METHOD OF DELI VERI NG AN ANTI - CANCER AGENT TO A CELL
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preventing diseases and protecting the stability of the genome.
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Chem. 54, 2499-2504 (.1990); Chung J. E., et al. Biomacromolecules 5, 113-118
(2004); Kurisawa M., et al. Biomacromblecules 4, 1394-1399 (2003); Hagerman A.
E., et al. J. Agric. Food Chem. 46, 1887 (1998)) and without pro-oxidant effects
(Hagerman A.E, etal J Agric. Food Chem. 46, 1887 (1998); Li C. and Xie B. J.
Agric. Food Chem. 48, 6362 (2000)). However, neither naturally occurring nor
synthesized high molecular Weight flavonoids are expected to be absorbed and
transported to other tissues after ingestion, since these compounds are typically large,

form strong complexes with proteins and are resistant to degradation (Zhao J., et al.
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cancer agent and a conjugate of a delivery agent contammg a free aldehyde and a
flavonoid, having the delivery agent conjugated at the C6 and/or the C8 position of

the A ring of the flavonoid.

- [0012]  In another aspect, there is provided a method of delivering an anti-cancer
agent to a cell comprising contacting the delivery agent as described. herein with the

cell,

[0013] In another aspect, there is provided a pharmaceutical composition

comprising the delivery vehicle as described herein.

[001.4] In another aspect, there is provided use of the micelle-protein complex as
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[0021] Figure S is a graph depicting the size of the (Herceptin + OEGCG) in
PEG-EGCG complex subjected to suspension dilution. N = 3;

[0022] Figure 6 is a graph depicting in vitro proliferation of SKBR-3 cells in the
presence of OEGCG, PEG-EGCG,. Herceptin, (Herceptin + OEGCG) in PEG-EGCG
_ complex, and (BSA + OEGCG) in PEG-EGCG complex (bars from left to right in
each group). Percentage of cell proliferation was normalized with the control at each
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delivery vehicles formed as stable and highly oriented micellar complexes loaded
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The resulting micellar nanocomplexes characteristically display a PEG outer shell,

with an inner core comprised of OEGCG-anti-cancer agent complex.

[0027] Since the formation of a micellar nanocomplex is mainly driven by -
hydrophobic interaction and hydrogen bonding, the delivery vehicles described herein
can be used to load a wide variety of anti-cancer agents for improved delivery to a

cell.
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[0031]  Thus, there is provided a method of delivering an anti-cancer agent to a -

cell. A delivery vehicle containing a flavonoid and an anti-cancer agent is used, as
previously described in published international application WO 2006/124000 and
published US application 2008/102052, and as described below. The delivery vehicle

is then contacted with the cell to which the anti-cancer agent is to be delivered.
Flavonoid Conjugates and Delivery Vehicles

[0032] In order to increase the availability of beneficial flavonoid compounds, the

cpnjugation of flavonoids to various delivery agents through a free aldehyde group on
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%de‘h‘fa“ﬁt's hydErxeberavRs /o8 rtheddvepitt i on of the flavonoid A
ring, and does not disrupt or affect the B and C rings

mlbsuhe ebrgwgagoms if @g,)itvla@ afa4iti 16 las}ahwt{j@lxaﬂ proViael R SoMposttida
avonoi d. : nj ugation of a delivery agent to a
*éaw&ﬂbff @gﬁ PE&‘E‘J 9 Y06 PY insArPeRRLpS th§ @ew%w&o a
ﬁz@tﬁcumﬂ WeHéls Tdrﬁa*edi Qlith tele (ﬂ:llSél'pJagéhtt Jﬂ}d chmﬁlﬂfwoféﬁ Q&hiﬂﬂstrﬁtﬁlﬁ‘n of
flavonoid into a particular vehicle forned with

jeher gepcgnizriiant of %ﬂ’f&“%‘éﬁw‘ al Pasnber taingdhrpugh dist B‘P‘P @rhvery

A& HEVAE Riabiity Qﬁﬁ]eocfonfdoﬁﬁé’rn AeditidghNa CBMp&Rion that is -
obtai ned through diet. The delivery agent can provide

@tamlqzeq §F degradetbmersraydy 1 and whishetbud may haverp langer half-life in
tﬁ@ B&E/Sthﬁn' th& uﬁclaﬁﬁx%ééd RG] REF &rexgrﬁﬂe qg@&’elﬂ@rry 1gent may

W'y, thus may have a longer half-lite in
'?q‘Rf Sb@wwmﬁlat the flaypneldjitiaereerated inie ﬁGPmP%Iltmnéhat Faftances

tﬁéamleﬁsolﬁtpﬁtydedf' ﬁc{yﬂé\%ﬁgh n@){lcpe cht SV GpaRd U[Eﬁ the.

that the f avon0| 'S Incorporate Into a co oSl t’l on
reticilocadetbaliak systeire anth subsequiontudi¢arancy byfthe kislngysavesnltingl in a

l%y%e? maﬁ‘fl‘i@e ﬁ\vl(Pl %o%t %%u? Mioh h)? ot ?Q%g)eggegﬁ nsgrgjgf B}lotect the

em and su ent “cfearance
flayounid fray enpyrae degradationhal f-1ife in the body.
Conj ugation of other delivery agents may proteet t he

[f0b§5’]o noj qelfi\regm 3:%%@&1 océnﬂav[) 03&‘ E%/ refctfH tilé/ @erhye{é

agent may be c Jug e avon0| reacCting t
apent widy the Heeonpidvin the présende| ofan acd datalystt the dplivegeageet having

aaﬂeeaa%eqycﬁ:eaérglu;y 3ta gJoUS thqﬂs bty bé‘&)‘?\%néﬁ% e aldehyde group

in the presence of acid.

[0036] The flavonoid may be any flavonoid from the general.class of molecules
derived from a core phenylbenzyl pyrone structure, and includes flavones,
isoflavones, flavonols, flavanones, flavan-3-ols, 'catechins, anthocyanidins and
chalcones. In a particular embodiment the flavonoid is a catechin or a catechin-based
flavonoid. A catechin, or a catechin-based flavonoid is any flavonoid that belongs to
the class generally known as catechins (or flavan-3-ol derivatives), and includes

catechin and catechin derivatives, including epicatechin, epigallocatechin, catechin,



a free al dehyde group, or a group that is able to be
converted to a free al dehyde group in the presence of
W@e00d/05480036] The flavonoid nmay be any fl avonoPdr/$Gmmns/000409

t he general class of nolecules derived froma core

phenyl benzyl pyrone structure, and includes flavones,

i sof | avones, flavonols, flavanones, flavan-3-ols,

gfitatazhinn Lallaat hmi:y@tg'adbda&cland gallusd, CG]IitESmclhdnng all possible
art.icul ar .enbodi nent the fl ayonoi a catechin, or a

Bebusginers BaSHPr 21 Ohteshir-boseE R RRnR, Momerdglr efbodimen,

mat &edehin- Haeaiedlatdnamoml(a daﬁ:clanyorf t«wp&gmodat&m dapdtengs
he ckass gener al | as cat echi ns

o lgratoshyy eadlate; «E&G@eg)thougtfow.w? thechighest %-féwth aggpe the
EatdcRinYabedd BEVOMAIHE, ViRSsibll Qﬁlle Y8 it trAR Hre: }Qﬁhh%" and gallate ester
epi gal | ocatechin, catechin, epicatechin galTate and
"@Bie@’aqtF}E@%EPHOQQFSI%@‘O‘%nd i ncluding all possible
st ereoi somers of catechins or catechin-based

f003YP NOTRES deliveryPabeht i§ dhRchMbA GrdBNdrSmoittYhat contains a free
cat echi n-based flavgnoid is (+)-catechin or

fldshyds, P &raUBc ot 2 AHcHionghstonp éhat cary be gppvsaPd i aisg rmidghyde
gralp &t the (JRGERRe dtsactdhwgéatmf)@ AABaf BBup| qh@%tn@s%t h%@nt %

anmong t he catechi n-based flavonoi ds, possibly die
tanable pf brjae foredantojariglivany veusle. dhus allowie deh%myoatratlwf
£onaiel ifaforRid by fe Eélﬁ/\é%féle iRy lonIﬂ?@mQﬁllg'tN@l;lMloglcal

agent is any chemcal group or noiety that contains a

orrrbarmacelepipaleorenertiss ofiihe flayonaide ukiow¢lb thel deljyasy peanhghoulddhe
9§ o%gﬂg@leta%q nfa9 b2 bfofdgga&h%%‘ Q{i&ldﬂn Ek the presence

for exanple an aceta group The del i very
U@ent i s capable of being fornmed into a delivery

ABL| eThe f?dgwatadmwgmfr@ﬁewttﬁ én erbedipentdn wéwhothe favonoid
i‘%‘af&htéaﬁﬁ Bekeli |ﬂ§Vc91BRI' AdliniRich iR "Ry §fckt M%moan%r WHHROWE,

rom sing the biological or pharnmacol ogi cal
Malh e wn@ﬂgst@@d thaethe |akdelydsi candensatip reactiombetyedn aneglgehyde-

%ﬂ@a{]‘fugﬁ? Qg%lgalbgro% %ﬁg@;%\'«@#ﬁeﬁt Q)q)hFa% 3@(19 cgf_rHugatlon of any
dediveryweeny heNisgu et ddehyds goep, ingludingdinthoringresid treaimentiod the
éd}@er%l n‘?%" 1‘?& havofoif aa%%?é%h@é&%%@ 1 Tlavonoid and in

lvery ynmer. However, it
w || be understood that t he aldehyde condensatlon

k0838L i oRhusethpuseaatiommay inselyeleeningrtiomefrigpadyresriceptpiningdufiee
%Etcl%ae gJoaly QPQ{,;:%Hb fhafRBble Q@Pé & %’teﬁiqgja lt&@tald‘éﬁ‘ydé erdtiin the

rvery agent having a free yde group, I ng
~ Predehenifragidae b dateqhérabasedhflavofioid, he delivery agent to any
flavonoi d, as described above. [0039] Thus, the

{00367 | O’Fhé@i[teéﬂwgas&? fﬁ%ﬂo‘&g%dyoﬂe Qf snﬁgl@%é’l{'@l{erlc unit of a
containing a free
catechin-based flavonoid or it may be an oligomer of one or more catechin-based

flavonoids. As stated above, conjugation of a polymer to a ﬂavonond results in
augmentation of the flavonoid’s biological or pharmacological properties. As well an
oligomer of the catechin-based flavonoid tends to have amplified or augmented levels
of the biological and pharmacological properties associated with catechin-based
flavonoids, and may even have reduced pro-oxidant effects that are sometimes
associated with monomeric catechin-based flavonoids. Thus, the catechin-based

flavonoid is an oligomérized catechin-based flavonoid having amplified or augmented



al dehyde group or a group that is able to be converted
to a free al dehyde group in the presence of acid to a
w@ adoeokdisns based fl avonoi d. [0040] The cat echi npdESE€ZH0S/000409
flavonoid may be a single nononmeric unit of a
cat echi n-based flavonoid or it nmay be an oligoner of
one or nore catechin-based flavonoids. As stated
" AbEW6id pepeitisgat i on of a polynmer to a flavonoid results
i n augnentation of the flavonoid's biological or '

.0gi cal ¢ ] f
R B enc RS e RSB o
pﬁug nmt.gd chewed-Gatddfzell h@xnbdtﬂb Owupﬁdag and through aldehyde-
erti te

ical pr
E’S‘?é‘gﬁ §'é?:i‘°l“| d%)ﬁﬁ'&?‘a c- "5 ’&‘e g%‘()%’l‘?aﬂ%{\/%mf“éﬂiﬁf‘lé'rﬁs In

m&rb%bmr@hg@ﬁérem ﬁast dbﬂhe@ﬁrﬂ(aéé%nﬁt' bfﬁﬁﬁ)léﬂtﬁﬁﬂgh é’dr&ﬁl Sk Bon
nmononeri c cat echi n-based | avonoi ds. _Thus

infeesiireh ﬁa@,%&ﬂnbé%ﬁdm&eq fomhet6 gofd PPsz‘é‘d‘t on the A ring of

stR&RIRr RAREs ol ¥ Ratich Hiire r)sgn@gaphhé h&d nhomer, mcludmg
augnent edf | avonoi d. properties Aﬁ ners of

@aﬁl@@wwbl@a@éﬁ‘@cqnfw@ﬁe@ dehezg @p ﬁ%N\‘/h Thuﬁc &t H; linkage
by Wnﬁhé)é@ @sﬁtﬁﬁl of He A BlRe W%n‘aﬁ\tuadn)i%ﬁﬁer%ﬂh@%' o €8
coup and hrou h al dehydenedi at ed ol i goreri zati on.
mﬁlt@n@é?wd@xtn@qmtee@r #lmayolrrebatyeenithhCh podeansofrthe A ring of
ages,
EP"’%@WW?@SS# b Bl Ay Motk 20
CH CH3 bridges linked fromthe C6 or C8 p03|t|on on
10042 r Theg obigomsieofnibacitischindatedellonneid way pestfi ? o were

fBforferic Mtsofnnl&ﬁetogé YA Ol bin élﬂﬁédﬁﬁér{ﬂg thP c%tefcfi‘iﬁfbased
osslI bl e stereocon uration, where applicable

Henaiolipener hpnikem e tmi90 ﬂ@ton@énnqnh@eomlq@ofsqm |1Q)rp HJfO frhr@
Pud 400 o1 02580 TRAPHTS s@HInPl 4 B30, ﬁémtth?%&ffb‘ﬁ{ 168 30, from
p05|t|on of e next nononer or it et ween f he
1Btod 88, frano 3 1of100 hefrmrSDmtngﬁmomehpmsms mononer and
either of the C6 or C8 position of the next nononer.
io@%]é] ﬂbedeyrh&q{{gf bhnyt Myrﬁa'tl%qﬂ?rh #P&Sé?&’eh&b@yr%ﬂ;% bHor to

or nore nononeri c uni i nked” t oget
mmugetnqnawth Gasaechinehased flavpaoidaorcaying-agigurothat laV@wsmd to

FLABATE gl 0, et TORPERTo s

"Bl by undert@od thabbg plymer shounld be@on-taxéaybibCornpntiBly,and rstohlble
. t f

1%9 Ip%lé?’m} 8%%21‘%{ Qghgﬁlﬁ &%yr];ge? nfH yal%)grﬁg%gthglo %ﬁéﬁ#?ﬁﬂ%@%éé For

énaeleleathd pblyder gap blzp/epow enmunogeniity gad ltmy\hetbiodtgmc.lable or

SRR S CGepbRME NS ne Olae IR BN OHpitAR oF the

composition, for example, for controlled release of catechin-based flavonoids and the

anti-cancer agent at a particular site in a body.

[0044]  The polymer may be chosen based on its particular characteristics and its
ébility to form certain types of delivery vehicles. For example, the polymer may be
an aldehyde-terminated poly (ethylene glycol), or it may be hyaluronic acid
derivatized with an aldehyde group, or a derivative of such polymers. Alternatively,
the polymer may be a phenoxymethyl(methylhydrazono) dendrimer (PMMH), for '
example, cyclotriphosphazene core PMMH or thiophosphoryl core PMMH. The



an al dehyde group in the presence of acid, for exanple
an acetal group. Furthernore, it wll be understood

w0 bab/os4se3 pol yner shoul d be non-toxic, bi oconpetT/BGEE08/000409
and suitable for pharmacol ogi cal use. The pol yner may
al so have other desirable properties, for exanple, the
pol ynmer may have | ow i munogenicity, and it may be
plpdagnayd akb de ciny rumogmao pelgmar abcbcﬁﬁdiememl'tamg a (ﬂ‘tetall’t&hyde

desi red bi ol ogi cal ap cation of the oSi ti

Gt &, ok Moo FoPRGe €1 whauthyee Of BEMetsa sageid. Br
édampenal sl8et3iaélmodfied Hhdteif, a;BHfaﬁﬂe FYBRAcchdride dpautleicUWcRY In
site in_a body, [0044] The pol yner. may be %QOS n based
o1 P%rgc%aar%mt@arwt é'?‘FaP%l%‘P%’r 1sztni ! Eldehydertsrinated; oy yetpyene

élg&m agId-aHo)! YiRemohbr patiéWAT smboaIMdnt, Sfie pE@heEXsaﬁlBél@de-
ymer may be an al dehyde- t er m nat ed

|y
Qeéwnwé d@/ab'r%fo Rgid, Byalureniqyadid reniygaird) Mot femaeqcutylaldehyde
ki\é@étdlz&delme; Br & a%rgrﬁwgﬁecgﬁ%ﬁﬂomgracﬁ s bk sdd
such polyners. Alternatively, pol ymer nay be a
wileroaminet hyl (net hyl hydr azono) dendrimer (PMVH), for
exanpl e, cycl ot ri phosphazene core PMVH or

|49Ph0$li€"'ﬁéé’ildé}198é?g|8% th?;g)%@mey HRSWIRY tl@lc%ﬂjugﬁloﬁ%Ythe
i ol ogi cal polyner, nodified to contain a free

pAlyBsTyA@ grBRllsdanangerdp Sither theaEo 8 thedrivasition|of theoA aing, or

Bk &R YHLENdyBndill SrRNES SRESHrQkn@f a?lsmst% &xm\%ma structure,
al dehyde-nodi fi ed protein, peptide, polysaccharide or

m@quarky theiBdand § rings op aliet flavaneid, endbibis pssrrving dhebingfigial
| | ycol
bR AR G B e e e it e

olgner i s al dehydederivati zed hyal uroni c aci d,
‘%;0& Lir oRbecpelxmer is soivgpiadda thi eatechisrbrsed Bavpneifl désnd Fraction

ij'tﬁé DdRaeERUp oplrhe Fbl&llﬂ@lrwm tht 0% 2RH/6F éﬁmtdo@iﬂ@ﬁ' of the A ring

ya uroni c acl d hers derivatized with tyram ne.
<}?0bﬁ4®}ecmliebaﬁ¢deflﬂvam hyde group on the polyner allows
for the conjugation of the polymer in a controlled

[ooanEr l‘?e&in lrel tHeGized ustrdBacldBealPist dfAtoRfentdiRNAS the
T d@% 553%@@ tgeacld { fensfRnA

ring fl avonoi d structure, thus

ﬁéeévéﬁgmg 0& ithg mirm%rnw;lf therfatephinpasrdi Rpvargidicarypsing acid to
RALEH & lrRfibial y&ﬁ gn ?H&%ogfn{el‘ R)gasfr&; al@léﬁ?dé bﬁMQ@ brfdensatich of

t hus preserV|n% benéfi ci al bi ol ogi cal
@haﬁdu@9@5@p6ﬂ1'kﬁ@%@h@ﬁ@@déhV@ﬁwiflavon0|d [0046]

The polyner is conjugated to the catech in-based

fObaUPnOTQ cUﬂJ@%aQe {hggy%tyhﬁp aff the REtedtiflhed §agb P tl‘iB‘ pdlﬂﬁer

mer with OftGCSpOSItIOI’]O
q;qd e gpteghiebasad Havingidpaaebe sapasatshofigsolved in a sultable solvent

The polymer with the free aldehyde is added, for example by dropwise addition, to the
solution contai.ning the catechin-based flavonoid, in the presence of an acid. The _
reaction is allowed to go to completion. Following the conjugation reaction, excess
unreacted polymer or catechin-based flavonoid can be removed from the conjugated

composition, for example by dialysis or by molecular sieving.

[0049]  The ratio of catechin-based flavonoid to polymer may be varied, so that
there is only one polymer moiety attached to the catechin-based flavonoid portion of
the polymer, or so that there is a catechin-based flavonoid portion attached at more "

. than one position on the polymer, or so that the catechin-based flavonoid portion has
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[0047] The conjugate is synthesized using acid
catal ysis of a condensation of the al dehyde group of
wo beopeisysrer with the catechin-based fl avonoi dPCD8G2008/000409
using acid to convert a functional group on the
polymer to a free al dehyde prior to condensation of
t he al dehyde group with the catechin-based fl avonoi d.
bﬂﬂé&km?@pmnrjmugakﬁect fvae [0 leithar ofathel Géhend: @8 eeNiitiond as eiek
a the ol ymer and the catechin-based
tﬁ%Bﬂ%?ﬁi @ separately dissolved in a suitable
solvent The polymer with the free al dehyde is added,
tQﬂSO]EX aﬂi‘hﬂ atibyf dolpmpet ®ecaeedidihtbased, ﬂat/«moﬁdm tho fitidlicomposition
echin ed flavo
Pttty ke e AL REEE roeshiy o Ss sl e g e
fmmlifqioll)gﬁbr ity Ot %cﬁh&aﬁéﬂnﬂ%@abIHMmE@a@tdwm 1.excpgk
react e 0 r .catechi n-ba onoi.d can be
P WB?fe'BO'F‘P’o 'tq‘?é‘“&aﬁf’ 1O ate8 ec@ﬁﬁ@q{a?ed aVP'Eﬂ‘ ?eé‘her
Pynéheicy s §ll%inehy B 86 Ulsad). SH@Wbﬂa@, atl Qi@ﬂé?] co-ﬁb&tlfaﬁédsoof

of catechin ed flavonoid to ymer npy be varied

BYJypffator examrie pta Hh yrokas gatioct F“eﬁfﬂ @teyhlathaéféﬁ@doe%d a
w@o@@tﬂeq{aw.ﬂ%b@&ﬁrmd‘ckay%ﬁm P YolynR-MaforoREpdhahd MRy be

or so that there is a catechin-based flavonoid portlon
ateigeded at nore than one position on the polyner, or
so that the catechin-based flavonoid portion hastwo

pmlsyper ARGRuEAO ST RpdIdGEEDntadting Afredl8dhOle MMd 4 éaeecﬁ]@ FAR

positions of the catechin-based flavonoid. & A
€

%"é’“?'ét hayingfthe, Bely et canjreatsd et e -opaden the) G e%tm qfﬁ

tilofithdidvor QRN doRempRRdPE controlled through the
ratio of starting reagents. For exanple when t he

t f I ty t echi n- based
FR2h o enivasicn 1 et =0 S0 e porpg oo g aeghin-

Wiskd 1HB@n&HS amotl@co%p%gmeﬁseor%ﬁle@bl By M&ﬂdn Bhay Qi}ﬂbldar
moi ety (either nmonoperic or ol |aoner|c may

d) .
Pﬂi}é@?fe?omaavnwgﬁf?éra teBricesroprbrSALNIhe FBBYSW\‘;PFOPF%'PS of the

FoI®! & idho&iblOiol indBrpsfate’ AdvoRoidS nﬁ?@hy\fiﬁé L different vehicle
cat echi n- based flavonoid, a conp 05|t|on avi
Oyd%em diffgrent

opes. Bllowie for thet detiseryf ofpliely ﬁevcemrwéﬁ of dlapen

BBV RMs targe[eg(&"i_’éa]s of theBhdyMgat e of a pol ymer
containing a free al dehyde and a catechi n-based

&ngon0|d havi ng the pol yner conjugated at the C6
dAbr {his: the oBRERtS 6?§“BF‘gtffPé“ Hher3baye-gascribied reackion msy cbe

fo$m&l i &www&%%ddepgm%&m {re Rhalf 'tl%rbdi’}fmértb%mon of the
pol ynmer al so_ al he i ncor porati on of
€0 ULa18 | r"ﬂbggéla/ery vehlcle may be used to deliver the catechin-based flavonoid

to a body, including a particular targeted site in a body, depending on the nature of the

delivery vehicle.
Anti-cancer Agents

[0054]  An anti-cancer agent is included in the delivery vehicle, which is then
contacted with a cell to which the anti-cancer agent is to be delivered. Thus, there is
-provided a delivery vehicle comprising a catechin-based flavonoid conjugated to a
polymer through a free aldehyde group on the polymer, the delivery vehicle further

comprising an anti-cancer agent.
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flavonoids into various conpositions or vehicles. By

sel ection of the particular polyner containing a free
W@lkwehs4ses gr oup based on the physical propertiRSI/8G2008/800409

polymer, it is possible to incorporate flavonoids into

a variety of different vehicle types, allowng for the

delivery of high concentrations of flavonoids in

[0056Fr eiihe amirdagdr agdnd magibe anysagear et hael am kg Bsanodr eﬂ’ea ona

0053] Thus co ate resulting from.t
oA s e O BB o bR ol n Rl apy
M@ﬁﬂg@h@ls ?QmﬁlﬂdbMIf meadthss é_lfﬁbur'ﬁtll&zfnttd%ﬁcdﬁﬁffyclfmf mtend%d to

ti t he conj uga . e ellver venlt cle nma e
Elgléae ?fﬂ* @B?rr QB redurd nga{ BpauR Cpld e ihy ﬁ\b&w’d% bedagt'on of

RelNogehdds, KillidaGofauRairt dedd!| R inHiBitiGeberkd®dtio of RardinBQAW, or
dependi ng on the nature of the delivery vehicle.

mAeTogg e BioPattes i cpbosdgdings Wmert lincer agent is
included in the delivery vehicle, which is then

[0086RCt A6 aMdi-tohcer agait'mdhﬂie!z’\@ F]ﬁ)hslﬂ ,AGwalBiciacidanaRdll m@edulle or
I's to be deliver Thus ereis rOV|ded a del jvery

Y dMEc| AN CBHEAIST A8 hat i errpieBaeay OF |2aRiHigs, en antibody, %

Kbk ah %ﬂzﬁn@b a Pl MRitor! b Pbabkide.f Aﬁebnﬁjcgrﬂ:@?/ Q@nQ!hQMQ a
on the Iyner t he dellveré@vehlcle further

RUsHRis 3cid may Ansingle sranderd e doyble siranded DA THRNAng phogtdisirain

REANbn RN Sorahy aftse bhhake BR3dAR aﬂrh‘hh-cﬁﬁcrép Blod&dtf e@lso
on a cell, |nclud|ng an anti-tunour effect, such as a

agludedoyn che serppt oft Arti-caneari agent i |acC*§mOF|‘&WQP‘§§e@@91 or @n
r%mgpﬁéslsoiﬂhﬂftonme §taﬂ§'c§ncg g a-lgh%e it éntﬁ) : egﬁcludm

fect is intended to incl u |b|t|on or ucti o
wpnacipmelur angibpdy, gdiseatdd,  agalvisbi a i @mncmr celitenrfaco n mafker, an

[ I
@r?ﬁ@g %E?f%?f %)Fldé(l ald o‘ilﬂxe%fr %WHrfac?o‘? e ar‘PJ cAn@Q'a@éJt'n%?

car I'nogeni € or tunourog
mﬁﬂmeﬂﬁhQWBO&madd@tWNPﬂﬂbIudlng a tunDur ceII [ 0056]
An anti-cancer agent includes a protein, a nucleic

Rérinthtiod of WéHerWeﬁi%lé'(ﬁm%nﬁs%ﬂﬂcanpﬂ AU - Cancer agent

that 1's a protein may be a peptide, an anti body, a

hornnne an e romﬁh factor, or a _cytokine, An
199571 ¢ alnc one @aéfkulatrhsm qdiment 1bg edelivary wetigly Bea smigllar
ﬂnf)&ﬂﬂﬁg{ Whlcﬂqy E’dlﬁbl@%%@er%h%ry BNAcatBchf104std flavonoid

hai rpin RNA, an si RNA, may conprise a gene encodi ng
4 aarnti=canpstegenpiedchglis mclmhg@a celE logated at particulas sigpwitlyn a
Bl ot gL agent is a chenotherapeutic agent or an
angi ogenesis inhibitor. The anti-cancer agent may be

an antlbody i ncluding a
[0058]  To form the delivery vehicle containing the anti-cancer agent, the polymer

" is chosen to have properties that allow it to assemble with the catechin-based
flavonoid portion of the composition, protecting the flavonoid from the solution
environment. If a suitable solvent is c‘:hosen‘ in which the polymer portion of the
conjugate is soluble and is more soluble than the catechin-based flavonoid, the
conjugate will self-assemble, excluding the solution from the flavonoid core, thus

" allowing for assembly of micellar complexes.

[0059] In a particular embodiment of the micellar nanocomplex delivery vehicle,
the polymer chosen is aldehyde-terminated PEG, or a derivative thereof. PEG is a

polymer, widely used as a ‘pharmacological ingredient, and possesses good
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nonocl onal anti body, directed agai nst a tunour

cell -surface marker, an inmunoregul atory peptide, a
w@ydooks4se3 or a growt h factor. The anti-cancer BOESG2008900409

be Herceptin (trastuzumab) or TNP470. Formati on of

Del i very Vehi cl e-Containing Anti-cancer Agent [0057]

In one particular enbodi nent, the delivery vehicle is
Ry didphélic] abn-rait) aoiih@¥nogehic clid i ocaniphtédilite dharacteristics with
arq%%erg] delivery of a catechin-based flavonoid and

W blofegradibiiits;  agent to a cell, including a cel
| ocated at a particular site Mﬁthin a body of a
[00BpECt By [cGﬁjBﬁtm@’Q"Ef(DCHOt foea ciedchinetiagedv Bdioaidid, a conjugate is

i ni t he anti.-can agent, the pol 1S .
RN g P A e S L TR
Ydnjugated €0 @ ah@oeN oba:eWcHin-Baed Pacbnd@; td RtmO4 PEGEflavonoid.

the flavonoid from

onposi tion ratectin he |
T ety crebiRorfhalgtmed togpinet;i ¥ i) BneEopipgnEd | Gichigased
flAVoRBIHE Ehdt the aMRLINTBT agR tTHAE, R cdnbral &mwﬂaaﬁserelaﬁvely high
soluble and is nore sol uble ‘than the catechi n-based

angapgABeNS of @ favangi ang dhccangiraances agent. adle ths|cgternal shel] off g

&Q@llaﬁq{a%do%le&r&mphg@ thé UDOREA B ﬁlon&hé’ﬁc ﬁUoﬁdegnd is
for assenbly m cel | ar conpl exes. 59]

Fsagmpbiled jngp t‘éﬁ‘é@@llpﬁ@ﬁfs ofn.g ménlﬁvlé'éPmbf?d"ﬁ%o@érﬁﬁF‘é%! core is
afglohl\éﬁg EG‘C@‘(@]‘E@CG} & fel Y TRial E&Q%@Fﬁaaéup of conéu%ated PEG-

ehyde-term nated PEG or a derivative ther
E@CQ pol ymer widely used as a pharmacol ogi cal -
i ngredient, and possesses goodhydrophilic, non-toxic,

[0061] MEGRRERSH 6f 8¢ nbb- %prm@tnlbg» bi th¥ deRRErRCleRicleStes Rl in
W th | ow bi odegradibility conj ugating

tepeprapiarénl 1 campletsi masking o thq lavaea@@lopctl‘at'%@ﬁ the aligomegic
ARGLARE thitak nh@&p&%&’ﬂﬂtosﬁkfco?é%?gﬁ)ét Meﬂv%Bﬂ@aﬁél@Sas W%u as

one enbodi nment, PEG is conju a rnononer
prateetdntg the Bati-eancen aggoinerd degr@ gtign iprigr RER!ivervie rtbﬁ er:ll Ther

e
%ghlb%o%}{l&éégs?ée lgdaftngoc 0% eﬂg? f’%ﬁ‘ﬁ‘gr : %raer{t?]depmpemes
efrthé oligomeeizedlgeh€. areThsgavatlﬂée ceaty aﬂyswdrletewmraiwiw other
I .

r'hglea}_lécs alﬁ ct:l){e i} &I;bl?ao& V\ﬁ P% i ) ﬁg ﬁ% )??ié\ée (/éhqlﬁ pbg? ?J]%sé H’gm ‘
the délvlea/rvehaivo&mnmme by)quron@éﬂletvhhaclcwnjhlmtleldr phosphohpld
?gt%rgog] otHg:cl(o)rgl rlle%t\élo% 6{1«:: cz!ie?ltnldrglu I%S?)aét%bnglanelgskl e e1ologlcal

[repdrtial ofaber eligasnenik |cgtadﬁn-lba:seE%r(oﬂ,:_@ﬁE)elmdgtthmanti-cancer

agentet{) &llvery 1r$othecrerﬁde up of conjugated PEGEGCG

[0062] This embodiment of the delivery vehicle is well suited to deliver the anti-
cancer agent. Since the catechin-based flavonoids have a rigid, multi-ring core
structure, these molecules associate well with anti-cancer agents such as proteins and
nucleic acids, as well as other molecules containing ring structures, likely by stacking
of the catechin rings with the ring or rings on the anti-cancer agent. Thus, an
oligomeric catechin-based flavonoid can be used to associate with the anti-cancer

agent prior to assembly in the micellar nanocomplex.

[0063] The concentration of the anti-cancer agent is chosen depending on the total
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[0061] Formation of this two-step assenbly of the

delivery vehicle results in tenporary partial or
waea9ploaese3 maski ng of the biol ogical activiti esPGF/SGE088/000409

oligonmeric flavonoid that is incorporated into the

core of the delivery vehicle, as well as protecting

the anti-cancer agent from degradation prior to

dﬁcbu'nv ef gmt-cmntdn egm ftHat isForbe elkaqnédet,o a\Mmioalaassemtﬂ dy, and

u
o 18 aP i o apt-P s eAse el S B efuted SRR fafocomplex
azmlaudt afﬂtﬁxllzd"lgetﬁé ﬁn@hylfrstt)ﬁlaﬂgrd NinedeAsih ic@ibsdivdents, thé Btl-cancer
nol ecules | n the e e rtlon
AT R D S e AT
vehicle, for exanple by fusion of the vehicle with a
[oole4 | arhmolsghﬂlabtm@ dfgheandrencet Bgencioa130 Redposaridyf partietly

deliv unmaski n

sy Beged Syt Gicoamict nlodht BErtPh ot e ehicles o s i
B dlipeh& RSdakghih basedMavofAd aRE bidBRtal propertlel ot B¢ Nnti-Ednber
t he cell [0062] This enpodi nent of the deljvery

REERS P é“‘15§ed\/\%fl %eq'éeaiefe@dnla ing dheny dess pyadlablg yhile dhe él?t'-cancer

@@ﬁ{‘ffs assomBkd it AR RAVE¢REKIcBARSHidd BMOROhfiEcANBM Gigént is not
gid, multi-ring core structure, these nolecul es

%Pé%&nemrb anfisFANCEY 2941VIEN (T -IBISFREe Vith qubRr smalgeWiesaig @ bioactive
RbHeP Whfte EMEhiRdGh meqeﬂcérgi%maé a«ahi al§’c§ Bihed oRl Leulyest
containing ring structures, lik stacklng of the
etheraripavlesi Hgen aleae efibe pathepnesr agwgs%mb&hefiﬁevery vehicle, the
G‘iefogncglad?gﬁehle%%?%e anThééﬁw APerf? latORHTE fagﬁn %@én‘%ﬁi&' Ridbhs k-
| avonol be. used to associate wt
eanedr-agent isabledg exart garantcancgr @fﬁ@éwwelmrqdh@thmcelél | ar
nanoconpl ex. [0063] The concentration of the
65 Caﬁcﬁ{otfﬁg%%oﬁlﬁleﬁpmﬂs‘j 1eB %0 O 6[@%menc catechin-
.total ampbunt of antl-cancer a that is to
brsed flavoagid; olhis gepedimantaef the eh\ienv agHbhs Stmna Séllﬁ'aish’ébly
@Pééﬂés A cémaé GRSEhLIBERENY snhg‘l@tstes%o&% | RChHASE thé two-
he m cellar nanoconplex w thout destabilizing the
#erc essemblys micgarupanocomplere beyen tharisvglerpispt assermbling micellar

: (I tute up to 50% or up to
“’%ﬁﬁ ,.ﬁg;g.ﬁglu@mmwﬁm&g@?&m ex. [0064] The
bi-ol ogi cal activity of the anti-cancer agent- is also

1006Bbr aFhq apoprimigetian nanenomplsyips ase of yanesediectimappiqng. and may
bOGEN %Blﬁt 181% 0GBt N0 &R S HiafRlet Vd?rﬁ/onY ebue b@?w BSibout

"wth the oligoneric catechin-based flavonoid
H108Inoyinchiamairoprefram aleoup 0 nimeto abeut 164 nwdn da\g@m Bhesize of

@E%ﬁ@e‘i‘la Ean%@cﬂﬁtﬁé&? rcﬁ'pbe @i&i %? Bgﬂ? Jggfeﬁéﬁvﬁ'tﬁeﬁalg%menzed

e anti-cancer agent int
atdchingragedy 8hvcobd, thedengtiy of fhe pohencaneid dlencencertgpgion of

%&Pﬁgg‘}tﬁgk’ﬁ%‘% erizé rc‘éteaﬂﬁ-'bas%fi‘”ﬁa%ncﬂ&t Y %" of THeChftEHhar

ecules 1n a oact
nanocomplex may be pH dependent, depending on the polymer used. For example, in

micellar nanocomplexes in which the conjugated polymer is PEG, the diameter of the

micelles tends to decrease with increasing pH.

[0067]  Generally, the micellar nanocomplexes containing the anti-cancer agent
undergo self assembly and thus little synthesis is required. For the two step process,

the components that are to form the core, including the anti-cancer agent, are
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manner while contained in the delivery vehicle, and is
al so protected fromactivity of other nol ecul es. Upon

wo edoeass1df the anti-cancer agent fromthe del PaE8E2008/000409
vehi cl e, the biological properties of the anti-cancer
agent are once again avail able, and the anti cancer
agent is able to exert an anti-cancer effect once
digdoivearied sunatldeoleat, for £Q0HR] mlcﬁlu&ﬂCIDMSO @ haRENGE Rihd are

PEG i;s conj ygat an . oligoneric ¢ chi nbased
Fw&ﬁa.aas "‘%?ﬁ !Fg‘?rﬁfg}ﬁ‘i“ﬁé%'t‘ e tHB YYus 5‘@ rSPreatREPRONAYUS are

AL Gn ®hich AR BFRIIIHN BRIk &Swlﬁdlﬂn&)aﬁk \Qﬂhtlle or from which

sel f-assenbl ed in a_ single step process. wWith the -

the @sembledapicelics @%P&herrw&?ehq 'é?'atﬁ‘éﬁbeﬁ%Heéx /’swa@léatec{ pove,

fh REleRombSRnASRGNTR! dnrhgtll&n{‘c%} ég’éﬁt d?ﬁ%%&@ﬂh%séd%k&ﬁﬁ& for
the anti-cancer agent. [006 The above mcell a

axaRplco I | digomess eca@FhlﬁabﬁiﬁécﬁP‘@n@I'ﬂrre @eon@lymarn@t%w haged
ﬁMﬁH&@*&QHL ate (A %R) ﬂahﬁ’HIe o%QPQQll@mhhrPadifeé‘fﬂaﬁ@Eolutﬁ{n anfl BHP
about 20 nmtoa nmin dianeter, or from
mmlhrcgmphmlwloyb@mfomo nmin diameter. The size of
the mcel l ar nanoconpl exes can be varied by varying

88] engdh yRf ot'l@ &t SARIBLINHAE dpr@@ets§cme p&?ﬁ@rdcatechm based
' avonoi d, the |ength of the polyner,

&wa@ﬁ;qoatug@ﬁ tegfotheh ¢othj the avE-dansFr egsibris zléeplved in a suitable
&ﬁfe?gpbcr% GG ti\%?W@QEB Hmcelfb%d%é i@lad ﬁownﬁﬁéxh@'éllowed

nanoconp ex nmay be pH'dependent, depending o
oabsgmble. used. For exanple, in mcellar nanoconpl exes
in which the conjugated polyner is PEG the dianeter

6§f;e This e}nkc%ﬁart fibRorhPled enyt@nﬂS Brofidel thOCIRRST RY aBikve

General |y, the m cel 'ar nanoconpl exes

@oaﬁp&f?drh%sttlhéloaﬁf patechinchapedaftpupnoidrnd rpgéomgeqi eirudationhplyr
2% n (b bRIstrdabd h@ehﬁ)y N8 Sutks sl{eﬁq i WRf- ash pll'f@@ tp%t‘l’fgloglcal

. st ep process, e corrponents t at are to
abiviies phibe grdﬁqingl -based Havonoid apwpoundgeith ;hearldﬁgh bygcﬂt\ﬁhaﬂ siqh

oA ing RGUiianich 8 dEKBIRIC AR, dHll i RaliPEAN toaded
o tho|memdoré of bhhnnctcllt: h&Vieor the entirponeTigsntds @ seoitivbinglecule

f‘i %Np PFol?elmy Pﬁlo@mﬁ ?‘l:l%ﬁ oﬁer\/\éaéo%r ?meg{t dquef)ihvéme Q‘Rh the

es ca
mvhmagﬁ ofea gentles sxlifadsesinbdy n&ﬂtorlabatteides A% invalve tiieaoechanical,

QrOV | ngmlca etrecoes oneglntbs I n0C ge%ewi antl‘{tl g n(r:l apsulation
g@‘n Yt e ¥ FAPSHo i eqhsciopd praRS W
'(abhr@mﬁﬁcurﬁbndﬁh&dhwhmﬂnaﬁﬁd\tfohﬂ\laﬂmlqdes mi)elead to denaturation of

techi n-based fl gvonoi d conjugate that is to

%8?‘?@(”%1%50 U AP-aResT PESES PHLE PXIEBY to the sol ution and

the mcellar conplex is allowed to form
[0070] In another particular embodiment, the delivery vehicle is a hydrogel,

which can be used as a dressing, for sustained release delivery of an anti-cancer agent,

or as a support for tissue regeneration.

[0071] The polymer is chosen to have good swellability characteristics and to
have appropriate groups available for cross-linking of the polymer moieties, and to be

non-toxic and biocompatible, and in some embodiments to be biodegradable.

-[0072] In a particular embodiment of the hydrogel, the polyrﬁer is aldehyde

derivatized hyaluronic acid, or a derivative of hyaluronic acid such as hyaluronic acid
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[0068] For the one step self-assenbly process, the

pol yner - cat echi n- based fl avonoi d conjugate together
wowdaob/os48€3 ant i - cancer agent, i s dissolved in aPGUBGHIDS/@00409

buffer as described for the two-step process and the

m cel |l ar nanoconplex is allowed to assenble. [0069]

This mcellar nanoconpl ex system provides the ability

hinashiyeNdehgdendieth) laestal opp st r draityramiin®tierivative of aldehyde-

at echi.n- based. fl gvono and rolon ed culatio
Shiren om TG G o Rt eg1a, B BREIAHcRs &, ety eera

w@ﬁﬁﬁgs anplified pathol ogical activities of the
cat echi n- based fl avonoi d conpound with the added

it that such ca cco
e e S R e e A
teb@uy Briaey-lirked Qo Obrrh hﬁh?&?r@@ﬂ @ithWediguptivg éMihe - tﬁaeg:nchezn or
a senS|t|ve ecul e suc S roteln the .
Lﬂg@ahﬂre%qu‘ésofdhgﬁ?voao% mreh Féﬁ?gfiseﬁ%w% AR @nts
Yintdt dobift 28 AYRAbAUSLVE, Br BRIAtd 6F the hii-cAREEERAY 0 MBI Gl the
t hat does not involve the mechani cal, thermal and

sitserhercdhe bydreasbis@ppliedt can be associated with
conventional encapsul ati on techni ques currently used,

[Wo7ah CORY BYHIureMia ! acideldvohs1dl @BnjiBae li€ aehtHediz6lE BAtredcahd €
of sensitjve bioactive anti-cancer, agents, sucggﬁ
gonsy for

Prabrreniheid) piohe ) steshibried Bavaneiupager evistaic

s@hipkefrom ¥Bdt G116 absut 3, BY f @Usthple W1 Bf S@Jﬁt lpe m& Q6hjdAated
dr essi ng, for sust ai ned _rel ease del i very

ey merciiaveraid isghen puridied ofor exagmplioby diakyip, alnfi é*seaémed with the

ﬁlﬁg@aﬂ@err 3&%&9 Nind [084kl1inkfte @My Ich ésshyQiR%QE r;BeFand@ ave cross-
- ity characteristics and have

BropHanet & agdesfer sxamplcaorerash perosase bRy EPEeleay
@9111 Mé‘rﬁ‘p‘at 1 E?&rk@ WOIBQO I?&le?g@eél rgd(kﬂ%np@ﬂé*ore the cross-linking

1 OCO N sone ments to
tsegiga dy erathited. lfc@ @xa_r]mplp,rthghph@geﬂ oay &e fambd mtm Alab gtitable

E ﬁ%&&ﬁggg“mgmfmggh&ner i s al dehyde derivatized

PRIYoni e aci or a derivative of hyaluronic acid
such as_hyal uroni ¢ aci dami noacet yl al dehyde

tR0Zbhy | Blecetomporents efghg dydrgeel anay sarhen@efd@#andachvé tgform
a,'e%msgaqﬁ ﬁ%affer&ngDéBAyU {%@Mg ﬁFh&r&EhJﬂ«Xé"cHrﬁ@%‘té? bi&hé’r

am noacet yl al dehyde di et'h cetal conjugate

wishjan gpatiecanaeso mperitstogether wyhlauerQWIUﬂW| @geetatse@hphh gga
b AT CON BRSPS, 6F BRtdy MRElR plofide, Such o
fnyvaogeh ao bssdil c ok qmmg)peln\ter)eso af Snehl@cfsllta\normbddy, Sucfor tissue

Q&ﬂkg%%[s al so conprise an anti

[0076] Since hyaluronic acid has multiple sites that may react with the flavonoid
during the conjugation reaction, by varying the concentration of the catechin-bésed
- flavonoid in the starting reaction, it is possible to vary the degree of conjugation
between the hyaluronic acid polymer and the catechin-based flavonoid. For example,
the ratio of reactants may be adjusted so that the resulting conjugate has from about
1% to about 10% of the sites on the polymer conjugated with the flavonoid.
Alternatively, additional hyaluronic acid that has not been conjugated can be added to

the mixture prior to cross-linking of the hydrogel so that some of the polymer
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cancer agent as described above, for rel ease of the
anti-cancer agent to a cell at the site where the
whyavogsiz i s applied. [0074] The hyaluronic  PCT/SG2008/000409
aci d-flavonoi d conjugate is synthesized by reacting
the hyaluronic acid with the catech in-based fl avonoid
~under acidic conditions, for exanple fromabout 1 to
mbleuiilesSin tieer hyldagelexidmpl & @hjupdtedio thdf4iiondid. The
conj ugat ed pol yner - fIavonoid is then purified, for
hen m xed wth the
Qﬁ? %%%%%?cgﬂﬁﬁgggﬁé poss i nki ng agent, such as
hydr ogen peroxi de. A crossllnklng catal yst i s added,
(097 7k x ahpdrdernoddiveatic sti-pocaapeia seg cedilndingiﬂu‘ ﬂwdmcadgel
(?Pzngalirﬁin Helggla/eu 1%%,0%4% Q%CN vehlcletc?mﬁ{(m?n%%ﬁ algt(l: f:ancer a%ent is
cmmgted tvath.a deby widstampy @jowt foeuptyictrod el antimgndeeadeor mtedhe
|nto a slab suitable for application as a wound
' Je33|ng [0075] The conponents of the hydrogel may
al so be injected and reacted to formthe hydrogel in
foove] f Ehusectqiivmy@f b antivicacti aggntan a geltcavgsisestdoetcting the
gvﬁ%tv ryQIalt-uPlg egunglthe anE,Jl-c(a:}r‘s]l or & %Béc l‘{'haﬁl% Elrir fac ggg a Cerl)ltesgff(‘l%oae
bait Emitedas any pantidulagy th?,atyathysltl;vef;oxysemsrpismciatwrbser adi sh-

r.0 ase uch ,a is useful for, dr .
BRARGS R Sge e bt 87 HasmamRBitis, ahnisuhinticonser
mgt i8 et¢aisdtiat tHeQd 6f thStals payselthn@sting, & elayhtesrelensed inpd €
@ E that may react with the flavonoid during the
6fif'tigat i on reaction, by varying the concentration of
the catechin-based flavonoid in the starting reaction,

[007DF pOBestelilte whinh terayti ichececeggnieie tootfe dehmqrexgxahy Bany cell,

bet ween the h ur cid polyner and

REbiEE A rodee bt FEODnGH e oo R L iitsed M sobierty Thp

feﬁﬁC&ealm'a§usﬁ&yiel’Bﬂi refdisus aerindadds Aatngtehvell raaguthlidy@cells or a
as, from about .1% t o about 10% of Hﬂgcéites

con

B‘}P“ (eﬁeQWPe’E S B‘fr&ﬂtsw“ﬁeﬁs PHEMSCRD . may

g\i drEih Rakd déﬂluy:,luda@cn deg @ﬂﬂlantmé@dml a@ﬂiject acit chal Bahn Aasvorrell
een conj_u an e a to e m.xture prior to

pasubiest; r$ua%% Yole emée &F'f? also &5 wdﬁsaiefegmt S"aa(if'eceﬁl

PRérY BBHLER besitis Qﬁ]lds@othmlsja)éﬁgcﬁﬂ:@ will not be.

conjugated to the flavonoid. Delivery of Anti-cancer

In order to deliver, the

@%ﬁp C aﬁhf‘e?e dlaaglr{{e%?%v fl@g} gny, gAY example an animal

fnmumFQIMmcmdn@ ad@iavery vehicle, the delivery
vehi cl e conprising the anti-cancer agent is

[0081] When delivered to the cell, the anti-cancer agent retains its anti-cancer
function, as described above, and may be delivered in to the cell. A skilled person
can readily determine whether the anti-cancer agent has been delivered into the cell
using known methods and techniques, ihclud_ing protein detection methods,

immunoassays and fluorescence labelling techniques.

[0082] The above described compositions and delivery vehicles are well-suited
for controlled and targeted delivery of anti-cancer agents together with catechin-based

flavonoids to particular sites within the body of a subject. The flavonoids can provide
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contacted wth a cell, which may all ow for uptake of
the anti-cancer agent into the cell. [0078] Thus,
waoledovwersys of the anti-cancer agent to a cell cPOPSGEOS000409

contacting the delivery vehicle containing the
anti-cancer agent with the surface of a cell. Wthout
being [imted to any particular theory, the delivery
smﬂ»mma'l S ahtissptasad, ednbyhrampbtiqohivhdodnlﬁr&Jyec dhtesidabg h aps-

i ds of .plasma ne &K§ q t hus, tg %ntl- ncer
5‘5 BEn§ anfl éFfé%é‘i:!“Cat yP?f gSteEo ’i‘:ﬂa'C psivygh gn b%P“p‘a yprgory
sAiVEL bl the targdiell TRY 1R@ddiBbE Alfedtlivery achibles fRlude aﬁ QeT-Bdncer
The cel] to which the anti-cancer agent is to be

BRSNT aKing thageleryarrpicles useful in dhe FaTBCrART FanCE (5 cxample.

Anrfi@loreghRtdey péphtiés an@rpr&gmé ﬁcMHMg ﬁl%ki'neéf\dﬁdrgr&vﬁ factors have
subject. The term"cell" as use erein refers to and
PIRRBGSLAS 9N AMRIriag) ass of #augaafomhs trgptmegt afcancel | s or a

popul ation of cells where context pernmits, unless

[UoB8T W $RusShefl if bReentY povidldla M@NoddsT delivering ‘éhtﬁ-&&c@ﬁég'ent
I ncluding a cell explanted froma subject or y
et

torp pybiest GemRrsing administering a delivery Hehicly Fvnprrsefge%n@é

pAehérS condidife 1an Gk ARBAYRS ﬁfde RC&RtebfinBal NBvensig) ha%@e R
context permts, unless otherw se tge0|f|ed [0080]

mHemerconugasd Bdhaiep pydier the Ghpasifonorighmpding of die Ravargid i

A 3R atbd) ClsUslsHhed BBVETRY, EdHan GhPSHiRedid RO colj QD& s
Wien delivered to the cell, the anti-cancer agent

fosed indo atdslivany iveltialac suchfagricmicghiar nagocpenplaxi ¢redl hadregad, as
IRt pe-\VIN delivered in to the cell. A skilled person
canlreaJ?Fy deternmi ne whether the anti-cancer agent
has been delivered into the cell using known nethods
E0§41 o chba yhisst is prcanigalnigclydise aihumam tivpeed of tragmpesreith an

&Hﬂ%.&ﬁ%%ﬁys and fluorescence | abelling techniques.
[ 0082] e above descri bed conpositions and delivery

vehicles are well-suited for controlled and targeted

O8D), e Yhesslomnthprednprowidedigyplinraacenifet ¢nstpogipmcomprising a

@@ﬁ/@l‘gnbmd@ @§lﬁ5tnfng @l\’e‘%‘lﬂ%@%e“ Q%eﬂlad’n'd'fﬁ%rﬁ)ﬁd &l de&Fib¥d ABdva
a subj ect . avonoi ds can

Ebemhaa@a&ﬁwcelef@mmla@n mmﬁfwnh@rdml%etq Rharmaseyticaliy argensable
YR pchrlcathigs. the%ﬂ&ﬂnﬁ&tﬁn@ﬂ%om?&ﬁma’%@@mrﬁl y contain

anti -carci nogeni c yperc ol esterolemc antiviral and
dmmaqemqaﬁmwmwe gencentration gf satth éut‘fqrr@@g@tﬂs preservativgs

r u r
Bt o St Vor Sl BF Ve L O e ey SR
be formutated ingf phy sintogical sl soleticanpl e,

[0086] The proportion and identity of the pharmaceutically acceﬁtable diluent or
carrier is determined by the chosen route of administration, compatibility with

biologically active proteins if appropriate, and standard pharmaceutical practice.

[0087] The pharmaceutical compbsition can be prepared by known methods for
the preparation of pharmaceutically acceptable compositions suitable for
administration to subjects, such that an effective amount of the delivery vehicle and
any additional active substance or substances is combined in a mixture with a
pharmaceutically acceptable vehicle. An efféctive amount of delivery vehicle is

administered to the subject. The term “effective amournit” as used herein means an
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i mmunor egul atory peptides and proteins including
cytoki nes and growth factors have energed as an
wo ppons@ant cl ass of drugs for the treatnent of PCESGENINS/000409

[0083] Thus, there is presently provided a nethod of
delivering anti-cancer agent to a subject conprising
adm ni stering a delivery vehicle conprising conjugate
afioumt pﬁﬁdcym; at dooageaamd fogperiofls efinad wheksyate tamticne chatdaﬂ:l&d

S avonpi d,. havi ng the pol ymer IRy t ed
e B S 1R s B Rhebea S el g i rpfution
fvitiain mudectt&nah&ﬂg ﬁiﬂél;iredmhalrﬁdf thaantflemeériaped adoval | n

cer onjugate is forned |nto a
‘SVOVé'I‘ﬁq‘t‘ﬂgg J‘%‘if %fsﬂc‘%a‘{‘ﬁ %@quége"hé “E‘%ﬁ&ﬂ fhe or a
Mn@g @hd tha SyridRSsic ieted o he hti-c4leB84tnt Thethe Wi @kld i S

any animal, 1ncluding a human, in need of treatnent
Westheran. anti - cancer agent . [0085] Therefore, there is
prOV|ded a-pharmaceuti cal conposition conprising a

foeB8) er SuitabRivehiclecav H&chbdagfor BRandK, iim Réhiagiondgent and
| avonoi d as descri bed ab The pharnmaceutical .
%f§i“f‘iab§°"?ﬂﬁ§f Remington’s i P’Eﬂ?@“té?afrﬁé“r“ﬁ%ﬁc%fli Rublishing

@&ﬁﬁh& Atds@n d’d m 19%5).COH# thisHasis, IRE caMRE MBASHEhde@hIbeit not
nposi tion routinely contain pharmaceutically

%@é‘pﬁ?‘éﬁbﬁoé“'%?ftfé'?ﬁqe&t/?% Neftwle,gaP%S@matmw@rqnﬁ gr mgent s,

PHafRREMRRILY &R efiftle VAAIIQYS dmasdd%ﬁtaﬁl@a [ b%rﬂ%r sofiftfona! |
forms of delivery, the dellvery vehi cl e may be

it freHitable @Hiand ssorsipeiiow by plysiolagigal fleids. ut i on. [ 0086]
The proportion and identity of the phariaceutically

[0089Pt abhdr BididdB N don@ikiofsDTsioPdge Iaﬁd ﬁls%t ﬁlﬁﬁr’glﬂ#ﬂa&}itl&he
chosen route of adm nistration, tibility with

PO HPSANAY\L ORI A RECSHIVAY i tﬁ@fﬁva‘nt&&pﬂ*@m frécm%ra@lsms
A A I8 mBRBIIRG B Sl aRRVRE bE @1@ anth-O28agd1® A person

phar maceutical conposition tan be prepared by known

rtlted e peg wvop eknpy dipwta piepate sitapledermudasions. (adnvgntional
as&aeke&ﬂ&gema& leQéleé}bhtaﬂ@bn% éerronad%@a. u)&tff)m%n; 0

ubj ects, such that an effective anmount
Q!@Msvrel?egl fpepnagiple, WrRenzingtongl thﬂn@mncaéétclﬁws wbs Taace

L R N
%yﬁttematl\@m the deljvenetehisleemiaysbeafdrmuiated atragine suffichemtly
cﬁi&gjtc?&ste b m%n% ﬂ\l’eg})mﬁrreﬁ&t\!v){lfou?{ﬂg Hgéd fopﬁraéé?ﬁqvger ein

neans  ananoun dosages a peri ods
of tinme necessary to achieve the deS|red result, for

(898} eTheodetisery wehicketmayabr hdrainisteead usignknoto métkodsawhjieh
mldep&rd Snéhd foRf m"lh@tdhl(m:ry vehicle. Non-oral routes are preferred. If the

delivery vehicle is formulated as a solution, or in the form of mlcellar nanoparticles,
the delivery vehicle may be delivered parenterally, including intravenously,
intramuscularly, or by direct injection into a targeted tissue or organ. If the delivery
vehicle is formulated as a hydrogel, the conjugate may be applied topically or by

surgical insertion at a wound site.

[0091]  When administered to a subject, the delivery vehicle is administered in an
amount effective and at the dosages and for sufficient time period to achieve a desired

result. For example, the delivery vehicle may be administered in quantities and
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within the subject, including a desired anmount of the
anti-cancer agent to the cell based on factors

wo nimbosiisngyy t he ef fect of the anti-cancer agentPCt/b€2008/000409
effect of the flavonoid and the synergistic effect of
the anti-cancer agent and the flavonoid together.
[ 0088] Suitable vehicles are described, for exanple,
da3agdie mergiann 1 diNar amamitdncal agSai eicke snay RRndtdattonllsviate,
E?pg{vg??nelgé#teca% grlfgg%seals)fli@m[%%\fegtu &gl %Eelzagtq.fe lnB/ ony delay the

p‘x@ &§dntdf @R Surk A@iseabe or AikdrBér! ortOinhEbiG kddsite/t ibhpair the activity
utions of the delivery vehicle, in associ ation with

%fn"ed'é?as?ffﬁ"’éedpﬁ‘&?/ﬁ'ﬁc ufiisease-relatedoengime by an gnzme inwolygd in a

fbtabistiRtcr bickRmcAPatiwag dwhith RUEL Bl patiwial i1 Rermipted & when
sui table pH and iso-osnotic wth physiol ogical f

Teewsory agnHalrof dheginayng orcrsktay iivintriypied poinhipied e qqgélty Cof

SEHZRRASTREENED GRkheCHEPOS! blo@RSsidFRYE § UNeeNodisorder, for
preservative to prevent the growth of m croorgani sns,

exaopteheancesi | | nmi ntain any biol ogical activity of the
anti-cancer agent. A person skiilled in the art would

092 hoynd &f&ﬁ?&?fﬁ@u@ ¥F B@lmeﬁ/ fepiciaoadd Qﬂﬁmstered to a subject
nventi onal procedures and’ingredients for the

<8 | vapt Jeppndirgioh mema fagtoroiclvas taiphaplaeodysamig pagnesiss ohthe
853651 Pashle, fﬁlEluﬁﬁsgfﬂHL eannecgnégﬁ@ Bat QgL ? FhRE rm&.styt érfaalme

Sci ences and in Sta es Pha cope| a:
chhmrbasedlrﬂawn@ldrrpmetwsmezmocm:qtgydrmbtratme@heu atgewg@th and

lgﬁf&a{hk u¥?t ten aqiuﬁla G TYeeHEBE ﬁleedIE)@X erP&. 59Ja5‘%1£t§1‘eeﬁxe

tII’TES I Cl ent oseto use mX|ng
ﬂ:mnrplmyewft the twgatnirotiand ml@ tyeedf fconcupmtsmabfacnt,vésany[ 00D die

T 1 ver ek . dm ni stered usi ng known
Crro\'sﬂ?wggéslén %qi)f%rﬁ] %tﬁ% &cli'gaé Vgl%%lﬁ the formof the delivery

vehi cle. Non-oral routes are preferred. If the
9883) er Ong/efskdl in the ant gamddtermént the appremsiast arapunt based an the

glﬁ@e fagtroFQ Glfhe r&l?\%bj \{%ﬁuc %ra%hﬂlﬁére? §ﬂ%llg§+ 4 Vfifa¥le amount

vehi cl'e may |ver par ent er al udi ng

thatt may b adjested asi nequicedvidepainding g1 tmrcllbgealdriesmse q)mqhe@mbjmt}
| r

'i'lﬂehe%e e\;e?%n&ﬁlg?(?rfu ({ h%é'g %el%gle %%@%ﬁdetérﬁ\ Jelaeen%ngéﬁMg a%{ﬂ céeprerrécils

doe thepphiimd! tmpire adfl the @ilehtryy S/alnge dhzit dan Stesr adrmmsa:tedasafely

]30 ?V\?rér}é/et %né u[np é&ﬁ]lge%d%lcﬁ?%@r@s s%gulggﬁohe IP men('fatll amtonn
tﬁﬁtfpemtubmahcadmradretdm dosages and for sufficient tine

period to achieve a desired
[0094]  There is also provided a delivery vehicle as described above containing the

anti-cancer agent and flavonoid.

[0095] There is also provided use of the above-described delivery vehicle for
delivering the anti-cancer agent to a cell, or use of the above-described delivery
vehicle for the manufacture of a medicament for delivering the anti-cancer agent to a

cell, including when the cell is an in vivo cell in a subject.

[0096] The invention is further illustrated by the following non-limiting example.
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result. For exanple, the delivery vehicle may be
adm nistered in quantities anddosages necessary to
waledovwess1an anti - cancer agent which may functiP@T/862008/000409
alleviate, inprove, mtigate, aneliorate, stabilize,
prevent the spread of, slow or delay the progression
of or cure a disease or disorder, or to inhibit,
FNOANEPBRE | npair the activity of a disease-rel ated
enzyme. A disease-related enzyne is an enzyne involved
[0097] MEERAfApleC 10T S§iiePGHRT it aakio VRYfecthb € Profen Lbhded
Rﬁthmaé is Interrupted, or _when regulatory control of
eellap Compley Campasethef Green Tea PeXiFAtBEs or i nhi bi ted, t he
activity of the enzynme is involved in the onset or

[0008] €SMabdtial arl Mefi@ase or disorder, for exanple,
cancer. [0092] The effective anount of delivery

H280h 0 sy R G S Aol BT St By e
Bagyperehdtion o0 EGLIBaKueitd Me!) ¥nd/ eRiatdeRy del (PH 20 AT nthbsze PEG-
EBE . G B35 ) g DR B S were s
agMApstration, .the age, health and wei ght of the
subj ect, the nature and extent of the disorder or

MODBBET Coftareel orBmFmere formays Riany Seerioed i

publisietifi@inafthabBpblic@idh WO L6us/1debooy aidypubaktiea &S apioQdin

f skill in the art can determ ne the appropriate
gﬂ@dﬁ?mﬁased'on t he above factors. The delivery

vehicle may be administered initially in a suitable
[podot) t haytstowicibe Test} Csiotskics ofeRBLG &idrivaiepewad egintined

the clinical response of, t suypject T ffectjve
WHIB Bt Setere] VRpR RN R ar T GOUEG, L SAS and
; ?ﬁfﬁarddc:tal tha/th@fnﬂtadﬁﬁ@(wﬁ Gunks)t»tbe% pRxddn@! x ag‘bua]tts ilcafm&.mary
ell1very veni cl e t .can, be adm ni. stered safely.
RN r%rOW‘ﬁ@Mmeﬂbf‘“ d’él"i“{Pé'F?}e \P@ﬁi%F‘@ﬁ%ﬁn?‘?ﬁ %at"lé’nleéda"d
&dnerdl, Gespetival®, i1 98LvER mardpiiids, hmBilloWea dy a@erd hRriigR] ARE

result. [0094] There is al'so provided a deliver

{PeRFlls vere,eairdonith & HerenitaIesnEHINE PR HEC: RECERr PESHEGEG

REOMay 2kt EBMAINY Avas[SREd THRS Rldnfar BIRO a RIFO WHafl RBuIR
of the above-desciibed delivery vehicle for delivering

reHuced iy thecxioslrpmggaptiviyofselbel |, or use of the |
above-descri bed delivery vehicle for the manufacture

io1e2yedi PREREsié OXsseBineW€T Pragkid NRgABtion CRAS VeteABIREY by
to a cell, i'ncluding when the cell _is an in vivo cel

mﬁmg)rglg'@eegthrescence intensity increment in FITC-BSA when samples were
subjected to proteinase K (0.05 mg/ml), using a fluorescence spectrophotometer
(Hitachi, Japan, Aex = 490 nm and Aen = 530 nm). All measurements were run in

triplicate.

[00103] Cancer Cell Proliferation Aésessment: SKBR-3 ‘cells (ATCC,
HTB30, USA) were plated (1 x 10* cells in McCoy’s 5A medium/well)y in
quintuplicate and octuplicate for samples and control, respectively, in 96-well
microplates and allowed to adhere overnight. The culture media were then replaced
by medié containing the samples (OEGCG, PEG-EGCG, Herceptin (0.5 mg/ml), -

Herceptin-loaded micellar complex, and BSA-loaded micellar complex), and the cells
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[0096] The invention is further illustrated by the
follow ng non-limting exanpl e. EXAMPLE [ 0097] Exanpl e

wd 20099813 stic Therapeutic Effects of Protei npPdDsGEds/000409
M cel I ar Conpl ex Conposed of G een Tea Derivatives
[0098] Materials and Methods [0099] Synthesis of OEGCG
and PEG EGCG OEGCG was synt hesi zed by the Baeyer
weredhdubitedt A KW ICOA. At tHe )imapdinadediedtel: h;edfalrﬁqe fthedia

th SI e PE he al dehy t
i 8 S0 i RS RGP B PR L oL fope e, Coll
poAfEHibn Tag déttrérhddafont BB RIdAYRM iMAYEatisibaRe a8S70 and 600 nm
evi oysly described in published international

fihd inclhetidd 2006/ 124000 and publ i shed US
appl i cation 2008/ 102052. [00101] Cytotoxicitv Test:
[Poto4pxi CiReyulsf EGCG derivatives was exam ned with
human normal mammary epithelial cells (HVEC, Canbrex,

and.co ed to,that of intac
(99ba1, 2 1R MRS S ko P R RGBT 0081
preckiss! h‘ivaldg)assiembMﬂtIhlgpnhémﬁ(t Pe;ﬁgmiloméchml{% Oagaﬂaté QOEGCQG),
sa]nBJ es % g ntrol, @pect i vel %/
RfufggMgtheae T "nV&“‘aFPrP‘S uprSSCaBha %ero%&em %Jrﬂ““ CARGeR pgent)
I’v?@e ce@égusaglg%ré%d tm@até@ehéwewcte dsrf dﬂefﬁxeg@ﬂtedcoﬁgeu;t l(pl’clﬂisl Prd%ein)
or. or or ays, e ce
"A’E‘P‘I Wit a gerugaty ?Mﬁhﬂgﬂwjmﬁﬁb BP% EGCH RFS-EHGD):
: (Wiﬁlﬂ? dnddQe ﬁm’e@,%b@’ fob&s bRty REEbly 3C4 bdﬂjﬁgﬁtecﬁcf PEG and

010 Pr ot eoI ysi s Assessnent: Prote

GEGCRAPFGORRESGE: HEnErBY: ROV Ok pREFavle). In both

Ikt SRE RER AR IPRIxEY irh &S REB Tornied aElst-Egl'eEig&\ h%@)norlented
sa l'es were subj ectedtog ei nase K (0.05 ng/n),

ey campleyess ishiding doagigd wit élw@kmrétpeqtelo Hil@ sromfaneous self-
a]séegﬁm i §%hifd a‘h%@ou@ rﬂ)l@ﬁ&{m !irﬁmll PAG ofdef shell w1th an inner

rreasurerrents were run |ntr|p|cate 00103] Cancer
@s¢ tonmrised ¢PEEEG frlnseretsimrepmplessKBR- 3 cel | s ( ATCC,
‘HTB3O, USA) were plated ( 1 x 104 cells in MCoy's 5A

[mdoerﬂ Welthy PHG-BEICY YRiweaahs c%%xmumhue ath@ OEECG and
l'es and control, respectively,

EGC displayed low cytotoxicity for HMEC (see Flgure l) The mlcellar complex

kept its integrity, and demonstrated good stability in the presence of serum without

size change (see Figure 2).

[00107] The micellar complex was loaded with a fluorescence-labeled protein
(FITC-BSA) and' subjected to a protease (proteinase K) to investigate protein
degradation over time (Figure 3). The fluorescence intensity of free FITC-BSA
greatly increased with time, indicating protein degradation by proteinase K. In
- contrast, the fluorescence intensity of FITC-BSA loaded in the micellar complexes
was kept very low (even lower than that of free FITC-BSA in the absence o‘f
proteinase K), illustrating that the protein was robdstly protected from proteolysis in

these systems.

[00108] The inhibition of cancer cell growth was explored in vitro for the
micellar complex loaded with Herceptin (trastuzumab), which is a humanized

‘monoclohal antibody against the HER2/neu (erbB2) receptor that induces regression
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m cropl ates and all owed to adhere overnight. The
culture nedia were then replaced by nedi a containing
wo beossuspd es ( OEGCG PEG EGCG, Herceptin (0.5 pgr/at)008/000409
Her cepti n-1 oaded micell ar conpl ex, and BSA-I| oaded
m cel l ar conplex), and the cellswere incubated at 370C
in 50O0CO. At the tine points indicated, the culture
@HEMMér@xp’réSpﬂng?ﬁ%sb}dc bmlstpiaﬁd&g;uln:i(ﬁd (Ifilgt&]? 4yrexhie Herceptin-
ont ai ni 10% 0 amar Bl ue. rqoliferatjon
fpadse; il sareniet showe dlﬁ’cf‘?eodePﬁ‘O&yéég'ﬁgs‘@r o cROUnARY
aindioR YBigd 531 WaEn IKBROF (HERM RaérkpRessin® BdM4d bides ehicsr cell
{,00105] The m cel | ar conpl exes were synt hesi sed bé E)
i s disalsd ithaaithendirs, HetcsRins o thearigh pmeRRsIsbPUGH or

PEG I, 6ell grbw P AalbkQ6&t 8 BRiidkikie® TRl thiddifir CEFH oaded
including with the relevant protein (fluorescent

with BSA shewedmaredphibitipn effeghthan OFGES 9r RIGEESCSioned whereas
BA [ RENsIRSENR ¥riodh. &atY Sk Of1bRhiGEde (Rickir complex

protein) conplex wth a conjugate of polyethylene

gloped|an PECSHvely dgrEOIGnh RGNERG, ; asogonfriared tonthesindiyidual

; OEGEE, PRYEYEATo A-loaded
SEhiondts SUIHPIOESE0 YA YIS HRREY 84 B BSa-ioade
mekeburznmplskot ei n where applicable). In both instances,
the mcellar conplexes imediately forned as stable

ERAoB] 0! iRk | RB6ithalTb G el GO HRAGX fBlex] BGhAAY Niven by
oaded with the relevant proteln, via spontanedus
bydrdphokie s¢rgction, the parplexyondd dissosisraryi hydrophebietamprietiierof
R er- i ' : i
Be S Bl TR NI DMl I Bis 58, A TRESE S nflgents by
mmﬁdn wish bﬁmnhiqihtﬂiqryql_emﬂ sich &sdip@E@tﬁlhm_de@(lIe‘while the
%@?&%f drelaﬂl\é’d Q\Xt‘il%eo éellyg.l '{'ﬁé figéllawl\@?plg)? 91%\&@.1 gl‘firn‘?e 1%2 before
M cellar conpl ex kep iTsT ntcegrl y, an
chdurhitirgt thathechpgaaccftafidurd §), i.e nbheéfegrves alinplayed atsaarly mime

ﬁmg.irtétg I%%J% ra% Ié é Slrzfl(:\g%l}]\/\g st,lgﬁs%% Elat%{l;'r\]nr enﬁi%%nlé in[jgf(i-)dlugl?larr-[ehrecomponents
$thrtedr @5 eaert eantiadnebre @dffpatotiminted (at%lyTCTlBSAi)Iuambds thHej ewiocadal

t rQtease rotei nase K) to investigate.protei
et Bl SRt SReyibas Gage R brofh FiBlo G ouer
shetl eBsidey the delthy cdareledst GhBiftelareaimplex ipﬂig'ic&as"@d;uwhih&d release
tine, .indicatin rotei n. degr.adat.i on rat ei nase K,

o REoHERREHIE. PRBeYlEs, Sains i Fmen SamRPnERS )P digagiation
- teodgdfrom iftB@ctinCeitd edlls CTHERd R¥M@fes WasldKigpartvd@laylylue¥ful and
%fven | ower, Lha}‘n tpat of free FI Tg— BSA in the absence

vantageous in light of the fact that the carrier would need to travel from the point of

administration to the intended target sites before exerting the therapeutic activities.
[00110] Discussion

[00111] A core-shell micellar nanocomplex carrier has been synthesized with
two EGCQG derivatives that were designed to bind with proteins in a spatially ordered
structure. These complexes formed micellar nanocomplexes through spontaneous
self-assembly in an aqueous solution (Figure 1). The micellar nanocomplexes were
derived by two self-assembly processes: (i) via the complexation between
oligomerized EGCG (C_)EGCG) and proteins to form the core, and (ii) via the
complexation of poly(ethylene glycol)-EGCG (PEG-EGCG) surrounding the pre-
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proteinase K), illustrating that the protein was
robustly protected fromproteolysis in these systens.

wQ 0@3084813The i nhi bition of cancer cell growth PeEESG2008/000409
explored in vitro for the mcellar conplex |oaded wth
Herceptin (trastuzumab), which is a humani zed
nmonocl onal anti body agai nst the HER2/ neu (erbB2)
fopneptae td foah theshelt eBhenegnm%sdnto;emfr nafdi3mpieR i@yl €56 PEG

astatic bre ancer tu ure 4). The
el c@ﬁt?ﬁ?’&éﬁe@ﬁﬁt’ﬁ:‘géﬁ’?‘ﬂf‘ R AN Ttk e g serve to
fe@ddécﬁrbt@iﬂ imnRBbEMAIUD ah@ prevEMGbsianénl olestasbelanll ipRiteolysis of
gure 5%1 When SKBR- 3 (HER2 over expr essi ng human
HP@astbyC eudpengdetheliaf j systgm, pptake, dergpping the asednfor frequent
chﬁﬁﬁtolr thfies ontthﬁapﬁar"lflie%'ighm@lnﬂﬂﬁe hEIFSFREQbnd the tailored
G ECCG), grow h was observed to be inhibited.
siEfe(<nd @am)anaycrmtrpnwwlewéwlwn@ﬁlaléé;ﬁ@ $HoEPraYide enhanced
n
S S S e
mﬁ e&ipferction apd dftammatien ar conpl ex showed an
i mpressively greater inhibition effect, as conpared to
fd0312]"d' V'T‘Flé’%kﬁn‘?t?@%@@ﬁsfoﬁ%l'dté@rv@ag lft%@- lokdF theSA S lar
Her ceptin) and the BSA-Ioaded m cell ar conpl ex.
{@@1@@} wah gg @ntiqaacer pratin.i 0 negteinileasied spmplaxss dempnsamtef ¢
R S S T L A TRy
Sigtemamayapfifes imMeuedcdabiperaef wanigud biplegicehmoleceles so s wraxploit
d e b .2 t -
@Igoe}(gll%tﬁ?eg Ofcﬂ{gp%}‘% s? }flef'g L gfsfécl?glq gﬁ%stn% fdehveir?/ effects
seeoriatedwith mhlvd:ratrtldwﬂsavomcmydemam@ qagicai ned with the
cells. The mcellar conplex showed a tine |ag before
tin t
[Zlfb?'é Si:xéiﬁgg 223*5 g‘?“e gr]ﬁ/ 6/??‘?% &Il[:;:'g %{ g\'l.?c)ellalj C?npl@?es
Qyntaipging Herseptie free protein and the individual
carrier conponents started to exert anticancer effects

OWTWI at elB\ﬁlb/n-EBé Snitd Iviepd ﬁﬁ’&u@gd Witk &Hourst ysr loadvant age
m cel | ar conpl ex, whi was | oaded with protein

Wrﬁthln pellepHE 78 mee ﬁOquelea%ésw@eQdeétedféﬂ &y edchy anouses by
§u@§ut§ﬂe‘8@s] llnj%f:tlcﬁlorﬂe%llwlﬂg'dg)e‘% Ju%en§lH§t)f"Bﬁ‘$ﬂ1 éreﬂg P& fs

her apeuti ¢ nol ecul e protelns and carrier
Qﬁdipf}b@%m Mattigeldwvassinisttad suheutaaeoubly iim each mewse. ntwmeues veng

usg\%d?@éévgo%%%g\vgggt ures woul d be particularly

antageous in light of the fact that the

carrier would need to travel fromthe point of
QB st r dtooweaks fellpaving inipction afdhe &T444 wcelds, g ariee were

Rt EWﬂtrB\Qﬁonhﬁfe@tRﬁlyMiee %El{ly ig6d £8ne-month period, with one of

~ micellar nanocomplexes loaded with Herceptin, Herceptin alone or PBS as a control.
After the treatment regimen, tumour size was assessed. The results are .shown in

Figure 7.

[00116] As can be understood by one skilled in the art, many modifications to
the exemplary embodiments described herein are possible. The invention is intended

to encompass all such modification within its scope, as defined by the claims.

[00117] All documents referred to herein are fully incorporated by reference.
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[00110] Discussion [00111] A core-shell mcellar
nanoconpl ex carrier has been synthesized with two EGCG
waolesovwasizes that were designed to bind wth prOL/eGres/000409

in a spatially ordered structure. These conpl exes
formed m cel |l ar nanoconpl exes t hrough spont aneous
sel f-assenbly in an aqueous solution (Figure 1). The
[U'Uﬂcﬂﬂ ar ?g’%&%@m&i@m&nbwm&n&%ﬂ tHGﬁlVBMIanFe disclosed herein,
se asse rocesses via the conpl exation .
B\ AdaRtatians @%41593 %&qﬂlom b ithim the seapeof HE IRGnHQyith -
etcb&dzﬁﬁé &vithatRél chinnbn \temerdlN@owRARY 6K BokeO&kilRdd in this art. Such
(et hyl ene choI - EGCG ( PEG EGCG) surroundi ng the
fb?‘lé%@n“%sdméb’ﬁ% o SUbtitHtianel %ﬂ?&m equivgtentselon apy ggpect of the
m&n%ﬁ M oﬂ@P@c?Q&‘ﬂ?é\%Xthéj'seﬁﬁé ?éé@l@' iR shtist@n8416/) the WainB vAayCOAR
protein conplex. This structural feature can
ts@mﬁel anyl paienidie foreR Bicd herﬁmh@wgeemecsw mpaning ay épmmonly
a t ot )
N b e g o P L S
dtearwise.equent i nj ections or infusion therapy. The
hi ghl y wat er-sol uble shell of PEG and the tailored
size (< 100 nm may not only prol onged pl asma
ﬁgﬁ&m%lfe but al so provi de enhanced perneability and
ion effect, resulting in selective accunulation

sit fe | onra
Rhertoh: RBRoor  FoySph BcBkd TR ek SaBRsk Bhobayer
rhioelles aglvdhivdesrforcdrbig dd‘llveltyrrm(b)wsl R‘albch‘eam, datli3e 41098).
protein. The protein-|loaded conpl exes denonstrated a
much greater anticancer effect than the free protein

OkulahH., ugadaks, Y1 &K dtaokd K. sPag'yleeHInano;ﬁmteerfommylogfcﬁland

A N Y

t herapeutic effects and the dellvery ef fects

@ soci a e wth th versatlle fl avo 0|d quvat zed
2Mer | &taj? éopé’ YMEr JRICHIER (O Al AT P 06 ‘a“d
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[00115] Two weeks followi ng injection of the BT474
cells, the mce were treated by intravenous injection,
wo p0emsaseekl y for a one-nonth period, w th onepPOf/SG2008/000409
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Herceptin alone or PBS as a control. After the
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new bi nding targets of green tea catechins. J. Biol.

Chem 281, 17446-17456 (2006). Matsunmura, Y. & Meda,
waohooosss concept for macronol ecul ar t her apeut PCESGI008/000409

cancer chenot herapy: Mechani sm of tunoritropic

accunul ati on of proteins and the antitunor agent

smancs. Cancer Res. 46, 6387-6392 (1986). WHAT IS

CLAIMED IS: 1. A delivery vehicle conprising an

WHAT S£iceMEREnt ‘and a conjugate of a delivery agent

containing a free al dehyde and a fl avonoid, having the

el ivye ' : / ;
Do £} ivE SRR HITER Bl e (RnB s Unibe 65
cgbvw agopt cankdighea Gee diichiyds andwHlavenaid, hheingltieidelkiveyy aggant
\Zolyle) tech
o R B B b G e A Bd B B 573
wherein the flavonoid is a catechin- based flavonoi d
% hat The deliveryeyshisteradchim | wheleinghé delivenyegens diw pplymer and
|late or
%m%mﬁﬁ&q& lg%%%g% Qahfg%ﬁa?éBn%ﬁ The del ivery vehlcle
of any one of c|ains 1 to 3 wherein the flavonoid is
Sronorfe HEINGR ehislecilaim e WheGho fievoneidat 4 enebine ascds,
r |d
i P e A
gataty apl- bmlaelllyzaé@hmaﬂan ve coupling; (ii)
al dehydenedi at ed ol i goneri zation; or (iii) a

g£arbae earvl@%ehicw%y BRI RMY e 3GPhePdin (R ROSIdid RN on
the A ring of first” nononmeric unit to the C6 or C8

WWF‘@QTUPFWH@CA]WPW foligomsicond nononeric unit. 6.
The delivery vehicle of claim5 wherein the flavonoid

5 s olﬁhgea%wz\@mc}élﬁc@.rﬁameﬁnﬁﬁé haRNbidNABmRAL YRES
C6 position on the Aring of the first nononeric

ou'ﬂPmerﬂZGd thieuebg(ihaey me-gaalyppdioidative qopplings (b gldeldennd

m&mﬂig%mglniahoﬂror yhes @drﬁbntc!l%oflllﬂ ‘%ﬁi«ebl?th@ ldeapeRr i C
(-).-epi locatechin’ gal late (CE I goneri zed

PORifiBRy Bfht aﬁrrwaﬂﬂ fadiry srpnomeripunicg thed” M&wsmoneeﬂw ring

dfhgggggguﬁgmgnaudﬁplgalIocatechln gal I ate nononers. 7.
he delivery vehicle of claim1l wherein the polyner is

alde de- tern1nated g et hyl ene gl ycol)
6al derVedel wé?yvatclezcée e HI the ﬂ%\ioamdhgﬁdlg@m@we@ Vi3 d

c@fﬂoﬂ-@%@ﬁ Whiakeshves tﬁ‘é €t Pwlt‘?&l%tn%e & PRk BOME Sirst monomeric
ehyde-derivati zed hyal uronic acidtyram ne,
umt to the C8 position on the A ring of the second monomeric unit or wherein the

flavonoid is oligomeric (-)-epigallocatechin gallate (OEGCG) oligomerized through
carbon-carbon C6-C6, C6-C8, C8-C6 or C8-C8 linkages of (-)-epigallocatechin

gallate monomers.

7. The delivery vehicle o_f claim 1 wherein the polymer is aldehyde-terminated
poly(ethylene glycol), aldehyde-derivatized hyalurbnic acid, hyaluronic acid
aminoacetylaldehyde diethylacetal conjugate, aldehyde-derivatized hyaluronic acid-
tyramine, hyaluronic acid aminoacetylaldehyde diethylacetal conjugate-tyramine,
cyclotriphosphazene core phenoxymethyl(methylhydrazono)dendrimer or

thiophosphoryl core phenoxymethyl(methylhydrazono)dendrimer.
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hyal uroni ¢ aci d am noacet yl al dehyde di et hyl acet al
conj ugate-tyram ne, cyclotri phosphazene core
w@bmoosagnet hyl (met hyl hydrazono) dendri ner or PCT/SG2008/000409
t hi ophosphoryl core
phenoxynet hyl ( met hyl hydrazono) dendri nmer. 8. The
delivery vehicle of claim7 wherein the polyner is
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GRSy SR and ostoclydly SRR R RRPORR ERP-ar
nanoconpl ex conpri ses al dehyde-term nat ed

%ol y("lﬁiefdylll\erbevegl}lcjﬁ:ﬁﬂ cJaira @nyhegan el ntncnllamanbciogtpm(rdompnses

SRS srar e oy Gl R eiverbioriiafist Sin diebediiaretinan
baREENavensi@. cont ai ni ng an ollgonerlc cat ech i n-based

fl avonoi d and an outer shell containing the conjugate,

(Pe ﬁiu aetr eve&n crgjcgfjc]:’ % W | deeh de I(t:e ! rm nﬁgoedljex comprises

pOIy( Vi ehe’ G198 en) gat 8"% 2 HORTIE ¢

mahm hone <cb@siaihgfah aUgmmrrd catédhin-bhsed devdnuidrayid we bited shelbf
wherein the .oligoneric c tech n- baw%

TR R R s S

EON(¥iketefad|adoy)Zodjupatedidta niéhodRtip batedin-§adséd flavonoid.
al dehyde- nedi ated ol i goneri zation; or (iii) a

bon- car b [ ink .b t C6 _or. i ti '
Pt ot BB venle i YR BE afonihi rilaRRbasi s "
froshsid wmxgaméd’mdﬂlmlhghg(npénz@n&emllydedrmmaﬁﬁer dompling; tii) 12.
[ 1 wh in t
R L e AR G e A
O EB positian b the CARMOSE d firbtkBgRmeeit WEien thd @6 6IECHESItion @R tien
%he Aring of the first nmononeric unit to the C8

S of dircond PAPNKTIEUAY of the second rononeric unit or

wherein the oligoneric catechin-based flavonoid is
. i gorerdelivety thlc@cbf@dﬂlﬂm(t atheek lhe gki?goln&he cz(téﬂ]i%)sed

| o ri.zed throu ar bon-c
o ol B mespeH kgm0t | eAgr Bar s EB Rpifion on the
,\%ﬂng af e ffi Iﬁj?ﬂﬁigﬁdir?enc]ﬁntlta_ e adglosivien yn weld ghgofalie @t@idm 10
erein the ol.ogl C activit 0 ric
A S T RS TR R e
@pagaﬂsmd&hila@mﬂe ((bm@a)pd)ldgohﬁr@eﬂ&m‘@@e@rudﬁ dafben W6 QEY, C8r

nanoconpl ex d wherein the biologjical activity of
ER&EFS st Einkagew ol )rFPtﬂéH%%ﬂ‘eF'l"a%'ﬂ?é‘f BoRUNGihrmsked

when the oligoneric catechin-based flavonoid is
el eamedelive®vehbige dﬁccae.hllarwhmmﬂemlo@kal abdvityldtahe

liver icle of m 7 wherein the
‘g%ﬂg‘ﬁﬁﬂé@fﬁ% I:{péfiq fiaéanou? %s maskc\:lghI when tpe ollhgomerlc Xatec{un based
flavonoid is assembled in the micellar nanocomplex, and wherein the biological
activity of the oligomeric catechin-based flavonoid is unmasked when the oligomeric

catechin-based flavonoid is released from the micellar nanocomplex.

14.  The delivery vehicle of claim 7 wherein the polymer is aldehyde-derivatized
hyaluronic acid, hyaluronic acid aminoacetylaldehyde diethylacetal conjugate,
aldehyde-derivatized hyaluronic acid-tyramine, hyaluronic acid aminoacetylaldehyde
diethylacetal conjugate-tyramine or a combination thereof, and the delivery vehicle is

a hydrogel.
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hyal uroni ¢ acid, hyal uronic acid am noacetyl al dehyde
di et hyl acetal conjugate, al dehyde-derivatized
whyabosens ¢ aci d-tyram ne, hyal uronic acid PCT/SG2008/000409
am noacet yl al dehyde di et hyl acetal conjugate-tyram ne
or a conbination thereof, and the delivery vehicle is
a hydrogel .15. The delivery vehicle of claim 14 that
15 f orhedlivery whicte dfylaim]l ¢ diat Briorafed amvine by afckibm &

s Red p YR b o SRR OB T b o rsiBrns agentany

one of clains 1 to 15 wherein the flavonoi d has
E&Jgﬁéﬁhbddlnbb@edng:ﬂe(}ﬂanﬁ bavadetaiirds proojdevtieras the ¥lavonblidchas
10 wherein the oligoneric

%‘§?’§E‘tﬁﬁ§ E’OKO%,C@ISA%VP%(U%H@P f‘lsas augment ed bi ol ogi cal

fl avonoi d properties. 18. The delivery vehicle of

KA. ai ritht deliverpevebicke dfhélirbiIQIWhgiemahe altgomerit yatedhint-besedant i
ncer e i.S anti-cancer agent is

GR05H PR et R TRREER STl Beffioex “and wherei n ¢ he

bi ol ogi cal activity of the bioactive agent is unnasked

I#hen Tllﬁedeliifmatﬁi&)eowajmtloi whereinglastaologicd mrtiviy qﬁlrc@hli-ar
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erein th er "agen
anodomiplex, andp@prdinlthe bwlcrgu:ral mnmqaof tﬁe bmacswalagenmlmmuiked
a growth

FrBoio RN sl teasdt PR BE s AR Pt b

stranded DNA, single stranded RNA, double stranded
NA, The dlprety YehicqyifanRpek, of glairgd RWAS vetreramthic bintotancer a

%Ertﬁlrﬂb)%) Erg)[e@f,)rgé ét&ia 24 e}}csé}%ni Q?&Ll?&%@?ﬁ{a 3 dr :@l? a%t%ody,

hmmkm an aaymmwmgadtcat ocyokispingle stramdeg'DM ldeubdxr a
e of .clai

del
RS B yrate KA B Srahg ERNE, £ 5 sGiniin ROV 2
Wnﬁan&bbumuhem@héra;&uf ¢ aeat, amingtogendik. inhlibieordml | very
i cl f. cl 0 wh in th tibody i .
PR sl oo Amol el tpcectinr Rt mgroa oo sids
Bgedkinetdd agraah face@npri si ng contacting the delivery

vehicle of any one of clains 1 to 2 1 vvith the cell.
in . the.c

3. nethod, a n |
70" 1 oS Gy R eyl B e S Th bt S 25058
dMeeuedzagmrtshenm&Iut cdllssutfacevharkerand t he et hod conpri ses
adm nistering the delivery vehicle to a subject in

ﬂeed '[?1]; dg“uel'y JeRIeSF claim 20 wherein the antibody is trastuzumab.

22. A method of delivering an anti-cancer agent to a cell comprising contacting

the delivery vehicle of any one of claims 1 to 21 with the cell.
23, The method according to claim 22, wherein the cell is in vitro.

24. The method according to claim 22, wherein the cell is in vivo and the method
comprises administering the delivery vehicle to a subject in need of anti-cancer

treatment.

25.  The method according to claim 24, wherein the subject is a human.
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treatnment. 25. The nethod according to claim 24,
wherein the subject is a human. 26. The net hod
w@ewmonsisng to claim24 or claim?25, wherein  PCT/SG2008/000409
adm ni stering conprises injecting, surgically
i mpl anting or topically applying. 27. A pharmaceutica
conposition conprising the delivery vehicle according
26) arbheanghddf acCdraingto élath4|2)]: claﬂﬁZS,Vﬁlﬁrdﬂﬂﬁnﬂﬂn@l@ﬂﬁg’ cal
ositjon accordjng to.claim27, rther. conprising
Car kg SReg v b SRl sl i8S Uoe of t ha
delivery vehicle according to any one of clains 1 to 2
17 f orA dﬁdrinu&lu'tlm c@nip@ahioh compisiig thgddlivetyoehicleakdording @
t 1 Bg use according to claim?29, wherein
"§8 f@EF i'® & human. 31. The use according to claim
29 or 30, wherein the delivery vehicle is fornul ated
1%r |Theepmnnmneutnsalrcgmpadltndnrmbamhgtd adaim@7, fubtheraalinprising a

dm nistr
aharmaceutlcaﬁy acceptable carrier.

- 29. Use of the delivery vehicle according to any one of claims 1 to 21 for

delivering an anti-cancer agent to a cell in a subject.
30.  The use according to claim 29, wherein the subject is a human.

31.  Theuse according to claim 29 or 30, wherein the delivery vehicle is

formulated for injection, surgical implantation or topical administration.
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