13% of all
deaths globally. New aspects of the genetics of cancer pathogenesis, such as DNA
methylation are increasingly recognized as important. Most of the standard
chemotherapy compounds induce DNA damage to activate cell cycle checkpoint for
DNA repair. Most chemotherapy compounds are designed to induce cell cycle arrest
or to induce apoptosis when DNA repair process fails.

[0004]. P21 is a major regulator of cell cycle progression at G1 and S phase. As a
cell cycle checkpoint activator having an important role in the stress response, p21
has been reported to induce cell cycle arrest and prevent apoptosis in response to
DNA damaging agents such as radiation or chemotherapy. This stress response of
p21 can actually hinder cancer treatments that target rapidly dividing cells to
damage the DNA of the cells and induce époptosis. The expression of p21 protein
has been report.ed'to increase in primary acute myeloid leukemia (AML) cells when

treated with a polycomb repressive complex inhibitor.



2 [0005]. Both p21 and Chkl are known to play a role in protecting DNA
damage-i nduced apoptosis (Bunz et al., 1999; Kawabe, 2004; Li et al., 2007;
Rodr i guezw@ 2M2uitsh§322006; Wei ss, 2003). Fol | owi ng DNA dama@sG2omaronesss an
cells activate cell cycle checkpoint nechanisns to induce cell cycle arrest
and protect cells fromapoptosis (Zhou & Ell edge, 2000). The

i nterconnecti ons between the pathways regulating the cell cycle checkp0|nts
and apoptosis dictates the cellul ar; outcone to DNA damage (Sancar et al.
2004), but whether these pathways are differentially regulated by oncogenic
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Summary of the Invention [0009]. The present invention seeks to aneliorate
at least sone of the difficulties discussed above. This may be useful in
treati ng wo 2812008033 cancer cells to aneliorate sonme of wPhe/Sdéifiooesssi es
with the current treatnent of cancer. Aspects of the invention further
seeks to provide in vivo and in vitro nmethods, for inducing apoptosis or
prognosi ng suitable treatnents. [00010]. Accordingly the first aspect of
the invention is a nethod of inducipg apoptosis of a cell conprising the
steps of: increasing expression of an FBX032 pol ypepti de and decreasing
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[0008]. The FBXO32 gene encodes the protein 32 which is a member of the F-

box protein family characterized by an F-box motif of approximately 40 amino acids.

The F-box proteins constitute one of the four subunits of the ubiquitin proteinligase

complex called SCFs (SKP1-cullin-F-box), which function in phosphorylation-

dependent ubiquitination. The protein encoded by this gene belongs to the Fbxs

claés, containing either different protein-protein interaction modules and contains an

F-box domain. This protein is hi.ghly expressed during muscle atrophy, whereas

mice deficient in this gene were found to be resistant to atrophy. FBXO032

expression is downregulated in multiple types of cancer, like breast cancer, colon

cancer, and AML. The expression of protein 32 has been reported to increase in

primary acute myeloid leukemia (AML) cells when treated with a polycomb

repressive complex inhibitor.

Summary of the Invention

[0009]. The present invention seeks to ameliorate at least some of the difficulties
discussed above. This may be useful in treating or slowing cancer cells to ameliorate
some of the difficulties with the current treatment of cancer. Aspects of the invention
further seeks to provide in vivo and in vitro methods, for inducing apoptosis or 7
prognosing suitable treatments. |
[00010]. Accordingly the first aspect of the invention is a method of inducing
apoptosis of a cell comprising the steps of: increasing expression of an FBX032

polypeptide and decreasing expression of a, p21 polypetide.



[ 00015]. Preferably the DNA damagi ng agent is a chenotherapeutic agent.

[ 00016]. A further aspect of the invention conprises a nethod of predicting
t he ef f ecwDweerases3ef conmpound of the invention conprisi rgTiSGR0E10eB5f
determning a first expression profile of FBX032 in a subject who is not

di agnosed with cancer; determ ning a second expression profile of FBX032 in
, & subject who is diagnosed with cancer and conparing the first and second
expression profile whereby when the, second expression profile is |ess than
the first expression profile the subject who is diagnosed with cancer wll
benef i xeved 1Qfi
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Fi gur eeffecivéiessayrcospoeBRAs 2he kyyeatian onmpnsnngl the step ofaleterminald 3 first
expression profile of FBXO32 in a subject who is not diagnosed with cancer;
determining a secon'd expression profile of FBX0O32 in a subject who is diagnosed
with cancer and comparing the first and second expression profile whereby when the
second expression profile is less than the first expression profile the subject who is
diagnosed with cancer will benefit from treatment with the compound of the
invention. _

[00017]. Throughout this document, unless otherwise indicated to the contrary, the
terms "‘comprising”, “consisting of”, and the like, are to be construed as non-

exhaustive, or in other words, as meaning “including, but not limited to”.

Brief Description of the Drawings

[00018]. The invention will be better understood by reference to the following

drawings in which:



A, gRT-PCR anal ysis showi ng the identification of FBX032 nRNA, but not
FBX03/ nRNA, are up-regul ated foll ow ng EZH2 depletion in U2,0S, HCT116 and
MCF- 7 celWwe.208/0s50382unobl ot s showi ng that EZH2 knockdown papsiGeguloadss FBX032
protein levels in multiple cancer cell lines. C, Box-plots show ng the
expression |levels of EZH2 nRNA (|l eft panel) and FBX032 nRNA (right panel)
in 24 pairs of patient-derived primary colon tunor sanples and nat ched
normal controls. D, Chl PPCR detectiofn of EZH2 and H3K27ne3 at FBX032 | ocus
in HCT116 cells. E Chl PPCR showi ng EZH2 and H3K27nme3 enrichnment of FBX032
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MCF7 and MCF10A cells.” Figure 3 Induction of FBX032 follow ng EZH2
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anal ysis showi ng FBX032 i's required for ADR-i nduced apoptosis follow ng
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Fi gure 4 Pharnmacol ogic | eti on_of §henocop| es EZH2 knockdown in

nodul dbfugiopngl RAhAage prebgbhye‘\lAR tm@osEéH | depletiamisviesgued Ryivik-iyeR of
DZNep r a S i U20s
cell s.%ﬁﬁ]cbg\%dr%\a%lﬁgng?{ Neg \ﬁ]ﬁ&i@@{ Lg?éET%t' \MI%PI @%e%ﬁe@%frlééﬂ i nduced
p21 acdapheticat oo rchankbdbhis lalrhgstidro and spoptosis iHEscLed dandwilddpe 84H2, C, FACS
anal y iﬁ SQ’OV\%E éhe conmbi nati on of DZNep with ADR or ETO abrogates
check?)boli M %% tdeficient HCT116 or Saos-2 cells. D, conbination of
DZNep with ADR or ETO abol i shes DNA damage i nduced p2l1 accumnul ati on and
Chk1l dtiguphdE4H2 represa AR)032 expressiomdT mudtiplaicanenr-celisel | s. E, FACS

anal ysis showi ng FBX032 is required for combination treatnent-induced

apopt o&i YRMPYURT lafalystd | showing FBEO feritfichtidie tdfo v@x(ysz afRNAdbliP ot
abrogation of p21 accunul ation and Chkl phospho rylation follow ng DZNep and
ETO cdmXQai mENA.rargt wreFegulated following EZH2 depletion in U20S, HCT116 and

MCF-7 cells. B, immunoblots showing that EZH2 knockdown up-regulates FBX0O32

protein levels in multiple cancer cell lines. C, Box-plots showing the expression

levels of EZH2 mRNA (left panel) and FBX032 mRNA (right panel) in 24 pairs of

patient-derived primary colon tumor samples and matched normal controls. D,ChlIP-

PCR detection of EZH2 and H3K27me3 at FBX0O32 locus in HCT116 cells. E ChIP-

PCR showing EZH2 and H3K27me3 enrichment of FBX032 in U20S, MCF7 and

MCF10A cells. F Expression levels of EZH2 and FBX032 in MCF7 and MCF10A

cells.

Figure 3 Induction of FBXO32 following EZH2 depletion is functionally
required for p21 degradation and increased apoptosis during DNA damage.

A, Western blot showing FBX032 induction following EZH2 depletion is required for



7 Detailed D sclosure [00019]. Polyconb protein histone nethyltranserase
EZH2 is frequently overexpressed in human nalignancy and i s energi ng as

i mpor t antWPROt2MBR2genesi s. However, it is |argely unkn8&h/SHREtINEISEZH2 has
arole in cancer-cell life and death decision in response to genotoxic
stress. Here we show that EZH2-nedi ated gene repression plays a role in
nodul ati ng DNA damage response. EZH2 depletion results in abrogation of
cell cycle checkpoints, directing NA danage response towards predon nant
apoptosis in both p53- prof|C|ent and p53-deficient cancer cells.
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damage and suggest that i nhi bition of oncogenic EZH2 ght serve as a
pot_entH@mﬁ 51 B WAGS ANAFie SRovNg SO dnseruranoh ADR fickeRd _
mal | NG %{Mg EZ19 AEBRAD .ﬁ%t@t@%ué eEahRStdR tﬁotnatdwﬁ?qhel nduci ng
apopto ce conpr|s ng the steps of: increasing expression of an

FBXOSZepwrgfpept pti & Ba{aB2 Her pBY Mawmmg)llemmgaﬁzl-&t d@bleaopzm M&Fypet i de.
Th t i i tabl o] itizj J t
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gg;gszcﬁqempmveaacmlmgwggéemm oc ETO It@altrhemt Gt FAtG:_S ian?I$Ei@ $t[bv0ilpg 1. The
ene se nce an C nctil ona | | Ves,
hono) ETlsandied/al ceretmmAgieaymcairizd HediiB rale exbresenodBXI3e  “out i n
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|nh|b|t|on of 2, a histone nethyltransferase, decreases p2l protein
|nductﬁ'B%D%lOCI&mnﬁlsMe@th-Bmfteﬁ%e®b| Si116zand HETAA6ISHRAA P2hour s t o

chenot herapy. There is provided nethod of inducing apoptosis of a cell
conprising the steps of: applying an EZH2 inhibitor to the cell to increase
expression of FBX032 and decrease expression of. p21l. Preferably the nethod

further, provi t.he. step, Qf addi danaqi ent tp the cell. In
one eﬁsﬁr%ngﬁt%amgb%ﬁﬁﬁlﬁi@%ggF%‘@PENA RERBY eﬁgﬁgaﬂ%ckéﬁ’ MR TN 00021] .
An i nghedakiting BRAOIZmayeresponsei s preferably defined as a 2 to 5 fold

i ncrease in the anmount of FBX032 pol ypeptide neasured in a cancer cell

o1 o A AR sSAIRE, Sinbhi, BBk b RERZ P s Slgfeencu oo
to 5 fobedkpdintseRtioativn i MCT 016 of U203 veltse 85 eombinatioh of DANe@Witly AEDR fold
A ter GEE) ABAISRTEADR St QLB R TGO RO S 2 b Bh G BtV doeasur ed
in a GaMeET1fehhdBIosedisest FRATS analysis showmg the combination of DZNep
with ADR or ETO abrogates.checkpoints in p53-deficient HCT116 or Saos-2 cells. D,
combination of DZNep with ADR or ETO abolishes DNA damage induced p21
-accumulation and Chk1 phosphorylation in p53-deficient HCT116 and Saos-2 cells.
E, FACS analysis showing FBXO32 is required for combination treatment-induced
apoptosis in HCT116 cells. F, FBX0O32 is functionally required for abrogation of p21
accumulation and Chk1 phosphorylation following DZNep and ETO combination '

treatment.



[ 00022]. A decrease in p21 expression is preferably defined as a 3 to 5
fold decrease in the anmount of p21 pol ypeptide neasured in a cancer cel
after trSWOBOSKP2N conpared to the anobunt of p2l pol yBEPSGAELI18E3S8red i n
a cancer cell before treatment. [00023]. A further aspect of the invention
conprises a conpound conprising a conposition capable of increasing
expressi on of FBX032 pol ypepti de and decreasi ng expressi on of p2l
pol ypeptide and a DNA damagi ng agent. The conposition capable of increasing
expression of FBX032 pol ypeptide may be an EZH2 inhibitor. \Werein the EZH2
||nh| bld Eil@@%i%sgﬁegag! ng agent is as defined throughout the description.
n odi ment the conposition capable of increasing
expressi on of FBX032 pol ypepti de may be an expressi on vector capabl e of
ect opi[60@49q]r eBslycombf PBKIB2 histoppepmiethryltodnseFaye DEIHI2 2 is [ domrigntly A

further a ect of. th t
T BB e AT o T PR Pl B sl
det er mdvé@rait fg Iéﬁ@el@ﬂﬁlﬁr&ﬁﬁn whefhepfHZAH2 hhs BBYIR3A oancer eelbljfe(andvdeatln S not

di agnosed with cancer: b) determ ni n a secopd e r | e of FBX032
in a %]S&R Iwmppgseem%@ﬁag@ef'%tmsc @rwe éhawc@ggtsgzg'& ﬁg a??degﬁ'i‘?st and
Seconql ﬁSP@pspé 9bld ﬁhwﬁs&ﬂgﬁm Al 85magE ArdpEidd. eEZHONdBpIRtibh e i S

| ess t an t e st expression protile the subj ecP who is 9 diagnosed with

cancerresiults irb@bedgatiohr afircelt @aclﬁemeqimpmt?e h@lr%@llmgoDNd« deswrgeneaspresei n.
towards predominant apoptosis in both p53-proficient and p53-deficient cancer cells.
Mechanistically, EZH2 regulates DNA damage response, at least in part, through
transcriptional repression of FBX032, which directs p21 for proteasome -mediated
degradation. Furthermore, pharmacological depletion of EZH2 by EZH2 knockdown
demonstrates effects on cancer cell cycle checkpoints/apoptosis in a FBXO32-
dependent manner. These data unravel a crucial role of EZH2 in determining the
cancer cell outcome following DNA damage and suggest that inhibition of oncogenic
EZH2 might serve as a potent strategy for improving conventional chemotherapy in
a given malignancy.

[00020]. The present technology relates tb a method of inducing apoptosis of a cell
comprising the steps of: increasing expression of an FBX032 polypeptide and
thereby decreasing expression of a p21 polypetide. The method is suitable for
treating cancer by sensitizing human tumours to DNA damaging therapies through
activating FBX032 expression. The FBX032 gene sequence described herein
including that set out in SEQ ID No. 1. The FBX0O32 gene sequence and SEQ ID
No. 1 includes functional derivatives, homologues and variants that express a
- functional protein 32 as set out in SEQ ID No 2. We have found that transactivation
of FBX032 through the inhibition of EZH2, a histone methyltransferase, decreases
p21 protein induction which results in the sensitization of human tumours to
chemotherapy. Theré is provided method of inducing apoptosis of a cell comprising
the steps of: applying an EZH2 inhibitor to the cell to increase expression of
FBX032 and decrease expression of‘p21. Preferably the method further provides



[ 00025]. A further aspect of the invention conprises a kit to determ ne an
expression profile of FBX032 in vitro conprising a reagent capabl e of

bi ndi ng s¥P&81%07833¢ an FBX032 pol ynucl eoti de of SEQ | D RET/SG29i1/08¢35%BX032
pol ypeptide of SEQ ID NO. 2. The kit may further conprising a detection
reagent capabl e of binding selectively a p21 polynucleotide of SEQ ID NO 5
or a p2l1l polypeptide of SEQID NO 6. [00026]. EZH2 is one of 3 core
proteins of a polyconb repressive npl ex. EZH2 has a suppressor of

vari egati on enhancer of zeste-trithorax (SET) domain. The EZH2 gene .
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of ectopic expression of FBXO32 polypeptide of SEQ ID NO. 2.
[00024]. A further aspect of the invention comprises a method of predicting the
effectiveness of compound of the invention Comprising the steps of:
a) determining a first expression profile of FBXO32 in a subject who is not
diagnosed with cancer;
b) determining a second expression profile of FBXO32 in a subject who is -
diagnosed with cancer; and
c) comparing the first and second expression profile whereby when the second

expression profile is less than the first expression profile the subject who is



[00032]. Mcro RNA [00033]. In sone enbodi nents, the present invention
provides M croRNAs that inhibit the expression of EZH2. M croRNAs are
regul at orwo 2n5p330t ei n- codi ng, endogenous RNAs t hat haweTsSeeerntobyssgai ned
considerable attention in the scientific community. They are 18-24

nucl eotides in length and are thought to regul ate gene expression through
transl ati onal repression by binding to a target. They are al so proposed to
regul at e gene expressi on by nmRNA cbeavage, and nmRNA decay initiated by

m RNA- gui ded rapi d deadenyl ati on. 1 RNAs are abundant, highly conserved
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el emenpN®h. the m RNA. [ 00036]. In sonme enbodi nents the nucleic acid

encodi ng the disclosed inhibitory nucleic acids, for exanple a m
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sar COR@th cancer and comparing the first and second expression profile whereby when the
second expression profile is less than the first expression profile the subject who is
diagnosed with cancer will benefit from treatment with the compound of the
invention. | ’
[00029]. EZH2 inhibitors




12 virus; adenovirus; adeno-associated virus; SV40-type viruses; polyona
viruses; Epstein-Barr viruses; papillonma viruses; herpes viruses; vaccinia
vi ruses; wolamr/osisases; and RNA viruses such as any r et PQYISGa6L1/00¥Bs88 Of
skill in the art can readily enploy other vectors known in the art.
[00037]. Small Mol ecul e Therapies [00038]. In other enbodinents, the
present invention provides small nolecule inhibitors of EZH2 expression or
activity. Isoliquiritigeninis an hﬂhibitor of EZH2 expression.
Accordingly, in some embodi nents, e present ‘i nvention provides nethods of
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[00032]. Micro RNA
[00033]. In some embodiments, the present invention provides MicroRNAs that
inhibit the expression of EZH2. MicroRNAs are regulatory, non-protein-coding,
endogenous RNAs that have recently gained considerable attention in the scientific
community. They are 18-24 nucleotides in length and are thought to regulate gene
expression through translational repr_ession' by binding to a target. They are also
proposed to regulate gene expression by mRNA cleavage, and mRNA decay
initiated by miRNA-guided rapid deadenylation. miRNAs are abundant, highly 4
conserved molecules and predicted to regulate a large number of transcripts. To
date the international miRNA Registry datébase has more than 600 human identified
microRNAs and their total number in humans has been predicted to be as high as
1,000. Many of these microRNAs exhibit tissue-specific expression and many are
defined to play a crucial role in variety of cellular processes such as cell cycle
control, apoptosis, and haematopoiesis. '
[00034]. EZH2. expression is inhibited by miR-101 (SEQ ID NO. 8:
UGCCCUGGCUCAGUUAUCACAGUGCUGAUGCUGUCUAUUCUAAAGGUACAG



[00041]. An isoliquiritigenin analog includes, for exanple, phloretin,
2',4,4" trihydroxychal cone, or the like, or a conbination conprising one or
nore of twe 20mwesgsseng i soliquiritigenin anal ogs. [00042pCT/¥ERtuamsossr
synthesizing or isolating isoliquiritigenin, its pharmaceutically
acceptable salts or esters, its selectively substituted anal ogs, are known
in the art. See, for exanple, S. K Srivastava et al., Indian J. Chem,
Sect. B (1981), 20B(4): 347-8; Macijgs et al., Phytochem stry (1998), 50(1):
35-46, each of which is herein incorporated by reference. [00043]. In some

e”bOd'@R@U%Uéﬂ?J%AC?éAWGéABG&E‘AP A@otﬂé?éuﬁNAs #h%?vs)a%%u tdbd i genin

conprises greater an or equal er cent wei ght, nore
pr ef ereﬁdcjnvgm@&mnbtedzher@n irdjudihg thntzslebuut ib $fe@dBri¥o.¢f anch#0t ot al wei ght,

still referabl reater than or e t 0 about, 2 I C nt of the total
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percent of the tota nore prefera E;reater than or equal to

about eObedimests, %RNA%'”%@MT‘G%PW'OGfOftE’?é*%BFﬁi%@r nether [00044]. In some
enbodlémlp&ﬁ ern&enq, mh%ncl?if‘?%%ﬁ\ﬁﬂ cancer, osteosarcona or breast

cancer. Tn other nen S e cancer is bladder prostate, or other
sol i d [00635]s. Thel@rese(mhmvestmrh is matllievtedeto FAiR2 10 hiddylitionas naRNAsdeam be | ed, for
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R5 miRNA and DNA encoding a pri-miRNA, pre-miRNA, mature miRNA, fragments or

variants thereof, or DNA encoding regulatory elements of the miRNA.

[00036]. In some embodiments the nucleic acid encoding the disclosed inhibitory

nucleic acids, for example a miRNA molecule, is on a vector. These vectors include

a sequence encoding a mature microRNA and in vivo expression elements. In a

preferred embodiment, these vectors include a sequence encoding a pre-miRNA

and in vivo expression elements such that the pre-miRNA is expresséd and

processed in vivo into a mature miRNA. In other embodiments, these vectors include

a sequence encoding the pri-miRNA gene and in vivo expression elements. In this

embodiment, the primary transcript is first processed to produce the stem-loop

precursor miRNA molecule. The stem-loop precursor is then processed to produce

the mature microRNA. Vectors include, but are not limited to, plasmids, cosmids,

phagemids, viruses, other vehicles derived from viral or bacterial sources that have

been manipulated by the insertion or incorporation of the nucleic acid sequences for

producing the microRNA, and free nucleic acid fragments which can be attached to

these nucleic acid sequences. Viral and retroViraI vectors are a preferred type of

vector and include, but are not limited to, nucleic acid sequences from the following

viruses: retrovirljses, such as: Moloney murine leukemia virus; Murine stem cell

virus, Harvey murine sarcoma virus; murine mammary tumor virus; Rous sarcoma



Rl N R2-X4.1 R3 R4 [00047]. wherein: X and Y are independently Cor 0; Ais
Cor N is a single bond or a double bond; [00048]. Rl and R2 are

i ndependew0l2g122isb33er absent or selected fromthe group ®OmSIG0I10WG035$

hydr ogen, hal ogen, optionally substituted al kyl, optionally substituted
aryl, optionally substituted al kyl-Z- and optionally substituted aryl -
where Zis N, 0, Sor Si, or RL and R2 together form an optlonally
substituted hydrocarbon brldge or an optionally substltuted

a, w di oxahydr ocarbon bridge between X and Y; -

virus; adenovirus; adeno-associated virus; SV40-type viruses; polyoma viruses;
Epstein-Barr viruses; papilloma viruses; herpes viruses; vaccinia viruses; polio
viruses; and RNA viruses such as any retrovirus. One of skill in the art can readily

employ other vectors known in the ért.

[00037]. Small Molecule Therapies

[00038]. In other embodiments, the present invention provides small molecule
inhibitors of EZH2 expression or activity. Isoliquiritigenin is an inhibitor of EZH2
expression. Accordingly, in some embodiments, the present invention provides
m'ethbds of treating cancer using isoliquiritigenin or related compounds.

[00039]. Isoliquiritigenin, one of the components in the root of Glycyrrhiza glabra L.,
is a member of the flavonoids. Other flavonoids are known to have an anti-tumor
actiVity in vitro and in vivo. Isoliquiritigenin has also been shown to be a soluble
guanylate cyclase activator and to possess estrogen-like activity. Isoliquiritigenin has
been shown to activate estrogen receptor-alpha and -beta and trigger biochemical
reactions in cancer cells. The COX-2 inhibitory activity of isoliquiritigenin has also
been demonstrated. As used herein, isoliquiritigenin refers to CAS Reg. No. 961-29-
5; also known as 2',J,d'-trihydroxychalcone, a pharmaceutically acceptable salt or
ester of isoliquiritigenin, a selectively-substituted analog of isoliquiritigenin, an extract
of Glycyrrhiza uralersis 5 or Glycyrrhiza glabra, or a combination comprising one or
more of the foregoing compounds. An ester of isoliquiritigenin is preferably a
glycoside of isoliquiritigenin. _

[00040]. There is no particular limit on the monosacharide or polysaccharide used
to form the glycoside of isoliquiritigenin. Suitable monosaccharide sugars include, for
example, glucose, glucuronic acid, mannose, fructose, galactose, xylose, rutinose,
rhamnose, and the like, and combinations comprising one or more of the foregoing
monosaccharides. Suitable polysaccharides include, for example, dimers, trimers,

oligomers, and polymers formed from one or more of the above monosaccharides.



[00049]. R3 and R4 are independently selected fromthe group consisting of
hydr ogen, hal ogen, optionally substituted alkyl, optionally substituted
aryl, optwonaldososabstituted al kyl -Z' -and optional |y sulpstiscatasoessy! - Z' -,
where Z° is N, 0, Sor Si, or R3 and R4 together forman optionally
substituted hydrocarbon bridge or an optionally substituted

a, w- di oxahydr ocarbon bridge between the two carbon atons to which they are
attached; [00050]. R5 and R6 are iqgependently sel ected fromthe group
consi sting of hydrogen, optionally Substituted al kyl and optionally

bsti |, .or R5 d t th ith t it ; . to which
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acceptable salt, of any of these, wherein if either X or 15 Y or both is
0,is dogeidisplgidritigadin aAnegs. R2 i s absent and if Y=0, Rl is absent.
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Hmd 2#403%094 pyridin-1 -yl)cycl opentane-1 ,2-diol, ()-(1R 2S,
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Al Kyl Qv AdHRESHA BRI esletile FBHDRhBitoro afelidentified, fE exapiple lisitg to C8,
C to C6 or d to or exanple nethyl, ethyl _9Rropyl,

to CA. They may be f _ | _
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ou e bonds (1.e." they

or nore or trip may be al kenyl and/or al kynyl).
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ibst i he al kyl Al | . R-B- R i
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(e.g. F, d, Br or 1). In the event that Bis Nor Si, the other (i.e.
therapeutic agents described herein.

[00046]. Preferably DZNep has the structure of formula I



16 hitherto undefined) position(s) on B may (each independently) have an

al kyl or aryl group as described herein. The al kyl groups nmay be aryl al kyl
groups. TWweywormsoize aryl cycl oal kyl groups. They nmay represscroalokesyal kyl

or aryl oxyal kyl or al kyl am noal kyl (e.g. nono- or dial kyl am noal kyl) groups
or arylam noal kyl groups or al kanet hi oal kyl groups or arylthioal kyl groups
or alkylsilylalkyl (e.g. trialkylsilylalkyl) groups or arylsilylalkyl
groups (e.g. trialkyl-, aryldialkyll4 or diarylal kyl- silylalkyl groups).
They may represent oligoether groups (e.g. H CH2CH20) nCH2CH2-) or

ol i goam nogroups (e.g. H(CH2CH2NH) nCH2CH2-) where n=1 to about 6. The total
nunmber of atoms (other than. hydrogen bufNirrcl uding heteroatons) in the main
chain of the al kyl group nay be 3 to,@O or 3to 12 or 3 to 8. [00053].

Aryl groups described may be nnnocx matic groups or. they may be

bi cyclic, tricyclic or ollgocycllc y (except for nonocyclic

i nstances) be fused ring aromggi ups They nmay be carbocyclic or they
may be heterocyclic. They may for npl e be phenyl, naphthyl, anthracyl,
pyridyl, fury!, pyrrolyl, thiofumrpl r4 mdazglyl, indolyl, quinolinyl,

napht hyridyl - etc. They may optionally be substituted with one or nore
substituents. Each substituent on the aryl groups may, independently, be
R-B-, where R and B are as descri bed above (under "al kyl groups"). They may

be foqognaanWhaKyharyl groups or di-, tri-, tetra- or pentaal kyl aryl
groups, or nay be al koxyaryl groups or al koxyal koxyaryl groups. They may be

hal oar 0 4 nd R2 may be hydrogen, hal ogen, optionally
substr*ﬁw £VVFL %ﬂé% |¥§$19 substltuted aryI optionally substituted

al kyl -Z- or optionally substituted aryl - mhere Zis N O, Sor Si. In
the evdigCtaid; Z is N or Si, the other (i.e. hit herto undefi ned)
position(s) on Z may (each independently) have hydrogen, an al kyl group or

an ar yt--grigusingle dnardriedodionendRl and R2 may together forman optionally
substituted hydrocarbon brldge or an optionally sybstituted

a, W di gar bop,bri bet X.and Y. The substituents may be al kyl,
aryl, [&6@%2 & Bn %aﬁ 49\%@6] QIR APSPAL of RieRted thHEPc&fé“Pray haze
fOf”U|cﬁ)ns(s@h§)dT Jd%@rﬁ thd)@erﬁrbﬂt@hgmﬁrsubéhtméﬂ Qlﬂylb%%ﬁéllyls%%tlﬁedor 2 and
6, 3 and 6, 4 and 6 or I n sonme

i nst arffds opHeNal; shstituied r@élwérzs @ngmt@@ﬁﬂx sabstdet@sir anylaa awwe ZThél,
substigu t I e N9 of
Che 1100 Syt ook s ohar o By (oo lonliy e EbieR RhalarbiFEhads, o

i s hydirageonptionatly substituted endedioxadhydsodaobdn Bidge HefRear e ahthh hydr ogen. I n
some enbodi nents R2 is an al kyl group having an oxygen substituent (e.g.
hydr o | kQxy. ﬁq§H§ n Y, d , be
hydr 042?1?4{]& ggeanrg{ el?tr )é'ré%)%?%é 2086'8& g grro ﬁf tﬂ%r%ro'u og%?rﬁégna ﬁ ‘
substi f@ﬁralhlaiﬂgenopptmaﬂwlgubsmﬂmd aihyle@puonyally mmshtmed lapyl sotiriatlyt ed

oL i e AP A By SIS 1T

posi t iamd( R} tageter foey éreaphomaib}&ﬂma;dtﬂ‘néd! m/dl‘imaﬁbdwdf@wm a@rbpﬂldﬁ)ally group or

an aryl esc ve. and R4 ether forman optionally
subst .SHB?@H%% %‘bxg @J@@ B'?'d% bspyeshie %%@%&qrt gtqrps to which

a, W digjges dpgﬂggﬂgahbaon bri dge between the two carbon atons to which they are

attache Broadly the choice of options for R3 and R4 is the same as for RL

and ) enbadi, ment R4_are both al kox Xy or

toge?ﬁgﬁﬁ)ﬁjr n$a rﬁjoﬁ dIaEﬁ(a{ﬂ%ﬁ"d}fffpﬂ)ﬂnsei?&ﬁﬂefro@ulﬂ?%lﬂr@”fbr‘f' gyé’ ude

typi calydfiygeing Sbtibgalyr Qusitited a\mwahal optioplal shBétltﬁmM mRmélnanRe acetal ,

eththylldene acetal or isopropylidene acet Y (acetonid 0C(Me2)0-).

[ 0005699¢ether xitd the mifjogea Aim dgewhichptheynare th@GbG@lfDUt\e@h Hnptignaty =

optlo b | iffogen atom
Wm% ghémHg‘/” %rdgglgl%)ts a Eé%)upf or %ﬁ}g‘ aﬁﬁ ?ﬁgﬁé’ftd%%’ggf’}%@% Qgﬁgyc thI Kyl

gr oup.opﬁhmaalm mghalfmadmjtlaaldwycctepnébdylsagr oﬂanym;/theevmbmim ifSeitherabopt ring

menbers, or 4 to 8, 5 to 8 or 5to 7 nmenbers. In many enbodi nents R5 and R6

are both hydrogen whereby N6 represents a prinmary am no group. In other

enbodi nents N6 represents a secondary or tertiary am no group. Broadly the

choice of options for R5 and R6 is the sane as for RL and R2 above with the

exception that they may not be hal ogens or forma a, w di oxahydrocar bon

bri dge.



18 ie: abnormal proliferation of cells invasion, intrusion on and
destruction of adjacent tissues, and sonetines netastasis where the cancer
cel | s haweoprxaasseo ot her | ocations in the body via | yrph/ssypeti®emiss bl ood.
Most cancers forma tunor but some, like | eukemi a, do not. For the purpose
of the invention cancer refers to cells where EZH2 has been upregul ated and
or FBX032 has been downregul ated. For exanple in cancer cells present in
bone, lung, breast, gastric, coloregtal, liver, prostate, cervical, brain,
oral, esophagus, head and neck, Iyrrphorra | eukem a, ovary, bl adder,

ancr eat SarcC 0 1]ed in
Phe ar T ot Eton 8 %ﬁ%?é‘%%ﬂ%é%%f“%? R TG o |

[ nventalmenal so provides a vector conprising a polynucl eotide of the

i nvention, for exanple an expression vector conprising a polynucl eotide of
the i Na_ fa, directing
expres Pgﬁﬂo 8 alg Fg’éﬂhglﬁﬁﬁé eb(lg ﬁggh Oci’!%gﬁff’%%@ gﬁ@glaa%k} ﬁgéo‘n | asm ds,
cosm dsnepr mqresopmdmaﬂysaﬂstoérﬂndxrfaﬂmmmgm coimpoants rﬁ@ﬁ)ﬁ@(ﬂxcltﬁeﬁdofmm #epr essi on

Che artoObET Bt BB P on 0T CLEY k0 SR RRIE DY T SRFORNOHTe by

i nt r oquei 2Ry 5R)15- @3@@&@-%%&3@ p@mwﬁbg@ﬁew &ycI LAt Aldief a
functional vari ant thereo et er g_ryom)ter into a tunmor cell.

A
f unct i FEPCRiRlideant § §%|ﬁe53)r% ?EF"%HJPE' Qlﬂ"’d f)e%éf@'qr%e@bybﬁ)é@@ﬁ)@m-l’of p21
pol ypegHd-ge. &Bl&sﬁﬁrb%%‘ﬁh y,[ 33562'# 3RYWL (68 rﬁ%@ﬁﬂlﬂ@gﬁ&%@%‘i’é Ty

replicate auto 'So’replicate b
genonel,gfdielhd1RES, 3BbB+(4 aminne’tHl‘rﬁdsiav&eﬂm 5-klpyvidin- fryt)byclapentand-0 (0 6ip) .

genc. a3 b Bt Rk Le SEichenteBdl efiRiiids fo5E- ker, @
t ransfledspsmdylide‘nb 3- Heampﬁunocifhe W, es grS2RER)B-B-aRirf-SHpuUrRsy-gn@at h of
ypi cal sel ection genes

only tho e host ress the inserts. T
encodanBTSlcuPRRef sy T SH et DEaZ AR ENe s ISGOMYIT ox' <
subst angeszazfisteroMyBInC! | IhyBrocARRIEC! N (1S, 2R, 5R)-5-(6-amino-9H-purin-9-yl)-3-

~ (methoxymethyl)cyclopent-3-ene-1,2-diol hydrochioride, (1S,2R,5R)-5-(6-amino-9H-

purin-9-yl)-3-(fluoromethyl)cyclopent-3-ene-1,2-diol) hydrochloride or (1R,2S,3R)-3-

V.

(6-amino-9H-purin-9-yl)cyclopentane-1,2-diol, (1R,28,3R)-3-(4-amino-1H-
imidazo[4,5-c]pyridin-1-yl)cyclopentane-1,2-diol, (+)-(1R, 2S, 3R)-3-(6-amino-9H-
purin-9-yl)-1,2-cyclopentanediol hydrochloride, ~ 2',3-O-isopropylidene-3-

deazaneplanocin A and (1S,2R,5R)-5-(6-amino-9H-purin-9-yl)-3-methylcyclopent-3-
ene-1,2-diol hydrochloride may all be excluded from the scope of this aspect.

[00052]. Alkyl groups described herein may be C1 to C12 alkyl groups, or C1 to
C8, C1 to C6 or C1 to C4. They may be for example methyl, ethyl, propyl, isopropyl,
butyl (n, s or t) etc. They may be linear, or they may (except for C1 and C2) be
branched or cyclic alkyl. They may optionally contain one or more double or triple
bonds (i.e. they may be alkenyl and/or alkynyl). They may optionally be substituted -
with one or more substituents. Each substituent on the alkyl groups may,
independently, be R-B- (where R is hydrogen or an alkyl group as described above
or an aryl group.as described beloW, both being optionally substituted and B is O, S,
N or Si) or halogen (e.g. F, Cl, Br 6r'|). In the event that B is N or Si, the other (i.e.



19 nmet hotrexate, etc.; b) conplenent auxotrophic deficiencies, or c) supply
critical nutrients not available fromconplex nedia, e.g., the gene

encodi ng WORRAISKS2r acenase for Bacilli. The choice of PRESHROIIHP0ISS

sel ectable marker will depend on the host cell, and appropriate markers for
different hosts are well known in the art. [00063]. The vectors containing
the nucleic acids of interest can be transcribed in vitro, and the
resulting RNA introduced into the qtst cell by well-known nethods, e.g., by
i njection, or the vectors can be introduced directly into host cells by

nost . TSP rdentfech PobREn) on M af (HVpHERERILS) Ravd &8 Ao antr e, ™
r ubi di gmsuprdsodesimbedaie:rerumprcastlmzgr@,rpsDE:éﬁ e atylskyl groumd. eteysmbgthances;

nm cr opr oj ec e bonbard of ecti on; ection (where the vector is an
e e T o R - Sl TR N L S - A S
intr odérkyrbﬁmcs&rkw Ee gp%dﬁu@r%ﬁﬁlkﬂ%md&m@l) d@ggubes)r a?;ﬂbﬂnrrméll@mprd[ﬁish&d known

inthe art, including, inter alia, those crib bove referred

to herakanetbioaliyhgsrunsner pofthioalkyb gaeisor atkylisiriatieol (magetrisiotsivialn®duced
nucl e n of such
col 1 5. SieBEb 6% FRR AR SRhRY. B, FaRYo Ao G EvRlsLoshiaRy, o' oy
agent sgrobps). Chimey auae represget bigoetherigrodms de.g. RM(EHICHHIO), CNACH e ng
agents are anticanc C t era n Kk r_exanpl e;
A ) BRSO E B sb TGt P NS Sz oTE) L1 3% 1AhoubeataLtal
car boph@hbés org@teﬁrst(@mé?erhamyardgemjut mﬁ@hgmkeroatdmmh i thairh @Aahecan, or
i ri notecan; Zrosr ne kinase inhibitors (e.g., Axitinib, Bosutinib,

Cedi r afithe afied grqumi rpay peidioi 4. or 3deftiZomt 19 8.1 mat i ni b, Lapat i ni b,
Lastaurtinib, N lotinib, semaxani b, sunitinib, vandetani b, vatal anib or any

ot her [@oO053}! Arwgcmmd&scnm makiby ndhpoydiRCarbARIte Jrodys onthanmayes, for
exanpl e TNF ptides, TRAIL (TRAIL Rl TRAIL R2) or Fasl, Exisulind or

ot her ar%@r VG @ aaey Gia sHhe By, (RKPERIHET Menacyslic stansseb des: or
ot her fagdMi eé@%t.@@@rahaswﬁ%twé%& by't y iR RetfS§RRcSki | | ed

in the art. ternativel theg may be anti cancer treat rrents such as
r adi ot Heeyapypy femexample dieqteny| wphthyi gintkriacyle pwid vl dorylt hysrady ettminfaet,apy

agents, ne o] Eoan t] s of the
" mvent Thaeeb o EReRR Y Ay e A ek ", PSR oorly S ROB BB o e
admi niwitrer ene f or mbee tguiﬁtrtrmmts oEacbntsebstitnemthe)rf cthmI efylpglarumceuay,cal
conposi ti ons 00067 Thu e present inventipgn also rela es“
conbodniPRHertigs 88 RePphilheec B aPUap. Bimass Foroect abprs JuAgSs Ay

t her apgelips! Mhe fmgptbé/%:aepambreotakﬁam@euw drhait, trnhrétré-SOE%eatd-o
transactlvate FBX032 and or decreases p2l1l protein. Thereby a cell is

sensi talsdaryl eraupsinar cavelf AlfoxRsM IronBs 95 alkopyalkpxryatylcarRpBENtheM MaYbe

t her apgytii6a |§rcejpfsect|ve if it is able to affect cancer growmh either in
vitro or 1n

[00054]. R' and R? may be hydrogen, halogen, optionally substituted alkyl,
optionally substituted aryl, optionally substituted alkyl-Z- or optionally substituted
aryl-Z-, where Z is N, O, S or Si. In the event that Z is N or Si, the other (i.e. hitherto
undefined) position(s) on Z may (each independently) have hydrogen, an alkyl group
or an aryl group as described above. R' and R? may together form an optionally -
substituted hydrocarbon bridge or an optionally sybstituted a,w-dioxahydrocarbon
bridge between X and Y. The substituents may be alkyl, aryl, R-B- or halogen, as
described above. The hydrocarbon bridge may have formula «(CH;),-, where n is an

integer. n may be between 1 and 6, or 2 and 6, 3 and 6, 4 and 6 or 3 and 5, eg. 1,2,



[ 00068]. In one enbodi nent the EZH2 inhibitor in the conpound is a

M croRNA. Preferably the McroRNA is m R 101. [00069]. In another

enbodi merWOR2RR/BEPHE2 i nhibitor in the conpound is | soli qBCEISGReADEBSS

[ 00070]. In another enbodi nent the EZH2 inhibitor in the conpound is
Sadenosyl honocyst ei ne hydrol ase i nhi bitor 3-Deazanepl anocin A (DZNep) as
descri bed above of fornula I: R6, NRS NN'RI N R2-X4.?1 R3 R4 wherein:

17
3, 4, 5 or 6. In some instances the bridge may hvave substituents as described
above. The substituents themselves may form a ring, whereby the substituent on N9
of the ring system is a fused tricyclic ring syétem. In many embodiments, R’ is
hydrogen, and in some embodimehts both R' and R? are both hydrogen. In some
embodiments R? is an alkyl group having an oxygen substituent (e.g. hydrdxyl,

alkoxy or aryloxy).

[00055]. R®and R* may, independently, be hydrogen, halogen (e.g. chioro, bromo,
iodo or fluoro), optionally substituted alkyl, optionally substituted aryl, optionally
substituted alkyl-Z’- or optionally substituted aryl-Z'-, where Z' is N, O, S or Si. In the
event that Z’ is N or Si, the other (i.e. hitherto und‘efined) position(s) on Z' may (each
independently) have hydrogen, an alkyl group or an aryl group vas described above.
R® and R* may together form an optionally substituted hydrocarbon bridge or an
optionally substituted a,w-dioxahydrocarbon bridge between the two carbon atoms
to which they are attached. Broadly the choice of options for R* and R* is the same
as for R' and R? above. In some embodiments, R® and R* are both alkoxy, aryloxy
or together form an a,w-dioxahydrocarbon bridge. Suitable bridges include typical
protecting groups for vicinal diols, for example methylene acetal, eththylidene acétal

or isopropylidene acetal (acetonide: —OC(Me2)O-).

[00056]. R® and R® may be hydrogen, optionally substituted alkyl or optionally
substituted aryl. R® and R® may, together with the nitrogen atom to which they are
attached, form an optionally substituted azacycloalkyl group. The ring of the
azacycloalkyl group may have about 3 to about ring members, or 4to 8, 5to 8 or 5
to 7 members. In many embodiments R® and R® are both hydrogen whereby N6
represents a primary amino group. In other embodiments N6 represents a
secondary or tertiary amino group. Broadly the choice of options for R% and R® is the
same as for R' and R? above with the exception that they may not be halogens or

form a a,w-dioxahydrocarbon bridge.

[00057]. As described herein the term “Cancer” refers to malignant neoplasm, ora

group of cells that display uncontrolled division and growth beyond the normal limits,



X and Y are independently Cor O, Ais Cor Ny 21 - is a single bond or a
doubl e bond; Rl and R2 are either absent or independently selected from

t he groupwoaneisbisag of hydrogen, hal ogen, optionally swebsisiczertisdosas kyl ,
optionally substituted aryl, optionally substituted al kyl-Z- and optionally
substituted aryl-Z-, where Zis N, O, Sor Si, or RlL and R2 together form
an optionally substituted hydrocarbon bridge or an optionally substituted
a, W di oxahydr ocarbon bridge between X and Y; R3 and R4 are independently
sel ected fron1the group consi sting of hydrogen, hal ogen, optionally

2oyt - ool ron BRI colisHpabhhftsBh e, de3haion S §aeebi °5
R3 .andt:é%e’spgaﬂ heométimes anetaptasiznahkese shibshntert edishidve aprdmh tdrotitlge or  an

ti | b da di,oxah droc rbo ri dge between the two carbon
gltoolrrgnlgﬁ SEWS{W?eg &8'%&%@&3 %05 qiigl\z?%t ratFshR fRBh A Wt Rt ed from
the gr&die CikeSletikémth, o mtdn:@g% Rgei%s@rtﬁltha m&?ﬁ.bhtdatn%er ?éflébé' tPEdlis

optional |y substituted ary together with the nitrogen atom

to whuwhewhézHarl@aSabea@h@degL&at@daandopt |F@ﬁ@3%/hgamehtmvemegw¢gd;| kyl
group; 0 ter r e ny t hese,
wher ei %ﬁfn]gﬂ ?her ngélk? ée%beﬂf i [g‘oq.%e |uh$SB§e°J§,|t né?ggng éb?é%}gl liv E‘O R2 is
absentpmat:hte,f céfvizal,Rirairs ariateesophmgds, head and neck, lymphoma, leukemia,

ovary, bladder, pancreatic, skin, sarcoma or any other cancers known to those

skilled in the art.

[00058]. Ectopic expression of FBX032

[00059]. The present invention also provides a vector comprising a polynucleotide
of the invention, for example an expression vector comprising a polynucleotide of the
invention, operably linked to regulatory sequences capable of directing expression of
said polynucleotide in a host cell. Vectors include plasmids, cosmids or any similar

system known in the art.

[00060]. Ectopic expression of FBXO32 may be achieved by constructing an
expression vector as known in the aﬁ. Ectopic expression of the FBX032
polynucleotide can be done by introducing a transgenic FBX032 polynucleotide of
SEQ ID NO. 1 of a functional variant thereof together with a promoter into a tumor
cell. A functional variant is one that is able to decrease the expression of p21
polypeptide of SEQ ID NO. 5

[00061]. While such expression vectors may replicate autonomously, théy may also
replicate by being inserted into the génome of the host cell, by methods well known
in the art.

[00062].- Expression and cloning vectors will likely contain a selectable marker, a -
gene encoding a protein necessary for survival or growth of a host cell transformed
with the vector. The presence of this gene ensures growth of only those host cells
that express the inserts. Typical selection genes encode proteins that a) confer

resistance to antibiotics or other toxic substances, e.g. ampicillin, neomycin,



wherein said conpound is not 3-deazaneplanocin A or aristeronycin or 3-
deazaari steronmyci n hydrochl oride or (1S, 2R, 5R)-5-(6-am no-9H purin-9-yl)-3-
(et hoxy meohgi2)osysskopent - 3- ene- 1, 2-di ol hydrochl ori de oPCT/SG2011/000358

(1S, 2R, 5R) - 5- ( 6- ami no- _
9H purin-9-y1)-3-(fluoromethyl)cycl opent - 3-ene-1, 2-di ol ) hydrochl ori deor
(1R 2§, 3R) - 3-(6-am no-9H purin-9-yl ) cycl opent ane- 1, 2-di ol or (1R, 2S, 3R) - 3- (4-
anm no-1 Himdazo[4,5-c] pyr|d| n- 1- ygcyclopentane 1,2-diol or ()-(1R 2S
3R) 3-(6- am no-9H purin-9-y1)-1, 2- cycl opent anedi ol hydrochl ori de or

| Lden e
(15, 2RTETARNRRY o067, sonfirafo Byt Aefbionpisss o7 ). supply oriog] o
hydr ochiitoentsenot 22afldle Aidm ¢tomplez mleﬂmjletgntth‘ehgemmm Dyalagiet in the
conmpound, s a.ch eut. c ent . Pref rapeuti c agent
i s sel ESPHIPSPg F‘rﬁf"ﬁ’@ %%%BH%'%? 4 RPPST S8 @PF% Q‘P dazol e,
ci spl ahogt.ceft] aid apihopaatelaptiats for diRsFERL dYtS Bre RaR khb@ﬁ% thedgget axel
vi norel bi ne, topotecan, irinotecan, Axitinib, Bosutinib, Cediranib,

Dasat i [0063f" IThki viickors %fnténhlﬁg e ildid hbids le?ﬁﬁﬂlte'réﬁt tban'—@é?r%Héér?HHJ)m _

Ni | otinib, semaxanib, sunitinib, vandetanib, vatal anib ypeptid
TRAI L Yitrrapnd ghe resuliing BNA dntroduged inta the hoat eell apcypelb&ncsmn nmtbodg

The" SRR L 0 R L RRRTR ) DR Y fﬁ%ﬂm
damagi well &kgewn inrthe leet, odhiplowady depéndipg sindibe type of cellular host, including
électroporation; transfection employing calcium chloride, rubidium chloride, calcium
phosphate, DEAE-dextran, or other substances; microprojectiie bombardment;
lipofection; infection (where the vector is an infectious agent, such as a retroviral
genome); and other methods. The introduction of the polynucleotides into the host
cell by any method known in the art, including, inter alia, those described above, will
~ be referred to herein as "transformation.” The cells into which have been introduced
" nucleic acids described below are meant to also include the progeny of such cells.
[00064]. DNA damaging agents
[00065]. DNA damaging agents are any agents that can cause damage to nucleic
acids. Preferably DNA damaging agents are anticancer agents such as
chemotherapy agents like, for example; Adriamycin (ADR), Etoposide (ETO,
Nocodazole, cisplatin, platinum, carboplatin, gemcitabine, paclitaxel, docetaxel,
vinorelbine, topotecan, or irinotecan; tyrosine kinase inhibitors (e.g., Axitinib,
Bosutinib, Cediranib, Dasatinib, Erlotinib, Gefitinib, Imatinib, Lapatinib, Lastaurtinib,
Nilotinib, semaxanib, sunitinib, vandetanib, vatalanib or any other suitable tyrosine
kinase inhibitor); apoptosis inducing enzymes, for example TNF polypeptides, TRAIL
(TRAIL R1, TRAIL R2) or FasL, Exisulind or other apoptosis inducing enzymes;
micro-RNA that initiates apoptosis; or other chemotherapy agents such as those
commonly known to a person skilled in the art. Alternatively they may be anticancer
treatments such as radiotherapy, chest radiotherapy, surgical resection, the

chemotherapy agents mentioned above or any combination of these.



[00074]. In a preferred enbodi nent the DNA damagi ng agent in the conpound

i s Nocodazol e, [00075]. Pharnmaceutical forms of the invention suitable for

i nj ect ablwouse/ispistude steril e aqueous sol utions (wher e PaRISEROY®DABSE €) oOr

di spersions and sterile powders for the extenporaneous preparation of
sterile injectable solutions and or one or nore carrier. Alternatively,

i njectable solutions may be delivered encapsulated in |iposones to assi st
their transport across cell nenbrangs. Alternatively or in addition such
preparations may contain constituents of self-assenbling pore structures to
facilitat eCBﬁQQEa‘iﬁ%s%ﬁrtﬁ?In‘mﬁi?Sf' lular nmenbrane. It nust be stable under
the condit storage and nust be preserved agai nst the
cont am nati ng/ destructive action of mcroorgani sms such as, for exanple,
bact er[()aoeﬁid émmgbsiti{)rﬁmpm@pced laecomling ter thednvérdion can b@adrrt'unisw'r@cpﬁrrsi on
medi u inin {e ol (for exanple,

gl yceIII.;I EIBES}I %&é“&?&'@éﬁ%‘ﬁ&" PIIIBhuEIrHIap:(?IJ)I%EI Iﬁ?ITH:II)?'tIéI col, and the |ike),
suitable m xtures thereof, and vegetable oils. The proper fluidity can be
mai nt 6['00067] f Thu X aingp| presbnt tihgentiom cfis@ etates ntp seothpasitiorfsorincladingxanpl e,

l ecithin, by the maintenance of the required i cl ize in he case of
i Spe ALY CRPRNST comPraasaA: Bermeabieniy aeetis 26w

M Cr OQUBAUUHEP thdt InhfiGOERPR kb ORSnRotivite FEXOEI @hdi Br afdtreaesd lpmaddl ng
antibacterial_and/or antifungal agents, for exanple par abens,
chl or aiateimolTheptsnal cellgsrsensitized do & BNAedamaginghageneAsiused hereimay cases,

I fl
o SR BB e DRI R M SpoR GBI SR

br oughtitraboirt viby. t he use in the conpositions of agents del ayi ng absorption,
for exanple, al um' num nonost earate and gel ati n. [00077]. Sterile injectable

amount(OPRoTh e BfresitbebDBLRZ R PibibDd 31 SHReRERE iR MR cars "

enurrer%eé}aa]lgqnema@mw merL10flol | owed by f| I tered sterilization.
General |l y, di spersions are prepared by i ncor porating the various sterilized

active i edj ent to a r|I eh| h.contains the bas

di speﬁgbggé oéﬁar t?f@ h%t I‘F??'% ng I?&PEnIrb t?‘?orﬁot’%% ndiner at ed
above. |sb|rmﬁ,4n@|e¢@§e of steri I e powders for the preparation of sterile

i njectable solutions, the pref erred net hods of preparation are vacuum

drying and freeze- drylng |eId er .o the ctive ingredient plus
any agQPPIQBIhaI” Fethery emtt%a @tntth? %%’%d &r P‘P'@p‘PI‘II‘? eIse?dsnsol ution
t her eoideno&ﬁggr?\%kystm\%” I’i)IE'J‘?ol%é' Whitifeg" @D@Qﬁeﬁwedlahd%ﬁ’( t ACYbaNepykk

nol ecul es contenplated within the scope of the i'nvention, are suitably

pr ot ecieedrlbeeybmop@rmum 'y administered, for exanple, with an inert
diluent or with an edible carrier, or it my be enclosed in hard or soft
shell gelatin capsule, or it may be co q§sed into tablets, or it may be
incorporated directly with the food of fNe °di et. For oral therapeutic

adm ni stration, the active conpound i ncorporated with excipients and
used in the form of ingestible tabl efs,| butcal tablets, troches, capsules,
elixirs, suspensions, syrups, waf efs N-ang”t he |i ke. Such conposi ti ons and
preparations should contain atRzJ.)eac¥ 1% by wei ght of active conpound. The
percentage of the conpositions an reparations may, of course, be varied

and may conveniently be between @&®ow* 5 to about 80% of the weight of the
unit. The anobunt of active |

wherein:
X and Y are independently C or O,

AisCorN;



24 nol ecul es in such therapeutically useful conmpositions is such that a

sui tabl e dosage wil|l be obtained. Preferred conpositions or preparations
accor di ngvoaotdnsopeesent i nvention are prepared so that paTdoegmoessst form
contai ns between about 0.1 pg and 20 g of active conmpound. [00079]. The
tabl ets, troches, pills, capsules and the |like may al so contain binding
agents, such as, for exanple, gum acacia, corn starch or gelatin. They may
al so contain an excipient, such as,,for exanple, dicalciumphosphate. They
may al so contain a disintegrating agent such as, for exanple, corn starch

pot atOﬁai%%in@%o@idcoraacéj&ﬁ@ﬂoﬁge | i ke. They may al so contain a |ubricant

such as, for ex , magnesi um st'earate. They may al so contain a
sweet enj ng agent such a sucrose, |actose or saccharin. They may al so
cont aifd’ and Ravasersithgr ageent erupdepandendly seleaipd EronpBsparavPreonsistinggsf

W nt er Wt j ; i rmis a
capsul erogen Ml &y pionalulshined RGP SroMRNs it ild 200, Btona1l' ™,

| i qui csubatituitext alkyBD081d optiaallyssibstituéed ami-2, wiharerfis BeOpSesredi; oafk'coat i ngs
or to othgew se, nodify the.physical fqrm.of the dosage unit. For instance,
Cabl et B¢ fhdeingf Factya PRUBAY St Bl aracirart BRdEe S atePBinale n A
Syrup substiuted &,u@loxaRMdrdcarboRerRigel BeAweenPOAlY; sucrose as a sweet eni ng
agent, nmet hyl and propyl paraben as preservatives, a dye and flavouring such

as, fqes ex ke, cherr r_.orange. flavour, O course. .an terial used in
pr epaﬁlé n%nggs 'd%rgaa]é{eﬂﬁpﬁe'?t@r %e%ﬁzﬁﬂ grol% tBﬁaer?HBeﬁ?'i]Sé%{tlr\‘%/ °gfhyé"%9ﬁ{"

subst mgcbgédri, )opnonbmalty_csdb@tiiuted hméa@pumaly@ubbﬂugéu anl}yn aplidhblpsubstifgtedct | \ée
conpoun. , y be ipcorporated i nto sustained-release preparati ong an

for wl%’fé"%‘@gg[%@géﬁy Subslithigdcan ¢ wpeke&elit BpQ %é}fr&qe% Ré’_rﬁndoRﬁdi | uent's
may alté@eth_eplfé% 3y pfienally SUBSHRAES hylirse&bdhOBriaEE! 8r &Pabphtially
antibacterials and/or antifungals, isotonic and absorption delaying agents
and t rsaibstituted gie-di@hydrosatipmbdige betiveere the tworcashen @éwrestto cahichct i ve
substqng}ggrégtg@]leld.knom in the art. Except insofar 25 as any conventi onal
medi a or” agent 1s inconpatible with the active ingredient, use thereof in

the therapeutjc conpositions is contenplated. o
R and R” are independently selected from the group consisting of hydrogen,

optionally substituted alkyl and optionally substituted aryl, or R® and R® together with
the nitrogen atom to which they are attached form an optionally substituted

azacycloalkyl group;
or an enantiomer or diastereomer thereof or a salt of any of these,

wherein if either X or Y or both is O, == is a single bond and if X=0, R? is
absent and if Y=0, R’ is absent, and

wherein said compound is not 3-deazaneplanocin A or aristeromycin or 3-
deazaaristeromycin  hydrochloride or . (1S,2R,5R)-5-(6-amino-9H-purin-9-yl)-3-
(methoxymethyl)cyclopent-3-ene-1,2-diol hydrochloride or (1S,2R,5R)-5-(6-amino-
9H-purin-9-yl)-3-(fluoromethyl)cyclopent-3—ene-1,2-dio|) hydrochloride or
(1R,2S,3R)-3-(6-amino-9H-purin-9-yl)cyclopentane-1,2-diol or (1R,2S8,3R)-3-(4-
amino-1H-imidazo[4,5-c]pyridin-1-yI)cychpentane-1,2-dio| or (#)-(1R, 2S, 3R)-3-(6-
amino-9H-purin¥9-yI)-1 ,2-cyclopentanediol hydrochloride or 2',3'-O-isopropylidene-3-
deazaneplanocin A or (1S,2'R,5R)-’5-(6-amino-9H-purin-9-yI)f3-methylcyclopent-3-
ene_-1 ,2-diol hydrochloride.



[00083]. It is especially advantageous to fornul ate parenteral conpositions
in dosage unit formfor ease of admnistration and uniformty, of dosage.
Dosage umwO 2bmwosvssg used herein refers to physically di scrsGeounnessssuit ed
as unitary dosages for the mammal i an subjects to be treated, each unit
containing a predeterm ned quantity of active material calculated to
produce the desired therapeutic effect in association with the required
pharmaceutical carrier. The dosage.,ynit forns of the invention are dictated
by and directly dependent on (a) the unique characteristics of the active
mat er i a t t C C 4@ (b) the
limta szgpl Lrﬂ(;%rngn%Hb%HI nt ﬁ}%rg‘w%odrf&pg%é}hg %gsucﬁ gr?]e g:c \?)g‘mma[%erl al for
t he tra;lfmnIHherambutic agaustePrefetab&yt@dnﬂmﬁbbeadwﬂc agent ldlssa@sedifronnmetl on in

whi ch bodi | hea ai red her ei n |sclos din detail 00084]. The
o1 nci G0 aborgatng ;pE AERAMYEN . orioBantied NBFPoLEAen GrHISUNA FAEL: ve

admi ni gdrbelamm gém@iiafmwé i ;ya&;nediz@ura&:ém)zév vmuré@hbetdﬁmm%dt@aér# y
acceptable carrier in dosage unit form A unit dosa form can,

exanpl AXitigibn tBasytipipe %‘P‘i"l‘ﬁﬂ aPagatinipe E:r&%@lm@elﬁﬂn'érrdmﬂt'@'br ah%ﬁai@ltf romo.5
pg to 00 pr, on cti o] |s

gener a %rpﬁlgent%tmﬁ}( gg?ﬁlg’.SngﬂnE)B abgﬂ?&%gwg %n?'gﬂi?’pc;f@. er. In
t he cazdypsiptidespbSAtL (d'rRAItdh‘[ al RAIh@EmeFaterEtwm&nd@wapeptasg; iedueings, the
dosag term ned by reference to the usual dose and manner of

adm ni FF%E of the said ingredients. [00085]. The conpounds and
conpositions nmay be adapted to be adm nistered to the lungs directly

t hr oudDO0T2. alrr avqysfelrnedi erhboditnent the“ DN Satriagirgy hgentad theicshipdundrisby

i nhal take the form of inhal able powder conpositions or |iquid or
powde lﬂ%al and can be adm nistrated in standard form usi ng powder

i nhal er devices or aerosol dispensing devices. Such devices are well known.
For aqodo73yt riat & prefeyret dmabadiment tHDNFOERIagthd agént! inttherenipaingak! y

conpr ge the active compound together with an inert solid powdered dil uents
such &OP2&'f®se or starch. Inhalable dry powder conpositions nmay be
presented in capsules and cartridges of gelatin or 26 a like material, or
bl i st qoe07d]. | mna pRéreftedl dmbotimehpitie DA H§ﬁﬁabmga£'géﬁihﬁ|tﬁé c%Fn;iort‘JﬁHfly ators.
Each capsul'e or cartridge nmay generally contain between 20 pg-1 of the
acti v&NewodigsiRd. Alternatively, the conpound of the |nvent| on may be
presented w thout excipients. [00086]. The inhal able conpositions may be
packagqego7s) PRAMmAERC rfoFﬂjgtdf‘tﬁéﬁﬁvé?ﬁlhhvﬁﬁtéblé: fir iRFRENE usk Nclude

conposi tions can be packaged for multi-dose delivery In a manner anal ogous
t o t haterde seiiebesl sphuticss ZwhensswatarSgda@sleper dlspsssonsl and W85H& 3Be@ieasnd US5590

645 il 17896 B2129691,
CB163068" HEHHF =BT st ST i MuSBYa B sqficivainy pr Q8% o Y.

" agghgg?r ,anaWely onnjEE’taﬁﬁiJ@l(lf(l)dgw hhby‘sll be" detvared) en@ﬁpé?atéﬁ“@?ﬁ ?nd
U ] " ta evi ce ray c osi.tions for topica
Gor v IpoSatet T arssheiy TBRREh artRe A6l iR bl e ARBRSHLSIROL ELaddiel ut f ons
or SU%Qéﬁ%réﬁéraﬂbnéﬁné&ercgﬁQﬁ c@ﬁ’sﬂt\déﬁ@dotf SOFaBSEASH q%ﬁb @%Ktﬁre@%h as a
net ered dose inhaler ('MD) he use of a suitab qguefi ed

pr opelfaciiiate fiaaspedi aceswrihe nC@Mafsmqnz!@ranmlt inusioke Si@hlﬂouwerstthﬁ! ed in
sol uti C C i I a ough it
my ol hoEnd & FRaaatte Fa Subtady Hnds MO, B3 BrASRES, AlinpC e

i nhal a;bnmmmatmgﬂéesmmeeta@ﬁomdfhalcrcmrgamsmsnsmbnas ofior &xafplelt havteriaand

typi cal cantain the active conpound and a suitable propellant such as a

f1 uor & EnyB “or hydrogen-contai ning chl orofl uorocarbon or m xtures thereof,
particularly hydrofl uoroal kanes such as dichl orodi fl uor onet hane, .

trl chl[@00¥d] U OTHETRIAhGere cafi B! er sblobhEfdruaispetsiemanedineth epeshiay! Yod, 1, 1,

- tetrafllrjoroethane 1,1, 1 3,3, 3-heptafluoro-n-propane and mxtures
there@f‘amp water, ethanol, polyol (for example, glycerol, propylene glycol and liquid

polyethylene glycol, and the like), suitable mixtures thereof, and vegetable oils. The

proper fluidity can be maintained, for example, by the use of a éoating such as, for-



[ 00089]. The aerosol conposition may optionally contain additional
excipients typically associated with such conpositions, for exanple
surfact anwe 2812013083 ol ei ¢ acid or |ecithin and co-sol vercs/ssaci/oasssgt hanol .
Pressurized formulations will 27 generally be contained within a canister
(for exanple an alum num cani ster) closed with a netering valve and fitted
I nto an actuator provided with a nouthpiece. [00090]. Peptides can al so be
delivered by protein delivery nethgds known in the art such as
transfection, macronol ecul e delivery vehicles and other nmethods known to

those é@nHﬂ)l@dlédThfnh%yafhte #8940 ce gha 4 ot b%’rﬂéleng¥%l?ﬁ th@'c #ﬁeof n

treating cancer. Use’includes use o osi't of "the inventron for the
pr epardispersionfard by theusenf SmfaqtarmsaPmametmg tize bticarcafepicabdrganismzoisi ti on

cherot e SERNPF RS Rt o nyAEEY Shopaieind g UALH GAFBACSTB RSt
t r eat nantifujal cagensts, fdetdemndler paraséns)dclorbutantl, WHehok as6®ic acid,
thimerosal and the like. In many cases, it will be preferable to include isotonic
agents, for example, 'su.gars' or sddium chloride. Prolonged absorption of the
injectable compositions can be brought about by the use in the compositions of

agents delaying absorption, for example, aluminum monostearate and gelatin.

[00077]. Sterile injectable solutions are prepared by incorporating the active
‘peptides in the required amount in the appropriate solvent with several of the other
ingredients enumerated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the various sterilized active
ingredient into a sterile vehicle which contains the basic dispersion medium and the
required other ingredients from those enumerated above. In the case of sterile
powders for the preparation of sterile injectable solutions, the preferred methods of
preparation are vacuum drying and freeze-drying, to yield a powder of the active
ingredient plus any additional desired i.ngredient from previously sterile-filtered

solution thereof.

[00078]. When the active ingredients, in particular small molecules contemplated
within the scope .of the invention, are suitably protected they may be orally
administered, for example, with an inert diluent or with an edible carrier, or it may be
enclosed in hard or soft shell gelatin capsule, or it may be compressed into tablets,
or it may be incorporated directly with the food of the diet. For oral therapeutic
administratipn, the active compound may be incorporated with excipients and used
in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs, -
suspensions, syrups, wafers, and the like. Such compositidns and preparations
should contain at least 1% by weight of active compound. The percentage of the
corhpositiohs and}preparations may, of course, be varied and may conveniently be

between about 5 to about 80% of the weight of the unit. The amount of active



[ 00092]. On the basis of the above, the present invention provides a nethod
for treating a patient with cancer, which conprises the step of: contacting
t he cel | SWRi20W/WOBAd around a cancer with a conpositi onP&3/5¢28dPEY above.
Desirably, the EZH2 inhibitor is provided in a therapeutically effective
amount. [00093]. An alternative formof the present invention resides in
the use of the conposition in the manufacture of a nedicanent for treating
a patient with cancer preferably a,gedi canent used in treatnent to affect
cells over expressing EZH2. [00094]. "Treatnent” and "treat" and synonyns

t her eofy o[l ih %ugﬁttﬁertagﬁﬂ@d%ﬂxtds%ﬂ}l 'b@ﬁfg@@ﬂibn@%dsﬁérpm%l’ bas‘ifit'aﬁ\eo&osc?ge
preventative neasures, erein the object 1s to prevent or slow down

(| essewil be obtaired.cBreféreéd complositions rornprepacdtions cacoording rtertheiprebente t hose

al ready diagngsed with,c or _havin el | ver .expressing. . ’
Foooas e 8REPtetT S8 B8 arlasdBt Uth . for iR BB A P B npoun
W | | bandp0 grofuietivetompbun@. peptide that is capable of preventing or at

| east sl owi ng down (| essening) a cancer condition, in particular increasing

t he aver 5_year, survival rate of cancer, patients. sages. and .

adni ni DOBAS). oFhe RabiRts, fosfem s, qpstiEs ans PRVISTEK 3% ORI HaLHE i ca
CO_rrpQSég?érQ@, Stth 86 eleRBMpE g, 8&tif cathditBrhyos hblatini Théyendy bisef
clinical pharnmacol ogy or pharmacokinetics. An effective anount of the

i nhi bi eWtaiBoAP EXFiPiasHh, sHCt @spHRInexanapise disaltivephesnhalm elie) May algol |
depend - r [ jectiyve t

adn i STTEE, & ASRIErotRP BoRE shOT RF H aRMIET AN Bl it St |
necessalginid acidt dre tHeelilepi Fieyt matyi dlso cohtainl @skubdcamtdsuabdas,yfor lexamplg,e of
adm nistrati.on as requiyed to olbtain t.he optipal. therapeutic effect. A
typi cad8FYYM¥E] Ce) E‘FX MY gEOr FURRER & ef@?ﬂ‘.’&ﬁ R9ePLSUE ASUB8Sry/ kg of
t he nejgBRse Bridadshat. Jhty diayHIES cﬁﬁfairdémav@lﬂ@fgﬂégé&tysu@h@lﬁ fok exaimpgd,day to
10 ng/ kg/ day. Detection KI ts [00096%!@{ Det ection kits nmay contain

ant i boRgRREMMiHLPI| of wintgrareesy of eherry HavQbdon reagents (chronogen,
fl uorophore, etc), an enzyne capabl e of breaki ng down the natural

ext r-aC[@bbsdéEr WREN the 8bsadte uhitSoHR k% @apsQe! flMal@nsh] m G8dilion td" YPSi N,
El ast ase, Col | agenase type 1 or 2, Protease, Pronase or any other suitable
enzynenatedials @fitbe abave &me, aligsid ¢RJTie6l uti ons, mounting sol utions, counter
stains or any conbination thereof. Kit conponents may be packaged for

eit he(rj[so-i’iﬁﬁ‘l'_f.i' Vafiolisb 'e?!rﬁé{eﬁélswo#)é( Pi’ége%r%%@aﬁr:@s%ﬂ oCotREniSS nidify 90! Ng

nmet ho I n" ot her enbodi ments ving kits, t Invention contenpl ates a
kit i ntbeudiysigatonmposfithe clesagé unlicForiestance; tablatsi pills, arrm@psplesanay by

instructli for_their uch, kits i i f €S,
i ncl ud(for?é?@%&@e%(hgﬂ%{:’e,s Hé%%é)?ng&h'st a?yli ﬁ%//i ﬁgeﬁ)é?i ri'%& %%%all%att I%'J%n c’t|ve
di agnogirspoyidpgsocose @si @i ngvddietingeabent, t redihyieanddeeopyiparabeandsot her
applications,, L
preservatives, a dye and flavouring such as, for example, cherry or orange flavour.
Of course, any material used in preparing any dosage unit form should be
pharmaceutically pure and substantially non-toxic in the amounts employed. In
addition, the active compound(s) may be incorporated into sustained-release

preparations and formulations.

[00082]. Pharmaceutically acceptable carriers and/or diluents may also include any
and all solvents, dispersion media, coatings, antibacterials and/or antifungals,
isotonic and absorption delaying agents and the like. The use of such media and

agents for pharmaceutical active substances is well known in the art. Except insofar



[ 00097]. Detection kits may further conprise magnetic beads such as
dyna-beads or mltany beads or flourophores for cell sorting techniques
such as MRQS00sP53CS and or secondary anti bodi es for exPcasGzarn/ ooi3sgel | s
with an existing antibody-antigen conplex. 29 binding selectively a
sequence set out in SEQID No 2, or the reagent may include a

pol ynucl eotide or a primer and a probe capable of binding selectively a ~
FBX032 pol ynucl eotide. Preferably tjfae pol ynucleotide is an nRNA al | owi ng
FBX032 expression profiling of cells in vitro. [00099]. Exanples of

Speci f 4¢ aAPRAVERIETal NFEHA P lagehb & Pfc%ﬁ‘r’d&ttleeeﬁlhﬁ%é’%tl\Vél 88iehP fet hod

.

of treating cancer by sensitiZing human tunours to %gl ng 't her api es

t hr.ougthesraliiv the thgramsuis Zzognessions s contemplatedi vat i on of FBX032 t hrough the
i nhibition of EZH2, a histone nethyltransferase, decreases p2l protein

i ”dUCt 0@@8% ‘?Ll_hsr %%ngéélﬁldﬁ Bdve Qﬁta?;%@ﬁétﬂoz%rhﬂpatgf Qr‘é’ﬁ?é}af %WO%IUIO?IS in

chenot her'a provides a nost to determne
i f thedesagei lmat farm fqrmsmacnftadmmilsjremeneirfdeumformlty[@‘&mg]a Darsbgeomlt protein

hi sto rreth nsera s _freguen er.expr ess; uma

i | onRBAsiited PERTL SRS ook beiPle, G SHERER S B st dor

regul amnerm@hmmars@ 1@&9@866! fteated! 846 Enit BEMGIMTY aiphedateMhingg RRGNhEty _
However i's Iar y unknown whet her EZH2 has a role in cancer cell life

Pnd s activeanatedal ¢ ¢a{cylatadaesurodice throdesitad therapaticigicst incassasiationat
EZH2-
responad MEMGRASE BPISESURY PRl Tt Botoad Wi RN (e DRAREE  nis.
di r ectdiotataoNay daneadisectlys doperdant var () memwamarmammsud the amtvle
53- pr Len a | 1s hani | EZH?
Peguﬁaﬁége?'ﬁﬁl%\kggﬁgggafcgg% th%'éape 8 E@g{ tg e;?&Pie"eﬁh?%SW %F&Hﬁ'ﬁqoﬁﬁi onal
r epr esisherentfin RBX0A2 ,ofwfvrﬁdibwd‘ rfg:tsaclw?a'h b@t‘ v ndateASIofee - thedir@atatent of
degradation.  Furt her 'g%h ar macol o caI depl etion of EZH? phenocopl es the

ef f ect S%?SGEZH vVitgog ViRG, it &S itone e e PediludiesitBsiss in a

FBXOB%n%pga%q{ergiﬁwgbse'ﬁmﬁ%tgﬁta unravel a crucial role of EZH2 in
determ ning the cancer cell outcone foll owi ng DNA danage and suggest that

i nhi bition of _oncogenic EZH2 m ght severe as a potent strategy for

i mpr 0i0RQ8 HonTEa PDRRR %ﬁé’#dﬂ%f@ﬂwlﬁ porPgiRdsd tecrgyrent andeffective

administration in effective amounts with a suitable pharmaceutically acceptable
carrier in dosage unit form. A unit dosage form can, for example, contain the
principal active compound in amounts ranging from 0.5 pg to about 2000 mg.
- Expressed in proportions, the active compound is generally present in from about
0.5 pg to about 2000 mg/ml of carrier. In the case of compositions containing
supplementéry active ingredients, the dosages are determined by reference to the

usual dose and manner of administration of the said ingredients.

[00085]. The compounds and compositions may be adapted to be administered to
the lungs directly through the airways by inhalation. Compositions for administration
by inhalation may take the form of inhalable powder compositions or liquid or powder
sprays, and can be administrated in standard form using powder inhaler devices or
.aerosol dispensing devices. Such devices are well known. For admi'nistratioh by
inhalation, the powdered formulations typically comprise the active compound
together with an inert solid powdered dilu_ents such as lactose or starch. Inhalable

dry powder compositions may be presented in capsules and cartridges of gelatin or



[ 000102] . EZH2 depletion in cancer cells directs DNA danage response

t owar ds apoptosis by abrogating cell cycle checkpoints [000103]. To assess
a potentiabD20/s032 EZH2 i n DNA danage response, we deplPersd2&EARodsy RNA
interference in p53 wild-type osteosarconma U20S cells and treated with DNA
damagi ng agents Adrianycin (ADR) or Etoposide (ETO. Wile the control
cells were mainly cell cycle arrested with little apoptosis, EZH2 knockdown
cells exhibited a marked decrease in GL arrest at 24 hour, followed by |oss
of G/ M arrest and robust apopt OSI 6 by 48 hour (Fig.1lA). Wéstern bl ot

anal ysi s reveal e t hat EZH2 d etjon e | i shed ADR .o ETO-i nduced
p21 acR ksl ﬁﬁ‘?f %@?r?t‘)fh 'ﬁ@etgffal%’ﬂg g%f%ggoraHaemn 'Hbﬁ i¥Yn (Fig.
1B, | ghkufafes )Eacﬁazbgpéiﬁé’ b%bﬂﬁdgf’é Aoy Eedrany wﬁaﬁﬁﬁa%ehr@bigﬁdu oGgL
phosphoryl ation, increased PARP Tl eavage, without affecting

phos phefr Sh%ttacbve (GEingRALBId. Altesnateealy,t thensompoundhet teerinvention pBeyudeng a
differ % ﬁéﬁ&m si RNA UTR: 5- CGGTGGGACTCAGAAGGCA- 3, or EZH2

si R -3) to knockdown EZH2 activity (Fig. 1B,
right pane'). In addition, conversion of DNA damage-induced G2/ M arrest to
apopt o[ﬂﬂﬁSﬁboﬁihEmHi?alabieododmw&ltsomst imay drecpackaged|fos snibidoSk ot ragltiidesei on, was

I 53- d t S EZH2
K nook disienh FoF Exatle i Bomias ot e b sckiued s Altdohs shiuE A ot
P53- pr@bhAére ahaRgBud 13- trﬁefdeycﬁbéd qanc,gr 2089134, 086639666 UssBsost@r
denonstrate the specificity of knockdown, we perfor med rescue

exper i HEAB733PQ 3n¢, dJ%éﬁﬁ(h 8o s(?h\lb«'sﬂ'ﬁ‘ﬁ[‘g tthe gBiskuph desice et GBE1689€7. EzHp

dt Eg?@ W t | Qm b 21 d
gnmkgélgndg%?glﬂgbb Bﬁﬁ%EgﬁyZ%d éted cel 781 %@dv\e 59%7 %H'CH o
corr esbmtdate@e:F&Iﬁglwel"rﬂe@m&é.rwre&ﬁ’ @ﬁfd&'«:( 'Bﬂbulsalsr" dm%)nm@@oﬂ@ﬁ%éﬁt ored by

w | d-t tion nutant |acking the catalytic

SET-d %ﬁﬁ.{%%ﬁ&#{ R%I%’ba%{ @e"ﬁS "1H). The findings support a role of EZH2
in favoring cell cycle arrest in response to DNA damage and indicate that
thi s f[00087]onSopfayEZbidpositions éxr topeabHEH eryyreo theHurnd bysinkalstan inady ber

associ at ed hi st one net hyl on (H3K27 trinethylation n

r epr estOIBH! agecqsie\ﬁ YURBISAE %té'hog‘? Q| SUSPSHENS gaﬁo?g O?SP% ga@o&ﬁ?ggﬁ?% on of
P21 prgressiiristASpatRE, SWsh 49 adREtefss 86s® HhaldR\MDIGeith (Hd gse Fh surablenas
restored upon treatment wth Proteasorre inhibitors (Fig. 1F). This

i ndi ca!tcé@f'?ﬂé’troﬁﬁ_"fm e medisation in pEessurized MR is TaPstaammenly steedan

prote r t RRALAI reduced
i1 S B A ek PO o A 187 B8 01051
EZH2 daapumensmrr esults in induction of FBX032, a target directly suppr essed
by EZH2 in multiple human cancer cells [000106] We have identified F-Box

bt oastOQRRAE Al BontiosiBR ABLROIS Thalp B8 Fafite HessFlLRRRY Y Foon

pr ot elsl)spehalsasod)r &s sdﬂuhmnst iamd| ths mrdailmaﬂ&a ramhee connpound and a

substrate ecogni z on and degradati Not abl vy, | ose er
FBX03 b D HTOPRLET | $UBRowAS: o 3 ndHEEoREBPRANET onMHrOBE BRI DA
damagecHi@®Ras®Rakbann o amplturdk - thezg&9)parﬁaﬂéﬂ§ oyRiroffdorasikadesvnstiche as FBX032
de-repressi on upon EZH2 depl etion contributes to above phenotypes. V‘é first

want eddieljoeastiffyaremethanger trmlgroﬂté@nometbm eadishiortetssiuproethang: i éRdi n
HCT116, o] i NoFingur 2B, f FBX032
excpr ooPRe Aol Tt 2L i haRBTHY f2r o EhRAFEERprofE Bl e
and prrobduresitesrebt in both cell lines, excluding a potential role of FBX031
in p21 degradati on in this context. Furtherm)re we show that the

repre X i on
el ya00089F TP eRoa8) e HiRoslsPha il PBHotal BB ARIRERF SCRIFT

r ever sgpicellyabbodddted Wwiei seen cbigdsitiods FBX(b&EmdlmtsurfattaﬁWh éElchuCZC and
2D). To denopstrate di rect repression of IIZB 032 exgr(rarssi og} é 4—1
per f or#fid ¥h i AnfeRraglER |5P‘E'&tqsoﬁ’tr( Py TesYdy d fermyiatipas wils show
that EZH2 and H3K27me3 were markedly enriched in the FBX032 pronoter in
HCT116 (Fig. 2D), U20S and MCF-7 cells, but not in non-cancerous MCF10A
cells (Fig. 2E). This suggests that EZH2 represses FBX032 expression
selectively in cancer cells, which is consistent with a reverse correl ation
bet ween EZH2 and FBX032



32 expression levels in MCF-7 and MCF10A cells (Fig.2F). Collectively,
these findings identify FBX032 as a bona fide direct target of EZH2 in

mul ti pl e Worrare/o3esseer s. [ 000107]. 1 nduction of FBX032 f @Chrseeng/ bR
depletion is required for p21 degradation during DNA danage [000108]. To
validate a hypothetical role of FBX032 in p21 protein regulation, we
perforned single or double knockdown of EZH2 and FBX032 in U20S, HCT116 and
MCF-7 cells. In U20S cells, dimnished p21 level resulting from EZH2
knockdown during DNA danage was neé?ly conpletely rescued by concom tant

knockdown f FBX032, ( F t f , t
rescuél?nS{)a Bﬂ‘i‘tﬁgﬁ?pl @CW%&&%X?&{ genagﬁlummn?: ﬁaﬂﬁl\gxggﬁﬁ th'? °
W th gyipps He’%érlrﬁg3§él\)6 apb fea nﬁt@%\rﬁaétﬁa@r provided’with & rhaﬂthE@:‘él t was al so

found in HCT116 and MCF-7 cells in which FBX032 was knoc down by shRNA -

targetla&)a different sequence (Fig. 3C and 3 Ey ntrast, EZH?
knockd8Q99Qln Rertidss e plsorhaidalivesed bytPrateiEaR YseZ 8§§ AWNgRdhehus had

no V! 5L G4 HicREb RS el VehRibs( S d otheFmethbys k ef f ect
Eﬁpinocédomﬁs%ﬁtlﬁg%éggl nduc@%oﬁ'% consequen? Ly ree duced ?%‘8@ | s of

p21 prioteise skilladnig tbNartdamage response i s cancer specific. [000109].

Over expressi on of FBX032 abolishes p21 induction and sensitizes DNA

et opilBoRgfy ot shRRBSREERIR RIS el IR kEBlino ol U B et BEh o on

p21, Gbnaosttivih asfd theomivmtlen mertemprmeparanonf oFBX03fedinaii€ntL 16r cal | s

resul t t 21 duct b hest db h
ot edeumBastas e paERI AR CapRIR S Toph S SRR MAT 8T WEENEEt  APPectod
(Fig. 3pcé aéﬁ&@%@ﬂﬂh@%@bﬁbﬁs@@ &fénh&héwmhtue@géﬁﬂfdmh@w iration bha

Nocod azol e, which blocks exit frommtosis, showed reduced arrest in Gl
phase ramﬂl@amﬁmorﬂ@atrmtmer(tpfgan@;) FBX032 over expressing cells were nore
sensitive to ADR or ETO i nduced apoptosis (Fig. 3H). HCT116 p21 shRNA cells

\éve(rje Wéﬁ’ig&%ﬁr@éfﬁﬁ'é b¥fert YithBRrer ETO treatment, and FBX032 overexpression
i d not

[00092]. On the basis of the above, the present invention p'rovides a method for
treating a patient with cancer, which comprises the step of: contacting the cells
within and around a cancer with a composition as described above. Desirably, the

EZH2 inhibitor is provided in a therapeutically effective amount.

[00093]. An alternative form of the present invention resides in the use of the
composition in the manufacture of a medicament for treating a patient with cancer

preferably a medicament used in treatment to affect cells over expressing EZH2.

[00094]. "Treatment" and “treat” and synonyms thereof refer to both therapeutic
treatment and prophylactic or preventative measures, wherein the object is to
prevent or slow down (lessen) a cancer condition. Those in need of such treatment

include those already diagnosed with cancer or having cells over expressing MDM2.

[00095]. As used herein a “therapeutically effective amount” of a compound will be
an amount of active peptide that is capable of preventing or at least slowing down
(lessening) a cancer condition, in particular increasing the average 5 year survival

rate of cancer patients. Dosagesv and administration of an antagonist of the



further increase the magnitude of apoptosis (Fig. 3H. In sumary, these
dat a suggest that FBX032-induced p21 downregul ation is a key functi onal
target ofwazpRz/ispasekdown, which plays a crucial rol e i nPCaSSRONG/00EIEer cel
fate switch in response to DNA damage. [000111]. Pharnmacol ogi ¢ depl eti on of
EZH2 by DZNep phenocopi es EZH2 knockdown in nodul ati ng DNA danage response
[000112]. Thus far, we denonstrated an epigenetic nmechanismof EZH2 in
regul ating cellular response to DNA damage i nduced by genotoxic agents. W
next tested whether this finding can be translated into a viable treatnent

trat h
that niiefen’ 2E R RS BRI R SRR Betclinial B bP By ot o
EZH2 cs)«ﬂpilnle’ohe a_il_resﬂlclimmg phazrg?gotolgyadrltpgmrmbcglaneﬁcss ;Amd)efémﬁﬁmd drglolmadtef i n
n e ¥ . us inv at e
C oat HBRUMIBUPUCTABHE R P EPRBIATCRAMATRIRY G U Arelcaly SihAPRI f ect s.
As shagp e'xﬁm'r_)l -ugbn_tHd H@r% i3 Bhjethvdsetie WBGIR GnadiifalstieRioneland thad

p53- defi ci ent aos 2 and cells, 8r etreatnment with DZNep converted
ADR orcqﬂﬂqun@fu&@dn@mmalcy‘@p@erslt wilb ﬁmec@éisaryofgré@e éhe(rap@t intiteid 40).
Siml t :]%%El}-l S W t h
FBXO3gtBFr?g)uc ?(%rqla%géﬁfarge y ggg?ﬁs"ﬁéf %#ﬂ%d‘"ﬁ) ﬁTgar{ by ADR
or ETGherapets effeet. 1A typidad) da#jBdasdgdB)ughtB;angerﬁdmgbouDZ&lejg/k@ db upttopr onot e

ADR or, ETO- i nduge tos non- t r ansf or ned 10 0 and , RWNEP
el 1 o 1O mEIRS S csnRAmRRLS Hodyp4ighb i WOt e e, ab elrrobbe bl & umo not
due t%qugygqua:f@mgyk?@éyrrRNA and was al so prevented by M3l32 (data not
shown).  Inportantly, this effect of DZNep in HCT116 cells was |argely

abol i shed when FBX032 was knockdown (Fig. 4E and 4F), which is consistent
wi t h Detegtipplkitso| e of FBX032 in DNA damage-i nduced apoptosis follow ng
EZH2 depl eti on. Thus, - pharmacol ogi ¢ depl etion of EZH2 by DZNep phenocopi ed

h f Kk k . of 32, |1 |
checkdBEAPE SRe™Elgh e BN COA anligee Lo pERIIcH ey Bl E 2RSSy not be
d Spf?é"é"tgétfﬁrs‘mﬂ?'. T e bt o o Egp g my D ovi de

eve
benefl'{) u@j)rexé'@ﬁ 'P&lrﬂﬁt”(‘,h@#nﬂlﬂq’letfséﬂ? ‘%S{%@H'%JB?OEE%G é%gecﬁmfx);’@F in
CamerElS@t’aEé ddigéAsde Qpe dptE B OP’idi'é‘éset hprdridset of AN Btk isaitatiiBat

EZH2- nedi at ed ene silencing is critical for regul ating the outconme of
cel | ulenzymeh i ebufferst wakhing saluliinsg makntingt saluiansi, CrunRtesfstaEmrsor

abr og

agent ?“ﬁgﬁ@é@aﬁéﬁgﬁ%@?ﬁ %ﬁéﬁﬁg@)%wg?y%e ahga fEgl%'tﬁefl Cl en ocgancer
cel | s.partially, drhmslmllf/l MImgateHeaxractmorctfaMne i fqnég@agl oethdéds. danotver
treat nent ndlc t, t hera eutlc in nof H2 na e a

L el BRI s MSEAREN coRes it ki iHdiaR FeMbs TR
damagidfghé bﬁéﬁe‘ﬁ\?ﬁiv%ntldih %@dt%n&zﬁins@%@fw&iiﬁelﬂé‘@ .SUdMEIGR i thags poi nt
out a potential application of 2 inhibitors that are under active

devel GhiafetyLyf peesn iaeledinge dor exapale: e@ag[r@@@ir@hjymg\/@@mmﬁ BepWalions. this
ef f ect Og@-iz st r r f
FBX032dI%§r} ect’ eoPraéTBﬁéggr g'tr@gnfheréérealft'%t gﬂlﬂ%&t e ce cyc eod;ro(r)est r at her
t han applicat#ns. in response to DNA damage. Thus, identification of EZH2-
medi at ed FBX032 repression in DNA danage- i nduced cell cycle checkpoint
contr ou | aLi il [

rochanPQ0TIE PRy ARl AR boRieiRe shodniCAERISS s i SEL0RRBERGS |
chenotdraniitpeyibeads es flomeehotespfor talhotinghecimigeed sich aeMAGEicoFAGS cancer
specific, tar et,in H2. is,ex ctedt resul t |nsJect senltlzatlon
P ARk o A RO CIR o e ar ko ehiEriithan <adating anebpgantoe

i nvestdogddibsen of the nol ecul ar mechani sms by which EZH2 regul ates Chk1l
activation is likely to provide additional insights into epigenetic

regul ati on of _DNA damage response. [000115 G ven the toxic side effect of

chenot[AROSy T%@%%W@Pth'tz@QYt'ﬂ%in%e?nrQﬁgleB sugly@s an antikpdy\parabie 96

respo I t nhance
the orrrund (RIEEQ) ARBRCL FolRpARIRIMRH, s ¢ Seli i CBald oF A
damagi ng chenntherapeutlc agents to be used and reduce the toxic effects.
Furthernore, given a potential role of EZH2 in cancer stemcells, and that
DNA damage-activated p21 is required for self-renewal of |eukaem a stem
cells, EZH2 inhibition m ght also have effect in overcom ng chenoresistance
phenot ype




35 typically seen in cancer stemcells that are believed to confer tunor
recurrence after chenotherapy (Bao et al., 2006; Eranop et al., 2006).

[ 000116] .whkoerised3g and nmet hods [000117]. Cell cul ture aou/Sdrug®0$36390118] .
The human-col orectal cancer HCT116 cells were kindly provided by Dr. Bert
Vogel stein (John Hopkins University, MD). Oher cell lines used in this
study, including human osteosarcoma U20S and Saos-2 and breast cancer MCF7
wer e obtained fromthe Anerican TyE Culture Collection (ATCC) and

mai nt ai ned i n Dul becco's nodified Eagle nedi um (DMEM suppl enented with 10%

cont ai HhO SSRERYEN 1 cEeeRRE sBPbUOhBEGTD N B o WabEh il ndGeF R q ¢ om
ATCC grulyroletttislieneda gerimerc antiren geabe( Kaphhle oft biading Osddctivabyr arEBXOBQADR)

wer o gl doretral. Aber pebnufoisELop. 2pi SUANAS SRR K081 | 11 nes

[ 0001 28dredasdMNAVbfilRBBEeldip wiRs generated by RT-PCR using total RNA from
nor mal coI on tissue. Retroviral -nmedi ated gene transfer was performnmed using
pI\/NGFP/IRES retrovirus _vectaor-ex reSS| ng FBX032. Infected cells were sorted
by GFH0909%a ExamplesphRpesificembadiments st udi es. EzZH2 wil d-type and SET
domai n del eti on mutant (EZH2A) plasm ds have been described previously

reSpe({bbUﬁiO] TR eglck et té&hrwg{g&@» réthtéd 18! a2@fthod Abd tfé%ﬂﬁ rb‘&ﬁéerWEF/eI .

confirned by sequencing RNA i nterference [0001 Speci f
si RNA Sﬂnlsgl@mgt hurgan |twgom DRI fd@@agmaébemmﬁeyhramh a@@@zg(msz si RNA:

E%HTT [f% r gy T f n ol was
purchas%r rom Dhar macone% Laf aye?\t‘§§ tﬁ@@% the E%gf?(%nggk vvéri gah(iés}%léjent i al
tw ce rheihghchoeferase, piecterses 2 1opretdn ireluetidn wrﬂxrrt regeilte in the sensitization

of human tumours to chemotherapy. The method further provides a prognostic

method to determine if the combination treatment would be effective.

[000101]. Polycomb protein histone methyltranserase EZH2 is frequently
overexpressed in human malignancy and its gene silencing activity is emerging as a
crucial régulator of several signaling pathways important in tumorigenesis. However,
it is largely unknown whether EZH2 has a role in cancer cell life and death decision
in response to genotoxic stress. Here we show that EZH2-mediated gene repression
plays a role in modulating DNA damage response. EZH2 depletion results in
abrogation of cell cycle checkpoints, directing DNA damage response towards
predohinant apoptosis in both p53-proficient and pb53-deficient cancer cells.
Mechanistically, EZH2 regulates DNA damage response, at least in part, through
transcriptional repression of FBX032, which directs p21 for proteasome-mediated
degradation. Furthermore, pharmacological depletion of EZH2 phenocopies the
effects of EZH2 ‘knockdown on cancer cell cycle checkpoints/apoptosis in a
FBXO32-dependent manner. These data unravel a crucial role of EZH2 in
determining the cancer ce.II outcome following DNA damage and suggest that
inhibition of oncogenic EZH2 might severe as a potent strategy for improving

conventional chemotherapy in a given malignancy.



36 silencing. Cells were transfected with 100 nM final concentration of

si RNA dupl exes using Lipofectam ne RNAI Max (Invitrogen) follow ng the
manuf act Wweroe/(sesstr ucti ons. To generate FBX032 shRNA stablise2¢alobodss nes,

si RNA oligo targeting FBX032 (sequence: CAGAAGATTATATGGCGCGAA) were cl oned
into the pSIREN-RetroQ retroviral expression vector (BD Bioscence)
according to the manufacturer's instruction. Virally infected cells were
sel ected in a nedi um contai ni ng 2pg/nﬁ pur omyci n individual drug-resistant
cl ones were coll ected and expanded.” [ 000123]. | nmunobl ot anal ysis and

t 0; P I
i o DPPROZE BRHE" et @l f HancRrCh8i, AL (iKY Rnid¥ NaSibe. Y ° S 4o
0. 5% stovardsdpopicsicl By abrdhatingSEE) cyoikl diigtkpontisM NaF, 0. 1nv Na3VO4) and
protease inhibitor cocktail (Roch). Lysates were resol ved by SDS- PAGE,

t ransfer to_a i mmbi nbr an robed th indicated
ot bAiPRg0s b aSsdnm Ao prBRiAT Tale: O Eafter rhENA SiEePE HREPatts cuk ang

I nCUbadé?ﬂbt\éﬁtEZH@@leMAQﬁ’éﬁdre%i&bl|H%Beﬁllc&tyéems¥é@éd?c@néQIE(DS%@H@%@GS

overni ght at 4C. Beads were washed four tinmes with lysis buffer. The bound

pr ot ei trRAteR MEthdPNA slapaging agerfsSidfianay i tARR) of EEQﬂO@E’& (57 BpWipledhe and
| nmuno, C d osone
R e b A s S L L
bef or ecqﬂscw@sbntedm mackaecddecraasée bothilemrested Zdrhaun llswadyyiloss oti&2/Mnt | - EZH2
(Cell nalln anti ta Cruz I,- FBX032 Sant u anti-p53
( Sant G20 TR T Sk R Rt e ) B ao Gt nR e B eI et g
anti Q’MG@@!@bﬁatl@huz elyaébolrsh@dm%@fc()%dceﬁl prRhEaMulatidn, i thEld? it
(Upstate), anti-H3 nal i ng), antl-PARP(OeIIE? nal i ng)
ant i mya.@?z%ﬁ e@@;?ﬂ%ﬁ%ynd Birv2 spditionrdtiise 1 Bolefictasted 'et'C[rD@’GQZS]
Taqman, Aseay Eﬁ\@?% -ihahée 1 hsh, Unkriaséd ! ZRRP( LiB¥ldgegen) and
purified wt h il aes;'l/; M n(? % V\?ﬁ %; r;? ev'er'rs%st ranscm%t ?ondvvas
per f orwiibuli siffegting CRKA mmpphewtmmndﬁlgc B). (Thebiesnits waiaduither cordirmed| - t i me
PCR wag, asgegged Usingellft EzH2  siRNA  (EZH2 siRNA  UTR:  5-
CGGTGGGACTCAGAAGGCA-3, or EZH2 siRNA#1 5-
- GACUCUGAAUGCAGUUGCU -3) to knockdown EZH2 activity (Fig.1B, right panel).
In addition, conversion of DNA damagefinduced G2/M arrest to apoptosis upon
EZH2 knockdown, with concurrent loss of Chk1 activation, was also seen in p53-
deficient Saos-2 cells (Fig. 1C and 1D). Thus, EZH2 knockdown abrogates DNA
damage checkpoints and promotes apoptosis in both p53-proficient and p53-

deficient cancer cells.

[000104]. To further demonstrate the specificity of EZH2 knockdown, we performed
rescue experiment by using another siRNA that targets the 5’-UTR region of EZH2
and thus does not affect ectopic EZH2. Indeed, the losses of both p21 and p-Chk1
induction by ADR in°EZH2-depleted cells, as well as the corresponding changes in
G1 arrest and apoptosis, were markedly restored by wild-type EZH2, but not by a -
deletion mutant lacking the catalytic SET-domain (EZH2AF) (Fig. 1G and 1H). The
findings support a role of EZH2 in favoring cell cycle arrest in response to DNA
damage and indicate that this function of EZH2 requires the SET-domain which is

essential for associated histone methylation (H3K27 trimethylation) and gene



37 PRI SM 7900 Sequence Detection System (Applied Biosystens) with specific
probes from Applied Bi osystem Sanples were normalized to the |evels of
GAPDH nmRNRO 2p0B30337Z] . Fl ow cytonetry and cell cycl e analP¢3isSs2000W2S8] .
Cells were harvested and fixed in 70% et hanol. Fixed cells were stained
with propidiumiodide (50pg/m) after treatnment with RNase (100pg/nL). The
stained cells were anal yzed for DNA content by fluorescence-activated cell
sorting (FACS) in a FACS Cali bur (I%(f?cton Di cki nson I nstrunment, San Jose,
CA). Cell cycle fractions were quantified using the Cell Quest software

5 s \ . b _ .

Fex0s0 Bl Sk (BB ST SR04 T eReES B Breo datng: A PRagiRCG R "

][n' t ot i\fziaé, Iry;tladueastb ﬁc!bqr@ésleslomg Srgﬂt\e%ﬁfwzblvm%l ABR ﬁ:gdir\ﬁe/dé}gmgftgmcewgﬁ?P;:ACs
or cell cycle analysis. [ S £in,i i i on. (C

assay T%ﬁé@é]‘"{”ﬁ(ﬁ’fp aze @?‘%éttoég et 6?%'%? EPi 'E)@op‘ﬁr @H@%@\/'S(Ji ang

et al ZR0%ansBiibRAI Yand ORiquftbSd a8 X3rbRHsd meRdSpdicRn | ARicAEnRRfl fdrcyRat ed

with antibodies specific to either EZH2 (Active notif, Carlsbad, CA),
H3K2 7 ndavitrepsiaéion) Byconfjastc seducsd CRkbegivatioardepsaneizyeam tabeosasssdght on a

360C r The | nopreci pitated DNA was quantitated by real -tine
quant i@a@?a{agé@gb% Appl i ed Bi osystens 7900HT Fast Real -Ti ne PCR System

(Applied Biosystens). The enrichnment of EZH2 or H3K27ne3 bi nding at the
exani neao1eg) edZsi2ndeptption ireauldsl ineirduction ©ft RBXOJA,t a davget difecti9131] .
Those skilled in t Lt Wl reci ate that, the invention described
her ei nsqurgaggg&yi %?'élgt'%m\}gk'f’g’taﬁ@wg a ‘ﬂ“fﬁsd;leﬁllscat I ons ot her than those
specifically described. The invention includes all such variation and
modi f i [0@0106]s Wd have ridentifleanFeB®o proteinuBBXCQ82 asforichef thepmnef agetses,

R s e e S e

nor e ofCkhEsKat/BRAINAE-bbRASIGEES) class of E3 ubiquitin ligases and have roles in
substrate-recognization and degradation. Notably, its close family member FBX0O31
has been recently shown to induce degradation of cycliD1 in DNA damage responée
(Santra et al., 2009). Therefore, we asked whether FBXO32 de-repression upon
EZH2 depletion contributes to above phenotypes. We first wanted to confirm
whether EZH2 depletion leads to FBX0O32 induction in HCT116, U20S and MCF7
cells. As shown in Figure 2A and 2B, levels of FBXO32 expression, but not FBXO31
were induced after EZH2 knockdown at both mRNA and protein levels in both cell
lines, excluding a potential role of FBX0O31 in p21 degradation in this context.
Furthermoré, we show that the repression of FBX0O32 by EZH2 is clinically relevant
as gene expression analysis of patient-derived normal colon and tumor samples
revealed a reverse relationship between EZH2 and FBX032, but not FBX0O31 (Fig.
2C and 2D). To demonstrate a direct repression of FBX032 expression by EZH2,
we performed chromatin immunoprecipitation (ChiP) assay and the results show that
EZH2 and H3K27me3 were markedly enriched in the FBX0O32 bromoter in HCT116
(Fig. 2D), U20S and MCF-7 cells, but not in non-cancerous MCF10A cells (Fig. 2E).
This suggests that EZH2 represses FBX032 expression selectively in cancer cells,

which is consistent with a reverse correlation between EZH2 and FBX032



38 [000132]. Each docunent, reference, patent application or patent cited
in this text is expressly incorporated herein in their entirety by

r ef er enceWORBI2Z{305¥8ans that it should be read and consi 86TES&G2HM/ 00188 r eader
as part of this text. That the document, reference, patent application or
patent cited in this text is not repeated in this text is nerely for
reasons of conciseness. [000133]. Any manufacturer's instructions,
descri ptions, product specificatioqﬁ, and product sheets for any products
mentioned herein or in any docunent incorporated by reference herein, are

her eby | yalalr [N Y o .

practi e)éd}‘égéﬂﬁéé”\l}eﬁ%eﬁ; 9 %Mﬁﬁlﬁ Qﬂgsgﬁ C&ﬁe&g%&bﬁ%gg fﬂ"c{"bqeo be

i mi tedenhlfysl-iﬂiﬁa%@smlyorm‘ fidndireq ¢arnget of EZbiadn meuitiple dhe:srer dertbeer ei n. These
enbodi nents are intended for the purpose of exenplification only.

wi i rfORRIOYL FRURT R FREONE! Binoxdndoe2hoBRrREPe R aslodd SoF oal.

I nvent degradasion d@rind) &NA dafage ncl ude one or nore range of values (eg
size, concentration etc). A range of values wi Il be understood to include

val oot RABETE Yoy, o GIIiRRL PIp it B ROLRAN A EPHOBURGH AN AP, (o

same OpéEsHRdSin @%m%haré%dm&wﬁwlaz@m&mkd@ ihggogaHes 14BiHy defi nes
the boundary to the range. [000136]. Throveghout this specification, unless

the c oMCExT qeé!@ru'inr U208 ﬁ@llﬁ\mdyﬁlnlﬁheéi Wt devet segiting: fropy 2 bm(zmgwmgch as
Comra@ﬁfgecg:g dgmgpghﬁéygearrug% hpRReESERL BY doPcbMRbXt kilfiddghntsy on of a

st at ed exc usion of any ot her
i nt egelrBXO3@r (kig. :m‘ |[Dnm|geegulaﬂudn i of @LGm(hoheWet/érat wag hol seﬁhlmdl dzg:ure and

Do sigitant feXoss Kobeiitim Hrid T RARCaRR.vbS! Rbsildh R ik ed | o
it in fdséue Bﬁé@c@stog@mgess) Atshﬁf}’ar(i'éﬁulﬂﬁléﬁ alddfoure s HCT 1 TcAndi RER -7

"incl udi ng’' he | ike; and that terms such as "consisting essentially
of n%P“Sc'Bn‘yh'ghsF%%@éﬁtW%ﬁ |k90@hd0wrrhw siRNAdargetigg 2 diffaseat seauanse in U. S.

Pat ent i aWc gng- 3D yc&JtH Oun%ﬁz kﬁ8ﬁ@d&wm ﬁ/ldlﬂltOAeé@Lé fAd b?ﬁecf@%yoﬁd but

excl ude ‘el enent's t are In the prior art or at a asic or
novel Eﬁ&@é’é’t@@r@a@ andt theisihadeno ivisible effect on ADR-induced p21 induction

(Fig. 3E). Thus, the effect of EZH2 knockdown on FBXO32 induction and
consequently reduced levels of p21 protein during DNA damage response is cancer

specific.

[000109]. Overexpression of FBX0O32 abolishes p21 induction and sensitizes

DNA damaging agents —induced apoptosis

[000110]. We next evaluated whether ectopic expression of FBX032 would mimic
the effects of EZH2 knockdown on p21, G1 arrest and apoptosis. Overexpression of
FBXO032 in HCT116 cells resulted in inhibition of p21 induction by ETO and ADR,
orchestrated by the increased PARP cleavage; but again Chk1 phosphorylation was
not affected (Fig.3F). FBXO32-overexpressing cells synchronized in mitosis with
Nocodazole, which blocks exit from mitosis, showed reduced arrest in G1 phase
after ADR treatment (Fig. 3G). FBXO32 overexpressing cells were more sensitive to
ADR or ETO-induced apoptosis (Fig. 3H). HCT116 p21 shRNA cells were much

more sensitive to ADR or ETO treatment, and FBXO32 overexpression did not



[000137]. O her definitions for selected terns used herein may be found
within the detailed description of the invention and apply throughout.
Unl ess otwenrwixysozsef i ned, all other scientific and techrCcsiG2oaronesssised
herei n have the sane nmeaning as comonly understood to one of ordinary

skill in the art to which the invention belongs. [000138]. Wile the
invention has been described with reference to specific methods and
enbodi nents, it will be appreciatedsthat various nodifications and changes

may be nmade wi thout departing fromthe i nvention. REFERENCES Abbas T. &
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i nduc t t hrough inhjbitio 21 translation. Cell, 120, 747-59.
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| I neadigndekdOv@y n hﬂmlﬂgﬁﬁ%bm defi4de redifing@ev Cancer, 9, 773-84. Bracken
A P., Kl el ne- Kohl brecher Detri ch N, Pasini D., Gargi ulo G, Beeknman

C. The|I aard- Monch K., Mnucci S., Porse B.T., Marine J.C., Hansen K H &
Hel i n RO Ogt@eﬂusm e ydemengraleg Bhoeeiaeneltc nmechapisghoeft B | INK4A- ARF

oot (MRS lgaeralion o SNATARBREINUBELY By SHHS PRtens 50
(2003)tes|§ﬂ|—|@/hemeddbussf md;aglcm‘n bbetrepr%tﬁﬁﬁnp:atahmjale treatmeéntabtrategy to
pr oli f(r:"nrparl \'/eonchaerr]rgotﬁ%lpieuice dreisgdr?genCGVe ave préwouély s3hown that histone
methylation inhibitor Deazanaplanosin A (DZNep) can deplete EZH2 complex,
resulting in reactivation of genes suppressed by EZH2 in cancer cells (Tan et al.,
12007). We thus investigated whether DZNep treatment would phenocopy EZH2
knockdown and give rise to similar effects. As shown in Fig. 4, in both p53-proficient
U20S and HCT116 cells and p53-deficient Saos-2 and HCT116 cells, pretreatment
with DZNep converted ADR or ETO-induced cell cycle arrest to marked apoptosis
(Fig.4A and 4C). Similar to EZH2 knockdown, EZH2 depletion by DZNep was
accompanied with FBX032 induction, and largely abolished p21 and/or p-Chk1
induction by ADR or ETO in these cells (Fig. 4B and 4D). By contrast, DZNep did not
promote ADR or ETO-induced apoptosis in non-transformed MCF-10A, IMR90 and
RWEP cells (data not shown). Again, p21 protein downregulation seen here was not
due to a decrease in p21 mRNA, and was also prevented by MG132 (data not
shown). Importantly, this effect of DZNep in HCT116 cells was largely abolished
when FBXO32 was knockdown (Fig. 4E and 4F), which is consistent with a crucial
role of FBX0O32 in DNA damage-induced apoptosis following EZH2 depletion. Thus,
pharmacologic depletion of EZH2 by DZNep phenocopied the effects of genetic
- knockdown of EZH2 on FBX032, p21, cell cyvcle checkpoints and apoptosis in DNA
damage response. Although DZNep may not be a specific EZH2 inhibitor, it provides ‘

a proof of principle that development of specific small molecule inhibitor of EZH2
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treatment and indicate that therapeutic inhibition of EZH2 may be an attractive

approéch to sensitize cells to standard chemotherapy DNA damaging treatments in
cancers that overexpress EZH2. These findings point out a potential application of
EZH2 inhibitors that are under active development by pharmaceutical companies.

[000114]. Mechanistically, this effect of EZH2, at least in part, is through the
“suppression of FBX0O32-directed p21 degradation to maintain the cell cycle arrest
rather than apoptosis in response to DNA damage. Thus, identification of EZH2-
mediated FBXO32 repression in DNA damage-induced cell cycle checkpoint control
through regulation of p21 stability suggests an epigenetic mechanism regulating
DNA damage response that can be targeted to augment chemotherapeutic
response. Importantlyy, because this regulation is cancer specific, targeting EZH2 is
expected to result in selective sensitization in cancer cells, with a minimum effect on
normal cells. Further investigation of the molecular mechanisms by which EZH2
regulates Chk1 activation is likely to provide additional insights into epigenetic

regulation of DNA damage response.

[000115]. Given the toxic side effect of chemotherapy, any sensitizer that can direct
even a mild DNA damage response towards an apoptotic program would have the
potential to enhance the efficacy of DNA damaging chemotherapeutic agents
allowing less DNA damaging chemotherapeutic agents to be used and reduce the
toxic effects. Furthermore, given a potential role of EZH2 in cancer stem cells, and
that DNA damage-activated p21 is required for self-renewal of leukaemia stem cells,

EZH2 inhibition might also have effect in overcoming chemoresistance phenotype



Fujii S., Ito K, Ito Y. & Cchiai A (2008). Enhancer of zeste honvol ogue 2
(EZH2) down-regul ates RUNX3 by increasing histone H3 nethylation. J Biol
Chem 283y0RiR2%e832. G aves P.R, Yu L., Schwarz J.K , @Earss2011/008338sville
E.A., OConnor PPM & Piwnica-Wrns H (2000). The Chkl protein kinase and
the Cdc25C requl atory pathways are targets of the anticancer agent UCN Ol.
J Biol Chem 275, 5600-5. Hernmand D. (2006). F-box proteins: nore than
baits for the SCF? Cell Div, 1, 30.3sHo MS., Tsai P.I. & Chien C. T. (2006).
F-box proteins: the key to protein 3egradation J Biomed Sci, 13, 181-91.
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st abi | thematrerarSBao et aHs O0G;Eradionet aFPROP6Pt ei n. Mo/ Cel |, 17, 237- 49
Kawabe T. (2004). & checkpoi nt abrogators as anticancer dr ugs. Mol Cancer

Ther r , Varanbally S., Shen R OQal., Tomins
@82%%mat§'§%?&h%thg§te A P Hayes D. F Sabel MS., Livant D.,

V\élss S.J., Rubin M A & Chinnaiyan A M (2003). EZH2 is a marker of
aggr esEOiOOM'b}.Q&ﬂtcwaeeamhdmgs onot es neopl astic transformation of breast
epithelial cells. Proc Nat! Acad Sc! U S A, 100, 11606-11.

[000118]. The human colorectal cancer HCT116 cells were kindly provided by Dr.
Bert Vogelstein (John Hopkins University, MD). Other cell lines used in this study,
including human osteosarcoma U20S and Saos-2 and ‘breast cancer MCF7 weré
obtained from the American Type Culture Collection (ATCC) and maintained in
Dulbecco’s modified Eagle medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) and antibiotics in a 37°C humidified incubator confaining 5% CO..
Human breast epithelial MCF10A cells were obtained from ATCC and maintained as
recommended (Kadota et al 2010). Adramycin (ADR), Etopside (ETO), Nocodazole
(Noco), proteasomal inhibitors MG132 and MG115 wefe purchased from Sigma-
Aldrich.

[000119]. Plasmids and stable cell lines

[000120]. pcDNA4/FBXO32-Myc was generated by RT-PCR using total RNA from
normal colon tissue. Retroviral-mediated gene transfer was performed using pMN-
GFP/IRES retrovirus vector-expressing FBX032. Infected cells were sorted by GFP
signals and expanded for in vitro studies. EZH2 wild-type and SET domain deletion
mutant (EZH2A) plasmids have been described previously respectjvely (Sheaff et al
2000, Wu et al 2009). All constructs were confirmed by sequencing.

[000121]. RNA interference

[000122]. Specific siRNA oligos targeting EZH2 (as described above) and FBX0O32
(FBXO32 siRNA: 5_-GTCACATCCTTTCCTGGAA-3_) mRNAs were used. The non-
targeting control was purchased from Dharmacon (Lafayett, CO). For EZH2

knockdown, a sequential twice knockdown is performed to secure efficient gene



Li J., Tan J., Zhuang L., Banerjee B., Yang X., Chau J.F., Lee P.L., Hande
MP., Li BB & YuQ (2007). Ri bosomal protein S27-1i ke, a p53-inducible
nodul at orwof2oralshs3kat e in response to genot oxi c stress. PCASGR011Re6358 67,
11317-26. Mn J., Zaslavsky A., Fedele G, MlLaughlin S. K, Reczek E. E., De
Raedt T., Guney |., Strochlic D.E., Mcconaill L.E., BeroukhimR , Bronson
R T., RyeomS., Hahn WC., Loda M & G chowski K. (2010). An oncogene-tunor
suppressor cascade drives net astatig prostate cancer by coordinately
actlvatl ng Ras and nucl ear fact or-kappaB Nat Med, 16, 286-94. I\/Ukhopadhyay
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306-10. Rodriguez R & Meuth 2006 Chkl and p21 cooperate to prevent
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mechani snms of mamméal 1 an DNA repair and t damage chec Annu Rev
Bi ochd?ﬁrOUG'ClnSBdIS@UaBéIWer&SMa(It Clmmywllmte&aadmawm (2009) F- box
protein FBX031 nedi ates cyclin D1 degradation to induce Gl arrest after DNA

demogeobehs ey A Eommb fobtolipadisague ). (2002). e

Suppr essi on ‘o ep uences the outcone of the

p53 response to DNA darra e. Nature, 419, 729-34.
[000124]. Protein extracts were prepared by Iysis in RIPA buffer containing (50mM

Tris-HCI, pH 7.4, 150mM NaCl, 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1%
SDS, 1mM EDTA, 50mM NaF, 0.1mM Na3VO4) and protease inhibitor cocktail
(Roch). Lysates were resolved by SDS-PAGE, transferred onto a immobilon
membrane (Millipore) and probed with indicated antibodies. For co-
immunoprecipitation experiments, cells were lysed and incubated with the indicated
antidodies and protein G-seperose beads overnight at 4°C. Beads were washed four
times wiih lysis buffer. The bound proteins were dissolved in SDS sample buffer,
resolved by SDS-PAGE, and immunoblotted with the indicated antibodies. Where
indicated, proteosome inhibitors MG-132 (5uM) or MG-115 (20uM) were used to
treat cells fro 8 h before protein extraction. Antibodies used in this study include:
anti-EZH2 (CeII Signaling), anti-p21 (Santa Cruz), anti-FBX032 (Santa Cruz), anti-
p53 (Santa Cruz), anti-MDM2 (Santa Cruz), anti-phospho-Chk1 (Cell signaling), anti-
Chk1(Santa Cruz), ani-phospho-Chk2 (Cell signaling), anti-Chk2 (Upstate), anti-H3
(Cell signéling) anti-PARP (Cell Signaling), anti-H3K27me3 (Upstate) anti-actin

mouse monoclonal (Sigma).
[000125]. Tagman Assay

[000126]. Total RNA was isolated using Trizol (Invitrogen) and purified with the
RNeasy Mini Kit (Qiagen). Reverse transcriptidn was performed using an RNA

Amplification kit (Ambion). Quantitative real-time PCR was assessed using the
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treated with ADR and then subject to FACs for cell cycle analysis.
[000129]. Chromatin immunoprecipitaion (ChiP) assay

[000130]. ChIP assays were performed as described previously (Jiang et al 2008).
Brieﬂy, sonicated extracts were pre-cleared and incubated with antibodies specific to
either EZH2 (Active motif, Carlsbad, CA), H3K27me3 (Upstate) or IgG control (sc-
2027, Santa Cruz) at 4°C overnight on a 360°C rotator. The immunoprecipitated
DNA was quantitated by real-time quantitative PCR using Applied Biosystems
7900HT Fast Real-Time PCR Systemﬁ(Applied Biosystems). The enrichment of
EZH2 or H3K27me3 binding at the examined regions was quantitated relative to the

input amount.

[000131]. Those skilled in the art will appreciate that the invention described herein
is susceptible to variations and modifications other than those specifically described.
The invention includes all such variation and modifications. The invention also .
includes all of the steps, features, formulations and compounds referred to or
indicated in the specification, individually. or collectively and any and all combinations

or any two or more of the steps or features.
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'[000133]. Any manufacturer’s instructions, descriptions, product speciﬁcations, and
product sheets for any products mentioned herein or in any document incorporated
by reference herein, are hereby incorporated herein by reference, and may be

employed in the practice of the invention.

[000134]. The present invention is not to be limited in scope by any of the specific
embodiments described herein. These embodiments are intended for the purpose
of exemplification only. Functionally equivalent products,vformulatioris and methods

“are clearly within the scope of the invention as described herein.

.[000135]. The invention described herein may include one or more range of values
(eg size, concentration etc). A range of values will be understood to include all
values within the range, including the values defining the range, and values adjacent
to the range which lead to the same or substantially the same outcomé as the values

immediately adjacent to that value which defines the boundary to the range.

[000136]. Throughout this specification, unless the context requires otherwise, the
word "comprise" or variations such as "comprises" or "comprising”, will be
understood to imply the inclusion of a stated integer or group of integers but not the
exclusion of any other integer or group of integers. It is also noted that in this
disclosure and particularly in the claims and/or paragraphs, terms such as
“comprises”, “comprised”, “comprising” and the like can have the meaning attributed
to it in U.S. Patent law; e.g., they can mean “includes”, “included”, “including”, and
“the like; and that terms such as “consisting éssentially of” and “consists essentially

of’ have the meaning ascribed to them in U.S. Patent law, e.g., they allow for



Clains 1. A nmethod of inducing apoptosis of a cell conprising the steps of:
I ncreasi ng expression of an FBX032 pol ypepti de and decreasi ng expressi on of
a p2lpol wetntensosd2 The nmet hod of claim 1l whereby the eRPpPTE62010M0@3E8 FBX032

is increased by applying an inhibitor of a Polyconb protein histone

met hyl transerase (EZH2) expression of SEQID NO 3 to the cell resulting in
the decrease of p21 expression. 3. The nethod of claim2 further conprising
the step of adding a DNA damagi ng Q%ent to the cell. 4. The nethod of claim
2 or 3 wherein the EZH2 inhibitor i'S a McroRNA. 5. The nethod of claim4
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[000137]. Other definitions for selected terms used herein may be found within the
detailed description of the invention and apply thfoughout. Unless otherwise
defined,,all other scientific and technical terms used herein have the same meaning
as commonly understood to one of ordinary skill in the art to which the invention

belongs.

[000138]. While the invention has been described with reference to specific methods
and embodiments, it will be appreciated that various modifications and changes may

be made without departing from the invention.
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Rl and R2 are either absent or independently selected fromthe group

consi sting of hydrogen, halogen, optionally substituted alkyl, optionally
subst i t utwad 2aryspssepti onal |y 45 substituted al kyl -Z- amdTGoR0KGRNAIZSY
substituted aryl-Z-, where Zis N O, Sor Si, or RL and R2 together form
an optionally substituted hydrocarbon bridge or an optionally substituted
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substituted al kyl, optionally substituted aryl, optionally substituted
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wherein said conpound is not 3-deazaneplanocin A or aristeronycin or 3-
deazaari steronmyci n hydrochl oride or (1S, 2R, 5R)-5-(6-am no-9H purin-9-yl)-3-
(et hoxy i&0R912)659BRopent - 3- ene- 1, 2-di ol hydrochl ori de oPCT/SG2011/000358

(1S, 2R, 5R) - 5- ( 6- ami no- ,

9H- purin-9-y1)-3-(fluoronethyl)cycl opent - 3-ene-1, 2-di ol ) hydrochl ori deor
(1R, 2S, 3R) - 3- (6-am no-9H- puri n-9-yl ) cycl opentane-1, 2-di ol or (1R, 2S, 3R) - 3- (4-
am no- 1Hi m dazo[ 4, 5-c] pyri di n- 1-ylpcycl opentane- 1, 2-diol or ()-(1R 2S,
3R)-3-(6- am no-9H-purin-9-yl)-1, 2-cycl opentanedi ol hydrochl ori de or.
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12. The conpound of claim 11 whereby the conposition capable of increasing

t he expression of FBX032 pol ypeptide is an EZH2 inhibitor. 13. The conpound
of clai mWYQ 20458333 the EZH2 inhibitor is a McroRNA. 1RCTHE2EEAPGSHd of
claim13 wherein the McroRNA is m R-101 of SEQ ID NO. 8. 15. The conpound
of claim12 wherein the EZH2 inhibitor is Isoliquiritigenin. 16. The
compound of claim12 wherein the EZH2 inhibitor is Sadenosyl honpbcystei ne
hydrol ase inhi bitor 3-Deazanepl anogjsn A (DZNep) of formula I: NR5S RL N,j
R3 R4 wherein: X and Y are independently Cor 0,
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47 Ais Cor N, = is a single bond or a double bond; Rl and R2 are either
absent or independently selected fromthe group consisting of hydrogen,

hal ogen, wpthormabidg substituted al kyl, optionally substiPpCuisedoarge3ss
optionally substituted al kyl-Z- and optionally substituted aryl-Z-, where Z
is N O, Sor Si, or RlL. and R2 together forman optionally substituted

hydr ocarbon bridge or an optionally substituted a, w di oxahydrocarbon bri dge
between X and Y; R3 and R4 are ind Eendently sel ected fromthe group

consi sting of hydrogen, hal ogen, optionally substituted al kyl, optionally
sub } ed aryl, optionally substituted al kyl-Z -and optionally
substituted aryl-Z'-, where Z° is N, 0, Sor Si, or R3 and R4 together form

opt] | | tjtuted hydr. b ' i | bstit ut ed
e i e et gR 87 st e GR SRR BB e it ro whichthey are
at t achedincRéasiitfeXfression onda RBXE32 bylypeptidd aad deorsasing exppessiempsast i ng of

hydr ogen, optionally substituted al kyl and optionally substituted aryl, or
R6 and RB2IRAIMEEL. with the nitrogen atomto which they are attached form

i ast o ooy e R A O SR o FBRORIR AR BY . & or
Y or bot applying, an inkibdorsph@ Eolysambaptbtein bisthneRmethylnarsarasa(&4H2)Y=0, R1
s absengkprgggon of SEQ ID NO. 3 to the cell resulting in the decrease of p21
- expression. '
3. The method of claim 2 further comprising the step of adding a DNA damaging
‘agent to the cell. _ ' '
The method of claim 2 or 3 wherein the EZH2 inhibitor is a MicroRNA.
The method of claim 4 wherein the MicroRNA is miR-101 of SEQ ID NO. 8.
The method of claim 2 or 3 wherein the EZH2 inhibitor is Isoliquiritigenin.
The method of claim 2 or 3 wherein the EZH2 inhibitor is S-

adenosylhomocysteine hydrolase -inhibitor 3-Deazaneplanocin‘ A (DZNep) of

N~ o o &

formula I:
6
. .R
R N-Fs
N AN
o)
v N %
R2-X =
R® R*
|
wherein:

X and Y are independently C or O,
AisCorN;
—— is a single bond or a double bond;

R' and R? are either absent or independently selected from the group consisting of

hydrogen, halogen, optionally substituted alkyl, optionally substituted aryl, optionally



wherein said conpound is not 3-deazaneplanocin A or aristeronycin or 3-
deazaari steronmyci n hydrochl oride or (1S, 2R, 5R)-5-(6-am no-9H purin-9-yl)-3-
( met hoxy meOy12)asyssk opent - 3- ene- 1, 2-di ol hydrochl ori de oPCT/SG2011/000358

(1S, 2R, 5R) - 5- ( 6- am no-

9H purin-9-yl1l)-3-(fluoronethyl)cycl opent-3-ene-1, 2-di ol ) hydrochl ori deor
(1R, 2S, 3R) - 3- (6-am no-9H- puri n-9-yl ) cycl opent ane- 1, 2-di ol or (1R, 2S, 3R) - 3- (4-
am no-1 Himdazo[ 4, 5-c]pyridin-1-yk)cyclopentane-1,2-diol or ()-(1R 2S,
3R)-3-(6- am no-9H purin-9-y1)-1, 2-cycl opent anedi ol hydrochl ori de or

2" 3" - QricfOREP BN I . o _
2, o3RRS 22y o M GRLHNRG) SRR e 1. 0, S ou Sy 05 R)
hydr ocﬂﬂd)Rizbdegetmér fortrean mpionalty stbstityted ehyafocdraombritijetay akbopfienatiyn t he
DNA dasm%%{ipu?ef 8‘,%'—%io'x%h)e}dr%%g%tn%enrdad%e#ét\llv%eﬁ gggrt)d Y;

R® and R* are independently selected from the grdup consisting of hydrogen,
halogen, optionally substituted alkyl, optionally substituted aryl, optionally substituted
alkyl-Z'-and optionally substituted aryl-Z'-, where Z’ is N, O, S or Si, or R® and R*
together form an optionally substituted hydrocarbon bridge or an optionally
substituted a,w-dioxahydrocarbon bridge between the two carbon atoms to which

they are attached;

R® and R® are independently selected from the group consisting of hydrogen,
optionally substituted alkyl and optionally substituted aryl, or R® and R® together with
thevnitrogen atom to which they are attached form an optionally substituted

azacycloalkyl group;
or an enantiomer or diastereomer thereof or a salt of any of these,

wherein if either X or Y or both is O, == s a single bond and if X=0, R? is

absent and if Y=0, R' is absent, and

wherein said compound is not 3-deazaneplanocin A or aristeromycin or 3-
deazaaristeromycin  hydrochloride or (1S,2R,5R)'-5-(6—amino-9H-purin-9-yI)-3—
(methoxymethyl)cyclopent-3-ene-1,2-diol hydrochloride or (1S,2R,5R)-5-(6-amino-
9H-purin-9-y1)-3-(fluoromethyl)cyclopent-3-ene-1,2-diol) hydrochloride or
(1R,2S,3R)-3-(6-amino-9H-purin-9-yl)cyclopentane-1,2-diol or (1R,2S,3R)-3-(4-
amino-1H-imidazo[4,5-c]pyridin-1-yl)cyclopentane-1,2-diol or (+)-(1R, 2S, 3R)-3-(6-
amino-9H-purin-9-yl)-1,2-cyclopentanediol hydrochloride or 2',3'-O-isopropylidene-3-
deazaneplanocin A or (18,2R,5R)-5-(6-amino-9H-purin-9-yl)-3-methylcyclopent-3- '
ene-1,2-diol hydrochloride.

8. The method of anyone of claims 3 to 7 wherein the DNA damaging agent is a

chemotherapeutic agent.



18. The conmpound of claim 17 wherein the chenot herapeutic agent is selected
fromthe group consisting of Adriamycin, Etoposide, Nocodazole, cisplatin,
pl at i numwoantapbsei n, gentitabi ne, paclitaxel, docetaxelCT/SG2oiaredidss ne,
topot ecan, irinotecan, Axitinib, Bosutinib, Cediranib, Dasatinib,

Erlotinib, Gefitinib, Imatinib, Lapatinib, Lastaurtinib, N lotinib,
semaxani b, sunitinib, vandetani b, vatal anib, TNF pol ypeptides, TRAIL (TRAIL
Rl, TRAIL R2) or FasL, Exisulind or.apoptosis inducing mcro-RNA.. 19. The
conmpound of anyone of clainms 11 to 36 wherei n -t he DNA danmaegi ng agent is

Adr 1 2/l rilinod 42 EAIRPYRG: g 1ROXABEGorEhaiPadkh 10 sRcERHINEhe, DY

danaglng agen t Oposi he " comnmpoun one o arns Il to 16
wher ei n gimxpDNénsianm@langdgemycins E\km@odmleoIMocmzoréhecnspiapmum:dhtmﬁm;l aiml1l

wher eby t he posi t bl ' f FBX032 -
oLy ot FHROPEIR SLRERaREs Srety G doga el e b er MR ICab RIS bt s de. of
SEQ | D Naxitihib, og0tifmt fmsan%.bor@@ha@ﬁqimm&n.@f@émtmyemm@f Lasutippind  of

the invention COI’TpI’I sing the St eps of : a. determni ng fi I’St eX reSSI on

profile bastreodr Juilgfipénpt isegaxanip, s uBjréinib.wheandstanb, dvalglanifad _
cancer, pol\xﬁobt?éé’s" “fF@A?lLa &tﬂ”ﬁne*ﬁfzﬁﬁsﬁég d;ﬂ’(; PEéLeES% sun% 2a 6’6%?@10“ de in

a subj ec 'S d|agnos ¢cancer npar i ng i'rst and
second ewﬂuemglmmrq)RNAle vvhereby when t he second expre55| on profl le is

Leoe U ki br T SuBeB I SRSk B 1S ARy 1 1,
to 22. ectopic expression of FBXO32 of SEQ ID No. 1.
11.A compound comprising a composition capable of increasing expression of
FBXO32 polypeptide and decfeasing expression of p21 polypeptide and a DNA
damaging agent.
12.The compound of claim 11 whereby the composition capable of increasing the
expression of FBXO32 polypeptide is an EZH2 inhibitor.
13. The compound of claim 12 wherein the EZH2 inhibitor is a MicroRNA.
14. The compound of claim 13 wherein the MicroRNA is miR-101 of SEQ ID NO.8.

15. The compound of claim 12 wherein the EZH2 inhibitor is Isoliquiritigenin.

16. The compound of claim 12 wherein the EZH2 inhibitor is S-
adenosylhomocysteine hydrolase inhibitor 3-Deazaneplanocin A (DZNep) of

. Nﬁ

R3 R4
o

formula I:

wherein:

X and Y are independently C or O,



49 24. A kit to determ ne an expression profile of FBXG32 in vitro,
conprising a reagent capable of binding selectively an FBX032

pol ynucl ew0i202/066533EQ | D NO. 1. 25. The kit of clai m 24prCmsGher/o0aspri si ng
a detection reagent capable of binding selectively a p21 pol ynucl eoti de of
SEQ I D NO. 5.
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Ais CorN;
-=— is a single bond or a double bond;

R" and R? are either absent or indépendently selected from the group consisting of
hydrogen, halogen, optionally substituted alkyl, optionally substituted aryl, optionally
| substituted alkyl-Z- and optionally substituted aryl-Z-, where Z is N, O, S or Si, or R’
and R? together form an optionally substituted hydrocarbon bridge or an optionally

 substituted a,w-dioxahydrocarbon bridge between X and Y;

R® and R* are independently selected from the grou'p consisting of hydrogen,
halogen, optionally substituted alkyl, optionally substituted aryl, optionally substituted
alkyl-Z’-and optionally substituted aryl-Z'-, where Z’ is N, O, S or Si, or R® and R*
together form an optionally substituted hydrocarbon bridge or an optionally
vsubstituted a,w-d_ioxahydrocarbon bridge between the two carbon atoms to which

they are attached;

R® and R® are independently selected from the group consisting of hydrogen,
optionally substituted alkyl and optionally substituted aryl, or R® and R°® together with
the nitrogen atom to which they are attached form an optionally substituted

azacycloalkyl group;
or an enantiomer or diastereomer thereof or a salt of any of these,

wherein if either X or Y or both is O, == is a single bond and if X=0, R? is

absent and if Y=0, R' is absent, and

wherein said compound is not 3-déazaneplanocin A or aristeromycin or 3-
deazaaristeromycin  hydrochloride or (1S,2R,5R)-5-(6-amino-9H-purin-9-yl)-3-
(methoxymethyl)cyclopent-3-ene-1,2-diol hydrochloride or (1S,2R,5R)-5-(6-amino- '
9H-purin-9-yl)-3-(fluoromethyl)cyclopent-3-ene-1,2-diol) hydrochloride or
(1R,28,3R)—3-(6—émino-9H-purin-9-yl)cyclopentane-1,2-dio| or (1R,2S5,3R)-3-(4-
amino-1H-imidazo[4,5-c]pyridin-1-yl)¢yclopentane-1,2-diol or (£)-(1R, 2S, 3R)-3-(6-
amino-9H-purin-9-yl)-1,2-cyclopentanediol hydrochioride or 2',3'-O-isopropylidene-3-
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deazaneplanocin A or (1S,2R,5R)-5-(6-amino-9H-purin-9-yl)-3-methylcyclopent-3-
ene-1,2-diol hydrochloride.

17. The compound of anyone of claims 11 to 16 wherein the DNA damaging agent is
a chemotherapeutic agent.

18. The compound of claim 17 wherein the chemotherapeutic agent is selected from
the group consisting of Adriamycin, Etoposide, Nocodazole, cisplatin, platinum,
carboplatin, gemcitabine, paclitaxel, docetaxei, , Vvinorelbine, topotecan,
irinotecan, Axitinib, Bosutinib, Cediranib, Dasatinib, Erlotinib, Gefitinib, Imatinib,
Lapatinib, Lastaurtinib, Nilotinib, semaxanib, sunitihib, vandetanib, vatalanib,
TNF polypeptides, TRAIL (TRAIL R1, TRAIL R2) or FasL, Exisulind or apoptosis
inducing micro-RNA.

19. The compound of anyone of claims 11 to 16 wherein the DNA damaging agent is
Adriamycin.

20.The compound of anyone of claims 11 to 16 wherein the DNA damaging agent is
Etoposide.

21.The'compound of anyone of claims 11 to 16 wherein the DNA damaging agent is
Nocodazole. |

22.The compound of claim 11 whereby the composition capable of increasing the
expression of FBXO32 polypeptide is an expression vector expressing an
FBX032 polynucleotide of SEQ ID No. 1.

23.A method of predicting the effectiveness of compound of the invention
comprising the steps of: o

a. determining a first expression profile of FBXO32 polypeptide in a subject
who is not diagnosed witH cancer;

b. determining a second expression profile of FBXO32 polypeptide-in a
subject who is diagnosed with cancer; and —

c. comparing the first and second expression profile whereby when the
second expression profile is less than the first expression profile the
subject who is diagnosed with cancer will benefit from treatment with the

compound of anyone of claims 11 to 22.



WO 2012/050532 PCT/SG2011/000358

49

24 A kit to determine an expression profile of FBX032 in vitro, comprising a reagent
capable of binding selectively an FBXO32 polynubleotide of SEQ ID NO. 1.

25.The kit of claim 24 further comprising a detection reagent capable of binding
selectively a p21 polynucleotide of SEQ ID NO. 5.



