ANTI - CANCER AGENT DELI VERY VEH CLES CAPABLE OF | MPROVED LOADI NG

CROSS- REFERENCE TO RELATED APPLI CATI ON 5This application clains the benefit
of US ProwpD2honabkiskat ent Application No. 61/312,885 fil edTec2dd/oMiveh 2010,
the entire contents of which are incorporated herein by reference. FIELD OF
| NVENTI ON The invention relates generally to anti-cancer agent delivery

vehi cl es Cg?rg?l-@ANCEEQPAtGE?*bbE@WERY W@ﬁ%l@dﬂ@ﬂb@ﬁﬂhe

foll ow ng cussi on ackground to the invention is intended to
15facilitate an understandi ng of thkOADINENt invention. However, it should
be appreciated that the discussion is not an acknow edgnent or admi ssion
that any of the material referred to was published, known or part of the
common general know edge in any jurisdiction as at the priority date of the
application. In the design and devel opnent- of .novel drug delivery systens,

pol yner i CRAOSSREFERENCE TO'RELXTFED APRLICATION ed consi derabl e ‘attention
due to their potential for use as drug. delivery vehicles for anti-cancer

drugs to target tunpr tjssues. Briefly. a mcelle is an aggregate of

anphi phi | i dhigannlication slamsdhe baneld Qiﬁl%g Qwgiopal %atﬁﬂaﬁpaﬁg%nom}'%r. Each of
t he anmphigpRj4loi : : i i Whieh" \ d a.
hydr0m0§??12§§?ﬁ‘%3ﬁﬁ?ﬁ"ﬂ??gbg@ﬂ elrﬁicgg Inggjﬁfa\b//hﬁerqc g?ﬁajcozrg&%ﬁdrqocarbon
groups, hatkin by refegeiscaof the micelle nmay include charged (anionic or
cationic) groups or polar groups. In a polar solvent such as an aqueous

liquid, an aggregate of the mcelle nolecules typically forma nornal
mcelle with the hydrophilic head ends extendi ng outward and in contact

Wi th theFEED@FINVENTION

10 The invention relates generally to anti-cancer agent delivery vehicles Capable of

~ improved loading.

BACKGROUND TO THE INVENTION

The following discussion of the background to the invention is intended to
15 facilitate an understanding of the present invention. However,vit should be
appreciated that the discussion is not an acknowledgment or admission that any of
the material referred to was published, known 'or,part of the cor.hm'on,gene‘r‘ay . .

knowledge in any jurisdiction as at the priority da’teibf the appIicéti_On.

In the design and development of novel drug delivery systems, polymeric -
20 micelles, for instance, have attracted considerable attention due to their potential
for use as drug delivefy vehicles for anti-cancer drugs to target tumor tissues. |
Briefly, a micelle is an aggregate of amphiphilic or su.rfactant molecules dispersed
in a liquid colloid. Each of the amphiphilic/surfactant molecules has a hydrophilic
_ “head” end and a hydrophobic “tail” end. The tails of the micelle may include
25 . hydrdCarbon grdups, and the heads of the micelle r_na'y include charged (anionic or o
cationic) groups or polar groups. In a polar solvent such as an aqueous'liquid,v’an
aggregate of the micelle molecules typically form a normal micelle with the

hydrophilic head ends extending outward and in contact with the surrounding
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sol vent, sequestering the hydrophobic tail ends in the mcelle centre,
thereby form ng the hydrophobic core. The polyneric mcelles are generally
formed frwm2otg1seshf - assenbl y of anphi philic bl ock copolPgmSiG20i1w0@a0 agueous
environment. It is known that polyneric mcelles allow for enhanced

accurnul ati on of anti-cancer 5drug (i.e. enhanced drug | oading) at tunor

si tes dugghnt hRReBRMFGANE Ny BRHBNIbId ﬁén%?ﬂsrlﬁttﬁé‘l?ﬂu%]le(c%?@e ‘fﬁér@R% resul ting

fromthe | eakiness of tunor vasculature (H Maeda, Adv. Enzynme gul . 2001,
41, 189- Iormingithe Aydiophohic cdre. Blue eoanmelﬂelllesase]gener@ﬂlytfwmed rem es

revents t he adhesi t d re uces .t he uptake of .m cell by the
Py et ® G Sefaea Bl HaRbfkBUR b AEIES b ARR SrBhRitt, o o
of m cel li@RndbWn kgt dwﬂﬁeﬁémué@re%%n@w foF ePhafted A6BUMENaYEN oPahtixtanBev. 2002,
54, 169-190). Over the past two decades, nmany groups have devel oped -

pol ynbr i ¢lrug fiea. m@%e%dm logdisio) &t Hynepsitas @uebtod@le eheoceehpesmeability

Pl v et g 1\ KRR JFES rd it PO inB IR RELOGIIE BRLNERES (UCh 2
pol y(L- gIM@édmtﬁ&J)v EnagnecReqlly2e01, (41PEengcﬂ)u|)n additiors hie bptarrd/drophmc

pol y(L-lysin £ succinate (N. N shi ama et? Langnuir, 199 15, 377- 383,
N. Ni Shl yphell phthe micedigaprigvants theadh the'ﬂﬁ@nﬂﬂ?dﬂ?ﬁﬁ ewtaﬁ%ﬁaanov

etal. Bi OGEOIALBY the RfELIoLATGnefal séé{’edﬁﬁﬂ)esﬁhfeh@df&@o&ﬁﬁ% biyg. been

developed to encapsul ate anti-canc , ‘suc I Cln, CISplatln
and 20 prcotelation ofimitellestihdéherbody (A,rLaxasan(fat e/, Atlv.aBrugi. Delfie! Ij’een c
Mcelles f u ivery, 2006, 3, 139-162). Furthernore, in-vivo studies
have dem‘?rQ@? 5% %ﬁé@ 'these m cell es have higher anti-tunor efficacy
because the drugs encapsul ated in the polyneric mcelles accumulate in -

tunor tissi@®eerims past Wdédé@'eié Hﬁhg 3§rb@ éhé@e dé@épé@@ﬁ%é’rﬁﬁmﬁd‘élles
Ni shi yama, Cancer Resear ch, % 25However .- one probl em

pr eval entComprisigsef qmplgnﬁewp@qﬁ!&:@ncéyrawt@rmDIY(e hyiene gliveold{ PES o8I ng i n

el ©ShBATaha LRIBRCKE! dolh Ot LULiPEO bR pelieadliy BIoRR QpRARY | L

aboxes di $mBG+R(Asb)fduseI$or0)n ppMIy—g&ﬂamate)@d)d:leeopmymer (“E’E@P@@Iu)vgzry syst ens
st 1 t t

Sitiar ohogh and eGSR stoaaRlN O kRt ettt §5 3777

t her ef or %8@eﬁl' l\ﬁé?hy’a bPalP BRI CHE. 22)@'30% @@QB?%Jd‘A( eA)’BHé‘t'PérﬂH\ﬁs t hat

overcones, or at |least alleviates, one of above nenti oned pr obl ens.
SUMVARY @k alf iiocayEgate Ghem. ﬂ%ﬂgﬁééﬂ‘t&)l llf@oerunnathodamaereéae@mherw se .
|nd|catedtoth contra%'_ﬁ and the

ke, - ar Se¥EIOBET LG REERY atelAMisSIOR ArigETReR e HaropfReR. Sislinng a0, 1o

"i nchodi paotelms! wrtﬁtn tlhermrceﬂart@bre (H. M./AIRbedr, donanems MicdllelifosDriagpect  of
the invention, there ISgDI’OVI a conj ug ate of a del i very agent contal n| ng

a cheni c&leliveie2006n3 B ﬂ@%)sfuahermp@/dwve stydjegharve idemanstrated, thab
exi st s 'Ehcs?se'm&%ﬁ?é 'h%vé?\rg@e‘?ranﬂ't r%fﬁc%{cg‘rb‘é%ﬁaéétr?{ahlﬁ%aédc%ias&lai’ec{ ﬁmi' ns

in the nononeric formo Imericfrorma con
the polymeric micelles accumulate in tumor tissues more effectively than the free - _ ; :

drugs themselves (N. lehlyama, Cancer Research, 2003, 63, 8977- 8983_).
25  However, one problem prevalent in these polymeric micelle systems is that the.
drug loading in such micelles is often very low. In other words, the drug ohly

constitutes a small proportion of the polymeric micelle by weight.

Although the above discussion focuses on polymeric micelles, other drug : _
‘ R delivery systems such as matrix delivery systems and drug targeting systems also -
30 face similar problem of low drug loading for effective drug delivery. ’



Advant ageously, the conjugate conprises two or nore flavonoids, and each

fl avonoi d does not undergo association with the other flavonoid. In other
wor ds, thwof2baviaessds are chemically inert to each ot hePCarsd2aia/onaido f or m

ol i gonmers during 15conjugation. The flavonoids nmay be identical or
different. Preferably, the flavonoid is a catechin-based flavonoid. Mre

preferablyy ryf!?erfe#&é%%irgbl'esto(pro Q'f&aér?(PE%ﬁ%er(a n?HbWéry fcfé‘é‘t'h%

(+)-catechi i catechin | oca |n gal ate.

Mor e pr efoeeradonyes, onat fdast aheviatess ofie pf thepalyatd meartrenenl prcgﬂemat e. The '
flavonoid may contain carboxyl-term nated group, 20 am ne-term nated group,
succi ni mde-term nated group, or any other group suitable for conjugating
with the chemcal noiety. Preferably, the chem cal noiety is a polyner.
The chem cal noiety may be one selected fromthe group consisting of a -

pol ymer KUWMMARY OFRTHE INVENTIQNOUp or a functional group capable of being
converted to an al dehyde group, a polyner 25 having a free carboxyl group

or a functional group capable of being converted to a carboxyl group

pol ynBr havin ﬁ‘gUQahOMt Hiis derumest, du"ﬂ)eﬁﬁmgef"ﬂﬁ@t'”%ﬁ%tﬁ dde &g centpail '@‘eotﬁ"rﬂél ng
conver! edodApAling " EshaKifPor SrRPINETRE, SR eoﬁétﬁfeoeagﬁbglé%hgﬁsweoup or a
functional g oup ¢apabl' e bei ng convérte a succlinimde group, and a
m xt ur e ftonér ethier wadrds g meanigl ‘yncludieg pmltmmrllmﬂxedeto”.al dehyde-term nat ed.

pol y( et hyl ene egcoI) al dehyde-derivatized hyal uronic acid, hyaluronic

acid am no cet I deh dj.e e n al dehyde-derivati.zed

hyal ur oni.c %@F%O@QPQ% ﬂg ﬁfi{?% &%ﬁ: eJQHr‘?'?rot i B %{P}é/@ﬁ%"e CUNWIHG| acet al
conj ugat ef ¥IdNves: a |c@hfdrrﬂh§%\oé}ie?ﬁlﬁﬁl Bty BRE 2@ Y48t bRk flavBhdid| hydr azono)
dend rimer, 5 thiophosphoryl core phenoxynet hyl nethylhydrazono) dendri ner,

car bafy| whereinithe davennig existy incaaaenareeq foraverémesiciiPrabeir ol y( et hyl ene

Phe. pol y ApiBdigh b selE Rdricndifies: Bt pedidc BRnenebbofiuBaior’ “0hy

delivery agent is conjugated at the C6 and/or the C8 position of 10 the A
ring of theAdfvlaatageoUslIy,tNei¢omM¢1ﬁe%m@e@&wpoximor@rfmmneidspandpraeherred it

w || arent, to a per,son skrll t hat er ,con ation
posi t i onggg‘?ncf'aéloﬁﬁé\%ﬁﬁparqoeaﬁoc 'OBtVng Pr}el ‘%595 |%ch10écﬁ gB s ‘B'%é I'n
accor danggg ﬂé&&ho@dsssfeoasbrﬁeaﬁsﬁrnewtoté&h' dtMENEA@ Ao ridheoreh bigdthend dlstthg?
delivery venicle conprising the conjugate of the first aspect of the

i nvensi ogonjugatioracthe tavawiddé mayde lldenticaigp@ku‘ferent the invention, there is
provi ded an anti- cancer agent delivery vehicle conprising an anti-cancer

agent and & cAPILIFLE MAlohdid ik'a [ SheGiRESEe8 ab BRI | bP&terably, the

flavonoid is (-)-eprcatechln, (-)-epigallocatechin, (+)-catechin, (-)-epicatechin
~gallate, or (—)—epigallocateChin gallete. More preferably, the flavonoid is (-)- . :
j epigal‘locatechrn gallate. The fIaVonoid may contairi carboxyl-terminated group_, :fﬁ i
20 amine-terminated group, succrnrmlde termrnated group, orany other group -

.surtable for conjugating with the chemical moiety.

Preferably, the chemical moiety is a polymer. The chemical moiety may be one
selected from the group consisting of a polymer having a free aldehyde group or a
functional group capable of being converted to an aldehyde group, a polymer
j 25 having a free carboxyl group or a functional gro,up capable of being converted to a
- carboxyl group,f a polymer-having a free amine _grOup or a functional group capable o
" of being converted to an amine group, a polyrner having a free succinimide group “
= ~or a functional group capavble of being converted to a succinimide group, and a

mixture thereof. More preferably, the polymer is an aldehyde-terminated
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I n one enbodi nent, the anti-cancer agent nmay be a protein, a nucleic acid,
a small nolecule, a drug, a peptide, an antibody, a hornone, an enzyne, a
growt h 20wbaetiorn215a cyt oki ne, single stranded DNA, doublPeTsGrandedoONA
single stranded RNA, double stranded RNA, a short hairpin RNA an si RNA an
antibiotic, a chenotherapeutic agent or an angi ogenesis inhibitor. In
anot her - eERAgiTRiHe ol &) HMdmERRELvaREE hyHRIoME aBR, F9RKIGIE LERST uzumab) or
TNP470, doxoru |cirﬁyciéplaspﬁ, paclitaxey, J%unorubigin, or a mxture .

t her eof . aptinpacetylaidehyde digthilaaetaboonjigatsy atdehyfletdesivatizethhyaluronidere i s
provi ded a., pharmaceuti cal. conposition ri sing,.the anti-cancer delivery
Vehi cl o SRR, RYalidie acekainoacrtialdtivde deiyeetd ol (he

phar macewrafhe fdycidy h@%ﬂﬁ@&éﬁ@i‘zoﬁb ih'éiids%ﬁ%ih'i btHIHRIPARING dedlfier, VO
2011/ 112156PCT/ sdgzo_iﬁ'?oo 100 I n gccor anceyveili?th a fi'fthogspec't of ‘the

i nvenbdi oithiophespharyl gore wheaaxymethwl(arethHeydiazone)-drnsiringfe aarbgyk ver y

vehicl e 1. ' ; ' i nv. ' ' i he _anti - cancer

agent o B ARG, oo lseeEhirRed Bon KRR ik Er 3 O

ver t ebr aisacginphideabiniinatatbpaipethylene gicolfbMdrapriferdthg theposeteriis a hunan.

I n anot her enbodi nent, the anti-cancer agent delivery vehicle is used to

f or mul at @ldedyderieepinatad palyteindane ofseAnt ati on or topi cal adninistration

I n accordance with a sixth aspect of the invention, there is provided a

met hod of ' i i | i t. 3R ' ' to at

Teast one TOrICHa g dRIGl it ISeGoRend b T8 AdDPReres pRRIBRer o

fl avaaoi the ArvingeofitheflavbhaidoWiile theiGa and C8positirseaiecmbet preferrefl, ritewillc f or m

bef ore cgg%y ati%ﬁ.and rena ric f.ormor di orm after
. I

Breqtodnersat vsliegiin ieon doaHiReL Soniab e pemifs & thBon. t hor e

conj ugat i

i's provi dadoroiate Rodt efhef ehp¥pareils@podsibie. cancer agent to a cell. 15In one
enbodi nent, the cell is in-vitro. I n anot her enbodi nent, the cell is

i n-vivo and the nmethod conprises adm nistering the anti-cancer agent

del i very véhpeterdapcewithis sreondraspestobthednvetion: dhereris Rrovided a The

subj ect gRydig VIR LMD AgRAE oBhRRale B (RTFR! asddit BPeRDARHdFENT . the 20

subject is a

15 In accordance with a third aspect of the invention, there is provided an anti-
cancer agent delivery vehicle comprising an anti-cancer agent and a conjugate of

the first aspect of the invention.

In one embodiment, the anti-cancer agent may be a protein, a nucleic acid, a
small _molecule,: a drug, a peptide, an antibody, a hormone, an enzyme, a growth
20  factor, a cytokine, single stranded DNA, double stranded DNA, single strénded
RNA, double stranded RNA, a short hairpin RNA, an siRNA, an antibiotic;, aj '

chemotherapeutic agent or an angiogenesis inhibifor. f

In another embodiment, the anti-cancer agent may be herceptin (trastuzumab)‘ |

- or TNP470, doxorubicin, cisplatin, paclitaxel, daunorubicin, or a mixture thereof. - |

25 " Inaccordance with a fourth aspect of the invention, there is provided a
pharmaceutical composition comprising the anti-Cancer delivery vehicle of the third

- .aspect of the ini/ention.

Advantageously, the pharmaceutical further comprises a pharmaceutical

" acceptable carrier.



Preferably, the adm nistering of the anti-cancer agent delivery vehicle
conprises injecting, surgically inplanting or topically applying. BRIEF
DESCRI PTIvON 2CH/1TT2B6 DRAW NGS 251 n the figures, which il | rexrsske1/obyronay of
exanpl e only, enbodi nents of the present invention in which:, FIG 1
shows a schene illustrating the self-assenbly of poly ethylene glycol/(-)-

epi gal | ocaliaBbsradAbe Hith 4 MEPaSEEDrRINERNSS, hersladbrdbideadones ubirl n:

FIG 2 denonstrates the formati on of PEG EGCG conj ugates | oaded with
doxor ubi @nti- @anceaegermtgde!wety wehiclEef Huotbitbasnaet ohthedinyentivrefon gdedivering

referenc | ow each tt anpl e represent.s the initial PEG EGCG f
concent ril?‘?gﬂ c,qnﬁ%/%gen e&sm 'SFEURP B "&’%%tt rospray ionization
time-of-flight mass spectra of (a) PEG and (b) PEG EGCG respectively;

FIG 4 ShO%easm?étﬁmﬁay bé @sigrisbrae preferalyfa masendl yn ohe BRibddisent; aing ugat es
| oaded with cisplatin and/or herceptin; and = FIG 5 shows the in-vivo

HER2- bvesthjactiss@ QUR@Ran breast cancer cel | (BT 474) xenograft to ‘Athymic
Nude- Foxnlnu (n-6) with PEG EGCG conjugates |oaded with herceptin. FIG 6

shows conf qeah iR d&ﬁm@ﬂﬁ'ﬂ"n@gﬁ{l %gnE%Q%érﬁgleﬁ%ﬁ/ \%hh(ﬁé %%sefd’ &)

15count er st al ned W|t a nuc stain ours after siRNA -
t ransf ectforomulate fBNijedione sturgital implantatEond topieal admnms(yatlomges show- t hat
the si RNA was localized only in the cytoplasmand not in the nuclei. (A No

PEG ol one. '@%@%Orggﬂﬁ%mt cerrTCapet b o ok e e o e B AR (°

cel I's usicagjud@ rﬁ«?érﬂ c@htdihingfd shdrhicaPmidt tb HEidaef 8¢ activities
wer e nornallzed agai nst ‘ce opul ation transfected only with pG.3 DNA

Cont 16| rﬂéf/@m@dt@orpasnmma@tmt@s&qhw%@w withethedlaveneid, whﬁmnéh@ne
S| PORTT”‘HE% |8chYs‘i‘§T]rP$ cﬂfo‘?ﬂer‘ié %’Pﬁfcﬁﬁéu}n%’ﬁcggﬁ@tbﬁk@rs%oﬂﬁtgga Bﬁ%n‘d‘ ve

contr ol erase. ac 1 es were measur ransfection
wi t hout ¢h@agfs_|nfth@mbnmmerimfoamacrrejlmanﬁomﬂ aftle2benjpgatiorents; S.D. i s shown.

In accordance with a seventh aspect of the invention, there is provided a

method of delivering an anti-cancer agent to a cell.
15 “In one embodiment, the cell is in-vitro.

In another embodiment, the cell is in-vivo and the method comprises |
'administe‘ring the anti-cancer agent delivery vehicle to a subject in need of anti-
cancer treatment.
The subject may be a vertebrate preferably a mammal. In one embodirﬁenf;. the. |
20  subject is a human. ' S

Preferably, the administering of the anti-cancer agent delivery vehicle |

comprises injecting, surgically implanting or topically applying.

BRIEF DESCRIPTION OF THE DRAWINGS

25 ~Inthe figures, which |Ilustrate by way of example onIy, embodiments of the

‘ _present invention in which:,



FIG 8 shows fluorescence observation of GFP downregul ation 48 hours after
GFP-22 si RNA transfection. The mi croscopic i mages on the right shows the
downr egulwDi2on/0R156FP conpared to the control m croscopPCTiSGAgGESH@N0t he
left. si PORTTmis a pol yam ne-based transfecti on agent used as a positive
control. (A) No siRNA transfection; (B) siPORTTm + GFP-22 si RNA; (O

PEG- EGCG + p4gny rs%wéi%erﬁ@)llﬁﬁ?ﬁﬁ%felﬁﬁ%&%b@iﬁgﬂ B @Y&IR“)F Show

flow cytonmetric analysis of ¢ urs after “si RNA transfection.” 1000
to 1200 epidallovatechingallate (RinGeHGCE)) copfigaaTdadedonith doxaubidk; (F)
PEG EGCG + GFP-22 si RNA. 5 DETAI LED DESCRI PTI ON The present invention

rel ates ge aLly to anti-cancer en 1 vehi cl es, ¢ bl.e of

i mproved dﬁﬁ#é’é&?‘ﬁ& ra%eh%t% r8%ﬂ€ ﬂ{/lgﬁﬁélr:'é%{ﬁ(g\%n#“lqat)ersel\(??g%@Wé{ﬁ_t enpts -
devel opedogotubisiaRze Q4 iitial PEGIEGEGYcoRBhEhESnA TheMirheds réferdrite.
delivery. In WO 2006/ 124000, conjugates of a delivery agent containing a

free &l doelayeeash battle sarapleirapuasents thednidial PEe-RGLde sencentsalignuigat ed at t he
C6 and/ or é/nﬁ. C8 position of the Aring of the flavonoid have been - '

provi ded YA W0 2009/ 054813, del ivery vehicles conprising an anticancer

agent and a conjugate of a delivery agent containing a free al dehyde and a
15 f1 avonoiFtiG. 8fshowstthe etbadtioepray iagization simesof-fight masatspebira 68 (@) FEGr t he

C8 positio e _ALing of the flavonoid have been provided. The contents
of both ﬁ@gégggk%zméaﬁ'épﬁ@@bg/ 054813 are herein incorporated by way of
reference. Surprisingly, the inventors have found that the conbination of a

del ivery veGChaheaRizis¢Hdite Hustating te S8I-853ermby APEGCEGCE orijlgaeso! d,
and a bioactive anti- 20 cancer agent has a synergistic anti-cancer effect,
gr eafler {oaded: with cispisitineandéer keyrcepwt; ansth of the delivery vehicle and

bi oactive anti-cancer agent when used al one. Thus, such delivery vehicles

| oaded wit n I -cancer, i f i IBFer i ng
anti - cancel G ShewsIREREL B ERARIRI GRS IREh it Eaterker 661 (P11 00,

bet ween ufid) astograftne &thymic Nude-Fokn1ie (M-Bawith@@EGHEECcomugates 25del i very
vehicl e ?nd the anti-cancer effect of the-anti-cancer agent. It is believed
that the PR PeECeRiifect and therefore a higher anti-cancer agent

| oading is due to the flavonoid remaining in its original nononeric formor

di neric foFngag sRHws Qainfal i éﬂbfcw‘ﬁat_fémg%éﬁ@wﬁbbl siRNA (red)! N
accordance w t-h one aspect of the invention, there is provided a conjugate

of 302 depunterstaingdrvitiamuglehistain -DAREBLE) 2ddiarg alieasiNA &rassfesiien.
f1avonol giRl\\f\R%BﬁkgntZation was 50nM. The overlay images show that the siRNA was

localized only in the cytoplasm and not in the nuclei. (A) No PEG-EGCG; (B)
1.5ug/mi PEG-EGCG; (C) 3.0ug/ml PEG-EGCG; (D) 6.0ug/ml and (E) PEG alone.

~ FIG. 7 shows delivery of 200nM éiRNA to pGL3 DNA transfected céllsiiusing B '
20  PEG-EGCG. Ratio of firefly to renilla luciferase activities were norrhalized a'gaihs'tf |
~ cell population transfected only with pGL3 DNA. Control refers to pGL3 DNA -
transfected cells treated with siRNA alone. siPORT™ is a polyamvine-bas'fe.d'
transfection agent used as a positive control. Luciferase activities were measured
" 48 hours after transfection without change of medium. Data are means of 3

25 experiments; S.D. is shown.

FIG. 8 shows fluorescence observation of GFP downregulation 48 hours after
GFP-22 siRNA transfection. The microscopic images on the righf shows the
downregulation of GFP compared to the control microscopic images on the left.

siPORT™ is a polyamine-based transfection agent used as a positive .cohtrol.'(A)
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the flavonoid exists in a nononeric formor dineric form before conjugation
and remains in the nononeric formor dineric formafter conjugation to

al | ow f orwbydriopbsbi c i nteracti ons and/or r-1-H stacki ng@CrsGeoa®mnéions

bet ween the flavonoid and other chem cal entities such as anti-cancer drugs
al l owi ng greater drug loading to the nononeric or dineric conjugate formned.

Advant agapisRNA rhfsfBembAIAB) SIFRORT™ SASFPYL SRNIRI(E) HERIETBEGS: capfoleach

fl avonoi d does not undergo association w e othér flavonoid/s. In other
wor ds, t IS(RNARRIEGSEGLCS ¢HeP 22 $ilRNAdrigured Brfe Fashomhitlow gytoraetriaot f or m

i dur i ' ti The, .f ' | tical diff t
©r om one aAlYEI I8 MRS Fnet PRYA FeBRReRSn { TARE o A0 e Yard yiher o "
cl ass of cHFRhRYU(ESPESLEGEE @ihtd| SIRNA NI PEGEBEE PBRME2SiRNAL Ure, and
i ncl udes fl avones, isoflavones, flavonols, flavanones, flavan-3-ols, :

catechi ns, anthocyani dins and chal cones. In a particul ar enbodi nent, thel
flavohoid is a catechin or a catechin-based flavonoid. A catechin, or a
cat echi n-based flavonoid is any flavonoid that belongs to the class- ’

15gener aldéfrd&ﬂ@wnﬁ?sﬂtﬁqbws (or flavan-3-ol derivatives), and i ncl_udés

cat echin and catec erivatives, including epicatechin, epigallocatechin,
catechin, epicatechin gallate and epigall ocatechin gallate, and. including
al | possi blThegiresertiisverdion refateagenéially to ant-@bacar agérdsetivétyaathicesis. | n
particul ar errlbg)gi.rrent S, éhe Sa .echi n-based flavonoid is (-)-epicatechin,
(-)- 20efPRAPFALANREYE] AH9)0RARG chi n, (-)-epicatechin gallate, or
(-)-epigallocatechin gallate. (-)-epigallocatechin gallate (EGCG is

t hought t o ThavyResditt ifNaMER! had invirbVioasetteniphs deaélopbd anbasedef hgartnoi ds,
possi bly due to the trihydroxy B ri nngyand allate ester noiety at the C3

posi €9 on defivariivehidles anbmethods aitterdalivervieliod © 2008124000 ePRILEAISS A t o

form the _con f_ i ' Gl ' ion wth,
say PrGT (M AGRrES R ng o o€ alcu@ Shidld lv it Rhefo uiORHINER ' 21 1% 1
conj ugat agént iseoajuiatdd at then@6 sintdiarihe IC8 positioreobihel A siad of thelBgvarédl nor e
slowy, and i ch thys, may, ha r half-life in the body. . '
Fur t her nDP¥S PERB %@Xé;eﬁdpéwg) ¥§O@Qlﬁ§§?§ Qﬂ“"?@r‘fﬁh‘ée? ﬁPg‘rpé'éﬂgo%é?nté'uch as
hydr ophoBLged | ofi t-pgi ' r bi P4 or
herm oal A e g R A e e ot ne

t he ds ugflavdraid) whelet therdeliveryl agent iz corjugatedias thie G6/and/ok tiei G8 ositiop

2011/ 112%) &%C;I/r%%ﬁoqjt%é (ﬂg\%r%)ld have been provided. The contents of both WO

2006/124000 and WO 2009/054813 are herein incorporated by way of reference.

Surprisingly, the inventdrs have found that the combination of a delivery vehicle
containing a chemical moiety and at least one flavonoid, and -a bioactive anti-
20  cancer agent hés a synergistic anti-cahcer effedf, greater than the combihéd S :
- effects of each of the delivery vehicle and bioaCti_v:e}anti-cance'riagent whéhﬁusied:
alone. T.hus, such delivery vehicles loaded with an anti-cancer agent providé an o
effective way of delivering anti-cancer agentsto a cell, taking édvantége bf the '
synergistic effect between the anti-cancer activity of the flavonoid portioh of the
25 delivery vehicle and the anti-cancer éffect of the anti-cancer agent. It is .bel'ieved
that the synergistic effect and therefore a higher anti-cancer agent loading is due
to the flavonoid remaining in its original mondmeric form or dimeric form after

conjugation with the chemical moiety.

In accordance with one 'aspeCt of the invention, there is provided a conjugate of

30 adelivery agent containing a chemical moiety and at least one flavonoid, wherein
- .



In certain enbodi nents, the flavonoid may be EGCG cont ai ni ng

carboxyl -term nated group, am ne-term nated group, succinimde-term nated
group, orweanyliotikess group suitable for conjugating w t hPChSGeiawhead
noiety. Preferably, the delivery agent contains.a chem cal nviety sel ected
fromthe 5 group consisting of a polyner having a free al dehyde group or a
fanct | 0N %he A08HLiA RRE M HndHRIMEHCRRUridifhehe 18t BLfFEXARUGRANRanA POI YITEr
havi ng a free carboxyl group or a tfunctional group capab el ng

convert edemaires inahbmqnorgemmfmrmaorpnhwmerfonmaﬂagcanjﬂgataoratu alovwgfayrup or a

functional grou apabl e of being converted to an am ne group, a polyner
havi ng a WHEP i rAcdRNSARAIRr Brllstackieg I'Bﬂﬁﬂct'a?%éﬁ“’teﬁgh‘g'ﬁéladP”EG ng
converte H(';é?]l‘ 1 r Sagm t ain

enbodi ne(r%tnEsj%tﬁ%rs f&%ﬂ?s&a&@g@boxy @Elfé%drﬁg S% 9 r?%{(}l gﬁue gl ycol ) or
succi Bi ml@bzdmg:tmthmrmdopmlny(oetdhmbmeogjlugatd f)ormiedch can react with :
am ne-termnated EGCG to formthe conjugate. In alternatlve enbodl ments,

o o B Ta D e B B o B o8B, e

conj ugat @gyvonoidtRde3Hdt VRb¥rqESYociationamaPie &hepﬁé\V&J @s"Rothef Wo?déja ivery
vehicle, thus allowing for the incorporation of a conjugated flavonoid into

the del i Ve flavandids sracheroigeally mepk tordns agothaeand dogwit éerim eliggrnersmacol ogi cal

B ocompatiang colfgehRy T frdlyfS il v dBeiP diirRRR o SHiflehe

follow ng discussion refers to an enbodi nent in which the flavonoid is a

cat egbi n- ba&edldvbauralrmbyl b@rwhy' ﬂavdfnbidlfmﬂnethd@dn\emslxclmeusﬁmblecales derived
al dehyde term nate wever, it wll derstood_t hat the

d |
al dehyde frog é&‘?ﬂ%HB@E‘Y'B%“MQ&Q%S%&M?@ﬁ”Qd”%ng%%a%\éOQ?&ntS&i RYPRET heni cal
group anﬁF%M@VfPMnen@ AR S Cals hﬁ%nJangﬁldﬂ'fs cRALONES Yiragent

havi ng a functional group scrl ove I ng f ow ng acid
t r eat nentpadfculdreerdeddimeny, thgdlavonoid iaaycatéchinooadatdthis-based flavenaidoh may

[ |\ ' ti ol t f | dehyd -
aroup. ¢ naaHES st & eeeinBased ity T ) delan g A Joadte et o
in the PGRRBRHHY KhowiaEatdchifs LoEMAARHIB b aaﬁm\felsy\&mhdludey\@atechm

2011/ 112156PCT/ SG2011/ 000100 The cat echi n-based fl avonoi d may be used in

i ts rmonofbdicatechinrderivalivesr ineludingrepigatechin, §M9ﬁﬂ@ﬁ@’@ﬁh'm gateshil.n t he
{Tﬁgogg[”' %8 ct%‘EéEh‘?ﬁ ghéisqn% %&éﬂoﬁa;}éc{i’ﬁn 5%@:)&8”?11%4{!:(‘1){5&#?&1%8)%&8@' on so that

i on es no I ha mers of the

f 1 avonoi dterésisoinire df edtevkins oo tjatahin-based flavgigser to a flavonoid results
in augnentation of the flavonoi d s bi ol ogi cal or pharmacol ogi cal

ti Th h f I
D1 br 1o cUhPRHERTMERE. LR eaREhDRAH T RVBRLSa: SHICHES IR or oup.
that )hs eRRUALEREChR, m@cjté@hﬁd@) Gbi‘éblféchm Qﬂ%t@rcﬂs(eﬁéﬁggﬂoc%@e&ﬁhd for -

exanpl e an acetal group. Furthernore, it be undersStood that the -
pol ymer gatbated(-br@pm@iocamcbm Qﬁlbtﬁ)(ﬁﬁﬁmllétmhﬁm haye ther jghgstaatiniy| ogl cal

ot ymer  AEPDE o Mrbdaad e 105 SRR7ALE SLERI AR ARhe ™ the
non- bi odgaladalter Merey et the OB pobRiodesithiedliabbediagircadditer!EGES ign of - the
conposition, for exanple, for controlled 15release of catechin- based

f I avonoi @3rtigaéariehosen;to denme the eHgatgtbaecagse of ighigh aftivity and by
25  conjugation with, say, PEG (to be discussed in subsequent paragraphs), the

resultant PEG-EGCG conjugate forms a stable composition that is metabolised or
degraded more slowly, and which thus may have a longer half-life in the body. -
Furthermore, the EGCG moiety is capable of forming interactions, such as
- | hyd’rophobicrinteraction, m-mr stacking interaction or other physical or chemical
30 - bond, with the drug molecule to thereby encapsulate or confine the drug molecule

~ within the inner core of the deI‘iv'ery vehicle.

8



in a body. The pol yner may be chosen based on its particul ar
characteristics and its ability to formcertain types of delivery vehicles.
For exanpwe,2otia21s6l ynmer may be an al dehyde-term nat ed poinsGaotyph@ne
glycol). Alternatively, the polyner may be an 20al dehyde-derivati zed

hyal uroni ¢ acid, hyaluronic acid am noacetyl al dehyde diethylacetal

conj ugat e, Fgﬁﬁ"/‘ﬂﬁ“d. if \@Htté ZtﬁgﬂPvconj o b@@(ﬁcgy&ﬁﬁé.nﬁ)g  SarBA joni c acid

am noacet yI a dcet a e-tyram ne osphazene
core phem}mateld)gr()upx amirfwtmrmmned gctmrdrsumn;mlde-tehnm'qaltmkglmmybr aoy e

phenoxynet hyl t hyl hydr.azonq r ner may also be any
25bi ol ogi® ré{BPQﬁéFam Rdos ¢ @%5‘ H@%C'&emw‘?@gﬂé If¥hyde group or a group
that is convertible to an aldehyde in the presence of an acid, for exanple

an al dehyderafdafh n%%eRféﬁVéiyfbgé}ﬂ@bhféﬁ’ns BeheRAEH Masie SIBCtBHFHh Gherci d. I'n
one particul ar enbodi nent pol ymer is an al dehyde-term nated :

pol y( &t hgrewreconsisting of @poigAEr havirg 2 frepaidehydegroypstigsinctional @rawe he -

conj ugat p r | ogi cal .
i ngredi ﬁ?@%ﬁ%&é’f‘%&é@é%@% ﬁ'?gf‘%&% g%&bﬁéﬁ%@?%ﬁa‘?ﬂ arWrﬁgr%)nogem c and
bi oconmpaichkidxyt yrotipadras fusictishalagroup chphibly diibeilegcasiatidd toya carboxylhe . f ree
al dehyde group on the polyner allaows for the conjugation of the pol yrrer |n

E‘ C(ﬁnt r?|gr@¢p rAaPPl¥mer fayingrbfree Ranieg 9HRUR Aka fgNGli9sat gyPgianarte Tﬁlﬂ%
oth, o 8BH§WC voogﬁlam.ﬁ@%{waraﬁpo@m {}uﬂée&gﬁéé‘gu%ﬁwtﬁ% g‘?(?‘l]u?f)ré e

fl avonoi ure rrngs o avonoi d, and
t hus 1pr edenmationgl gm:pEdwlabfe af baélngncohm@mmto alsdccphmmldacgnbmgiarw a mmlpee ties

f the fl d. t 1 f d, it wll
be appar dH1SDh 1A CEERUMBRAMSENS 1 e PRIPRRHS A A PBFPRRBAGhaL | on posi t| ons

of the f |p6W{’é‘l‘P|?/%n(eeblﬂcol)3‘6r Qid%ﬂmf’délﬂaﬂmﬁétéd HohRePRfsHidI9col) whlch'rd‘liiﬁeloOI ymer

is conjugat'ed To the catechin-based flavonoid'via'a reaction of th
al dehyde repaiwyithoaminestepminated EGCE toernttheinanjugatendn aterpetive i on of the A

ring of th tec b usi ng
el d cat SpREEBRS, T AT Mero ¥R BB el e BRI 8T 5

the gat e¢badi-Winsestbbk@enfindteddEGCG Y sactidiniidetomvinbteddEGOB ta fomal thgr oup

on the polymer to a free al dehyde prior to condensation 15 of the al dehyde

group w caniugateat echi n- based fl avonoi d. To conjugate the pol yner and
the catechi n-based flavonoid, the polymer and the catechin-based flavonoid

may be sep t l th the
free al deh?/-@g o:%ISIMgl? %?aﬂéibgﬁpﬁgb[;@qgﬁgggm"gg@ad Ré?%?l%lygeghhdg sol ution

cont ai ni ajowing foathecincarsastiah 61 aconjoigdied ﬂlavtolmelqamth&:@elmer}amemcied 20The
reaction i owed to.qgo,t 0 tion. Follow { he. .con aplon .

reacti onW %‘QH{ﬁgmBFﬂr@QE%et@egﬁ IQEEPFBr pr&adr{'réqﬁqlqguﬁagg)éap?m%%ﬁﬂ%ﬁ%\gq{l%%
renoygd fArs(WéII hRe @@Né#g%?@ﬁt §960a Det hieBompatible xaid hfaytye Bicdleyrddabie indy -

nol ecul ar si evi ng conjugate of a polyner containing a free al dehyde

and. a cases Wb@d@lﬁfﬂiiavonm d, having the pol ymer conjugated at the C6
and/or the C8 position of the A 25ring of the flavonoid is also- o

cont enpl at §¢g following discussion refers to an embodlment in which the flavono]vd_ |s a
catechin-based flavonoid and in which the delivery agent is an aldehyde-n-) R
| termlnated polymer. However, it will be understood that the aldehyde . -
25 condensation reaction between an aldehyde-containing chemical group and a
flavonoid is applicable to conjugatlon of any delivery agent having a functlonal _
group described above, including following acid treatment of the delivery agent, to

any flavonoid.

Thus, the reaction may involve conjugation of a polymer containing a free :
30 aldehyde group or a group that is able to be converted to a free aldehyde group,
for example, in the presence of an acid to a catechin-based flavonoid.
9



Conj ugation of the polyner also allows for the incorporation of

cat echi n-based flavonoids into various conpositions or vehicles. By

sel ecti orwof2otihie2sarti cul ar pol yner containing a free alPdelspdelignanp based
on the physical properties of the polyner, it is possible to incorporate
flavonoids into a variety of different vehicle 30types, allowng for the

delivery ofryy éﬂ(]e&ﬂﬂ%bpar‘fair\@ﬁ%idg{wai}%zﬁ‘{%%@ii s RoforhERE foHn of @f&HE S tO
various targeted areas of the body. us, the conjugate resulting fromthe
above- defomn bed itisamppdanhiyrebain the memomeric fardedridimeric ¥arim of he dependi ng

th of . th l, [ f th ' te. The. deli hi cl
o e B LS PSS ponigeLs, T S very veh el o
parti cul %rn’aéﬂcﬁ%ﬁ%g’ékﬁ&s'o‘?tﬁe ﬁ%hoidi%?&@tétﬂa@&é,%nﬁ@a%ﬁ ofh %cg)frpéfe' Lvery

vehi cl e. .The conjugate, delivery vehicle, anti-cancér agent very
vehi cbe do atfleyophis resolisiin augmeniabioniof thmflavonmid’sibigjogiogl @f t hese are of
nanonet er_ di nentions, wherein the chem cal noiety and the at | east one

f I avonoi c?hgrrrgaS?'oﬂ%?ﬁbﬂapgp'%di mentions. The anti-cancer agent may be any
agent that has an anti-cancer effect on a cell, including an anti-tunour

ef fect, sudtheasolpmey tridlyde any pERRigtHavinga fieerdldétiyde Groupdtpr egenesi s or
inhibition of netastasis effect. The anti-cancer effect 1s intended to

i ncl ude CRAIUsiAtiPB Wity theecaiteghinbased flavengid cei *I‘a‘(j’ﬁg)@tQ{PUP thatds PPBY?"Eﬁd _
reductio ' ' i NN f Lnhibi.ti on or
Feduct i ot 3 AL HEORTR TN prackhbs B9 e e 16t Exaibion Sat{Wolh! P larng a
t unouo cddrthefmoemtii witldbecendergimod thatthededyraepsioddd e romtoxicei ¢ aci d, a
smal | ol ecul e qr .a drug, An .anti-cancer .agent at is a protein nmay be a
ept i de. BAPHTRARRNY SaPRIAEON AT RIEH Upeq TBRER RS BRY 70 BV t oki ne.
An anti - gaEeleshaBlt plopaktidss Far 3?3@5@,%&p’@@hfbrrmﬂy Rgveidw! e stranded or
doubl e stranded DNA or "RNA, a short hairpin"RNA, an si RNA, or may conprise

a gene eimodinogeaigitynand d amaebe biasthgradabie 9o nondliedraradabletiepsoding o/
anti - canggd dggi?e% bfo?ogi?ca(ﬂ %%g%é}%nagfet%'c%nﬁ%%ﬂ}on?ﬁ‘or%xample, for controlled
15  release of catechin-based flavonoids and the anti-cancer agent at a particular site

in a body.

The polymer may be chosen based on its particulér characteristics and its ébili_ty
to form certain types of delivery vehicles. For example, the polymer may be an
aldehyde-terminated poly(ethylene glycol). Alternatively, the polymer may be an

20 aldehyde-derivatized hyaluronic acid, hyaluronic acid aminoaéetylaldehydé
diethylacetal conjugate, aldehyde-derivatized hyaluronic acid-tyramine, hyaluronic
acid aminoacetylaldehyde diethylacetal conjugate-tyramine, cyclotriphosphazene
core phenoxyméthyl(methylhydrazono) dendrimer, or thiophosphoryl coré _ | :

| phenoxymethyl(methylhydrazono) dendrimer. Thefpolymer rnay also be any RN
25 biological polymer, modified td cbntain a free aldehyde group ora group tnat |s
convertible to an aldehydev in the presence of anacid, for example an aldehyde-
modified protein, peptide, poI'ysaccharide or nucleic acid. In one particular |
embodimént, the polymer is an aldehyde-terminated poly(ethylene glycol) (PEG-
CHQ). PEG is particularly chosen to form the conjugate because PEG is a

30  polymer widely used as a pharmacological ingredient, and possesses good

hydrophilic, non-toxic, non-immunogenic and biocompatibility characteristics with
" low biodegradability. |
10



angi ogenesis inhibitor. The anti-cancer agent may be an antibody, including
a nonocl onal antibody, directed against a tunour cell-surface marker, an
25i munorwoubatioeysepepti de, a cytokine or a growth fact ®CT/SGhel1ant108 cancer
agent may be Herceptin (trastuzumab) or TN P470 (N-(2-Chl oroacetyl)carbam c
acid : - - '

(3R 4S, 55, "T'ﬁle‘#e‘évﬁfdé[%gq%?rc[%p?@ ﬁé gél}:{ef%r *&MbWéTéﬁth@%d?ﬂdga%ioh!quIﬁ‘e 1-yl)-2-

oxi ranyl] - 1- oxaspiro oct - an anal og of " fumagillin,
doxor ubi piolymeri in@ eantrolledanannentoleithentheoCE toir dher C8oposition af theeA tingr @of .

30The -anti - cancer .agent. i ncl ude tyrasing kinpase.jnhibitors, or

ci spl ati :?Pth’ﬁqgtﬁ? ﬂﬂ_ "Q&‘i?gﬁfgﬁué%ithtis Qé??é"ﬁagi‘ﬁ?e’fip AL Pf {}%\ﬂonfi et axel ,

et oposi d%tru&me,r&érhbmgn¥ HRPBLARPO rirds dfthe RheSRIld, AR DressigBe
apoptosi s nmay incl ude | L-Rl, TRAI'L-R2 or FasL. Nucleic acid anti-cancer

agent § mbgneficalliologicat and pbarmaeelogitiahprapesieseiithe flayeooidi Weiledhe 4 i sense

ol i gonucl eatides (ODNs) or snall 5i ‘ i i | S short
Si ngl e stapgn(tﬂgﬁoﬁ&ﬁps \‘#ﬁ stgreé‘aﬁ%wﬁrgfﬂ!{% 988%%4%‘%@@ f%@(}y Ir?FSIQ% (sense
sequencekyt thBtlotheneenjtigatidh pasitions bf tha N naRH(exg extesther fings) @ire bisong -
translated into the protein inside the cells. Alternatively, ODNs can be

target ed PO§SBlend to a splicing site of a pre-nRNA, and ained to nodify the
exon end of the nRNA. si RNA, on the other hand, is a short 10 doubl e or:

single str I?blé, G %TP,{ LAk I I BiiGH Bf e
conpl exes ﬁg%ﬁ%é% erlls\rll%nEUQﬁ%é? a segé'fﬁglm tgds%gwgg@c\gﬁ%gﬁﬁen@? ng conpl ex
(R S@p. Ehiehydeigbidp obthecpolgsmer idth thav@adnd/os thieCBIposRICBO)f theld ring ohe
conpl ex activated to recogni ze and splice its nRNA target strands in the
cell s, a%?ﬂ@ﬁ%@?ﬁ%ﬁf&}%&?f‘ﬁg the expression of the target protein.
Simlarly mcro-RNA 15 capabl e of inducing apoptosis nay be initiated by a

speci fi ¢ nMTpecdrilyatd REsyAtRéSzENOsigyadid eatafigis M RcdhdenddBohf the
M R-99a/l et 7c/ M R-125h2 )(y)ﬁr ot her silﬂjiigt abl e pro- apogt otic mcro-RNA The

bi ol ogi c&ldefwydp\areyp ef theneolymer withribecatgrhin-based Haynidi onusig aciditey or
conpl et el | LN6o i t iV, i cles,
ki ng. 2600VaE TtaditlaR ofdliP R i haSirieR ) e AERR S o' @ntiehiaion %, |
t he dsl i vethe aldbhyde gromeawitinthe batechimebased flan@noil. agent is not. able to
exert anti-cancer activity or interact with other nolecules in a bioactive

whi itained in the delj hi cl dis al { dfr
Activity off OFENMMIHIS i BPMer ghdheGateribAsed BUanqid s RAVMEEAR { om ¢ he
del i very tyeBhtelRin-baRiRoPBIL MayHeodfidrbRly didsblveith aruitabrsgNerrgent are

once again avail able, and the anfi-cancer agent is able to exert an
ant i - candée pslyraet wishdlee freriajdehygletis addedclor example hy repvesd &didition tan

anti - cange s, | i h j el | ~qrhe
anti - cands SAHAD chiip B0 Rl bakRa SaeanaREbR, ¥ 1-hietEhls P08
ant i 26anqée rdattioreisyalloaleiditosyd for corgpletiyalr Bgllooing thet@mjagatiomseagtidhor ri-n
stacking 30interactions with the f|avonoid, ) ' : :

a excess unreacted polymer or catechin-based flavonoid can be removed from the

conjugated composition, for example by dialysis or by molecular sieving. ;|

A conjugate of a polymer containing a free aldehyde and a catechih-basod e
flavonoid, havihg the polymer conjugated at the C6 and/or the C8 position of the A '

25 ring of the flavonoid is also contemplated.

Conjugation of the polymer also allows for the incorporation of catechih-based
flavonoids into various compositions or vehicleé. By selection of the particUIar
polymer contaihin'g a free aldehyde group based on the physical properties of the
polymer, it is possible to incorporate flavonoids into a variety of different vehicle

30 types, allowing for the deIiVery of high concentrations of flavonoids in different

11



WO 2011/ 112156PCT/ SG2011/ 000100 The drug | oadi ng of the anti-cancer agent

in the delivery agent of the invention is preferably nore than other known
| oadi ng ovodnugg2ise del i very agents. Drug | oading is defPCcmsd2e/000160 wei ght
percentage of the anti-cancer agent in the delivery vehicle, while drug

| oading efficiency is defined as the weight percentage of the 5 entrapped

anti - canegght é?&efbtvé\fﬁﬂggé?%téﬁa?é?s 5frtﬁ§ LRdli - cancer agent introduced

initially, as describe e exanpl es.” The drug | oadi ng may be increased
by 1.5 to 5 tines the reported range of drug |oading. Preferably the drug
| oadi ng i s Tihosy thescamjugate resulting fropethei ahayetrdrsoriopd reactionangy beffoamag

| oading. .I.n th ase .of, anti bo ere IS not so
wel | est &HP.%%@HG%V?MG'E %P%’éﬂﬂ %ﬁe@@tqrﬁaqfvﬁ ly%eergﬂrg(grggﬂ% a nucleic
acid i s gehj ugate/mél@elitver;beerﬁueQﬁépbuldsbdlte@éﬂdeﬂtnbccaltdstmn@lebswry agent but
can. al so be successfully delivered in vivo and. in vitro. The ratio of

drug 5o fevpnyjdie akwdy; eiding sraastiulaitatgededisifepaathady, depengipaionehe’ s -

rati os of Euwbl QL GCG were successful at ratios of 6:1, 154:1,
2:1 1:1, ngﬁg)é%:f%)é g%ﬁe\feter?agﬁlg%he amount of anti-cancer agent is greater
t han the anount of conjugate provided the anti-cancer agent is able to form

an i nt er actTherconjugate, h!ellfvtaaj/m‘rdeld aﬁ)%aﬁbfﬁf‘age(nthelﬂnergadehmbem n-gallate
, a, min m&@gdl ent reen. tea, €| bits 20 umarou%réjéol o i cal and

EGCCG
|(ohar macoPbgmasew eceepow 09 ampsisINEeMpOLYERB IS O BRpmgiarcimgptions
pol y( et hylig 3h¥%ﬂl=)n d"ﬁ{eeat%é%t*?ﬁr%f?%nkbﬁi 2@ & iiglysaeredi at ed

ical
condensat i on an acficl? cata yst. Exanple 1. Formation of Delivery Vehicle
Conmpndsi dimé&abiansubi.ci n and PEGEGCG Coni ugat es 25l n one enbodi nent, the drug
nol ecul e i s doxorubicin ("Dox" for short). FIG 1 shows a schene

st at! 3Rt SRk BBRIREY 1 (REGEGTREOIN HhahRschaariefeatfy BBy, o
t he for mmiudinganedrtetunidurietfensedhaers 4 betotsdid, @@@&Iﬂcl FntHmiteHic-drBcG

conjugates into mcelles in aqueous environpent, stenmm fromt he
hydr ophi BNgioggnasis %ﬂnmheoe@f:ﬂmaeﬂ@§|8rﬁféﬁcttme PEU;QE@%%f?ﬁﬁ tiRgatendasue to

EQ;ZGS:Tm Itc?{/ﬁc’%ﬁ ggfbgﬁoer{jw rte'dﬁh&go?ftfrﬁ’&}rl{fe‘ﬂ%r%ﬂ% iGEER JFPL&ldtionnsk Dox, the

15 carcinogenesis, killing of tumour cells, or inhibition or reduction of carcinogenic or

tumourogenic properties of a cell, including a tumour cell.

An anti-cancer agent includes a protein, a nucleic acid, a small molecule or a

drug. An anti-cancer agent that is a protein may be a pe'ptide, an antibody, a
hormone, an enzyme, a growth factor, or a cytokine. An anti-cancer agent that is a

20 nucleic acid may be single stranded or double stranded DNA or RNA, a short _
hairpin RNA, an siRNA, or may comprise a gene encoding an anti-cancer product.
Also included in the scope of anti-cancer agent is a chemotherapeutic agent oran

j angiogenesis inhibitor. The anti- cancer agent may be an ant|body, mcludmg a .
monoclonal antibody, directed against a tumour cell surface marker, an
25 immunoregulatory peptide, a cytokine or a growth factor. The antl-cancer_agent "

may be Herceptin (trastuzurﬁab) or TNP470 (N—(2fChloroacetyI)carbamic:aCid
(3R,4S,58,6R)-5-Methoxy—4-[(2R,3R)—2-methyl-3—(3-methyl-2-buten-1 -yl)-2-
oxiranyl]-1-oxaspiro[2.5]oct-6-yl ester) an analog of fumagillin, doxorubicin,

cisplatin, paclitaxel, daunorubicin, or a mixture thereof.

- 30 The anti-cancer agents may include tyrosine kinase inhibitors, or cisplatin,
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encapsul ate Dox through the hydrophobic interactions and I T-rr stacking
interactions. Dox was successfully encapsulated within the delivery

vehi cl es W9 28impksen xi ng and di al ysis. Advant ageousl y, PC/SG01fi®oedo t hat

t he delivery vehicles denonstrate exceptionally.high DoX | oading in
conparison to other delivery vehicles systems (e.g. polynmeric mcellar
SYSt ems) gepih,| hrbalth,| imétdoindiRMebel, IdBRk1xER kGBI (ViR bine,
measur enent s also S at t he 'di nensi ons o the delivery vehicles are
i deal forto;praesarvmrtlumiecarar@xymr@ mdacEBFa;m‘p‘ths may includeniRAXRipl e, the

del | i d b f f P
con] ugat Ik REek T asEifidet s anliaceCasnia e ELRRHIBTARPRE ( ove)
agai nst ‘(Jéﬁéddu‘\%ﬂwé’f@b@utlc @oié.ﬁé)eé}tarﬁ%eﬁgébngéhméotﬁesaaam R4l ugat es

(0, , resgectlve were used to encapsul ate a
fi xed5comierferlag ROWA (ﬁIRN&) @DM@ arghot sirgle stigndedDNAwIwRiER s t he gr adual

P he aE b blBR LPRY G kBa it b e b ) S KRFreSabemiE e

st ruct ur es thidnRNAMH Eﬁrelaé@ it ﬂonﬂﬁeungemri@latt@d @fto 8¢ pratbindhsigd theliceng t he

di al ysis when PEG E concentrations of 0, 0.5 and 1 ng/m were used,

i ndi cat i Adtermrtivels GRS ganibedaygstedite b@dff@raraplmg S'FGhszérﬁW %RNAV@E‘% .
P EOOi1Bg T iy 208 ofbn I thE AN AZERRIA i uesTRBERERYS ons.
wer e achievée enmonstrating the successful enca |on o WI hi n 't he
del i uerydv)eblecd)r&a'nglérstmndzedrﬁm,& whd:hczmsemttlémmt@esdommwleae-o of Dox to
20 PEG EGCG conj \upga s shoul d be car eiull el ect eg%ltkl?\/order f t he

Dox/ PEGEE€RRaRINY A5 Wrusentsring cel '%s@ P%WBﬁS Bﬂvcedeﬁ B%}q"we nt al

Mat eri al 2nm |é%€(l¥|%‘§::&t?ﬁ&é@imRﬁ%§lﬁ5§tmn\MHd5999é tMERIBE! FRARRA from

NCF Co. was purchased fromKurita ., Japan. Doxorubicin 25
hydr oc hi (blne demplaxxadtigajediasrecngnize emdfspdine BsmyidNA tiargaetrﬁérta@dsm hescellse. |

K h f PEG E Th d 0. 35
et R hUE B oalaons She SO Sof g8l RSB G F6  3
t t LB h the -
R b e e SEFJTF‘ﬁ%ddZ?"C%?;@%E?;“;)ZﬁﬁL‘?? it r ogen

T

at mos phemicioRNAomag includeieMiRed il MilRd 6 MiBcReadlehes/ Sp2e&d athen ecul ar
wei ght CUL); t%g pg%to-ﬂcq.ﬁ&p%e n’[(i | yophilized to give the PEG EGCG

conj ugat €. SIS 0 |very Vehi cl e: Dox.HClI (12 ng, 21 pnol) was
dissolved in 1 n1 of DMF. Triethylamne (29 pl, 210 prol) was then added to
the sol uti d'lrnetb)olngm:lar attivity df lifee Bpthcaobéoagetd.is Mporaﬁﬁcpaﬁﬁélty oonj ugates (1

n1"thdff trat dded to,th

sol) u\tN: on® | erg{ @%@{]ﬁ:wﬂﬂ%?qﬁo%%pggwgq ﬁ’e\/BﬁﬁlSQQDQ@EI’fV@Fy !%h ﬁlieﬁ m(égmesarrpl e
sol ubpon e |é§seé1vénraeré€®ﬁné b Atji-dhAderddent WassemblBd an MAERINMerp500 Da. The
tubes were dialyzed against distilled water for 2 days, with the water

r epl aced vehietey meaning teeapticasceuagentds net @blwgpﬂxertu grdigcansesiBelyity sol i d

col ut i ond" B WE A ooy s if APRECE el WBE BRG] e =P ©
spect r op deliverytvehichd, trid |§faﬁs&pkﬁébtédIfifdnﬁ%cﬂ'ﬁtyébfditﬁéﬂ*nﬁ@d:ulds U}ﬂﬁn The anount
of Dox in each - sanple was estimated nG%/mcorrparl n% to the Dox standards‘

Dr ug Ioaﬂ?'ﬁQSQ\/QEt"t%@’HUP%@% agephiPRLNERRINENOYCTiRR. the Riploaal prasities
vehi 6L esofﬂ'{bdaﬁﬁ“éaﬁ\@érggbten?faré BRcdap st ARlibyR ﬁna‘fﬁ'é ‘éhﬁ%aﬁéé’ﬂjéé‘&t is

able to exert an anti-cancer effect once dellvered to the cell.

In one embodiment an anti-cancer agent is loaded into the conjugate o:r'deliveryi -
agent. The anti-cancer agent may be loaded or encapsulated in the conju'gate or-
anti-cancer delivery vehicle through hydrophoblc interactions and/or I-IT stacking

30 interactions with the flavonoid.
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15Det erm nation of Delivery Vehicle Size: The size of the delivery vehicle
sanpl es was determ ned by DLS using a Brookhaven 90Plus Particle Size

Anal yzer .wBhaocti/garspl e sol uti on was prepared using disti PCESGaat1®noo gi ve
10 pg/m of Dox before conducting the DLS neasurenents at 25C. Results:
characteristics of the delivery vehicle 20The characteristics of the

delivery V%*Hecc'grﬁgqaaecﬁéqr&'ﬂ?e én@%ﬁnééﬂ@éggﬁ?ﬂmé ﬁ@%@}eﬁgént%'tﬁé"%n\%n%n' Of'if“ ng

i s defined as t percentage o X 1n very vehicle, while
drug | oads prefefdbilycmone yharsotthef knewn dsadihg ofwdrugstin plelivenytagentefDrulge

ort b P oo SCTBRE b heNiah PErevinseiofR et afentn dRaeiogy) °°
ext raor diyagfdid Yvmk &Fugh?éek\ﬂ/igg é{@@éﬂﬁ%ﬁeﬁﬁéd%@c{h% Hepdresmagtiofse/. The

hi ghest Dox | oadi ng ach corresponded To nore than 4 tines the
aver age [Rotrappediantj-qanceragentigormparnetdo the friee antietancer ageniintroduged/ehi cl es

devel oped . ot he r.oups (H M i ahadi , et al, Expert ini on on ug
oo Dvery IniBgiyt asSlesthBER T (e eifmalis 1880558 IGding Y e (RGN 12 9
nmechani sy isttirés therripaaetsafgs batriglebdmgh Pesfefdblyg tROHR/YAbAGIngSs Possi bl y
due to the strong}éhydr ophobic interaction and/or rr-rr stackin

i nt er act iiRereased Prdn’a ted R8timemthea ieranad rarge ahdelg laading. bb@@?qasy Qin:hairjce

16 WO 2Q11{ 11 P 0 he . syl ati in. fhe o
sel 1 asoAMBPyoRP ANEIRNA he(r bR B S IR E] e cbMhBhet R 0 (R e
hydr aphohjeenaristiated that ahsolyfiptide! areka eapleic/asid $s heponly @ble fbhise si ze of the
delivery vehicles ranged from78.5 to 19%.4 nm (see Tabl e fl? 5.The size
i ncr easedugsessighulpaged duaithe delivery 29ent by garyal _Pi&%%% Hily delieteding
initial RBEG/G fangsntration. The increase in size should be correl ated
to the encapsulation efficiency since the EGCG noiety played a key role in

encapsul ati ng Dox. Thus, it is expected that not only the size, but also
t he drug r dlheaatioof dfug to eonjugate canalnpe Ny d:dtl 1:6elnypadpuler es, which are

i nportant_aspects..for,.an ar get. r } sy st .
controll &@%@ﬁft‘“ﬁet P ﬁgi’tquaélf Mﬂég rﬁ%@%&%&&ieﬂ%’lﬁgg%@ggﬁﬂﬂggﬁgﬁb%et er
di mensi ons1,0f:111he, divl 1:2e Prefépdilg tiRSahmbentot AitRcaterzgent wjreaterdhame
ability of targeting tunor tissue via EPR effect. At the sanme tine, they

enabl ed R REIHEY ObroIHRtesra¥ided the ppti-caacenageMds gble I0JOENGEY
opsoni Zaﬁﬁt%r&ucgi%lﬁdﬂgaﬁpﬁé}saﬁb?ce of delivery vehicles. Initiallnitial

DoxAver age G EGCG concentration
hydrodynﬂ&ﬂnﬁgéml oadi ng :
(-)-Epigallocatechin gallate (EGCG), a main ingredient of green tea, exhibits
20 numerous biological and pharmacological effects. In the following examples,
conjugates of poly(ethylene glycol) with EGCG were synthesized using aldehyde-

 mediated condensation by an acid catalyst.

- Example 1: Formation ofy Delivery Vehicle Comp_risinq Doxorubicin and PEG-
EGCG Conjugates ' : : o

25 In one embodiment, the drug:molecule is doxorUbicin (“Dox” Efor short).ivFIjG. 1 o
shows a scheme illustrating the sélf—assembly of PEG-EGCG conjugates ?Ioad.ed |
with Dox to form the delivery vehicle. Ih this embodiment, the delivery vehicle is in -
the form of a micelle. It is based on the self—as\sem'bly of PEG-EGCG conjugates
into micelles in aqueous environment, stemming frdm the hydrophilic nature of the

30 PEG chain of the PEG-.EGCG conjugate. Due to the similarity in the multi-ring
structures of the EGCG moiety and Dox, the EGCG moiety is designed to
14



concentration(ng/m)dianeterefficiency(wt% (ng/m)(nm*(wcyo) 1 3 12 192
60 85 2 6 12 129 77 68 3 12 12 115 77
WO 2011/112156 PCT/SG2011/000100

encapsulate Dox through the hydrophobic interacfions and m-mr stacking
interactions. Dox was successfully encapsulated within the delivery vehicles by
.simple mixing and dialysis. Advantageously, It is found that the delivery vehicles
demonstrate exceptionally high Dox loading in comparison to other delivery

5 vehicles systems (e.g. polymeric micellar systems) known in tne prior art. Dynamic
light scattering (DLS) measurements also showed that the dimensions of the

delivery vehicles are ideal for passive tumor talfgeting via EPR effect.

In this example, the delivery vehicle was prepafed by dialysis of a mixture of
PEG-EGCG conjugates and Dox dissolved in organic solvent dirnethylform.arnide' _
10 (DMF) against distilled water. Different concentrations of PEG-EGCG conjugates
(0,0.5,1,3,6,12,24 mg/ml, fespectively) were uéed to encapsulate a fixed |
concentration of Dox at 12 mg/ml. During the dialysis, the gradual replacement of -
the organic soIVent with water triggered the self-assembly of the delivery vehicles
and the entrapment of Dox within the assembled structures. As shown in FIG. 2,
15 precipitates were obtained during the dialysis when PEG-EGCG concenfrations of
0, 0.5 and 1 mg/ml were used, indicating ineffective delivery vehicle formation. In
contrast, with PEG-EGCG concentrations of 3, 6, 12 and 24 mg/ml, homogeneous
~ solutions were achieved, demonstrating the éuccessful encapsulation of Dox
within the delivery vehicles. This example indicated that a suitable ratio of Dox tc
20 PEG-EGCG conjugates shoUId be carefully selected in order for the Dox/PEG-

EGCG delivery vehicles to self-assemble effectively.
Experimental |

Materials: Aldehydé-te'rminated PEG (PEG-CHO, Mw 5000) was purchased -
_ from NOF Co., Japan. EGCG was purchased from Kurita Ltd., Japan. ;Dc_xcru'bicin'

25 hydrochloride (Dox-HCI) was obtained from Boryung Pharmaceuticals Inc lKo'rea.E )

Synthesis of PEG-EGCG Conjugate: The aldehyde-terminated PEG (0.35 g)
and EGCG (0.65 g) were separately dissolved in a mixture of acetic acid, water .
and dimethyl sulfoxide (DMSO). The reaction was started with the dropwise
addition of the PEG-CHO solution at 20°C (pH 2) under a nitrogen atmosphere for
| 30 48 h. The resulting products were dialyzed (molecular weight cut-off (MWCO) =
3500) andjlyophilized to give the PEG-EGCG conjugate. '
15



49 4 24 12 79 79 35 15*Determ ned by DLS neasurenents. Table 1.
Characteristics of PEG EGCG Conj ugates Loaded with Dox in Accordance with
an Enbodiwerniigfi2tshe Present I nventi on The el ectr ospr apCirse2adioneao
time-of-flight (ESI-TOF M5) mass spectra of (a). 20 PEG and (b) PEG EGCG,
respectively, are showmn in FIG 3. The nmz difference between two clusters

of peaks | V£ i ' ’ :

PEG EGCG t 4 i’ﬁé’a%'lsc%%?ﬁ‘s a ¢ {gféglg?% H%@af”{?ﬁ%&f’fe}ﬂ&? 5”3%3%&2&@2 il

the peaks of PEG EQOG Sh T g bl aner it ool ecul ar. pelont - off v £606
“F I Tt | ecul ar | . OT.. I WO

(oo 1rettiglica treuisponionde. Nof BG-EGb A eaas s touToptpgiderent

demonst ' &ohBentriRins!diésdifea FHBMEABHIGAdE) fPHRIdoftorl, ¢RdtREPE4NIRE LM | S Of

EGCG bound to one en e PEG chain, 1.e. each repeating unit of EGCG
renmai As mointures iweraiodexéd forgOuyirt. ifachazample solutigorwasthehn tREstemed é f or ned.

Al t hough jin this enmbodi ri.c flavonoid E conj.ugated to
one end (Sjll’é]Yﬂﬁ t@m@%@%@%@%@@fﬂga@“%‘é@ﬁsd\é%r@?'gfé%%a'f‘?'p@égf%‘fbeﬁ
under st oQghtandr 2RRC WithQHe Wiér RipliedceViny 92t Thenddrapleaiol Rivhs veareh - as
three nononeric flavonoids conjugated to one end of the chemcal noiety, or
one or ‘miyaphilizeditp ©btainsefidintisekasnj ugat ed to one 10 end of the chenical
noi ety, are al so contenpl ated. Exanple 2: Formation of Delivery Vehicle:

the drug mhrebrhatloRet fizg ESking™ The HBkEMance dilnd3aia SBHRRISTEC!
sel f 18ssevds meabufRIdCaEMBBnav0singad elitachhd2d10iUV-\is speatrophotoni&téor m t he
delivery a¥t%rr]itr(1:el %’rieh%atnp;i)lgs%vnggdcliggcm/édtlnhf)l\/%;.l 'i'l}{ee ra}{novuen iocfl'DeoXn%yee?c% inaform
sample was estimated by comparing to the Dox standards. Drug loading was
calculated from the amount of Dox in the delivery vehicles, and the weight of

the dried delivery vehicles samples.

15 Determination of Delivery Vehicle Size: The size of the delivery vehicle
samples was determined by DLS using a Brookhaven 90Plus Particle Size
Analyzer. Each sample solution was prepared using distilled water to give 10

ug/mi of Dox before condvucting the DLS measurements at 25°C.

Results: characteristics of the delivery vehicle

20 The characteristics of the delivery vehicle of Example 1 are surhmarized in

Table 1 below. Drug loading is defined as the Weight percentage of Dox in the
- delivery vehicle, while drug loading efficiency is defined as the weight percentage

of the.entrapped Dox compared to the free Dox introduced ihitially. The sfamplles -
with initial PEG-EGCG concentrations of 3and 6 rﬁg/ml showed an extra';o:rdinarilyf o

25 high drug loading of 85 and 68 Wt%, respectively. The highest Dox Ioadiﬁjg o S
achiéved (85 wt%) corresponded to more than 4 times the avefage Dox I-ba:dihg o
(10-20 wt%) in the bIoCk copolymeric delivery vehicles developed by oth_er groups
(H. M. Aliabadi et al, Expert Opinion on Drug DeIiVery, 2006, 3, 139-162).1 Without
being limited to any particulér mechanism it is hypothesised that such a high drug

30 loading is possibly due to the strong hydrophobic interaction and/or r-rr stacking
interactions between the EGCG moiety and Dox, which would possibly enhance |
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of a chel ate-conpl ex. The interaction between cisplatin and the PEG EGCG
conjugates is probably due to the chelation of Pt (platinun) by the

OH noi et iwe 20f/IlIB6 EGCG. The chel ate-conpl ex is forned asTaGeanseguence of
the chel ati on where the PEG EGCG conjugates cluster around the central
cisplatin, thereby 20confining cisplatin therein. In this exanple, the
ci spl ati ﬁ%w / fri ol } Si i ;

PEG E&G@gﬁgﬁgl splatin |§)§o vgg‘;l n (ﬁn%tpg?@éossré' %F?@goﬁggn%%%mﬂy

di net hyl fwasmoch sndieFihagthiertsidrabtsabic chainweftodher REGfMoehcopalymers r at i ons
of PEGEGCG conjugates (1.2, 2.4, 6, and/or 12 ng/m) were used against a
fixed 25%69{% tration of cisplatin at 1.2 my/m. During the dialysis, the
PEG EGCG conj ugates cluster around the central cisplatin to confine

ci splatin wiHehize bhhetdalivbp) veiBS Ta fibm 78.5 to 18RI£hinAlsée Table 1).

Al dehyde-term nat ed PEG ( PEG CHO, Mwv 5000) was purchased 30 from NOF Co.,
Japan5 EQ@bE size insieasessasithe drodoading ingrgased dpi decrgasgrayitmincreasing

[ ci s-dichl. F an ' 11)4 ‘ - i gre- Al drich
bre. Lt aMHEGEGERPLAGIEON Ineiititadeh Ao SROTES coHpiteii

colnj ugat @ﬁcmpgslﬁaﬁcyméfgiesénlw@ir&%_ tdleSE%CkB?F\oiieTyhlaI@jml Iaekiéy rdMlatirer natively, the
pol ymer may be a carboxyl -term nated pol y(et ene gl yco hi ch can react
with ani §8CERSYIRNRG PAXE ,t'b'Sf%PﬁPleﬁiethét\;éi?R@fﬁYéhe BiKE: %v‘ri%'ﬁ%m@f%gw which is
appar ent r [ Ji ' ' Yebigl e: CDDP
(1.2 ng, r%l%gﬁ%lpf&g\ggﬁ itéégfgvﬂggypﬁaiwrﬁwg@‘ %ﬁ?@wwﬂggﬁﬁ%gnj ugat es
(1 nmip wiforhani targetedtdrog debivery slystens, aiudd becedtrotedvay the mitisDEGer e added

to th ion, he. | ti i xt ’ texed for 20 min. Each
tompl'e S BGeBnERtelian radichr Pad ot Brent s St i f¥lveihco o o0
Da. The {dRRfefER tﬂbﬁ'%@ﬁ%ﬁg@fg@ﬁ’ed%ébﬂli‘tﬁéfté@é@cfndl@fn& tidaMs viaNEPR t he

wat er repl aced every 12 h. T elivery vehicles were then harvested.
15Det er meffect. &vi the samedinedbey gnatried riblangedideodresidrnasdimeeastiar i ons was

measur ed L using..a.H t ' ' - VI8 oneter for the
PEG E&Gh%iﬂﬁ%gg’téw&%%};gﬂw noéﬁ%c] hsnp%% gfe%rﬁgiy%e gg%ﬂﬂggn%%a\%s measur ed by
Pel ki nEl mer SCI EX | CP Mass Spectroneter Elan DRC. Il1. Drug | oading
efficiency was cal culmtiaid froninitia Daxount Akeragepl at i nDrogf i ned Drug he

delivery gawgies! QEGNEGERS 2BRUBhtrfor hﬁy&iogghé‘fhid‘ aglafing Nt 0 daRlirky St em

initially. Drug | oadin s calcul,ated fromt mount,. i spl In the
del i very vehicle, CapP Wg%ﬁei gt{fn%fnt')[ he de meﬁ&?vehie@(g%ngy Deta(&\b%)nati on
of Delivery Vehicl eémgiml: The deterni nati ofMY¥ot ocol M%he same as t hat
descri bed_in Exanple 1. 25 Results '

1 3 12 192 60 85

2 6 12 129 77 68

3 12 12 115 77 49

4 24 | 12 79 79 35
15 o *Detenﬁi_ﬁed by DLS measurements.

, Table 1. Characteristics of PEG-EGCG Coniuqétes Loaded with Dox in - .
- Accordance with an Embodiment of the Present Invention L

The electrospray ionization time-of-flight (ESI-TOF MS) mass spectra of '(a)' _
20 PEG and (b) PEG-EGCG, respectively, are shown in FIG. 3. The m/z difference | :
between two clusters of peaks was observed as‘a PEG repeating unit of 44 for
both PEG and PEG-EGCG taking account of a charge of +5 calculated from 0.2
~m/z difference between each peak (e.g. (1037.26-1028.43) x 5 = 44.15). However,
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The characteristics of the PEG EGCG conjugates with cisplatin dissolved in
(i) water and (ii) DVMF are summarized in Table 2 and Table 3, respectively.
Drug | oadwogoiisiieleshi ned as the wei ght percentage of ci spCaiSiGaoitnoatoe
delivery vehicle, while drug |oading efficacy is defined as the wei ght
percentage of the confined WD 2011/112156PCT/ SG2011/000100 cisplatin
conpar ed i gty i _ .

thé Bé%fsEgé%EGCEé@@%h ffted %gm@? mdieduld Wig hﬁéﬂm&EG‘g%G E‘?'Sg

i ncr easi ng concentrati on an | ncreasi ng tren :
| oadi ng ¢1211081628.65)RyMard12.36)glamparat te those ¢TRES, demonstrating thatl so

howed t hat | UENS f the deli ehi cl. in th f 153
o 104 nfi BEC-FRING SRS SBTBNSeS W FrnantaNe 1 G GO BAME) (EPHE ror

targeti ngndict th&PEES ERGih,; i.d NacharepBBEIfy uHit BREE OB TeRfaindMofBhierRrafterehi cl e
(less than 200 nn) conferred the ability of targeting tunor tissue via EPR

ef fecs. Apnjugatismapd tionaligomerg of ikl @dveredbongddAlthaigh indbiscembedimeant, as
veni ol o. Vi rShf S IR R CRAPBAGBER, i GEERAS o chdficlPlety”

PEG EGCGIPE ) ik IHegrduhidedtiate@ atlisns | reaghdurseoacaitt agbreeiated that other

concentrationdi ameterefficiency (nmg/m) (ng/nm) gnn) a(wtcYO)b 1 1.2 1.2 153

3.1 3.8 conjugate configurations, such as three monomeric flavonoids conjugated to one :
end of the chemical moiety, or one or more dimeric flavonoids conjugated to one

10  end of the chemical moiety, are also contemplated.

Example 2: Formation of Delivery Vehicle Compriéinq Cisplatin and PEG-EGCG
Conjugates

In another embodiment, the drug molecule is cisplatin. FIG. 4 shows a scheme
illustrating the self-assembly of PEG-EGCG conjugate_s loaded with cisplatin to
- 15  form the delivery vehicle. In this embodiment, the delivery vehicle may be in a form
of a cheléte-complex. The interaction between cisplatin and the PEG-EGCG
~ conjugates is probably due to the chelation of Pt (platinum) by the OH-moieties of -
the EGCG. The chelate-complex is formed as a consequence of the chelation _
where the PEG-EGCG conjugates cluster around the central cisplatin, thereby

20 confining cispl'atin therein.

In this example, the cisplatin/PEG-EGCG complex was prepared by dialysis of a
mixture of PEG-EGCG and cisplatin dissolved in (i) water or (ii) organic solvent |
dimethylformamide (DMF) against distilled water. Different concentrations of PEG- o
EGCG conjugates (1.2, 2.4, 6, and/or 12 mg/ml) were used against a fixed

25  concentration of cisplatin at 1.2 mg/ml. During the dialysis, the PEG-EGCG
| conjugates cluster around the central cisplatin fo cbnfine cisplatin within the :

cluster.
Experimental

Materials: Aldehyde-terminated PEG (PEG-CHO, Mw 5000) was purchased -
30 from NOF Co., Japan. EGCG was purchased from Kurita Ltd., Japan. Cisplatin
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2 2.41.2 141 4.3 3.03 6 1.2 194 8.9 2.0 a. Determned by DLS

measur enent s.

b. Weight percentage of cisplatin | oaded over one in feed (by

| CP- MB). WO 20dightseper cent age of cisplatin | oaded over wPor&iG2aalonmes y
vehicle (by ICP-MS and UYN s) Table 2. Characteristics of PEG EGCG
Conj ugat es Loaded with Cisplatin in Water -in Accordance wi th an Enbodi nent

of the PreseiinibidfthiiepiafUh@S; CDDP] was purchased from Sigma-Aldrich Pte.
Ltd., Singapore. '

Synthesis of PEG-EGCG Conjugate: The PEG-EGCG conjugates were

synthesised as described in Example 1. Alternatively, the polymer may be a

5 carboxyl-terminated poly(ethylene glycol) which can react with amine-terminated

-EGCG to form the conjugate, the synthesis of which is apparent to persons skilled
in the art. '

Synthesis of DéliVery Vehicle: CDDP (1.2 mg, 4 ymol) was dissolved in 1 ml
of water or DMF. PEG-EGCG conjugates (1 ml) with different concentrations -

10 dissolved in water or DMF were added to the solution, and the resulting mixtures: _

were vortexed for 20 min. Each sample solution was then transferred to dialysis
tubes with a MWCO of 1000 Da. The tubes were dialyzed against distilled water
for 2 days, with the water replaced every 12 h. The deIivefy vehicles were then

harvested.

15 -Determination of Drug Loading: The absorbance of the sample solutions
‘was measured at 280 nm using a Hitachi U2810 UV-Vis spectrophotometer for
the PEG-EGCG content. The amouht of cisplatin in each sample was measured
by PelkinEImer SCIEX ICP Mass Spectrométer Elan DRC II. Drug loading

efficiency was calculated from the amount of cisp'latin confined in the delivery

20 vehicle, and the amount of the cisplatin added into the system initially. Drug

loading was calculated from the amount of cisplatin in the delivery vehicle, and -

the weight of the delivery vehicle.

Determination of Delivery Vehicles Size: The determination protocol is the

same as that described invExampIe 1.

25 : Results

The characteristics of the PEG-EGCG conjugates with cisplatin dissol&(ed in (vi) o
water and (ii) DMF are summarized in Table 2 and Table 3, respéctively.; Drug

loading is defined as the weight percentage of cisplatin in the delivery vehicle,

while drug loading éfficacy is defined as the weight percentage of the confined
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Initial PEG EGCG concentration (nmg/m ) Initial C splatin concentration
(my/m 1) Average hydrodynam c dianeter (nma Drug |oading efficiency (W% Db
Drug | oadwogo(vitiorse PCT/SG2011/000100

cisplatin compared to the free cisplatin introduced initially. Samples with increaSing
PEG-EGCG concentration showed an increasing trend of drug loading efficiency.

Dynamic light scattering (DLS) measurements élso showed that the dimen's'iohs
of the delivery vehicle were in the range of 153 to 194 nm (see Table 2 and Table
5 3) which are ideal for passive tumor targeting via EPR effect. The nanometer
dimensions of the delivery vehicle (less than 200 nm) conferred the ability of
targeﬁng tumor tissue via EPR effect. At the same time, they enabled prolonged
blood residence-time, as they helped to avoid opsonization and renal clearance of

the delivéry vehicle.

10
Samples Initial - Initial — Average Drug Drug |
PEG-EGCG Cisplatin hydrodynamic  loading loading
concentration concentration diameter efficiency (Wt%)°
(mg/ml) (mg/ml) (nm)? (Wt%)°
1 1.2 1.2 153 3.1 3.8
2 2.4 1.2 ' 141 4.3 3.0
3 6 12 194 8.9 2.0
a. Determined by DLS measurements. .
b. Weight percentage of cisplatin loaded over one in feed (by ICP-MS).
C. Wei%mt /g/ercentage of cisplatin loaded over total delivery vehicle (by ICP-MS
and UV/\Vis) _ _ :
15 ' ,
Table 2. Characteristics of PEG-EGCG Conjugates Loaded with Cisplatin in Water
in Accordance with an Embodiment of the Present Invention
20
~ Samples “Initial Initial Average Drug ‘ DrUg 2
PEG-EGCG Cisplatin hydrodynamic  loading = loading - -
concentration concentration diameter efficiency - (Wt%)°
| (mg/ml) (mg/ml) (nm)? W%
1 1.2 1.2 2132 1.8 22
2 2.4 1.2 131 27 14
3 6 1.2 119 31 ~ 0.69
4 12 1.2 130 4.9 0.52
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| a. Determined'by DLS measurements.

b. Weight percentage of cisplatin loaded over one in feed (by ICP-MS).
C. W%i h\t/ lelergzentage of cisplatin loaded over total delivery vehicle (by ICP-MS
an is o , '

Table 3. Characteristics of PEG-EGCG Conjugates Loaded with Cisplatin in DMF
in Accordance with an Embodiment of the Present Invention

Example 3: Test Results of Using Delivery Vehicle Comprising Herceptin and
PEG-EGCG Conjugates

The present ihvehtors have also successfully encapsulated herceptin (Herceptin
being purchased from Roche, Switzerland) within PEG-EGCG conjugates
following the synthesis route outlined in Example 2 above. The conjugates have
shown enhanced anti-cancer effect on BT-474 HER2/neu overexpressed .breast‘

cancer xenograft, as shown in FIG. 5.
Results

In-Vivo Anti-cancer Efficacy of Delivery Vehicle: Athymic (nu/nu) mice (5-6
weeks old) were purchased from the Harlan, UK and all animal experiments were
performed in compliance with Institutional Animal Cafe and Use Committee

(IACUC) procedures and guidelines. A 178-estradiol pellet (Innovative Research of

- America) was inserted subcutaneously (s.c.) into each mouse 1 day before

injection with BT-474 cells' (1x10” cells in 100 ul phosphate-buffered saline (PBS)
with 120 ,ulv matrigel (BD Bioscience)) s.c. at the right flank. Tumor volume V (mm?)
was determined by measuring length | and width w and calculating volume (V =
Iw?/2) as described (W. P.. McGuire et al, N. Engl. J. Med. 1996, 344(1), 1268).

Experimental and control treatments were carried out once the tumors achieveda -

“mean size of 250 mm?. Mice were randomized to different groups (n=6) before

starting fhe various treatments. Herceptin used wa’s 2.5 mg/kg and PEG-EGCG

was 100 uM. Treatments were administered twice fper week. Sixteen dayé Iate'_r, B
the animals were injected with vehicle (PBS) (»), PEG-EGCG (A), herce'pti'n (m),
(herceptin + PEG-EGCG) micelle (¥ ). The results.were reported as mean + '

standard deviation.
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12 1.2 130 4.9 0.52 WD 2011/112156PCT/ SG2011/ 000100 a. Determ ned by DLS

measur enent s

b. Weight percentage of cisplatin | oaded over one in feed (by

| CP- MB). WO 20dightseper cent age of cisplatin | oaded over wPor&iG2aalonmes y
vehicle (by ICP-M5 and UV/V15) 5 Table 3. Characteristics of PEG EGCG
Conj ugates Loaded with G splatin in DVF in Accordance with an Enbodi nent of

the Presentryanugniiceg anti-canc@‘éﬁ@&tﬁofﬁ%&é@ﬁé@o@érekﬁe’%@eﬁ@réé(ﬁr y

Vehi cl e Conprising Herceptin an

nj ugat es The present

i nvent or cahasexariagrais couldsss dué yo thecaqumhuatioh bbthesgelivary vhicleptat thebei ng
purchased from Roche, Switzerl|l and), wi thin PEG.E conj ugat es, follow ng the
Cynt hos: SUPBLELS B0 HeAeh eiaseigitumer 3 Ao iR CUHPRET /B S hown
enhanced gfithir usgrtre@;]éoew&h %E%?e mg&:ggﬁe?é RRENANISHENR RS SREafYRARIN df

cancer xenograft, as shown in

sults In-Vivo Anti-cancer

Ef f i cacy hefcapdini wighip theHelivery vahiclernay(beugimilpr ta thet ceniemplated iol d) were

purchased fro he rl UK and all animal, experi t r Jred in
conpl i an %m&mﬂqrhEH%F_fﬁEE}FPaWEﬁYﬁEPaE%‘ﬂ%{%Wr 'rt%ﬁﬂfqﬁ]@% W‘?'ﬁ'& ' )

pr ocedur gstepdifiofls iaf@ i+ -AeStacking Thtérfsiioha Bethedretiecprolinanesiauey anfesear ch of
Anerica) was inserted subcutaneously (s.c.) into each nouse 1 day before

i nj ecti oF@PEMBENT74 cells (1x107 cells in 100 pl phosphate-buffered
saline (PBS) with 120 pl nmatrigel (BD Bioscience)) s.c. at the right flank.

Tunor vol ufe
cal cul ati ng

\Y

ol une

cgnélﬂgiﬁ%\}fgsprggéﬁtr SRIREH PohidBaBVE e Bt hIlengBGr MW idhug and

10  loading faced by the conventional drug delivery vehicles (such as polymeric

micellar carriers) comprising of a variety of block copolymers as mentioned in

_ previous'paragraphs. Unlike the existing prior art delivery vehicles, which utilize

long hydrophobic polymer chains, the present delivery vehicles provide strong

drug interactions via the EGCG moiety to achieve high drug loading. The

15

20

enhanced encapsulation or confinement capability of the present delivery vehicles
may also be extended to other anti-cancer drugs without any modification of their
structure and hence makes it a potential system for co-delivery of multi anti-cancer

agents, such as herceptin and doxorubicin or paclitaxel and daunorubicin.

Unique propérties of the present delivery vehicles which make them particularly
suitable for use in cancer therapy include (i) their nanometer-dimensions of
between 10 and 200 nm; (ii) their amphiphilic structure that confers increased
solubility in water; and (iii) their ability to encapsulate or confine anti-cancer agents

within its inner core. The design of a delivery vehicle with a higher drug loading is

o import‘a'nt towards achieving an efficient cancer therapy. It is also expected that .~

- 25

-such é\deliveryl vehicle would minimize the side effects caused by the pote,ntiali B

unspecific drug‘de‘li_very as the dose of the delivery vehicle may be reduced.

Furthermore, having carriers with a higher’anti-can_éer drug loading redu¢§s the - - B

frequency of injections, thereby improving the compliance of patient and 'r:educing': -

30

trauma caused to the patient. The present delivery vehicles are designed-to

provide for such unique properties.

Example 4: In vitro imaging of siRNA delivery and subcellular localization
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251w2/ 2) as described (W P. MGQuire eta!, N. EngL J. Med. 1996, 344(1),
1268). Experinental and control treatnments were carried out once the tunors
achi eved wormeanigisee of 250 mMmB. M ce were random zed t @CuisGkern®na10gr oups
(n=6) before starting the various treatnents. Herceptin used was 2.5 ng/ kg
and PEG EGCG was 100 pM Treatnents were adm nistered tw ce per week.

Si xt d T
5L S O sclbee 88 18 S chENEI s st RN ().
resul ts \wteeensiyof 4k 8’ cedlafcovetgiasta T woddaysaafterrplatingpthe culture medlum

2011/ 112156PCT/ S&0 nh d ant ff BT- 474

2R e PR B ol TR bR et BEES 1 b

accunul atchgmpred BSvQQIds‘é%YCMﬁJNéJe%SN@rTe drépafed B desdribednibdiee reduced

the tunmor size significantly as conpared to the ani nal Kgrougs treated with

her cept i raddmg,/varmg canchatiations of PEGeEGLE3 b3 60aM Sienser®Ker 't riabelad t hi n
the deli cl.e y siym l.ar t C ted Le 1, i.e.
t he EGCG aé'%’ 9 e%r ;@Eﬁ S @é ﬁ‘é‘?%'g'ﬂt P%A:) H&i‘ffgﬁ 4%@8?%"6‘%8{)%?}%0&} actions
and rr - Flespetpléctiely, rﬁalsavéﬁecmsrwmemmﬂs@:d@r@h@@pﬁa@@sm@seeasdnm@e EGCG
noiety. In concl usj on, the pr esent dellverg vehi cl es overcone the chall enge

of |ow dl(Qlj’BﬁilacB‘ékﬂW@ wilit 4% pyraforanaléshsia (Rivhl for bl gnipetas\argomeni cl es
(such as el iC A‘i‘i‘e?g'éu% GG FasH wﬁﬂfﬂﬁﬂaﬁ i?}%dﬁ’e{us%vé’ rét&h%d@{.thbi%c-k. |
copol yners-as nentione previ ous paragr aphs the exrs rior
art deli ‘deldthmrmyhm/dDAﬁl Uhvitrogen,| 084) b;aﬂjremlwtg exgmingdey a:d‘nioa:m t he

present delive hi cl es gerow de strong drug interactions. via the EGCG

moi ety t&"&@?ﬁ‘*@é& PRRCAkIABeN fLAMNINY METESCORY W% SATISY JHUSA ARt i on or
conf i nemul&mgag%w lals¥r Séariifg g{.&%@&épéagﬂnp%b I¥§é¥b%ﬁéta@‘8ﬁ e be
extended tO er anti-cancer drugs wthout any nodification of t heir

st r uct ur 84anm, leerissgionmias=i458anpfor HARaexsitatiomrmarr= 6470w, erdssjommaxl t i

anti-cance herce tin and doxor clitaxel and
daunor ubEars AEe] Gy 3h JsemAues G sherediaits FELEDIESY sBRFeILS" Whi o mae
themlparqup@\jg 3s"2§5p5ré§bl e for use in cancer therapy include (i) their
nanomnet er mensi ons of between 10 and 200 nm (ii) their anphiphilic
structure that confers jncreased solubility in water; and (iii) their

abi |ty enegalmigroscapisobsenyation ﬁrﬁ'RNAdﬁﬁﬁ%nt s withinits inner core.
The design of a delivery vehicle with a higher drug | oading is inportant

towards ac Pri@Y tdevalDathg tid eddaciy st FECIEGBEBYas IRN/A calrkkes akgebiliggof hat . 25
such a deli v%g% vehi cl e woul mninize the side effects caused bé t he
@

pot ent i ath@RESEEGGE tadelverssiRMy ptaselishwas estigatere The effest §f difeiedte may
be reduceg; Eflélh[ efEPleG -BBCEY Cs"i'ﬁNAeuﬁta%Wésae)@nﬂhgau% qlﬁg&t‘?ﬁ; drug

| oadi ng reduces frequency o I nject'ions, thereb
conphkoancencéntpstiansrdf REE-EE@GCGeiong)riv a;ch‘dAcEmsmdhmildrfm‘ tpatO)énlaberélde

pr esent %eelgla%{ Ve Xontrr]I I&ﬁi \A%se m%en?tlo er}Fby confocal microscopy 1, 4 and 24 hours

after transfection to determine the optimum time for transfection of siRNA using
the PEG-EGCG. The red fluorescence signal associated with the Cy3-labelled

siRNA was only detected in cells population 24 hours after transfection.

25 The confocal images (Figure 6) showed that PEG-EGCG was able to deliver
~ siRNA into the cells. Moreover, the images reveal a cytoplasmic sublocalization for
_the siRNA, as seen by overlaying the images of the DAPI stalned nucleus and the
Cy-3 labelled siRNA. When siRNA was delivered wlthout PEG-EGCG as carners | N |
(Figure 6A), no fluorescence was observed, demo:nstrating that siRNA albné was = -
30 - not able to enter the cells. Similarly, when PEG alone was used to complex siRNA

(Figure 6E), no fluorescence was detected, indicating that the red fluorescence,
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30provide for such unique properties. Exanple 4: In vitro imagi ng of siRNA
delivery and subcellular localization W) 2011/112156PCT/ S&011/000100

Cel | s werwoOzendaeison Lab- TekTm 8-wel | chanber ed cover gl 638s2¢M0ne100 USA) at
a density of 1 x 104 cells/coverglass. Two days after plating, the culture
medi um was renoved and PEG EGCE si RNA transfection conpl exes were added to
the cha gqg?rl, ' ve by 5
addi ng Cgrsélgﬁlgeg'\é%%géntﬁrég??gtns g@&%@%@%ﬁiﬁ@? I%Zﬁggv?ﬁ ygpqgul'édﬁRPLabel ed
Negat i vetiieREGpolynesi RNA (Anbi on, USA). After 1, 4 and 24 hours of

i ncubation respespectively, cells were washed Wi t h Dul becco's _
Phosphat e ed . X fiix Pakaf or mal dehyde ( PFA)
for 20 nEXEME e P VEIEq FeRtwas Wi t h DPBS, t he
cells were stai ned W|th 4' | 6- 10 di am di no- 2- phenyl in (DAPI | nvi trogen,
USA) bef tn eitroederes sbermmrrmetnt/ QRM%anlealuarfeGepade@sa‘aydﬁ’lromaeew&%hnm ng
m croscopy was carried out using an Oynpus |x71 |aser scanning m Ccroscope
usi ng. t wo i DAPI ,
exci {3t on TEap B SHdthe MMBHINA dlRBR B B %ﬂoﬂ%wv RO e e e
acqui reddeﬁvatg/eEL\m/hEdﬂe?élt mreﬂn;lil'ayé]l:i ympdeal-IGtifgase? edportrdeneal -

m croscopi ¢ observation of siRNA |ocalizat] or to eval uati he
capaci ty S§¥ tepi=dp thig@saay. SWRNBPRHRT fRakNes; ﬁ'ée@bﬁffqt‘ﬁuéfpyfﬂé"‘ ) BB

del i ver | | tio of
o1 RNA 1 ol SE AR B ast (@bl ALt nedaty ﬁ%é’%‘é*%?’%“ﬂﬁi‘ﬂ%é‘“’“‘é@
concentr ateamsed)‘se@mtﬁﬂy:@ormtl‘lﬁ)sﬂme icRNAar Bameidehezqu@mcefof Pd-3

O oA RS R ™

t ransf ectrhapefefe, $heRNénméllﬂéiférB§e BkfreleSion shbuid hethé bifectedasnee sikanal
associated with the Cy3-1abelled si RNA was only detected in cells

popul at i HangtectionrHdenge, dhe tRamla biaiferase ssmies %@H@'MPOWW@E%'Y( itiyar e 6)
showed t %ﬁ %%N(F\ Mor eover,

t he imagggh? Iég r%ﬂl\ftgns gésr?nb%%ggglt%bg rl“?':!t I on %&o&'t\%%gﬂgele , as seen by
over | ayi ngifelase. Segond|§f its betivigrdanshe muedtorad-ioedesteanany bas@afﬁ: ¢fbdat loif ed

si RNA. Wjen SI RNA 13 deél ver d wi t hout PEG EGCG as carriers (Figure 6A),
no fLor SRV, \%’H‘pﬁ’é‘?ﬁ)nstratl ng that si RNA al one was 30 not
able to enter the cells. Simlarly, when PEG al one was used to conpl ex

ST RNA (Fi gpbgr ﬁgﬁr»s éﬁérﬁr‘a‘h@fﬁ@ﬁ%& %E3%ﬁ%@ﬂ73'ﬂ'§grﬁ@t\}é&or§hat the red
fluorescence, observed in cells transfected with PEG EGCH si RNA conpl exes,
was not d?l@mega,HﬁAl)’E@rpmgwmcentratlons of PEG-EGCG/siRNA complexes

- (prepared as above) were added to the cells seeded in 96-well plates.

" Transfections were performed with pGL3 luciferas'esiRNA (Promega,USA) and
20 Allstars negative control siRNA (QIAGEN, Singapore). After 48 hours, the - |
transfection medium was removed and the cells rinsed with DPBS. Cells were
lysed in 50 pl of passive lysis buffer (Promega, USA) and placed on an orbital
~ shaker (Thermoscientific, USA) at room temperature for 15 minutes. Luciferase
assay reagent Il (LARII) and Stop & Glo® reagent (Promega, USA) used for v
25 measuring gene expression were prepared and added to cell lysates following the - S
| manufacturer’e protocol. deiferase activity was measured using a Lumat LBQSO? S
luminometer (Berthold Germany) Transfection eff|c1ency was evaluated as the
ratio of the activity of the firefly luciferase (expressed in relative Ilght units: (RLU) |
over the Renilla luciferase’s activity. For this assay, the effect of 200nM 50nM and

30 10nM siRNA on luciferase actlwty was also investigated.
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Exanpl e 5: Gene silencing by si RNA delivered with PEGEGCG in vitro In
vitro gene silencing by siRNA - Dual -luciferase(r) reporter assay

( Pronega,WweAp115Io1sdet er mi ne whet her the si RNA del i ver ed PCmiSG201®oeyo opl asm
by the ODML derivatives was functional, we enployed the dualluciferase(r)
reporter gene system In this assay, two reporter enzynes; firefly

(Photi nus ;‘/rla'né)of #Bth fg)‘% r?'sé WaEBkpredsd£as b FiStve ightiupitaees, were

si mul t aneous expresse helr activities nmeasured sequentially from
t he sane regpeatively fisafipbed Remd/asE@R]uehRe U). ]Sl&satmobtelrfeeinasaellsqommtlosn

he. Roni Heaslested Bi5.0b15 R eBes, pLeitidut A v i dosed Bncifraie 1as ra ©

t ransf ecirh@dlobtaiteEirofnarideRi JiRRA! e stestRcoTRAtHE. A fHalionl SHRINA is Fi rstly,
it is a transfection control that can be used to nornalize the activity of

the fbr efelxpectedutoée@ts@ trredewlaqu the fiesflydugiterage peateincantbeonsequgntpitdet ect

any unspeg 5.1t he urs

St er s r ERbvbE TS atRav N HaEere T 3 PEERar IR LR Fempaissbi ot

varyi ng ¢|%Tm6tR@h/ll@n&|fefaé%E£etﬁiB¢G‘msmﬁnemlmmlmmeempeﬁmtabove) wer e
added to the cells seeded in 96-well plates. Transfections were perforned

wi t h pGLyariakilitygaysed slcrmemcemyane‘ﬁw%&ﬁmww oteall viahilius theeeRont r ol

embved "o oL TRR PABHR bl AEablY Snefdsninb ot 07 (BT I PR

passive lysis buffer (Pronega, USA) and placed on an orbital shaker v
(Thenoosci émeﬁamnem)raasfecﬁomeﬁmimmyaamhe twoplasnidi DNAesd aptimizer ase

assay reagent .|| ARl | St op a used for
5 mas utiol o sl et uABsrerttnth Bl AR aaTy SRR s YA oo™
fol I owi ngapdiRg %wﬁaq@weao@ IPHEEQCIOhas bueh repaeed fHat ittvd two Pﬁﬁn@eaéured
using a Lumat "LB9507 | um nonet er (Bert hol d, rmany). Transtection

effi ci ensigedde devethe Redillasandireflyluciestse (S840 and the cgpmegalavirust | v

et 1 o 2810 BBLAETESBRLARD i HuBARE Solt bRy R B oL PR 2 s010nm

si RNAs on |ddiferdsy wae rﬁéihlaméd/cdmaml Theiraictditieg aletd meadred and expressed
2011/ 112156PCT/ SG2011/ 000100 The ratio of both |uciferase was expressed

as the r@sa felativeirghe. units of respectively firefly and Renilla
(RLUL/RLUZ). The ratio obtained in cell population transfected wth bot h

luci T er asegyhu prid- F@m CUR s S5iRflek 20088 L@@ SIRRA! aldeRrefieahned from
various si RNA'transfection conditions. A functional siRNAis 5expected to
reduce t tee hewedlizedratioef fuaifefase acibitiesrrangingritarsitbaini0 S2r(Eigwiermd| y its
- ~was observed at concentrations of PEG-EGCG from 5 to 100 yg/ml. The most
20 - significant decrease was observed at 100ug/ml of PEG EGCG ConS|stent WIth the
results from confocal microscopy, the PEG carrier alone when mixed with Luci
siRNA did not induce a down-regulation of luciferase activity, indicating that PEG

by itself could not deliver functional siRNA into cells.

Analysis of gene silencing using fluorescence microscopy

- 25 To quickly evaluate the functionality and eﬁic'iency of siRNA delivered into the
| cells by PEG- EGCG cells were transfected with the pEGFP-1 plasmld DNA
~encoding the green fluorescent protein. Four hours Iater GFP- 22 SIRNA or control o
“siRNA complexes with either the commercial transfectlon agent S|PORTTM.or wlth . ; :
the PEG-EGCG was added to the HCT116 cells. Fluorescence microscopy o
30 allowed a rapid visualization of the GFP expressihg cells. Any downreguletionbof

GFP by GFP-22 siRNA translated in a decrease of the number of the cells emitting
- | 25 |



activity. The |lowered activity will translate in a decrease of the
normalized ratio of firefly to Renilla luciferase activity. This

nor mal i zawoenimiiaism zes experinmental variability causedPby/Sdzéfidp@aces in
transfection efficiency or cell viability, thereby allowng nore reliable
interpretation of the experinental data. 10To exam ne the transfection

ef fici entgye wf":‘ s&m&égg}@qﬁen%rmngﬂ.gﬁ- té?RNfA i5&ontblefehtary ¥ €

t ransf ecte ratios o ato uci f erase ranging from
1: 10 to 2140Win thedeadence ohtie GES's miA L iguten@A-D Bbowed postivet ers used to

drive the ReanI andfr erase, (.Sv4Q apd : anvirus '
or oot er SOMRRRHENEH Beh Eeiis TIRNATRAR eliRdatiios FOREM:mERRINgse {1 Ter 1y
15 | uci f QfAaSesatPss %o@&ﬁe%ﬂtr%%ﬁh%fﬁtud heir activities were neasured and
expressed as a relative ratio. Wen PE 'EGCG was used to conpl ex 200nM of

Luci siRNA,_a decrease in the nornmalized ratio of luciferase activities.

rangi hg f ré}ﬂlldramfeczte@voth REGHEBr t piasmid yeolesdClenteah, Ussmoueier tiandaetedr

e oo R A2 o1 Bl RN CUA BRI gpigaps s obser v

M croscopgter tising Comptends describedeaboven4shwars Mtérhfldrmscemd%!\lm@et wete i nduce
a down-requl ation of luciferase activity, indicatin PEG by_itself

coul d' nofaken ysieg Qlymeds b lugrrspenca micsesqape (yn §?6§'6‘935‘ér “Eh% enci ng
using fl H‘ﬂé§§§ . E{ﬁ@?&&lfé&ﬁé’iﬂ% IRGe-PHY ﬁlﬁ%%ogwgré’@t/l%ﬂad%g é)'U’éA} y and

efficiency Ivered into the cell s were
transfected mrth the pEG-P-1 pl asmi d DNA, encoding the green fl uorescent

pr ot @0 n. Gemfirmingugent silencingGaR mMgNgmg ncontrol si RNA conpl exes with

ei ther the commercial transfection agent si PORTTmor with the PEG EGCG was

added to thg d" i‘;ﬁth% ﬁnreéhfé%ﬁ%?@lﬂﬁo%éﬁ/ﬁaq mﬁﬁ(?lu%lrééd@%‘éea rapid

vi sual i zat i on ressing cells. Any dowiregul ati on of GFP by
GFP- 22 snﬁbb@storay;s‘loa\t eyiometrac dealysiad cefls trapsfegtasbwitio PEGEGE@GISREA t t i ng
green fluorescence as s th GEP-22 siRNA i s

Qonp! eme SRS as ppripmed ebadhe AdleBr 214t iedhal e Rimn R gure 8a-D
showed positive downregul ati on when GFP-22 si RNA was delivered with

si PORTTm . 4§hfi>Ur§T&9I©vWW§GF$EQZ%ﬂ?l‘&Aﬂﬁﬁ'isTeothqﬁl@tdeﬂb direadpitearsfected witbel |
transfected with pEG-P-1 plasm d vector. (C ontech, USA) were transfect ed

Wi t h 1EFPPESRRr masrgtdav@t%g@lqwrbuﬁﬁadrarﬁ feplor DRGNS REIYERGN: hour s
|
Wg'; :r . ;ign | ug%%s njz??r?é l;%?gel%laﬂﬁ%nt ﬁ?emr(ﬁ’MaL%or?grfé%r@ﬁfﬁﬁpce | mges

uor escence m croscope Si ngapore).
The i rragémsﬂnwr)mrascaddecbplemeltsg Getisgecrerincidated sﬁmrfs wammie(sj\@‘&raoe@ybmraetr cs,

USA) . irm Iencr sin Io t antlfy t he
downr- egufjg&l%‘ i‘g%ﬂ%?gﬁasé ‘E?IL eﬂf%‘?fdg dﬁjp Wel%w -
cytonetr 'tr%né‘fé?rleﬁd%ﬁ) P%nﬂ@utiés éﬁ@@guﬁ@ib% eYM:id@OP;ﬁ@fgr@%ﬁu@é‘ATﬁénm exes vvas
performed using the Agilent 2100 bioanal yzer. _
20 supernatant was removed and cells were resuspended in cell quorescence buffer
from the Agilent Cell Fluorescent LabChip® Kit (Agilent Technologies, Srngapore)
at a density of 2.5 x 10% cells/ml. Cell chip was then loaded with sample and
prepared following manufacturer's protocol using reegents provided in'the Agilent |
Cell Fluorescent LabChip® Kit . Flow cytometrlc analysis was carrred out usrng the
25 -Agilent 2100 bioanalyzer (Agrlent Technologies, Singapore) and approxrmately

1000 - 1200 cell events were counted per sample

We found that 65.5% of the cells transfected wrth PEG-EGCG + control srRNA

| were in the high fluorescent region (Figure 8 E). In cells fransfected with PEG-
"EGCG + GFP-22 siRNA, the number of cells drsplayrng a high fluorescence was
30 reduced to 46.4% (Figure 8 F). Therefore, when GFP-22 siRNA was delivered by
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48 hours follow ng GFP-22 siRNA transfection into cells already transfected
wth 15 pEGFP-1 plasm d vector. (Contech, USA), transfection nmedi um was
renoved awo 260udi2sb accut ase enzyne cell detachnment mediPURISGR¥A/000100
Laboratories GrbH, Austria) was added per wells. Cells were incubated for 5
m nutes; after cells were detached, 150ulof DPBS was added per well and the
cont ent s i EhscuClle MELLRY L8R i 19495 THICISRIRURA cdpyn at
3000rpn1f§$3 Wlﬁﬁpg%. géégpgﬁﬁiéﬁ%?%ﬁ@ﬂdggggg%oveg§ané géﬁlscaere

r esuspendednisrfrarald refgiaroofsigh ficerdsgcehee iritensityt fodowdluosesceDeklintensity escent
LabChip(r) Kit (Agilept Technol ogi es, Singapore) at a density of 2.5 Xx
106¢cel | sFﬁP.b_e(%tﬁe%ﬁ?ffﬁQWa eMHeiR9[ ¥ ded with -sanpl e and prepared fol | owi ng
nmanuf acturer's protocol using reagents provided in the Agilent Cell :

Fl uor escent«nha@@hm& foredfbihg iMleitiofHaR BT GesttibledSh SonRsdatal byefayst Usi ng
the 25 Agilent 2100 bioanal'yzer (Agilent Technol ogi es, Singapore) and
appr oXi miltustratianeod-exapgie.cand wish segardite anecoruneeiemdpdirensaor the f ound:

t hat 65. 5% of I cled . t ) + G {: ein
tho. hi on PpIdsPedd ity 5 PASRIFEHTS isitabisaimareot ordse 8 oI e oo
+ GFP- 22rstHaNdMt irf Ightof il teaehirepl dfthidiiavéritiont@atcéritgh chhngesseriationsas 30
reduced to 46.4% (Figure 8 F). Therefore, when G-P-22 si RNA was delivered
by PEG podmodifieatiangupay be rpadetheretgwithaitsienasting,som the spigt ofifcePshi ft in
cells ev : : LOR: i i I : _

{1 uor eac onds ineBffich £ 8L8CfEa (40 APpkRpEaTRRRS. FIRASS lthoddh Iiigual 1 (e
f or egoi ngnmbodimentrnareatishissed dies aniebédn icansochlede epaibindiipneaf thidse V,
illustratiqon and exanple, and with regard to one or nore enbodi nents, for

t he pur p@é‘g?d%f‘emsari ty of understanding, it is readily apparent to those
of ordinary skill in the art in light of the teachings of this invention
that certain changes, variations and nodifications may be nmade thereto .

wi t hout departing fromthe spirit or scope of the invention as described in
t he appended cl ai ns.. Further, although individual 10 enbodi nents are

di scussed the invention can include conbinations of those enbodi nents. |
CLAIM 1. A conjugate of a delivery agent containing a chem cal noiety and
at | east one flavonoid, wherein the flavonoid exists in a nononeric formor
dimeric form before conjugation and remains in the nononeric form or '
dimeric formafter 5conjugation. 2. The conjugate of claim1, conprising
two flavonoids, wherein the first flavonoi d does not undergo association
with the second flavonoid. 3. The conjugate of claim1 or 2, wherein the
flavonoid is a catechin-based flavonoid. 104. The conjugate of claim 3,
wherein the flavonoid is (-)-epicatechin, (-)- . - :
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epi gal | ocatechin, (+)-catechin, (-)-epicatechin gallate, or
(-)-epigallocatechin gallate. 5. The conjugate of claim4, wherein the

fl avonoi awD=0(128pi gal | ocat echin gallate. 6. The conj BRgase2ail/o001a0 m 5,
wherein the (-)-epigallocatechin gallate contains a 15carboxyl -term nated
group, an am ne-term nated group, or a succinimde group. 7. The conjugate
of any OW?)?I he precedi ng clains, wherein the chem cal npiety is one

sel ected fromthe group consisting of a polymer having a free al dehyde
group or a functional group capable of being converted to an 20al dehyde

group, a1polAcenjugateioi@ delivepeagemtumxydinipgaphemical oty iandaat leasiwmecapabl e
of being converted tp a.carboxyl oup, .a polynmer havin .free_am ne group
or & funct | dAIPIGRofe i s BNl PY5tf A BoheRiers T Dr iBeE: R o

pol ymer havigaghrd dohfiR)abilh @ndl iBhitind oM RonEmEHE $mPBRbinKRupreaFep! e of

bei ng converted to a“succinimde group, and a m xture thereof. 25 8. The

conj ugat e ofcoojugation., wherein the polyner is an al dehyde-term nated
pol y(et hyl ene gl ycol), aldehyde-derivatized hyaluronic acid, hyaluronic

aci d am noacetyl al i et.hyl i = i i zad
nyal urone DEE PR RE R GBI Me A AR Rc s, AU REPHdfs B EBb RO o et
conj ugat e- dyesMoh Gndéengol AHsociiion Witizgresavond flavonoid. |
phenoxynet hyl (nmet hyl hydrazono) dendriner, thiophosphoryl core o
phenoxynet hyl (net hyl hydrazono) dendriner, carboxy)-terninated pol y(ethyl ene
gl ycol ), 3am¥-r"|‘§-qoé‘|ltl'ﬁ3r§éf)§8|aﬁ'6W?%%H’W%rﬁg‘ & P%QJIS aCRIEPNRasE: er ni nat ed
pol y(et hyl epg,ghaigo! ) - The conjugate of claim8, wherein the polyner is.

al dehyde-term nated pol y(ethyl ene glycol). 10. The conjugate of any one of
the preceding clainms, wherein the delivery agent is conjugated at the C6
and/ 66 C4. pdéietdomjugsite ohelain 3, mfreseinithe fiavonadds (+)-epicatauten.dohj ugat e of “any

and(-) - epi o aPIRAFRSFTR A iae R e BBl S8 G Fotbdlomatpenin
conprising gaftgte] ugate of any one of the preceding clains. 13. An

anti-cancer agent delivery vehicle conprising an anti-cancer agent and a
conjugate of any one of .clains 1 to 11. 14. ‘[ae Esti -cancer E%ent gel ivery
vehi cle & dhgigenugaterEFieim 4 nbeseinitbe flaxenoid iy i-epigallopatechingaliaie, ¢ ej ¢
acid, a small nolecule, a drug. a peptide, an 15antibody, a hornone, an
enzyne, @ ITAMddMREROLS cRirk s NHeMSIn tht 19ligdIlRBARMIN gallate contains a

15 carboxyl-terminated group, an amine-terminated group, or a succinimide

group.

7. The conjugate of any one of the preceding claims, wherein the chemical
moiety is one selected from the group consistihg of a polymer having a free '
aldéhyde group or a functidnal group capable Of being converted to an »

20 aldehyde group, a polymer having a free carboxyl group or a functional group -
capable of being converted to a carboxyl group, a polymer having a free amine 3
group or a functional group capable of being converted to an amine group, a -

“polymer having a free succinimide group.or a functional group capable of

being converted to a succinimide group, and a mixture thereof.

25 8. The conj‘ugate of claim 7, wherein the polymer is an aldehyde-terminéted
poly(ethylene glycol), aldehyde—derivatized hyaluronic acid, hyaluroni§ acid v
aminoacetylaldehyde diethylacetal ConjUgate, aldehyde-derivatized 'hyaluronic} -
acid-tyramine, hyalurohic acid amino‘acetylaldehyde diethylacetal conlegate-

tyramine, cyclotriphosphazene core phenoxymethyl(methylhydrazdno)
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DNA, doubl e stranded DNA, single stranded RNA, double stranded RNA, a short
hai rpin RNA, an si RNA, an antibiotic, a chenotherapeutic agent or an

angi ogenesp0imheisst or . 15. The anti-cancer agent del Pcgrsg2eahnaie of
claim 14, wherein the anti-cancer 20agent is one selected fromthe group
consi sting of herceptin (trastuzumab), TNP470, doxorubicin, cisplatin,
paclitaxel, 1061 ] HaR AR agent
delivery vek#@bﬂﬁ%r’b@fdmséﬁ&yﬁ/ﬁ@reﬁﬁrgt X&%W{%%%ggyag%gﬁ?s iHSH elr gé’pti n

(t r ast uzunalgarboxyi-terminatedpel\dethylerengigcol s @eninedetminated palli(athyené cl ai m
14, wherein ﬁhe anti-cancer i‘?ﬁﬁent is %o orubicin. 18. The anti-cancer .
agent del i vEXFolefl sycriimide-terpiinated poly(ethyIgNfdXAel)-- cancer agent is

cisplatin. 19. The anti-cancer agent delivery vehicle of claim14, wherein

the anti oCaneRrcafigitte iof cRIriE Whdteif tRE - pofyrideis HdedecRmirRAgesi ti on
conprising the anti-cancer agent delivery vehicle of any one of clains 13
to 195 21. TPoly(pthylemecglyedlal conposition of claim 20, further conprising a
pharmaceuti cal acceptable carrier. 22. The anti-cancer agent delivery = -

vehicl e C i . f i : 19 for f i ing the
ant - canddh THGAp 8 oY g S of hEhfRettind Qi MelfrE odifelyBio?
delivery veld ebrijughted atithe 5 adior C8epositiohedfithie A ngg bhthelflminoid:ancer agent
to a cell wherein the subject is a human. 24. The anti-cancer agent

delivery vehicle of claim?22 or 23, wherein the anticancer t deli véry
Vehi ol ¢ 113° eRArMaaie B5ANY A8, T PG 1L P s PR AT OB S NE a

adm ni strati | 3Rd (- ht8éniA YANHRAPES-EG A6 | very agent containing a
chemi cal rm:gg&? to .(afeqigFeast onle%:‘af avonoi d, the)mat hod conprising reacting
the delivery agent with the flavonoid, wherein the flavonoid exists in a
nonof@r i d2f éy deliveryveicleccanoprising Raionjugsie ofany onemidhe prageding ¢lainme
nmononeric formor dineric formafter conjugation. 26. The method of claim

25, conpriysi 2act | ' - i; 2 i er ei n
the 11 onr PauBEREh et el iont FekicROE g drihiECanabr gt ang LTE0 T
27. The net kodjughtebbamy ahe of clafims Witertdi.n the fl avonoid is a catechin-based
fl avonoi d. : : _

14. The anti-cancer agent delivery vehicle of claim 13, wherein the anti-cancer
agént is a protein, a nucleic acid, a small molecule, a drug. a peptide, an
15 antibody, a hormohe, an enzyme, a growth factor, a cytokine, single stranded
DNA, double stranded DNA, single stranded RNA, double stranded RNA, a
short hairpin RNA, an siRNA, an antibiotic, a chemotherapeutic agent or an

angiogenesis inhibitor:

~_15. The anti-cancer agent delivery vehicle of clai_rri 14, wherein the anti-cénCer
20 agent is one selected from the group consisting of herceptin (trastuzumab), :' o

TNP470, doxorubicin, Cisplatin, paclitaxel, daunorubicin, and a mixture thereof:

16. The anti-cancer agent delivery vehicle of claim 14, wherein the anti-cancer

agent is herceptin (trastuzumab).

17. The anti-cancer agent delivery vehicle of claim 14, wherein fhe anti-céncer

25 agent is doxorubicin.

18. The anti-cancer agent delivery vehicle of claim 14, wherein the anti-cancer

agent is cisplatin.
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28. The nethod of claim 27, wherein the flavonoid is (-)-epicatechin,
25epi gal | ocat echin, (+)-catechin, (-)-epicatechin gallate, or

(-)-epi gavbaourtaetson gal l ate. 29. The net hod of cl ai m 28CTisieeeaionowhe
flavonoid is (-)-epigallocatechin gallate. 30.. The nethod of claim 29,
wherein the (-)-epigallocatechin gallate contains a carboxyl-term nated

group, an aﬁqh%earﬁ?%dé‘?taggnggﬁ%w %hlﬁlesdﬁqéﬂ M%h&’eﬁ’r\‘@’(e a°ﬁt|-<_§£'|§c dpet hod. of

any one o cl aimns € chemcal’ noiety I's one 5sel ected
fromthe gragpntersmidrosfRNAf a pol ynmer having a free aI dehyde group or. a
functional group capable of being converted to an aldehyde group, a polymer

h f b f t. f. b '
Convort od0% & BRSSP GRORES ST A RTINS D4 enFRLadR AP PO or o

functional geRigR mbﬁe of clBfh993¢9nwerted to an anine group,- a pol ymer
having a free succini'mde group or a functional group capable of being

converted to a succinimde group, and a mxture thereof. 32. The nethod of
cl ai np31 21V\H@emharm|a§eptmql@9mn0§ltm ofl odrif 2(&-fudher eemedsipalay (et hyl ene

i noabet y1 SPAUToHe et Ak BAERTLC TS, Ll Gonydes der i vat | zed

hyal uroni ¢ 15aci d-tyram ne, hyal uroni c acid am noacetyl al dehyde
di et hyl aget mhecarn;-w&feeagbw delivieey vehicleadacopding mdnangzrwecnfromims 13 to 19

phenoxynet h (rret h dr azono%i dendri ner hi ophosphor core
phenoxynet h %@F"&%Eﬁﬁ) ”W@ﬁﬂ?‘?ﬁ%@e”ti‘é?&%ﬂy" at%‘rt%‘?cﬁat ed pol y(ethyl ene
glycol), am ne ter m nat ed pol y(et hyl ene glycol), or succinimde-term nated

pol y( et hyhenpedntc@dncer %Beﬁt?'demé?y V@ﬁlbl@:cbe'flalﬁ'l 22 foBdse WREERItingtAepOl yTer
i s al dehyde-term nated pol y(et hyl'ene ’31 ycol ). 34. The nethod of claim 33,

conpidsi ng meticanagr agentdela el wheigim ansubiecttie afiumamoi d in t he presence
of an acid catal yst. 35. The nethod of any one of clainms 25 to 34,

wherein e i i t si-tion of
the A ri :12 33 AnfFangBn Aot deERRepLMER ety égﬁr 23 ERELA piPaReS | O 35,
wherein t he chhesragsnd dleréry)vehE:ﬂ)é gafohnumt@d:fur_rimgainbmtwr@odl infptartthton cal
noi ety is pol go(et hyl ene g_ﬁ%col . 37. A nmethod of form ng an anti-cancer

agent del i v&F IR adminisHAHPNsi ng the steps of conjugating a chenical
noiety to at | east one flavonoid, wherein the flavonoid exists in a

mononer i o5f o iefHod b MBINjEgdtinga esrwyr@ aG6Ri cEiRhinfTy ABHeffdB ImMSiefytotdie
mononeric formor dinmeric formafter” conjugation.
15 least one flavonoid, the method comprising reacting the delivery agent with the
flavonoid, wherein the flavonoid exists in a monomeric form or dimeric form
before conjugation and remains in the monomeric form or dimeric form after

- conjugation.

: 26. The method of claim 25, comprising reacting fhe delivery agent with de _
2v0: ‘ fIavon0|ds wherein the first flavonoid does not undergo assomatlon with the "

second flavon0|d

27. The method of claim 25 or 26, wherein the flavonoid is a catechin-based

flavonoid.

28. The method of claim 27, wherein the flavonoid is (-)-epicatechin, (-)- »:
25 epigallocatechin, (+)-catechin, (-)-epicatechin gallate, or (-)-epigallocatechin = .

gallate.
'29. The method of claim 28, wherein the fl_avono:idi is (-)-epigallocatechin gallate. :
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38. The nethod of claim 37 further conprising the step of |oading the
anti-cancer delivery vehicle with an anticancer agent. 39. The nethod of

cl ai m 38 wbensi/n2tshe anti-cancer agent is | oaded in thepramsSGean®eriodel i very
vehi cl e through hydrophobic interactions and/or Hr-f stacking interactions
with the flavonoid. 40. A rret hod of delivering an anti-cancer agent to-a

cel I, coRpr iThbfeRRAUIRCY NI meanE8sioffiRdtediih huRits cRRiRLS of any

one of claims 13 10 19 Wit |m40 wher ei n
t he cel |l i scarboxyl- temmlnHIedﬁmmHiHWulrcﬁtemmmamdgroum@ral succhemgdd |- i s

I n-vivo and the nethod conprises adm nistering the anti-cancer agent
delivery veAl®R: to a subject in need of anti-cancer treatnment. 15 43. The
met hod of claim 42, wherein the subject is a human. 44. The nmethod of claim

42 or 4331\Nrmte€rh@thbhee>faﬁmdﬁe%ﬁﬂam€s 25’(6)30 SRRefel 81 EHEMicaHMBictRid dne
i npl anting or topica ying. 45. Use of the conj ugate of any one of

claing 1- 1lsel9r:tqd1féor@et%e\géwp vensigling of a pohimerimaving afige aldehyde@osP agent

Compos 11 on 06 anlor@ Y Rrcadie Bt BRintehiedh i on iSRRI IR | 7
adni ni st eri polyreraivirpadele agbokyl igeowp suhjfesdtional greee «ipabdl of seinger
treatnent. 46. The conjugate of any one of clains 1-11, or the delivery

vehicle of €Payeredto @)Paf YEQF10|UPc§rP@J=)F“%@@1‘{'”Qi@IfT%?’\?'%W%’Pé’rcﬁ any one
f cl 1 21
b ot g AU SPBERY b S i LT

wherein the ¢ e at east one
nanonet er dhaeingiafree succinimlde group or a functional group capable of being

converted to a succinimide group, and a mixture thereof.

32. The method of claim 31, wherein the polymer is an aldehyde-terminated
poly(ethylene glycol), aldehyde-derivatized .hyaluronic acid, hyaluronic acid
~aminoacetylaldehyde diethylacetal conjugate, aldehyde-derivatized»hyaluronic
15 acid-tyramine, hyaluronic acid aminoacetylaldehyde diethylacetal conjugate-
tyramine, cyclotriphosphazene core phenoxymethyl(methylhydrazono)
dendrimer, thiophosphoryl core phenoxymethyl(methylhydrazono) dendrimer,
carboxyl-terminated poly(ethylene glycol), amine-terminated poly(ethylene

glycol), or s_uccinimide-terminated poly(ethylene glycol).

o 2_0I5': -33. The method of claim 32, wherein the polymer is aldehyde-termlnated

poly(ethylene glycol)

- 34 The'method of claim 33, comprising reacting the delivery agent with thég

flavonoid in the prese‘nce of an acid catalyst.

35. The method of any one of claims 25 to 34, wherein the delivery agent is
25 conjugated at the C6 and/or C8 position of the A ring of the flavonoid.

36. The method of any one of claims 25 to 35, wherein the flavbnoid is (-)-

epigallocatechin gallét'e and the chemical moiety is poly(ethylene glycol).

'37. A method of forming an anti-cancer agent delivery vehicle comprising the -

steps of conjugating a chemical moiety to at least one flavonoid, wherein the
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38.

39,

40.

41.

42.

43.

44.

46.

flavonoid exists in a monomeric form or dimeric form before conjugation and

remains in the monomeric form or dimeric form after conjugation.

The method of claim 37 further comprising the step of loading the anti-cancer

delivery vehicle with an anticancer agent. -

The méthod of claim 38 wherein the anti-cancer agent is loaded in the anti-
cancer delivery vehicle through hydrophobic interactions and/or IT-IT stacking

interactions with the flavonoid.

A method of delivering an anti-cancer agent to a cell, comprising contacting
the anti-cancer agent delivery vehicle of any one of claims 13 to 19 with the

cell.
The method of claim 40, wherein the cell is in-vitro.

The method of claim 40, wherein the cell is in-vivo and the method comprises
administering the anti-cancer agent delivery vehicle to a subject in need of

anti-cancer treatment.
The method of claim 42, wherein the subject is a human.

The method of claim 42 or 43, wherein the administering comprises injecting,

surgically implanting or topically applying.

Use of the conjugate of any one of claims 1-11, or the delivery vehicle of claim 12, or -
the anti-cancer agent delivery vehicle of any one of claims 13 to 19, or the = '
pharmaceutical composntlon of claims 20 or 21 for the manufacture of a medlcament

for administering an anticancer agent to a subject in need of anti-cancer treatment. - -

The conjugate of any one of claims 1-11, or the delivery vehicle of claim 12, or the
anti-cancer agent delivery vehicle of any one of claims 13 to 19, or the

pharmaceultical composition of claims 20 or 21 wherein the chemical moiety and

the at least one flavonoid are of nanometer dimentions.
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