5 June 2006 | THERAPEUTI C METHODS AND COVPQCSI TI ONS | NVOLVI NG | SOFLAV- 3- ENE
AND | SOFLAVAN STRUCTURES Field of the Invention 5 The present invention
relates to the regulation of cellular mechani sms by conpounds based on an
i sof | av-3-ene or isoflavan structure and derivatives thereof. In
particular, the invention relates to nethods for the regul at3 suneofo0s r ange
of nolecular targets intimately involved in signal transduction processes
in mamal i an cells invol ving conpounds_hased on the isoflav-3-ene or
i sofl avan structure, use of these conpounds in the nmanufacture of 10

medi canents for the regulation of cellular mechani sns, and cellul ar
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Dehydr oequol is a conmmpbn nane e conmpoun 7-di hydroxyi sof | av- 3-ene
[al so 15 known as 3- (MS@WGMOk%ﬁﬁﬂhyNPI$0W¥éﬁ@%WS?RW£HEEH¥bpyran and
Haginin E], a naturally occurring isoflav-3-ene and isoflavone netabolite.
Its chem cal structure is shown in Fornmula I: HO (1) OH 20 Dehydr oequol
was first ddgeldobddInventigns by Joannou et al. [1] as a putative product of

bacteri al sf SFiIpAta] Jnva.tfa{, rdiS tb afe %%Va?elgr?%c@ﬁbl%ﬁééﬂam H@ghﬁ g%as%ﬁ

dehydr oequol entirely specu Its existe el ng
confirmed ara ahsoflayrpegne iseflavgn simedturhend | deoivaitved theoof. cﬁemamszhlay the
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naturally int
involved in signal transductlon processes in mammalian cells involving compounds based

on the isoflav-3-ene or isoflavan structure, use of these compounds in the manufacture of
10 medicaments for the regulation of cellular mechanisms, and cellular mechanism regulatory

compositions comprising these compounds.

Background

Dehydroequol is a common name for the compound 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

Formula I:

0

OH

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



honol oba, and termed "Haginin E' [2]. 5 June 2006 Dehydroequol was first
recogni sed as having health benefits in animls including humans in 1997,
wi th patent application No. WD 9S/ 08503 entitled Therapeutic nethods and
conpositions involving isoflavones. The patent specification teaches that
dehydroequol belongs to a famly of conpounds based on a prisne 2006

i sofl avonoid ring structure, sone 5 nenbers of which variously display
estrogeni c, anti-cancer, cardiovascular2and anti- inflammatory health
benefits in animals. The isoflavonoid ring structure has not been found to
be an inherently bioactive structure for animals, since a |arge nunber of
menbers  of Deldsoeh@Tiwlay figh BRogiie laaliavirg Kealth BeheRi3 Onvnimiale iragidig huaehs vity in
animals or display.  adverse, toxic¢ bjological properties. 10 Th

bi ocheni cal My Vs“ﬁ?lFﬁ@tHﬂ$F€§Pé§?'¥%%P§b§®3dgugg%g%78%ﬁﬁ6W?ﬂﬁﬁﬁ“7%r t hat
matter ot hegongﬂ?iﬁbﬁr Svdting NEGLBRMA Chhe patdhk Isyecichtsh lesthpathentehgpobquoat i on

No. WO 98/ 08503, remains open. Wthout a full understanding of biochem ca
activity, theongatga fapilnekwmpoundsihasadiqn a pamay iRodlaynoiRg lIcH Iy FOme
necessar isl YmRBBE % wHIMD Q¥busl) diidyh e4udBshid) antiR@ndef, (RRESAscalar ah8 dafiown
activities of other phytoestrogens and netabolites, or der|v3t|veﬁ)thereof.
This appl i cadlpppmate @i‘ﬁd%ep?fé% it agimalse Th eoflponpid dingattiughee figs not been

i sof | av- 3- epRin@idthelafi HiHe AN B bio SRHTO AR S for aMifhalssiRBallirgshikibet hiemeag uol |,
t hus extendi ng the known bl ol ogical effects and health benefits, of

i sofil av- 3- epfelis fagily alspadisplan ithrs moy kaawpe biologisaledptivityr i apialsn o4 diselpy 20

based on to&g&k&tg@@mg@g&g$ngkgkggical activities in that the applicants
have surprisingly found that dehydroequol and its derivatives regulate a

range of!Onol ecul ar targets in nmammualian cells, and that these nolecul ar

targets arerhdibdRhfthbasia bink Sfbidgiad h@NAY of dhgMoaeE bRNPHRERIGR BtHehat are
fundanental to critical cellular processes such as cell row h

di f f er ent i amiembers af theshemisal family gtied I patent applicionghie WONB/QIS83 deMABE t hese

surprising gn,biveehem aal uRblerdisg PRAYSRhRAN ARy, (IPRNEASE pdidibikl Keafth ons for
the health of animals i ncluding %unans. These and ot her preferred objects

of the invebranefits of dehydeosayol peasssgalyaiemains unknown, notwithstanding the proposed or
15 known activities of other phytoestrogens and metabolites or derivatives thereof.

This application now describes new therapeutic indications for isoflav-3-ene and isoflavan

components, and in particular dehydroequol, thus extending the known biological effects

(‘) and health benefits 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

Q]
N

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 dehydroequol and
derivatives thereof.
30



The current patent extends the biological effects and health benefits of
dehydroequol and derivatives thereof. 30 5 June 2006 3 This invention
relates specifically to isoflav-3-ene and isoflavan conpounds, particularly
, 7-di hydr oxyi sofl av-3-ene. It is found that these conpounds surprisingly
regulate a wde variety of signal transduction processes W t§\ighexvogal
cells and that these signal transduction processes are involved in a w de
range of functions that are vital to the. 5 survival and function of al
animal cells, and that therefore these conpounds have broad- ranging and
inportant health benefits in animals including humans. The particul ar
benefi ts of T4 ehtRYGBhle? Spekifall aﬂ Gﬁ)ﬂa\r' B&nd ﬁ{dg@oﬂ’a@m@on?Jour?dsgﬂﬂlcularly

t ransducti on (frocesses targete he conpound, (b) the fact that

regul ation $f7- %@wmaﬂalVohsnethc}t@s@cta@atltDeSP Aesnedads syerisingly_regdate awﬂtm of
Some pr OCGS%tyaBﬂ s%%ﬁn 'trgn?sgl:lléti%h' ﬂ@ce?ges %lhﬁl{ Sinint] dce(lg)anh htﬂBt theste ngﬁalbr oad

and varied efféct on signal transduction processes also I's acconpani ed by
an i ndepentrasductiont processes are riatolyed dh ai Wﬁ@rf@imntOfefnlzfy!ﬁE% thehate vtk td thedanment al

to netab Ql i &Wlnqud ﬁltngt'io(?l' ﬂ%ﬂ%ﬂf’nﬁh §ells g tflat 'tl%re% 9*&% awgﬁc&gﬁige BJ&@{!

conpounds o present 1nvention, In particu roequol, woul d
have such brangieg dergp@rgﬁnbh@bhbmeﬁtalm GlﬁlfldchIUdulg humsansh potential for the
health of animals, and particularly for the potential to prevent and treat
i nportant and comon human di seases, disorders and functions. 20 The
conpounds aBearadionlyr benefilseofthisiivgstiasipemt () the larké sange o sigihad rapsdection

| S0l av-3- 60 ard Rt HAEOIROLH) 4 Bl uhal R BERS! & inds VM plobess @S 5 June

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:

()
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R1, R2, R3 and R4 are independently hydrogen, hydroxy, OR9, OC(O) Rlu,

OS(O K10, CHO, C(ORlo, COOH, CO2Rj o, CONR11R12, al kyl, hal oal kyl,

arylal kyl, al kenyl, alkynyl, aryl, heteroaryl, alkylaryl, alkoxyaryl,
thio, alkylthio, am no, alkylamno, 5 dialkylamno, nitro or halo, or R3
and R4 are as previously defined, and R, and R2 taken toget hes Jyhddnobhe
carbon atons to which they are attached forma five-nenbered ring sel ected
fromTO T-4-O-_o0 6))__0 10 Rl and R4 arg_as previously defined, and R2 and
R3 taken together with the carbon atons to which they are attached form a
five-menbered ring selected from, or 15 Rl and R2 are as previously
defined, andg, Fand R4 taken together with the carbon atons to which they
are attached forma five-nenbered ring selected from 20 and wherein 5 June
2006 5 R5, Re6, BadR;RamdaRe atenuidgpendtetly hydrhgadr bydoxy, YR HG(ORRIOSOURD) R10,

grsg/IO)aﬁkSI, , Clz;ilokenyf %)(841%’/ &5831‘ ar )}ﬁ’o’ ﬁ P& bd? Wt ;ﬁ!;;ﬁl}@{lil ?rpﬂlk?ﬁlaiﬁ?/ekam no,

al kyl am no, di dkuyl, amrylnb¢temanyt callo'llarjdahmpx}lae/h thich yadiryttbien amimpd pldsydpmire, ky | |
aryl, amano, thi NR11 R11R12, C(O R13 where 5 R13 is hydrogen,
al kyl, arsgl dla]?gfrfgmlo Rr%ognh%g% ho acid, or CO2R14 where R14 is hydr ogen,
al kyl , hal 0313 kgdd R4allwds poeviauslyldafibegd] and R; and Ry taken together with the carbon atoms

to which they are attached form a five-membered ring selected from

TjLo o
o\) O\}

R; and R4 are as previously defined, and R; and R; taken together with the carbon atoms

10

to which they are attached form a five-membered ring selected from

ZXZI o'—_—<o:[\ ,or
() 15

R; and R; are as previously defined, and Ry and Ry taken together with the carbon atoms

to which they are attached form a five-membered ring selected from

20
and

wherein



RO is al kyl, haloal kyl, aryl, arylalkyl, C(ORL3 where R13 is as previously
defined, or Si(R15)3 where each R15 is independently hydrogen, al kyl or
aryl, R o is hydrogen, alkyl, haloalkyl, amno, aryl, arylalkyl, an am no
acid, alkylamno or 10 dial kyl am no, R11 is hydrogen, alkyl, arylalkyl,

al kenyl, aryl, an amno acid, C(ORL13 where RI3 is as previ cygine fphi ned,
or CO2R14 where R14 is as previously defined, R12 is hydrogen, alkyl or
aryl, or RI, and R12 taken together with-the nitrogen to which they are
attached conprise 15 pyrrolidinyl or piperidinyl, the drawi ng represents
either a single bond or a double bond, preferably a double bond, _ Tis

| ndependent IR¢, IRH@GE Are Aldpyhdettly ﬂwéggxla aﬁdroxty,l ORY, ocff@} O,O?S@)R,B[ﬁﬁ@ a:gl yI 0,
e salts and rrvatl ves ereo n

Sccor dance. i | RO e R, st ObRestn ks it o S0hRlke Hkergh VR 2

met hod for thearyl, h@&abi®n thio, BFMAS) aindd QrcylmbI&il@)tmﬁlaoqﬁu&mﬁﬁ,s es
associ ated with aberrant cell survi vaf aberrant” cel Erol iferati on,

abnor mal  celRs uisdpdiesyy Bydrewy, alkyln g hamingn §ie dBdde sCOI?iBn rn&(O)Rp where

est r ogen/sandr oggNs RGHBRGE alkgly S, nzﬁ'sll'aﬁkslﬁl)r & aﬁnﬁoﬁcﬁﬁalorsé‘@z'i{?‘l dheenEsiis
degeneration i ncl udi ng degenerative changes within blood vessel walls,

i nfl anmati on, BEPsen ﬁﬂﬂhml@ﬁhﬂeﬁfﬂloﬁﬁwaﬂ%{be whi ch corrprl ses adnini stering
to a subj ecR, OCRNGH, HiRakyl, Q%WDQMQIQ?I elojr)$ \Jh%rﬁ\l gs b gemohap%lehlyed' Br

association with a carrier /or exci pl ent n accordance W th anot her
aspect of the %ifpss)eWile‘Pﬁ%Pél&la‘6wd?mé¢€‘éﬂ}’bqu8w,|3dﬂeﬂ°ww of corrpounds of the

formula I'l Rp & h@dl’&'@&m ﬂ(?]: $aRalRil, Em{FBdhGRERMik$10hn tal,tﬂﬁl ﬁﬁmﬂé ne o UNE

2006 6 prevent i on or loration of di Séases assocl at e errant cell
survi val 10 aberCF‘%thlalE’@P:l proliferation, abnormal cellular nigration,

abnor mal  ang@, 09 @P&Sh; aRANAYERlyL, alkenyl, aryl, an amino acid, C(O)R,; where Ry; is as
previously defined, or CO,R 4 where R4 is as previously defined,
Rz is hydrogen, alkyl or aryl, or

Ry and R); taken together with the nitrogen to which they are attached comprise

15 pyrrolidinyl or piperidinyl,
the drawing "---" represents either a single bond or a double bond, preferably a double
bond,

T is independently hydrogen, alkyl or arSzl, and
km) X 18 O, NRy; or S, preferably O,

20  including pharmaceutically acceptable salts and derivatives thereof.

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

" treatment, prevention or amelioration of diseases associated with aberrant cell survival,
aberrant cell proliferation, abnormal cellular migration, abnormal angiogenesis, abnormal

25 estrogen/androgen balance, dysfunctional or abnormal steroid genesis, degeneration
including degenerative changes within blood vessel walls, inflammation, and
immunological imbalance, which comprises administering to a subject one or more

compounds of the formula II 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 mahufacture of a medicament for the treatment,



estrogen/ androgen bal ance, dysfunctional or abnormal steroid genesis,
degeneration including degenerative changes within bl ood vessel walls,

i nfl ammation, and 5 inmunol ogi cal inbalance. In accordance wi th anot her
aspect of the present invention there is provided a nethod of inducing
apoptosis in cells expressing abnormal prosurvival phenotype $¥Wifd2006
conprises contacting said cells with one or nore conpounds of the formla
Il optionally in 10 association with a6carr| er or excipient. In accordance
wi th anot her aspect of the present invention there is provided a nmethod for
inhibiting mgration of cells having an abnormal cellular mgration

phenot ype e%}ntioﬁ) ?{%’iéh%?a%o& of Jlx %gelsq oz feg w1%I albgrra\l% E:Ql s?\‘lr\(;lgeﬁp&uxqgnt%glgt he
formula Il ©Optiona associ a Ion ig OF BT PTG excl plen

accor dance piotiferatinmt hehnoampeaielhﬂﬁr t MWm@serm)nomménmnmugmkm e absorp‘rad)w ded a
met hod for _jnhi n ngi og tis abe

angi ogeni ¢ P rgﬁ%‘Fandm %}1% %me ?%%?ﬁ“ 18gﬁcgrma§xar?1ﬁ é % gtel('?es%S e&frieﬁngn
conmpound of mtludmgordageheraﬂ:de changes alvitiini rbloodO \&mbcwmsl Oinflamiratien,cand i er or
exci pi ent.. Jn[m‘%]ci: K ‘a §e1 W th anot her aspect of the present invention there
i s provi ded"8 Het¥Ed T3P Che i nhibition of topoisonerase Il in a mamal

whi ch net hod corrprlses t he step of admnistering to the mammal a

t herapeutic ffect a conpound. of . fornula,25 11 or

bhar maceut | ReARyTineE S e BeTate: o uRrR T gion e Gt PR o

assgci at i orundndn’fg ap@pIOSiE i eems @Kpressinig ibRdtinal bMStﬁGﬁﬂrﬂﬂﬁkﬁﬁae\Mhlbh aomprives aspect
of the presen venﬁs {1 reis Brow ded a me% d _for hge tre1 t nent,
prevention %)r" FRf &F sb?’u"t £ O aPfc B1OTS omPapafy, o \Xﬂ’ﬂ"(‘:‘f‘? PRISE* o Mpr i ses
30 the diepasedcidibh Wth Agardieceapiad. of fornula |1 or a pharmaceutical ly
acceptable salt or 5 June 2006 7 derivative thereof into contact with
cancerous tissue in a mammal that is suffering froma tunour, such that
neopl asti ¢ ldexakdmoeRith bibtifd bpeQrdAARS RetRnt inS&ubn tiferd i8 pavilRa aGhetidrfost ed

inhibiting migration of cells having an abnormal cellular migration phenotype which

comprises contacting said cells with a compound of the formula II optionally in association

15 with a carrier or excipient,

In accordance with another aspect of the present invention there is provided a method for
inhibiting angiogenesis in tissue expressing aberrant angiogenic phenotype which
('*) comprises contacting said tissue with a compound of the formula II optionally in

20 association with a carrier or excipient.

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 salt 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



In a preferred enbodi nent, the neopl astic devel opnent is retarded or
arrested by the 5 conpound of formula Il stabilising a cleavabl e conpl ex
of DNA topoisonerase |II. In accordance with another aspect of this
invention there is provided a nethod for the treatnent, prevention or
anelioration of cancer in a mammal which conprises the step &f Juder2p0gi ng a

conpound of the formula Il or a pharmaceutically acceptable salt or
derivative 10 thereof into contact withza cancerous tissue in a manmmal that
is suffering froma tunmour, wherein conpounds of the formula Il inhibit

't NOX associated with said cancerous tissue, such that neoplastic
devel oprent dérvatiai theredfine lcontsct inithSodftefolis figha indemammabthstas hfring Romf£r abl y,

,conpounds of the formula |l, such as dehydroequol, induce apoptosjs through
nhi bi i on BEoNREE ﬂi%nmlaa%fl%ﬁﬂf’prﬁ%w?ﬁéamé 63§S%ﬁf?tar§?9e£e§ﬁ%%nd of
formula Il is co-adm nistered synergistically with a known topo Il poison.

In an alterpative enbodi nent the-conpound of fornmula Il is admnistered to
a' subj ect a pprederped, comiogimeng the neqplastic deyelopmentsis Fialed 91 agRdEhRY theopo | |

poi son, Gr emiRNncITEHRUNE SEBliihEa QedvaMe cARINBL of DA ApeREAGAEIL W t h anot her
aspect of the present invention there is provided a nethod of inducing

apoptosis in cells expressing DNA topoi sonerase |l which conprises

contacting mSakcétdfiRt ithWinbihePRPedof TRE EnveRITROMAASs Plovide® afRRBA Br kile
optionally in association with a_ carrier or excipient. 25 In accordance

wi th anot helreaiab Prevaption g apyelieratinn of sansgt MEmamsplavhich somprsesdbe demett hod of

i nhi bi ti Ng EXNRirlARVIPOUIRI FIR: folmblY TICR ARG aB&hiRalPNRpRBRI AR BREGN AL eavabl e
conplex . with a conpound of fornmula Il ‘or a pharnaceutically acceptable
salt or !8erthersef ipta confastatith a ¢agcaspustissuedp ampmmpal dhay issmferingfiine 2 tumirs June

2006 8 wherein compounds of the formula II 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 INOX.

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.

In accordance yvith another aspect of the present invention there is provided a method of
inhibiting DNA topoisomerase I 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.

30



In accordance with another aspect of the present invention there is

provi ded use of a conpound of fornula Il or a pharmaceutically acceptable
salt or derivative thereof in'the manufacture of a nedicanment for the
treatnment of cancer in a manmal. 5 I n accordance with another aspect of the
present invention there is provided use of a conpound of forggs 10060r @
phar maceutically acceptable salt or derivative thereof as a DNA

t opoi sonerase ||l poison. In accordance_aith another aspect of the present
invention there is provided use of a 10 conpound of the fornula Il or a
pharmaceutically acceptable salt or derivative thereof as a. tNOX

i nhi bitor. ] I i C e of a
medi canment ﬁgrg&? ﬁlg'qﬁ%n L:Ct}b%{h?l})e%%%éw { ﬁb&ea?g%grgiqg‘f%g%l}eﬂe [S mour ce%l (;sffjgl n
accor dance womtppuad of feemuladipe et phefmdcheicgltyesecaptablensakt ot idenivatihetherepSinghovi ded a

15 pharmaceut i cal osi-tion fo he treatnent of cancer conprising a

conpound of H}agﬁgncuufrg%wmg&r]éagleﬁhélz {%’ﬁ?:%ﬁ?lf%é’ ?a§1ceééré%rﬁfa ?ﬂﬂag salt or derivative
thereof in association with a. pharmaceutically acceptable carrier and/or

di luent. Jn;accordance W th anot her.aspect of the present i.nventi t here

s, provi deqlhoegeng: i iobst Ml e BE REtn b iy B Brretifil el e &

conpound of cdmpoond af fokmula Ihdana xhammecewiidatly acvepthide sahenmddérivetiaphetofCasact i ve

agent, pref ﬁmbtlg.anot her topo Il poison. In an enbodi nent, the conpound |
of formula |§°ﬁ?°é’§eéar§?g(§°'is “a kit with another topo Il poison. In

accordance wth another aspect of the present invention there is provided a

25 phar maceptical, co sition conprising a conpound of.the .fornul [1) in
associ at i on W R errwpl } AR afﬂerﬁng?tl @ﬁ&?ﬁ%ﬂﬁé‘b‘gﬁ'&%ﬂ ﬂ’g‘?‘ea'étqr?/‘gd%?g'ési‘?tcgf.a(

Thr oughdot édmmpuspefthd foamila Uror aptariaceutitatlly AScephible balf 6t defivdtivel e s ad he
context requites.,.Qat herw se h rd " rise", and variatiaogns such as
"conpri ses” h%cék "8'(5% i s(}lgﬂﬁ’”?m{i/i qeflt %@fﬁaﬁm&@%w&% t]‘?r&a?“tjfﬁ‘érei et usi on
of a st at edmeditaagat fobthe Sithéhitiddrof GNONPAsDtiated VRl RnToutellsl eps but not the
exclusion of any other integer or step or group of integers or steps. 5

June 2006 9
In accordance with another aspect of the present invention there is provided a

15 pharmaceutical composition for the treatment of cancer comprising a compound of formula
II or a pharmaceutically acceptable salt or derivative thereof in association with a

pharmaceutically acceptable carrier and/or diluent.

.

In accordance with another aspect of the present invention there is provided a synergistic
20 pharmaceutical composition comprising a compound of formula II in admixture with
another chemotherapeutic active agent, preferably another topo II poison. In an

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

[ o8]
(%)}

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.




Brief Description of the Drawings Figure 1 represents an unknotting assay
for determning the effect of dehydroequol on topo Hcatalytic activity.
Substrate P4 DNA was incubated with two units of purified topo 5 Il in the
absence (lane 1) or presence of 100, 80, 60, 40, 20, and 10 g/m

dehydr oequol (lanes 3-8). Lane 2, 10 g/m VP-16 (positive corg ysie20060p0 ||
activity was determ ned by converting knotted P4 DNA (K) to the unknotted
(U form Figure 2 represents a relaxatpon assay for determning the effect
of dehydroequol on topo | 10 catalytic activity. Substrate supercoiled
pUC8 DNA was incubated with two units of purified topo I (lanes 2-8) plus
canptothecin (lane 3) or varying concentrations of dehydroequol (lanes 4
-8); lane 1, supercoiled puUC8 DNA, control (no topo 1); lane 2, relaxed
puUC8 DNA; | eBﬁ;fBgscmtigi of the Bwrpwimgheci n (positive control); | ane 4,100 g/m

dehyd 0auO e 1S el I SEIV ACPRY AghNE o 50 of el gl
el axed f Wgsomdl Ry ?T}eg?m mmweﬂe?g?mgmwp@?@d The et f ect
of dehydrgoegi ig:ﬁ%o%%js%ﬁglf‘%e l)s({rrpé g@ gﬁ’e@\’/ @y,, PQY@ @R%\A/g’%’ 'lgﬁ%uﬁgat ed

wth ten Unl(lfaﬁesng)hWZ,tlfon,%/dxﬂ vﬁ@s (P08 cahti®)). Mopd th@xbﬁ_/&%&ie(ehﬁiﬂed 1) or
presence of 10, 30, or 100 dehydr oequol Ianes 2-4), or 30 pg/m
geni stein (PARMVEYIng kpotipd Pl M(WFQ%B“’@P‘QH@ forlane 7, linear pUCS DNA
mar ker. Doubl e-strand DNA breakage was determ ned by converti ng rel axed
(REL) or sgpercmled SC) pRYG DNA to the linear orm 25 Fi 9ure 4
represents &MEUEREEPrEBHS ‘H@laéi“tﬁﬂr‘i‘ﬁﬁa}b for Hé‘e@?"l“é% fheﬁffeﬂeﬁgzﬂw@@we} oryiqpPo

si ngl e- s{g apsigshic Wity SAvaEe spblesdNAUVBDNANGHD Ricashtad iR Who Whaner 1) or
with 10 units_of human_ topo | (lanes 2-6) under the conditions set out in

the method 8wéisdotared| danes L-a’ﬂePlES captothein Klape3) qraypeying cqnseyfiptigns of

dehydr oequoliehyliBguiof (ladlQ B); nl‘anéjﬁkhﬁﬁé rOGREQUCS! B, SontrdO(noQbpd NCRAPLOL heci n;
| ane 6, 100ﬁ%"m can%tot hecin. Sin strand DNA br eak kage was 30 det er m ned
X

by converti FRAE&PH%E PNAREre Hrl04ig rcemmoéxsmp Q@ﬂtwmtmmlam% HY w/wked
form (NC). dehydroequol; lane 5, 80 pg/ml dehydroequol; lane 6, 60 pg/ml dehydroequol; lane 7, 40

15 pg/ml dehydroequol; lane 8, 20 pg/ml dehydroequol. Topo I activity was determined by
converting supercoiled pUC8 DNA (SC) into its relaxed from (REL).

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 pg/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 cleav.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) pUCS DNA to the nicked
form (NIC). | |



5 June 2006 -10 5 Figure 5 a) Dehydroequol (0) and Genistein (N) inhibit
the proliferative potential of LNCaP cells. b) Dehydroequol (De) inhibits
grow h of human xenografts in mice. De (0) or vehicle (0) was orally

adm nistered for 5 days per week fromthe tinme of inoculation of LNCaP
cells and tunour mass assessed over 58 days. c) Dehyhdroequols jyileideoss t he
focus formation of Ras transformed NIH 3T3 <cells conpared to control wells
(C© invitro. 10 Figure 6 Dehyhdroequo_lloi_nhi bition of endothelial cell
proliferation, mgration and in vitro ‘angiogenesis. a) EC proliferation in
the presence of varying concentrations of dehydroequol (0) 15 or DMSO
vehicle (A)..Results of one experinent are given, where each group was

per f or med ir?'n“dﬁgrupl icate and is representative of 4 such experinents.
Mean SEMis given. [Dehk@oequal @)iathGeniasin (M)0iibin the\pedlifietativebten(alioft e bar)
over an 18 hour per:/\l(r){_ckg)(lf,ari;ﬁﬁhe presence of DMSO (C) or Dehydroequol (De).

The results are sho ne well of duplicate wells performed in each

group from one ewper iDehpdroequeDRp@AIbAL g1y @ thaff humarpehbgrafieid micd. De(Myicrr o

angi ogenesis in the presence of C), or_.d dr oequol . ).. One well is
shown of %upl icate wef ‘§]ez§}wﬁsr‘?{'gt}/’%9ﬁ‘g%%{%‘ﬁ‘{6ﬁ‘ gaésfp@i‘g%%eﬁ"&&ljg‘g?‘f‘ﬁ‘é’ﬁt
representative of 3 peschRfisiest LNCaP@INRE hiedufmdsQbssde@bverBildap{ matri x
?EDte)a | lo(r)pE)(,\)/thI 2 2?103; (2)| “?Mcé/)eﬁd%%e@ibaﬁglﬁgfst ’(E]ee (;[c%g fgn?lra.ltiojﬁégo Oeysréan\é\gmtrrrl]eddﬁ{yqrfgequm

\ cells compared to control wells (C) in vitro.

}

10 Figure 6 ,
Dehyhdroequol inhibition of endothelial cell proliferation, migration and in vitro

angiogenesis.

a)  EC proliferation in the presence of varying concentrations of dehydroequol (B8}
15 or DMSO vehicle (4). 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
L) 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)  Northemn blots for mRNA of matrix metalloproteinase-2 (MMP-2) in EC
treated for 18 hours with dehydroequol (De) or DMSO control (C). Top panel
is MMP-2, lower panel is GAPDH.



is MWP-2, |ower panel is GAPDH 5 June 2006 -11 Figure 7 a) Expression of E
selectin on endothelial cells. Goup 1, unstinulated; 2, TNF stinulated f
or 4 hours; 3, DMsOtreated f or 1 S h prior to TNF stinulation; 4, De
treated for IS h prior to TNF stinulation 5 b) VCAM 1 expression on
endothelial cells. Goup 1, unstimulated; 2, TNF stimnul ated §Jged2006h or 1
S h; 3, DMSO treated for 18 h prior to TNF stinulation; 4, De treated
cells for 18 h prior to TNF stinulatiom; _One experinment of each is given,
representative of 3-6 experinents perfornmed for each. 10 c) IL-8 secretion
fromendothelial cells either unstimulated (NIL) or TNF stinulated in the
presence of Fygn,,lpj,gl e DMBO or dehydroequol (De). Mean f SEMof triplicate
determnations in 1 of 3 experinents performed. *p<0.01 Figure 8 15

Dehydr oequol (Ded) i nHixpressionsgft selyetini aveeniothedisbeellSiGrowct. iupitimplatdd; @ndot hel i al
cells followng sti Wﬁ&f{ffﬁﬁh@ﬁ'f&ﬂl H-(JNFS g%l\'lgé)’tregmo('l?g hBEortb‘TleF( ¢) conpared
to control (C) treated we activity Is given in‘arbitrary units.
Results of between | Samdlasoréﬂdé‘i?tlmdtf@;‘ @rlmlwhwwmiémeach group was
performed in duplicate (mean SEM. *p<0.01. 20 Detailed Description of the
Inventions All cejyl ul arcmn%beg%r@aneen&m%m delie G;axyf Qhstitfulafed ™y el Of

signal s deriving from either distant cells (endocri'ne signals),

nei ghbouring cells (stmaletef fu 4di s hsd, DMSQ treatedror b nprigréo TNEne cel |
(autocri ne signals). sth@Rortu/DEFGRY 1A sSh Mk Yo TIHE Gfthaeidy, St1 mul ating
theycell's genone (DNA) from where the appropriate cellul'ar response is
|n|t|ated The process by 25 which the signal is transmtted to the genone
is known as signal t /OBEERTEMeER:PS o3sh is fy WBreser?E’é‘Neﬁ%ﬁﬁﬁwgme%st |y
involving different pe@drkd$orexdpere activation of one protein

10 c) IL-8 secretion from endothelial cells either unstimulated (NIL) or TNF
stimulated in the presence of vehicle DMSQO or dehydroequol (De). Mean +

SEM of triplicate determinations in 1 of 3 experiments performed. *p<0.01

Figure 8
15 Dehydroequol (De) inhibits sphingosine kinase (SK) activity of endothelial cells following
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

y,

- 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

25 which the signél 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,



catal yses the response of another protein, resulting finally in
transcription of a particular gene or set of genes. Honeostasis, by which
we nmean the integrated functioning of cells, 5 June 2006 -12 tissues and
organs resulting in good health, is the end product of hundreds, possibly

t housands, of different signals entering the body's cells on spgRMggUOUS
basis. Fromthis signalling mlieu, it is possible to divide signals
arbitrarily into those that are 5 rel-ated to a "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, tipte@ddndt drgdhs QbsuBtini iR Obe helilih, 6 tHendidn@odiet bf haeireds] possidly on

reactions by a ljver. . cell, or formation of urine by a kidney cell.

Exanpl es of%°Wﬁ aﬂ%%QQﬁmF‘ %?ﬁﬁ%gﬁﬁ?@QXéFﬂbOQGFWFéﬁW” Sitel | death, cel
-proliferation, cell mgration, and angi ogenesis. It can be seen 10 that the
key to regu%ating whet her or naot a cell js_ ahle to perform  specialized
functions' §em tisqianalling miligy, jtHs pessibie 1o divide, signalnirhitranilypie; therg that pre 5
surprisi ag REAkdT8aCHeElhIFe® Yikchon’ 1419 (RRB tha€ 3R r8lab@ wetht Guiaemédatbligppounds of
the fornmula I, particularly dehydroe?uoIL regul ate many, of the

* f undanent athe pelHeexishaad tofungtios. Exgmplas of ‘sperializes HBIPRY re RANBEGGPIU By ( a)

because it {i@svatRll, RERBLGOSTAhGRERE bP s HhihifR BB deidkiikation QMcliéis b adivd| e
conpound to have such conprehensive actions agai nst so many targets that

h . ‘ y.t1a
ar e, i nvol vedllj oF formatioR ahurertyzn kidnsypeli Irepplee o fHndamentehfupctioas’|are eglly ( b)

the node of sunadl b Betbdea) tANpARREHR SIY Fhigralifif) dh@ hifSo dchORE 10ah € ety
targets is entirely novel , nodi fying the action of these targets only when

they ar é0dy@tdbeieydnrpeulating vipsher of potagelh ispblerie perfore; ‘sresiphizeg fusliens e a

conpound t haguidiah o e Belfs FilapBhiFn@bhect has clear and i nportant
inplications to the ability of cells to function across their full spectrum

of activity, and in turn this has substantial inplications to the general
heal th of qnlmgﬁisidgnalﬁhﬁajéﬁ&%v&m e aefgu&htsftﬁbé Rd tpﬁrcbm?wrag of @feer ence
is made to dehydroequol. However, 25 this descrhgélon is to be understood
to apply tdomieH. rasigylsdydshydroeqend. regate many of thy Hundagienghiupefions' ©f fisme
exanpl egs ofcefi Nenis hivRNBTBOLRbditt\@) bQasse it R nbWRA O skeRRMRssible up until
now for a single compound to have such comprehensive actions against so many targets
that are involved in the fundamental regulatory mechanisms in a cell, and (b) the mode of
action by which dehydroequol regulates these molecular targets is entirely novel,
(j modifying the action of these targets only when they are dysfunctional. Further, it is a
e 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



surprisingly found are regul ated by dehydroequol, and ot her conpounds of
the formula Il. 30 5 June 2006 -13 1. Cell survival/death In order to
continue to function, including the ability to respond to specialized
functions, cells need to be continuously activating pro-survival signal
transducti on nmechani sns. Pro- survival nechanisns act at two e 30d¢el s -
those that actively pronote survival and those 5 that actively suppress
cell death (apoptosis). Pro-survival ngchanisnms involve a nunber of

di fferent signal transduction processes that wultimtely cause
transcription of certain genes whose end-products pronote cell survival.
These different processes involve, but are not limted to, such nol ecul ar
targets as IMeWlsurgvab@ath and NFKB Dehydr oequol has been found to operate

across ar I : My I . exanple is
t he enzyne?ﬂggﬁ?%b%gﬁﬁgtgﬁﬁgggﬁﬁggﬁp g%%?ﬂg9%§%@%&h%%ﬁ%§%%%¥fﬁgpgf’the
substrat e, cslisriendtrsiernontituousy tritivefogipresurvip gigp draasdugionimrgbanisis - Pro-

phosphat e 'sﬁwgﬁal OB LA Yot :ﬁtt\%/ggllaﬁtl&relsqfthogé {ﬂa%dﬁé’él})/ﬁbm&%%m S8 afgd 1S
over-expressed In a range of diSease states characterized by I ncreased

| ongevi ty dfiat edsivels sufedsy chlloleefidpoptosirl- 15 regul at es sphi ngosi ne ki nase
activity. Apoptosis can be achieved by a nunber of nmechanisns as foll ows.
(a) One such mechani sminvol ves receptors known as 'death receptors'. These
i ncl ude r edepswyisal guashenissns eyt numbeGRt differemgipmal tremsdugtian prpcesses thatept or s

20 normal 'y e ; _90auRks ool kidnduRiat i ns such
as C fIip.X%%ﬁ?%f%%%ﬁ%ﬁgﬁgéatggﬁg?%Eﬁﬁp%%gg%%@%Hfﬁgppro uctign of Cflip,
in so doi Adeseplifferertt ipmyesséreineded, hutafre nelingted (dy suchrroelpautar tasgdtassi MEKI nvol ves
t he actiyatd I ' as SrinéB SR A8l vat ed,
those. erbyd® s NFOEDAR LG RO IS o iR BRRE B P BeASE,
up- r egul at énelepatidulay by ywapbf examplassale enzyme, sphingosine kinase. Sphingosine kinase
phosphorylates the substrate, sphingosine, to sphingosine-1-phosphate. Sphingosine-1-
phosphate is an important stimulator of pro-survival mechanisms and is over-expressed in a

range of disease states characterized by increased longevity of cells. Dehydroequol down-

15 regulates sphingosine kinase activity.

Apoptosis can be achieved by a number of mechanisms as follows.
(a) One such mechanism involves receptors known as 'death receptors'. These
include receptors such as Fas/Mort, TGF and TNRF. Activation of receptors
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



(c) Anot her nmechani sminvolves disruption of mtochondria |eading to the

production of various pro-death factors. Dehydroequol has been found to
pronot e such di sruption through a direct and novel effect on the

mtochondria. 30 It can be seen fromthe above description,

t hat

dehydroequol is able to induce cell death in a conprehensive y@iv o6V a a
nunmber of different pathways. The ability of a single 5 June 2006 -14
conpound to have such broad and conpl eggntary effects is novel. But of
consi derable surprise is the finding that dehydroequol exerts such
pro-death effects in abnornal cells only. 5 That is, in normal healthy

cells, dehydroequ has n iscernib [ . I
£onmoyY ncf) L }t\a\ suc roa d com Femen{ag' éf{e;%/{l 01% rﬁ?iezsée&%}ggu A Ory
processes i napriselds ﬁmtﬁnamg that @ehyldratibcd dxdrs soel po-deathadffeets| in abnotnsd Oéﬂls ease

processes. play a nor

Sde¥able

states as cancer, cardi ovascul ar di sease, autoi m nune di seases, and
di seases wif y'inmmological, i nflammatory or hyperproliferative
components. 10 2. Cell proliferation The ability to divide in response to

growt h S|gn S.i s another fu apental f ctl heal t hy
cell's. Sphi 5 ooy hsdthy g g g%% gFE'° g?“&"’ﬁ@f ff%’(glme1 l?li}eﬁe ‘%ﬁlgigéoﬂl tating
the abilit ypxeéesgbeldesls that @lspla}dtbnmimeaomﬂty diffthdsei'dguldtow mmsses inciode bt age nunber

%p%l %g r ases

f 15 diff the activat
(1 and 11) THQETELRTE hened A IO EooACS B i e e e

activation aﬁmﬁmﬁ$¢n<m@aemdemw.kuﬁaﬁas Qﬂﬁksammhmkguﬁashnﬂamnﬁmwo nnve
genone thrOﬁg@%ﬁoigchfferent stages of mtosis; 20 (c) inactivation of

cyclin depe
m t osi s 1phr ough suppressi on of CDKs.

2. Cell proliferation

IAYESOMPMIETt or s (CDKJS) whose task it is

to inhibit

The ability to divide in response to growth signals is another fundamental function

required by normal, healthy cells. Sphingosine-1-phosphate appears to play a key role in

facilitating the ability of cells to divide. The act of cell division involves a number of

15 different enzymes as follows:

(a) the activation of topoisomerases (I and IT) whose task it is to organize DNA

prior to mitosis;

(b) the activation of cyélin dependent kinases (CDKs) whose task is it to move

(N 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 II, 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.

t he



Dehydr oequol surprisingly inhibits all 3 above conponents, viz.
topoi sonerase Il, CKDs and CDKlIs. Wil e various drugs have been descri bed
that inhibit each of these 25 conponents separately, the concept that a
single drug mght inhibit all three distinctive enzyme systens is novel
and surprising. Contributing to the novelty and surprise is tShne2006t hat
dehydroequol only inhibits these enzyne systens in cells that are behaving
abnormal 'y, particularly cells expressijgg 30 abnormal prosurviving
phenot ype or aberrant cell proliferation. 5 June 2006 - 15 3. Cel
mgration It is well understood that the ability of a cell to mgrate and
to |nteractzmkﬁmlhégtﬂpelghbourlng cells is fundanental to health and
di sease. Sphingosrne Kinase and matrix- netal | oproteases are key regul ators
of this inpdrisantll eaddrstbadnthai ge. atiithiyefr @ egllidp mmm@my t6 igewat Maigditat es
both of the i in a
di seased st§§§ﬁ9§%ﬁﬁmﬁgﬁéﬁg%m’kﬁg?&%ﬁﬁ%@?ﬁﬁ Bﬁnghkléﬁﬁgéﬁfﬁéﬁﬁb | ood
vessel s i s wetallojoteases arokiyercgulitary Oéthesntnpuumemllyﬁm@m neipehydroequal wuguedy st at es
associ at i S e o)
this evﬁ ¢ %\%ﬁﬁ%&%{ BJ)tﬁSof ?hese ij\%kﬂggggté{ﬁ% Ilﬁ{rlllg%ﬁﬁl lgﬁlg Ztliée rr%é)llfltg%'[f g%l%sialbe y
i mpairs angdmgsﬂhsmsmrm@mw |t occurs in association with di sease, and not
in healthy tissues. These broad-ranging effects of dehydroequol on signal
transducti on nmechani sns are 15 conplenmented surprisingly by inhibitory
effects on a;gumggg@_ge of enzynes, such enzymes not nornally being
regar ded as iganal .transduct.i rQce f ol ogy
of the body Tﬁ) ablht}' Fog%enre Al bl?ogrvﬁ?ss.eﬁ ‘é@ é%eqf e?:ot%s a e?’ O&Fﬁcqnhggq?gglmﬂ
fol I ow nig: &seaSﬁ gated abscgmamlswsh Hﬁ)e@éds;ad Spiangoeine ikniasebustasl\ea fauihtbler obfhienzynes
i nvol ved in_sterojdogen Thes re | i teroid
dehydr ogenag"émt ?‘3 !’i’-"ggﬁ tz’a?'s go ‘hl{fg‘é?tbr%a lafseémy%op %nvse pacfs altlgei 9ge§19s1ss

when it occurs in association with disease, and not in healthy tissues. |

These broad-ranging effects of dehydroequol on signal transduction mechanisms are
15 complemented surprisingly by inhibitory effects on a wide range of enzymes, such
enzymes not normally being regarded as part of signal transduction processes, but of the

physiology of the body in more general terms. These effects also include the following:

- 5. Steroidogenesis

G

20 Dehydroequol inhibits a number of enzymes involved in steroidogenesis. These include
but are not limited to steroid dehydrogenase, S-o-reductase and aromatase. People skilled
in the art would recognize that such effects would have significant impact on the
production of steroid hormones including androgens, estrogens and corticosteroids. Such

effects would be regarded as someone skilled in the art in having impact on the normal

[®]
N

function of the male and female reproductive tissues including the breast, ovary, uterus,

endometrium, cervix, vagina, prostate and penis.

In sununary, 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




in the art would recogni ze that such effects would have significant inpact
on the production of steroid hornones including androgens, estrogens and
corticosteroids. Such effects would be regarded as soneone skilled in the
art in having inpact on the normal 25 function of the nmale and fenal e
reproductive tissues including the breast, ovary, uterus, erslpiRiz006m
cervix, vagina, prostate and penis. In summary, the inventors have
surprisingly found that dehydroequol reggul ates a unique collection of
enzynmes involved in both general netabolism and physiol ogical function, and
30 in signal transduction pathways that play pivotal roles in cell
survival, celdag5Pf fis g?&lp of eﬁ'iﬁﬁc? Elﬁ%h@%ﬁ&i@ of Hedn¥eBlibn FESRANSHadi to

i nf | 'amat i on and | mune modul ators. Th rough 5 June 2006 -16 regul ati on of
this group &9 tepreyanber tp treatawnp fume of dscasciaespectistof e cnw(@rp%@&?awcqfty to
(a) to preveptaRl, é%n«?]glﬁ%dﬂdm&)’thé ?Ju”i%n% fcliloﬁ??éﬁ abtwlﬁe%l%‘%%é Mﬂy%fus%\hé% cause
or pathogenesi s of i sease, and uence the range of

bi ol ogi cal aud thgiwayein vdfich discabro dge, @nwm@l lréhqmcphend/\atyeﬁ ﬁ“%l@ﬁe%ﬁsease
age, enviq ogent glisbof | uences and other drugs influence 5 those
activities. Mreover, it is highly surprising and novel to find that a
conpound that can cause a human breast cancer cell to undergo apopt osi s
and di e, nsi on,
Fodr esel ng AR BTl Sltnkh ot o3l coR AT Sl ihR ]

i nf |, ammat or yresdwetced celb &S endergevappptbsig aidy g, alsdlcabba\@ssuclardd'erse\/@fesfﬁrvg mal e
pattern bal 0 t I: ween
any or all 9;#]&%? ﬁmg ?%%1? @rrsemngs nﬁéui?&g dr?t\éf%fgl%l 5}%nreh;?lg lgigja%(ﬁ;’ tlﬁg?lmte
dehydr oefuohkndstipiog dnfthinswitery bswclhdlkﬁ@aa’l trd:veer@ﬂ’é\metlsdlab_iieswatnhmnersmgexjn&’di ci ng
the frill i 0 0 X gi cal
Aetivities PB@{:}}&I@%%S tl‘hgrg I?%/ g&n %?o% éa‘u&?%%? 85&1@ eﬁ{cqaug.ihﬂeg()%ﬁ a?.g 2!1%0
have parti dm$eadnsor®kmd<mgat cnmretlﬁmqap@wdnhat dehysrvaiqual eledutdedisplayf suvlahwdihs

di sease stag&gﬁénd di sorders as foll ows. )

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;

2

papulonodular skin lesions including but not limited to sarcoidosis,
angiosarcoma, Kaposi’s sarcoma, Fabry’s Disease
30 3. papulosquamous skin lesions including but not limited to psoriasis, Bowen’s

Disease, and Reiter’s Disease;
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These include:

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 abnommal inflammatory/immunological

responses
These include:

1.

to

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,
Crohn’s Disease, sclerosing cholangitis;

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,
cordnary artery disease, stroke, myocardial infarction, post-angioplasty
restenosis, hypeftensive vascular disease, malignant hypertension,
thromboangiitis obliterans, fibromuscular dysplasia);

diseases and disorders associated with abnormal immunological responses
including but limited to dermatomyositis and scleroderma.

immunolégical imbalance including immune deficiency associated with H.LV,
or other viral infective agents or bacterial infective agents, and immune

deficiency related to immaturity or aging.

. C. Diseases and disorders associated w th abnornma



These include: 1. diseases and disorders associated with inflamuatory
reactions of an abnornmal or prolonged nature in any of the body's tissues
including but not limted to rheumatoid arthritis, tendonitis;--

i nfl ammat ory bowel disease, ulcerative colitis, 20 Crohn's Di sease,
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2.

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;

4. diseases and disorders associated with degenerative changes within the eye

15 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:

20 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;

2. conditions in men associated with abnormal estrogen/androgen balance

25 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
30 of enzymes involved in mitosis is the topoisomerases, whose task it is to organise DNA

prior to mitosis.
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DNA doubl e-stranded endonucl eases and |igases. Topo Ila is a mgjor
conponent ofndepsadent 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 represénted by agents such as aclarubicin and merbarone that

i 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].



chronosonmal matrix that decatenates doubl e-stranded DNA during replication
The expression of topo Ila is cell cycle-regulated and
proliferation-dependent, whereas the 10 expression of topo | and topo I1[3
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process. Tuffsihe teatmest, amglioration and momiyigpisol discase.s of topo || are nore
susceptibje to the cytotoxic effects of topo Il poisons than nornal
non-dividing cells, which generally contain very lowtopo Il levels [5-8].
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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
15 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

{f“) 20 found to trap the topo I-cleavable complex. The specificity of dehydroequol towards topo
N 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

25 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

dehydroequbl in normal healthy tissues found by the applicants.

The ability of dehydroequol to promote topo II-mediated DNA clea?age in vitro by
30 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



for the treatnent, anelioration and prophyl axis of disease. 5 The present

I nventors have nade the surprising discovery that dehydroequol is a potent
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-21 the accumulating temary complexes activates an irreversible step that leads to protein-
associated DNA fragments 300-600 kb in size [18]. Following this irreversible step,
15 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 stronély associated with intranuclear topo II levels [5, 7, 8].
- Since rapidly dividing lung cancer, breast cancer, ovarian cancer, and malignant
20 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
25 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

30 the break, 4) religation of the cleaved DNA, 5) ATP hydrolysis, and 6) enzyme turnover
[20].




smal | cell lung carcinoma, which yields remssions in 70% of patients and
Is considered to be a "pure" topo Il poison [17]. The applicants have
surprisingly found that dehydroequol produces detectable. topo Il- 5

medi ated |inear plasmid DNA at a concentration of 20 pg/m. This is |ower
than the concentration of genistein (30 .tg/m) that produced migz0abl e
DNA cl eavage. The effect of dehydroequol was simlar to that of VP-16.

Topo |l poisons, including VM 26, VP-1 doxor ubi ci n, ansacrine, and
several dietary 10 bioflavonoids, représent a class of topo Il inhibitors
that convert a normal enzyne (topo Il) into a cellular poison. The ternary
conpl exes, forned between topo I, DNA, and the drug, are initially
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15 dehydroequol binds to a different topo II site than known topo II poisons, such as VP-16, it
finds application in the treatment of carcinomas expressing mutant forms of topo I that do

not bind to the known topo II poison, therefore escaping its cytotoxic effects.

NAD(P)H oxidase (NOX) proteins are described for example in Morré et al (2002)
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,



[20]. 5 June 2006 -22 The clinical applications of topo Il poisons depend
on the exact steps of the catalytic cycle that are inhibited. It has been
established by the applicants in this patent that dehydroequol traps the
cl eavabl e conpl ex, however it is not clear whether this is acconplished by
5 enhancing the cl eavage step, by inhibiting the religation s§gmetoogy sonme
conbi nation of both steps. That is it is not yet clear whether
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I 1 poi sons such as daunorub|C|n doxoru icin, anmsacrine, ellipticine, and
10 mtoxantrone are DNA int ercal ators [21]. Clher topo 11. poisons such as
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Vol . 41 No. 40, pages 11941-11945 .[24]. Such NADH oxi dases at the external
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[25]). The fogpde (1) tspche aq;@yp@qq@qol selectively inhibit tNO whereas tNOX is not so
inhibited. This selectivity is believed to be of particular therapeutic significance in the

treatment of cancers including solid tumours and metastasis.

15
Compounds of the formula (II), including dehydroequol, have been found by the applicants
to inhibit matrix degrading enzymes such as metalloproteases, particularly matrix-
metalloproteases. Angiogenesis associated with disease states such as tumour growth and
inflammation is dependent on the synthesis and secretion of matrix-metalloproteases.
20  Accordingly, compounds of the present invention may be used to inhibit matrix
metalloproteases in the treatment of diseases associated with angiogenesis and

inflammation.

The isoflav-3-ene and isoflavan compounds of the invention are set out in general formula

25 Il above. Preferred compounds of the invention are of the general formula III:



desi gnated CNOX, is hornone responsive and refractory to qui none-site
inhibitors. NOX associated with tunmour cells (tNOX) is unregul ated,
refractory to hornones and growth 30 factors, and responds to inhibitors
(Morre, D.J. (1998) in Plasna Menbrane Redox Systens and Their Role in

Bi ol ogi cal Stress and Disease (Asard et al editors), pp 121- HHine20dgne
2006 -23 Kl uwer Academ c Publishers, Dordrecht, the Netherlands [26]). CNOX
proteins are wdely distributed and exhi.bit activity oscillations with a
period |l ength of 24 mnutes. tNOX proteins on the other hand are cancer
cell specific and exhibit oscillations with a period |ength of about 22

m nutes, that is 2 mnutes shorter than those of CNOX (Wang et 5 al (2001)
Bi ochi m Bi ophys. Acta. 1339, [%7]). The di sul phi de-t hi ol

i nterchange activity of N ’ %es cell enlargenent, which when
inhibited results in apoptos vent oRg have sho@i) t hat conpounds of
the fornmula Il, such as % are/potent inhibitors of the

di sul phide-thiol intercha | ocki ng t NOX and thus cel

enl argenent. The resultant smaR), cells, Y unabl e to divide, undergo G
cell cycle arrest, which |leads to apoptgsis. Gsnpounds of the formula
(11), such as dehydroequol, selectively inhibit tNOX, whereas tNOX i s not
so inhibited. This selectivity is believed to be of particular therapeutic
significance in the treatnment of cancers including solid tunours and
metastasis. 15 Conpounds of the fornmula (11), including dehydroequol, have
been found by the applicants to inhibit matrix degradi ng enzynes such as
nmet al | opr.ot eases, particularly matrix- metall oproteases. Angi ogenesi s
associ at 8d Hi'¥¥hgi sease states such as tunour growth and inflanmmation is
dependent on the synthesis and secretion of matrix-netall oproteases. 20
Accordi ngly, conpounds of_the present invention may be used to inhibit

mat ri x net%‘bﬁbﬁo‘f‘e%@é%’ Bha“fiﬂg a5 JeiRs ebYE: di seases associated with

angi ogenesi s and inflanmmati on.

more preferably
10 Ry, Rz, Rj, Ry, Rs, R and R; are independently hydrogen, hydroxy, ORg, OC(O)R;q,
C(O)Ry, COOH, COzR, alkyl, haloalkyl, arylalkyl, aryl, thio, alkylthio, amino,
alkylamino, dialkylamino, nitro or halo, .
Rg is hydrogen, hydroxy, alkyl, aryl, COR;3 where Ri3 is as previously defined, or
CO2R 4 where Ry4 is as previously defined,
15 Ry is alkyl, haloalkyl, arylalkyl, or C(O)R;3 where R;3 is as previously defined, and

Ryo is hydrogen, alkyl, amino, aryl, an amino acid, alkylamino or dialkylamino,

more preferably
R, is hydroxy, ORy, OC(O)R or halo,
20 Ry, Rs3, Ry, Rs, Re and R; are independently hydrogen, hydroxy, ORg, OC(O)R10, C(O)R 0,
COQOH, COzR 0, alkyl, haloalkyl, or halo,
Rg is hydrogén,
Rg is alkyl, arylalkyl or C(O)R;; where Ry3 is as previously defined, and
Rjo 1s hydrogen or alkyl,
25 .

and more preferably



The isofl av-3-ene and isofl avan conpounds of the invention are set out in
general fornmula 25 Il above. Preferred conpounds of the invention are of
the general formula HE 5 June 2006 -24 5 in which Rl, R2, R3, R4, R5, RG,,
R7 and R8 are as defined above; nore preferably 10 Rl, R2, R3, R4, R5, R6
and R7 are independently hydrogen, hydroxy, OR9, OC(O R o, G R 2006CO0N,
CO2Ri o, al kyl, hal oal kyl, arylal kyl, aryl, thio, alkylthio, am no,

al kyl am no, dial kylam no, nitro or hal@s-R8 is hydrogen, hydroxy, alkyl;
aryl, COR13 where R13 is as previously defined, or CO2R14 where R14 is as
‘previously defined, 15 RO is al kyl, haloal kyl, arylalkyl, or C(O R13 where
R13 is as prEevs By, AethbigbenzABLy, addhydodyor Byiebogen, al kyl, amino, aryl, an
am no acid,_alkylam no or dialkylamno, nmore preferably R2 is hydroxy, OR9,
OC(O Ri 0 orRndfsoRe2%s Bs angd e independently dydrogen, dwdroxndapbdide RE1Y %Y dr ogen,
hydroxy, OR9, a6&{1Sk{3HthyCtENdSranettdPol kb, atd2R 0, al kyl, hal oal kyl, or

hal o, R8 is hydrogen, is alkyl, arylalkyl or C(ORLl3 where R13 is as
previ ously Reefif hvdieeand Rio is hydrogen or al kyl, and nore preferably 5
June 2006 -iddudide hirh¥cdhisMy ad¥Bitiifhits PRGNV th@&dt I oxy or chloro, Ri,
R3, R4, R5, Rb and R7 are independently hydrogen, hydroxy, methoxy,

benzyl oy-vy,

Still further particularly preferred compounds of the present invention are selected from

the isoflav-3-ene compounds 1 to 40:

HO i 0 HO i 0
O O
OH OMe

10 1 2



acetyloxy, methyl, trifluoronmethyl or chloro, and R8 is hydrogen, 5

I ncl udi ng pharmaceutically acceptable salts and derivatives thereof. Stil
further particularly preferred conpounds of the present invention are
selected from the isoflav-3-ene conpounds 1 to 40: HO O HO 10 OH 1 HO
O HOOHOH3 O 5 O 4 O 6 5 June 2006 -26 MeO HO 5 HO @Huhe 2006

226 -




owe HO I ,08

o]

HO HO OH OBz

OH
v

11,
OH 15

OH 9
OH

11 10 Owve v -CH 13 14 5 June 2006 -27-

BzO

HO OH 17 16 5 19 20 21 5 June 2006 -28 HO

5 June 2006



a dad 24 OHOHvV -OH 25 C HO 26 5 27 28 5 June 2006 -29
HOC 33 O0OH34 OH\ ) -OHA' v " Y-~YO OH5 35

5 June 2006




Cl HO 37 36 38 5 June 2006 -30 39 40 In a nost preferred enbodi nent of the
i nvention the conpound is conpound 1, 5 dehydroequol. Further preferred
conmpounds of the invention are of the general fornmula IV: 10 in which R1,
R2, R3, R4, R5, R6,, R7 and R3 are as defined above. In a nore particularly
preferred enbodrnent t he conpounds of the invention are thosJuies2iiobavan
conpounds of general fornula IV which directly correspond to their

i soflav-3 15 ene counterparts describegdgabove. In these conpounds nunbered
41 to 80, the 3-ene pyran-ring double %ond of conpounds 1 to 40
srespectively is now a single bond. The preferred conpounds of the present

i nvention a incIudg all derivative nd prodpugs wth physiologically
cl eavabl e | eavi thaM4can be clea Vo Rm@nrthe 20

‘i sofl avene, iso : i ve nol ecj hjt i Hattached The

| eavi ng groups gphate Y , S\ é and preferably
are nono-, di- substituted conpou @ ere one or nore
of the pendant hydroxy grouRz protectedw%y 5 June\2606,;31 an acyl
group, preferably an acetyl grou @ Typi cal |y acyl oxy substrﬁuted

i sof | avenes and derivatives thereof are readily cleavabl3® to the
correspondi ng hydroxy substituB#&d




conmpounds. In addition, the protection of functional groups on the

i sof | avene conpounds and derivatives of the present invention can be
carried out by well established nethods in 5 the art, for exanple as
described in T. W Geene, Protective Goups in Organic Synthesis, John
Wley & Sons, New York, 1981. Reference to a conmpound of the §nugigoen

i ncludes reference to one or nore of the conpounds. Reference to the use
of a conpound of the invention includesgeference to the 10 use of that
conpound by itself, in association with an excipient and/or diluent, and/or
in association with one or nore further active agents. The term"alkyl" is
taken to ingiyde straight chain, branc chain gnd cyclic (in the case of
5 carbons or grga " 1 tp 100¢@r bon atons,
preferably fro j to [ carbonﬁﬁégns, Ay pr opyl ,

i sopropyl, butyl; y ¢ , H Yy y , cyclopentyl,
and the |ike. Thelal kyl gr s nore preferably neth et hyl, propyl or
i sopropyl. The aIQVI group v optionally be substituteg by one or nore of
fluorine, chlorine, brom ne, iodine, carboxyl, Cl-C4-al koxycarbonyl,

Cl- CA-al kyl am no- carbonyl, di-441-CA4-al kyl)-am no-carbonyl . hydroxyl,

Cl- C4- al koxy, fornyloxy, CE-C4-"20 al kyl -carbonyl oxy, Cl-CﬂQaIkyIthio,

C3- C6-cycl oal kyl or phenyl. The term "al kenyl" is taken to include straight
chai n, branched chain and cyclic (in the case of 5 carbons or greater)
hydrocarbons of 2 to 10 carbon atons, preferably 2 to 6 carbon atons, with
at lease onén dowbktepleendd SdstHodiaent ohany linvehti® URE Bdthpoudd Ak OfAiPvlind 1,

1- but enyl ﬁ%@ - but enyl , 2-nethyl-1-peopenyl, 2-methyl-2-propenyl, and the
i ke. Thé’a ﬁ?ﬁ“@ oup is nore preferably ethenyl, 1-propenyl or

2- propenyl. The al kenyl groups may optionally be substituted by one or
nor e of qugrine, ghlgrine, brom ne, iodine, carboxyl, Cl-C4-

al koxycar bohyher pietepsad campopnds;of he dnyepipmare °qu¥e€£ir-a ma M) - ami no- car bonyl ,
hydroxyl, C -C4-al koxy, formyloxy, d -C4-alkyl-carbonyl oxy,

Cl- C4-al kyl thio, C3-C6-cycloal Ryl or 30 phenyl. 5 June 2006 -32

(V)

( 3 10 in which
Ri, Ry, R3, Ry, Rs, R, Ry and Rs 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



The term "al kynyl" is taken to include both straight chain and branched
chain hydrocarbons of 2 to 10 carbon atons, preferably 2 to 6 carbon
atoms, with at |east one triple bond such as ethynyl, 1-propynyl,
2-propynyl, 1-butynyl, 2-butynyl, and the Iike. The alkynyl group is nore
preferably ethynyl, 1-propynyl or 2-propynyl. The al kynyl 5 of pgiit 209%
optionally be substituted by one or nore of fluorine, chlorine, bromne,

i odi ne, carboxyl, C -C4-al koxycarbony$i- Cl- C4-al kyl am no- car bonyl ,

i -(Cl-C4-al kyl)-am no- carbonyl, hydroxyl, Cl-C4-al koxy, fornyloxy,
‘A - C4- al kyl - car bonyl oxy, Cl-C4-al kylthio, C3-C6-cycloalkyl or phenyl. 10
ghe term” i'iz[nydcyl gr%;pt ﬁlleﬁaﬂaué}o%ﬂ fetyll douphapyitallyicpbenytibstitaed (ijmﬂmchgsl andnd may
be optionally substitute one or_ nore Cl I OX
Cl - C4- al kox$FrVapy, dhrAe! '}l lily, Plegyebie alen Sify F°“@°"g§ga11¥é§¥/ ’%’a?'é’(%@f {%8xy or

hal 0. The t®kipburdagt mraaaiwh "thd frofeatic@rofifnctisial prdepsfdnvie ﬁ'&ﬂd?exlisadm@ﬂﬁhds

si x-nmenbered rings which 15 inclyde at Ieas(% oggl x]%/eg glbﬁ (g {I'x

ni trogen wf’“fjﬁlé“‘faf‘}‘@ of i PagsentimtrationSAn B8 cHHET W tapliphed,mgihn aryI or
heteroaryl i ﬂg%rleﬂﬁﬁpléihsmks&i%d ROE. WIGBeézﬂdPrb@ca‘nwr@;bupspy Cirghlic Syppresisi dy|

thienyl, imdazolyl, tetrazol %ram nyl, benzofuranyl, benzot hi ophenyl
qui nol yI ﬁo%W@Fh@ISS?PS I‘Bﬂ’r‘f‘ﬁ I1 r phol i nyI oxazol yl , t hi azol yl,
pyrrolyl, xanthinyl, purine, thym ne, cyt osi ne, uraci I and i soxazol yl .

The heteroaromati c group can be optionally substituted 20 one nor e of
fluorine, CcHfeFIcRLO ab?QS‘FHOH'éi of &hei wuentign iplydss re @F“Mtoa?%o‘?(’y’(’,‘ﬁ’feb% Cl- C4-

al kyl am no-GaphBmay | Refbende @ theAsPdfaompaid® tHeamveaiot incHied m&yﬂm to the
Cl - C4- al koxy formyl oxy, d -C4-al kyl-carbonyl oxy, Cl -

C3- C6- cylI dla‘F R{/?ha*d‘rOD}Bﬁ‘éﬁﬁly‘ry ltsvﬁem FRocetomvEhat .%cuesm aB@{‘)bgt‘? F“P °fo‘f1 totally

hydr ogenat edsiatifasi &fd-or Aerefifhdr 86tV afadk®” 1s taken to include fluoro,
chl oro, brono and i odo, preferably fluoro and chloro, nore preferably

fluoro. Reference to for exanple "hal oal kyl™ will include nonohal ogenated,

di hal ogenatgg i@nhdap iOR&ES BIDUREAI gﬂt AhisYbrafth@HEsin e8I @the Badeoal kyl
groups are trifluoromethyl and penta uoroethyl. 30 The term

" phar maceutdfepibgnsa eestcarrrray kvl gues ok @ crpboR pomsPrEiraBhEM ¢ or
i norganijs Yy @Jr%nt dicths, GREH b€ tethyt NyICpBpM, {sbtbpyEabutPie isdeiissdoafgd i n
associatio Qer\tqnargl but?'l pentyl, cyclopentyl, and the like. The alkyl group is more preferably methyl,
ethyl, propyl or isopropyl. The alkyl group may optionally be substituted by one or more
of fluorine, chlorine, bromine, iodine, carboxyl, C;-Cs-alkoxycarbonyl, C;-Cy-alkylamino-
carbonyl, di-(C;-Cg-alkyl)-amino-carbonyl, hydroxyl, C;-Cs-alkoxy, formyloxy, C;-Cs-

20 alkyl-carbonyloxy, C;-Cy-alkylthio, C5-Cs-cycloalkyl or phenyl.

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, C;-Cq-
alkoxycarbonyl, C;-Cy4-alkylamino-carbonyl, di-(C,-Cs-alkyl)-amino-carbonyl, hydroxyl,
Ci-Cs-alkoxy, formyloxy, C;-Cs-alkyl-carbonyloxy, C;-Cs-alkylthio, C;-Cg-cycloalkyl or
30 phenyl



5 June 2006 -33 pharmaceutical agent, for exanple, as a counter-cation or
counter-anion in a salt. Pharnmaceutically acceptable cations are known to
those of skilled.in the art, and include but are not |limted to sodium
potassium calcium zinc and quaternary am ne. Pharnmaceutically acceptable
anions are known to those of skill in the art, and include bujJufe 206 not
limted to chloride, acetate, citrate, bicarbonate and carbonate. The teen
"pharnmaceutically acceptable derivativag?2-or "prodrug” refers to a
derivative of the active conpound that upon admi nistration to the
recipient is capable of providing directly or indirectly, the parent
conpound or THBUaRO|"hikgnyl'Ofis lthidh wmomdbsmetdwigw chhifi€hfd. biAcied direil

herein, the terns "treatngnt”, "prophyl.a reventi o
“amel i or at i BYfirocgrRgns eikto 1 earboncatomes, B%’f‘?fé’rlﬂé? Pé‘«ar%% 3OS ‘Vlr&b?‘o’%ségf*e

context. | Nyfpdd bdnatbed as thhyl, SlpfopinyE 3Lp8pnyl, 1 %&yﬂ@tbuf}ﬂ I i KHiel kel P! Y

that an aninmal is treated unt’i | total recovery. Accordingly aépFeatment
i ncl udes anshs gk grouBfis poEe BRFfRAbSHE YL SleRrapyyY °b?‘PéPPM%Xt i T dYmybndi t i on

or 15 prsev%'ams Ry OptioRbIEENuBRititELME bR Br rldee &1 fRlorifd, cRIBMEY, BRInfME, fodiw) T i cul ar
condi tion he anobunt of one or nore_conpounds of fornula Il _which is

required i ncabaxier &purlkexycarbenylnehir CotlkyYramergabemth dif Gventlkghaminet  depend
upon a numbgfpdatl, fh%%%scl-maﬁcbxy Tethiyiigy, EPe,-BRAUftosy18BPId, &Gt Mhict he

nature of the particular conpoun used, "the condition belng 20 treated, the
mode of adnfrfstycirelghorahenthe condition of the patient. Compounds of
formula Il may be administered in a manner and anount as is conventionally

practised. See, for exanpl'e, Goodman and G |man, et at (1995) The

Phar macol0o gThQaﬂeﬂlBéi%}’l's' iskenindpciisie pheryd, phenyand naphthylaed Bawbe PPionalls age
utilised wlhdaoensd BQ@ et BfereC @4, L) h)tﬁ?dxgg ¢, [CalgRy, thgosalg-gf the

subject, the route 6f adm nistration and ‘othér well known 25 factors as

i ndi cat ed adlseracarbepyl&ménalkylcgrbgayloxy aybale. per patient may be in the range
of 0.1 ngto 5 ¢g; typically fromO0.5 ng to 1 g; preferably from50 ng to
200 nmg. The length of dosing nmay range froma single dose given aonce every
day or two, Theoternpi ketereprylf fig taken {@ain¢lyde five-membered and six-membere rings which

15 include at least one oxygen, sulfur or nitrogen in the ring, which rings may be optionally
fused to other aryl or heteroaryl rings including but not limited to furyl, pyridyl, pyrimidyl,
thienyl, imidazolyl, tetrazolyl, pyrazinyl, benzofuranyl, benzothiophenyl; quinolyl,
isopuinolyl, purinyl, morpholinyl, 'oxazolyl, thiazolyl, pyrrolyl, xanthinyl, purine, thymine,

cytosine, uracil, and isoxazolyl. The heteroaromatic group can be optionally substituted by

o

20 one or more of fluorine, chlorine, bromine, iodine, carboxyl, C;-C4-alkoxycarbonyl, C,-Cs-
alkylamino-carbonyl,  di-(Ci-Cy-alkyl)-amino-carbonyl,  hydroxyl, = C;-Cas-alkoxy,
formyloxy, C,-Cs-alkyl-carbonyloxy, C;-C4-alkylthio, C3-Ce-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
haloalky! groups are trifluoromethyl and pentafluoroethyl. |

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

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




doses given over the course of froma week to many nonths to many years as

requi red, depending on the severity of the condition to be treated or

alleviated. It will be further 30 understood that for any particul ar

subj ect, specific dosage regi mens should be adjust over 5 June 2006 -34

time according to the individual need and the professional |uslgagzoosf the

person adm ni stering or supervising the adm nistration of the conpositions.

Rel atively short termtreatnments with t43e active conpounds can be used to

cause 5 stabilisation or shrinkage of coronary artery di sease | esions that

cannot be treated either by angioplasty or surgery. Longer termtreatnents

can be enpl LRBY YRR b xarfiy SO B Hicr Qi AL ifler BRRORS al Bt

hi gh-ri sk pg)xi%eiﬁt S. 1 Théeé% ﬁcﬁrﬂéﬁ % phar rr%rcelljt | cal ?rrpom ti oﬁs for the

t r eat ment ofPh@m@Cquheaﬂb{rﬁéQﬂptable chbionsragt b@wndmﬁl()hfe@@kﬂledelséﬁlaﬁemdaméhfd?pl cally

prepared by t o nyent [0 SORNENI ence

her eafter g:%%gm gmgtsedtﬁ) Sg%([:l%)lf eg%%‘grrlfﬁognﬁm \é% q((el alglm)re

phar maceut i d’ahmycqutlcalhftaewptaa}ewnmeaptkamtocihqsp péslsll antl.i#elrt, @d@mth@rbtus as are

wel | kno T r [‘ggj‘ﬁ be acceptable in

t he sensewc:fa} eg]é)l ﬁgug%t%}gg% ﬁ% Q&taq‘?cwaé b hate%dn‘%%ééﬁgnts in the

formul ati on and nust not be deleterious to the subject. The carrier

exci pi ent a th,w b dglt?,% mJI at ed
With the g?)ﬁfne gcﬁrﬂ d pg%lgg&ﬁgatl@ Cilcéegﬂ'b@ degga)’glg@' LP pi%'&gxg gﬁfg} ‘?J § a¥1v<t, gf cont ain

up to 100% lﬂy: wtvg hompamind tthat upon |admmwnqnnuncthe prciplient asbtapalﬂq: @hp@o\&%lg 0 59%

by wei ght of,. t may be

i ncor por at eglr'lgr{:l?to ﬁ@d{:é’c%%@é?%{ﬁgma © ormér%%/bgn 1or§ﬁa %’%ﬁm%&m&q%éeﬁprepar ed

by any of0 the well known techni ques of pharmacy consisting essentially of

adm xing th onent ke i b Ao J Qr « NRL ces y

i ngr edi ent s%% ert%l etﬁe teglg‘,otgegg?] n¥atpr8 h‘%% lsa((’:rt p%vgn%)rl%ﬁo %10?% ?lhg&ér

conposi ti on theilike aredtephercdnsntcr@ltiamhqntbrmdgst (dorsdmtl bupartixa]ar,i thatetm Vetatoent” and

g)liflr let : (r)ln ¢ Lgseesfx{oﬂleéeps%ﬁg'r #x%)l}aﬁxay\grll lani%%l 1s%reate& he{xl to%? rec0\§e kn()\mc@orh?)gfyhose of

"treatment” includes amelioration of the symptoms or severity of a particular condition or

15 preventing or otherwise reducing the risk of developing a particular condition.

The amount of one or more compounds of formula II which is required in a therapeutic

treatment according to the invenﬁon will depend upon a number of factors, which include

e the specific application, the nature of the particular compound used, the condition being
20 treated, the mode of administration and the condition of the patient. Compounds of
formula II may be administered in a manner and amount as is conventionally practised.

See, for example, Goodman and Gilman, ef al. (1995) The Pharmacological Basis of

Therapeutics 8th Edition. The specific dosage utilised will depend upon the condition

being treated, the state of the subject, the route of administration and other well known

25 factors as indicated above. In general, a daily dose per patient may be in the range of 0.1

mg to 5 g; typically from 0.5 mg to 1 g; preferably from 50 mg to 200 mg. The length of

dosing may range from a siI;gle dose given once 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



The formnul ations of the invention include those suitable for oral, rectal,
optical, buccal (for exanple, sublingual), parenteral (for exanple,
subcut aneous, intranuscular, intradermal, or intravenous) and transdernal
adm ni stration, although the nost suitable route in any 30 given case w |
depend on the nature and severity of the condition being trea fasthedpdeon the
nature of the particular active conpound which is being used. 5 June 2006
-35 Formul ation suitable for oral adm nmjsstration may be presented in

di screte units, such-as capsules, sachets, |ozenges, or tablets, each
containing a predeterm ned anount of the active conpound; as a powder or
granul es; asinR® &RbMingOR A& AdiSMRINCHRH ORd | the FofBURAURdShen? JTOMe GRHBAUS
liquid; or as an oil-in-water or water-in-oil emulsi'on. Such fornulations
may be prepdfBustying ausupervisisthe adpimgation ofthesompesitiensi ch i ncl udes the step
of bringing into association the active conpound and a suitable carrier
(which may contain one or nore accessory ingredients as noted above). In
general , thd&elagydky|shert deren deatmeets i wite fhe 8¢fivar wmpgunsp sgaadbd psedntor 6adsey and

i ntimatel ik gﬁ@inﬁa‘g. GREP. WM [Ro TN fi . i vi ded
solid carér/i gggmgéarw%g{ h, a glofﬁ)én, .%@gégﬁﬁdsgﬁgﬁf?‘ﬁgﬁ%&é%g’ﬁ ibgg

m xt ure suchngieplastyo of ghrgery. urliongetowam etreaffontse xanbe esmpdoxed bloeprepeny the

prepared by d%iﬂBﬁl@ﬁt%fQ@vaﬁfedri&}Unﬁiﬂggh-ﬂskﬂﬁﬂgﬁ& or granules containing the

active conmpound, optionally wth oné or nore accessory ingredients.
Conmpressed tablets may be prepared by conpressing, in a suitable nachine,

t he conpoun f -free- e r f:onal |y
mied 15 wi (e Srsise 6 phrfileltal Sodion?, G0 MiEed GO: FlegRhlic
act i ve/ diGs péndisatiqns igreint desdribed/pug| tfaenlly tpedphred Sy péipixbee pfide coppownds efithg, in a
sui tabl e rrag-jg,%m | SLe | ol t Liquid

bi nder. Formul at Péﬁog%gﬁ‘%pgﬁ({eggf%?gg%cca tc?ggu Fi %S‘SEW@A’%H%} g't?t sztn !egg

i ncl ude | ozewrephagomsniicalingr v2@rindre ascdplabls cromqe andion excipiéitneparcedebase,
usual Iy sucgpss Al gcacia or tragacanth; and pastilles conprising the
conpound in an inert base such as gelatin and glycerin or sucrose and
acaci a.

15 The carrier must, of course, be acceptable in the sense of being compatible with any other
ingredients in the formulation and must not be deleterious to the subject. The carrier or
excipient may be a solid or a liquid, or both, and is preferably formulated with the
compound as a unit-dose, for exarﬁple, a tablet, which may contain up to 100% by weight
of the active compound, preferably from 0.5% to 59% by weight of the active compound.

20  One or more active compounds may be incorporated in the formulations of the 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.



Conpositions of the present invention suitable for parenteral

adm ni stration conveniently 25 conprise sterile aqueous preparations of
the active conpounds, which preparations are preferably isotonic with the
bl ood of the intended recipient. These preparations are preferably
adm ni stered intravenously, although adm nistration rmay al so dguridfopet ed by
means of subcutaneous, intranmuscular, or intradermal injection. Such
preparations may conveniently be prepased by adm xing the conmpound wth
water or a glycine buffer and 30 rendering the resulting solution sterile
‘and isotonic with the blood. Injectable formulations 5 June 2006 - 36
according to the invention generally contain fromO0.1%to 60%w v of active

.conpound d re adm alﬂl?stered at arate of 0.1 m/mnute/ kg, Fornulations
suitable f ion suifahis Aeraqral-administtion Braw pe PEspRed, Podisaieie 4l SUHTS dose 5

supposi t or I@ﬁsnlelh@mtmebgspsﬁﬁare@dedau caﬂlalihfﬁg NP plel&erdfitddV@ndu@impoted W th
one or nore conventional solid carriers, for exanple, cocoa butter, and

t hen shapi rAGUYSROMPEWsh £5 HBOWAT RF &fla’éﬂesFﬂﬁq‘ﬁﬂ“é‘f’P Sha SEPCRSioRIB ap pIUSAYS Hyi t abl e

for topisalnoadghddushidud; oPis éx%xi—ﬂﬁva?éf oPwhtehiiausid kRich ﬂegnalaﬁorfs%dv of an
oi ntment, cream Iotion, qpaste spray, .aerosol, or oil. Carriers which

may be used©iPRePRIFA&Y vaY Biifablg mqt d’lf phamagyoy Rieh Wﬂ“é?ﬁe‘h’aﬁtﬁlb%‘f bringgigdpteol s, and

conbi nat i onusg@kiation H¥QctVe dEﬁfp%uﬂdhﬁ{dei)JmtaﬁQ BarAG (WHRhCRBPEIHREh bike GeR6feal | Y
present at a concentration of from 1%to 5% wWw, nore particularly from

0.5%to Z%WWOUEX’&WBWE@ agmoted @povep po&f’@Pl’@ll’ restormulatinne 068@@@80% Rfen

creans. 15 jrgnim b?hiu%lﬁéﬁhﬁ&ﬁﬁa@elfr ﬁmx&ﬁ?ﬁéqafﬁ%mﬂgﬁﬂd%ﬁ{farlﬁhim By b
presented as discrete patches adapted To remain In intimte contact mnth

t he epi d@r ritddsgfsoligearsigscoriofiyang @pn,af nseeshann ghapingibe resulting mixtyrs such ash
pat ches suit & wwRAbHES f“cl?%xﬁﬁ;;lé \é%lﬁé? m%? lﬂ@g egé'e@ﬂy OhthrORA %loy mobidirzer ed

aqueous solution of, for exanple M concentrafion with respect
to 20 the SSBYVHERET| gy&gm{eg rfﬁg@ﬁ)glg the actlve compound, optionally with one or more

accessory ingredients. Compressed tablets may be prepared by compressing, in a suitable
machine, the compound of the free-flowing, such as a powder or granules optionally mixed
15 with a binder, lubricant, inert diluent, and/or surface active/dispersing agent(s). Moulded
tablets may be made by moulding, in a suitable machine, the powdered compound

moistened with an inert liquid binder.

. Formulations suitable for buccal (sublingual) administration include lozenges comprising
S 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



Formul ati ons suitable for transdernmal adm nistration may al so be delivered
by iontophoresis (see, for exanple, Panchagnula R et al., 2000
Transdermal iontophoresis revisited Current Opinion Chem cal Biology Vol
4, Issue 4, pp 468-473) and typically take 25 the formof an optionally
buf f ered aqueous solution of the active conpound. Suitable fygd Roegons
conprise citrate or Bis/Tris buffer (pH 6) or ethanol/water and contain
from 0.1 Mto 0.2 Mactive ingredient.3sFornmul ations suitable for

i nhal ati on may be delivered as a spray conposition in the form 30 of a
sol ution, suspension or enulsion. The inhalation spray conposition my
further co i I Y, 18, : rbon
di'oxi de o PR B S e B R e S TE
provi ded i nanhae adnimstsfedfaporitestf Gfifrsl/mipniefkgas bei ng added to, admixed into,

coated, conbined or otherwi se added to a food stuff. The termfood stuff is

used in its wdest possible sense and includes |liquid formulations such as
dri nks i ncl Hdinmgptions anitaplepfoo demttl sadanivistoatior raré poeferably yutsentsd e alnithddrar s,
desserts,
be readi I5y priepared accordi'ng racti ces. erapeuti ¢ net hods,
uses and conpositionanslidecanize, ffar exadplenicetoaalhittery dand themsiagingrthe tGubimgal s,

i ncl udi ng many rIes such as conpani on and donestic aninmals (such as dogs and
cats) and livestock aninmals (such as cattle, sheep, pigs and goats), birds
(such as chickens, turkeys, ducks) and the |ike. The active conpound or
phar maceuti ¢al | y .accept abl e. deri.vati.ves . odr.ugs or .S | ts. th f..15 can
al so be co- §8‘%“¥%“8 FEqTRe Sgt Pot 1%6166 rg?prlr%é%‘t SRR eiSI?/"e1 prne;f%gtﬁy €t nat
do not ilgpatite foine ofl@sointdibng ctcamnlotion, paste,hgelyespay] abrasol, loabils Wapdeestwhicht he

desired acti h ti.biotigcs, tif | S, tiinfl |t ories,
antivi ralcBHbBu R eils Vel Imgline poticiiyicns g6 Pp Burtcopigly B9 SRBPERT ) avones

or deri vat i wasortnee éefeof. rf_n(e_cmﬁ{rermhipomdis geeradly prestrit at atoticentation bffromct i ve
compounds. gy 3PS A0 Tk ShRlcifial ! b8 WEVAY SRR, MRS
compositions include cosmetic skin creams.
15
Formulations suitable for transdermal administration may be presented as discrete patches
adapted to remain in intimate contact with the epidermis of the recipient for a prolonged
period of time. Such patches sﬁitably contain the active compound as an optionally

k ™ buffered aqueous solution of, for example, 0.1 M to 0.2 M concentration with respect to

20 the said active compound.

Formulations suitable for transdermal administration may also be delivered by' '
iontophoresis (see, for example, Panchagnula R, et a/.,, 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.

e%&@oﬁ%ﬂgs. fﬂ{es”é“xégl ﬁe%?%age? %ﬂ%@%ﬁ!ﬂé&h&&%&m&s@ﬁé with Gnd J4RAE! On can



20 and nicotinic acid; platelet aggregation inhibitors such as aspirin;
antithronbotic agents such as counadi n; cal ci um channel bl ockers such as
verapam |, diltiazem and nifedipine; angiotensin converting enzynme (ACE)
i nhi bitors such as captopril and enalapril, and fl- bl ockers such as
propanol ol , terbutalol, and | abetal ol. The conpounds can al s& Afhe 2006
adm ni stered in conbination with nonsteriodal antiinflamuatories such as

i buprof en, 25 indonethacin, aspirin, féhoprofen, nufenanic acid, flufenanic
acid and sulindac. The conpounds can also be admnistered with
corticosteroids. In an inportant aspect of the present invention, a
compound of the fornmula His conpounded with another cytotoxin or

chenot her a abilise
t he cl eavabl e 2{cg‘ﬁp Q@Bﬁéﬁgxggpmptﬁé& gdrf%rgohlgz%%g fé%}lxewdgs age%tag&g;ﬁe’ VP- 16
(et oposi de) admrixedduirosastsi.ciombined weatharwist a@eé;«pemod@fufﬁ e temmdond a!mf iss not
necessar! | Yusda Sy A00 Bosfl & o LThMulihohlRAS.) U KPR, RARLG,  These
conmpounds are thought to exhi syner I'C ac IVI y agai nst can er ous
cells and tdwmmreducwmmhervﬁp@a; sughta@ hbaith bars,tdesketts) etd. h&ooed formiltisnsner gi sm
i s thought f o] u nt

I nvention t%ﬁ f ?%SI%S@%I 3{]@%2&141&0&' 4 b %ﬁd@ ﬁ%@m djgccglll;}hés oﬁgn?(%r‘r%rml a ll
find appli cla‘@qhow 5 in cancer therapy vvhere cells express nutant forns of
topo Il which show resistance to existing topo Il poisons. The

co-adm ni stration may be sinultaneous or sequential. Sinmultaneous

adm ni st ratThmpeuMymbtbocisf s taed chypdsitions amyobenfis ddminigration tchbursauseoruni t

dose, screte unit .doses. adm red at the sane

or siml arrL}n Yrgequénr?‘}g‘fl aé‘%r?lgs?m%atmon gnd \/d i "ﬁ‘aps ‘f/“"graagf’ 2 reqw red

and typi caldaSS) auid) livesteck Animal(suchreg cattig) shéppspigd mgl@aﬂs) birdsg(@ich apthitheas,Sf i r st or

initial act a&gﬂ)a%‘? Q%current when the second or later active agent is
ally

admi ni st ere épeC| €re a cunul ative or synergistic effect is
desired. 15 Synt hesi s Synt heS| s of the conmpounds of the formula Il can be

achi eved b Y1 agtwm:%&pg&nd 09 armaceutlcally acceptable derivatives prodrugs or salts thereof

15 can also be co-administered with other pharmaceutically active materials that do not impair

the desired action, or with materials that supplement the desired action, such as antibiotics,
antifungals, antiinflammatories, or antiviral compounds. The active agent can comprise
two or more isoflavones or derivatives thereof in combination or synergistic mixture. The
active compounds can also be administered with lipid lowering agents such as probucol
20 and nicotinic acid; platelet aggregation inhibitors such as aspirin; antithrombotic agents
such as coumadin; calcium channel blockers such as verapamil, diltiazem, and nifedipine;
angiotensin converting enzyme (ACE) inhibitors such as captopril and enalapril, and 8-
blockers such as propanolol, terbutalol, and labetalol. The compounds can also be
administered in combination with nonsteriodal antiinflammatories such as ibuprofen,
25 indomethacin, aspirin, fenoprofen, mefenamic acid, flufenamic acid and sulindac. The

compounds can also be administered with corticosteroids.

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




Particular reference is made to International patent application

W00/ 49009, and references cited therein, which are incorporated herein in
their entirety by reference. The |International application describes

i mproved net hods of preparing isoflavenes from20 sinple, readily avail able
starting materials. A convenient starting material is dai dzeigyunetB0oob i s
readi | y obtained by established routes. In a general synthesis, daidzein is
protected as its di-acetate, and then_gghydrogenated to tetrahydrodaidzein
di acetate in near quantitative yield. This general synthetic method 25

al l ows access to clean and near quantitative yields of other isoflavan-4-ol
conpounds by, bé“)iﬂx?t%?d“%k&ﬂn&flmw@ 5" eSRAB FoRPodrRe e ViAght foebysiat i on of
the isoflavan-4-ol with standard reagents such _as strong acids or P206 and
the |ike | enusgistc wtisituaminstaneaseis icslgsfaméwgmésﬂe‘é’ﬁmut b bp fipgiRdtorne
dehydratio ' . ' t g8 Glhdpregenpduct s
directly, (r)]trh E%Z’gfrl%%g%gglgl Igglrla}l%g%(ﬁ%gfsakﬁs) ﬁg%eagg ﬂy %h?fjgaeﬁgzdg% - 39@%ynt hesi s of
dehydr oequoinventipn tecbindeio moes} éapo Blsites nHwa the gpmpavadpefdereula Hiind ceRIERYomyr oups
under m l.d condi.ti er.yl = 3- i vatr RYw R&iemepas ed by
simlar 5me ho s‘% h@%gg&%v‘%gésé’&gérsgﬁ}s%fﬁ%ﬂgf%)\égs%ﬁtﬁﬁihnven?i Bsﬁ‘{ncan be
readi | y pr epastiegltdpy Iipesotsy dr ogenat i on of isoflav-3-enes or isoflavones or
ot her known procedures in the art. The isoflav-3-enes for use in the
present invention may al so be synthesised from 10 isoflavones derived from
an‘y‘? nunber TBlie @eadmiwsiration didyybei strovtanéquslof eequential. p Smawdtqnens afmmistiatieme art .
Preferably,_th |.n i . 0 one a ivedtal s from
pl ant sour%l%}ésgﬂgéc?eﬁ wgs%qgﬁﬁd%@%m%ﬁﬁ%eegag%t ﬁg\n?la%re’r éggli P{(/h be a%lgtie to

| dent i f l0s udiscadsé enipkeses adsipéstirasisat the saeeor, sithibar timea nPequential agminigyption

particular use in the Jnventi. ' . H:E;E'l.g ioldR¥aeffect
pr ef er abl y,m?)ﬁ%e RO réisro?]Ser ei‘%(‘%gaa{]:{%gﬁglb%g?n ?{r‘f %ﬁ%ﬁ#@%@% e%teicl S,

beans, of the first or initial active agent to be current when the second or later active agent is

administered, especially where a cumulative or synergistic effect is desired.

15 Synthesis
Synthesis of the compounds of the formula II can be achieved by a number of routes.
Particular reference is made to International patent application WO000/49009, and
references cited therein, which are incorporated herein in their entirety by reference. The
) International application describes improved methods of preparing isoflavenes from
20 simple, readily available starting materials. A convenient starting material is daidzein

which is readily obtained by established routes.

In a general synthesis, daidzein is protected as its di-acetate, and then dehydrogenated to
tetrahydrodaidzein diacetate in near quantitative yield. This general synthetic method
25 allows access to clean and near quantitative yields of other isoflavan-4-ol compounds by

hydrogenation of the corresponding isoflavone.

Dehydration of the isoflavan-4-ol with standard reagents such as strong acids or P»Os and
the like leads to the unsaturated isoflav-3-enes of the invention. The dehydration reactions
30 can be camried out on the hydrogenation products directly, or deprotected derivatives

thereof.




15 red cl over or subterranean clover species and the |ike. The present
invention wll now be described with reference to the foll ow ng
non-limting exanples. 20 EXAVPLE 1 Materials and nethods -Dehydroequol
was eval uated as a potential inhibitor of topoisonerases, by using the

rel axation and ni cking assays that can identify topo | i nhi bi g pirfe 2006d t he

unknotting and DNA cl eavage assays that can identify topo Il inhibitors.
Dehydr oequol inhibited the 25 catal ytiggactivity of topo Il in a

dose- dependent manner and it stabilised the topo Il- nediated cl eavabl e
conpl ex, denonstrating that this agent is a topo Il poison. Dehydroequol's

topo 11 inhibitory effects were conparable to those of other antitunour
agents such as VP-16 and were stronger than those of genistein.

Dehydr oequoﬁyléihwsrﬂftdeh)idmm‘ml D ap echieved b irgmavel efche priotegtingozcelgky grogps

stabi | ise thed q,sxgi %@t né! RANALS-6neC QIRLGE s n§a2 Jch?, ale@ WY bifhilar
denonstrate that dehydroequol 1s a topo |Il-specifi¢ poi s n and support its
applicati onmeﬂloésancer chenot herapy. 5 June 2006 -40 Inhibition of the
catalytig activity of topo Il but not topol by dehydroequol The stepw se
renoval of DNA knots (unknotting) requires transient double-strand

br eakage f olspfavens foyusstin thegrgsent svgmicarvdn beteadjlytnrepared by tlee hydragenpdivs ofrer ases
uni quely 5 ydroequol on topo 11
catal ytic a%tg%l%ul %’;é/r?elsépf di spﬁgegé}d&ﬂ?rr@@ﬁoge%{f E‘L%%%d DNA from a nut ant
bactyeri ophage (P4 Virl dell is used as a reaction substrate that

m grates aSTRe § a- 3(39 eBk&ls&nﬁ Hher rgs@lteu@ ﬁrm%{j a.Fﬁol;eSLynﬂ%@lsw%romm esence

of topo II, top ogi ca ots re renov e reaction product
(unknot t18d Bhivomasgier vedsfrans any mimbgt ef dovngek reidelbrydhnt;ﬁdxlmto d pengopiskdidd irhi s

reaction i 0 e
i nhibiti onnt\?gsai‘ltevlfii Pg' @@ﬁjg{% Umdlr':ﬁqﬁg}]afgr oeqlx}gﬁ &[ﬁae&\%&g}%&gg% ﬁ%aagt from
densi t onet rsomrqweas&gamnﬂwscs sloliedt inethel raktnmilt realdilyabedable to identify suitable plant

species, however, for example, plants of particular use in the invention include leguminous

plants. More preferably, the isoflavone extract is obtained from chickpea, lentils, beans,

15 red clover or subterranean clover species and the like.

The present invention will now be described with reference to the following non-limiting

examples.

20 EXAMPLE 1
Materials and methods
Dehydroequol was evaluated as a potential inhibitor of topoisomerases, by using the
relaxation and nicking assays that can identify topo I inhibitors, and the unknotting ahd
DNA cleavage assays that can identify topo II inhibitors. Dehydroequol inhibited the
25 catalytic activity of topo II in a dose-dependent manner and it stabilised the topo II-
mediated cleavable complex, demonstrating that this agent is a topo II poison.
Dehydroequol's topo II inhibitory effects were comparable to those of other antitumour
agents such as VP-16 and were stronger than those of génistein. Dehydroequol did not
inhibit topo I catalytic activity nor did it stabilise the topo I-mediated cleavable complex.
30 These results demonstrate that dehydroequol is a topo II-specific poison and support its

application in cancer chemotherapy.



that 50% inhibition (1C50) was at about 20 .g/m dehydroequol. The effect
of dehydroequol was conparable to that of VP-16, which was used as a
positive control. 15 To deternine if dehydroequol is a selective inhibitor
of topo Il, its effect was evaluated in the topo |-nediated rel axation of
plasm d DNA i n t he absence of ATP. Topo Il can also relax supfifeagoed
plasmid DNA, but it requires ATP. Fig. 2 shows that purified human topo |
rel axes supercoiled plasmd DNA (| ane 2)p-. Canpt ot hecin, a known topo |
inhibitor, prevents pUC8 DNA rel axation (lane 3), but dehydroequol at
concentrations up to 100 20 pg/m did not inhibit this topo 1l-catal ysed
reaction (lanes 4-8). These results show that dehydroequol does not

i nhi bit topog}f and therefore is a topo 11-specific inhibitor. Induction of

t opo 11 - medi/@i@ o i crdyiceivipbiors Eéz%zg)étqﬂa{ bnéghvergeayol - medi at €d DNA
single-stra br eakage by dehydr oequol A linearjsation ass

enpl oyed tonlg‘@tsé‘?pﬂi‘ﬁ‘?e“i"fovale%d?%q@? s K"éﬂ%‘“@éﬁﬂoreﬂ!‘“ﬁﬁo?%ﬁm dﬂéh).{mﬂ@ﬂét rand
breakage r egidaksgeiflidia BPARAA %%@ge%d'rbl@%ﬁibn DNAype PR Rpais R aRl uhiauélkle

presence of to}g{o 1, foll owed treatment with proteinase K/'S

ef fectivel sruhis geactien. Theﬁéfa‘ft of gehyiingequs] erstopel Iytiragfivity is q‘hmi-wdz 4),

i ndi cating tmt i1t Gikabkdd SRA 448 %eammten Xpir 1T b1 FO R T BES as Wi Ch
was evi dent lat g10 g/m peaked at a30 g/ oﬁ% éﬁ slrence ﬁ top\ghll

(lane 1) or 'Flinem M IIEra{H 3¢ a§ws-'wr{5iué teéhg/mreeksu@mbar of mets) photdiace
| i-ngar mApreHh@e RFft65d 10T oIl FAG UnoRMerd GRRoYl; TRl gt Rc ohsgnd

breakage is 5 June 2006 -41 unexpectedly nuch greaier t han geni te|n (I ane

5) and conpé‘f‘“é‘ﬁ‘?t@dtwmﬂatfﬁ Wi sigyle bayghi Pphydeqegual s}élﬁbléﬁé thisgeactigreircant r ol s.
Si nce engy ”ﬁoﬁ%ﬁénﬂé@ﬂaﬁﬂer%@%o%gﬁﬁgt PnCﬁ y}?ete'?xﬁﬁﬁ gﬁtw Egme DNA

cl eavage, these data denonstrate t roequol - eakage is
medi at ed by dehygroequol. Ewﬁepdermpdl@m@nmtoemmdmeaemmm ﬁ’th urkaottéddnand

gl - st randt DUA BPLUIH Ry e DRl O deimd AEARRANE | BEOUER: or

dehydroequol was comparable to that of VP-16, which was used as a positive control.

15  To determine if dehydroequol is a selective inhibitor of topo 11, its effect was evaluated in
the topo I-mediated relaxation of plasmid DNA in the absence of ATP. Topo II can also
relax supercoiled plasmid DNA, but it fequires ATP. Fig. 2 shows that purified human
topo I relaxes supercoiled plasmid DNA (lane 2). Camptothecin, a known topo I inhibitor,

Q\j prevents pUC8 DNA relaxation (lane 3), but dehydroequol at concentrations up to 100

20 pg/ml did not inhibit this topo I-catalysed reaction (lanes 4-8). These results show that

dehydroequol does not inhibit topo I and therefore is a topo II-specific inhibitor.

Induction of topo Il-mediated double-strand DNA cleavage but not topo I-mediated DNA
single-strand breakage by dehydroequol

25 A linearisation assay was employed to detenniﬁe if dehydroequol is a topo I poison.
Double-strand breakage results in the appearance of linear DNA. Dehydroequol in the
presence of topo II, followed by treatment with proteinase K/SDS, effectively produced the
linear form of plasmid DNA (Fig. 3, lanes 2-4), indicating that it stabilises the cleavable
complex. This effect, which was evident at 10 pg/ml, peaked at 30 pg/ml. In the absence

30 of topo IT (lane 1) or proteinase K/SDS (not shown), dehydroequol did not produce linear
DNA. The effect of dehydroequol on topo II-mediated DNA strand breakage is



conditions that were used in the experinent showm in Fig. 4, covalently
closed circular (supercoiled or relaxed) plasm d DNA m grates on the
bottom of the gel.. In the presence 10 of a topo | poison that stabilises

t he cl eavabl e conpl ex, and follow ng denaturation and degradation of the
enzyme with proteinase K/ SDS, the resulting nicked DNA m gr ategfifeRoophe top
of the gel. Dehydroequol at 20 and 100 gg/m failed to produce nicked DNA
(lanes 3 and 4). Canptothecin, a knowyit.opo | poi son, produced

singl e-strand DNA cl eavage indicated by an increase in the nicked form of
‘DNA, as expected (lanes 5 and 6). These 15 results denonstrate that

dehydr oequolunéxpeciedlpinthcidlgrda@pehah defidichi {1akYs5)ehl @einparahld tb WL ed gﬁ& !(5))5 a
topo Il-specific poison. Materials A The bacteriophage P4 Vir| del 10 was
isol ated as "HECY fse‘tﬂefgf‘%w%‘éq Pnfrolsy | Sigescanzpmg fgeawgoq ayl dissdtionasen
Escheri chi a neckdaryoty réléie thleONA Bi8avay¥s itfes Bl @GhonRRAOG A dohyRSsyavl-iRulcEer s
human t opo | lL)Jman topo Il, and pRYG DNA were purchased from Topogen

( Col umbus, %;.refyéﬁ?’dﬁ’ﬁé’&ﬁélbymgnprovi ded by Novogen (North Ryde, NSW.
Geni steinswas purchased from I ndofine Chemcal Co. (Sorerville, NJ). Al
ot her reagents, chemcals, and_drugs were purchased from Si g.ma Chem Co.
(St. Louis, 'RP9!posopyikapdhs sreymy®NAcicaction inprmediate @nd. dolfoveing the dizestion of |
stored at - 2QCenzgR6, SHolintleCaint-sthndi BNA! bReks"BERE). | Uilder W8S CleirdplGreRSSAY -
Topo | -nmedi ated,. plasnid rel axati on assay For the determnation of

t opgi somer aSE9HOBH it Were tsed i the experiment showp rBigorAcavalentl g glogagedircnler t he
substrate i (superédiidd bi fRfRxed) plSRidODNA tnibrafel 0h MeHolGm tdf ehel 2. | BVth& Fresehe 5 June
2006 - 42 Tris-HCl, pH 7.9, 1 nM EDTA, 150 mM NaCl ,” 0. 1% BSA, 0.1 nM
sper ni di e, o5adappJdeisen thapsiabibises thet cleayable) comutlexe @nd foteringodspaturatioh and

i nhi bitor, waedat 1 rRGLE i mdi i e i on was
initiated by the ?%it%f%%ﬁzrwfﬁge enzgﬁe@slkggcrtg%g% n\}\(g(?g% ﬁ%%g%)tn? at 37C
for 30 nmin. Xn@éqp fitheeek Rshpireequel at 20 and 100 pg/ml failed to produce nicked DNA (lanes

3 and 4). Camptothecin, a known topo I poison, produced single-strand DNA cleavage

indicated by an increase in the nicked form of DNA, as expected (lanes 5 and 6). These
15  results demonstrate that dehydroequol is devoid of topo I inhibitory effects and therefore is

a topo II-specific poison.

Materials
Q) The bacteriophage P4 Virl dell O was isolated as described previously [23]. pUCS8 DNA
20 was isolated from Escherichia coli by the alkaline lysis method. Reagents, assay buffers,
human topo I, human topo II, and pRYG DNA were purchased from Topogen (Columbus,
OH). Dehydroequol was provided by Novogen (North Ryde, NSW). Genistein was
purchased from Indofine Chemical Co. (Somerville, NJ). All other reagents, chemicals,
and drugs were purchased from Sigma Chem. Co. (St. Louis, MO). Stock solutions were
25 prepared in DMSO at 20 mg/ml, stored at -20°C, and diluted with distilled water just

before the assay.

Topo I-mediated plasmid relaxation assay

For the determination of topoisomerase (topo) I catalytic activity, pUC8 DNA was

30 used as the substrate in a reaction volume of 20 pl containing the following: 10




5 was perforned at 4 V/cmfor 5 h in Tris-borate-EDTA buffer. For the
quantitative determnation of topo | activity, photographic negatives were
scanned. The area representing supercoiled DNA nigrating-as-a single band
at the bottomof the gel, was determ ned. The concentrations of the

i nhibitor that prevented 50% of the supercoiled DNA from bei\gueo2006r t ed
into rel axed DNA (1 C50 val ues) were 10 determ ned by averaging the data
fromat |east three experinents. Topo l4onedi at ed pl asm d-ni cki ng assay Topo
| poi sons enhance topo |-nedi ated pUC8 DNA cl eavage under the reaction
conditions provided by the supplier of the enzynme (Topogen, Inc.). Briefly,
20 pd 15 of niMalris-ROL, PHK Y, €S mdP TEBY A€ g50l hMMiall] 9:10CIBSADH. 7 .o 1 M EDTA,
100 MM Nad , Ldg’tl? gof Ehe Ljest agent (or solvent)., 0.5 g of pUC8, and 10
units of hufMREEdEsHTye Elveerghiarl 3 wats pf pustiied umaiopp. Therphibiir: whenat 37C,

SDS- pr ot ei nagftickblyatas AEE s indibdled, bl the\WRGorPwROmaftdibyaRdaiditen at 37C,
sanples were extracted with CHC13-i soproQanoI and el ectrophoresed on a 1%

agar ose gel “EREHIYHen §esstignsgrans capriedequh atch7i(nfas 38 miinle Geldqotophiorasis

phot ogr aphed.s fRREPLAGY BRNCs NESRE ) -nmedi ated P4
unknotting assg‘?f To dett er/%mnerc'stlgpm ssoﬁrégar?%}ség tbcl)%%?nwﬁéeaciﬁgﬁg%tpg activity,
knot t ed DNAdetpratnatign| obtopn 1 aptiviiys phatessaphior negatives weed $chened. Jhpseds of t he

bact eri opha A, AdD { I ' m Xt ures
cont ai ned 5%%%&%%{?5&%%% pHN%S%@aﬁé%nﬁ/% ‘ﬁ%ﬁ%mﬁ% tﬁrﬁ\m%q%%éoé% E mM ATP, and
0. 5'nmM di t hvet Aetermiinsd.  Theeconespiyations jofi Michinhibitonhat praiuited 59P4 of theo t he

addi tion of h S Taec"el ctl fd | ume) were
initiated b;l%gﬁgi?ér? D%TAGHpg O#ﬁgﬁgﬁv?éeg%}%%&gﬁ%%odﬁ?@tngg, C 5 June
2006 - 4310f ofetgmingd by aReaging thndatyiere at leashfeezteaperimentshe addition of 5 m of a

stop solution containing 5% SDS, 50 mM EDTA, 25%ficoll, and 0.05 ng/m
br omophenol bl ue.

Topo I-mediated plasmid-nicking assay

Topo I poisons enhance topo I-mediated pUC8 DNA cleavage under the reaction

conditions provided by the supplier of the enzyme (Topogen, Inc.). Briefly, 20 ul

15  of reaction mixtures contained 10 mM Tris-HC, pH 7.5, 1 mM EDTA, 100 mM

NaCl, 1 pl of the test agent (or solvent), 0.5 ug of pUCS, and 10 units of human

topo I (added last). After a 30-min incubation at 37°C, SDS-proteinase K was

0 added, and, following a 30-min incubation at 37°C, samples were extracted with
CHCls-isopropanol and electrophoresed on a 1% agarose gel containing 0.5 pg/ml

20 ethidium bromide. Gels were photographed, and photographic negatives were

scanned.

Topo Il-mediated P4 unknotting assay

To determine topoisomerase (topo) I catalytic activity, knotted DNA that had been
25 isolated from the tailless capsids of the bacteriophage P4 Virl dellO was used as
the substrate. Reaction mixtures contained 50 mM Tris-HCI, pH 8.0, 120 mM KCl,
10 mM MgCl,, 0.5 mM ATP, and 0.5 mM dithiothreitol. The topo II inhibitor was
added prior to the addition of 2 units of human topo II. Reactions (20 pl final
volume) were initiated by adding 0.6 pg of knotted DNA and carried out at 37°C




Sanmpl es were | oaded on 0.8% agarose gels, and el ectrophoresis was perforned
at 4 V/icmfor 5 hin Tris-borate-EDTA buffer. Gels were stained with
ethidium5 brom de, destained, and photographed over a W |ight source. For
the quantitative determnation of topo Il activity, photographic negatives
were densitonetrically scanned. Unknotted DNA, migrating as shiied®6 band
at the top of the gel, was neasured in this manner. The concentration of
the inhibitor preventing 50% of the supstrate (knotted DNA) from being
converted into the reaction product (unknotted 10 DNA) was determ ned from
.a standard curve. By averaging three to four such experinents, the |1C50

val ues wer e f@a0eifll RegbtiodsOWére brhBfliea g dhdidafivh &f kiR stRtsbRAo@ssay Topo ||
poi sons enhance to?o | 1 -medi at ed DNA cl eavage and can be identified with

‘the 15 |i nEYHIwBE 2615035 3ShmM BREA, %Sﬂ(eﬁ%la@xduw e/ bromeplsnlrbdig: ded by t he

suppl i er of shhfeangy f@d&mmﬂ%ardsggcﬂ m@@lh&?akﬂores%q”ajs PRl @y M Xt ures
cont ai ned 30 Tris-HC mM ( 3-nmer capt oet hanol, 8 mMV

MyCl2, 60 niViguéyr S H jn Bfis- EwetetE&TiA Ruiert Gelsrwase stained )withoethidgmyt  pRYG,  and
10 units of LRERRNIGRRRY Iahdf,ﬂ&wlﬁgbhk@m INLQﬁsauééﬁa}ﬁm LgkRas i on at 37C,

SDS- pr ot ei nase K was adde | ow ng a mn incubation at 20 37C,
sanpl es wer éeterinagon éﬁtqmptm a@rmg,phmpbpamatwawem damsitoppshitselsi s was

per f or med 1 i S were
phot ogr apheﬁamgﬁd%mg@ofﬁé?ﬁ’fmﬁﬁ%éi‘% e Ll PR B2 25 o

i nhi bi t i on, Meauasdin Gis|manpgre IT@G senceyratiomef thpbibiel prevendes 304 of the at e assay
was used COQﬂ)Qt}aEH (RBotfd AR Cf?Janéiﬁé mﬁ%r&h%%e%ﬁﬂr@pr?&hc@(mﬂio&gﬂ odi pyri d' ne

substrate. dr oequol present concentration 'of 100 mwas shown

i nhi bit RONCRNéXwamdptyrmxe@dfrm at%iaﬂ%@apum | Bapoeging tree3o Jomeudto06 44
Subsequent ghifh&R! nRtidvERel&e 8GO demonstrate the therapeutic

benefits and activities

Topo II-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 reaction mixtures contained 30 mM Tris-HCI, pH 7.6, 3

mM ATP, 15 mM B-mercaptoethanol, 8 mM MgCl,, 60 mM NaCl, 1 pl 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 NOX 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.




of the compounds of fornulae I and Il. EXAMPLE 3 5 Potent anti-tunour and
anti - angi ogeni c properties of phenoxydiol (dehydroequol) This exanple
descri bes the.potent.anti-tunour/anti-cancer, anti-angiogenic activity, and
anti-inflammtory activity of dehydroequol as a representative conpound of
the formula H 10 Methods Cells: Human unbilical vein endot leluii2006! | s
(HUWWEC) were prepared and grown as previously described30. The cells were
used between passages 2 and 6 for all egperinents. The human prostatic
adenocarci noma cell line, LNCaP was obtained from Anerican Tissue Type

Col |l ecti on and mai ntai ned according to the instructions of the supplier. 15
Assays: - ProlbLercal iR, Y e B SR Bt O ElahF aRRics

gel ati n-coate cro fre Welaf and grown 1 n conp MBfe” medi um

Dehydr oequolof'(hE)eqmpmdm:fdml&ch@ndrH after pl atl ng. Prolifer at| on was
measured using the MIT assay (Pronega, W, USA) and is 20 given as the rate
of proliferation over the 3 days SEM of quadruplicate determ nations for
each group. EXAMMPLBBat i on of LNCaP cells was determ ned using the MIT
assay. Cell d_at mcro De was
added 4 ay?ogP ae'?“ %1"' “l?r?blgaﬁg a"%lm egifepc{gé?'?les &ﬁ'hf td'[gﬁﬁiays op gr owt h.
Cel | vi abi | Thig exsndx fesariise thepstest. ap&Mnm\t/agecMer mmlgrogemnnctlm @od cells. 25
M gration assa HUV] d at .5x105 cel | ted 6 wel l
di sh and grgt\/vn}éﬁl cg)ﬁ?%/\%w c‘gfldgﬁ roeﬂ‘gﬂ %ﬁfegres%anﬁﬁs c'rqre“!grrffalt efl f'he )
nonol ayer, &ells washed 3 tines and fresh conplete media with or without
De (10 g/m final concentration) added. M gration was viewed over the

fol | ow ng, 1§,iezhzod};ours.
Cells: Human umbilical vein endothelial cells (HUVEC) were prepared and grown as
previously describedjo. 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

AN
R

- 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.

30




5 June 2006 -45 In vitro tube assay: Capillary tube formation in a collagen
gel was perforned essentially as described by Ganble et al 30,31 Tubes were
formed in the presence of the tunour pronoter phorbol- wyristate acetate
(PVMA) and the anti (31 integrin antibody RVACII. De (10 pg/ml final) was
added at the tinme of plating the cells onto the gel. 5 At hymsyiie®06
xenograft assay: LNCaP human prostate cells were inplanted subcutaneously
into athym c Balb/c mce and De (2 ng ysd) administered orally fromthe
time of cell inoculation for 5 days per week. Animals were killed 58 days
post- inplantation and tunour mass (ng) calculated fromthe formula (w dth2

x l'ength)/ ZIii%ztro]théJ:?s@&& '@apﬁﬁkytu@fynﬂﬂﬂﬁ':ﬁ'@céﬂagé}ﬁgel% éff&nﬁe@és%&%all@(
activity was nmeasured i'n wtrohd}\{ I ncubatin cytosolic fraction with
1

"10 M sphi ng@sidereripgbyc Gamblere & yRPR ATP fermm ln0h6 preagnce of fher Bymong

m nut es at (1 15
ng/ m) (rhTilgo%m&%h%B% @qu ?e%g%?%ﬂr@zgnﬁsm%%fﬁ}ﬁﬁ%wg& ?ﬁ and
IL-1 [i  (1QDD pphnt flaiyivwas addel bt th¢ Gme bfiptating the cBkadrtid the ¥l USA) for 10 mi nutes.
Cells were treated wth De or DVBO vehicle as control for 18 hours prior
to stinulation. Focus formation assay: Low passage NIH 3T3 cells were

t r ansf ect ed Auhynhic emiidec kedvgrat assiy: r aENGan muﬁﬂasbroaate ecghls yw\mc ilﬁlﬁlal(tMBCt )

trol19. T | a t h f ect | d
ol at es. At R S mime Bba g Sy PEmp il ShGimiratonty e Ben o1 o

DIV)BO or De (i@ &/ ¢l fnbﬂﬂz#hbnfﬁf 53dzweqies wdelt. h Amg/iaa @&aﬂgﬂedeﬁi&rdﬁyﬁ*péstdays (
De Foci wer.e scored after st ol et
experi ment §fP ]%‘OB@P‘?&%‘B “?a§ “12§5 EE?F’[ ﬁ’@ofﬁ“ﬁ%?‘mgﬁ’al’ﬁl@’@mﬂlﬁﬁ/EC wer e

pl at ed at0 lxsdén Ne€lls per 25 cn® fI ask and grown for 48 hours. Follow ng
treatment with DMSO vehicle or De (10 g/m final) for 18 hours,
Sphingosine Kinase activity assay: SK activity was measured in vitro by incubating the
cytosolic fraction with 10 uM sphingosine-BSA complex and [732P]ATP (1ImM, 0.5
mCi/ml) for 15 minutes at 37°C, as previously described*. Stimulation was with TNFo (1
15 ng/ml) (thTNF-o; R & D Systems, Minneapolis MN USA), PMA (100 ng/ml) and IL-18
(100 units/ml) (hrIL-1p; Immunex, Seattle WA USA) for 10 minutes. Cells were treated

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

) Focus formation assay: Low passage NIH 3T3 cells were transfected with either human
20 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. ‘

25
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
30 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



Life Technol ogi es, G oningen, Netherlands) according to the manufacturer's
protocol. Northern 30 blot analysis was perforned using 8 gg total RNA
transferred onto Hybond-N nenbranes (Anersham Bi osci ences,

Bucki nghanshi re, Engl and) and probed wi th human NEAP-2 and 5 slpjif 20066 - 46
GAPDH cDNAs using a Strip-EZ PCR stripAble PCR Probe synthesis and renoval
Kit (Ambion, TX, USA). E selectin and MM 1 assays: HUVEC were pl ated at
5x105 cells per 6 well dish. Cells 5 were treated with DMSO vehicle or De
(10 g/m frmal) for 18 hours prior to TNFa (1 ng/m) addition. After 4 or 18
hours, cel | GAMDR chaiagingiatSiniPBS FIRI stripatle RCRIPitbé Byntlasis iabd déresvahBai nst E
selectin ( 8@% ‘{ VCAM 1 (Mab51-10C9) for 30 min. Goat F(ab')2

f r agnment rm 1°§§%0+‘I{§ JEI TC anti body (I mmunotech, Marseille, France) was
then added for 30 mn. The cells were then trypsi ni sed and FACS anal ysed on
a Coulter 1Q Epigs(r L MCL ( Becknan ul t Resul t S

arbitrary ur felectnpnd VEAM-3 assapss Wﬁf%‘ﬁ%‘?‘{%”@ﬂoq l'i(l? ?ﬁ’ﬁﬁé‘ésg‘eﬁ?:lg’ | L-8
assay: |Ls8 v@%éﬁéé&d%ft}?DMSrd AR ot ag/ﬁmm Ifdf1 13€nokk BM0r k- TBIFa (1

| munoassay" R & D Systens, M nneapolis MN USA). 15 Results Dehydroequol
("De") showag/ dtqddmom Afesrdaen Liehars, selisswerg waseed Witk BBSiand drqubated iwiths K562
and HLG60 (1 Gahoies AedinstBYcldotim (ﬂfaﬂiﬂ H?_%F"VCVA‘NI X)(Mabfﬁﬁﬁé C%@&%%ml Goge MCF7
(1.5 g/m 1C50), colon cancer |ines &I 15.0 and 1.0
g/ 1 especFilabaP fipgmsnidmage-FaGiH kY- BIT antibpdy (IWéHmﬁPEM arpils, FracQNEsP (| C50
of 3.0, 2.0 aAddded¥of 56 nin, 18RS Bﬁﬁtw&ékﬁéﬁ mgg?,géi aiddAdd HRGsPEPa RALAG! a5 3

cytotoxic agent than genistein on these | 1 nes. The conparative data
of De ani0 g&pics®¥LMGh (Bedkeen Coultdnp Results 98¢ gxprésaed gsparbitranyrugite yelatingxioci t y

assessnent (ﬁfenp'%nﬁgéﬂs{?%fﬂﬁ‘g?ﬁor%&@{@q an 1C50 (M of 4.4 (n=3

total RNA was harvested and purified using TRI ZOL reagent (Invitrogen -
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 (ICsy of 3.0 and 1.5 pg/ml respectively), breast cancer line MCF7 (1.5 pg/ml
() ICs), colon cancer lines HT29 and CaCo-2 (ICsp of 15.0 and 1.0 ug/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. la. 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
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 |
|



separate experinents). Xenograft assays nmeasuring the growmh of the
prostate cancer |ine 25 LNCaP denonstrated that De was effective at
inhibiting the tunour growth (49% tunour growth inhibition p<0.0003; De
treated versus control group) (Fig. 5b). The Ras oncogene has been |inked
to the devel opment of many human cancers by either over-exprehgie2906r
mutati ons in the normal gene28' 29. De treatnent of Ras transforned 30 NIH
3T3 cells conpletely inhibited the devabopnment of col onies although stil
mai ntai ning 5 June 2006 -47 the viability of normal NIH 3T3 cells
(Fig.-5c). This suggests that De specifically targets the highly
proliferatime viBsityl Jra0mh4) NTEB TS @IS, 55). IThid duodts 1 DRIspRFcaP ik nor nal
cells: Solid tunour %romkh i s not onh&é egenden% on the ability of the

‘'t r ansf or medthe Bighly profifesstiyaRas Gansfrmed calls v liftleos ne effrct sgsinstmermasplis~sur vi val
and proliferation but also on the ability of the cells to stinulate the
expansi on of the vascul ar conpart nent througﬁ angi ogenesis. To determ ne

whet her De $riid tamewr geaih i Pely dentepdant gn the ability; afitisriransfortrd calt fo-avedeour geni ¢
activitys DemRSndRSiGR thit cGRAPLIELHYa] Erﬁi}u!rolffg'gionqui)glkiﬁ{ e hlﬂﬂg_o'ﬂﬂ:r ation

and capillary tube formation assays, in vitro hallmrks of angi ogenesis.

The resul t scelefrostimuiase tetarpansiop of dhe yrseuhirtcompprtment ghyeughsipeiogencs.

function (Fj : = o) 3 fasi i ments,
novever, Do uanr eeER b mFRABbRICIRRIE A 8 1S o fRaR

exper i ment sactipygs P e éestef dn erdethelitl eell (C)gmoliferpidons ugretipneand popill@yotithehi bi ti on |
of prolif er BinhABn 'a.&ayst i Sirfo¥ il atls mf%flglﬁéén%lgm Q]he -é%ﬁltg ee?ﬁgngt?argélt P De,

denonstrate that De 1S not cytotoxic f nor ma si nce, e mgration

assays, 1BC inbits all thaseaspeats of B fupttiqnH{Bigacdiankiandeya Resulls pBsopied breeofsingle i n t he

presence of..Deiddfs HoawedQUh he inlifd i | | g

I nhi bited ter}fe pr ofs’l eratf vgwpag'?(yﬁ{gﬁaﬁ mé‘? lﬁ@(’é{a eglt%vg{]mgi?igl@%g?er@gegge cel l

death. | n trcdomwil] Hgeexagele, 36 sgyml Detsbowel 4 81% b ahibafignhofipedlifedagorcimnt r ol

showed t he pical |arqge. capillar ubes.formng,.at ~di.fferent plains

t hr oughout ti%éa'lxé'%mmsl | r#ff g?n?‘g JP 2 e\é‘\ﬁ%iécsf? (\lﬁénoﬁ%\r%aéeg%{ Pgﬁsop? echtom’gc o

previ ous| y3oned Hévines in the npigretiogissgs, BG sesiatenticiofty bhitheveluhd rdmamtded Wi t h

Eienczutggi ngzﬂ%fetsg%é mauE i%hnfga ese!nrc]:eb Iop Iﬁe I’opeIZI 1S Blglrth%];, i%lhperolﬁgrlatliosn !clsgg}%, H%e gel
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

activity prevents angiogenesis>*.

Thus, MMP-2 was targeted for investigation. Northern
blot analysis of endothelial cells treated with 10 pg/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.

30



rounded and were seen on top of the gel even after many hours. |nvasion of
ECinto the gel as well as neovascularisation in vivo is dependent on the
synt hesi s and secretion of the matrix degrading enzynes, such-as the

met al | opr ot eases32' 32. The matrix 25 netal | oprotei nase, MW-2 is essenti al
in the "angiogenic swtch" and inhibition of its activity preEkgi?06

angi ogenesi s34. Thus, MWP-2 was targeted for investigation. Northern blot
anal ysis of endothelial cells treated wggh 10 g/m of De for 18 hours
showed an inhibition in the level of RNA for MW-2 (Fig. 6d). In the two
experinments perfornmed, there was a 68.3% and 46. 7% decrease in | evel of

MRNA for MVRargio géi{bsi% isThbRalBOREciAR VIO ALRARRDL Snd Both AbWBIphe4r Bsr@Rh@ked W th
i nflammati on an h_now appear coordinately regulated 35,36 Inflanmtion

is exenplif |r%%|wa‘3? exp%@fr@ Orps eéfslﬁegﬁf’érbym@aseﬂne@f aghesigemolepitiest ersthieum and
secretion OfenddiRliGRGHR b&edibs ok %rfb@a%umcﬁ(lihe@(vﬁlcﬁ %H@éf:’éh@dl@f&@%&%ﬁss of

I nflammatory cells fromthe circul ation. “I nfl amrat or S suc

neut r ophi | s, MEMMARSH owYle efEoma rbie rdpletane s Mm§Wcé§ﬁoﬁ“%w ngwtraphils,pot ent
angi ogeni ¢ flﬁﬁﬁl@Eﬁessdﬁg bn&%cytéé@x?&wuﬁzres gﬂq%kkﬁ' ltﬁeaﬁot&x?hﬁglgéeﬁféﬁfgbtérggﬁ& 5. De

inhibits the induction of t'he adhesio nol ecul’'es E sclectin and VCAM1 to
bot h TNF andascplan epgothelial @ﬁ’d@low& ifagtaran dDe |inhdbitsi thiiipduction o€ the adhesioon of

IL-8 (Figs. n?o?ec@l@éijslalectﬂPmVﬁéAlvP? 16 b6t E HaSR-P¥n %egﬁr[h%fh@ unix'aE!§I aRbt o1y

effect on the EC since there were no c anges seen Int
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such as Ras41 SKis also a key nmediator in the regulation of EC

activation and proliferation42-44
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® 4.

447 and has recently

Sphingosine-1-phosphate is also involved in the angiogenic process
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 niot 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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vitro tube bteered iDhesdsuiidsl y striking was the lack of toxicity, at the
doses used, of dehydroequol for resting endothelial 5 cells and for the
untransformed 3T3 cells. These properties of the drug m ght predict potent
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as 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 could account for the selectivity of the agent, showing dramatic inhibition on
transformed tumour cells and on EC involved in the process of angiogenesis while having -
N little or no effect on the viability of normal cells such as NIH 373 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 direct 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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Those skilled in the art will appreciate that the invention described
herein is susceptible to variations and nodifications other than those
specifically described. It is to be understood that the invention includes
all such variations and nodifications. The invention also 15 incl udes al

of the steps, features, conpositions and conpounds referred t®Jse 20068 cat ed
in this specification individually or collectively, and any and al

conmbi nati ons of any two or nore of said-steps or features. The reference
to any prior art in this specification is not, and should not be taken as,
-an 20 acknow edgnment or any form of suggestion that that prior art forns
part of the EndnereRefegeneesy al know edge in the field of endeavour. 5 June

2006 -51 Endnot e, Ref er enc 1... Joannou, , . Kel | GE, Reeder, AY,_ Waring,
‘M Nel son, g: A 19F9%y §ﬂp§§m CE: ﬁ%ﬁf{‘}aﬁ%ﬁw S/hyﬂemyt Ge<t Pggam erofife
| denti fication aStddMriBictafy Metehelgesin THe Idé\ﬁ\ﬁcitﬁ)ﬁfahg4ml;og$ieé%@wgﬂ@fw of

, - . 2. yase,

Steroi d Bi ochem tré nd l%FU|aéﬁ5%§|ﬁg¥’ 1995, L

T, Sano, M Antio%l 82HYOPMSinPELH oI Frastermistprgnddielesias BigfogroB95, 52( 2)
303-310. 3. Kel Isaer76-184. Rudol ph P, Parwaresch R Human DNA- Topoi soner ases -
D agnostic and Therapeutic Inplications for Cancer. Onkol ogi e 2000, 23,
424-430. 4. Liu, LF. DNA topoi sonerase poisons as antitunor drugs. Annu Rev

Bi ochem 1989, 58iyakbt; $ho, B ARBRKidadonERHBHAW: )lgzobang b AELASRObl 1 A

speci fic marker {z&rn@ﬁl Il proliferation. J |1 Biol 6, 103, 2569-8 1.
6. Heck, MM Hit ) *ﬂ@t Earnshaw WC. Differential expression of DNA
t opoi sonerases | and Il during the eukaryotic cell cycle. Proc Nat! Acad

Sci USA 1988, 1086- 90.
g. é%?e]lner, %, Rucg)lph P, Parwaresch R. Human DNA-Topoisomerases - Diagnostic
and Therapeutic Implications for Cancer. Onkologie 2000, 23, 424-430.

4. Liu, LF. DNA topoisomerase poisons as antitumor drugs. Annu Rev Biochem 1989,
58, 351-75.

5. Heck, MM, Eamshaw WC. Topoisomerase II: A specific marker for cell
proliferation. J Cell Biol 1986, 103, 2569-81.

6. Heck, MM, Hittelman WN, Eamshaw WC. Differential expression of DNA
topoisomerases I and II during the eukaryotic cell cycle. Proc Natl Acad Sci U S A
1988, 85, 1086-90. ‘

AT

7. Davis, JN, Singh B, Bhuiyan M, Sarkar FH. Genistein-induced upregulation of
p21WAF1, downregulation of cyclin B, and induction of apoptosis in prostate
cancer cells. Nutr Cancer 1998, 32, 123-31.

8. Deffie, AM, Bosman DJ, Goldenberg GJ. Evidence for a mutant allele of the gene
for DNA topoisomerase II in adriamycin-resistant P388 murine leukemia cells.
Cancer Res 1989, 49, 6879-82.



7. Davis, JN, Singh B, Bhuiyan M Sarkar FH. Geni stein-induced upregul ation
of p21WAF1l, downregul ation of cyclin B, and induction of apoptosis in
prostate cancer cells. Nutr Cancer 1998, 32, 123-31. 8. Deffie, AM Bosnan
DJ, Col denberg GJ. Evidence for a nutant allele of the gene for DNA

t opoi sonerase Il in adriamycin-resistant P388 nurine | eukem & fgld 2006
Cancer Res 1989, 49, 6879-82. 5 June 2006 -52 9. Constantinou, A Kiguchi
K, Huberman E. Induction of differenti-&i-on and DNA strand breakage in
human HL- 60 and K-562 | eukem a cells by genistein. Cancer Res 1990, 50,
2618-24. 10. Kiguchi, K, Constantinou Al, Huberman E. Geni stein-induced
cell differenti acéx@fantuamQApKﬁguelhrK | Hiwblemehn DNAndictiom 6f diffe@itiatjon iand PN N

mel anoma ceIIs

H, Yoshi nari ‘ﬁgﬁ*a]ﬁ(‘ge n P é@ﬂﬁzi(t%qzr}%%ﬁmﬁ %‘A‘E}Bl’bgﬁﬁ‘gééag é\'%fl Vi tya

and on the gr owtmgsqbg(ﬁ,‘ga,lzeig’.]zha ras-transformed NIH 3T3 cells. Biochem
Bi ophys Res Cormwn 1988, 157, 183-9. 12. Constantinou, A Mhta R Runyan
C, Rao K, Vaughan A, Moon R Flavonoids as DNA topoi sonerase antagoni sts

and poi sonsjg.st rﬂ&héﬂi €K ACdrstahtindu 4] th@ﬂﬁ&xhEpGem&EiﬁilnduPém1ljcﬂﬂémtﬁﬁon 217-25.
13. Markovits, J, Linassjer osse P, Coup (E EDE
Jacqueni n- Sabl on"mﬂ protsilinked er{ﬁ {tgn ‘#é’éﬁ‘k% ‘n umarp mefgeonsp n‘f‘??lf)i CEI6T of fect s

of the tyrosine &ihame1990,ppi-1.0r genistein on manmal i an DNA t opoi soner ase
H. Cancer Res 1989, 49, 5111-7. 14. Uckun, FM Messinger Y, Chen CL,
ONeisI | K, Myers DE, Goldman F, Hurvitz C, Casper JT, Levine A  Treatnent

of ther apy={ef r aghes, YA, BA}akz{WHeOREM efoshi)iﬂfpflﬂm(ﬁﬁéﬂ Y. [PERKEIT @niblethomn
apopt osi s-i nduci ng .CD19-di rect ed tyr05| ne ki nas
topoisomerase activity and on the growth of [Val 12]Ha-ras -transformed NIH 3T3

cells. Biochem Biophys Res Commun 1988, 157, 183-9,

12. Constantinou, A, Mehta R, Runyan C, Rao K, Vaughan A, Moon R. Flavonoids as
DNA topoisomerase antagonists and poisons: structure-activity relationships. J Nat
Prod 1995, 58, 217-25.

13. Markovits, J, Linassier C, Fosse P, Couprie J, Pierre J, Jacquemin-Sablon A,
Saucier JM, Le Pecq JB, Larsen AK. Inhibitory effects of the tyrosine kinase
inhibitor genistein on mammalian DNA topoisomerase II. Cancer Res 1989, 49,
5111-7.

14. Uckun, FM, Messinger Y, Chen CL, O'Neill K, Myers DE, Goldman F, Hurvitz C,
Casper JT, Levine A. Treatment of therapy-refractory B-lineage acute
lymphdblastic leukemia with an apoptosis-inducing CD19-directed tyrosine kinase

~ inhibitor. Clin Cancer Res 1999, §, 3906-13.

15.  Strick, R, Strissel PL, Borgers S, Smith SL, Rowley JD. Dietary bioflavonoids
induce cleavage in the MLLL gene and may contribute to infant leukemia. Proc Natl
Acad Sci U S A 2000, 97, 4790-5.



inhibitor. Cin Cancer Res 1999, 5, 3906-13. 15. Strick, R Strissel PL,
Borgers S, Smith SL, Row ey JD. D etary bioflavonoids induce cleavage in
the MLL gene and may contribute to infant |eukem a. Proc Nat! Acad Sci USA
2000, 97, 4790-5. 5 June 2006 -53 16. Burden, DA, OGsheroff N. Mechani sm of
action of eukaryotic topoisonerase Il and drugs targeted to 4§ heepDgne.

Bi ochem Bi ophys Acta 1998, 1400, 139-54. 17. Hansen, HE Managenent of
smal |l -cel |l cancer of the lung. Lancet 1992, 339, 846- 9. 18. Beere, HV
Chresta CM Al ej o-Herberg A, Skl adanowski A, Dive C, Larsen AK, Hi cknman
‘JA. Investigation of the mechani sm of higher order chromatin fragnmentation
observed in @ ugBulgnday Qehspfbli Mechetibm PRaativno6tukifBf tofdisoniSfe 05hd 19.

Snapka, RM Kwok I j < . Varsh . t-separation
det ecti on of nucﬁg:gséégg%i{bgstgéhr%nzﬁﬁ%t[ ké)}lorcr}}gm%ép r’%}ésu%?%ﬂ%gt%o@éggga Prdoc Nat |
Acad Sci U SA 1986, 83, 8939-42. 20. Fortune, JM Gsheroff N.

Topoi soner age, | | r | cancer dr .. when e s stop being
ni ce. Prog Nzcl ef{g’%,%\%l}g?&ggﬁﬂ%@&g?’g%@g% cagsH &géell}l%ia‘?’ff P@én n S4B,
Sehested M DNA Popoi sonerase || rescue by catalytic inhibitors: a new
strategy to inprove the antitunor selectivity of etoposide. Bi ochem

Phar macol 1997, 54, 755-9. 22. Meng, LH, Zhang JS, Ding J. Salvicine, a

novel DNA tdpoi sBeres 3 ChrestaKIMbi Aloo-HertereA | SkigiahéwskEAf Bie <, sk ARDI NY

‘ ggéé”{sé?_\m‘ cl eavaRftm& rﬂ.eﬁ%tigglignc ho?”%he Pglggh%%rgl o? Oh(gh’er Ggr’der7%l?r-oﬁ1%1'tin5 June
fragmentation observed in drug-induced apoptosis. Mol Pharmacol 1995, 47, 986-

96.

19.  Snapka, RM, Kwok K, Bernard JA, Harling OK, Varshavsky A. Post-separation

detection of nucleic acids and proteins by neutron activation. Proc Nat! Acad Sci U
541986, 83, 8939-42.

20.  Fortune, JM, Osheroff N. Topoisomerase II as a target for anticancer drugs: when
enzymes stop being nice. Prog Nucleic Acid Res Mol Biol 2000, 64, 221-53.

21.  Jensen, PB, Sehested M. DNA topoisomerase II rescue by catalytic inhibitors: a

new strategy to improve the antitumor selectivity of etoposide. Biochem Pharmacol
1997, 54, 755-9.

22, Meng, LH, Zhang JS, Ding J. Salvicine, a novel DNA topoisomerase II inhibitor,

exerting its effects by trapping enzyme-DNA cleavage complexes. Biochem
Pharmacol 2001, 62, 733-41.



23. Liu, LF, Davis JL, Calendar R Novel topologically knotted DNA from
bact eri ophage P4 capsids: studies with DNA topoi sonerases. Nucl eic Acids
Res 1981, 9, 3979-89. 24. Morre et al (2002) Biochem stry, Vol. 41 No. 40,
pages 11941-11945. 25. Morre, D.J. (1995) Biochim Biophys. Acta. 1240,
201-208. 26. Morre, D.J. (1998) in Plasma Menbrane Redox Systeygneadpdelneir
Role in Biological Stress and D sease (Asard et al editors), pp 121-156,
Kl uner Academi ¢ Publishers, Dordrecht4-the Netherlands. 27.. W\ang et al

(2001) Biochym nppmfspag_gt R&éf%%%r 2 %ﬁp_o&éggzaﬁg%% VEKPDNE: from

Jagiello, A uzmna actrvation in
human bl adder carbamrs)ph@rﬂéewp@émstudlmlthg@Nét tOpmmerﬁsss Mhucler0DAYs. R2O. Bos,
J.L. ras oncogenqg81 9 %ggg cancer: a review. Cancer Res. 49, 4682-4689
(1989). 30. Ganble, 7. al. Regulation of in vitro capillary tube
formati on by anti S ntegrin antibodies. J. Cell Biol. 121, 931-943 (1993).

31. Ganbl e, .. ' ' ' hi_bj t t ub

formati onfa e%]‘;r‘ egﬁ\go"%rgﬁt56%90‘29%%8[;%7{}{%& ol S1 eI g%?lg‘f ;slts?%br@ge%;n(rjol ulrjreﬁ

formati on. -Endot hel ium 7, 23-34 (1999). 32 Naglich, J.G et al.

| nhi bi ti t gst del by th

matrix et al Topr O ﬁﬁi?é‘@ﬁ%ﬁ ﬁ?og%é F1s 330 ree. 61, sis0. sass

(2001). 33. Haas, Davi s, & Madri, J.A Three di mensi onal type |
| | atgi t f

et al opr of Athas BoT %9&9%2 W%n% e, BaS APAP STl fale el 1 s

JBi ol Chem 273, BhlskicabItles &19931)5'60.5'5 (Asafter 20 Editors) pp3A1 - 166, Kluwdr Aedderdic.

MVat [‘_‘)I x metall Opr%ﬁljs e?‘s?%-orzdrelzc ¢ %Itﬁe?lgn or the switch to the

27.  Wang et al (2001) Biochim. Biophys. Acta. 1539, 192-204

28.  Przybojewska, B., Jagiello, A. & Jalmuzna, P. H-RAS, K-RAS, and N-RAS gene-
activation in human bladder cancers. Cancer Genet. Cytogenet. 121, 73-77 (2000).

29.  Bos, J.L. ras oncogenes in human cancer: a review. Cancer Res. 49, 4682-4689

(1989).

30.  Gamble, JR. et al. Regulation of in vitro capillary tube formation by anti-integrin
antibodies. J. Cell Biol. 121, 931-943 (1993).

b .
= 31.  Gamble, J. ef al. Bl integrin activation inhibits in vitro tube formation: effects on
cell migration, vacuole coalescence and lumen formation. Endothelium 7, 23-34

(1999).

32.  Naglich, J.G. et al. Inhibition of angiogenesis and metastasis in two murine models
by the matrix metalloproteinase inhibitor, BMS-275291. Cancer Res. 61, 8480-
8485 (2001). )

33. Haas, T.L, Davis, S.J. & Madri, J.A. Three-dimensional type I collagen lattices
induce coordinate expression of matrix metalloproteinases MT1-MMP and MMP-2
in microvascular endothelial cells. J Biol Chem 273, 3604-3610 (1998).




angi ogeni ¢ phenotype in a tunor nodel. Proc Natl Acad Sci U S A 97,
3884-3889 (2000). 35. Salven, P., Hattori, K, Heissig, B. & Rafii, S

I nterl eukin-1lal pha pronotes angiogenesis in vivo via VEGFR-2 pat hway by

i nducing inflammatory cell VEGF synthesis and secretion. FASEB J 16,

1471- 1473 (2002). 36. Klein, S. et al. Alpha 5 beta 1 integriggaiigostes an
NF- kappa B- dependent program of gene expression inportant for angi ogenesis
and inflamation. Ml Cell Biol 22, 59%2 5922 (2002). 37. Oivera, A &
"Spi egel , S. Sphingosi ne-1-phosphate as second nmessenger in cell
‘proliferation induced by PDGF and FCS mi togens. Nature 365, 557-560 (1993).
38. Van Br odKl ynFang, R ee'ral aMatnE')l.lﬁbtaH(ﬁirétémé?sle isSRghifgofor NBe switclphos@bat e:

extracel lular throu coupl ed r d t ellular to
regul ate prolifef&#S °p eH&‘YB%m rmﬁd &F‘%E gdl‘%%ﬁ‘géggzigﬁ(@%& . 39.
Aivera, A et a{200®phi ngosi ne ki nase expr e55| on increases intracellular
sphi ngosi ne- 1- phosphate and pronotes cell growh and survival [In Pr ocess

Citation] Cel i gl . 49:.228 9 e 4Q. ng, . Baudhuj

& Xu, Y. Sp‘t;'iilsngo%all ng ? ﬁ%ﬁ;}%h x?b (el8Ey g e‘gg%?fg\l\g h hlgﬁl.%kgngfﬁ@g? 09?0‘8?{68var| an
cancer cells. FEBSogeltesis intGdy vid MEGEFR32 pdtiRs)) by thducing iaflarhinatety @@ll. VIAGF
oncogenic role o hi ngosi i , 1527-1530 (2000). 42.
Xia, P. et al %ﬂtﬁgswnaélc i %55‘%%13“ l%“{:@rj IQOE{Q"I%&}(Q,@ adhesi on nol ecul e

expressi on through t he sphi ngosi ne ki nase pathway. Proc Natl Acad Sci U S.
A 95, 1419636.14X)¢in(3.908) Alpha J bete 1 2BEHin-B6valS an MFekappa B-dvigendent brograGanbl e,

J.R & Vadas, Mp,.fckival t r.gsis
factor-al pha inhi |ts g oﬁdtngﬂlpglftz}n?l%ﬁla%ﬁg%g%?o%ggﬁﬁgﬁmagx MIOW %Clﬁ
5912-5922 (2002)
37.  Olivera, A. & Spiegel, S. Sphingosine-1-phosphate as second messenger in cell

proliferation induced by PDGF and FCS mitogens. Nature 365, 557-560 (1993).

38.  Van Brocklyn, JR. et al. Dual actions of sphingosine-1-phosphate: extracellular
through the Gi- coupled receptor Edg-1 and intracellular to regulate proliferation
and survival. J Cell Biol. 142, 229-240 (1998).

39.  Olivera, A. ez al. Sphingosine kinase expression increases intracellular sphingosine-
1- phosphate and promotes cell growth and survival [In Process Citation]. J Cell
Biol. 147, 545-558 (1999).

40.  Hong, G., Baudhuin, LM. & Xu, Y. Sphingosine-1-phosphate modulates growth
and adhesion of ovarian cancer cells. FEBS Lett. 460, 513-518 (1999).

41.  Xia, P. et al. An oncogenic role of sphingosine kinase. Curr. Biol 10, 1527-1530
(2000).

42.  Xia, P. et al. Tumor necrosis factor-alpha induces adhesion molecule expression
through the sphingosine kinase pathway. Proc Natl Acad Sci U. S. A4 95, 14196-
14201 (1998).




Chem 274, 3449
P.J. & Ganbl e,

sphi ngosi ne kin
agai nst at heros
Ancellin, N et
Sphi ngosi ne 1-

vascul ar matur
al. Induction o
and stabilizati

9- 34505 (1999). 44. Xia, P., Vadas, MA , Rye, KA,
J.R High density |I|ipoproteins (HDL) interrupt the

Barter,

ase signaling pathway. A possible mechanismfor protection
9). 45.

al . Extracel lul ar export of sphingosine ki nasehineopgne.

clerosis by HDL. J Biol. Chem 274, 33143-33147 (199

phosphat e generation and the induction of angi ogenic

ation. JBiol Chem 277, -6667-6675 (2002). 46. Engli sh,
f endothelial cell chenotaxis by sphingosine 1- phosp
on of endothelial nonolayer barrier function by

D. et
hat e

| ysophosphatt3.di Xiadt. ,dWapg)tle,r(Bdmﬁle FiRdifaVedas, MfA. erteatoguoofesphingasmgikogemesi s.

Hemat ot her. Ste
Sphi ngosine 1-p

hmg%ﬂ%{t ecro%a ?actor alglrx1 m}gi 812519 %9 OSIS Iﬁ{hunl‘a% ehdo%e'ﬁal c%fls 9"310

uces -angl ogeni ¢ act i

si gnal i ng nechaM%mm:Wthumaﬂ4ﬂhﬁn%w¢al veln endothellal ceIIs Bi och
Bi ophys. Res. Cbnnun 264, 743-750 (1999). 48. Shu, X., Wi, VV Most

R D & Broe%
factor-lnduced

?pﬁ' REQS Ak' R%exéme%%e?s P, JV%(‘c%ﬂﬂde &Iklgg

ac ivation’ or ras m togeh-acti vate I‘OtEII’l K

on and
em
eller,
rowt h
ses.

Mol Cell Biol 2 dipopt3&Bis ?HBB) [nROODY the @ung@anshaasmsrwdmgmathwa& AMpessivhad, A

Phenoxodi ol ' (2
| sof | avone Deri
Cl eavabl e Conpl
1. A nethod for
associated yth
abnormal cell ul

PR PR Ry Mo RMRUP Y ) 5t SR 274,

t he

SR143MHATA8Sr Research (in press). 5 June 2006 -57 CLAI M5

the treatnent, prevention or anelioration of disease

ARERA AN LGl | E Hz{c\éfh}{ﬁ'l expRe "o APhirdzBlihe %ﬂsé fleE&tyin@n

ar m gratl on, nor mal angl ogenesl s, abno

est r ogen/ andr ogé&nhipgesingcl, pm@ra@nmr@m agg} the induction of anglogemc vascular

46.

47.

48.

49.

maturation. J Biol Chem 277, 6667-6675 (2002).

English, D. et al. Induction of endothelial cell chemotaxis by sphingosine 1-
phosphate and stabilization of endothelial monolayer barrier function by
lysophosphatidic acid, potential mediators of hematopoietic angiogenesis. J

Hematother. Stem Cell Res. 8, 627-634 (1999).

Lee, O.H. et al. Sphingosine 1-phosphate induces angiogenesis: its . angiogenic
action and signaling mechanism in human umbilical vein endothelial cells. Biochem

Biophys. Res. Commun. 264, 743-750 (1999).

Shu, X., Wu, W., Mosteller, RD. & Broek, D. Sphingosine kinase mediates
vascular endothelial growth factor-induced activation of ras and mitogen-activated

protein kinases. Mol Cell Biol 22, 7758-7768 (2002).

Constantinou, A.I. & Husband, A. Phenoxodiol (2H-1-Benzopyran-7-0,1,3-(4-

- hydroxyphenyl), a Novel Isoflavone Derivative, Inhibits DNA Topoisomerase II by

Stabﬂizing the Cleavable Complex. Anticancer Research (in press).

S

J



within blood vessel walls, inflammtion, or imrunol ogical inbalance, which
conprises admnistering to a subject a conmpound of the forrmula Il (as
herein defined) or a pharmaceutically acceptable salt or derivative
thereof. 2. Use of conpounds of the formula Il including phargmpgruwogeal |y
acceptabl e salts and derivatives thereof in the manufacture of a

medi canent for the treatnment, preventiosv- or anelioration of diseases
associated with aberrant cell survival, aberrant cell proliferation,
-abnormal cellular mgration, abnornmal angi ogenesis, abnor nal

estrogen/ anddg®I8 bal ance, dysfunctional or abnormal steroid genesis,
degeneration including degenerative changes within blood vessel walls,

a0, o AR 0Ll U8 805 el 0Bt AL GEOPL 0

in cells expressing abnormal
cont acti ng sai dabersért scelii swwmal,c abmanmdelbfprdlﬁaati@[ Nibhéimal cklRGdrUshiggtion,

pharmaceuti cal | y.a¢c sal t.s onal ly in association with a
carrier or exc%épl enfpaglgl%e eswtﬁbélan? r© %ﬂ'?ﬁ“gﬁ“ frogey jbrlgnes jdysfupgtiond| pPs havi ng
an abnor mal celdbodraal mrgndaenem degaenaioy pRludtigiR g &R SR%ges Wthariibep said
cells with a cqopp ﬁ'\galﬁf Lhe zermla L1 inclu |%%aﬁflharmceutlcally
acceptabl e salts thereof OPTBHRM P guralog fen Whick aeqmpgises

exci pi ent. 5. Admgtnsmmlgftora suhjectba tonn@uad Of QGEBASIIS 1T (s heRRURARED RSSI nY
aberrant angi o h caq s contacting said tissue wth
a conpound of %ﬁmr g?ur';gqgaf‘%égg‘)lﬁé?ﬁ i degva %ﬁ‘ﬁ"ﬁ&%ut ically acceptable salts

t her eof optionally |n association with a carrier or excipient. 5 June 2006
-58 6. A mej hog, | h i tion. o 0i soner ase in a manmal which
net hod corrprl ses fm(% Bl o ]tslt"é’?‘r)dﬁ’é Fg‘maﬁ%‘t‘ﬁﬁmwp&lbi%%@é‘ut ically

effective denvatlves 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. A method of inducing apoptosis in cells expressing abnormal cell survival phenotype
O which comprises contacting said cells with a compound of the formula II including

abnormal steroid genesis, degeneration including degenerative changes _
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.



anount of a conpound of fornula Il or a pharmaceutically acceptable salt or
derivative thereof. 7. A nethod for the treatnent, prevention or
anelioration of cancer in a mammual which nethod conprises the step of
bringing a conpound of formula Il or a pharmaceutically acceptable salt or
derivative thereof into contact with cancerous tissue in a ngafgmRi200pat is
suffering froma tunmour, such that neoplastic devel opnent in said
cancerous tissue is retarded or arrested.- 8. A nethod of claim?7, wherein

t he neopl astic devel opnent is retarded or arrested by the conpound of
formula Il stabilising a cleavable conplex of DNA topoisonerase I11. 9. A
nmet hod of i1 nducing apoptosis in cells expressing DNA topoi sonerase |1 which
conprises cgntactin id.cel]ls.with one or nore.conpounds of .the fornmula
P opt s onaby Rrnateb St R BiPh ol GmEree df iogCRaRBAL WhY BRR hodof
i nhi biting DNA ¢oaipais&ofer st of bdbiisteeifii a6 thd)ghamnladNA {HeRPEBRMB! affective

cl eavabl e conplex with a cogs&ynﬁ of formula |l or g harnac§§tically
accept abl e sal IWRt 962 AR ehéymgk Hoorst ghrpaetiedly 2oeepiRbln st ©bnpl ex.
11. Use of a codegostivd tidkeoFormul a Il or a pharmaceutically acceptable salt
or derivative thereof in the manufacture of a nedi canent for the treatnent
of cancer in a manmal. 12. Use of a conpound of forrmula Il or a

phar maceut i gal | ¥ nR88 Réraky Ceafidnt, pRYeridh b AhdlvRitioh BERBQE irPSmamBd which

t opoi sonerase |l poison. 5 June 5006 -59 13. A pharnaceutical conposition
for,the treatneRtthest cempeds BsnpeR sofn§rnsivpsamaowd of oerbyla ff opr2a

phar maceut i cal | phadede@iitfcAB} Sccspthtile Silt SlederiVatvie BerédT8hB Wonlalt Wik REdcBlobl®N W th
a pharmaceutically acceptabl e carrier and/or diluent. synergistic

14. A
phar maceut i cal Us$ieibamapial hahis syflripg frameadwperirgch that geeplattic deyelopment

adm xture W th ;3804 BekerotaiBle -8R bt sxdkll Ve agent, preferably anot her
topo |1

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 II 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.



poi son. 15. A kit conprising a conmpound of fornula Il and another

chenot herapeutic active agent, preferably another topo Il poison. 16. A
met hod according to anyone of clainms 1 and 3-10 or a use according to
anyone of «clainms 2, 11 and 12 wherein the conmpound of the fornula Il is
dehydroequol . 17. A pharmaceutical conposition according to c gigp Zode0r 14
or a kit according to claim15 wherein the conpound of the formula Il is

dehydroequol . 18. A nmethod for the treatpent, prevention or anelioration of
cancer in a manmal which conprises the step of bringing a conpound of the
formula Il or a pharmaceutically acceptable salt or derivative thereof

i nto contact13wi ApharsREeRAIVMpbIiESHRY the ueaﬁﬁ&mbanc&rf&aﬁlpﬁﬁnl\%ﬁwohmoi rom a
tunour, wherein_in fquounds of the formula Il inhibit tNOX assaoci ated
with said cancefSFelalf 85y pharaagentically aceratple sat prdawamiedpeniin Aogation

cancerous ti ssuwith ph@hédlaehl9acchtailcaier 4/0r Bi@nPf a compound of the
formula H or a pharmaceutically acceptable salt or derivative thereof as a

t NOX i nhibitor. 20. Use of a conpound of the formula Il in the manufacture

of a medi cament Af Qherbidfc platllidRitidaP BorfosiidP¥oRsiafy Aldithothd 6F foHAMNTI ! IS, 5
June 2006 -60 21, A pharpaceutical conposition conprising a conpound of the
formula (111) i Amixee,with apefher ghemopisepeitic sl apeple profmahlyraectharitepg Ky

active agents. 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 IT 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 IT 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.



21.
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A pharmaceutical composition comprising a compound of the formula (II) in

association with one or more other pharmaceutically active agents. -



