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wo@tooshesshaventi on [0001] This invention is in p¢EURL06H/I6T3
of medicinal chemstry. In particular, the invention
rel ates to conpositions conprising co-crystals of
(-)-gossypol with a Cl1 8 carboxylic acid or Cl1-8
sul foni ¢ acid which are useful as inhibitors of Bcl- 2
famly proteins. The invention also relates to the use
of co-cryst absSYPOL €P-CRYSTALP ANDAWHHUSE THEBE@ar boxyl i ¢
acid or Gs sulfonic acid for inducing apoptosis in
cells and for sensitizing cells to the induction of

apoptotic cell B?Daé ﬁhivé ] The
aggressi ve cancer c}éﬁm o}fg%e |sl\?l‘iiel%result of a

variety of genetic and epigenetic alterations |eading
to deregul ation of intracellular signaling pathways
(Pondgireld(__)l'}lalte v@nﬁ%ﬁl 336 (2001)). The commmonal ity for

cancer ce however, is their failure to execute
an apoptotic pr ogr am and |ack of appropriate
a[pom] 0Si s ’ldlltﬁmteﬁtlcdef maleSieldbf idadicing chadistgp dppadiiular, the
machi ner rk of cance L et al ., .
Car o1 Mogbnnisi o Bappd ol A ephaR OF  FlooBpeiman
cancef: chdxoaqdw@sd oi Glsulitinivgeid wbivb elsapedig euinhibitageifck,
radi at i [ I
| nuct ey A0 | TREARRRE Pl bl oo ST chBb Y O
canceeoseap] gith g Exe cubevhh adp optlos |St‘1f<i§‘i*co g%r’iﬁvrdm@wtné
def ectyoplolis th6elis AR fFRbendRARE Qlit f HRGRLIASH Y popbitiisell
often associated with an increase in resistance to
chenoffid apy, radiation, or inmmunotherapy-induced
apoptosis. Primary or acquired resistance of human
cancek, IIQtfe %hffer ent origins to current treatnent
protoco ue to apoptosis defects is a major problem
in current cancer therapy (Lowe et. al.
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normal apoptotic machinery is thus often associated with an increase in
resistance to chemotherapy, radiation, or immunotherapy-induced apoptosis.
Primary or acquired resistance of human cancer of different origins to current
treatment protocols due to apoptosis defects is a major problem in current
cancer therapy (Lowe et al., Carcinogenesis 21:485 (2000); Nicholson, Nature
407:810 (2000)). Accordingly, current and future efforts towards designing
and developing new molecular target-specific anticancer therapies to improve

survival and quality of life of cancer patients must include strategies that



[0003] Two cl asses of central negative regul ators of
apopt osis have been identified. The first class of

WO e@alhasor s i s the inhibitor of apoptosis protBCHES2005/009673
(1 APs) (Deveraux et al., Cenes Dev. 13:239 (1999);
Sal vesen et al., Nat. Rev. Mol. Cell. Biol. 3:401
(2002)). 1 AP proteins potently suppress apoptosis
i nduced by a large variety of apoptotic stinmuli,
i ncl udi ng chenot herapeutic agents, radiation, and
I mmunot herapy in cancer cells. [0004] The second cl ass
of central negative regul ate?s of apoptosis is the
Bcl- 2 famly of proteins (Adans et al., Science
281:1322 (1998); Reed, Adv. Pharnnctol. 41:501 (1997);
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om‘oms] Cel |BcBR @hd B&:XOdte thought to play a role in tumor cell migration
and invasion, and therefore, metastasis. Amberger et al., Cancer Res. 58:149
(1998); Wick et al., FEBS Lett, 440:419 (1998); Mohanam et al., Cancer Res.

53:4143 (1993); Pedersen et al., Cancer Res.,53:5158 (1993). Bcl-2 family

proteins appear to provide tumor cells with a mechanism for surviving in new



(1997); Del Bufalo et al., FASEB J. 11:947 (1997).

[ 0006] Therapeutic strategies for targeting Bcl-2 and
w®ei0s 48041 cancer to restore cancer cell sensPET/UB1095/009673

and overcone resistance of cancer cells to apoptosis

have been extensively reviewed (Adans et al., Science

281:1322 (1998); Reed, Adv. Pharmacol. 41:501 (1997);

Reed et al., J. Cell. Biochem 60:23 (1996)).

Currently, Bcl-2 antisense therapy is in several Phase

[1l clinical trials for the treatnment of solid and

non-solid tunors. [00071 Gossypol is a naturally

occurring doubl e bi phenolic conpound derived from

crude cotton seed oil (Gossypiumsp.). Human trials of
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[0008] A composition comprising racemic gossypol and acetic acid is known
in the art (Sigma-Aldrich Corp., St. Louis, MO). Previous attempts to
crystallize (-)-gossypol have resulted in crystals that are too poor for X-ray
analysis (Gdaniec et al., "Gossypol," in Comprehensive Supramolecular
Chemistry (Atwood et al. eds.), Vol. 6, Pergamon) or in co-crystals of (-)-
gossypol and acetone when using a solution of racemic gossypol acetic acid in

acetone (Dowd et al., J. Am. Oil Chem. Soc. 76:1343 (1999)).



I [0010] It is generally accepted that the inability
of cancer cells or their supporting cells to undergo
W@pmpoosiEs i n response to genetic | esions or BXPUSMNE009673
to i nducers of apoptosis (such as anticancer agents
and radiation) is a mjor factor in the onset and
progressi on of cancer. The induction of apoptosis in
cancer cells or their supporting cells (e.qg.,
neovascul ar cells in the tunor vasculature) is
t hought to be a universal nechanismof action for
virtually all of the effecti4re cancer therapeutic
drugs or radiation therapies on the market or in
practice today. One reason for the inability of a cel
to undergo apopt GYMMARY DEIHEJN¥ENEINY essi on and
accunul ati on of anti-apoptotic Bel-2 famly proteins.
[[@@dL] Th a‘hppﬁﬁeﬁﬂﬁvehﬁmeﬂitésomcdmpmlﬁmp kaiipeising bradrystals of
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of Bcl-2 famly proteins) and/or render such WO
2005/ 094804 PCT/ US2005/ 009673 -5 cells as a
popul ati on nore suscept 0P ¢ tde cell death-inducing
activity of cancer Ho er-ﬁ% §$ or radiation
t herapi es. The presen ANt i ont enpl at es t hat
(-)-gossypol co-cr?g 3 ¢ an unnet need
for the treatnent or- types, either
when adm ni stered as py to induce apoptosis
in cancer cells dependent on anti-apoptotic Bcl-2
famly proteins function, Pr when administered in a
tenporal relationship mnth ot her cell death-inducing
cancer t herapeutic drugs or radiation therapies so as
render a greater proportion of the cancer cells or

rtive; ¢eldntrafa&eRld Bt Qnab@%E 6L LIk &€ or their
apo 0Si S progran1co npared to the correspondi ng
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or anticancer drugs/radiation alone. Put another way,

bec ausl@defaeépmdynfr?%?f’sexvl@w apheoumulation of anti-apoptotic
Bcl-2 family proteins.

[0011] The present invention contemplates that exposure of animals suffering
from cancer to therapeutically effective amounts of (-)-gossypol co-crystal that
inhibit the function(s) of anti-apoptotic Bcl-2 family proteins will kill cancer
cells or supp(;rting cells outright (those cells whose continued survival is

dependent on the overactivity of Bcl-2 family proteins) and/or render such



apoptotic threshold of all cells that express

anti-apoptotic Bcl-2 famly proteins, the proportion
wW@Roosed4884 t hat successfully execute the apopt oOBCHUS2005/009673

programin response to the apoptosis inducing activity

of anticancer drugs/radiation wll be increased.

Alternatively, the conpositions of the present

i nvention are expected to allow adm nistration of a

| ower, and therefore |less toxic and nore tolerable,

dose of an anticancer agent and/or radiation to

produce the sanme tunor respdnse/clinical benefit as

the conventional dose of the anticancer

agent/radi ati on alone. Since the doses for all
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ef f ect¥ gRProYAbIeaneT dpusy angsediafipe freapenisajfdingyn, the present

invention contemplates combination therapies with various combinations of
known drugs/treatments with the present compositions. Also, since the
compositions of the present invention act at least in part by inhibiting anti-
apoptotic Bcl-2 family proteins, the exposure of cancer cells and supporting

cells to therapeutically effective amounts of the compositions can be



[ 0015] The present invention provides pharnaceutica
conposi tions conprising (-)-gossypol co-crystal and a
w@b@sosseut i cal |y acceptable carrier. [0016] H¢EUS2005/009673

invention further provides nmethods of making a

phar maceuti cal conposition conprising adm xi ng

(-)-gossypol co-crystal in a therapeutically

ef fective amobunt to induce apoptosis in cells or to

sensitize cells to inducers of apoptosis with a

pharmaceutically acceptable carrier [0017] The

i nvention further provides-ki-rts conprising

(-)-gossypol co-crystal and instructions for

adm ni stering the conposition to an animal. The kits

rray tepppdrdiyalikyd ¢oneisdide withdre ptrmpipefusdle t@g&ﬁ?tﬂs the
%)@]gwlscl?r §h 1@&%5& to [tﬂeoérn%]:ana—é? %gén@&eﬁtﬂa% B8R,

prOV|

ods of ossypol  co- crystal.

For eRapin éomq:@n@fi%eﬁt&l %mm f’rﬁ‘é @parsisignt of te REseh

CONPI fdnfich mdbo‘ilﬁ&hé’d REh (cm)ta'ug ASHYRO relitdndhpet @eploGidé or m
a solution, filter] t he sol ution, WO 2005/ 094804
PCT/ SpsBEY tieets ¢ c YERNYH C1.8 carboxylic acid or
@o18j sul f Q]P:Gﬁssﬁml do-trpdtd it heefis dbiuthe dwativerithamealiosetiong or
:2} th}i)r%\%gté?l of lﬂlsorger§ reﬁ%orﬂgivett & 1Q&ugli,1]on o%%?&pg&rq %g?geteaglf 9 %g

t enpediatrderse tharattmmd c &y crdysegilagion c of | @peptasig, t Weluding
co-cr FST R Sortdth Ldh1BaiBOHY DL ,
and dophiets Bt 6 0ohh} B Sall SRR
DRAW m@pqﬂlcmag oﬁmbfwfd oy ‘g—'@? émihosaitf‘@wSpf?‘f?ét opRgenibes is
Spect ¢ idtzed % SOSEHPOb 6| Gerdfibsd (£ Hofey Shidh - are
[0020] Fi gure h ws the 13C NVR sFect%§n1oﬁ

(-)-9g @%%%taﬂécré ion et o hormens esipanty e Plyu /e 3
ShOMBmﬁhﬁmﬂnﬁﬂamﬁﬂmsDGBQEQ@MOEw@yﬁdgamSy@Okmhmeﬁmm
acid co-. cryst Fi qur E
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acid or C1.8 sulfonic acid %@3 %g§3¥ co-

cryst QF@thlc%‘?fﬁeﬁuvﬁf"é‘O%%ff(JTgo oA fhTB A or s of
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sensi f ucers N sone
i [A&lt6hnces The fryedtibn furtiercigevides methods of makmg a pharmaceutlcal

composition comprising admixing (-)-gossypol co-crystal in a therapeutically

effective amount to induce apoptosis in cells or to sensitize cells to inducers of
apoptosis with a pharmaceutically acceptable carrier

[0017] The invention further provides kits comprising (-)-gossypol co-crystal
and instructions for administering the composition to an animal. The kits may
optionally contain other therapeutic agents, e.g., anticancer agents.

[0018] The invention also provides methods of making (-)-gossypol co-
crystal. For example, co-crystals may be prepared by a method comprising

dissolving (-)-gossypol in acetone to form a solution, filtering the solution,



apoptosis. Therefore, the invention relates to nethods

of sensitizing cells to inducers of apoptosis and to
woreaohoeisoof i nduci ng apoptosis in cells, conpPCHUSN05/009673

adm ni stering (-)-gossypol co-crystal alone or in

conbination with an inducer of apoptosis. The

invention further relates to nmethods of treating,

anel i orating, or preventing disorders in an ani nal

that are responsive to induction of apoptosis

conprising adm nistering to the animal (-)-gossypol co

WD 2005/ 094804 PCT/ US2005/ 009673 -8 crystal and an

i nducer of apoptosis. Such disorders include those

characterized by a dysregul ati on of apoptosis and
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active nol ecul es conprising the conposition rotate
pl ane pol arized |ight counterclockw se
| evor ot at or YPREEH %@&1@%310%3%@%3’%93/51%3%“ met er .
Preferably, the (-)- gossypol compound has an
CRBY’ TRk X GRYS oRlrNfik Qe P LSS SPRLL TN
npoun an en excess

of at Ctyefalst 10% 20% 30% 40% 50% 60% 70% 80%
i 1% riga% (R3NP Y RIS 39¥e 01

O@b( ) - gossypol In one exanple of -) - gossypo
conpo§R#RL t he specific rotation ([a]E» of t he
cpopgund i Mgad 8 Whows IRDinkBefppdtum F90.god PR boetiS 4Rd tR
about -390, or about -385 to about -390. (See e. g ,
Dowd, “Bfifral i ty, 15:486 (2003); Giesiel ska et al.
CNGIEI] Phy sFigure #it shovdb the Githsy( §88R of-(-Rgdsypol z&étioahcid co-
Ch'ralbé%r 15:196 (2003); and Zhou et al., Kexue
Tongba 28:1574 (1983)). Methods for resolving
r B8k ¢ goS=ypd showe the Gumar Bovidat Gifwetipstspastrina bf §)-gesaypdli ed
(+) - Qketib adid c sypol are known (See e.g., Zhou et
al ., Kexue Tongbao, 28:1574 (1983) (wherein:
L- phenyl al ani ne methyl ester was m xed with the
al dehyde gr ouPETAIRED@ESSRIPOION OF THEMNEESTION f ' s base
with two di astereoi somers which mere then resolved on
a normal silica f]ash chromatography colum. The
P at e WHS PreeghiEumticelaes to SEPop: @S FEBATETE crgEstals of

puri f |(¢xgod@ypon\mtmmt8@gb@ptwacmr sy 4 duFanigeld ("(©lgotskpdcoM t h
yar oF e Mo axt frelh o Riotet 8 i EPinede bl puty
room tpefgier dyuntébitigweatiapagiotiy Bcléngbméy pibeihs, thdh@)- gossypol

i ndi VI gl@kesgglﬁ%{ 919 cegl’&@ﬂ} glﬁgs?gn% in s pﬁl&&ﬂcgs Etéélf 1n (?es
first fraction wt

ue contal n
(-) - gerpinsisl Therpferes theinswtomglates &:mtm‘ismf tehsﬂmngcm}ésrtoRf

val ue akalonefdorokk - 4RS By Rethods TH i aSRRSY PR/ colls,
fractions wer e extracted
comprising administering (-)-gossypol co-crystal alone or in combination with

an inducer of apoptosis. The invention further relates to methods of treating,
ameliorating, or preventing disorders in an animal that are responsive to

induction of apoptosis comprising administering to the animal (-)-gossypol co-



into ether fromthe residue after renoving THE from
the reaction m xture. The gossypol fractions were
wao besopasod fi ed by chromat ography on silica gel PErnus2005/009673
eluted with hexanes: EtOAc (3:1 ratio) to give
optically pure gossypol, with a yield of 30-40%in
two steps. The optical rotatory dispersion values for
t hese WD 2005/ 094804 PCT/ US2005/ 009673 -9 products
were abD= -352 (c=0.65, CHC13) for (-)-gossypol, and
aD= +341 (c= 0.53, CHC13)). [0026] The term"Cl_8
carboxylic acid," as used hdéein, refers to straight-
chai ned or branched, aromatic or non-aronmatic,
saturated or unsaturated, substituted or
unsubgwitalyensd ac1inguicerrob PRYPIPSES. acPugh Hippedegr inegide bhese not
l imt @fgra%@mzedf@r gsr@g‘aiaﬁbn @C@fobtﬁs@‘a‘ﬂdjtho&r Q. OBi6d a¢i d,
n-butyric acid ric ac pent anoi ¢ aci d,

2- penP‘é?FPéPfESSE’BPBan“ﬁP‘FPé%‘ﬁﬁﬁll a‘&@f H"telﬁs hexanoi ¢ acid, n-

hegspnoi c ”mél teﬁns m )-@&Isﬁﬁl:)’r & “&)}gcdsypéimbmbmmd/&ﬁmpdsmon, as
succi ni

aci d u%:ﬁ th?rfele rg%:f 18) an og%ciaﬁ% acgge %Pmposm n o(t: I%OS, o)(poﬁwlgere 1 &xe
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o SRR AL R30S ALY
uns ub8teferahtyethe C-gossangl faspoenddes an erapiégimers pxgessiofitl oriot

I'i mi t eghof O Jﬁ@%ﬁﬁ&ﬁ%&ﬁk ftﬁénd-)cgos l‘é@mﬁ)hﬁtﬁﬁh%%H leh R Rbrferic
acid, n-praopanesul fonic anesul fonic acjd,

e DueHABSRRY I L% 0, 3Ryt SHONe ARPey PR 519

n- hexamesabd o, 058 bebs, 7%, b@’/p,tS&W@Sﬂli(ﬁ)%m)Cgoﬁﬁjlbdﬂ, In one
n- oct anesuyl fon i j

aci d,, and enesul foni.c acj d.
0026 FRE Yt HoPyelsBRNmET B8 ey rvon BEhfot e
her ei nompoeddes Sbdud-380° to atmpOS9A°) abnutcﬂﬁ‘ptoiasm €890°, or about
- d
o Al o oS BRly D, L BAEPUAR £
pr ot eﬂhsChhmathﬁsé-dﬂ hibsﬁéP r(299ﬂbfft§?e§mﬁ1b elhe't: HC-hirplgy, 15: 196

ti- t e Ty,
gﬂt i ngz{@@jlgl fgnﬁdt glaaqfégbz@%g @E Ma% 5%1%71 @mil)y Mé%hélﬂilng

BOO- DFYRYIngEpemip g@ésrp0160onBelfndﬂamthﬁ%staBEzﬂlywuﬂﬁe&r(a> fhe)-
pr o- a@&@;tpet 416 kﬁaﬁqu.fese@ ZHoli @ &G IeRuel BoREYay, 28t 1324 Uding,

but n Bi m
Reneigar v islioe T Soh oy ok al e Fai)

c 0 nt aiohgoagpgitofosn nSchiffiabasawith tve diabtart@gbdors vhih sigpdien

conpoun 00 T, y r e}

ant - SRRt oer 5% o R BUBRER EBR 2 e vas

her ei ngncengrhied,sand theapsidik evpapestficl dy ehrofmetography @b estlica el

| evel }6f, mwéﬁaneseﬂégglﬂgm bR A Frink - ARG RISt} sfs JBEHe - 2
famly proteln%% /or to elevated |evels of

anti - aﬁbﬁftca?nscn |H02T¥15m §-yoqst SHasIHiS) OvEHishia Fagenerted
conpamRdndiAddl Bdsky@bl enantiomers, respectively. The first fraction with a

higher R¢ value contained (-)-gossypol, and the second fraction with a lower Ry

value contained (+)-gossypol. The crude gossypol fractions were extracted
into ether from the residue after removing THF from the reaction mixture.
The gossypol fractions were then purified by chromatography on silica gel and
eluted with hexanes:EtOAc (3:1 ratio) to give optically pure gossypol, with a
yield of 30-40% in two steps. The optical rotatory dispersion values for these



correspondi ng non- pat hol ogi cal cells expressing basa
| evel s of nRNAs encoding anti-apoptotic Bcl-2 famly
w@e@te4ss4 or havi ng basal |evels of anti WO 20PGr/0S2089d09673

PCT/ US2005/ 009673 -10 apoptotic Bel-2 famly

proteins. Methods for detecting the I evels of nmRNAs

encodi ng anti-apoptotic Bcl-2 famly proteins or

| evel s of anti-apoptotic Bcl-2 famly proteins in a

cell include, but are not limted to, Western blotting

using anti-apoptotic Bcl-2 famly protein antibodi es,

I mmunohi st ochem cal net hods,9- and net hods of nucleic

acid anplification or direct RNA detection. As

i nportant as the absolute | evel of anti-apoptotic

Bcl - 2phdusisiwerepmot ¥2hs=0.65, CBCls5for (-Bgosypalatng pnt hi4d(ct hat

they ?&e%%fpress anti-apoptotic Bcl-2 famly proteins
S0 is the relative level of anti-apoptotic Bc

f[&(ﬁaﬁ] y prdteiws "Cos enbrylipeadd" apeied bere. wigmiol stiaight-

ol eCii gsd c,e bgmehe@ré?orﬁ‘a{?ig Rdr Ofoh GroBtic, Zath@fl | o WAEALREDS)
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pro-apoptatic.. signaling.ool ecul es ul.d be .sufficient
P 0 alB i i R gsieo Je P GG a8 BUGERES Pt
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anti - or their
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dfi2étti ve Tarr’@umifclefsul@nlc asidl asap@ﬂphemn, tefBeio saighiphaingd

pr ot ebxrbraln@ln:ti b dkic ox\MoLlJaroQﬁtlcg szttflrhtgd &rﬁhsaﬁ%teqaéﬁﬁﬁmﬁéa%r
cells to execute the apop tosis program and die. _Thus,

the t BISHsiEEeS Fe&%}f@%%%’nm@fldl% b‘gﬂf’ nai5e i Bethpnepigionio
fam | i@ remalebmrf“omalaa@ n-prefaféstlidn@ defl ]Z-‘prob:hﬁiulfoﬂbl ecuu @-t he

rel atjve I els of pro-a totic.,signals
IR e TR CH NI B 1 e
inhibmmmngm&mkemﬂnmamnanmmmneQOdben@mmﬁﬁmcmmht

i phichi t t t. t j |
PEBL, o 1 PPl POl BRoR s iRl Bl
"ant i mp@e'rionchomgnsﬂngapg-crysfeld ofier-goissypol apdd 6r8 qatboxpiliy acid

t her apayt karnagend. (e. 9., chenotherapeutic conpounds
and/ or nol ecul ar therapeutic conpounds), radiation

tIR@Ohpi es The ferma (Pefi 2 Bmily profedsioy i tiped rhereimy, &dias fopboi ke
t r eat pRdpobtichyRBER 6Othé BaNAhhike indluGied SeSoslusikd 8§ Bel-

cance cand

"t hor gl APRIEL o BRGE e B G 58 et Bri:

r ef er sndtthe prb—hlaiptoﬁmemlbersorff thelBel-2 lfﬂ’ﬂbtpﬁ@]ildmg, hgemthmlted
suffi 0 S e ratign

Ssynpt %ﬁgnl%j fBtax %a% %ﬂrl% eI-#rQ I%m bm? a% v¥eﬂ aavglﬁlg ggl -2 l?omo

di sor demain ¢ (BEHu sentaisep @sgql@n thaf arch eegddlatod r bie rgossienl
exanpL&moiidsh respect to the treatment of cancer, a

therapeutlcally effective anpunt preferably refers to
t [AL30L npuntTheferm “overexpression of anti-apoptotic Bel-2 family proteins,”

used herein, refers to an elevated level (e.g., aberrant level) of mRNAs
encoding for an anti-apoptotic Bcl-2 family protein(s), and/or to elevated
levels of anti-apoptotic Bcl-2 family protein(s) in cells as compared to similar
corresponding non-pathological cells expressing basal levels of mRNAs

encoding anti-apoptotic Bel-2 family proteins or having basal levels of anti-



WO 2005/ 094804 PCT/ US2005/ 009673 -11 therapeutic
agent that decreases the rate of tunor grow h,
waelewseasses tunor mass, decreases the nunber 0PCT/US2005/009673
net ast ases, increases time to tunor progression, or
i ncreases survival tinme by at |east 5% preferably at
| east 10% at |east 15% at |east 20% at |east 25%
at |l east 30% at least 35% at least 40% at |east
45% at | east 50% at |east 55% at |east 60% at
| east 65% at |east 70% at |least 75% at |east 80%
at least 85% at |east 90% 1wt | east 95% or at | east
100% [0033] The terns "sensitize" and "sensitizing,"
as used herein, refer to making, through the
adni nipsptotis Baa fokilyzpréteins tMethpsln for deteqiing th lvelpbuRbALS
For wér@oct)r}g’ anfRppkiEB-24my §i6tbins Y l&ms R A BoieRIBLDT €
susce , Or nmore responsive, t he bi ol ogi cal

ef f ectesily grofgins ingy shnclugs bearemot Hﬁl&éﬂ? a?}ﬁeStﬁ'fn bIHIIgISEg ¢

of celdhilbhafiotc WAL f2@0y hoGhusivagies, ButundBbtodhbticilagiibe,
cell growth, proliferation I, nvasi On%%ﬁég‘# gene5| LS,
[

or apBUBEIs oG AISIE At AP AN oS iy

ef f eCimposdnt & thd dbsdlutapes bf aini- @oﬂtﬁfc@t-Z Caalilly peoseins trecells
rerfe?z u{s ?o de?enm‘inl?lg thg,\! t{'u{y oveer%?esé an%l-apo éOt]ic g&f,c]lepo %ﬁ Prot% ngg ¢ glf
cel | uattlar is fherrelative ﬂﬁVPImf lauttinogtotibBel-2rfemily prmeme@ Qﬂ@,r roel |
gr owt %OF@§CO ls%{aﬁﬁgtrao@aules ter)gt\: a5t QoptAl O Q4 AR rotéths)

“apopt 0s served upon the admnistration o

seconwitig @k gt Whenibe balaperand thesedirp ate stahdiat gisredtnot foe
firstynagents. ofThe ahﬁ‘-%ﬁl@fbﬁ@ Be0f by pRBsHs! ulzeeﬁoaﬁip{ou@ an

be i ncreased St % . at Iea at
200 " SE s eeedisg. oy e aliodh  cute LAl Bovseus; B
| east apZﬁ&(ms fabgrang aﬁltdleSQ% ceMwoultﬂﬁﬂépeﬁdb% ondlie dnth-agdptoli©® 0%

at le % 2 5 st
S00% P3P gtpr‘%gﬁsof Fhei” S al40’60 B el g’s‘ﬁ"“ﬁ% bR

at | embﬂaltlsg)eﬁi@m@mouﬂﬁ ef arr st ppapétdic iBnl ; fa@ﬂab@@mehlbfort he
first Wﬂﬂ%@ﬁfﬁClLﬂQQ@élalls tneecei@{orpx ﬂ%stﬁeec@%tésﬁsl ﬁ&kﬁ%{ and die.
apoptosis, ™ as used herein, refers to any aberration
in t hehugghe ey opspreRpeession, of Bt i prieticBchh family profemn” glso
under gerCie bbnsARa il ¥R reldie Mvers bSpro-bYoptoBe sibmlsiaBd ardit

apoptosis . is, associated with or induced riety
of cofRPPi% ﬁ’sg“ﬁ% g ﬁ@"Pfoé‘F BXHRIE, o l?%%“ﬂ%nf#g tive
di sor siegusits OBc@nppunds thaiiskibiCthd fipetion of yntifpepadtio Buls?, family
rheurrat,pl d arthritis, graft-versus-host disease,
rryast i gravis, or Sjogren's syndr ome) chronic

i [003Lhmmat dhy tepm tHintianges agefiid, agd ;anfiepmedr algigs, as astdrhereingr
Cr ohn! r ,
L unor ge?er qbsﬁ ?%ﬁ%&peﬂ% Qa%atﬁ’ (9% ﬁernﬂ)tt}e}ﬁﬁTugb %9%9@2% gn\q}/l‘orga

i nf ectnp]@ﬂgar( éhe@apeunhep@tggounqm Zm,omgggggles or surglcal
PCT/ U@%@@%&Q%Z@m thd 4reatment of hyperproliferative diseases such as

cancer (e.g., in mammals).

[0032] The term “therapeutically effective amount,” as used herein, refers to
that amount of the therapeutic agent sufficient to result in amelioration of one
or more symptoms of a disorder, or prevent advancement of a disorder, or
cause regression of the disorder. For example, with respect to the treatment of

cancer, a therapeutically effective amount preferably refers to the amount of a



papi |l oma, or H'V), and other conditions such as

osteoarthritis and atherosclerosis. It should be
wmodosmogshat when the dysregul ation is i nduced PYI/US2005/009673

associated with a viral infection, the viral infection

may or may not be detectable at the tine

dysregul ati on occurs or is observed. That is, viral-

i nduced dysregul ati on can occur even after the

di sappearance of synptons of wviral infection. [0035]

The term "hyperproliferative di sease," as used herein,

refers to any condition inllhhich a |ocalized

popul ation of proliferating cells in an animal is not

governed by the usual limtations of normal grow h.

Exanpkhewpeytic agppphripdegieispetha ity of #neheigaths decrreses duanor

L UNDI GiassNERBERSRhe n)HRP OdFRe@fisled hlﬁcredsésk @ime AtoN Q@R aSM
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di sor ers 0| nmune ytic anem a

aut oi intdal bielogitdl toffsct (Ber geptotion off wgdstionopf mgﬁspect of

nephr Qaﬁtawunc&&i InBIRdiRD e notCIRERAI 6, LAl LBUE, ?%ﬁféfaﬁ
Crohn's _di sease, dermatonyositis, fibronya

r a t
ver suIVAEEY apEogeneEs or EPORiPEIIsobseYed dinans the Pé%“’ﬁ}s o’ Og
t hyr Ok&dbid dent ivdih QpBdk oGt etdhﬁlﬁvﬁ’btﬁﬁ)bf QxB(ﬁEHt agepil TRkegponse

i chen | a [ tiple scl a S,

bsor - A6HE SEERHE Al o Paarees 5 Rt 2EbeR Ay gLl

scl er aahsy avdeast 30ty atdersis50%y atdleoNE0Y, :atyls:tsem%, ak lepa 80%, at

S[ %’It r‘?e“%‘é)%hgq%a%&ieﬁ%ﬂm %Lsf‘gg)a/e?e 1%% &ﬁ%ait'léé& esg(%*l/ dt ;leﬁst

di sea§@0% aplpagy §81%6, lalewst #00% etfl@ﬁts45t)% qulea% ﬁQﬂ”/wa‘{er the

growmt tx]es s e SbdRfe BB E ki é‘nt beni gn (non-cancerous) or

mal i gnant (cancerous). WO 2005/094804

P@W 520057/(1796%17 @ysregileﬁm 3BIetoie af @peghherein, refers to any
"ant i wheeRdinas the GbiRgoNt.g | p@&sﬁd&ﬁ(ﬂl) hedied ﬁhdetfgﬁﬁeﬁlrcﬁatﬁ Gia any

gg?‘gggg%fotsgat%’:s%ét aélgtsf g;}gopgglg 19! asggc%t[eldovglth grm uced by a

variety of conditions, including for example, autoimmune disorders (e.g.,

systemic lupus erythematosus, rheumatoid arthritis, graft-versus-host disease,
myasthenia gravis, or Sjégren's syndrome), chronic inflammatory conditions
(e.g., psoriasis, asthma or Crohn's disease), hyperproliferative disorders (e.g.,

tumors, B cell lymphomas, or T cell lymphomas), viral infections (e.g., herpes,



mal i gnant) neoplasm [0039] The terns "prevent,
"preventing,"” and "prevention," as used herein, refer
W@ 2008/09804 ease i n the occurrence of pathol ogi ceCT/U81005009673
(e.g., hyperproliferative or neoplastic cells) in an
animal. The prevention may be conplete, e.g., the
total absence of pathological cells in a subject. The
prevention nmay al so be partial, such that the
occurrence of pathological cells in a subject is |less
than that which would have occurred w thout the
present invention. [0040] -The term "synergistic," as
used herein, refers to an effect obtained when
(-)- gossypol co-crystal and a second agent are
adm npapiliemed of dg&hhend ofher pondiipms t feh 98 nesteoprfhwitiprangne
after atBQ(%cl%B?rI)c sHolRlbe nSte HEAVRE tﬁemaﬁegmgma@ tHahdod By
ef f ect (-)-gossypol co-crystal and the second agent
when ard%wqﬂa@ti S8 Vireh nfeption de yjral *FFFéﬁogy%fr i 83y ot be
ef f eClietdlablows tHeQfmd @MREuISIRE @ScudS or(is obQASE Y MBAt i€, Oriral-
crystal ang/ or the second ag be adn12|st red or
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in tu l’gorform gf‘cébll roldf%raaoenaiﬁ%hln 0 antlrbc?eage in cglf number 1n a tissue
net ast’dses, PREFEAEE™ TN 5 e tunor  progressi on,
or aneor qrgm)metage sigmfigutralteratidn i stmeture'bh Binction. Metaplasia is a
co- adgg i wn%ﬁeqr&e@gmw nAARRRO Lfypg Qr Gy %ﬁ@tenﬁm cefiN

anti cancer ow for the use of | ower doses

age
of (- ?m&6§§Vﬁﬁmm@65méP?%ﬁ%@ﬂ%M@ﬁﬁr the anti cancer
aﬁmi suclrht pagoldsiRel SRR Gfach\?ateﬂfl}fnﬁﬁblli‘éﬁis)éft&rf@sﬁtﬂﬂ an

ile avoidin substantial toxicity to th

subj e®fomngpg %OIA% ar ¢ ghyppic ghﬂealfla‘mfyafgnifioad As e hprein,

| ncI udﬁ$enh hautbie@iuhedisoddefixefers+d any]:@r%tlon Thwisich ahakp@anitm

PCT/ Ugf nS ES %Hggd% oqu%% eov%] /ch%ﬁ%erth{: or amst?s own

antl-apbpﬂ@twﬁsEuhm@sfﬁnmhwﬁpg@mathObﬂmmhmmpﬂb@@m$

|nven t f
E)dgféﬁe %Ft%mﬁ&ﬂp%ékiyg@%gg@gg 5“?‘?“?&3%. d‘%MSS @ér%e 9

suI f oﬁiS@Sfa@llaA fiepfhropathy; selizp Ghrugs ehrelrl‘y ftigyiesyndrome, Crohn’s

(-)- G@ﬁ@ay@falmnagbﬁlyssﬁaéslﬁaﬂo blr_ﬁglﬁxﬁﬁ?tv&glst RstO@sAR! erstabl e

than (- ossypol al on
Silsgaseg Hash}/rrrlaoto s therldletlS 1d10pathlc t%rombocytopema purpura, lichen -

planus, multiple sclerosis, myasthenia gravis, psoriasis, rheumatic fever,
theumatic arthritis, scleroderma, Sjogren's syndrome, systemic lupus
erythematosus, type 1 diabetes, ulcerative colitis, vitiligo, and the like.

[0037] The term “neoplastic disease,” as used herein, refers to any abnormal

growth of cells being either benign (non-cancerous) or malignant (cancerous).
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present conpositions are expected to be nore stable
than previously described conpositions conprising
(-)-gossypol. Any C1.8 carboxylic acid or C1.8
sulfonic acid that is capable of stabilizing
(-)-gossypol can be used in the invention. The nol ar
ratio of (-)- gossypol to carboxylic acid or sulfonic
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to about 1:10, preferably about 2:1 to about 1:2,
more preferably about 1:1. In some enbodinents, the
8938t r at iThe gy SIntigserliiio eeeh” arek rER: ATy tHrany
sulfo Eun@pomapma rétads th) prOBESNAY bro® s 61 ypfehdbf Lidigeth(eghout
10:1, 9:1, 7:1, 6:1, 5:1, 4:1, 3:1, 2:1, 1.5:1,
1: 1, Tﬂlig“snt)‘f"lﬂasmls 1:4, 1.5, 1:6, 1:7, 1:8, 1:9, or
J{DOSDD [ 0C[4a8]tenim“mwenté n‘bxadanﬁm‘it axﬂf“pteivmtwrﬁVanIsed)herdnhe
Cl 8 carb xyI| dig . a a a0 .ano r
erBodiBnto { - §uis o Je” BEhirce P6Y DahBBCLIE" e
(-)- gbmwprhtferauaﬂ dr @eﬁl@aﬁe cells] o ammalahoﬂmpmamioo ngf be
about c&nplete lerg ath@m%geﬁ& STRRIIRAN celil B2 shbjdet. The

co-crystal of (-) and acetic acid isS in the
f or m BEVERET BHY B bﬁé’?‘é‘al v@h Pt i esiraes papdelossa) e9ls) s.
I nangt hambichr'ie fesy thacihe v ivwinthavd Gt8urfedwithbt $hedtrestiS
char act er zed by integration of 1H NWVR spectrumat S
2.11 {08y which is one nethyl signal of acetic
J0048] and 6rh2.tkfd “(sgnergBt),” Whin@h hiesing vefers me:tmgﬁectsélmﬁl&ﬁs
rorfayggsﬁyrp g-%%oslgacgé"c%]crg?;gP Fa oanpgg'ndt ansareto Ildrr1 nllllstg'reci %}g&selt(l Ioln
i N t héegrat thanadnaimadiroos @f@e dlelorhet) et Bezaaiot then the pdddive
e”b(’dlai*i*%%m)f (5:86sSp¥iS E R RstaRaRd lﬁfees@@d'ngdagm( oS S@h¥isRRd
ossq[la1 I'n ‘acetone to forma solution, filtering
t he s Sdiyiduglly: Theiymergiste affect allovedprdscyaridesened (- ge%syrelcos
su : f ?Bﬂyﬁalt%ﬁdl/& thd'Heébg& E@nﬁ@ b&édn@:ﬁsté%d dt pmviawgeaw bftibacy he
sol utiop tur i e

Vi ﬁ )l ut | on at
¢ oom £ et SR Pt b Sl 0 180
form Q(O%wtymtab% atd@btl 4004 hirlepst 508, aDleast Yash,ak &ast iets it ng

th o t
CoeC?P ait %F) o, atefeast 9\6%, Q n%ls’%l.%b% e? leatstalag%ﬁt eagg f%, Afé Baﬂst
PCT/ USQSO@W @@9@?@%, at 1@9stskiPYt atdeest 300pA, peldash 580 ras leasht

SUIT'T iy, o?@ﬂ%?%O%%HH@ biidh H{e%ddlt‘%ve' e?é& o§° BN )%95‘3&11’01 cozog

preferably about 0-15C, nore preferab about
time PotelcemPRg 3ltddhe weqnﬁﬁgqnbwhwmrnaﬁtﬁgf‘é individelly- ni r

to 1 davipledwii R&pehthdind RBmlchi B2 cdnSeraBOdhergidiicABR nDe a The
co-crystals may be_ coll ect edépé&}sg sui t abl e .means,

i ncl ud‘?‘ﬁ‘F@SG IB)'ihefr"i‘tF P et oWl ggie m?rd?asmémr??@e Phe
CO- Cr Wt minbendEymdrRtagryanSitdréaad Inctimes @l MABE progresgion, or an

hexan ?ﬂcregsee r%rtl selllrv(:i"\}al tb rrelen ZI%Q gd a&mlmé'{reap oil of ?5 g(p gt I<‘)loc|0-ecl'l @?aﬁtn er.
The TP Ee

an anticancer agent may allow for the use of lower doses of (-)-gossypol co-
crystal and/or the anticancer agent such that the cancer is effectively treated
while avoiding any substantial toxicity to the subject.

[0041] The term "about," as used herein, includes the recited number -+/- 10%.

Thus, “about 0.5” means 0.45 to 0.55.



washed co-crystals may be dried at room tenperature,
preferably in a 1ightproof container. The co-crystals
woreopsadssot be dried in a vacuumdrier, preferabdUs1005009673
el evated tenperature (e.g., about 30-60C, nore
preferably about 40C) for about 6-72 hours,
pref erably about 12-48 hours. [00451 (-)-Gossypol has
been shown to bind to Bcl-2 and Bcl-XL at the BH3
bi ndi ng groove and to have significant anticancer
activity (U S. Patent Application No. 2003/0008924).
An inportant aspect of the pgfesent invention is that
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form a solution, filtering the solutlon addmg a Cr.g carboxylic acid or Cg

sulfonic acid into the solution with mixing until the solution turns turbid,
leaving the turbid solution at room temperature and then at reduced
temperature to form co-crystals, collecting the co-crystals, washing the co-

crystals with a solvent, and drying the co-crystals. In one embodiment, the



usi ng the present nethods and conpositions. A
non-limting exenplary list of these diseases and
w@onvdioe48ens i ncl udes, but is not limted to, CRCVESH05/009673

such as breast cancer, prostate cancer, |ynphong,
skin cancer, pancreatic cancer, colon cancer,

nmel anoma, malignant nel anoma, ovarian cancer, brain
cancer, primary brain carcinom, head-neck cancer,
glioma, glioblastoma, liver cancer, bladder cancer,
non-smal | cell lung cancer, head or neck carci noma
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agent Sbme 0 tLe eggodlments, the cells (e.g., cancer cells) show elevated
expression levels of one or more anti-apoptotic Bcl-2 family proteins as
compared to non-pathological samples (e.g., non-cancerous cells). In other
embodiments, the cells operationally manifest elevated expression levels of
anti-apoptotic Bcl-2 family proteins by virtue of executing the apoptosis

program and dying in response to administration of an inhibiting effective



agents, and anti-inflamuatory agents) and/or
t herapeutic technique (e.g., surgical intervention,
w@eas09480adi ot her api es). I n some enbodi ments, PEEUS2005/009673
conbi nation of (-)-gossypol co-crystal and one or nore
t herapeutic agents will have a greater effect as
conpared to the adm nistration of either conpound
al one. In other enbodi nents, the conbination of
(-)-gossypol co-crystal and one or nore therapeutic
agents is expected to result in a synergistic effect
(i.e., nore than additive)l&s conpared to the
adninistratlon of either one alone. [0049] A nunber of
suitabl e anticancer agents are contenplated for use in
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degenerative conditions, vascular diseases, and the like. In some
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corticosteroids); cyclooxygenase 2 (COX-2) inhibitors
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agents; antitumor antibiotics; antimetabolites; hormones; platinum
compounds; monoclonal or polyclonal antibodies (e.g., antibodies conjugated
with anticancer drugs, toxins, defensins), toxins; radionuclides; biological
response modifiers (e.g., interferons (e.g., IFN-c) and interleukins (e.g., IL-
2)); adoptive immunotherapy agents; hematopoietic growth factors; agents that
induce tumor cell differentiation (e.g., all-trans-retinoic acid); gene therapy

reagents (e.g., antisense therapy reagents and nucleotides); tumor vaccines;
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[0051] In still other embodiments, the compositions and methods of the
present invention provide (-)-gossypol co-crystal and at least one anti-

hyperproliferative or antineoplastic agent; e.g., selected from alkylating
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compositions and methods include, but are not limited to: 1) folic acid analogs

(e.g., methotrexate (amethopterin)); 2) pyrimidine analogs (e.g., fluorouracil
(5-fluorouracil), floxuridine (fluorode-oxyuridine), and cytarabine (cytosine
arabinoside)); and 3) purine analogs (e.g., mercaptopurine (6-mercaptopurine),
thioguanine (6-thioguanine), and pentostatin (2’-deoxycoformycin)).

[0054] In still further embodiments, chemotherapeutic agents suitable for use
in the compositions and methods of the present invention include, but are not
limited to: 1) vinca alkaloids (e.g., vinblastine, vincristine); 2)
epipodophyllotoxins (e.g., etoposide and teniposide); 3) antibiotics (e.g.,
dactinomycin (actinomyqin D), daunorubicin (daunomycin; rubidomycin),
doxorubicin, bleomycin, plicamycin (mithramycin), and mitomycin
(mitomycin C)); 4) enzymes (e.g., L-asparaginase); 5) biological response
modifiers (e.g., interferon-alfa); 6) platinum coordinating complexes (e.g.,
cisplatin and carboplatin); 7) anthracenediones (e.g., mitoxantrone); 8)
substituted ureas (e.g., hydroxyurea); 9) methylhydrazine derivatives (e.g.,
procarbazine (N-methylhydrazine)); 10) adrenocortical suppressants (e.g.,
mitotane (0,p’~DDD) and aminoglutethimide); 11) adrenocorticosteroids (e.g.,
prednisone); 12) progestins (e.g.,, hydroxyprogesterone caproate,
medroxyprogesterone acetate, and megestrol acetate); 13) estrogens (e.g.,

diethylstilbestrol and ethinyl estradiol); 14) antiestrogens (e.g., tamoxifen);
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Table 1
Aldesleukin Proleukin Chiron Corp.,
(des-alanyl-1, serine-125 human interleukin-2) Emeryville, CA
Alemtuzumab Campath Millennium and ILEX
(IgGlk anti CD52 antibody) Partners, LP,
Cambridge, MA
Alitretinoin Panretin Ligand
(9-cis-retinoic acid) Pharmaceuticals, Inc.,
San Diego CA
Allopurinol Zyloprim GlaxoSmithKline,
(1,5-dihydro-4 H -pyrazolo[3,4-d]pyrimidin-4-one Research Triangle
monosodium salt) Park, NC
Altretamine Hexalen US Bioscience, West
(N,N,N',N',N",N" - hexamethyl-1,3,5-triazine-2, 4, Conshohocken, PA
6-triamine)
Amifostine Ethyol US Bioscience
(ethanethiol, 2-[(3-aminopropyl)amino]-,
dihydrogen phosphate (ester))
Anastrozole Arimidex AstraZeneca
(1,3-Benzenediacetonitrile, a, a, a, a-tetramethyl- Pharmaceuticals, LP,
5-(1H-1,2,4-triazol-1-ylmethyl)) Wilmington, DE
Arsenic trioxide Trisenox Cell Therapeutic, Inc.,
Seattle, WA
Asparaginase Elspar Merck & Co., Inc.,
(L-asparagine amidohydrolase, type EC-2) Whitehouse Station,
INJ
BCG Live TICE BCG Organon Teknika,
(Iyophilized preparation of an attenuated strain of Corp., Durham, NC
Mycobacterium bovis (Bacillus Calmette-Gukin
[BCG], substrain Montreal)
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Cisplatin Platinol Bristol-Myers Squibb

(PtClHgNs)

Cladribine Leustatin, 2-CdA |R.W. Johnson

(2-chloro-2'-deoxy-b-D-adenosine) Pharmaceutical
Research Institute,
Raritan, NJ

Cyclophosphamide Cytoxan, Neosar [Bristol-Myers Squibb

(2-[bis(2-chloroethyl)amino] tetrahydro-2H-13,2-
oxazaphosphorine 2-oxide monohydrate)

Cytarabine Cytosar-U Pharmacia & Upjohn
(1-b-D-Arabinofuranosylcytosine, CoH;3N;05) Company
cytarabine liposomal DepoCyt Skye

Pharmaceuticals, Inc.,
San Diego, CA

Dacarbazine DTIC-Dome Bayer AG,
(5-(3,3-dimethyl-l-triazeno)-imidazole-4- Leverkusen, Germany
carboxamide (DTIC))

Dactinomycin, actinomycin D Cosmegen Merck
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Darbepoetin alfa Aranesp Amgen, Inc.,
(recombinant peptide) Thousand Oaks, CA
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((8S-cis)-8-acetyl-10-[(3-amino-2,3,6-trideoxy-4- Pharmaceuticals, Inc.,
L-lyxo-hexopyranosyl)oxyl-7,8,9,10-tetrahydro- Boulder, CO

6,8, 11-trihydroxy-1-methoxy-5,12-
naphthacenedione hydrochloride)
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dromostanolone propionate Masterone Syntex, Corp., Palo
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Elliott's B Solution Elliott's B Orphan Medical, Inc
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Epirubicin Ellence Pharmacia & Upjohn
((8S-cis)-10-[(3-amino-2,3,6-trideoxy-a-L-arabino- Company
hexopyranosyl)oxy]-7,8,9,10-tetrahydro-6,8,11-
trihydroxy-8- (hydroxyacetyl)-1-methoxy-5,12-
naphthacenedione hydrochloride)
Epoetin alfa Epogen Amgen, Inc
(recombinant peptide)
Estramustine Emcyt Pharmacia & Upjohn
(estra-1,3,5(10)-triene-3,17-diol(17(beta))-, 3~ Company
[bis(2-chloroethyl)carbamate] 17-(dihydrogen
phosphate), disodium salt, monohydrate, or.
estradiol 3-[bis(2-chloroethyl)carbamate] 17-
(dihydrogen phosphate), disodium salt,
monohydrate)
Etoposide phosphate Etopophos Bristol-Myers Squibb
(4'-Demethylepipodophyllotoxin 9-[4,6-O-(R)-
ethylidene-(beta)-D-glucopyranoside], 4'-
(dihydrogen phosphate))
etoposide, VP-16 Vepesid Bristol-Myers Squibb
(4'-demethylepipodophyllotoxin 9-[4,6-0-(R)-
ethylidene-(beta)-D-glucopyranoside])
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(recombinant peptide) Inc., Nutley, NJ
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Reference and to Goodman and Gilman's "Pharmaceutical Basis of

Therapeutics" ninth edition, Eds. Hardman et al., 1996.

[0058] The present invention provides methods for administering (-)-gossypol
co-crystal with radiation therapy. The invention is not limited by the types,
amounts, or delivery and ddministration systems used to deliver the
therapeutic dose of radiation to an animal. For example, the animal may
receive photon radiotherapy, particle beam radiation therapy, radioisotope
therapy (e.g., radioconjugates with monoclonal antibodies), other types of
radiotherapies, and combinations thereof. In some embodiments, the radiation
is delivered to the animal using a linear accelerator. In still other
embodiments, the radiation is delivered using a gamma knife.

[0059] The source of radiation can be external or internal to the animal.
External radiation therapy is most common and involves directing a beam of
high-energy radiation to a tumor site through the skin using, for instance, a
linear accelerator. While the beam of radiation is localized to the tumor site, it
is nearly impossible to avoid exposure of normal, healthy tissue. However,
external radiation is usually well tolerated by patients. Internal radiation
therapy involves implanting a radiation-emitting source, such as beads, wires,
pellets, capsules, particles, and the like, inside the body at or near the tumor

site including the use of delivery systems that specifically target cancer cells
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triazole, 4,5-dinitroimidazole derivative, hydroxylated texaphrins, cisplatin,
mitomycin, tiripazamine, nitrosourea, mercaptopurine, methotrexate,
fluorouracil, bleomycin, vincristine, cafboplatin, epirubicin, doxorubicin,
cyclophosphamide, vindesine, etoposide, paclitaxel, heat (hyperthermia), and
the like), radioprotectors (e.g., cysteamine, aminoalkyl dihydrogen
phosphorothioates, amifostine (WR 2721), IL-1, IL-6, and the like).
Radiosensitizers enhance the killing of tumor cells. Radioprotectors protect
healthy tissue from the harmful effects of radiation.

[0061] Any type of radiation can be administered to a patient, so long as the
dose of radiation is tolerated by the patient without unacceptable negative
side-effects. Suitable types of radiotherapy include, for example, ionizing
(electromagnetic) radiotherapy (e.g., X-rays or gamma rays) or particle beam
radiation therapy (e.g., high linear energy radiation). Ionizing radiation is
defined as radiation comprising particles or photons that have sufficient
energy to produce ionization, i.e., gain or loss of electrons (as described in, for
example, U.S. 5,770,581 incorporated herein by reference in its entirety). The
effects of radiation can be at least partially controlled by the clinician. The
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be initiated at any time in the therapeutic period. Preferably, radiation is

initiated in week 1 or week 2, and is administered for the remaining duration
of the therapeutic period. For example, radiation is administered in weeks 1-6
or in weeks 2-6 of a therapeutic period comprising 6 weeks for treating, for
instance, a solid tumor. Alternatively, radiation is administered in weeks 1-5
or weeks 2-5 of a therapeutic period comprising 5 weeks. These exemplary
radiotherapy administration schedules are not intended, however, to limit the

present invention.
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[0065] Pharmaceutical compositions can be produced by combining (-)-
gossypol co-crystal in a therapeutically effective amount to induce apoptosis

in cells or to sensitize cells to inducers of apoptosis with a pharmaceutically
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total dose of radiation adm nistered to an ani mal
preferably is about .01 Gay (Gy) to about 100 Gy.
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concentration of about 0.01 to 100 mg per gram of carrier. In a preferred

embodiment, the composition is present at a concentration of about 0.07-1.0

mg/ml, more preferably, about 0.1-0.5 mg/ml, most preferably, about 0.4

mg/ml i
[0069] In addition to administering (-)-gossypol co-crystal as a raw chemical,

the compositions of the invention may be administered as part of a

pharmaceutical preparation containing suitable pharmaceutically acceptable



agents in the present invention. Any agent that can
kill, inhibit, or otherwise attenuate the function of
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contenplated to have such activities. Antimcrobia
agents include, but are not limted to, natural and
synthetic antibiotics, antibodies, inhibitory
proteins (e.g., defensins), antisense nucleic acids,
menbr ane di sruptive agents and the like, used al one
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agent s, antiviral agents, antifungal agents, and the
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(-)-gossypol co-crystal in combi nati on
conventional mixing, ‘granulating, dragee-making, dissolving, or lyophilizing

processes. Thus, pharmaceutical preparations for oral use can be obtained by
combining the active compounds with solid excipients, optionally grinding the
resulting mixture and processing the mixture of granules, after adding suitable

auxiliaries, if desired or necessary, to obtain tablets or dragee cores.



with a liquid in which the co-crystal is substantially
i nsoluble (e.g., water) such that a suspension is

w0 oooseeitso4 0066] Conpositions within the scope PET/UKI085/009673
i nvention include all conpositions wherein the
conpositions of the present invention are contained
in an anount which is effective to achieve its
i nt ended purpose. Wile individual needs vary,
determ nation of optimal ranges of effective anobunts
of each conmponent is within the skill of the art.
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gelatin and a plasticizer such as glycerol or sorbitol. The push-fit capsules can
contain the active compounds in the form of granules which may be mixed
with fillers such as lactose, binders such as starches, and/or lubricants such as
talc or magnesium stearate and, optionally, stabilizers. In soft capsules, the
active compounds are preferably dissolved or suspended in suitable liquids,

such as fatty oils, or liquid paraffin. In addition, stabilizers may be added.



mouth rinses and nouth washes, gels, liquid
suspensions, hair rinses, hair gels, shanpoos and
wa@bk@s/optsepar at i ons whi ch can be adm ni stered rRCL/EE1095/009673
such as suppositories, as well as suitable solutions
for adm nistration by injection, topically or orally,
contain fromabout 0.01 to 99 percent, preferably from
about 0.25 to 75 percent of active compound(s),
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[0078] Creams are preferably formulated from a mixture of mineral oil, self-
emulsifying beeswax and water in which mixture the active ingredient,

dissolved in a small amount of an oil such as almond oil, is admixed. A



such as the above-nenti oned starches and al so
car boxynet hyl -starch, cross- |inked pol yvinyl
w@osod48done, agar, or alginic acid or a salt P¢EUSD;009673
such as sodium al ginate. Auxiliaries are, above all
flowregul ating agents and |ubricants, for exanple,
silica, talc, stearic acid or salts thereof, such as
magnesi um st earate or cal cium stearate, and/or
pol yet hyl ene glycol. Dragee <cores are provided with
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sol uble salts and al kaline solutions. In addition,
suspensi ons of the active conpounds as appropriate
wW@R40g/0948p£Cct i on suspensi ons may be adm ni St er eRPICT/US2005/009673
Suitable lipophilic solvents or vehicles include fatty
oils, for exanple,. sesane oil, or synthetic fatty
acid esters, for exanple, ethyl oleate or
triglycerides or polyethylene glycol-400. Aqueous
i nj ection suspensions nmay contain substances which
i ncrease the viscosity of the suspension include, for
exanpl e, sodi um car boxynet h%" cellul ose, sorbitol,
and/ or dextran. Opti onal |y, the suspension may al so
contain stabilizers. topi cal conpositions
of this invention are f%g}iﬁ preferably as oils,
creans, lotions, ointnents and the |ike by choice of
appr opr i at e Chaspotarigatign of (Qrfopsypyl doetisrAidlraseIySH ude
vegetable or mneral oils, white petrolatum (white
qoust] par af--Gagsypobea@tic hédl cebgitals fvare yeldaw o pate, yedow ped
fats a ecu han
Cizy . "ole “sPet orteod-ars Wit Sl RofBlach Mg bk
acti vsélghttyga0bdl|e @nthldreforyoing lsthanol, Bpdspais¢ly eqluple in Petroleum
st abi ’gﬂeézg rcgylstaﬁ m%‘is@f%l@ 1&% @ﬁl&t dn@&ﬁegt@@&t%lhﬁ%élr@bﬁt@e be

i nclu as wel as atgent S %/Icol or or
f r agr eprrexstals; was G@Wr@@ o bad - %&0&1‘&}%9 o T SPRAPBY R
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exanp such a creamis one whic des about 40
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[0086] The electrospray mass spectru (Flg 4) of the co- crystals was
performed on a Micromass AutoSpec Ultima Magnetic sector mass
spectrometer. MS m/z 541 (M+Na)".
[0087] The X-ray powder diffraction spectrum (Fig. 5) of the co-crystals was
recorded on a Scintag X-ray powder diffractometer. Based on the spectrum,
the co-crystal was determined to be a complex of (-)-gossypol with acetic acid

at a molar ratio of 1:1.



and conpositions of the present invention. O her
sui tabl e nodifications and adaptations of the variety
wo@Roosomsdn4 i ons and paraneters normal |y encount BCEUS200$009673
clinical therapy and which are obvious to those
skilled in the art are within the spirit and scope of
the invention. EXAMPLE 1 Preparation of (-)-Gossypo
Acetic Acid Co-crystal [0082] Al chem cals and
reagents were purchased from Al drich Chemi cal Co. or
Lancaster Synthesis Inc. and used wi thout further
purification. (-)- Cbssypor (1 g) was dissolved in
acetone (6 m) and filtered. Acetic acid was added

into the constantly. s ed filtrate u
9t i on FarReaY Qi %scn e st jAlL *’? g?#fss?d Phom
t e”peﬂlaietﬂf%kﬂlqﬁ the dﬁ@ﬂiitsheasraﬂhe tchebe ﬁdrfoﬁlﬁédf\mﬂmﬂa Iwuﬂqrasd

The co-crystal s re.collec y

Buch n%qulvf%WﬁéTge Lﬁﬁ%g}dmons %réntélggon? e%ng uolj[ﬁeer ggrér%]cery ﬁJé L t h
as rrahﬂfecmguhmscowf of lilgxaveation Ry pry e(mb))dlmgmélymél Al pdtents
acid f,1eC d
Fur ¢ higot splhioR] WEpubafrs s REGP AR BeBShBlty o
WO ZOGQW@Qﬂgﬁm“P@WFLE&6D5/009673 -36 EXAMPLE 2
Characterization of (-)-Cossypol Acetic Acid
Co-crystals [0083] (-)-Gossypol acetic acid
co-crystals were yellow or pale yellow and needle
shaped. The co-crystals were readily soluble in
acetone and ether, slightly soluble in chloroformand
et hanol, and sparsely soluble in petroleum The
co-crystals were insoluble in water. The uncorrected
melting point of the co-crystals was determned to be
178-180C using a Mel -Tenp apparatus. [0084] 1H and 13C
nucl ear magneti c resonance (NVR) spectra of the co-
crystals (Figs. 1 and 2) were recorded on a Bruker 300
instrunment. Sanples were dissolved in an appropriate
deuterated solvent (CDCl1l3). Proton chemi cal shifts
were reported as parts per mllion (S) relative to
tetramethyl silane (0.00 ppm, which was used as an
internal standard. Chem cal shifts for 13C NWMR
spectra were reported as 6 relative to deuterated
chloroform (CDC13, 77.0 ppm.1H NMR (300 MHz, CDC13)
S 15.21 (s, 2H), 11.16 (s, 2H), 7.80 (s, 2H), 6.45
(s, 2H), 5.79 (s, 2H), 4.08-3.80 (m 2H), 2.18 (s,

6H), 2.11 (s, 3H), 1.58 (d, J=6.8 Hz, 12H). 13C NMR
(75 MHz, CDCl13) 6 199.4, 176.8, 156.0, 150.5, 143.4,
134.1, 133.7, 129.7, 118.1, 115.9, 114.6, 111.8, 27.9,
20.7, 20.3, 20.2. Based on the 1H NWR spectrum the
co-crystal was determned to be a



conpl ex of (-)-gossypol with acetic acid at a nol ar
ratio of 1:1. [0085] The infrared spectrum (Fig. 3) of
W b@soosses yst al s was recorded on a Per ki n- El me€T/BI2005009673
spectroneter. | R(KBr) 3421, 2959, 2929, 1710, 1611,
1577, 1440, 1379, 1339, 1269, 1176, 1052, 841, 772 cm
1. [0086] The el ectrospray mass spectrum (Fig. 4) of
the co-crystals was performed on a M cronass Aut oSpec
Utinma Magnetic sector mass spectronmeter. M5 niz 541
(MtNa) +. [0087] The X-ray pomder di ffraction spectrum
(Fig. 5) of the co-crystals 3%as recorded on a Sci nt ag
X-ray powder diffractometer. Based on the spectrum
the co-crystal was determ ned to be a conpl ex of
(-)-gossypol with acetic acid at a nolar ratio of
1: 1. WHA08SLAEMEDAS:PCT/ US2005/ 009673 -37 [ 0088]
Havi ng now ful ly descri bed the invention, it will be
under stood, by those of. ski t same
can b& p er‘\‘ 8¥ altw tc?]m%nsmg co s@ls @g%) %h Q ﬁ ée
of copabdxyl@rsid of Orsvulfaid aids and other paraneters
wi thout affecting the scope of the invention or any
enbodi ment _thereof. Al patents, patent appllcatlons
and pébl i dae icomposition oF chev di iwhetpls idl . GapRowYs okt 18 d

by reli&f-gnes ¢ fﬂ?ﬁr&iprbohﬁhnﬁ @ﬂﬂ’)mﬁ‘@ztcicf &dedo ac‘ieppﬁpi@ﬁé 84804
PCT/ US2005/ 009

- 38- T ] lgHﬁINED | S:
conpogﬂ?WB%w%%ﬁfWV@ﬁﬂﬁi8@“&?V§F8 ?meﬁa@%§g§ﬁﬁ?w
W th acih- lﬁxan61aﬁhd),)hyﬁeptﬁno&macdl mbctddoic acis ucfytiniaodd, actidic 2.
The co i tion,of .cl ereln.
car bofiﬁ%)%éf“ pedimalic ack X ﬁcoamgir%tflnc %?aégco%rg %ng RS ng
of foneil.c aC|d, acetlc aC|d, propi oni ¢ acid,
n-butyric acid, t-butyric acid, n-pentanoic acid,
2- pent anoi ¢ aC|d n- hexanoi c aC|d 2- hexanoi ¢ aC|d
n- hepBanoi e semepsition efclain 3i wheardh aid Guercgibpiylia agigior Crs
SUCCi Rinfonic 3Gl Bacdijbhd.i ¢ acid, malic acid, tartaric
acid, citric acid, lactic aC|d and benzoic acid. 3.
The conposition of claim 2, mhereln said Cl1_8
c ar bomyl | CTha GbrpositiorCaf-cBiim $ u;b}femni mi@qg ghifosic adidisisdleczedi d.

osition

sul f o 051 g%glgul? gongh ﬁméc% %Ethap?sglrfﬁn s th%nesugfgﬁg agfi g
of nephamesiiblioncd, aepropanestifiaive scudi,f a»huteneadfoelw gpid, n-
pr OPaEQfRM { 1(9 RA qélegan&'&@&l?cn eaahll fnch@ﬁt&leﬁlﬁr‘fbﬁic acid, n-

n- but anesul foni ¢ aci
octanesulfonic acid, and benzenesulfonic acid.

5. The composition of claim 1, wherein said (-)-gossypol and said C;.g
carboxylic acid or C.g sulfonic acid are present in the composition at a molar

ratio in the range of about 10:1 to about 1:10.

6. The composition of claim 5, wherein said (-)-gossypol and said Ci.s

carboxylic acid or Cy.g sulfonic acid are present in the composition at a molar

ratio of about 1:1.



pent anesul foni c aci d n-hexanesul fonic acid,
n- hept anesul foni ¢ acid, n- octanesul fonic acid, and
wheozemssul f onic acid. 5. The conposition of cPEI/DSWP5/009673
wherein said (-)-gossypol and said Cl-s carboxylic
acid or C1.8 sulfonic acid are present in the
conposition at a nolar ratio in the range of about
10:1 to about 1:10. 6. The conposition of claimb5,
wherein said (-)-gossypol and said CL.8 carboxylic
acid or Cl-s sulfonic acid are present in the
conposition at a molar rati®d-of about 1:1. WD
2005/094804 PCT/U82005/009673 -39 7. The conposition

of cl ri.si and tic acid in
o 151 W01 SRR e SRR DRt S 354
whi ch a1sl mélarrant eri zed by integration of 1H NWR
spectrumat S 2.11 (s, 3H) which is one nmethyl signa
of acetic acid and S 2.18 (s, 6H) which is two nethyl
si gnal& of Tigossypion obclim hethivbds dhraprizediby hlgegaltion of
CONPOS;HAR sGORR ki$iNG (ESHPHYEA Blofe Abiftsial SPRINAR

with a CI. xyl1c acid nic am

said rfed ﬁ’éélS (Sﬁwﬂncl;&, isiiggo @P@§@1gmlwg” gpssypolossypol i n
acet one to forma solution, filtering the solution,
addi n oxyljc aci d or Cl g.sulfonic a

into t e s I"EﬁﬂPg r?? p(;%qrﬁg fH RAY IR CPTPISHE e s Epl 8ﬁ 9

t ur ns gossyl ckuthl €8V} _gbddghc htid i € $ Glidnico icid tsaid OB¢thod

t enper at ur e th t a red ced te ratur

co- Cr ysrtnglixsmg dis (quuggC(t) %?ssy{) il ac(e:tgn 2@33 %tlon ﬁ&enné tl%ehe
CO- Cr \sslutidng adpimgh Qs subwm acuﬂa@rd31d rsn}lfmvg atlkl énto the solution
CCO cr Xﬁ\t.h%lﬁn% ur&l@the I&ﬁmﬂ‘ﬁm%bﬁf le'chll 14 tgrbld i ' ronfd! d

1 8 carboxylic acid or nic acid IS acetic
aci d. tamperaprg fagl ﬁﬁd@iefﬁqddanpe@@m@sﬁm et eallseting thehe
CONMPOSbichyels, Qiaslﬁﬁg&hd’ﬂojcrysﬁﬁ it a Q@%ﬁ&ﬁﬂd}tlh@ﬁé éo)k:rystals
acceptable carrier. 12. A nethod of preparing a
phar maceuti cal conposition conprising conbining the
conposiot i oTheohethddasfraldim i, twhe@inpdailr ORCeaitiokylRl dcyd or Cig
accep%%?nwamﬁﬁﬁ£agzcd13 A nethod of treating a
hyper proliferative dsease or cancer in an anina
conprising adm nistering to said aninmal a
therapguti g %Liir%ac%\&fcﬁ%un &gloﬁ‘?&&%mg the LB o‘é‘ﬁEﬁEQfsélaﬁﬂq qn
of claim1 aim1l
conprﬁ§@ﬁ@wﬁﬁﬁ@ﬁW§VéPﬂ%§m¥%"§hld aninal an i nducer of
apopt osi s. WD 2005/ 094804 PCT/ US2005/ 009673

12. A method of preparing a pharmaceutical composition comprising
combining the composition of claim 1 with a pharmaceutically acceptable

catrier.

13. A method of treating a hyperproliferative disease or cancer in an
animal, comprising administering to said animal a therapeutically effective

amount of the composition of claim 1.

14.  The method of claim 13, further comprising administering to said

animal an inducer of apoptosis.



-40 15. The nethod of claim 13, wherein said inducer
of apoptosis is a chenotherapeutic agent. 16. The
woreaohoehsef cl ai m 13, wherein said i nducer of apOpUSRINT009673
is radiation. 17. The nmethod of claim 13, wherein
said conposition is adm nistered prior to said
i nducer of apoptosis. 18. The nethod of claim 13,
wherein said conposition is adm nistered concurrently
with said inducer of apoptosis. 19. The nethod of
claim 13, wherein said conpggition is adm ni stered
after said inducer of apopt'dsis. 20. A nethod of
treating a viral, mcrobial, or parasitic infection in
an animal, conprising adm nistering to said animal a
therapeutically effective anount of the conposition
of cl ab.m 1The2etholl ofetlimdl3pfwheremasaidngducamef rgppwtic nga or
prevegﬁé&gw%pggggeggr responsive to the induction of
apoptosi s I n-an I'mal , conprising admnistering to
said animal a therapeutically effective anmount of the
CONPO§kt i OfheQfettiph 8¢ Mink 13, $Aereih BAd MBIBAH afbtoGit R rdMadidn.
further conprising admnistering to said aninmal an
i nducer of apoptosis. 23. A kit conprising a
conpPoSsi7t i OrheGhetkddadf Mlaim AR Owheftsd Eits dngpasitidnO#k administered
adm ni stering said coggosition to an animal. 24. The

kit ofrien®fai] BYoenphanoRPY sai d conposition is in the
formof a pharmaceutical conposition conprising a

phar eut4.c o I I .2005/.0
PCT/ 533005?'88‘5%%8&-"%% gg Sl %ufﬁ%?p\@ﬁlé §n5a ;?lﬁé%
f ur t hepncowenty iwith segd ingueérebitporipsiof apopt osis. 26. The
kit of claim25, wherein said inducer of apoptosis is
a chenotherapeutic agent. 27. The kit of claim 23,
wher eilfl saThs pefaadr el 4 wheeei sd sRIRCHIY I8 aiRpisterd; g
CONPOSEtdsif iddGoePdY apdptod®I  havi ng a hyperproliferative
di sease. 28. The kit of claim?27, wherein said
hyperproliferative disease is cancer

20. A method of treating a viral, microbial, or parasitic infection in an

animal, comprising administering to said animal a therapeutically effective

amount of the composition of claim 1.

21. A method of treating, ameliorating, or preventing a disorder responsive
to the induction of apoptosis in an animal, comprising administering to said

animal a therapeutically effective amount of the composition of claim 1.

22.  The method of claim 21, further comprising administering to said

animal an inducer of apoptosis.

23. A kit comprising a composition of claim 1 and instructions for

administering said composition to an animal.

24.  The kit of claim 23, wherein said composition is in the form of a

pharmaceutical composition comprising a pharmaceutically acceptable cartier.
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25.  The kit of claim 23, further comprising an inducer of apoptosis.

26. The kit of claim 25, wherein said inducer of apoptosis is a

chemotherapeutic agent.

27.  The kit of claim 23, wherein said instructions are for administering

said composition to an animal having a hyperproliferative disease.

28.  The kit of claim 27, wherein said hyperproliferative disease is cancer.



