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COVPCSI TI ONS | NVOLVI NG ' | SOFLAV- 3- ENE AND | SOFLAVAN STRUCTURES Fi el d of

t he | nventy e present invention relates to the regul atj f cellular
nechanisnghggyﬁgﬁﬁpounds based on an isofl av-3-ene or isofﬁ%@gﬂm@p?ﬂkture
and derivatives thereof. )ii particular, the invention relates to nethods
for the regulation of a range of nolecular targets intimately involved in
signal transduction processes in mamualian cells involving conpounds based
on the isoflav-3-ene or isoflavan structune, use of these conpounds in the
manuf acture of 10 nedi canents for the regul ation of cellular nmechani sns,
--and cel lular mechani smregul atory conpositions conprising these conpounds.
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>3- (4- hydr oxyphenyl ) - 7- hggmwfgmﬂEbmmﬂ%ywsm@ [OREs @ naturally

occurring isoflav-3-ene and isoflavone netabolite. Its chemcal structure
is showmn in Formula I: OH 'O Dehydroequol was first described in 1995 by
Joannou rt %L. % éVJ as a utative product of bacterial fernentation of the
i sof | avone, F¥Af gbteInVeRtion i st ence of dehydroequol was entirely

specul at isve Theptddert igvedtib® fEReLoNAL rdd@latign 6P Bl EHeMishRDyCoMRBUE: RREAY

" neither isolated nor chemcally characterised. 25 Subsequéntly,

dehydr oequolnwips isgds-giane doratsofiavam stcturgt andadeyviatives Heerpdfantin passqdate 2he

| roi ol oba, .er N i Al "L 2L . WD 03/ 086386 ,PCT1A1J03/.00. 1
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i ncl udi ng hienediin sipgd8l/transtiidlioair6¥ssa3 AR ImdhdhhRdh dls i1 9L CoRPIuRR M Basbed
Ther apeutic nmethods c.~zd conpositi.orrs iravoh~ing isoflavones. The patent
speci i cat i 6 theisetlas3 epepr oy roEmEbITe.HISE O dhese omppunds| i the meonfactwnel of
based o j ' QT r S ; [

var 1 ously STl X8 e AR draE T HEbh o S oty PR TR S rEBLIEK Sy
ant i i nf | ammabmpysitmes|comphiemegfthdss compaumdsrnl s. The i sofl avonoid ring
structure has not been found to be an inherently bioactive structure for
animals, since a | arge nunber of nenbers of this famly also display either
no known bi gl.e@hefhgactivity in animals or display adverse, toxic

bi ol ogi cal properties. 10 The bi ochem cal basis of the biological activity
of dehydr oefpgbydroeqel fipra ¢dvamomataner fat thercompound 4',7-dihydroxyisoflav-3-ene [also

15 known as 3-(4-hydroxyphenyl)-7-hydroxy-2H-1-benzopyran; and Haginin E], a naturally-

occurring isoflav-3-ene and isoflavone metabolite. Its chemical structure is shown in

HO 0
0 5

Dehydroequol was first described in 1995 by Joannou ez al. [1] as a putative product of

Formula I:

OH

bacterial fermentation of the isoflavone, daidzein. The existence of dehydroequol was
entirely speculative, with its existence not being confirmed and the compound being

neither isolated nor chemically characterised.

Subsequently, dehydroequol was described as occurring naturally in the plant, Lespedeza

homoloba, and termed "Haginin E" [2].




menbers of the chemcal famly cited in patent application No. WO 98/ 0S503,
remai ns open. Wthout a full understandi ng of biochemcal activity, the

range of wetBRkdisgs heal th benefits of dehydroequol necessgdq YudsgMs
unknown, notw thstanding the proposed or 15 known activities olf] ot her

phyt oest rogens and netabolites or derivatives thereof. This application now
descri bes new therapeutic indications for isoflav-3-ene and isofl avar _
conponents, and in particul ar deliydroequol, thus extending the known

bi ol ogi cal effects and health benefits of2i.sofl av-3-enes, isoflavans and
derivatives thereof. The invention is 20 based on totally unexpected

bi ol ogical activities in that the applicants have surprisingly found that

dehyd d its deri-vatives. . . j
ramval §an cararosadl ViR kebBRishT Bt e Pl B0RBeRls MR Mo A Bhan
in signal tiha[my%itwpaﬂho@ﬁﬂ&ﬁﬁoﬁ NG, W 9BL0S3eRastiakd (Thetdpelidic aherhals whdr

processes such as cel romh, differentiation, mgration, and death. It

can be seercatpesisions éndbeing tsedeeonesr pFhs pagnispesifisatianicaghesethab delydregayol

broad and i,nportant | i i.ons. f.or f. ‘ . i
humans. The% O d© t?g'giypcrc’f:%oeﬁr??%d] dglg)jagegc}f%#g?ﬂ 1 %§9ilsn°3%b{ I c}§11 Ijg{réggt escrg’l 0e °
herei n. Themepbe@nsf Ricvatoisgh dsspldie ekticdend] aati-cahdeeccardivvdsdudal tid anti-

benefits of dehydroequol and derjvatives thereof. 30 . WO 03/ 086386 %
PCT/ ADO3/ O mﬂpmlw&qahbebw@w inepimals. dvecispflavonpid Fipg siyFvEs, hes Aqk PSERY
i sofl avan ¢ ridauhkarly © 4 7- di Yl seomhGer |
found that f&ﬁg@g& g%ﬁ%gﬁﬁ%ég ﬁg l??(%rc ?{\S,? ﬁéfc&lﬁfg&éﬂ%g@g%h&ﬁm%%ﬁ%%] ety loOIff tlgénzbnezgls
transduct i osf fHiodRaiealse displayasitienlnoc &hdwn diclogital atthvdteirsiagimadls or display
transducti on processes are jnvolved in a wde range of functions that are
vital to thdversgytoyiopiplogical RIgRetiEhn of all animal cells, and that
thereforlﬁ t hese conpounds have broad rangi ng and inportant health benefits
in ani mals including humans. The particul ar benefits of this invention lie
in (a) the The biechanigel lsissifghabiologive daictityoof dehydresged, aral fye tlad niajter pther

conpound, (b he fact that Jation.of these vario C 10 .
O ks Aot b AT eT s bal eSS, BTGP ot femains
others, andofd) Widbuy @il ancgér&&%iaggfgﬁfch&gicﬁf Eﬁﬁ?tyﬁ)fheﬁiaﬁ%@bf péens urkiton

processes al'so is acconpani ed by an i ndependent effect on a range of
i mport ant ebenefitssof deltyderequélumtasserityatemapnsrankaionin, satvethytandingdthe ayennssd or 1

St i i gpl d.th ds of : j: i.0p, d i
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wi th such potential for the health of animals, and particularly for the
potential to prevent and treat inportant and common hunman di seases,.
di sorders ahhisragpbisationfowdesrrkesaisipbgrpsuticcindicalions 1op iofleviaimeand ispfliver s

o L0 | bk PSP LRI SATHR g g
031 08( 386 i and\héatth befhefits of isoflav-3-enes, isoflavans and derivatives thereof. The invention is
20 based on totally unexpected biological activities in that the applicants have surprisingly

found that dehydroequol and its derivatives regulate a range of molecular targets in

mammalian cells, and that these molecular targets are intimately involved in signal

transduction processes that are fundamental to critical cellular processes such as cell

growth, differentiation, migration, and death. It can be seen therefore that these surprising

25

30

biochemical effects have broad and important implications for the health of animals

including humans. These and other preferred objects of the invention are described herein.

The current patent extends the biological effects and health benefits of dehydroequel and

derivatives thereof.




PCT/ AUO3/ U | d27 R~, R~, R3 and R, ~ are independently hydrogen, hydrovy,
OR9, (O R-0, OS5(OQl~~0, 5 CHO, C(OR o, COOH COZR o, CONRR-2, alkyl,

hal oal kyl wagwsedsky! ., al kenyl , al kynyl, aryl, heteroaryl, P@ﬁ{y{]@ o\ﬂz7
al koxyaryl, thio,. alkylthio, am no, alkylam no, dialkylamno, ni { or

hal o, or R3 and R4 are as previously defined, and R~ and R~ taken together
with the carbon atons to which they are attached fom a five-nmenbered ring
selected fromT OT/ O~0O0O0O/ / 10 R and R4 are as previously defined,
and R~ and R3 taken together with the carpon atons to which they are
attached forma five-nenbered ring selected fromT T O15 OO or R- and RZ
. are as previ ously defined, and R~ and R4 taken toget her with the carbon

atons to i t hey ar attach five-ne drln e cte

T 0TS 100 b i eEe vt RGN 6 M hakr e Se ek R ichsf e,
+and R- are 4 ndﬁ@e@m&fyavhy%@qeﬁ foﬁli/cﬂflﬁt?(bhes%péﬁ%@ ﬁsmg?(r%ﬁat@:aﬂ@ '
C(OR o, | Ra, al kyl, hal oall: ijlsl al ky al keny|

al kynyl, arvaretyhe esigaaly fransduition rogessen i mthmmanmlélam and ntbat these signal

Ty

aryl al ky CHurﬂOaladﬁHernétiUlﬁef Al affAa Rt A1Vt ﬂtaRﬂ‘érdf&ehMéHeQﬁ%bouﬂM(Hdve broad-
hal oal kyl, aryl or arylalk IS alicyl hal oal kyl, aryl’, aiylalkyl,

C(OR wher eramgigg asd HBPW@&K@M%II Benefigts umedmabrm@u@mge)lmamﬁ e each R5 is
i ndependent |y hydrogen, alkyl or aryl, R o is hydrogen, alkyl, haloallcyl,
am no, aryl, arylalkyl, an amno acid, alkylamno or 10 di al kyI amno, R ~

i s hydr ogemheabdfﬁbulaﬁbyﬂeﬂtwf xhnalukeﬁudm liafiiI(a) @8 lafgenange bl sighdlQdsdictivher e

R, 3 is as previously defined, or COZRi 4 where Rl~ is as previously

defi ned, processes targeted by the compound, (b) the fact that regulation of these various processes

10 includes both up-regulation of some processes and down-regulation of others, and (c) that
such a broad and varied effect on signal transduction processes also is accompanied by an
independent effect on a range of important enzymes that are fundamental to metabolism

and steroidogenesis.

15 It is highly unexpected that compounds of the present invention, and in particular
dehydroequol, would have such broad-ranging biochemical effects with such potential for
the health of animals, and particularly for the potential to prevent and treat important and

common human diseases, disorders and functions.

20 The compounds according to the various aspects of this invention are isoflav-3-ene and

isoflavan compounds of the general formula II:

(i)




R~Z is hydrogen, allcyl or aryl, or R" and R~ taken together with the
nitrogen to which they are attached conprise 15 pyrrolidinyl or

pi peridin Bgdrawing "--" represents either a single qQﬁq oubl e
bond, pr eWgrogh)P?sgg doubl e bond, T is independently hydrogen, %ﬁ%{/@‘iér aryl,
and is O NrR-2 or S, preferably O 20 including pharmaceutically acceptable
salts and derivatives thereof. Waccordance with an aspect of the present
invention there is provided a nethod for the treatnent, prevention or
anel i oration of diseases associated with_gherrant cell survival, aberrant
cell proliferation, abnormal cellular mgration, abnormal angi ogenesis,
abnormal 25 estrogen/androgen bal ance, dysfunctional or abnormal steroid
genesi s, degeneration including degenerative changes wi thin bl ood vessel
wal I's, infl §8i on, and i mmunol ogi cal inbal ance, which conprises

admini steri g ke R, SHAIRLae AREpEIICHY fyEREROURARS], ORS, DRITIRA, DS(O)R1,,
optionally 1 n association with a earner and/or excipient. 3 n accor dance
w t h anot her a€H&;tCE)RHeCPOEE eGO-Rpy EQNBnRiheilkyli baloalkyl, caplaligd, alkenyl,
conpounds of t formula Il ui .th ufacture of. a i.canent for the

t r eat ment, ﬂyﬂoé@%&e@r@aﬁ&F‘ )r']O f@*gﬁarﬁﬂ’e'j}%ﬁq%ﬂhﬂ?’ B &ﬁl%}'ﬁ"i"ﬁwoof
di seases sassoci@fGtnith hidbeF haBlocel | survival, aberrant cel
proliferation, abnormal cellular mgration, abnormal angiogenesis,

abnorriial BstawgRuanredspgenoksdy defoed, ahdsR uant Roteken togethsn ovithathe sedbopiagpms
genesi s, degengrat.i i ncl udi egengrati ve changes, w t.hi n bl ood vessel
walls, infla ‘?‘88‘?‘ Hcfl%%?ar?ﬁnggqr%gq ‘éﬁ'nﬁeﬁﬁgﬁeg .Se‘e\#eg?&od? dance with

anot her aspect of the present invention there is provided a nethod of
i nduci ng apoptosis in cells expressing abnormal prosurvival phenotype which
conprises contacting said cellls with one or no® conpounds of the formula

Il optionally in 10 associatiﬁgL¢ytl1 a carrier exci pient. In accordance
wi th anot her aspect of the presegyt invention there\s provided a nmethod for
h

i nhibiting migration of cell® ing an abnor ular mgration
phenot ype whi ch conprises cont¥cfing said cells th a conmpound of the
formula Il optionally in association 1 Swith a earner or excipient. In

accordari®e with another aspect of the present invention there is provided a
met hod for [.nhibjting angi Qgenesis in tjssue, expressing aberrant angi ogenic
phenot ype whi cAP® %ﬁﬁ?geiagége‘e \fﬁﬂh@?f?ﬁ?&;@ B ??%ﬁagﬂkwm e SHHbE &aﬁwogt%fgﬂs
formul a |1 opt iPNgkh Yndyhr@ dARSP Fdral 4 ATe-WehibeRdGRIY deRlctd fr&i%Ci i ent. In |
accordance with another aspect of the present invention there is provided a
met hod for the inhibition of topoisonerase Il in a manmal whi ch net hod
conprises the step of admnistering to the wamq§ a therapeutically

ef fecti ve anobunt of a conpgun ormula 25 | l,7orya pharnmaceutically
acceptabl e salt or derivativeAthe gof optidﬂéF(& i \assocPéFion with a
canier or excipient. In accord e~w t h anot her QaSpect of the present

invention there is provided a nethod for the treatnent, prevention or
amel i or dfi on of cancer in a mamual whi ch met hod conprises 30 the step of

bringing a o d.af, f a ekl l . r
WO 051 086355 T 15 aRaspeHudly bhof, SERTLATRE MRty AR AR albeR b
cancer ous ti sstewhichahayererattachbdforhsa fud-frefribetpdimingmetected fuiomur , such t hat

neopl asti ¢ devel opnent in said cancerous tissue is retarded or arrested In
a preferred enbodi nent, the neopl astic devel opnent is retarded or arrested

by the 5 conmpound of formula I| stabilising a cleavabl e conpl ex of DNA

t opoi sonerase Il. I n accordan Lt h anot her as t of this invention there
is provided a nmethod for theQtreatment, prevegtionf or anelioration of
cancer in a nmammal which conpxisgs the step of)\bringing a conpound of the

formula Il or a pharnmaceutifallly acceptable salt or derivative 10 thereof
into contact with a cancerous tissue in a mafal that is suffering froma
tumour, ,,

and

wherein




wherei n conpounds of the fornmula Il inhibirt tNOX associated wth said
cancerous tissue, such that neopl astic devel opnent in said cancerous tissue
i s retard®D eyosasseest ed. Preferably, conpounds of the fornmdgatibsoegach as
dehydr oequol , induce apoptosis through inhibition of tNOX. 15 W anot her

preferred enbodi nent, the conpound of forrmula Il is co-adm nistered
synergistically wwth a known topo Il poison. In an alternative enbodi nent
t he. conpound of fornula Il is adm nistered to a subject who has devel oped a

tol erance or resistance to another topo Fb-poison, or other

chenot herapeutic active agent: 20 In accordance with another aspect of the
' present invention there is provided a method of inducing apoptosis in cells
expressi ng i SR | | th
one or nor eﬁglér%ﬁgﬁgidz\pg%r lt%ipe1kl 1(%erry‘srrﬁ’l lgﬁ]r op{l %ﬁg CgﬁlB ﬁ@g sg{d?g??%q;)ﬁ ’ﬁﬂ\g’
‘carrier or echﬂDth, C@QﬂrC@db@,rG@hﬁ?mRtmtMkylndnalmali\yawylaﬂk}mfalkhgfl,palkymylt

i nvention there i ol soner ase ||

rovid hod of i i.tin
contacting a DNK ﬁ’ﬁ OTEY %sag‘miﬁ%@ayé G2 F?HP‘BS’(’ 5’“& IR Phale: forrrul a
Il or a phaRgepeamidrégh! M%&S%Mgg rsahhn&rthﬁkew dfl pﬁlxh@] ﬁggc\g@mm ése

the cl eavabl e conpl ex. 6386 g pCr/' 10-1 accordance
wi t h anofher aBuel:St hydrogéne aprybsant, arplatioyl icorant Baime addpeo(QRd, wderoR 4 is

-conmpound of fo la |1l a eutl ||y acceptable salt or derivative
thereof in'the %ﬂ%ﬁ i@a%)gﬁ&f W& Y¥or the treatment of cancer in a

mammal . 5 IRy aﬁcmﬁ@m@baw fbrﬁln%}hﬂ[\ylafﬂ{ﬁ)klP\R/héﬂéeRBr i@sa%nfnewa\ﬁﬁpt dtheliher e
is provided use of a conpound of formil a or a pharnmaceuti cal

accept abl e sal Sl(Brs)ﬁ‘éh‘?l?&@qh\léls!mﬁmﬂd@EIYélmenoqibﬂmmlase || poison. I n
accordance pi nt ntion there [ OVI
use of a 10 €& orrp@t}ﬁ& ?ﬁqutloa(?k rPoOr%%}‘é, %“a@céﬂtﬂ“&‘gﬁ%‘i“’acai@ﬁ?‘BHP or

salt or lderi vaﬂiau@lddimbeof as a tNO~ i nhi bitor. Conpounds of the fornula II

may be used_in, t he manuf acture a_medi canent for the inhibition of tNOX
associ at ed Rt it Bydeedsn. alky), @rylﬁlhylaég@nula@aé o emiemetHeC(Q¥becthest Runds as

present invent C nposi tion for the
reatnent of chsasroRaeht B COREIEIR At PROENLH SRApeg ™2
phar maceut i Bal isylyelmgeptasl]bﬁeraadltoror derl vative thereof in association with
a pharmaceu |caI$ acc $t abI carri [1 and/ or dil uent W accor dance with
anot her asp b‘t '6 E s doget anW%lhtt & rIrRgse 10 SVBIEIY thepe irgy Waehsdgrempese
phar macqsti cal paedIRRSYI ok BipeS@RPL, Sing a conmpound of formula Il in adm xture
wi t h anot her c%em)t herapeutic active agent, preferably another topo Il

poi son. | n e dalLg "mﬁtrepmmtxﬂﬂpouruinglé bood roul aadéublé bond,gueferabdy iandaublé t
wi t h anot her tg(p% Il poison. In accordance with another aspect of the
present i nventioh’there is provided a 25 pharnmaceutical conposition
conprising & cgipdupendentlyhhrolen, My of ddy), ah@ associ ation with one or nore
ot her pharnaceutically active agents. T roughout this specification and the
clai ms whi ck F81Q-dW208Persfarshdy Eont ext requires ot herw se, the word

ill 30 b
under st oga e TR Blodh QTR A B s BRBF 3t p or or oup of

i ntegers or steps but not the exclusion of any other integer or step or
group of ingegers, or steps. WO 03/08C386 -9 PCT/ AU1) 3/ 00a27 Bri ef
Description ofccpylanes ‘é(\‘/ﬁ“ﬁ’@sasli?célﬂf éhelplieéﬁﬂtég‘éqiﬁlgn deerenkpestvidedcr msthegd fopithe

det er mi ni ngtréﬁ?x%eﬁ’tf f ‘?&itenf?(g de Qﬁl@fl&%ﬁ&? of %'se&a%) ,%clcuﬁg& it lcllfer%gﬁ ggllll |S¥l{’Vr%\’?f1h e

Substrate P4 s i ncubat e WO unl urified
absence (| aalhsrrﬁ)lt call poiseatm, abnd@] cAilarGigratthn, ZBnorﬂfad adflo¢tedis, abnormal

dehydr ogguol (| ane ane g/mM VP-16 (positive control). Topo
.11 acti \7 ty® ﬁ%&?'ﬁ@ﬂ‘@?qﬁ%@a agge. cé‘?\f‘é‘?‘%‘i"ﬁ%} Qﬁo%bﬂ’éﬂn?h stoid ( R§nesis. tdsgeneration
unknotted (irlubiffgm degenerative changes within blood vessel walls, inflammation, and
immunological imbalance, which comprises administering to a subject one or more

compounds of the formula I optionally in association with a carrier and/or excipient.

30 In accordance with another aspect of the present invention there is provided use of

compounds of the formula II in the manufacture of a medicament for the treatment,




Figure 2 represents a relaxation assay for determning the effect of
dehydroequol on topo | 10 catalytic activity. Substrate supercoiled pUCS
DNA was i {eHi3 ;Wth two units of purified topo I (lane -

canpt ot hecin ?j%gjg(e 3) or varying concentrations of dehydrzpe dgpoﬂ"g%es 4
-8); lane 1, supercoiled pUC8 DNA, control (no topo I); lane 2, rel axed
pUCB DNA; |ane 3, 10 pg/m canptothecin (positive control); lane 4, 100
pg/ M dehydroequol; lane 5, 80 pg/m dehydroequol; |ane 6, 60 pg/m
dehydroequol ; lane 7, 40 15 pg/nl dehydrogguol; lane 8, 20 ~.g/m
dehydroequol. Topo | activity was determ ned by converting supercoil ed pUC8
DNA (SC) into its relaxed fi~om (REL). Figure 3 represents an assay for
determ ning the effect of dehydroequol on. doubl tranded DNA cl eavage.
DRYG. DA W eTSTUGR.8F SneROEHon 0h AT oo CiAMMIB GRETAT Cof sprAKas Byt el
the absencebliapich) AbnBiEACNEaNl: Lhigdon" 8RUDE/ ndlERAEEQC Y Normal
(I anes 2_435‘;3r or 30 pg/ - geni st el nr(l ang 54)31,1’ or 10 p. g/ MENb: 16 (1 ane Q)a.
Lane 7, |i nstogpil@dréidng balanksr dysbmehiorals br aatshobhidl [stezaidagenastss dhgenerafiored
by converti.ng rel axed (REL) or, supercoj)ed (SC) pRY to. the |linear
(LIN) forminSikdig, eée’ier?‘té‘%ﬁ cIRESS At g’sa‘}lg’f’gr ‘Jg%stegr %ﬁﬂg‘“&lﬁ@”@f‘ﬂgct ang
dehydr oequaginRihciéied1gmphlasnided DNA cl eavage. pUCS DNA was incubated

wi thout (lane 1 ) or wwth 10 units of human topo | (lanes 2-6) under the
conditions set out in the nmethod section below. Lane 2, no inhibitor; |ane
3, 10 p.g/ dehydr oe | . lane 4 p.a/m. dehydroequaol ; l.gne 5 0
Soimt Canpt B AR RSy B hotB0Erss oh the Bt iSEReT GRHyS reyitbha maiod of
breakage Wweigddéinglapeptoiis ael cBlYs &GRSl dMofrRAIEBSuIVIvaEL h&{otgpepehfeﬁid r{s86)
pUCS DNA to the %i fé‘%ed form_(N?%)F. th\D 03/ 1?%{2386 - 10 P /AUOB/f_f(g?bQZ?

Fi gure 5 a)conasiing owiflisellg oyithawae Genore qempoundhiosi thet fremplao Il fopHenallye in
pot ent i o) P cells, b) Dehvdroequol (De) inhibits growth of human
xenogra?bs %Sﬁ&%lgqgoen.w 1a(;?m8%o;5ex\?éﬁ?:ﬁ§1 e (0) was orally admnistered for 5
days per week fromthe tine of inoculation of LNCaP cells and tunmour nass
assessed over 58 days.. c) Dehyhdroequol inhibits the focus formation of Ras
t r ansf or mediNceprgamcecwith anethaisped af dhe presens| invigttion therp is prayidedg method; fgnr e
6 Dehyhdr oe 1 nhi-pit i i ferati-on, .m [ nd
novitro anaysple il bl MR h Fonbfih, PRl SEALGT AR AR
concent r at | amsprisks dattydingeaidalell§ Withs compovbDo¥ éfei forrmula1) optRemily s assbeiatien
experi rrg t arg gi ven, where each group was perforned in quadruplicate and

i s repreésentYhPTATEE OnCXGRANax per i nents. Mean ~ SEMis given. b) EC

m gration away fromthe wound front (white bar) over an 1 S hour period in
the presence of DMSO (C) or Dehydroequol (De). The results are shown of 20
one wel | of Indagebidanteewitk lahsthpeaspectroddhé preserghingendiop therens providedpemiethodt for

represent at .of 2 performed. trr vitro angi ogenesis i.n the presence, of
VB0 (O or M ubirseTotoyh Bhwe  Gxires i, AT raiserbi, Ry SWHien
perfomed i ncagitedr nbrctifE QNE tRXRERHIFER! cHBPSERE BE athe VR rMhlad Ipe);)ti_@ﬁ in 25
d) Northern blots for . of matrix nmetalloproteinase-2 (MW-'") in EC

t r eat ed 2P or asgecipitnuy Withacarige Ry encaRigifol (De) or DVSO control (C). Top panel
islt~IIVIP-2, |ower panel is GAPDH.

In accordance with another aspect of the present invention there is provided a method for
the inhibition of topoisomerase II in a mammal which method comprises the step of
administering to the mammal a therapeutically effective amount of a compound of formula
25 II or a pharmaceutically acceptable sait or derivative thereof optionally in association with

a carrier or excipient.

In accordance with another aspect of the present invention there is provided a method for

the treatment, prevention or amelioration of cancer in a mammal which method comprises

30 the step of bringing a compound of formula II or a pharmaceutically acceptable salt or




WO 03/ 086386 -11 PCT/ AUO3/00-127 Figure 7-' a) Expression of E selectin on
endothelial cells. Goup 1, unstinulated; 2, ' TNF stinulated for 4 hours;
3, DVSO t wapdsrdedser 18 h prior to TNF stinulation; 4, De tg@aieldbessy 1 S h
puior to TNF stinulation 5 b) VCAM 1 expression on endothelial cells. Goup
1, unstimulated; 2, TNF stinulated for 4 h or 1 S h; 3, DMSO treated for 18
h prior to TNF stinulation; 4, De treated cells for 18 h prior to TNF
stinmulation. One experinent of each is given, representative of 3-6
experinments performed for each. 10 c¢) IL-8-secretion fi-om endotheli al
cells either unstimulated (NIL) or TNF stinmulated in the presence of
- vehicl e DMSO or dehydroequol (De). Mean ~ SEM of triplicate determ nations
in 1 of 3 exper
i bi 5 spry naey Merof 36 35 HRK, with Sohctols BUiCinth A 3P QHfiine o 2
sti mul at i ontuniduly, siélrthanedp)astiPi¥veldpment ui kaldcz(m:)srdn@ mipsued s retardedort aredstedC)
treated wells. Sh activity is given in arbitrary units. Results of between
1 and 3 experinments are shown where each group was perforned in duplicate
(mean SEM I ng%q t
functions aIrneaﬂﬁgfggéctl heépoggﬁ{l?{ch ﬁ% a n{/S'rulpa(%fQ/QlfOBé\eg{r}gﬁ m%@ﬁ \??nrhél%%‘lfgfnwelﬁi
di st ant 6e|¢c3n;(cemdod:‘fomml:s]lgmnsjng acleghbirvomygexcef DN A fopoiaanemse Hi y al s)
or fromwithin the sane cell (autocrine signals). These differ ent signals
work largely by stinulating the cell's genone (DNA) fiom where the
appr opri at erC&dcotafte WihPATdUTer! s¥pddil df tﬁfseﬂvm;mﬁ MeRCRSSrotiMed 3 MBthEH iBP?he
signal is transmtted to the genone is known as signal transduction.
thi s we neameatamehiwasey entranser améliovation ofgcadcdrfie aemamprad twhiiahsgompiriseethe step of

o R b A bR e et
Homeost 3§i Sthefwf ‘M!d) ebntu&t \Uﬂ@ﬁ cTaﬁk?érbliH t‘?&gﬁéi'ir?‘él nidnAasl QR 1@Quﬂ‘§nrfgefrb§1 a tumfhde
03/ 086386 - 12 PCT/ AU( 13/ 00:

wherein compounds of the fomlula I inhibit tNOX associated with said cancerous tissue,

such that neoplastic development in said cancerous tissue is retarded or arrested.
Preferably, compounds of the formula II, such as dehydroequol, induce apoptosis through
inhibition of tNOX.

In another preferred embodiment, the compound of formula II is co-administered
synergistically with a known topo II poison. In an alternative embodiment the.compound
of formula II is administered to a subject who has developed a tolerance or resistance to

another topo II poison, or other chemotherapeutic active agent.

In accordance with another aspect of the present invention there is provided a method of
inducing apoptosis in cells expressing DNA topoisomerase II which comprises contacting
said cells with one or more compounds of the formula II optionally in association with a

carrier or excipient.

[ ]
W

In accordance with another aspect of the present invention there is provided a method of
inhibiting DNA topoisomerase II by contacting a DNA topoisomerase cleavable complex

with a compound of formula II or a pharmaceutically acceptable salt or derivative thereof

to stabilise the cleavable complex.




ti ssues and organs resulting in good health, is the end product of

hundr eds, possibly thousands, of different signals entering the body's
cells on C ous basis. Fromthis signalling mlieu, si bl e

to divi dea]gldg'g’tg#syar bitrarily into those that are 5 rel at epé}ﬁ/ﬁb‘gl(m%
“specialized function', and those that are related to the fundanental
ability of the cell to exist and to function. Exanples of “specialized

functions' are pain perception by a nerve cell, production of antibodies by
an immune cell, detoxification reactions_py a liver cell, or formation of
urine by a kidney cell. Exanples of "fundamental functions' are cel

survival or cell death, cell proliferation, cell mgration, and

angi ogenesis. It can be seen 10 that the key to regulatln whet, ot a
cell i's abl B pesopisnee v srp%'eqraﬁp%dofr Gﬁd?l?%ﬁ% InveglipR 4Rgr s GO Yfe c{r‘fée IR

_fundament qr a}%Uﬁﬁh'o?r}éml IWI?OIS%EH% E\fllcgﬁja bbled C&"@Jr%ah@@ﬁlewllh‘iﬁ’@t S

have found conpounds 0O rticu arly ydr oequol

regul at e mamynwhcthfecof afiiedicarent for thel tredtinentsof C@ﬁcdl vea hfanembl. . Thi s di scovery
is surprising (a) because it has not been considered possible up until now
for a single conmpound to have such conprehensive actions agai nst so nmany
targets tha I h n g,g,;éln f

cell, ang (%‘5 Q{C%éda%gg)’i g.? al'édg?%roﬁsp%b{ ‘\g/\lf rgéenf roe%ﬁlglm?ggg *}53?%128? ﬁiggeﬁ ?
mol ecul ar t eonggduad i of formhuladl wr mqﬁmhnamdcélm mgepthldeesatthrrdemfvanmﬁ‘@rttqfragea S
only when tg ar e, d sfunctional. Further, it is a 20 major discovery,
because a c ﬁ%%[?ﬁﬂ‘sf’ FSRHEPLLCh a biol ogical effect has clear and
inmportant inplications to the ability of cells to function across their

full spectrumof activity, and in turn this has substantial inplications to
t he gener al Ithecdotdanoé Vath pmdther aspecthef d@spnesqm iivengibn dhelfeollsmmde@aws@mfm ar

referen i s _made .t dr Fbmev descri

inder st d8a cunape s B 80s haBH AL S biesanior s ferkPrata o
sone exanpl @30Rf inhiMgtor.f L(t&ﬁilb‘&ﬁ\ HalofftHOGbingNS 11 s bévieed Sh@auﬁmfacmre of a
surprisingly found are regul ated by dehydroequol, and other conpounds of
the formul ameflicament fovhe inigpitigs 3§ NOXzssociated with fyrmpwrgellgeat h

PCT/ AU03/ (10. 127 In order to continue to function, including the ability to
respond to specialized finctiot~s, cells need to be continuously activating
pro- sur vi vain Sicgérdhnder avithduabihen aspediabfiShe. pricsent Sinvential thaehanipgovidedt a at

two main _levels - those that, actively pronpbte survival,kK and 5 those .t hat

act i vel ySsuphreaceuticp] compastiop £piothe H@ﬁtg)ent o negi compaisingecseamasng of il o
number of dyff bereBhartla8BRIcall ARIIAGHECRIPLOGRATSe! ittedt! bl ARboElaliof AR o
transcuption of certaln gene produ cts pronote cell survival
These di f f ephantac@ricaky sesptableaawter ahd/or diheent.i m t ed to, such nol ecul ar
targets as MEIL, ERh, 10 and NFxB.‘ Dehydroequol has been found to operate
across a range of these processes. One in particular by way of exanple is
the enzyne, S pltoRAASE WethknBBRE asp%@hbf‘ﬁh@ ?rék%ntkllnﬂé}ﬁﬁonpthen%ﬁg PrNiddEs sWiBi‘glstlc
substrate, sphingosine, to sphingosine-1-phosphate. Sphingosine-lphosphate
is an i ri@or pharmasgutical aomposmu’lorplcomsusmgvaalcompcmulnpﬁ rfernaula hlgnoa@nmet}rpr\égb ed

f t at t d d | t f | |
Dehydr o6quoR BT IE 0P BEP AR SR GBY A eRbGAnaeT viop 1 porstn” 1H%n

embodiment, the compound of formula II is presented in a kit with another topo II poison.

In accordance with another aspect of the present invention there is provided a

o
w

pharmaceutical composition comprising a compound of the formula (II) in association with

one or more other pharmaceutically active agents.

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises" or "comprising", will

30 be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the exclusion of any other integer or step or group of integers or steps.




Apopt osi s can be achi eved by a nunber of mechanisns as follows. (a) One

such nechani sminvol ves receptors known as "death receptors'. These include

receptors Fas/ Mort, TGF and TNRF. Activation of r

normal |y ygygﬁggﬁgssed t hrough the production of blocking%%$@%§§%@%%uch as

C flip. Dehydroequol has been found to bl ock the production of Gflip, in

so doing, pronoting the death of cells. (b) Another nechani sminvolves the

activation of proteolytic enzynmes known as caspases. Once activated, these

enzymes autolyse the cell. Dehydroequol has 25 been found to up-regul ate

the activity of caspases. r (c) Another mechaasm i nvol ves di sruption of

. mtochondria |leading to the production of various pro-death factors.

Dehydr oequol has been found to pronote such disruption through a direct and

novel effect on the mtochondria. 30 It can be seen fromthe above

. description r L ble to induce cell death in a -
conpr ehensi \%feﬁaﬁtﬁ?\égﬁ}g@aagﬂﬁginr‘gg?q% di fferent pathways. The ability of a

single W Bigus¢ A8fEp&isents ba REROMNNGH OBt determaningl tho effest eofsdebiidivegead eamd

I t fects is,. But _of i der abl ) ' i s. the findi
Char aenych (gubF e P pp e BN Sras ramat i Pl s e i e
That is, sl nyngrabpdGal Qg&ge P)‘éléx‘l @gse{i’ﬁgiﬂg.@& ,'60,“%@, 0 aﬁh 5681AhP iényRikdRabl on

t hese regul atory proces I spl ay abnormal activity of these
regul atory plameessesLinecl, udepndiil \aR-e6 edsitivendonerdl)t Topelll activityolasedetermised h
di sease states as cancer, cardi ovascul ar di sease, autoi rmune di seases, and

di seases wi byicomieing logited P4 DNA|(K)imthsrapkanttedy(F3 £05b] i f er at i ve conponent s.

10 2 Cellproliferation The ability to divide in response to growh signals
i s anot her fundanental function required by normal, healthy cells.

Sphi ngosi neFigurbaspheisatopptanaton asspl & detdeayningtie dffect afcdehydatdqurd ohhepo 1
ability of cells to . divide. The act of cell division involves, a nunber 8;

15 di f f eflentatalyig ietivits rbstsals superpolede PHES) DRY 39S dncybglsdi SR Qs Bty
and 1) Whogﬁriﬁ@ds Kopd é'egaet{e ?—@gaﬂﬁsz %a%&%ﬁlsrfr(%ggz" %ﬁ?iﬁqng( RdndeRations of

activation cycli'n ndent * Ki nases” ( Isit to nove the
genone t hr odgiydréequdi (lireseht8)s lagel wperropilal pgCEADNEG )contmalc(mioviape dj lefe 2,

cyclin dependent, ki i nhi bitors (CDhls Qse task it i o i nhihit
mtosis thré‘?ﬂ@Wdéﬁyé? i’i‘&‘%‘bﬁf‘%ﬁ’ fmb‘éw%i? eangpo %Y%?qn&°§gﬁwlei4zﬂpﬁiﬂg@15||
3 above co iz o] [ , I ] viard eu
drugs havengggﬁ?@gl\r‘[il@gdg ’ﬁ?a}tlg? ﬁﬂﬁf%ﬁcﬁoggg hqbﬁgs?’ra@g%&@ d%g MQ% u(r:c;)tl’sﬁllié 70
separ at elsy, pihel ddpaRR§udlBine 8, 20NGNAl dEtiardBq@l Topd bhdtivadyl wishdet@mined by
di stinctive enzyme systens is novel and surprising. Contributing to the
novel ty and cenveptingsaipersoilepUa8 DNALEChig s sdapgd(rowm(BELhhi bi ts t hese
enzyne systens in cells that are behaving abnornmally, particularly cells
expressi ng ‘

Figure 3 represents an assay for determining the effect of dehydroequol on double-

stranded DNA cleavage. pRYG DNA was incubated with ten units of human topo II

20 (lanes 2-6) in the a;bsence (lane 1) or presence of 10, 30, or 100 pg/ml dehydroequol (lanes
2-4), or 30 pg/ml genistein (lane 5), or 10 ug/ml VP-16 (lane 6). Lane 7, linear pUCS
DNA marker. Double-strand DNA breakage was determined by converting relaxed (REL)
or supercoiled (SC) pRYG DNA to the linear (LIN) form.

25 Figure 4 represents an assay for determining the effect of dehydroequol on single-stranded
DNA clea\;age'. pUCS DNA was incubated without (lane 1) or with 10 units of human
topo I (lanes 2-6) under the conditions set out in the method section below. Lane 2, no
inhibitor; lane 3, 10 pug/ml dehydroequol; lane 4, 100 pg/ml dehydroequol; lane 5, 10
pg/ml camptothecin; lane 6, 100 pg/ml camptothecin. Single-strand DNA breakage was

30 determined by converting relaxed (REL) or supercoiled (SC) pUCS8 DNA to the nicked
form (NIC). |




30 abnommal prosurviving phenotype or aberrant cell proliferation. WO
03/08638C -15 3. Cell mgration PCT/A U113/00.127 It is well understood
that the { b f acell to mgrate and to interact with 'f is
neighbour?ﬁ%b¥g¥f§ is fundanental to health and di sease. gﬂ%ﬁﬁg@%?ﬁ%7kinase
and matrix metal | oproteases are key regulators of this inportant cel
function. Dehydroequol uniquely 5 down-regul ates both of these enzyne
systens, thus dimnishing the ability of cells in a diseased state to

m grate. 4. Angiogenesis The ability to fgsn~ new bl ood vessels is well
known to be a key event underlying many 10 di sease states associated with
hypei pl asi a. Sphingosi ne kinase is a key facilitator of this event.

Dehydr oequol by down-regulating this enzyme, selectively inpairs

angi ogenesi $"MER it occurs in association with disease, and not in healthy
ti ssues. These bryad- ' : | tion
mechani sns are 1gpcon%%@g%ﬁg¥gﬁggf%?%g%ﬁgﬁ@”ﬁOQﬁﬂﬁﬁErﬁgg§ﬁggp%é%éég%ﬁgpmﬁde
range of enzynes, suchN&ePyells. not normal |y being regarded as part of

signal transductjon processes, t..of . the physi ol ogy of the body i re
general terms. Thkse m&‘i@gq‘}ﬂl%ge)i‘ﬁjéﬁbﬂﬂé""t"ﬁgof RIngRhKpRperafts in mice. De'(l) or
St eroi dose~nesi s 20 Degbyids; LR RS €l. ‘E’q%mil{ﬁéqtﬁ‘€Gfi n
. st eroi dogenesi s. Thestelylnglc(gggﬁggwgagh{r@?éf@%égdﬁ)pi?ﬁoi

dehydr ogenase, 5-oc- r atgotaier ofbNCaP erlid asltuniéaoplass akesséddvardStdags.ar t

broduct § on of st B of d LIV GREE IR (b5 1A BRALon 6L fes gERelomRal NIH 3T3

corticosteroids. Suchcgif &miparetilcnsl waRRCYShiap, someone skilled in the
art in having inpact on the normal 25 function of the nmale and fenual e

reproductive tissues including the breast) ovary, uterus, endonetrium
cervi X, lybag' na eﬁr ostate and penis. In summary, the inventors have
sur pri si ngl ;n% JGRd t hat dehydr oequol regul ates a unique collection of

enzynes i nvoelgdirbéquod! ihbeR& af sRdcliRdial SEBIRMolEBNMSI0R)] aBigfalon WRgt iONizrend
30 in signal transduction pathways that play pivotal roles in cell

survival, cenglogameash, cell differentiation, and cell response to

i nfl ammati on and i nmune nodul ators. Through W O 03/086386 -16

PCT/ AU03/ 01) ~27

a)  EC proliferation in the presence of varying concentrations of dehydroequol (®)
15 or DMSO vehicle (A). Results of one experiment are given, where each group
was performed in quadruplicate and is representative of 4 such experiments.

Mean = SEM is given.

b)  EC migration away from the wound front (white bar) over an 18 hour period in
the presence of DMSO (C) or Dehydroequol (De). The results are shown of
20 one well of duplicate wells performed in each group from one experiment

representative of 2 performed.

¢)  Invitro angiogenesis in the presence of DMSO (C) or dehydroequol (De). One
well is shown of duplicate wells performed in each group for one experiment

representative of 3 performed.

25 d) Northem blots for mRNA of matrix metalloproteinase-2 (MMP-2) in EC
treated for 18 hours with dehydroequol (De) or DMSO control (C). Top panel
1s MMP-2, lower panel is GAPDH.




regul ation of this group of enzynes the conpounds of the invention have the
capacity to (a) to prevent or to heat many forns of disease irrespective of
t he causew@yrozpgélgpgenesi s of that disease, and (b) infl Ueriﬁ/&lﬂﬁ/ﬂf)ﬁ'ﬂ range
of biological activities of the body's tissues and the way Iin whic

di sease, age, environmental influences and other drugs influence 5 those
activities. Mireover, it is highly surprising and novel to find that a
conpound that can cause a human breast cancer cell to undergo apoptosis and
die, also can have such diverse effects .ag .antagoni si ng hypertensi on,
redressing the i nmmunol ogi cal and inflammatory inbal ance 10 underlying

< inflammatory bowel disease, reversing Type 1 diabetes; and reversing nale
pattern bal dness,, There is no known causative or pathogenic |int between

any or all OB%Hlse di sorders making it entirely unexpected that
» dehydroequol shoyl d dEgplesiYorS6ICH sél€intdn dhaB@ELAIZelld THrdlp 1 OoudstiRfugitetHizgi AY
the full inportance of dehydroequol across the broad range of biol ogical

activities in the bodyNFistimsdated faditoyrshd, BMSO treated faril$ hepnigsdadtiRwoul d
have particul ar relevgnce j.n th rev i and tr. nent. of various

di sease states and di %3?'%%#’%“’6&515 316%5\%2& %h R1OT0d s@tém‘élr? “¥i sorders
associ ated with abnormal response to growh signals, abnormal cellular
proliferdtion, dysfinwvOivial exppspion®nendetheliztbely, Grbupr gmdtimalatddal] ENFS

(rmetastasis These include: 1. all forns_ of cancer (pre-malignant, benign
and malignant) in al | stimylaigddorst hiopdS he3,HiMypO trwt%fgéwé@&wa,tﬂ conpounds

may be Used as the. sOlfnlidhof LAUAREERr 18 SHARNo R dfyfiRhnat fon wi th

ot her forms of anti-cancer apy 1 ncludi ut® not

radi ot herapy and chenot herapy; 2. papul onodul ar skin | esions including but
not limted to sarcoi Oosespermmgi of eachasigiyen, irgposintasivs aif 3 enexpefmbnig’ S

D sease 30 3. papul osgugm)uaéski n,lesions including but not limted to
psoriasis, Bowen's Di BEE¥BCOINFaRBiter' s Disease; WO U3/ 086386 - 17

PCT/ AUU3/ 00- 127 4. proliferative disorders of bone marrow i ncludi ng but not

limtedipo negal @bl asiii-§ seirs@APRomBMBbIAENA REBSSitHer axRRIALRE (NI oy qNNeN a
vera, thronbocytosis and nyel ofi brosis; 5. hypeiplastic diseases of the

reproductive tract i ngindated ibihe presentd of vebitla BVS @ enderydprequel{Diep Mean +
hypei pl asi a, endomet r L5} ut.er | fi.0roi a )0l YC i.C.ovali gn
di sease: B. Diseases gﬁgt %ﬁ%‘ﬁb é? gg%sf@g%‘?%‘ﬁ%‘ﬁ?g ﬁggﬁ%gﬁ%}’gﬁ?{g‘%aeﬁégﬂ

These include: 10 1. diseases and di sorders associated wth abnor nal
angi ogenesi s, affecting any tissue within the body including but not limted
to metast at Figuk&Bcers, psoriasis, hemangi omas and tel angi ectasia. C.

Di seaseq sangeidtQdql6] BDIHA6HALgHinglsinl KARRO(SIY adtivie) DFERIGHM{a EOH BB EA!
stimulation with TNF (a, b), PMA (b) or IL-1 (c¢) compared to control (C) treated wells.
SK activity is given in arbitrary units. Results of between 1 and 3 experiments are shown

where each group was performed in duplicate (mean + SEM). *p<0.01.

20 Detailed Description of the Invention
All cellular functions are under the control of a myriad of signals deriving from either
distant cells (endocrine signals), neighbouring cells (paracrine signals) or from within the
same cell (autocrine signals). These different signals work largely by stimulating the cell’s

genome (DNA) from where the appropriate cellular response is initiated. The process by

3]
i

which the signal is transmitted to the genome is known as sign‘al transduction. By this we
mean pathways, mostly involving different proteins, where activation of one protein
catalyses the response of another protein, resulting finally in transcription of a particular

gene or set of genes. Homeostasis, by which we mean the integrated functioning of cells,




15 responses These include: 1. diseases and di sorders associated with

i nfl ammatory reactions of an abnornmal or prolonged nature in any of the
body' s tiweus®séssel udi ng but not limted to rheumatoi d ar tgri/AUSs/00427
tendonitis, inflanunatory bowel disease, ulcerative colitis, 20 Crohn's

Di sease, sclerosing cholangitis; ?. diseases and disorders associated with
degenerative changes within the walls of blood vessels including but not
limted to the syndrome known commonly as cardi ovascul ar di sease (enbracing
t he di seases at heroscl erosis, atheroma, <<konary artery di sease, stroke,
nyocardi al infarction, post-angioplasty 25 restenosis, hypertensive
vascul ar di sease, nalignant hypertensi on, thronboangiitis obliterans,

fi bronuscul @k, dy shlt r?cg h i S&fédefﬁds RATACHAhRekrsd % ibl
abnor mal inrn%no%oglca fgspggées ﬁgl ﬁngsbut |nPte§ to 3er&eto g?l?is
and scl er odbowsands} of drffanmb@alsahtenngalheahmiy $ cetls odiarvgniimmusédasief i ci ency

associated with H LV. 30 or other viral infective agents or bacteri al
i nfective agents, and i mmune deficiency related to imuaturity or aging.

VO 03/ 1186386y &@s Eigﬂlﬁhp%héd lit 'is2€ le&&@ﬁﬁ&ésxgﬂg s AOHPLHS R0 HONC tdl Bft

wi th decreased cel functi’on i hcludi ng depreSsed response to , growt h

si gnal s andelatak maas ésgecnahzed fofictioal, Iandethb*e fﬂhte&e relaetudehe fandamantal abibity of
damage char zed egener ative i skin,incl udin ut .not
o Sed o Boral M EhuaefERERRE 0 Sipcinatd Bodtont: araathRRe prfion sy
aut oi mune fh&oasal %Rﬁﬁﬁﬁ&%f ARTboks epaﬁﬁﬁﬁ{un'ercem e P8 Htidh rERUBANBES liver

i ncl uding but not imted to nulti ple sclerosis, Type 1 di abetes, systemc -

| upus ei yt heehmpvfirmatiomaf biih¢ by y ladneyhesdi. Exampleg of némdajuelgehématlmﬁe are cell

di d d d h
i I OEE AN T TR NN .

Par ki nson' sthbl the & ¢ to R mﬁhmeﬂxe&ﬁﬁ@ﬁe@exmeﬁw t8pefliiih I eializd D EncRON &
Di sease, notorneurone di sease; 4. di seases and di sorders associated with

degener at | Viéselatieryetthaicelhs sfundamental fugclionsi.udi ng but not limted to
cataracts, macul ar degeneration, retinal atrophy. E. D seases and di sorders
associ at ed w th dysfunctional or abnornal steroido~enesis and function of
reproduct i vIa heumoising diiesajdrndisdetery, ke hppliandi Kavenfound tha nedmpaRade bA e
wi t h abnor est rogen/ andr ogen bal ance | ncl udi n? but not limted tq

PG rivgdid

cyclical FsAYHoEsgulals mapn el thep fdamenieh Bnceens odithe
ovari an)§yste, Tﬂfse&f?c{bﬁfta%@lsu?{'ﬂﬂ%o@? ’befeﬁx's!e &t 155%%?@5&?0&%{3%} ossible up until

ost eoporosis, senil nti conditrons in n assocli at ed
wi t h abnor nedw st a elgghau:mhnmngmd th dlben em&ﬁommhudiwgachuns agmndnsm hay) taggets

beni gn pros atic.hypertro nfer caomasti a, 0
ner ed t ar  ahatre Esmain SindhBisr el THEBSRRRS i Sorfl BB e rpte of
study the igvent Ws\vﬁﬁﬁedaﬁﬂi’odqﬂme?r&«hﬂﬁ’éé NYe&ehlolRublri {a85As 1 @neﬁt Tyt RBvel,
factors affecting the ability o el[Ts to divide by mtosis.
i mport ant cinadideng the action of these targets only when they are dysfunctional. Further 1t 1s a
20 major discovery, because a compound that has such a biological effect has clear and
important implications to the ability of cells to function across their full spectrum of

activity, and in turn this has substantial implications to the general health of animals.

In the description which follows, particular reference is made to dehydroequol. However,

25  this description is to be understood to apply to other compounds of the formula II.

The following are some examples of the ‘fundamental functions’ the inventors have

surprisingly found are regulated by dehydroequol, and other compounds of the formula II.

30




30 of enzynes involved in mtosis is the topoi sonerases, whose task it is
to organise DNA prior to mtosis. WO 03/086386 -19 PCT/ AU03/00. 127 Nbre
speci fi caylpyshiisé opoi sonerases constitute a famly of CO?%?YA‘(%‘;/O@E§enti al
enzynmes that resolve topol ogical problenms during DN A replication
transcription and reconbi nati on. The manmmal i an type-|I enzyme (or topo |) is
an ATP-i ndependent DNA single-strand S endonucl ease and |igase that
functions mainly during transcription. The mammal i an type Il enzynme (or
topo Il) is represented by two isoforms (@.and (3) that are ATP-dependent
DNA doubl e-stranded endonucl eases and |igases. Topo Ila is a ngjor

» conponent of the chronbsomal matrix that decatenates doubl e-stranded DNA

during repljcation. .T pression of topo Ila is cell cycle-regulated and
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20 normally is suppressed through the production of blocking proteins such as C-
flip. Dehydroequol has been found to block the production of C-flip, in so
doing, promoting the death of cells.

(b) Another mechanism involves the activation of proteolytic enzymes known as
caspases. Once activated, these enzymes autolyse the cell. Dehydroequol has

25 been found to up-regulate the activity of caspases.

(c) Another mechanism involves disruption of mitochondria leading to the
production of various pro-death factors. Dehydroequol has been found to

promote such disruption through a direct and novel effect on the mitochondria.

30 It can be seen from the above description, that dehydroequol is able to induce cell death in

a comprehensive manner via a number-of different pathways. The ability of a single




10 poisons. It is highly unexpected that the isoflav-3-ene and isoflavan
conpounds of the present invention, and in particul ar dehydroequol, woul d
i nhi bit omerase Il with such specificity and uti],i i ove
bi ndi ng %@@8&3 ions with the cl eavabl e conpl ex so as to'l(lljgxmlsé‘ﬂl' ght
their potential in the prevention and treatnment of related manmal i an

di seases, disorders and functions. Applicants have now shown for ,the first
time that dehydroequol is a topo ~ Il-specific poison. Dehydroequol was
found not to inhibit the topo | catalyth activity nor was it 20 found to
trap the topo |-cl eavable conplex. The speC|f|C|ty of dehydroequol towards
topo Il places it in the sane category as the nDst w dely prescribed

antineopl astic drugs that target topo Il [1 po | levels are rel gvﬂely
simlar betGREWOURGIPrERYea Ferh h‘r%i!l@"éé%oﬂﬁ’lel’é%\ﬁ‘i‘b’dfrffﬁ"%solstl}ﬁ)é@l By 5f cqopsid

are much hi v, JHR by abiR96Al Setidat
act as toposq SBS?%%eﬁgh%hgetg%t (%e?]lgl reéyt o?%&?gﬁém?rgggsaﬁpng#n S ~% agalrans

t unour cel lenly.whi |l e those that act as both topo | and I p0| sons may al so
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the genome through the different stages of mitosis;
20 (c) inactivation of cyclin dependent kinase inhibitors (CDKIs) whose task it is

to inhibit mitosis through suppression of CDKs.

Déhydroequol surprisingly inhibits all 3 above components, viz. topoisomerase 1I, CKDs
and CDKIs. While various drugs have been described that inhibit each of these
25 components separately, the concept that a single drug might inhibit all three distinctive

enzyme systems is novel and surprising.

Contributing to the novelty and surprise is the fact that dehydroequol only inhibits these

enzyme systems in cells that are behaving abnormally, particularly cells expressing

30 abnormal prosurviving phenotype or aberrant cell proliferation.
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mal i gnant 20 | ynphoma cell's generally express nuch higher |evels of topo |

t han nor nglg Hividing cells, the fonler are nore suscepfd he
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i nduce tunour cell differentiation and activate the apoptotic pathway.
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to inhibit topo Il and produce doubl e-strand DNA breaks. The catalytic

. cycle of topo Il can be divided into six discrete steps. These are: 1)
bi ndi ng of jop lll.to.DNA, 2) doubl e-stranded DNA cl eavage, 3)
doubl e-stra t hrough 30 the break, 4) religation of the cleaved
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synergi stic b‘b APl toi oy navt bloed esselsHs sl lnenoxpetat be a kg eventaunderlyigg gany n
the treajne

adm ni s'? Ee)r e eno'?%?eagg(%%ﬁ %naﬁ/ tg)%/%csl%%ﬂ]sg%&é\g?r@atsgggge]ﬁg’dfg E‘ggag‘%f& t|hrllsds
to a differ evﬁntbﬂg/dkdeqabl Bytdmam fepolating O ehiymei sebotsivelylindpahs avBiakenesid
finds appllcatlon in the treatment of carci nomas expressing nutant forns of
topo Il tha¥ %“r‘?ﬁ?“rﬁ)%‘(‘fs?@atf%wwhékﬁﬁasﬁo"}i’@ nof ihbgalihn tisguser ef or e escapi ng
its cytotoxic effects. NAD(P)H oxidase (NOX) proteins are described for
exanple in Mxrre et al (2002) 20 Biochem stry, Vol. 41 No. 40, pages

11941- 11945Thé4] brosircinghtiDidffexts defs dehydtoeihel ent @gmad| traudicdoa pfeckamismd are

cells exhibit stable,and recyrrin tter f oscillations th
CFbek- 1+ aPar SHMPEREREA SRpTRel Y, SHBBIo LTl o ohOHE s | Htamesy such

m nutes. ThessmRk %?h&%ﬁfyeoéhlfgafe%&td%ﬂ'a§ %‘érttﬁf sigifl %ﬁ&%&ﬁ&n pHIRREBE ARRIFeRE | N
the biochemcal literaturé, having two di stinct biochemcal activities,
hydr oqui nonphysiedexsP)fithe bml\dmtmmm ganeraptenneThestoeffictadlgshinglade Hieofollowing:
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referred to as ECTO NOX proteins because of their cell surface |ocation
(Moue, D.J.5(118%)doBemehti m Bi ophys. Acta. 1240, 201-208 [25]). The
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In summary, the inventors have surprisingly found that dehydroequol regulates a unique
collection of enzymes involved in both general metabolism and physiological function, and

30 in signal transduction pathways that play pivotal roles in cell survival, cell growth, cell

differentiation, and cell response to inflammation and immune modulators. Through




The di sul phide-thiol interchange activity-of NOX proteins drives cell

enl argenent, which when inhibited results in apoptosis. The inventors have
shown t haivoagpeegds of the fornmula I, such as dehydr oequdgadéHuoRet ent

i nhibitors of the disul phide-thiol interchange 10 of tNOX by bl ocki ng t NOX
and thus cell enlargement. The resultant small cells, being unable to

di vide, undergo G cell cycle arrest, which | eads to apoptosis. Conpounds
of the formula (11), such as dehydroequol, selectively inhibit tNOX,
whereas tNOX is not so inhibited. This sejg@ctivity is believed to be of
particul ar therapeutic significance in the treatnment of cancers including
solid tunours and netastasis. 15 Corrpounds of the formula (11), i ncl udi ng
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15 Without prejudicing the full importance of dehydroequol across the broad range of
biological activities in the body, it can readily be seen that this compound would have
particular relevance in the prevention and treatment of various disease states and disorders

as follows.

20 A Diseases and disorders associated with abnormal response to growth signals,

abnormal cellular proliferation, dysfunctional apoptosis, and abnormal migration patterns

(metastasis)

These include:

1. all forms of cancer (pre-malignant, benign and malignant) in all tissues of the
25 body. In this regard, the compounds may be used as the sole form of anti-cancer
therapy or in combination with other forms of anti-cancer therapy including but

not limited to radiotherapy and chemotherapy;

t9

papulonodular skin lesions including but not limited to sarcoidosis,
angiosarcoma, Kaposi’s sarcoma, Fabry’s Disease

30 3. papulosquamous skin lesions including but not hmited to psoriasis, Bowen'’s

Disease, and Reiter’s Disease;
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4. proliferative disorders of bone marrow including but not limited to
megaloblastic disease, myelodysplastic syndromes, polycythemia vera,
thrombocytosis and myelofibrosis;

5. hyperplastic diseases of the reproductive tract including but not limited to

5 benign prostatic hyperplasia, endometriosis, uterine fibroids, and polycystic

ovarian disease.

B. Diseases and disorders associated with abnormal angiogenesis

These include:
10 1. diseases and disorders associated with abnormal angiogenesis affecting any
tissue within the body including but not limited to metastatic cancers, psoriasis,

hemangiomas and telangiectasia.

C. Diseases and disorders associated with abnormal inflammatory/immunological

15 responses
These include;

1. diseases and disorders associated with inflammatory reactions of an abnormal
or prolonged nature in any of the body’s tissues including but not limited to
rheumatoid arthritis, tendonitis, inflammatory bowel disease, ulcerative colitis,

20 Crohn’s Disease, sclerosing cholangitis;

t9

diseases and disorders associated with degenerative changes within the walls of
blood vessels including but not limited to the syndrome known commonly as
cardiovascular disease (embracing the diseases atherosclerosis, atheroma,
corohary artery disease, stroke, myocardial infarction, post-angioplasty
25 restenosis, hypertensive vascular disease, malignant hypertension,
thromboangiitis obliterans, fibromuscular dysplasia);
3. diseases and disorders associated with abnormal immunological responses
including but limited to dermatomyositis and scleroderma.
4. immunological imbalance including immune deficiency associated with H.LV.

30 or other viral infective agents or bacterial infective agents, and immune

deficiency related to immaturity or aging.
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D. Diseases and disorders associated with decreased cellular function including

depressed response to growth signals and increased rates of cell death

These include:
1.

)

actinic damage characterized by degenerative changes in the skin including
but not limited to solar keratosis, photosensitivity diseases, and wrinkling;
autoimmune disease characterized by abnormal immunological responses
including but not limited to multiple sclerosis, Type 1 diabetes, systemic
lupus erythematosis, and biliary cirrhosis;

neurodegenerative diseases and disorders characterized by degenerative
changes in the structure of the neurological system including but not limited
to Parkinson’s Disease, Alzheimer’s Disease, muscular dystrophy, Lou-
Gehrig Disease, motorneurone disease;

diseases and disorders associated with degenerative changes within the eye

including but not limited to cataracts, macular degeneration, retinal atrophy.

E. Diseases and disorders associated with dysfunctional or abnormal steroidogenesis

and function of reproductive hormones

These include:

1. conditions in women associated with abnormal estrogen/androgen balance

including but not limited to cyclical mastalgia, acne, dysmenorrhoea, uterine
fibroids, endometriosis, ovarian cysts, premenstrual syndrome, acute
menopause symptoms, osteoporosis, senile dementia, infertility;

conditions in men associated with abnormal estrogen/androgen balance
including but not limited to benign prostatic hypertrophy, infertility,

gynecomastia, alopecia hereditaria and various other forms of baldness.

In an important field of study the inventors have been investigating cell proliferation and

the factors affecting the ability of cells to divide by mitosis. One of the important classes

of enzymes involved in mitosis is the topoisomerases, whose task it is to organise DNA

prior to mitosis.
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More specifically DNA topoisomerases constitute a family of conserved essential enzymes

that resolve topological problems during DNA replication transcription and recombination.

The mammalian type-I enzyme (or topo I) is an ATP-yindependent DNA single-strand

5 endonuclease and ligase that functions mainly during transcription. The mammalian type
II enzyme (or topo II) is represented by two isoforms (o and P) that are ATP-dependent
DNA double-stranded endonucleases and ligases. Topo Ila is a major component of the
chromosomal matrix that decatenates double-stranded DNA during replication. The
expression of topo Ilo is cell cycle-regulated and proliferation-dependent, whereas the

10 expression of topo I and topo IIf are relatively constant throughout the cell cycle and

independent of proliferation [3].

Inhibition of topo II may generally take place by either (a) stabilising a transient reaction
intermediate between the topo II enzymes and DNA (called the cleavable complex) or (b)
15 hindering its formation [4]. Topo II inhibitors that stabilise the cleavable complex are
named topo II poisons and are represented by antitumour drugs such as VP-16 (etoposide)
and doxorubicin. Topo II inhibitors that do not stabilise the cleavable complex are named
catalytic inhibitors and are repreéented by agents such as aclarubicin and merbarone that

may or may not find applications as cancer therapeutics.

20
Topo 1I poisons are cytotoxic due to the production of double-strand breakage that may
escape the repair process. Tumour cells that contain higher levels of topo II are more
susceptible to the cytotoxic effects of topo II poisons than normal, non-dividing cells,
which generally contain very low topo II levels [5-8].

25

Previously, the soy isoflavone genistein has been identified as a topo II poison, as it
inhibits the catalytic activity of topo II and stabilises the cleavable complex (4, 9-13]. In
this regard, genistein can act as an antitumour drug when introduced at high concentration
[14], but also, like many other antitumour drugs, it is thought that it contributes to the

30 promotion of human leukemias [15].
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Accordingly, there is a continual need to find new or improved compounds and
compositions which exhibit physiological properties important to the health and well-bemg
of mammals, particularly humans, and to find new methods which exploit these properties

for the treatment, amelioration and prophylaxis of disease.

The present inventors have made the surprising discovery that dehydroequol is a potent
topo II poison binding to a novel site on the topoisomerase/DNA cleavable complex. This
provides for the use of dehydroequol and derivatives thereof both in new applications in
cancer chemotherapy as well as in enhancing the antitumour effects of known topo II

poisons.

It is highly unexpected that the isoflav-3-ene and isoflavan compounds of the present
invention, and in particular dehydroequol, would inhibit DNA topoisomerase II with such
specificity and utility via novel binding configurations with the cleavable complex so as to
highlight their potential in the prevention and treatment of related mammalian diseases,

disorders and functions.

Applicants have now shown for the fu;st time that dehydroequol is a topo II-specific
poison. Dehydroequol was found not to inhibit the topo I catalytic activity nor was it
found to trap the topo I-cleavable complex. The specificity of dehydroequol towards topo
IT places it in the same category as the most widely prescribed antineoplastic drugs that
target topo II [16]. Topo I levels are relatively similar between normal and tumour cells.
Contrary to that, topo II levels are much higher in rapidly dividing tumour cells.
Consequently, agents that act as topo II poisons direct their cytotoxic effects mainly
against tumour cells, while those that act as both topo I and II poisons may also be
cytotoxic to normal cells. This observation is consistent with the observed low toxicity of

dehydroequol in normal healthy tissues found by the applicants.

The ability of dehydroequol to promote -topo II-mediated DNA clea{/age in vitro by

stabilising the cleavable complex is comparable to that of other topo II poisons that are

currently used in cancer chemotherapy. One such drug is VP-16, used in the treatment of




HO/ OOH\ ~/ OH COH OH 35 37 -29 H PCT/AU113/ Ul -t27 OH\ ( / OH Me ~ /
OH 32 Me 34 OH OH 36 H,OH 38 WO 03/(18638C 30 H Owve H 39

PCT/ AUO3/ Q@ d66389 | N a nost preferred enbodi ment of the igveltisaRsdhe
conpound i s conpound 1, 5 dehydroequol. Further preferred conpounds of the
invention are of the general formula IV: R~ ~O- R$ (IV)

.21 -

small cell lung carcinoma, which yields remissions in 70% of patients and is considered to

be a "pure" topo II poison [17]. -

The applicants have surprisingly found that dehydroequol produces detectable topo H-
mediated linear plasmid DNA at a concentration of 20 pg/ml. This is lower than the
concentration of genistein (30 pg/ml) that produced comparable DNA cleavage. The

effect of dehydroequol was similar to that of VP-16.

Topo II poisons, including VM-26, VP-16, doxorubicin, amsacrine, and several dietary
bioflavonoids, represent a class of topo II inhibitors that convert a normal enzyme (topo II)
into a cellular poison. The ternary complexes, formed between topo I, DNA, and the
drug, are initially reversible by DNA religation or DNA repair {4]. Cellular processing of
the accumulating ternary complexes activates an irreversible step that leads to protein-
associated DNA fragments 300-600 kb in size [18]. Following this irreversible step,
caspase 3 becomes activated, which produces endonucleolytic DNA cleavage
characteristic of apoptosis. Thus, following DNA replication or transcription, these topo II
poisons convert cleavable complexes into lethal lesions {17, 19]. The sensitivity of tumour
cells to topo II inhibitors is stroné-ly associated with intranuclear topo II levels [5, 7, §].
Since rapidly dividing lung cancer, breast cancer, ovarian cancer, and malignant
lymphoma cells generally express much higher levels of topo II than normal non-dividing
cells, the former are more susceptible to the deleterious effects of topo II poisons.
Furthermore, reduced topo II activity has been associated with cell differentiation [4, 9].
Based on the effects of dehydroequol on topo II activity, this agent is expected to induce
tumour cell differentiation and activate the apoptotic pathway. These biological effects of
dehydroequol are consistent with its ability to inhibit topo II and produce double-strand
DNA breaks.

The catalytic cycle of topo II can be divided into six discrete steps. These are: 1) binding
of topo II to DNA, 2) double-stranded DNA cleavage, 3) double-stranded passage through
the break, 4) religation of the cleaved DNA, 5) ATP hydrolysis, and 6) enzyme turnover
[20].




R3 R4, Rs 10 in which R, R2, R3, R4, Rs; R6,, R~ and R8 are as defined
above. In a nore particularly preferred enbodi nent, the conpounds of the

i nventi onygy B/dsbigse 1 sof l avan conpounds of general fornul j

directly correspend to their isoflav-3 15 ene counterpartgug@é§¢%%gﬁvabove.
In these conpounds nunbered 41 to 80, the 3-ene pyran-ring double bond of
conpounds 1 to 40 respectively is now a single bond. The preferred
conpounds of the present invention also include all derivatives and
prodrugs w th physiologically cleavabl e |eaving groups that can be cl eaved
invivo fromthe 20 isoflavene, isoflavan or derivative nolecule to which
it is attached. The leavilig groups include acyl, phosphate, sulfate,

sul fonate, and preferably are nono-, di- and per-acyl oxysubstituted
conpounds, where one or nore of the pendant hydroxy groups are protected by
WO 03108( 386y, 3ilni - heaSEivic SFpp.
Typically a@;‘ﬁ %%&ﬁgéﬁﬁéﬁ%%ﬁé%mégéﬁgs&gﬂgﬁ eﬁ%\%{tﬁtve ¥t0 F}lere eo?atl %[ttrcegf
readi | y cl ethabdk énttibitédndt hasrirees pstablishgd by dhicoapplisartts in thistpatent drap dehnydsoequol
addition, the protecti of funciional .groups on the_ isoflavene conmpoynds
and deri vat vwsthsfﬁt%g[}r CRBRIER,] RRCE d, 1o 2R SE‘J%&R‘F’F@H 118 CRmP ed by
est abl i shedeahAgShd BlevigB Sty by ibbitREPkAIARoASHH ok Bhont domMhafipgpe.
Protective ¢ oupsgi n ega%%?c e%i/n?'ﬁesfns?fé\]gﬁn ﬁﬁgy &ﬁSon , Newo%l\r%, 1981.
Ref er ence t both steprp dhadisdf istrio¢ yetnaleart wiethérnishydiesquod bexde ria éoptodl othe IMNApor e
of the compgunds. ference to the use of a conpound of the invention

i ncl udes re&@?@?&)ﬁ%ﬁt"%‘p - use of that conpound by itself, in association
wi th an excipient and/or diluent, and/or in association with one or nore

further active agents. The term"alkyl" is taken to include straight chain,
branched ch&¢pe ald poisohs$ csychn as hdawnesebiocin, Sdowrdnein, ;rmsgenng, e cliptiging asrd|

| kyl of 1 to 10 b | 115, t
2t o, e hiGkarteohS ofe TV ABRLEIT 1AL SoBEP RS 1B 2n.s8 Vr 1B, Y826,
tertiary bugiétocidagindlsalvicifd 86 a6t Mtercamd 1o B DNRE[21TDE. alteydliridad pplications €

preferably nethyl, ethyl, propyl or isopropyl. The alkyl group may.
optional |y #k @gb@pmllﬂleén yitorierigativesr encbﬁ/w sergigic camperitiens pyidhi ater

i odi ne, car Rox ~ (A4-al ko , - Ca- al K il
i (o o P Eamerspentie el S By o ccalinfly o RS RS BY Uovelomed 5
20 al kyl - carebistyit©x36 presénfiyaladyihibiefed Chefotityspeond Kygenty. phEW| is, Theherer m
"al kenyl " ia tgken to .l ncl l,égcﬁ strai ght_chain, branched chain and cg({(;pl ic _gi n
t he casd?of dehydregupldbings igadifferent topa dhate thamkneyyn torp 4l paysonsy Hish 25: Vgm0 i
preferably : i . g WhLE B
Gt henyi . 1- SrACaRIpaTgRR & BBRmehl dttaRino i GG SRt HRRFOFED Phat do
2- met hyl - 1- petdpediol the Rnowen hypo-12 ppisapdmsreforaestaping itk cketoxiheffakk enyl group
is nore preferably ethenyl, 1-propenyl or 2-propenyl. The al kenyl groups
may optionally be substituted by one or nore of fluorine, chlorine,
brom ne, iodine, carboxyl, Cil-C4al koxycarbonyl, Cl-C4-allcyl am no-carbonyl,
di - (C1- CA- aNiayh(p Hnaﬁ@as%a(gm) IprotBind ! £% YdesciidedChoradAamiple ih QVIBHE 0otYal (2002
C~- C4-al kyl - car(b?)nyl oxy, 1-%3& kyl t hi o, C3-C6-cycl oal kyl or 30 pheglyl ) )
20" Biochemistry, Vol. 41 No. 40, pages 11941-11945 [24]. Such NADH oxidases at the

external surface of animal cells exhibit stable and recurring patterns of oscillations with

clock-related, entrainable, and temperature compensated periods of 24 minutes. These
proteins are characterised by the property, unprecedented in the biochemical literature, of
having two distinct biochemical activities, hydroquinone (NAD(P)H) oxidation and protein
25 disulphide-thiol interchange that alternate (Morré et al supra). Such proteins may be
referred to as ECTO-NOX proteins because of their cell surface location (Morré, D.J.
(1995) Biochim. Biophys. Acta. 1240, 201-208 [25]). The constitutive ECTO-NOX,
designated CNOX, is hormone responsive and refractory to quinone-site inhibitors. NOX
associated with tumour cells (tNOX) is unregulated, refractory to hormones and growth
30 factors, and responds to inhibitors (Morré, D.J. (1998) in Plasma Membrane Redox
Systems and Their Role in Biological Stress and Disease (Asard et al editors), pp 121-156,




WO 03/086386 -32 PCT/ AU03/ OO0 127 The term "al kynyl" is taken to include
both straight chain and branched chai n hydrocarbons of 2 to 10 carbon
atons, preiEs; 2 to 6 carbon atons, with at |east one i such
as et hynyl, f?’gé%gynyl , 2-propynyl, 1-butynyl, 2-butynyl ,t%d@l'?ﬁg’g{kﬁke. The
al kynyl group is nore preferably ethynyl, 1-propynyl or 2-propynyl. The
allcynyl S group nmay optionally be substituted by one or nore of fluorine,
chl orine, brom ne, iodine, carboxyl, d -C4-al koxycarbonyl,

C - C4- al kyl am no-car bonyl, di-(C~-C4-al kylz)- am nocar bonyl, hydroxyl,

C - C4- al koxy, fornyl oxy, d -C4-al kyl -carbonyl oxy, O -C4-al kylthio,

C3- C6-cycl oal kyl or phenyl. 10 The term"aryl" is taken to include phenyl,

bi phenyl a napht hyl an be t.i opal ubsti tut by or re

Dy AR A S0 SRS (SRAEREL Y RSl GRS oS

- - C4- al kyl GRieRoaidiedoind 8kifbit HRAviHE bERillARInS vl )ildp')'erio% [eAKB b 94 nghiede
five-menbered and six-nenbered rings which 15 include at |east one oxygen,

sul fur or niINGXgeoetcing onhibe rothey, hand iach caricey selhsectfc apt exinbit logciilatges woh a
o oY R B S Finl B 08 S bl hfipls oind

benzot hi 9phg¥001) BibdkdhYBiophsORklaNP439, 192904 i), rmor phol i nyl, . oxazol yl,
thiazolyl, pyrrolyl, xanthinyl, purine, thymné&, cytosine, uracil, and
i soxazol yl. The heteroaromati c group can be optionally substituted by 20

one or nore of fluorine, chlorine, bromne, iodine, carboxyl,
G - C4- al koxycar bonyl, Ci1-C4al kyl am no- car bonyl ,

di-(C -C4- = 1a1340 ¢ | . ~- (4 - o) L, .

Q- o al oyt T ipuBRa0n O i MUEHRKSE N pidfaifls BiTHG ol ittt which,
het er oar omewhen oshibited nesultsi ial dpoptsist 0The liyvehiods hgenstiocwh dmt desipoands 86 thkhe
term"halo".is taken to i.nclude f]Juoro, chloro, bro and {odo, preferably
fluoro and @m%&aﬁi e @s d y@r%ai % PRtgRtgnhipEers of f %dtsalph&e-@eém@%ange

"hal oal ky! " op¥NOX ibyh1888n ngéerggﬁﬂg(%@ﬂ éepgi%%@g.e%(qusmgt Hﬂal? Qells beingnyI

per hal ogenat ed al kyl groups. erre groups are trifluoronet
and pent af | embkegb ldytide, 3Bddige G eelhcyplb armestcwhichdedds yo apopigrisa lCenpainds off sleed

herein refegs t organi g .or. i norganj c,.mi ety. th arries - rge .and
'hat can’ beloaahfiritDy St feidcomiaf aleciram ot woss harga iSRG ot S8
PCT/ AU03/ f 1@nidfte®@ N arniR s&lbdtivirg! is BdBBYed fo0be BKpaMAbElar Aferabeafd BlpRificaAbs &b QY
counter-anion in a salt. Pharmaceutically acceptable cations are known to

t hose of skir¢ataentiaf cenpersineludimggolid (ymeis pud matastasior |imted to sodi um
potassium calcium zinc and quaternary am ne. Pharnaceutically acceptable
ani ons §1§e known to those of skill in the art, and include but 5 are not
limted to chloride, acetate, citrate, bicarbonate and carbonate.” The term
" phar maceut Cemapbdynda of et fatrhela @BY, ivahdivg delofdrodguol hive baetffeursl Byothe applicants
derivative of .the actiyve conpound that upon adm nistration to, the recipient
i s capabl e 0 BRI BatHy degrading yengymes gsucBony ynetaligpratgases: PagisgkGhg meatrix-
met abol i te, hi A 4 L MLV . ‘ﬁ]!cm]r Qﬁﬂ.{
"treat nent "I,ngt'rgggr)ﬁg%ﬁy axf%@%greﬁe%% g%/s'te)%lg %egﬁﬁ!tﬁ dlgén% ;ggdrtéaétssﬁl g}rllgggn tféer I gl{(g‘r;e
t 0 be considfiamehation tik edapefdtent das thec symtleests. andh spaxetiorc of angtrikimeetaboproteases.

"treat t" ,does. not necessarily . .imply that an animal_is treatedq.until .
total relovAFPraRER RIRAUGE qff (e pediet ARNEPHER SMAKchS S | Bn DI pmatrix

SYNnpt ome  Orme@MEprotehsedl iR BRI lttdatthélt ©PNMistdsed WsodiateB SHAN ddbgehesis and
ot herwi se reducing the risk of developing a particular conditiion. The
anmount of om#ammatione conpounds of fornula Il which is required in a
therapeutic treatnent according to the invention will depend upon a nunber
. of factors, which include the specific application, the nature of the
particul ar TeRegnd3LGednd i0HaCAHPRAIPES 1he iRRnlibs afeestt ol gf'éﬁ%l ffrmula
adm nistration and the condition of the patient. Conpounds of fornmula Il
~ may be &éni Riabewr dyeferred compownds o thesimwenitonagse pEthe ganasalt foomulr IL: pract i sed.
See, for exanple, Goodman and G lman, et al. (1995) The Pharnacol ogi ca
Basis of Therapeutics 8th Edition. The specific dosage utilised will depend
upon the condition being treated, the state of the subject, the route of
adm nistration and other well known 25 factors as indicated above. In
general, a daily dose per patient nay be in the range of 0.1 ng to 5 g;
typically from0.5 ng to 1 g; preferably from50 ng to 200 ng. The |l ength
of dosing may range froma single dose given once every day or two, to
twce or thrice daily doses given over the course of froma week to many
nonths to many years as required,




depending on the severity of the condition to be treated or alleviated. It
wll be further 3 0 understood that for any particul ar subject, specific
dosage regoBage3goul d be adj ust over WO (13/08638( -34alildod3/ 00~27
time according te the individual need and the professional judgnent of the
person adm ni stering or supervising the adm nistration of the conpositions.
" Relatively short termtreatnents with the active conpounds can be used to
cause S stabilisation or shrinkage of coronary artery di sease |esions that
cannot be treated either by angi opl asty g4 surgery. Longer termtreatnents
can be enployed to prevent the devel opnent of advanced | esions in high-risk
patients. The production of pharmaceutical conpositions for the treatnent
of the therapeutic 10 |nd|cat|oq§ herein described are typically prepared
by admi xture of the conpounds of|the invention (for convenience hereafter
referred to as the "acti veRgQ Q. wW.iRy one or nore pharnaceutical +y or
veterinary acceptabl e earners r ex¢i pients as are meli known in the
art. 15 The carrier mnust, of g /e acceptable in the Qnse of being
conpati ble with any ot her Rggredyents~in e9rnul ati on and nmust not be
del eterious to the subject. The Larrier oriex0|p|ent may be a solid or a
liquid, or both, and is preferad?y formul a the conpound.as a

uni t-dose, for exanple a tablet, which contaMn up to | 00% by wei ght of
the active conpound, preferably frontO.S@b 0 59% by wei ght of the active
conpound. 20 One or nore active conpounds may be incorporated in the
formul ati ons of the invention, which may be prepared by any of the well
known t echni ques of pharnacy consisting essentially of adm xing the
conponents, optionally including . one or nore accessory ingredients. The
preferred concentration of active conpound in the drug conposition wl|
depend ofi ainseitigh i on, distribution, inactivation, and excretion rates of
the drug as well as 25 other factors known to those of skill in the art.
The fornul ations of the invention include those suitable for oral, rectal,
optical, bugcdl, R &, RX kgﬂnékgwéygggﬁmdggﬁgnteral {for exanple
subcutaneous ’ht T arustu I ntradermal , or travenous) and transder nal
adnlnlstratlon al t hough the most suit abl e route in any 30 given case will
depend on the nat and severity of the condition being treated and on the
nature of tREH #V@ & ar active conpound which is being used. WO

U3/ U86336 -Rp ECTML@?:/MMBORM@% efdéntiR yardgeh, ﬁwoxyﬂdmmal @R

may be presented in discrete units, such as capsul es, sachets, | ozenges, or

tablets, each €6MRairCAQH EPRet efi.nbaloallkunrylaliyl tesyl, thio, alkylthio, amino,

alkylamino, dialkylamino, nitro or halo,

Rg 1is hydrogen, hydroxy, alkyl, aryl, COR;3 where Ris is as prev1ous1y defined, or
CO,R 4 where R4 is as previously defined,
15 Ry isalkyl, haloalkyl, arylalkyl, or C(O)R1 3 where Ry is as previously defined, and

Ryo 1s hydrogen, alkyl, amino, aryl, an amino acid, alkylamino or dialkylamino,

more preferably
R, is hydroxy, ORg, OC(O)R or halo,
20 Ry, Rs, R4, Rs, Rg and Ry are independently hydrogen, hydroxy, ORy, OC(O)Rio, C(O)Ry9,
COOH, CO,R g, alkyl, haloalkyl, or halo,
Rg is hydrogetl,
Rg is alkyl, arylalkyl or C(O)R,3 where R;3 is as previously defined, and
Ry 1s hydrogen or alkyl,
25 .

and more preferably




active conmpound; as a powder or granules;-as a solution or a suspension in
an aqueous or 5 non-aqueous liquid; or as an oil-in-water or water-in-oi
emul si on.wSWebhgshbgy nul ati ons may be prepared by any sui tabh,eTm]q,E,@&,ﬁf
pharmacy whi ch includes the step of bringing into association the active
conpound and a suitable carrier (which may contain one or nore accessory

i ngredients as noted above). In general, the formulations of the invention
are prepared by uniformly and intinmately adm xing the active, conpound with
aliquid or finely 10 divided solid carrier, or both, and then, if

~ necessary, shaping the resulting m xture such as to forma unit dosage. For
exanpl e, a tablet may be prepared by conpressing or noul ding a powder or
granul es cagt aj qi ol 0 j ly with one or nore
accessory ?ﬁb?%@%%ﬁ%gnﬁ%%%BLéggéggBéﬁgg?%gﬁéy%%%%brepared by conpressing,
in a suitalRe PR RS, R hadCcRMprUdesdndémtly hydiogdd, Bydnsky, shethods tenpylosyr
or granules optionally m xed 15 with a binder, lubricant, inert diluent,
and/ or sur f acaceiyloxyemgihyp drifipergmstiwhey @oropmd ded tabl ets may be nade by
nmoul di ng, i i e machi ne, the powdered conpound noi stened with an

i nert quu#% g?%%%éggLornulations suitabl e for buccal (sublingual)

adm ni st§ atiheloding phargeackwticatig@scepaubly dalts agd diviatieesaitrieyf conpound in a
flavoured base, usually sucrose and acacia or tragacanth; and pastilles
conprising the conpound in an inert base such as gelatin and glycerin or
sucrose antrard: pSHAERER gﬂr%&e@fcoﬁgglg?s%qﬂg prEA¥RLYEftictH Ak Al RtddOfrom
parenteral a mni St Fati on nveni ent conprise sterile aqueous

pr epar at i orthe Bbflahd-eaetcompomadsdotordds, whi ch preparations are preferably
isotonic with the blood of the intended recipient. These preparations are
preferably adm ni stered i ntravenously, although admnistration may al so be
ef fected byqoeans.of sgbcutaneous, intrgymscular, gy intradernmal injection.

Such preparati gf Y €O veni ently be prepayed Qy adh xi ng the conpound
[ uffer and 30 rendeling
sterile and i soD8W T ™W o

with water or sul ting solution
-36 PCT/ AU03/tl (1.127
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¢ to the invention genera pntain from
0.1%to 60% w v of active cCoQpgURg I|g‘nd are adm ni st ered 8t -4 2%@ of 0.1
m /mnute/ kg. ' Formul ations suitdBe for rectal administrati o®Mfe
preferably presented as unit dosg 5 suppositories. These may be prepared by
adnixing the active conmpound with one or nore conventional solid Garners,
for exanple, cocoa butter, and then shaping the resulting m xture.
Fornulatioq; or conposjtions suitable for fopical inistration to the
skin prefer & S 9

he form of an oi | otion, paste, gel,
spray, aerosol, ude Vasel ine,
| anol i ne, polye

al cohol s, and 5 NS two or nore
t hereof . The acti general ly presept at” a cration of

2 h

fromQi%to 5% vwhHi g dularly from 0. 23
et i tpglki n creans. 15




Formul ati ons suitable for transdernmal adntnistration may be presented as
di screte patches adapted to remain in intimate contact with the epiderms
of the reqdbuRksskor a prol onged period of tinme. Such pat CF@?/A%H;?/&@WY
contain the actiwe conpound as an optionally buffered agqueous sol ution of,
for exanple, 0.1 Mto 0.2 Mconcentration wth respect to 20 the said
active conpound. Fornul ations suitable for transdermal adm nistration may
al so be delivered by iontophoresis (see, for exanple, Panchagnula R, et
al ., 2000 Transdermal iontophoresis revispgded Current Opinion Cherrrica
Bi ol ogy Vol 4, Issue 4, pp 468-473) and typically take 25 the formof an
optionally buffered aqueous sol ution of the active conpound. Suitable

f or mul ationM rrprise CHrate or Bis/Tris lgfer (pH @ or et hanol / wat er
and contain r0'-ﬁ M TOND. 2 Mactive i ngredigs o ati ons suitable
for inhal ation del i i

sol uti on, suspen \ﬂ ¥
further conprise a pharnaceu
di oxi de or nitrous oxide.

to, adm xed into, coated, conbined or otherw se added to a food stuff. The
termfood stuff is used in its w dpst possible sense and includgs liquid
formul ati ons such as drinks including 5 dairy products and ot her foods,
such as health bars, desserts, etc. Food formulations containing conpounds
of the invention ggn be readily prepared accordj to standard practices.
Ther apeuti c nmet hods, uses and conpositions nmay adm nistration to

humans or 161Qui pa Pagl udi ng mammal s sbiéh _as a@n'on and donestic
ani mal s (such ag”do and| cats) and |ivestock Bl s (jsuch as cattle,
sheep, pigs and soat such as chi ckel ks) and the

| i ke. The active Tonp
prodrugs or salts thereof 1] al so be co- adnlnlstered
pharmaceutically active mat ez t do not inpair the des tion, or
with materials that supplenent the desired action, such as antibrotics,
antifungals, antiinflamuatories, or antiviral conpounds. The aqéive agent
can conprise two or nore isoflavones or derivatives thereof in Conbination
or synergistic mxture. The active conpounds can al so be adm nistered with
lipid | owering agents such as probucol 20 and nicotinic acid; platelet

aggr egat iPon i nhibitors such as aspirin; antithronmbotic agents such as

cour madi n; ciu cha@pel bl ockers suc verapaml, diltiazem and

ni f edi pi ne; angt 3 onvertlng enzyne (AEE iDitors such as
captopril and en i propgnol ol , terbutal ol,
and | abetal ol . The 29 al'so bqﬂﬁl”' et N eBxi nation with
nonst eri odal antllnflannato such as i buprofen, 25ing haci n,
aspirin, fenoprofen, nefenaM c_a&&id, flufenamc acid and ndac. The
conpounds can al so be adm nistéred with corticosteroids. OH

maceutically a

1" 12




. co-adm nistratid

In an inportant aspect of the present invention, a conpound of the fornula
Il is conpounded with another cytotoxin or chenotherapeutic agent, and, in
particul afyo dagike 30 which also stabilise the cleavable A 5082701 nder
its formation. Preferred agents are VP-16 (etoposide) and oxoru6|0|n,
however this aspect of the invention is not necessarily WO | 13/ (186386
-38 PCT/ AUU3/ U0. 127 to be limted to these two known agents. These
conpounds are thought to exhibit synergistic activity against cancerous
cells and tumours. Wthout wishing to begsimtedfto theory, the synergi sm
is thought to be based on the ability of the conpounds of the present

. invention to bind to novel topo Il sites. Thus the conpounds of fornula I

find applicgtion 5 in ncer therapy wher el l's express nmutant forns of
@ﬁb SHOW 3@ E‘&f }
adm ni stration

topo Il whi tance to existi oksons. The

B t he conpounrtis. be he
dose, or in individual jcrete un doses adm ni sfjer ed t he sane
or simlar time. Sequential ladmjjstration may be in any Qrdeglas required
and typically will require an™~6nhgoigBz physi ol ogi cal effect of theHirst or
initial active agent to be current when the second or |ater active agent is
adm ni stered, especially where a ggnul ative or synergistic effegt is
desired. 1 S Synthesis Synthesis of the conmpounds of the fornula Il can be
achi eved by a nunber of routes. Particular reference is made to
I nternational patent application WO00/ 49009, aQﬂireferences cited therein,
whi ch are incorporated herein in their entiretyf by reference. The
I nt er nati ondD. @appiN_cat®©Qn descri bes i nprdied nethod®.of preparing
i sof | avenes fro [ d

conveni ent star naggrial LS dqbﬁzein whi ¢ by

est abl i shedypput 887 I n~d gepgératysynt hesi s, as its

di -acetate, and then dehydr At ed to tetrahydrodai dzei tetate in near
gquantitative yield. This ge synt hetic nethod 25 all ows to clean

and near quantitative yields of other isoflavan-4-of conpoupnds D

hydr ogenati on of the correspondi i sof | avone. Dehydrati on @#f ,{he

i sof | avan-4-of with standard reaagnts such as strong acids or 18205 and the
| i ke leads to the unsaturated isoflav-3-eves of the invention. The
dehydration reactions 30 can be carried out on the hydrogenation products
directly, oHQdeprotect@d derivatives thetdos, 0dB3/ 08638G - 39

PCT/ AU03/f) 0. ~2 ils of dehydroequol d$ achjeved by renoval of
t he protecting Rg X i
derivativesH@y be prep
present invention can be reg prepared by t 5
i sof | av-3-enes or isoflavone opler known pro%edures [
i sofl av-3-enes for use in the present invention nmay al so be synthesi sed
from 10 isof | avones deri ved fronmﬁpy nunber of sources readir&d dentifiable
to a peréon skilled in




the art. Preferably, they are obtained in the formof concentrates or
extracts from plant sources. Again, those skilled in the art will readily
be able t&dg@}ﬁ%kgy suitabl e plant species, however, for W&moﬁgants of
particul ar 'uSe 1R the invention include | e? om nous plants. re
preferably, the isoflavone extract is obtained fromchickpea, lentils,
beans, 15 red clover or subterranean clover species and the |like. The
present invention will now be described with reference to the follow ng
non-l1imting exanples. 20 EXAVMPLE 1 Matekhgal s and met hods Dehydroequol was
eval uated as a potential inhibitor of topoisonerases, by using the

rel axation and ni cking assays that can identify topo | inhibitors, and the
unknotting and DNA cl eavage assays that -can identify topo Il inhibitors.
Dehydr oequdiOinbibit ePthe 25 catal ytic E@'v' 0 ﬁ ina

dose- dependent g it stabilised the §opo mefi at ed cl eavabl e-

conpl ex, denons

hat £ RS agent is a t®Qo 0 De
topo Il inhibitory S conpar abl e to tjhose of of Ant i t unour
agents such as VP|16 and ronger than thgge of genilk :
Dehydr oequol did %ot i nhi bi t™fopo-gyHqcatal ytic activity nom&idigHstabilise

the topo |-nediated cl eavabl e conpl ex. 30 These results denonstrate that
dehydroequol is a topo II-specifzg poi son and support its appljcation in
cancer chenot her apy. WO U3/ (18G38G PCT/ AUL) 3/ 00. ~27 -40 Inhibition of the
catalytic activity of topo Il but not topo |I by dehydroequol ' The stepw se
removal of DNA knots nknotti ng) requirgf transi ent. doubl e-strand br eakage
foll owed b > assage and rel egatio 10 p Uppi soner ases uni quel y
5 catalyse this The effect of dehyg topo Il catalytic

activity is dishhayed in . Unknotted DNA M oMUt gt ba€ldri ophage
Jcti on subStrat €7t hat m'gr as a snear

(P4 Virl de®l0) i§ used as ¥

(due to the variabl e nunber topa |1,

t opol ogi cal DNA knots are rem ;O”Nnd the reaction product™>{unlOHotted
DNA) migrates as a single band. Dehydroequol inhibited this reaction in a
10 dose-dependent nmanner as showpsin Fig. 1. Conplete inhibitiggn was
evident at 100 p,g/m dehydroequol. It was determ ned fromdensitonetric
measurenents of the unknotted band that .SO%inhibition (ICso) was at about
20 p.g/m dehydroequol . The effect of dehydroeqsol was conparable to that
of VP-16, which was used as a positive control.j1 S To determne if

dehydr oequoHO. s el g0fi ve inhi bitor of HOR 1@ effect was eval uat ed
n the absence of ATP.

t irlrequires ggP. Fig. 2
A (lane 2).
Canpt ot hecin, a kmown topo i bitor, preventk p ion (lane
3), but dehydroedq48 at conceafrations up to | 0420 wgy Yi nhi bi t
this topo I-catal ysed reaction (lanes 4-8). These results show that
dehydr oequol does not inhibit to | and therefore is a topo I]gsspecific
inhibitop. Induction of topo II %@diated doubl e-strand DNA cl age but not
topo | nediated DNA single-.rtrand breakage by dehydroequol 25 A

| i neari sati on assay mag enpl oyed to determ ne if dehydroequol is a topo |

Topo Il can al sg i | edypl asmi d DN

poi son. Doubs eakage resul ts iHOtheappedPance of |inear DNA
Dehydr oequol in nce of topo I, foIIbyt eatnent with

pr ot ei nase K/ SD ‘ rodogrd the |ilgear phasmOMeNA (Fi g.
3, lanes 2-4), ] stabilises thg cl edavablg pl ex. This

ef fect, which was i ,g/ M, peaked
30 of topo Il (la - 1 0
not produce |linear DNA. The effect on topo Il -nedi ated DNA
strand breakage is - 29 CN430




W O 03/08G386 -41 PCT/ AUD3/ U0~127 unexpectedly nmuch greater than genistein
(lane 5) and conparable to VP-16 (lane 6), which were used as positive
control s.wo i368s3862zyme denaturation and digestion ire nec?% &Ms/’i)&z el ease
the DNA cl eavage,. these data denonstrate that dehydroequo uced
breakage is nediated by topo Il. 5 Topo |I poisons trap the enzynme- DNA
reaction internediate and, followi ng the digestion of the enzyne, produce
singl e-strand DNA breaks (nicks). Under the el ectrophoretic conditions that
were used in the experinment shown in Figog4, covalently closed circular
(supercoiled or relaxed) plasm d DNA mgrates on the bottomof the gel. In

. the presence 10 of a topo | poison that stabilises the cleavable conplex,

and foll OWI g denat ur 3

K/ SDS, the resy 1

. Dehydroequol at nd 10 ~gfm failed to
4). Canptotheci®

on and degradatigngof the epzyne with proteinase
i Qf theﬁﬁzL
i cked (I anes 3-and

to @Hson, progucet si e-atr apn@HDNA
cl eavage i ndi cat ed reade in the nick as expected
(lanes 5 and 6). These 15 riésulils denpnstrate glol is devoid

of topo I inhibitory effects™and tdh@refore is a topo II- O#{ poi son.
Mat eri al s The bacteriophage P4 Virl dell 0 was isolated as descri bed
previously [23J. pUC8 DNA 20 was iﬁsol ated from Escherichia co34 by the

al kal i ne lysis nethod. Reagents ssay buffers, human topo I, human topo
I'l, and pRYG DNA were purchased from Topogen (Col unmbus, OH). Dehydroequol
Was provi ded by Novogen (North Ryde, NS W. Genl stel n was purchased from

| ndof i ne Chidf@ P MO 3: hemi cal s, and
drugs were purc ock solutlons

were 25 prepared HAl . Stored di lupgyl with
distilled water | . assay. Topo | zed tad

rel axati on assay nati on of topmﬁmarase { catal ytic
activity, pUCB DNA'was 30 uSed~assgfye substrate’i'n a reac gjl_prre of 20
p, | contai ni ng the follow ng: 10 03/ U86386 PCT/ ADO3/(10.~2 42 v
Tris-HCl, pH 7.9, 1 nM EDTA, 150 NaCl, 0.1%BSA, 0.1 nmM spe‘ﬁm di ne, 5%
gl ycerol, and 2 units of purifi ea human topo | . The inhibitor,; "when

applicabl e, was added as indicated, and the reaction was ini t| ated by the
addi tion of the enzyrre Reactions were carried out at 37C for 30 mn. Cel

el ect rophor Qs &at 4 V/crh"(f) : Yy s- hgrat e- EDTA
buffer. For the ) i phot ogr aphi c
negatives wer e s S ea J@Hresenti MHrati ng as

the data fromat |east three experinents. Topo | nediated plasm d nicking
assay To§)o | poi sons enhance topgsl - nedi ated pUC8 DNA cl eavagggunder the
reaction conditions provided by the supplier of the enzynme (Topogen, Inc.).
Briefly, 20 ~,1 15 of reaction m xtures contained 10 nM Tris-HCl, pH 7.5, 1
mM EDTA, 100 Y NaCl, 1 p,| of the test agent (&r solvent); 0.5 p,g of
pUCB, and 10 units of human topo | (added |ast)y After a 30-mn incubation

at 37C, SDSHprot et cOK was added, and, HoOl! owhng #©30-m n i ncubation 'at

37C, sanples we frached wth CHC13- |soprp/n(1 and) el ed@dophor esed on a
1% agar ose gel GO Bli ( 0 5]~ 9/ 20 et hi qiumipro . Gels re

phot ogr aphed, and p jyegati ves wer e s g o[ORN i ated P4

utrknotting assay

37 38




To determ ne topoi sonerase (topo) Il catalytic activity, knotted DNA that
had been 25 isolated fromthe tailless capsids of the bacteriophage P4 Virl

dell0 was \%@@g%g%(,t he substrate. Reaction m xtures contai npg.”gg?%l’\&”

Tris-HC, ,- 120 MM KCl', 10 nM Mgd 2, 0.5 nM ATP, and
dithiothreitol. The topo Il inhibitor was added prior to the addition of 2
units of human topo Il. Reactions (20 p,l final volune) were initiated by

adding 0.6 ~, g of knotted DNA and carned out at 37 C WD 03/08G386

PCT/ AU03/ UO-t 27 -43 for 30 mn. Reactions (E\)ere term nated by the addition

~of 5 mM of a stop solution containing S%% S, 50 mM EDTA, 25% ficoll, and

0.0S ng/m bronophenol blue. Sanples were | oaded on 0.8% agarose gels, and
el ectrophor esi ormed at 4 Vicmfaor. S h in Tbls bor at e- EDTA buffer.
Gel s were starn p i dium S brom de’ " testarned;’~qnd pbqographed over
a UV light sourg quantitative deter i on qf tooII activi4dy,

phot ogr aphi ¢ nega s densi L OMeri cal |
m grating asasmle pband 2 hE
manner. The concerdgpati

top of HEE : inthis

i nhi bi tor he substrate
(knotted DNA) from being converted into the reaction produ (unknotted 10
DNA) was determ ned froma standard curve. By averaging three to four such
experinents, the |1Cso values wereggleterm ned. Topo Il nediated gl asmd
| i neari sati on assay Topo |l poisons enhance topo II-nediated cl eavage
and can be identified with the 15 |inearisation assay under the reaction
condi tions provided by the supplier of the enzyne (Topogen, Inc.). Briefly,
20-~.1 reaction m xtures contained 30 nM Tri s-HCLT pH 7.6, 3 mM ATP, 15 mM

ol vent ) ol Eaftst febtcld CnbogRtae B fnveafide dhs' APicRlc B FAbpY Rt o/
alsSmmi rdehmﬁb&qmm at 37C, SDS-proteinase K was added, and following a 15

m n i ncubation at 20 37C, sanples were extracted with CHCL3-.i sopropanol
and el ectrophoresis was performed on a 1% agarose gel containing ethidium

brom de. Bnﬁg’ o t re scanned.
EXAMPLE 2 Zgﬁﬁﬁ%ﬁl nﬁ%gl tl n tl?rt;oa{l]ermv )H% gg‘?rgeg? fgn a\ggpt osis A

96-wel | plate assay was used containi ng hurran cerV| cal carcinoma (HeLa) in
a dithiodipyridine substrate. DeRydroequol present in a concentration of 10
~m was shown to inhibit tNQ act|V|ty | eading to HeLa cell apoptosis. WO
03/ 086386 - 44 PCT/ AU03/ 00- 1328 egt8n 8 nical studies are shown .to
denmonstrate the therapeutic be {5 ang achwp;ﬁltes of the(l¥ypnpounds of
formulae I and Il. EXAVPLE 3 and anti - angi ogeni c
properties of phenoxydi ol (Féte | s/ekanpl e describes the
potent.anti-tunour/anti-cancer, /e activity, and

' R

5

10 in which
Ry, Ry, R3, Ry, Rs, Rg, Ry and Ry are as defined above.

In a more particularly preferred embodiment, the compounds of the invention are those
isoflavan compounds of general formula IV which directly correspond to their isoflav-3-
15 ene counterparts described above. In these compounds numbered 41 to 80, the 3-ene

pyran-ring double bond of compounds 1 to 40 respectively is now a single bond.

The preferred compounds of the present invention also include all derivatives and prodrugs
with physiologically cleavable leaving groups that can be cleaved in vivo from the
20 isoflavene, isoflavan or derivative molecule to which it is attached. The leaving groups
include acyl, phosphate, sulfate, sulfonate, and preferably are mono-, di- and per-acyl oxy-

substituted compounds, where one or more of the pendant hydroxy groups are protected by




anti-inflammtory activity of dehydroequot as a representative conpound of
the formula Il. 10 Methods Cells: Human unbilical vein endothelial cells
(H 1VEC) wersogmapar ed and grown as previously descri bed3pcThageddzs were
used between passages 2 and 6 for all experinments. The human prostatic
adenocarci noma cell line, LNCaP was obtained from Areri can Ti ssue Type

Col I ection and mai ntai ned according to the instructions of the supplier. 15
Assays: Proliferation assay: HUVEC were seeded at 3x103 cells per
gelatin-coated mcrotitre well and growa3in conplete nmedium for 3 days.
Dehydr oequol (De) was added 3 hours after plating. Proliferation was

© measured using the MIT assay (Pronmega, W, USA) and is 20 given as the rate
of proliferatign r of i ] i or
cach ar oup. TR PP prHsfuchy AR iPerls Slp o AR WEYRT SE R MoR2i ik snl

© assay. Cel |dsrinstives stherdofl axt Radilx déiablel ks ther correspading chydeddy. sestifpted

dded 4 d ft | at i. d yed t furth Sd f wt_h,
Cel | i aby IomporEiseln padbin e pi bt tuisliont @i O ti e by pRe B ol o
Mgration agg %Xﬁvz}ﬂ\ogg?{"ﬁfeﬁ)rweﬁi R effonyehOR CRfiédoRy WeN %&%Eliﬁh@@h%&ls‘dﬁ' |

dish and grown to confluence over 48 hours. \Wunds were nmade in the i
monol ayef, theirt, fomasmple & dasaiteddnd . W eGeeng ibectven@thiups vk Ongaric Synthepis, De
(10 p.g/m fjngl.. congentratign d. Mgration was viewed aqver the

fol | ow ng 1‘81-1‘7@11’?6@ onss ewﬁ?%gg 8638G - 45 PCT/ AU03/ 00427 h: vitro tube
assay: Capillary tube formation in a collagen gel was perforned essentially

as described by Ganble et al30,31. Tubes were forned in the presence of the
t unour pr orReferengshter Bajomnpund teft beainsention mReldes apfgranse tarne of more fclhei n

ant i body RVACI | . 0 _pa/.m., finalo) ) t. Is ' e
cells onto %°Ff5’°&‘é4g? I{e%%?%% oéhenlilsgg)ffec\é%’d) P gﬁ gﬁ?%%/&&ﬁﬁ&@%%%é%e%ﬁgg%aﬁg
cel I's weg e \jsap¥ &kt empolslibRdsafShassdtiioatwiyiras eBableht and/cedihweatt, Dmd(@ ingy
uid) adm nistered orally fromthe tinme of cell inoculation for 5 days per
week. Ani neassociasion With anspr mgorg fyrthep deiyeaeRlst ati on and tunour mass (ng)
calculated fromthe formula (wdth2 x length)/2 as 10 used in NCI.

Sphi ngosi ne Ki nase activity assay: SK activity was neasured in.vitro by

i ncubat i ng THeetety U4kl iic takemed inetudeistrhigho clpid/ tepinhed echaineanBSAcko (iplthx cased
[y32P] ATP (ImM 0.5 nCi/m) for 15 m. nutes af, 37 revi ousl|

descr i bed420f SSarbams £f igkpt ?Wﬁa%q]‘? aﬁﬂﬁagrmp%% 19/ ca)"ag?‘?ﬁt?mﬁt %r?f%?%y fom 1
Systens;c M ] , agh 0, / a utili $eebliy),
(hrilL- 11%; tpmﬁlg%lsaéde\%%’t e VaVlS\ %%tA i.’f %lrlﬂgg% n@y%’u{kgggobggltl{lgyl\g/\e% §tilril]eat egﬂyvvi
De or DVSO testaichuylapentplntydopentyl, 4@ tholiks The akyl group ismpretprefsrabbBomgthyl,

formation as - L assa H 3T3 cells were tr.ansfected w.th either
hunan I20 raesfﬁﬁg?f(gpfl\%&gﬁo%?‘%gn% aa%yit%?up(‘?&f’?nw&& _sw%%' (frarﬁ%ﬁ'e
the transf egtm@ring dhfortR] Bronfifeladding, Gy, GLel-akoxWakRinyl, €3 obj-fgylamino-

confluence, the cells were cultured in the vehicle
carbonyl, di-(C;-Cs-alkyl)-amino-carbonyl, hydroxyl, C;-Cs-alkoxy, formyloxy, C;-Cs-

20 alkyl-carbonyloxy, C,-Cs-alkylthio, C3-Cs-cycloalkyl or phenyl.

th

The term "alkenyl" is taken to include straight chain, branched chain and cyclic (in the case
of 5 carbons of greater) hydrocarbons of 2 to 10 carbon atoms, preferably 2 to 6 carbon
atoms, with at lease one double bond such as ethenyl, 1-propenyl, 2-propenyl, 1-butenyl,
25 2-butenyl, 2-methyl-1-peopenyl, 2-methyl-2-propenyl, and the like. The alkenyl group is
more preferably ethenyl, 1-propenyl or 2-propenyl. The alkenyl groups may optionally be
substituted by one or more of fluorine, chlorine, bromine, iodine, carboxyl, Ci-Cs-
alkoxycarbonyl, C;-C4-alkylamino-carbonyl, di-(C,-Cs-alkyl)-amino-carbonyl, hydroxyl,
Ci-Cy-alkoxy, formyloxy, C;-Cs-alkyl-carbonyloxy, C;-Cs-alkylthio, C3-Cs-cycloalkyl or
30 phenyl.




DMSO or De (10 pg/m final) for 3 weeks with nedia change every 3-4 days (
De). Foci were scored after staining with 0.5%crystal violet. One
experi menfycAfsokddge per formed i s shown. 25 Northern blot an A So: EC were
pl ated at g?lOG cells per 25 cne flask and grown for 48 h?ﬁ@é"ﬁéﬁﬁw ng
treatment with DMSO vehicle or De (10 p,g/m final) for 18 hours, total RNA
was harvested and purified using TRI ZOL reagent (lnvitrogen - Life
Technol ogi es, Groni ngen, Netherlands) according to the manufacturer's
protocol. Northern 30 blot analysis was pgrforned using 8 pg total RNA
transferred onto Hybond-N nenbranes (Amersham Bi osci ences, Bucki nghanshire,
Engl and) and probed with human MW-2 and WO (13/08G386 -46

rcﬁ@f chain

PCT/ AU03/ A Lt 27 GAP, cD?bAsu'n a Strip- PCR stri gAbl e PCR

synt hesi s atlﬁe rtg%v'a%ﬁ(%y ('i\n%}(%rﬁ,toT%?‘:hfS%A) .Oth_E S&@*@Et&ﬁ“&nadldv&\ assays:
HUVEC wer e py@é@gbds oPelidO16 ehibdn R&SmS) préitiabli 3o 6@akdon foMe) WithraeaéRtioné t h
DVBO vehicle or De (10 p,g/m final) for 18 hours prior to TNFa (1 ng/m )

addi ti on. Alftipks band guchgashethyryl, deroRynybr2prepynyed 1vtutynyhsbahmyl, mad ke dike.

ith anti bodj es,aqgai nst_E_sel ect| -1B11 [ 1 51 r
30 mine Goal NEASATLERbp g5 Ber® bl Bt o Byl SRt e R, TAY by
Marseills, foap &ﬂi@nﬁmﬁﬂe astchtédby SRk 61 Moreldfefhiveineschibrige, bi@ine, iodine,
trypsi nised and F anal ysed on a Coulter 10 EpicsXL- MCL (Becknan .
Coul ter). Reasbdxyd oFeCenfkoxyembonid, o¢tCrabsyaninpcarboayht dirtCrosalkaDnimaino-

i nt it I - © LhL~8 .
using a QeI Bk EFEE oy, ANE. (g RORRPlitR, RELERMS o,
USA). 15 Re@yHOs<yElebiksit egshienyl. (" De") showed anti-proliferative effects on

the | eukaem c cell -lines K562 and HL60 (ICSO of 3.0 and 1.5 p.g/m
respectively), breast cancer.line MCF7 (1.5 p,g/m 1Cso), colon cancer

li nes 9 (;g-ga"- ; i / b RlaY)be Gt

pr ost a’lt_rgaca%@geIF I NES &%?1 %élgﬁ%}%ﬁ&élﬁﬂe@oﬁgfﬂagﬁ%???% gr%rd el. 5 Bg%
respect i vel ybstifiéed dy5-080 o1 meerembh«C4pdkydnt hyasoxy, c@i-Cu-allioxyagertonyhaf'-Ca-
genistein on these ce]l.lines., The conparative data of De and genistein on
LNCaP i s sh Wcﬂﬁﬁ“éf.’ q‘é&*ﬁﬁ&“?ﬁ%?ﬁ‘”&f/?ﬂ%ﬁ'i city assessment of De agai nst
LnCaP showed an ICso (p,M of 4.4 (n=3 separate experinments). Xenograft

assays neasuring the growth of the prostate cancer line 25 LNCaP )
denonst r at edhe texm hstexparyBfis dekante aclude fivisimemberedhand sixpmempergdirings49uich

heinhi biti \ q vor _ .
Shy+ ThaSRatnebidB st ik iken fitfe oF niioREhdt T HRY SHERE R b dpuicefy
cancers by aistiey otﬁ&ﬁérfyﬁélrﬂfe@ﬁﬁh@ﬂriﬁgs iftlding®us nbtlirhiled fofub] pyglye48/radidyle

treatnment of Ras transtormed 30 NIH 3T3 cells conpletely inhibited the
devel opnent thignyboliidazelyh ttetserglylstpyrazindi nbenzafusenyl, \kearethiopbengs quinolyl,

Cuggest s ¢ napPio ST oAl bbbl RN S ] it e

t r ansf or nedcwpetihs, usadil) ahd isbkezody. Mhe dbfetiromgtid gretip bai babptiaalallg substituted by

=AY

20 one or more of fluorine, chlorine, bromine, iodine, carboxyl, C,-C4-alkoxycarbonyl, C;-Cs-
alkylamino-carbonyl,  di~(C;-Cs-alkyl)-amino-carbonyl,  hydroxyl, = C;-Cs-alkoxy,
formyloxy, C;-Cy-alkyl-carbonyloxy, C;-Cs-alkylthio, C3-Cs-cycloalkyl or phenyl. The

heteroaromatic can be partially or totally hydrogenated as desired.

25 The term "halo" is taken to include fluoro, chloro, bromo and iodo, preferably fluoro and
chloro, more preferably fluoro. Reference to for example "haloalkyl" will include
monohalogenated, dihalogenated and up to perhalogenated alkyl groups. Preferred
haloalkyl groups are trifluoromethyl and pentafluoroethyl. |

30 The term "pharmaceutically acceptable' salt" used herein refers to an organic or inorganic

moiety that camries a charge and that can be administered in association with a




Solid tumour growth is not only dependent-on the ability of the transforned
cells to evade S nornal nechani sns that control cell survival and

proliferaty also on the ability of the cells to sti
expansi on“(l)(?ﬂiﬂﬁg}?\?ascul ar conpartnent through angi ogenesi ;%ﬁ%&gé{agzﬂm ne

whet her De has anti-angiogenic activity in addition to the anti-tunourgenic
activity, De was tested in endothelial cell (EC) proliferation, mgration
and capillary tube formation assays, in vitro hall marks of angi ogenesis.
The results dermonstrate that De 10 inhibigs_all these aspects of EC
function (Figs. 6a, b and c). Results presented are of single experinents,

. however, De was consistent in its inhibitory effect over nmultiple

experinments perforned. For exanple, 10 ~,g/m De showed a 91% . 3%.

i nhi bi ti on BharpRegutcal A8F%n PR PRTPIG o] FRINICE-CRUNT SF neRinterRBiqhedyy & Sall 5o

. denonstrate | | ' i el i GhAEION
assays, EC lﬁ%maﬁgﬁhégﬁz :&g‘?eﬁ?&:{%@%%ﬁn%eafrgm%n @#ﬁ%ﬁ%ﬁéﬁg&v}daﬁfeﬁgﬁ] in the

presence of blle d®rnot2 lindteds to Fsodiey ,potassipmo| dalauras i zimc amslaysateDary rdmipiet ed

the proliferative potential of the cells but did ngt cause cell death. . |
the col | ageRhg@acedically aP‘FFé’tf’g’é? Aot argaavite Iﬂ‘(@%ﬁ?ép _%dﬁeﬁ 'f“g’l ané‘h‘&?éage tbh‘g
Lypical sar g R RirileRty chishs, dkeid Bt blbbbERed ehfddafe. L T oughout the

gel simlar tot ich we ’have 20 reported previously3' 3 . However,
nor phol ogi cal assessnent of the cells treated with De suggested that De may

inhibit the_jnvasi of th l1s i he gel, since, the cells remai ned
rounded and r‘%!“EQ Wﬁcet“gﬁglg‘f a‘fcﬁg{%ﬁq éeé\)’é AT e PIOHEHE Wg"df‘ o2 cﬁe\%@&%%ogf
EC into theygehtRs Wrhpoudd HEOURGE YiAiSAkbR o ithe YécislehtSisOapabId st %&K}idﬁi@
synthesis and secretion of the matrix degradi ng enzynmes, such as the

net al | opr ot dixseth3ur,iBdirectlyethaparenk compommdar mstabolitsi erthat exbalnitsaptiyidy spllent i al
in the "angi ogenic switch" and inhibition of its activity prevents

angi oger'} Ssi s34. Thus, MVE -2 was targeted for investigation. Northern bl ot
anal ysi s of aangled hetdim! the eérhis '&feeﬁﬁ@ﬁ%b?hﬂexiygbm'pxeﬁen@an'f,o'ramkﬁohciun's and
showed an inhibition in the |evel of or M"-2 (Fig. 6d). In the tw
exper i nent s theelikeosrada betopasidergd dn sheigbrogdeshepniext.7dp gadicalas dh¢ terme\fesatment
nRNA for MVB- 0 .03/ 3 -4 /. - j €S Sl Fi
normal |y asggés? ate C\?\%Rﬂp}?ﬁ K mérlgE ?%%ngn IQ(H# %{eg&/nvggg%@ggccooﬁ 'di%gctogﬁﬁ?gly’

r egul at ed3s*fsatmkfif'liaciodés aneliosatéoreafthe kimaptohy o2 xpreeisy bHa pafticatihesndition or
nol ecul es on"t he _endot hel i, um gnd secr‘%ﬁ(i on of the chenotactic.cytokines
which arld r @SSRS PEOthevigsgedudnghe |°£Hﬁm19ﬂn}g & BRTSuler eqnditir.
circulation. Inflammatory cells such as neutrophils, 5 |ynphocytes and
nonocytes are sources of many of the potent angiogenic factors such as
vascul ar endiichmtduat of ehé ogmue ltofrpotunds3a foleula Th wihidhsist tequireddinca themapshtic he

adhesi on nol ecul es E selectin and YCAML1.to both TNF and -1 on.the

andot hel | iR 2P iRELS (1 RGOV I GepRndban 2 BumBront taetors, Midh felude
However, De gl Qpe@ﬁ’lc QBpiiléhﬁ’dh, 3h& aRRrabs lﬂémaﬁﬁéu%)éoﬁ{pﬁﬁﬁd used, {RecdHditidrBEn
there were no changes seen in the | evel of expression of 10 PECAM-1 or \/g

EGF r ecélft ortreateds thte modeai ofearimipistiation apd e tcondition «dfythie patigat a Gestpoyndsuef

after De treatnen Thus . knhibi.ts both th ngi.ogeni .

2nd al S0t hdom dhmvars *TmRted it fmdines i pRPRLCRE pBbREEARy BELGSE
The highly &8s eirvéanlpld)i okdmas and Iplthirg 3 i d1e(19OPRTRe (BiR)yma¥dlbgial Basis of
phosphoryl at es 15 sphi ngosi ne yi el di ng. sphi ngosij ne- 1- phosphat e has been

i npl i cated ifherapeuisesodib Editions Eha ppesifiosflesage u@hm\nﬂgﬁ%pepéawgnothﬁ&pwﬂsn' ~
and in the f ti f 4] [

" the requltiiheled pf BEROGLRR R856, 38e KARCY aBii SR tnf otk JEFIELG
Sphi ngosine-fictpRas phditfted sb@es Oni gevietal,eddyily dobepanatioganay b imnthessdde-of @bd
“has recently been shown _to be involved in the VEG- signalling p%ﬁy@. To
test whet herm® ¢ Sutxpicablydiaan 0-3 mg tgd: g;gwelsrablydzam S0dne iR 2% Mg ¢ agth of

I nhibition gfosiidena3<ngt BoRYa sﬁi@ﬁa e 3en'\Ohtd every day or two, to twice or thrice daily

doses given over the course of from a week to many months to many years as required,

depending on the severity of the condition to be treated or alleviated. It will be further

30 understood that for any particular subject, specific dosage regimens should be adjust over




generated in the presence or absence of De was assessed. The results show
(Fig. 4) that in a dose-dependent manner, De inhibits SK generated by the
stimul ati ewp @foskdseWi th TNF (a), the tunour pronoter, phor bgdr/R¥bislst €
acetate (PMA) (b)- and IL-1 (c). De is equipotent inits inhibition with the
i nhi bitor of SK, N, N-di nethyl sphingosine (DMS). De 25 has no effect on the
basal levels of SK activity, suggesting a specific effect on the activation
phase of the enzyme. De does not affect the TNF-stinul ated sphi ngonyel i nase
activity (data not shown) suggesting De dopes not affect the sphingonyelin
nmet abol i ¢ pathway. 30 This exanpl e describes the powerful anti-tunour and
anti -angi ogeni c effects of dehydroequol (De). The nost striking observation
is the pote f oequals. i 308 - I 1
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angi ogenesi sdmihixegihg diGlpét@istipdhé Adhinidtratibg bathe@ompositienr essi on of enzynes
required for matri x breakdown, proliferation, expression of adhesion

nol ecul es, and in vitro tube formation. Equally striking was the |ack of
toxicity, a 0, d, 0 | ..f Or j i

cells and fic}re pﬁeégun%?tags ortrr?éﬁngﬁgx@g} ﬁge%lgggop%%%}é&?ic%gqg% t&?#eq%’jr%élse
m ght pr adi ghbifiedtivntorahtihkdgefdorobbfyertedy Bigtaseilésivnsithat icaing diarcatedteithechby y,
and i ndeed, these have been observed in these studies. The nechani sns
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However, it 4l i . or- gl -lnhibitor of at |east three
rel evant engéxﬁé@g&g gﬂ@l‘%g&éfﬂggl?ﬁlgtﬂ? \Agﬁg#ﬁt% gg's]e, protein tyrosine kinases
and topoi sonmerases, have been inplicated in cellular activation and

proliferati for a long.tjnel 3,is, 49, We .now report here the. i.nhjbitiop of
B Thi rd onzhe RybKHRn o shampcandah sompeghon oT e weRizs! G itentkiapetti
recent | yipbeen;d j ek s i { i I |1
g R D L e L R SR
of SK act i vatventionbiforn gemtenicnck berEafferareferiad-to ashthe &activevdampdunds") evigf pre oron
t he basal activih of K.lThis Qesult cou%qﬂaccount fg{ the.selectivitx ﬁf
the agent, ZREWP é"t?ﬁ& Y KeERRTY AP IRRIS AT RO BT 1 HR ™S
EC i nvol vedxhdwh fanpagcess of angi ogenesis while having little or no effect
on the viability of normal cells such as NIH 3T3 cells or EC. Thus, De 20
may target specifically the activation phase of SK, such as what woul d take
pl ace durin i far i i e jvat | f

hecossary fone SAgebAURE s bR bR alRAe B taeheseteha BB  wiany ofer
may be an efdgesfidteiniiid oahelafith and aNGE hotalge dtleteAblilihle sabject. alhé ogeier or
therapy for cancer carries wth it a. ot of excitenent, the results 25 gf
many trial s CFAMENHERY bR dagidi ok Ankiquiduegbeths Rgdiis areisrbly fagnyafsd wath the

t herapy sho i ne i e 15:C r B 6, bive;
eason it FotpRidsaIiRElod K biifle B¥Hle ARESmAPYRh o 1080 by WRien
ef fects on bhthegcovd borapowasrly preditrablyfesn Gf5% am 68%% Wyeweight of thetactvananpound. vo

L?g;eﬂ] i Sn : %gg}ﬁ%g ﬁgtg\?e %{5}1' 0 ; ewan'zml -'agg'gon I 01%5681_ fod in ¢ en ?or?nrtlltlellti-o%%%?t e invention,
which may be prepared by any of the well known techniques of pharmacy consisting

essentially of admixing the components, optionally including.one or more accessory
ingredients. The preferred concentration of active compound in the drug composition will
depend on absorption, distribution, inactivation, and excretion rates of the drug as well as

25 other factors known to those of skill in the art.

The formulations of the invention include those suitable for oral, rectal, optical, buccal (for
example, sublingual), parenteral (for example, subcutaneous, intramuscular, intradermal,
or intravenous) and transdermal administration, although the most suitable route in any
30 given case will depend on the nature and severity of the condition being treated and on the

nature of the particular active compound which is being used.




PCT/ AU03/ 00. ~27 The invention has been described herein, with reference to
certain preferred enbodinents, in order to enable the reader to practice

t he i nvenwpenwsdsshout undue experinentation. However, a pecsNuoBeving
ordinary skill im the art wll readily recognise that many of the
conponents and paraneters may be varied or nodified to a certain extent

wi thout 5 departing fromthe scope of the invention. Furthernore, titles,
headi ngs, or the like are provided to enhance the reader's conprehension of
this docunent, and should not be read as3finmting the scope of the present
~invention. The entire disclosures of all applications, patents and
publications cited herein are hereby 10 incorporated by reference. Those
skilled in the art will appreciate that the invention described herein is
susceptible to variations and nodifications other than those specifically
descri bed. Foimulatid® sigable) fistr srab adinivliditatibi endynbyee picsented g ldisdeste ahits, such-as
variations and_ nodifications. The invention also 15 includes all of th
steps, featapsles, sahpissiazenens. R daklelsneashdwonfainiag % gredstegpined AraHnd £fj the
this specifigcati jndi vi r ect | : .
conbi nat i or?ls:&‘getf é%dupabﬂogﬂ%éé nggr glglll%f’ g{ gé@hg?n ? ggfﬁ%?@g%@%é ‘é?oélrﬁgg to
any pridr abh-agoeduliliquiipec af arc ail-ipwates onofater-andil ehnildion nBtctbformalaionamayan

20 acknow edgnment or any f.o of suggestion that that prior arf forns_ part
of the combBRTERaFRe By %waé@g'@eﬁhﬁgpﬁeﬁwww ChokagRdeb e step oy e5eEPEaHess
- 51 Endnot gef3efagbg %@ﬁctWédﬁ%@%ﬁ%@%ﬂ:ﬁé%ﬁ@& whith aﬁgltdomaﬁne Reease.

AY, blaring, M Nelson, C. A'Ulinary pr e Stu of ary
Phyt oest r ogecessory hegredientsiasinoaed asbovahd Ilvpeleralf thekfoanolatisns of thdemvention are

| sof l avonoi ds. Jqurnal of Steraqid Biochem siry and Ml ecul a L ol. 995,
53 176 16 peparectortily snnBmataly sipkiRe e orpont] sab Al B oty
Phyt ochgm Siividedl & carrfdr 20r both 3andiflen, 3f ndtRtdaRe khapihg Mbﬂﬁngmiﬂ@fa\@fcﬁ%h
R Human DNA- Topoi soner ases - Di agnosti ¢ and therapeutic |np ications for
Cancer. Onkefauyi @umt)@@s,ag@afommg@ a tabletithay be prep®iid byoqevipsesymg oz engidiliogns
as antitumor_drugs. Arnmu, Rev Bi.ocl Zem 1989, 58, 3S1-75. S Kk

Ear nshaw W, p%%‘%i Lo S lseé qqn?alg{ngp i‘ﬁ%c‘fe P}?@P" >0 pt&%‘ﬁﬁyp{;@ﬁi q%eyé/{ i"OHC J
Cel | Biol h8&RsoryGgredias: Tbmprefied Hdtds miyibe Iprdpatdd By coihprebfig) Sh avkunibble
Differential expression of DNA)topoi sonerases | and Il during the )
eukar yot i ¢ mashinegthe cemppystofithe freadlowing isueh & apovods or grnuley@ptionally/mixed
Davi s, Lol . I%Iﬂ”'!i . r E@ﬁ“ St.ed gt 3 ! of
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Gol denberg GJ.. Evjdence for.a.nutant allele of the gene for DNA

t opoi soner Zeystened yith ap jnert liquid pisdetst ant  P388 narine | eukenia cells.
Casacer Res 1989, 49, 6879-82. WO 03/ 08638G -52

Formulations suitable for buccal (sublingual) administration include lozenges comprising
20 the active compound in a flavoured base, usually sucrose and acacia or tragacanth; and
pastilles comprising the compound in an inert base such as gelatin and glycerin or sucrose

and acacia.

Compositions of the present invention suitable for parenteral administration conveniently
25 comprise sterile aqueous preparations of the active compounds, which preparations are
preferably isotonic with the blood of the intended recipient. These preparations are
preferably administered intravenously, although administration may also be effected by
means of subcutaneous, intramuscular, or intradermal injection. Such preparations may

conveniently be prepared by admixing the compound with water or a glycine buffer and

30 rendering the resulting solution sterile and isotonic with the blood. Injectable formulations
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Net her | andsFormulations suitable for transdermal administration may also be delivered by -

iontophoresis (see, for example, Panchagnula R, et al.,, 2000 Transdermal iontophoresis
revisited Current Opinion Chemical Biology Vol 4, Issue 4, pp 468-473) and typically take
25 the form of an optionally buffered aqueous solution of the active compound. Suitable
formulations comprise citrate or Bis/Tris buffer (pH 6) or ethanol/water and contain from

0.1 M to 0.2 M active ingredient.

Formulations suitable for inhalation may be delivered as a spray composition in the form

30 of a solution, suspension or emulsion. The inhalation spray composition may further

comprise a pharmaceutically acceptable propellant such as carbon dioxide or nitrous oxide.
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In an important aspect of the present invention, a compound of the formula II is
compounded with another cytotoxin or chemotherapeutic agent, and, in particular, agents
30 which also stabilise the cleavable complex or hinder its formation. Preferred agents are

VP-16 (etoposide) and doxorubicin, however this aspect of the invention is not necessarily
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10 DNA) was determined from a standard curve. By averaging three to four such

experiments, the ICso values were determined.

Topo lI-mediated plasmid linearisation assay

Topo II poisons enhance topo II-mediated DNA cleavage and can be identified with the
15 linearisation assay under the reaction conditions provided by the supplier of the enzyme
(Topogen, Inc.). Briefly, 20-pl reactionr mixtures contained 30 mM Trs-HCl, pH 7.6, 3
mM ATP, 15 mM B-mercaptoethanol, 8 mM MgCl,, 60 mM NaCl, 1 ul of the test agent
(or solvent), 0.3 pg of pRYG, and 10 units of human topo II (added last). After a 15-min
incubation at 37°C, SDS-proteinase K was added, and following a 15 min incubation at
20 37°C, samples were extracted with CHCls-isopropanol and electrophoresis was performed
on a 1% agarose gel containing ethidium bromide. Gels were photographed, and

photographic negatives were scanned.

EXAMPLE 2
25 tNOX inhibition, tumour cell cycle arrest and apoptosis

A 96-well plate assay was used containing human cervical carcinoma (Hela) in a

dithiodipyridine substrate. Dehydroequol present in a concentration of 10 pm was shown

to inhibit tNOX activity leading to HeLa cell apoptosis.
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10 Methods
Cells: Human umbilical vein endothelial cells (HUVEC) were prepared and grown as
previously described®. The cells were used between passages 2 and 6 for all experiments.
The human prostatic adenocarcinoma cell line, LNCaP was obtained from American
Tissue Type Collection and maintained according to the instructions of the supplier.
15
Assays:
Proliferation assay: HUVEC were seeded at 3x10° cells per gelatin-coated microtitre well
and grown in complete medium for 3 days. Dehydroequol (De) was added 3 hours after
plating. Proliferation was measured using the MTT assay (Promega, WI, USA) and is
20 given as the rate of proliferation over the 3 days + SEM of quadruplicate determinations
for each group. Proliferation of LNCaP cells was determined using the MTT assay. Cells
were seeded at 2.5 x 10° cells per microtitre well. De was added 4 days after plating and
assayed after a further 5 days of growth. Cell viability is expressed as a percentage of

control untreated cells.

Migration assay: HUVEC were plated at 5x10° cells per gelatin-coated 6 well dish and
grown to confluence over 48 hours. Wounds were made in the monolayer, cells washed 3
times and fresh complete media with or without De (10 pg/ml final concentration) added.

Migration was viewed over the following 18-72 hours.




fl109& ()- - 109%& ()- , , S10%& ()-&$10%& () - (S109%&' ()-"": 1 T pnr4C
10@<"10%&' ()- & $109& ()- 7109 ()-!(F5)109%& ()-Y4109& ()- 'F2109%&' () -

ras
10@! hsL® ??é%"-’f%fs 4" 10% & ()-F"10% & ()-L10% & () - 10% & Oy AUz
LOShbbEbONIdBKG. 101 SF8100 & ()- "10% & ()-
"109&' () - &10% & ()-10% & ()-,"10% & () - dl d~dee) f f xY7KC
10 (82$10% " & ()- @/ " 10% & ()-1 F&*$10% " & ()- 11 SUL0%" F" & () - 4
CSUL0% @& ()-4)! C&FS10% " & ()-fg] 9ggggoohs 1! (& y10%& ()-10%& ()-4 10"
10" 10"9: 10% & () SLO" 10% & ()- S7"10% & () - ggglhhh>i dEbCI
10 (89" $10%& () -, " 10%&' ()-,"10%& ()- ,F "10% ()-
1" 109 () -, 10%&' >|Yii"' dE
O 9 b s 55 mation n s splastn s RETETmR SRy

- @11 (&9* $109@edcrib@ |b 0@&116113 SDRTPOYE (behetd Fornleld- il the1pR4ence oPthe tumour
"10%&' () -1 nBni nnoyoaBbC!

1! ( &9: $10ty&p(o)mc$trwlm®lm n@)ns@e agiae (BMBY aml @lwan(tl) B mrzsgm%atlbt)d@Mﬂ@H& Ry-y

oo B U W R bl %

@ 10% ()- @" 109 ()- 9MLO% ()-"s}sss4ttt dELC!
11 (& 9" 10%& () - S% 10%& () - S#" 10%& () -
"Y' $109& ()Aﬁmm/&l(c)e ﬁgﬁog@m @3sayt | UW \hdﬁlaﬁ:l prostate cells were implanted

\]/'I[ \(/\%\Iﬁﬁ&g%& SO’_’CLé)l?g &1)to at ymlc Zi%/c(l)mce an mg ula)oOﬁ[%mgx}sterfuic %1%1 Ggﬁ-&);'the

time of cell inoculation for 5 days per week. Animals were killed 58 days post-
implantation and tumour mass (mg) calculated from the formula (width® x length)/2 as
used in NCL

Sphingosine Kinase activity assay: SK activity was measured in vitro by incubating the
cytosolic fraction with 10 pM sphingosine-BSA complex and [y’’PJATP (1ImM, 0.5
mCi/ml) for 15 minutes at 37°C, as previously described*?. Stimulation was with TNFa. (1
ng/ml ) (thTNF-a; R & D Systems, Minneapolis MN USA), PMA (100 ng/ml) and IL-1B
(100 units/ml) (hrIL-1f; Immunex, Seattle WA USA) for 10 minutes. Cells were treated

with De or DMSO vehicle as control for 18 hours prior to stimulation.

Focus formation assay: Low passage NIH 3T3 cells were transfected with either human
ras gene (Ras) or empty vector (Vect) control'®. Two days later the transfected cells were
seeded in 6 well plates. After reaching confluence, the cells were cultured in the vehicle
DMSO or De (10 pg/ml final) for 3 weeks with media change every 3-4 days (= De). Foci

were scored after staining with 0.5% crystal violet. One experiment of two performed is

shown.

Northern blot analysis: HUVEC were plated at 1x10° cells per 25 cm? flask and grown
for 48 hours. Following treatment with DMSO vehicle or De (10 pg/ml final) for 18 hours,
total RNA was harvested and purified using TRIZOL reagent (Invitrogen — Life
Technologies, Groningen, Netherlands) according to the manufacturer’s protocol. Northern
blot analysis was performed using 8 pg total RNA transferred onto Hybond-N membranes
(Amersham Biosciences, Buckinghamshire, England) and probed with human MMP-2 and
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sf 10L* E selectin and VCAM-1 assays: HUVEC were plated at 5x10° cells per 6 well dlSh Cells
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100 10% () 8t 0% s "A0%, () 15102 Qb SLOVE (e PR d s LOLMUAE Ly,
antibodies against E selectin (Mab49-1B11) or VCAM-1 (Mab51-10C9) for 30 min. Goat
F(ab’)2 fragment mouse-IgG(H+L)-FITC antibody (Immunotech, Marseille, France) was
then added for 30 min. The cells were then trypsinised and FACS analysed on a Coulter

10 Epics®XL-MCL (Beckman Coulter). Results are expressed as arbitrary units relating to
the mean intensity of FITC fluorescence.
IL-8 assay: IL-8 assays were performed using a “Quantikine Human IL-8 Immunoassay”
(R & D Systems, Minneapolis MN USA).
15
Results
Dehydroequol ("De") showed anti-proliferative effects on the leukaemic cell -lines K562
and HL60 (ICs of 3.0 and 1.5 pg/ml respectively), breast cancer line MCF7 (1.5 pg/ml
ICsp), colon cancer lines HT29 and CaCo-2 (ICs of 15.0 and 1.0 pg/ml respectively), and
20 prostate cancer lines DU145, PC3 and LNCaP (ICsp of 3.0, 2.0 and 1.5 pg/ml
respectively). De is 5-20 times more potent as a cytotoxic agent than genistein on these
cell lines. The comparative data of De and genistein on LNCaP is shown in Fig. 1la. In
vitro cytotoxicity assessment of De against LnCaP showed an ICso (uM) of 4.4 (n=3
separate experiments). Xenograft assays measuring the growth of the prostate cancer line
25 LNCaP demonstrated that De was effective at inhibiting the tumour growth (49% tumour
growth inhibition p<0.0003; De treated versus control group) (Fig. 5b).

The Ras oncogene has been linked to the development of many human cancers by either

28,29

over-expression or mutations in the normal gene®”. De treatment of Ras transformed

30 NIH 3T3 cells completely inhibited the development of colonies although still maintaining
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&0$10% determine whether De has anti-angiogenic activity in addition to the anti-tumourgenic
activity, De was tested in endothelial cell (EC) proliferation, migration and capillary tube

formation assays, in vitro hallmarks of angiogenesis. The results demonstrate that De

10 inhibits all these aspects of EC function (Figs. 6a, b and c¢). Results presented are of single
experiments, however, De was consistent in its inhibitory effect over multiple experiments

performed. For example, 10 ug/ml De showed a 91% * 3% inhibition of proliferation in

five experiments performed. The results also demonstrate that De is not cytotoxic for

normal EC since, in the migration assays, EC not in the vicinity of the wound remained

15 viable even in the presence of De for 72 hours. Further, in proliferation assays, De

inhibited the proliferative potential of the cells but did not cause cell death.

In the collagen gel assay, the cells treated with vehicle control showed the typical large
capillary tubes forming at different plains throughout the gel similar to that which we have
20 reported previously’®'. However, morphological assessment of the cells treated with De
suggested that De may inhibit the invasion of the cells into the gel since the cells remained
rounded and were seen on top of the gel even after many hours. Invasion of EC into the
gel as well as neovascularisation in vivo is dependent on the synthesis and secretion of the
matrix degrading enzymes, such as the metalloproteases >, The matrix
25 metalloproteinase, MMP-2 is essential in the “angiogenic switch” and inhibition of its

34

activity prevents angiogenesis’ . Thus, MMP-2 was targeted for investigation. Northern

blot analysis of endothelial cells treated with 10 pug/ml of De for 18 hours showed an
inhibition in the level of RNA for MMP-2 (Fig. 6d). In the two experiments performed,
there was a 68.3% and 46.7% decrease in level of mMRNA for MMP-2.
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10 PECAM-1 or VEGF receptor 2 as determined by flow cytometric analysis (data not

shown) after De treatment. Thus, De inhibits both the angiogenic prbcess per se and also

the inflammatory component which amplifies the angiogenic state.

The highly conserved lipid kinase, Sphingosine Kinase (SK), which phosphorylates
15  sphingosine yielding sphingosine-1-phosphate has been implicated in the promotion of cell

37-40

survival, growth and transformation and in the function of oncogenes such as Ras*.

SK is also a key mediator in the regulation of EC activation and proliferation® .

Sphingosine-1-phosphate is also involved in the angiogenic process* ™’

and has recently
been shown to be involved in the VEGF signalling pathway®®. To test whether De could
20 exert its action at least potentially through inhibition of the SK pathway, the SK activity
generated in the presence or absence of De was assessed. The results show (Fig. 4) that in
a dose-dependent manner, De inhibits SK generated by the stimulation of EC with TNF
(a), the tumour promoter, phorbol myristate acetate (PMA) (b) and IL-1 (c). De is
equipotent in its inhibition with the inhibitor of SK, N,N-dimethylsphingosine (DMS). De
25 has no effect on the basal levels of SK activity, suggesting a specific effect on the
activation phase of the enzyme. De does not affect the TNF-stimulated sphingomyelinase
activity (data not shown) suggesting De does not affect the sphingomyelin metabolic

pathway.

30 This example describes the powerful anti-tumour and anti-angiogenic effects of

dehydroequol (De). The most striking observation is the potency of dehydroequol in a
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systems . e first two of these, protein tyrosine kinases and topoisomerases, have been

implicated in cellular activation and proliferation for a long time'*'>*

. We now report
here the inhibition of a third enzyme system, the lipid kinase sphingosine kinase, which
has recently been implicated in endothelial activation and angiogenesis as well as

15 oncogenesis. We note that the major action of De is on the inhibition of SK activation by
agents like TNF and IL-1 while showing little effect on the basal activity of SK. This
result cduld account for the selectivity of the agent, showing dramatic inhibition on
transformed tumour cells and on EC involved iﬁ the process of angiogenesis while having
little or no effect on the viability of normal cells such as NIH 3T3 cells or EC. Thus, De

20 may target specifically the activation phase of SK, such as what would take place during

Ras induced transformation or in the activation of EC necessary for angiogenesis. These

results highlight the prospect that De may be an effective and safe anti-cancer agent.

Although anti-angiogenic therapy for cancer carries with it a lot of excitement, the results
25 of many trials have been disappointing, suggesting that anti-angiogenic therapy should be
combined with other anti-cancer modalities. For this reason, it is of great interest to note
that De has difect inhibitory effects on the growth of several types of cancer cells in vitro

and in vivo thus showing that in one drug the anti-angiogenic and anti-cancer properties are

combined.
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However, a person havmo ordinary skill in the art will readily recognise that many of the
components and parameters may be varied or modified to a certain extent without
5 departing from the scope of the invention. Furthermore, titles, headings, or the like are
provided to enhance the reader’s comprehension of this document, and should not be read

as limiting the scope of the present invention.

The entire disclosures of all applications, patents and publications cited herein are hereby

10 incorporated by reference.

Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood
that the mvention includes all such variations and modifications. The invention also
15 includes all of the steps, features, compositions and compounds referred to or indicated in
this specification individually or collectively, and any and all combinations of any two or

more of said steps or features.

The reference to any prior art in this specification is not, and should not be taken as, an

20 acknowledgment or any form of suggestion that that prior art forms part of the common

general knowledge in the field of endeavour.
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10330, abnormal angiogenesis, abnormal estrogen/androgen balance, dysfunctional or
abnormal steroid genesis, degeneration including degenerative changes within blood
vessel walls, inflammation, or immunological imbalance, which comprises
administcring to a subject a compound of the formula II (as herein defined) or a

pharmaceutically acceptable salt or derivative thereof.-

2. Use of compounds of the formula II including pharmaceutically acceptable salts and
derivatives thereof in the manufacture of a medicament for the treatment, prevention
or amelioration of diseases associated with aberrant cell survival, aberrant cell
proliferation, abnormal cellular migration, abnormal angiogenesis, abnormal
estrogen/androgen balance, dysfunctional or abnormal steroid genesis, degeneration
including degenerative changes within blood vessel walls, inflammation or

immunological imbalance.

3. Amethod of inducing apoptosis in cells expressing abnormal cell survival phenotype
which comprises contacting said cells with a compound of the formula II including
pharmaceutically acceptable salts thereof optionally in association with a carrier or

excipient.

4. A method for inhibiting migration of cells having an abnormal cellular migration
phenotype which comprises contacting said cells with a compound of the formula IT
including pharmaceutically acceptable salts thereof optionally in association with a

carrier or excipient.

5. A method for inhibiting angiogenesis in tissue expressing aberrant angiogenic
phenotype which comprises contacting said tissue with a compound of the formula II
including pharmaceutically acceptablé salts thereof optionally in association with a

carrier or excipient.
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7. A method for the treatment, prevention or amelioration of cancer in a mammal which
method comprises the step of bringing a compound of formula II or a
pharmaceutically acceptable salt or derivative thereof into contact with cancerous
tissue in a mammal that is suffering from a tumour, such that neoplastic development

in said cancerous tissue is retarded or arrested.

8. A method of claim 7, wherein the neoplastic development is retarded or arrested by
the compound of formula II stabilising a cleavable complex of DNA topoisomerase
IL

9. A method of inducing apoptosis in cells expressing DNA topoisomerase II which
comprises contacting said cells with one or more compounds of the formula II

optionally in association with a carrier or excipient.
10. A method of inhibiting DNA topoisomerase II by contacting a DNA topoisomerase
cleavable complex with a compound of formula IT or a pharmaceutically acceptable

salt or derivative thereof to stabilise the cleavable complex.

11. Use of a compound of formula II or a pharmaceutically acceptable salt or derivative

thereof in the manufacture of a medicament for the treatment of cancer in a mammal.

12.  Use of a compound of formula II or a pharmaceutically acceptable salt or derivative

thereof as a DNA topoisomerase II poison.
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14. A synergistic pharmaceutical composition comprising a compound of formula II in
admixture with another chemotherapeutic active agent, preferably another topo I

poison.

15. A kit comprising a compound of formula II and another chemotherapeutic active

agent, preferably another topo II poison.

16. A method according to any one of claims 1 and 3-10 or a use according to any one of

claims 2, 11 and 12 wherein the compound of the formula II is dehydroequol.

17. A pharmaceutical composition according to claim 13 or 14 or a kit according to

claim 15 wherein the compound of the formula II is dehydroequol.

18. A method for the treatment, prevention or amelioration of cancer in a mammal which
comprises the step of bringing a compound of the formula II or a pharmaceutically
acceptable salt or derivative thereof into contact with a cancerous tissue in a mammal
that is suffering from a tumour, wherein in compounds of the formula II inhibit
tNOX associated with said cancerous tissue, such that neoplastic development in said

cancerous tissue is retarded or arrested.

19. Use of a compound of the formula II or a pharmaceutically acceptable salt or

derivative thereof as a tNOX inhibitor.

20.  Use of a compound of the formula II in the manufacture of a medicament for the

inhibition of tNOX associated with tumour cells.
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21. A pbarmaceutical composition comprising a compound of the formula (II) in

association with one or more other pharmaceutically active agents. -



