METHOD OF DELI VERI NG AN ANTI - CANCER AGENT TO A CELL CROSS- REFERENCE
TO RELATED APPLI CATI ON [ 0001] Thi s application clains benefit of, and
priority from U S. provisional patent application No. 60/960, 969,
filed Cctober 23, 2007, the contents of which are incorporated herein
by reference. FIELD OF THE | NVENTI ON [ 0002] The present invention
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[0002] The present invention relates generally to a method of delivering a

bioactive agent to a cell, including a tumour cell in a subject.

BACKGROUND OF THE INVENTION

[0003] Flavonoids are one of the most numerous aqd best-studied groups of plant
polyphenols. The flavonoids consist of a large group of low-molecular weight
polyphenolic substances naturally occurring in fruits and vegetables, and are an
integral part of the human diet. Dried green tea leaves can contain as much as 30%
flavonoids by weight, including a high percentage of flavonoids known as catechins
(flavan-3-ol derivatives or catechin-based flavonoids), including (-)-epicatechin, (-)-

epigallocatechin, {+)-catechin, (-)-epicatechin gallate and (-)-epigallocatechin gallate.

[0004] In recent years, these green tea catechins have attraéted much attention
because they have been recognized to have biological and pharmacological properties,
including antibacterial, antineOpIastié, anti-thrombotic, vasodilatory, antioxidant, anti-
mutagenic, anti-carcinogenic, hypercholesterolemic, antiviral ar_ad anti-inflammatory
properties, which have been demonstrated in numerous human, -animal and in vifro
studies (Jankun J., et'al. Nature 387,561 (1997); Bodoni A. et al. J. Nm;r. Biochem.
13, 103-111 (2002); Nakagawa K. et al. J. Agric. Food Chem. 47, 3967-3973 (1999)).
These - biological and pharrnaéological properties are potentially beneficial in

preventing diseases and protecting the stability of the genome.

[0005] Many of the beneficial effects of catechins are thought to be linked to the
antioxidant actions of the catechins (Terao J.,, et al. Arch. Biochem. Biophys. 308,
278-284 (1994)). Améng the catechins, (-)-epigallocatechin gallate (EGCG), which is
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transported to other tissues after ingestion, since these compounds are typically large,

form strong complexes with proteins and are resistant to degradation (Zhao 7., ef al.



[0008] I n cases of flavonoids consuned via oral intake of foods and
beverages, the flavonoids may play a role as antioxidants to protect
the digestive tract from oxi dative damage during di gestion. However,
fl avonoi ds can be expected to remain only in the digestive tract and
thus their beneficial physiological activities are not likely to be
utilized toC@icHEReeF&A8S 200MDRédddY. their strong hydrophobicity as
well as their tendency to form conpl exes wth proteins makes
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[0010]  The present invention is based on the surprising discovery that. use.of the
flavonoid-based delivery agents to deliver anti-cancer agents to a cell results in a
synergistic effect between the anti-cancer bioactive agent and thie flavonoids. Thus,
these conjugates and delivery agents combine the synergistic therapeutic eft_’écts
arising from the flavonoid portion that acts as a carrier and the bioactive agent that is

to be delivered.

[0011] In one aspect, there is provided a delivery vehicle comprising an anti-
cancer agent and a conjugate of a delivery agent containing a free aldehyde and a
flavenoid, having the delivery agent conjugated at the C6 and/or the C8 position of
the A ring of the flavonoid.,

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

cell.

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

comprising the delivery vehicle as described herein.

[001_4_} In another aspect, there is provided use of the micelle-protein complex as



conprising the delivery vehicle as described herein. [0014]1n anot her
aspect, there is provided use of the mcelle-protein conplex as
descri bed herein for delivering an anti-cancer agent to a cell in a
subj ect. [0015] O her aspects and features of the present invention

w || becone apparent to .those of ordinary skill in the art upon

revi ew of t AescrisH hexginefiyr drbixermigamiant-caceriseet (P peclbispoubeeint s of the

I nvention in conjunction with the acconpanying figures. BRIEF
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[0016] In the figures, which illustrate, by way of example only, embodiments of

.the present invention,

[0017]  Figure 1 is a graph depicting cytotoxicity of (n) EGCG, (A) OEGCG and
(0) PEG-EGCG on HMEC, N =5 for samples and N= 8 for control;

[0018]  Figure 2 is a graph depicting the size of the micellar comi:)lex in the (o)

absence and {®) presence of serum. N = 3;

[0019]  Figure 3 is a graph depicting the fluorescene intensity of (a) free FITC-
BSA, (o) FITC-BSA and OEGCG complex, (A) (FITC-BSA + OEGCG) in PEG-
EGCG complex in the presence of proteinase K; and (mw) free FITC-BSA in the

absence of proteinase K. N = 3;

[0020]  Figure 4 is a graph depicting in vitro cell proliferation of SKBR-3 cells in
the presence of (o) PEG-EGCG, (’) OEGCG, (A) Herceptin, (®) (Herceptin +
OEGCQG) in PEG-EGCG complex, (A) (BSA + OEGCG) in PEG-EGCG complex, .

and (©) control (untreated cells). N =5 for samples and N = 8 for control;

[0021] Figure 5 is a graph depicting the size of the (Herceptin + OEGCG) in
PEG-EGCG complex subjected to suspension dilution. N=3,;

[0022]  Figure 6 is a graph depicting in vitro proliferation of SKBR-3 cells in the
presence of OEGCG, PEG-EGCG,- Herceptin, (Herceptin + OEGCG) in PEG-EGCG
. corhplex, and (BSA + OEGCG) in PEG-EGCG complex (bars from left to right in
each group). Percentage of cell proliferation was normalized with the control at each

time point. N =5 for samples and N = 8 for control; and

[0023]  Figure 7 is a graph depicting tumour size in tumour-containing Balb/nude

mice treated twice weekly for one month with (A) micellar compiex ﬁlus Herceptin,



absence and (0) presence of serum N = 3; [0019]Figure 3 is a graph
depicting the fluorescene intensity of (0) free FITC BSA, (0)
FI TG BSA and OEGCG conplex, (A (FITGBSA + OEGCG in PEGEGCG conpl ex
in the presence of proteinase K and (o) free FITGBSA in the absence

of proteinase K N = 3; [0020]Figure 4 is a graph depicting in vitro
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(s) OEGCCG

(A) Herceptin, (e) (Herceptin + OEGCG in PEG EGCG

conpl ex, ()U@ﬁAmE@m?mpIﬁ@ NgGCG conpl ex, and (o) control

(untreated
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cancer effect, greater than the combined effects of each of the flavonoid delivery
vehicle and bioactive anti-cancer agent when used ‘alone. Thus, such delivery
vehicles loaded with an anti-cancer agent provide an effective way of delivering anti-

cancer agents to a cell, taking advantage of the synergistic effect between the anti-

cancer activity of the flavonoid portion of the delivery vehicle and the anti-cancer -

effect of the anti-cancer agent.

[0026) The inventors developed a delivery vehicle containing an anti-cancer agent
such as a protein, nucleic acid or drug, by self-assembly using flavonoids and

conjugates of flavonoids such as EGCG. The delivery vehicles were formed by self-

assembly. For example, delivery vehicles were synthesised by (i) two-step self-

assembly process involving assembly of oligomeric (-)-epigallocatechin-3-O-gallate
(OEGCG) and the anti-cancer agent, and then assembly of the pre-formed OEGCG-
anti-cancer agent complex with a conjugate of poly(ethylene glycol) (PEG) and
EGCG (PEG-EGCQG); and (ii) one-step self-assembly process involving assembly of a

conjugate of PEG and OEGCG (PEG-OEGCG) and the anti-cancer agent. Both -

delivery vehicles formed a$ stable and highly oriented micellar complexes loaded
with the anti-cancer agent via spontaneous self-assembly in a mild aqueous solution.
The resulting micellar nanocomplexes characteristically display a PEG outer shell,

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

[0027] Since the formation of a micellar nanocomplex is mainly driven by -

hydrophobic interaction and hydrogen bonding, the delivery vehicles described herein
can be used to load 'a wide variety of anti-cancer agents for improved delivery to a

cell.
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(o) Herceptin alone, or (0) PBS control. DETAILED DESCRI PTI ON

[ 0024] Fl avonoi ds are known to have a variety of biological
properties, including having anti-cancer effects, inhibiting growth
of cancer cells. Delivery vehicles conprising flavonoi.ds were

previously escii bed in published international application W
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sel f - assenbl é‘ in !? m | d aqueous sol ut#']on. The resuclst |c§ﬂ m ceFJ ar
nanoconpl exS@EHANBRIPR Fras femonsiptedi With Abe Hermertinggedse dehusry vehirlersan
i nner cor e MRkl Ketle MdiGi@Enadhéme G,WEGMB%%E%W] Since
the formation of a micellar nanoconplex is nainly driven by

hydr ophobi g,hfd.eracti on and hydro bondi ng, the delivery vehicgles
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agent fromabmﬁnﬂésaaaieita/r'%&tyd@énm&.r om degradation during delivery,
exerting a synergistic therapeutic effect when delivered to a cell.

The deli ver hicle mask fhe activity of the flavonoid and the
anti - cancer[é{%\%1 nt Cllé‘&f’{rts%?f Byvide Gégfitfé‘?‘#_ ?fg/deﬁ)’ﬁgg’@ AR BRENIN 2t he
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di ssoci at i SFFVEEsl nieseriher g Ry dpigmationaf aprljcationo Q) 2086/124000 and
published US application 2008/102052, and as described below. The delivery vehicle

is then contacted with the cell to which the anti-cancer agent is to be delivered.

Flavonoid Conjugates and Delivery Vehicles

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

conjugation of flavonoids to various delivery agents through a free aldehyde group on
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[ 0029] To denonstrate the synergistic therapeutic effects by the
delivery vehicle, the anti-cancer protein Herceptin (trastuzunab)
was | oaded into the mcellar conplex, as described in Exanple 1

bel ow. The mcellar conplex kept its integrity and showed good
stability in the presence of serumw thout size change as a function
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of the delijgryoMehicle is mainly driven by hydrophobic interaction,
it can be dissoclated by hydrophobic conpetitors, such as anphiphilic

mol ecul es. Thus, the deli v;% vehi cl e may be dissociated by
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conj ugati Oqae%ffs%ﬁ%enla- Y thdt tﬁgﬁg\}ongi(a isE Q—:gorporated into a composition that enhances
the water-solubility of the flavonoid, which can avoid uptake by the.
reticuloendothelial system and subsequent clearance by the kidneys, resulting in a
longer .half-life in the body. Conjugation of other delivery agents may protect the

flavonoid from enzyme degradation.

[0035] A delivery agent may be conjugated to a flavonoid by reacting the delivery
agent with the flavonoid in the presence of an acid catalyst, the delivery agent having
a free aldehyde group, or a group that is able to be converted to a free aldehyde group

in the presence of acid.

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

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



flavonoid results in attachment of the delivery agent at the C6
and/or C8 position of the flavonoid A ring, and does not disrupt or
affect the B and Crings of the flavonoid or the various hydroxyl
groups on the flavonoid. [0034] Conjugation of a delivery agent to a
flavonoid can provide a conposition that is suitable for -
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oligomer of the catechin-based flavonoid tends to have amplified or augmented levels
of the biological and pharmacological properties associated with catechin-based
flavonoids, and may even have reduced pro-oxidant effects that are sometimes
associated with monomeric catechin-based flavonoids. Thus, the catechin-based

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



is a catechin-based flavonoid and in which the delivery agent is a
pol ynmer. However, it will be understood that the al dehyde
condensati on reacti on between an al dehyde-contai ni ng chem cal group
and a flavonoid is applicable to conjugation of any delivery agent
having a free al dehyde group, including follow ng acid treatnent of

t he del i verflavagedpropeiesany fl avonoi d, as descri bed above. [0039] Thus,
the reaction may involve conjugation of a pol yner contalnlng a free
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pol ymer mayfoshaghacoRlcyinRe. ITaY pognRr iagalsalhdehytder dkiedbr: pop@tiest or
example, the polymer may have low immunogenicity, and it may be biodegradable or
non-biodegradable depending on the desired biological application of the
composition, for example, for controlled release of catechin-based flavonoids and the

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

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



conjugation with the catechin-based flavonoid, or having a group that
is converted to an al dehyde group in the presence of acid, for

exanpl e an acetal group. Furthernore, it will be understood that the
pol ymer shoul d be non-toxic, bioconpatible and suitable for
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to condensation of the al dehyde group with the catechin-based

f1 avonoi d. [P048]8] Tz cwfigagahe polpmepaldythe categhih-bdsed Clataohl, thebadeakr

f1avonoi d, a%@?hepc%@én‘ien[based flavonoid may be separately dissolved in a suitable solvent.

The polymer with the free aldehyde is added, for example by dropwise addition, to the

solution containing the catechin-based flavonoid, in the presence of an acid. The
reaction is allowed to go to completion. Following the conjugation reaction, excess
unreacted polymer or catechin-based flavonoid can be removed from the conjugated

composition, for example by dialysis or by molecular sieving.

[0048)  The ratio of catechin-based flavonoid to polymer may be varied, so that
there is only one polymer moiety attached to the catechin-based flavonoid portion of
the polymer, or so that there is a catechin-based flavonoid portion attached at more .

. than one position on' the polymer, or so that the catechin-based flavonoid portion has
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and the catechin-based flavonoid nmay be separately dissolved in a
suitabl e solvent. The polynmer with the free al dehyde is added, for
exanpl e by dropw se addition, to the solution containing the

catechi n: based flavonoid, in the presence of an acid. The reaction is
allowed to go to conpletion. Follow ng the conjugation reaction,
excess unr eBtt aelypen peripnsopttagkade OnE rit [itBes coff qha\ﬂﬁ%@-ilcﬂ C8aprshieny efrdiveed

fromthe copjd ﬁt&%m jtion, for exanple by dialysis or by
nol ecul ar si ev?ng. 0049i T‘Le rati o of catechin-based flavonoid to

pol ynmer may_be varjed, so that there is only one_pol yner noiety.
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cont ext s t qolyamerolids pessiglet tedinenrparstedlavbimddbimthy a variety of different vehicle
types, allowing for the delivery of high concentrations of flavonoids in different

contexts to various targeted areas of'the body.

[0053]  Thus, the conjugate resulting from the above-described reaction may be
formed into a delivery vehicle, depending on the nature of the polymer portion of the
conjugate. The delivery vehicle may be used to deliver the catechin-based flavonoid
to a body, including a particular targeted site in a body; depending on the nature of the

delivery vehicle.
Anti-cancer Agents

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

comprising an anti-cancer agent.
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[ 0053] Thus, the conjugate resulting fromthe above-described reaction

may be formed into a delivery vehicle, depending on the nature of the

pol ymer portion of the conjugate. The delivery vehicle nay be used to

deliver the catechin-based flavonoid to a body, including a

particul ar rgeted site in a body, depending on the nature of the
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[0057] In one .particular embodiment, the delivery vehicle is a micellar
nanocomplex, which is suitable for parenteral delivery of a catechin-based flavonoid
and an anti-cancer agent to a cell, including a cell located at a particular site within a

body of a subject.

[0058]  To form the delivery vehicle containing the anti-cancer agent, the polymer
" is chosen to have properties that allow it to assemble with the catechin-based
flavonoid portion of the composition, protecting the flavonoid from the solution
environment. If a suitable solvent is chosen in which the polymer portion of the
conjugate is soluble and is more soluble than the catechin-based flavonoid, the
conjugate will self-assemble, excluding the solution from the flavonoid core, thus

" allowing for assembly of micellar complexes.

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

poiyfner. widely used as a ‘pharmacological ingredient, and possesses good
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nanoconpl ex, which is suitable for parenteral delivery of a

cat echi n-based flavonoid and an anti-cancer agent to a cell,
including a cell located at a particular site within a body of a
subject. [0058] To formthe delivery vehicle containing the

anti - cancer ggent the polynmer is chosen to have properties that
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nanoconpl ex conprises the conjugated PEG nononeric flavonoid, and is
assenbl ed @061} woF@thetionpoD s swo-btep asspmblyi cﬂtmrdeemd@mmt restlisein

- of “cony JEaPaRSHARRL S pBEE T e s P e R £ o Ol

of the del i fbyoid ehidt Cik einceesathitd ihid thengpar af Yhepdélivienl vd'l‘lcleom)kaelieas

k f the b t th t hat
2" | noor porD G RerED RS et Fom et R apor Braey aefEt B

pr ot ﬁct [ nlg d\(bﬂphnﬁ/hﬂmmﬂecﬁﬂfﬂﬁord‘ sfahe dageadahicknthg rau%)ﬁm’ﬁai ﬂ}ebdn\r@r y

to the ce or,. exa ile asse i nt oreo t he liver

vehi cl e, i &u@fﬁ@ﬁ?g}éﬂd&%@@m & S St s FogReiER ntrogtigtis WifEoters &

avai | abl e, - rolecuted i esdsSentblddndos lbIOBStthETNeG} b@rclanbggmlr@@sé Rofhe

assenbl ed cgr& ig/ortl on é thepg f\é‘g eh| cle. Upon rel ease fromthe
§ ! nplg by

delivery vé erypgRiclex 4t BF vehigle yaRiaelulay pRspholipid

cel lul ar phaspiaie phed c@maafea@eof ih@Q:Ieﬁ@éFPQﬂﬁBélﬁteOfm:hm”@eih'eViﬁBMgacaf
di ssoci ate, unmasking the biol agical properties of the oligoneric

cat echi n- baSeRETtes &F é*rfo?'tsomaﬁa C?téwaéff% flayrnojsdn pnd ecdgrsiag thgai-cangsr
delivery i nenttfbt@eG&Y into the cell.

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

agent prior to assembly in the micellar nanocomplex.

[0063] The concentration of the anti-cancer agent is chosen depending on the total
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[ 0062] Thi s enbodi ment of the delivery vehicle is well suited to
deliver the anti- cancer agent. Since the catechin-based flavonoids
have a rigid, multi-ring core structure, these nol ecul es associ ate
well with anti-cancer agents such as proteins and nucleic acids, as
wel | as other nol ecules containing ring.structures, |ikely

ot Bkt ng_of SOMT EREHETIFS PRTD IR B T ook PR St 1 B34y and

ant i - cancer o @R inourtbfantishcel 4@ANMAH Gn Ga iR iPRE AfcdilhANA0InhiGaN
be used to associate wi,th the anti-cancer agent prior to assenbly in

the nicel | aPthhd (7458, the oUEHRTHRICRIEh cBrfeFain; Ivodimentietha Atti-casfic er
agent i s ChaseimeeRAsth®dp &sdoh%r L tddo%, aTaTiheahicaAlk toh@BEer agent
that is to be delivered to a particular site in a body,- and on the
anmount of af&RjB-ﬁancer .agent that can be included in the mcellar -
nanoconpl ext8Pthoutheficlogisaliartyityplthreanticanter agent isalse temrorarily pat#iyaj n

enbodi ment Ser dohipledl AR GRile ALSHIorARYinfARS bickdht BeiliRrt RhREX AQMwilP tO
40% w w of the mcellar conplex. [0064] The biol ogical activity of

the anti - cale &hedp@ist cajeshintbawsd:tavpanidrthe Piofgicel aiopgtiey ofcbapnetary
masked whi | g ehGOHRRKAL (ﬁ*dsehlfgsﬁretdb%a%lggﬁé?ﬁ 1&@'@3{@5%% | ik Gti-cdigerM LN
the oligoneric catechin-based flavonord, the biological properties of
t he anti - cafggelis gigembled i theedskivaty yehislegueasing hat, theraiti-paycertagant ie et
avai | abl e Wy Locancer . j € ' h ' y
voni ol 6, mamkd oy SRR A acBnaRt a Thl bt R Sok L £ Bidatle
ant i - cancermanner whilg/catainiedtie thaclelivdry helitlheand nptlecpribested from dstivigeefi ve
manner whi |l g i ned; del.j [ : I4Sy: rot.ect ed
from activi (139&8@}%?%% Uh@? Feeﬁzlﬁfee?th p%%caﬁg%}ea%rg frg?fpttﬂﬁgglév% I ?e(}:]gcrlleélieh(ree
agent fr om titlegidal|preperties wé thiecing;cabdee apénd lacgorcalagpn epalabliecsndothe tite
anti - Cancercaﬁ&??éenﬂs%b@@g gxe?tga%iaﬂti-avl%iel é?elc{a Onca'adlivtethe% & tcicg ncer agent
is able to exertoan anti-cancer erfect once derivered 6 the cell.
[ 0065] I n anot her enbodi nent, PEG is conjugated to an oligoneric
cat echi n- HA863 f | lavamathied emPpdimentnBEG rsesnnjughtet He adedlicowesic agtecttin-has
strong sel fi el 1 é- e Il i.ngle
St ep pr oes et anP AP LRGN LR R A b ARSI el BBl D
above, the ppprufics-asd epn b sbfdshdrmgedrincesihgle steppomesspl Axwithteutie svd-he
anti - cancer,.age 00661 Th m I napRconp .are.
nanoscal e dslt%e%sg%na?llg'gggdd;n@?g%gy ?)‘or%géjﬁbglﬁe iﬁﬁghs?eg %%%ﬁ@'"%o%&gﬁaﬁm in
di anet er, owrnfgogpleabminde? hemami-tancabagatt. 4000 nm in di aneter, or from
about 20 nmto about 100 nmin diameter. The size of the micellar
nanoconpl exggg@an j ' fy: .ol i zed
cat echin- bgsedﬂf I a*v}%r%?‘;dé tﬁ{%ﬁﬁey I?éﬁ{%hggf( éﬁ%%ﬁ%&%&ﬁ'%%m&%’e&%%&
concent r at ibsrfrast abave drijmugrastedt 000§omwein disttetcntoe dtoimativat 2@ nfnl t\abmwi d.
The size ofyghffimTh gﬁlHE?eF, &%%C?JEHI 56 n Y ath%t Ph HSRS QQ%PF&. ?'ﬁeos‘m\‘j'\é}]f.“g
on the polynmer used. For exanple, Tn mcellar nanoconplexes in ich
t he conj ugdkentigsdrynaeecoingldREG;antleevaded e tvanyingfthe leegthiof die @igotmeniatd t o
decrease w I S} H .1 0067] Geper al | the mcellar .
nanoconpl efé%c%g'ﬁésglgn?%gnﬁﬂ’e tr{fn?ﬁn-g%aﬂgg}?e §8 At and"ie” condentration of
unconjugated oligomerized catechin-based flavonoid. The size of the micellar

nanocomplex may be pH dependent, depending on the polymer used. For example, in
micellar nanocomplexes in which the conjugated polymer is PEG, the diameter of the

micelles tends to decrease with increasing pH.

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

the components that are to form the core, including the anti-cancer agent, are
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undergo self assenbly and thus little synthesis is required. For the
two step process, the conponents that are to formthe core, including
the anti-cancer agent, are dissolved in a suitable solvent, for
exanple in diluted DMSO or nethanol, and are allowed to assenble. The
solvent is a solvent in which the core conponents are sol uble, and
whi ch may béisyaledipagsuitablgyseleent, for exgmpihingiltadeDVSOaet methangl, and g

whi ch the aggaid tgdasggﬁﬁn‘fécl 8fie CAVeR DS WIVER i Pewdmémr?et@o% %mﬁaﬁeﬁe%@d

As i ndi cated above ore conponents I nc an anti-cahcer agent
and a cat ecbdlubloaadwhich avybeimdscitloin weaterngs vehicinmey bgyentasilé, or from which

cat .eCh' n-b aﬁ%dasgem\/e(ar}?fcgies-g%? 0919, Wi ggeﬁehﬁtﬁi%tgg %} @xtpa%ﬁagd dL{J ﬁ?%ﬂ%}gbove,

conj ugate t I's to formthe outer
sol uti on anthetche miwehdna;rmd@dq}in@ntucanm hgmedndta)camhmbaﬁe@ldwpﬁod fohe

one step se go! e cat.echi n- base | avonpi d
conj ugat e t‘lc:)xﬁe ﬁer Tof 1¥%109}eﬁg ??ﬁcmtb %‘@eb e O(ffgqut —ﬁée AP Vg?f%f"gbaéecp
sui t abl e buﬂix@noxasonjemer thbieid tdf form tHeeutenshetitiethep bduza ssthaselutidreand the

m cel | ar nanoc rrp ex % d to assenble. [0069] This mcell ar.
nanoconpl ex™§y ?reCPﬁnBlreévgiag Y RUi ity to achieve controlled

bi odi stribution of catechin- based fl-avonoi ds and prol onged

ci rcul at i on[0@&BT - | Fére then ob¢ cnmlbsiswlémrdhje pmc&shett@E@oI@mbecate;:hml-Hasedas

wel | as anp ) th tivities of th

FFavonoi d comshEf PRURR: el sRB Y ahliFie®t risPC SE A SEUDTUAGESHE, be
acconpani edbufer hheafsam:edtfmthefvﬁceaép phcdshendahé miclacemoaggéx ks aleled i n
the i nner core ofb the mcelle. Where the anti-cancer agent is a
sensitive 12 be such as a protein, the nanoscale mcelles offer a
conveni ent delivery vehicle with the advantage of a gentle,

sel f - assenbl0P68it hwstmwb!ldoemmmp!hmvaykwm piwid&ecmanéhila’y tot haelriaed

and chem ¢ 40;13’ NedHt edsstribu%lon% cat c € a%t ed V\Ant TSN nIc': ar?lon half-
P 3 [y SFRIES o

encapsul ati o echnl gues curren
t echni ques luthynlbecaxdsttaandetmtouthatnmh omer s!&ﬁs Bt iwel d3i amﬂaflectepatho!ogncal

anti - cancer nts s protegins...[0070 n art I ar
enbodi ment , ac? ﬁges & F?/%E}'V% e qtgamgo’g[c?\??ﬁ a’e‘fvah &ﬁl gﬂedpbﬁﬂ #ﬂé USeF as
a dressing, coinpbu:aiqsﬁ@madcdne:lamsey detdpwneicyefoft cﬂmheaamn.caﬁ@nﬁgnt Rgddlt ,
or as a sup

8? for ti sfts e re atltg 0071 The IS 1chgesen

Lo have gool MRERFsI Fre EVEEc PERDF sub-6eR oD & SURgNg STaISH

groups avaiduslbhea profeir; tigsStanbicaleiniigel RE offérer guabMIET dBMIcB! Védscle il teo be

non-t oxi c ar):' bi oc%rg)at i ble, and in SQe enbodi nents .t o be

bi odegr ad aHi9yantage of a gentle, self-assembly met that does not involve the mechamcal
thermal and chemical stresses that can be associated with conventional encapsulation
techniques currently used, which conventional teehniques may lead to denaturation of

sensitive bioactive anti-cancer agents such as proteins.

[0070] In another particular embodiment, the delivery vehicle is a hydrogel,
which can be used as a dressing, for sustained release delivery of an anti-cancer agent,

or as a support for tissue regeneration.

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

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

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

derivatized hyaluronic acid, or a derivative of hyaluronic acid such as hyaluronic acid
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[0072] I n a particul ar enbodi mrent of the hydrogel, the polyner, is

al dehyde derivatized hyaluronic acid, or a derivative of hyaluronic
acid such as hyaluronic acid am noacetyl al dehyde di et hyl acet al
conjugate, or a tyramne derivative of aldehydederivatized hyal uronic

acid or hyal uronic i d_ani noacetyl al dehyde di et hyl acetal conj ugat e.
[ 0073] Conj u@‘ﬁf’@%cee’!??f%wfkﬁ dgthulaegiali QRURIE AUt HITRING defivatikm gbaldehyde-

flavonoi d cadivh@el aadivkonic b8 Sor! hyHif6hit cacfdoarmneadewﬂen&g de d}@t@i&eﬁan
di sruption of the biological or pharnacol ogical proper i es

f1 avonoi d. SW48aydr ogel s al so conprise an anticancer agent as
descri bed above, for release of the anti-cancer agent to a cell .

the site whppesf heC&Mé’%&%%bmbﬁs: th&ﬁgron{c(%@ﬁ%%@ﬁnmX%LffaQ&&d can be

aci d-fl avonoi d con eis s n esi zed éééeactln hyal uroni ¢
acid with t¥wadi b/aﬁr@&q#irﬂﬁ%é@éam |aatsiesed Wit digrpntion fefothauhmlezfgal $ror

exanpl e fr Oﬁﬂa?r;?&'dfo ljcaft;ﬁ?o lof e ﬁﬁvoBQi'a @ﬁ?ﬂg}cﬁ?%e?s AL 9 [ﬂ‘@%'ﬂﬁ ahti- The

conj ugat ed pol yner - f avonoid is then purif exarrp
di al ysis, atfdcariseent g ﬂeﬁdrlbﬁdta’vomefoarﬂeiasmfﬂbemtag@mr agamido @ cell at the

cross-1li nkl%aﬁgﬁ%ﬁ‘@ “gg?[méﬁ.r ogen peroxide. A cross-I|inking

catalyst is a xanpl'e horseradi sh peroxi dase, and the
hydrogel may then be quickly poured in to a nold to forma desired
shape bef orl@0#ke cFisshyalurenit meidrisaendié ronjygato imsyathesizedrby reagtingplte,

t he hydrogej amﬁaé)%01ﬁo{vﬁ§4hé N cRinsHaal ﬁ&Uoﬁ'\Qxﬁl gncfeprzﬁcﬁi&plcb dQN s @

wound dre55| ng. [0075] The conponents of the SO be
i nj ected arkkamplgdtastiahont 1 6o Abauké, bryfor Wplﬁﬁnﬂvﬁabwm é‘han@b%aw

i nj ecting ap, %W?ﬁloﬁd‘%‘?ﬁenﬁﬁﬁﬂg%nﬁ&aﬁgﬁtﬁ}ﬁéaa %& Qn@ﬁa ﬁ’?ﬁ ke RN Bl

agent, togetHher a cros ing ag rogen peroxi de
and a cr osganticakdenggaanad psrossiliokingsege eychtrsrydroge sbmp@r: 0YA dase.

Such hyd f f

body, or 1 e eRER alied, Br REMBISAOHERIH phids BeEPER bl Fudiphef )
mul ti pl e sithasbe uadkiympopredeinad awndalt te Foemfd caasmﬂbahdpajhnfomghet ¢ress- Imkmg
conj ugat i Or}ez{c?@l? FS C%F}I Eepeg \{:ﬁ)r %Iagl%slc%,g hycc)lrogglnrthg aEe R‘}rmgc{ mEo & slab su:%Pl& to

cat echi n- based avo eact ron pOSSI
vary the degrapplictiosen wgatdidessingt ween the hyal uroni c aC| d pol ynmer
and the catechin-based flavonoid. For exanple, the ratio of reactants

may be adj ;[Péfﬂ Ortk*l%géﬂﬁﬁ o?%lHaI L%@an‘%%}‘é&é‘%@ dl}@c?adf h’i‘ééa@@% fohC L O

about 10% e sites r=conjugated-wt h avonoi d.
Al t er nat i vahg/hydaogtl in vinal thyaﬂmpforbvonJa@mg anhacrdsglimkerb toripegare together

conj ugat ed & .P L I Xt ure prior. s- 1 i,.nki t he

hydrogel so ﬁ\naa %gtgg%;\%grf E%H{éng%ﬁ%eﬁe \?ﬁh aPdrb hn}q?lg 91’& such as H)Qir gen
peroxide and a cross-linking catalyst, for example, horseradish peroxidase. Such a
hydrogel is useful for drug delivery to a specific site in a body, or for tissue

engineering.

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

the mixture prior to cross-linking of the hydrogel so that some of the polymer

I6



nol ecul es in the hydrogel will not be conjugated to the flavonoid.
Delivery of Anti-cancer Agent to a Cell [0077]In order to deliver the
anti-cancer agent to a cell using the flavonoid- containing delivery
vehi cl e, the delivery vehicle conprising the anti-cancer agent is
contacted with a cel| ch may all ow for Rtake of the anti-cancer
agent into fMRkcklstin thf['@@mr*mu@ot bregonipgpigd by the Havomaidi - cancer agent to
a cell conprises contacting the delivery vehicle containing the

anti - cancer Dy oPAhB-chi@r dgedrasa cll a cell. Wthout being linmted
to any partlcular theory, t he dellvery systemis dISSOCIated by

anphi philic % esdsucp i ds of plasnma qF raE ﬁ t hus
the anti - ca grdgrdo %[f"é’é 8 “tﬁfanfﬁégﬁ‘ﬁt‘%a B3 YSH e ?VOB?/' passi ve
targeti ng, &mfh:ﬂﬁg’ dé]ﬁ'efyedeﬁiaﬁcﬁﬂie déltvenyt veRickompribiaP #3ladtiRareet dgehts Whi ch
t he anti-cancer %%ﬂ%ﬁg}f to be dellvFred may. be any cell, jincluding
an in vitrotEActes vythadgefl, Whick mpy gjow fop pptale JtaheAni 2R pesH 1A e a
subject. Theypterm"cell" as used herein refers to and includes a
single cell, a plurality of cells or a popul ation of cells where

cont ext perm u es ot herwi se.s C|f|ed The cel| may be a

itro cel T IOREBLr RhRadaBen s eseBtior 145t 3 22bpaotne SeIpE e an
in vivo cel diehwaryafeslutajce@th:mn@ltﬁe dndilcadcer ERhEWRR AR sti@ace @A tal. WitBout

i ncludes reference to a single cell where context pernlts unl ess

ot herwi se sPu fmited ©o ppoRBYeaias theans thedelivsey sisiemis dissacistaddyy or gani'sm

for exanpl eardghighilidMblebin&sl sueh a&glpﬁis PP Eha mBmbMAEsNShdhiUR®hti-cancer
[0081] When del ivered to the cell, ~the anti - cancer agent retains its

ant i - cancer &g fslesned a dhegite E?tl’“?)@fﬂ' bygssdve tasgatings pndyaaikq relgased dnte n t o
the cell. Anskif. | ed person can readily determ ne whether the
anti-cancer agent has been delivered into the cell using known

met hods an Bzﬁﬂni ues ﬁ Eq1 g.protein detection nethods

i Nmunoassa f 'EFO‘F&IST‘&& {cB the 2BH1CPICRERECRYIA M Rfdslivered may be any cell,
including an in vitro cell, a cell in culture, or an in vivo cell within a subject. The
term “cell” as used herein refers to and includes a single cell, a plurality of cells or a
population of cells where context permits, unless otherwise specified. The cell may
be an in vitro cell including a cell explanted from a subject or it may be an in vivo cell
in a subject. Similarly, reference to “cells” also includes reference to a single cell

where context permits, unless otherwise specified.

[0080]  The celi may be derived from any organism, for example an animal

including a mammal including a human.

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

immunoassays and fluorescence labelling techniques.

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

flavonoids to particular sites within the body of a subject. The flavonoids can provide
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[ 0082] The above descri bed conpositions and delivery vehicles are
wel |l -suited for controlled and targeted delivery of anti-cancer
agents together with catechin-based flavonoids to particular sites
within the body of a subject. The flavonoids can provide

anti bacteri al n%ineoglas |c anti-thronpbotic, vasodilatory

ant i oxi dant 2NtRAgET AP lasti jantighrembetife nivasodigpry cIﬁi!@btll%@Ff""@'i3 ol*Bii ¢,
antiviral aﬁdtagé”hlﬁd ahﬁ-fcbxﬁfm@én% %yﬁ&&!&o\l’és&yoléﬁict hRivirar gRt :ﬁﬁa-xﬁﬂérﬁmatbﬂ/

addition, the ivery vehicles include an anti-cancer agent, makKing

the del i ver$FiyEhaicthe &irgricsk site. ilp agdidion, thedediuery vehicleainslude aggpti-eansapl e,
| mTunor equl Alaf masaﬁg%ed@éwa@%mcgg %l.;em ih 7 ﬁ&krg&tm LN eSoraREmEIEOW N

factors have efmerged as an inportant class of drugs for the treatment
of cancer. [OO8EICBhlatTY pdpéides and ppeteiseintluging cpiokiedand grewthdactes have

det 1 Veri ng_ ks 205 SpdRdRinc B fuBtl BEhRAERGr SR, adn ni stering a

delivery ve e conprising conjug yner contalnlng a free
al dehyde and a catechi n-based fl avonoi d, haV|n t he pol yner
conj ugat ed @088he Tpsathereds prepratizBrayisiet minenthagfofidalivening anidrcaicer dgent

fl d

erbod et s 4 RaRel M el ARty SRR Umortha BB of 5,

a mcellar mmtmﬂmlﬁ &thy?lhﬂﬁb\g?el andag cdigchinbhsed %@Wﬂd b@@&él}ﬁﬁhe
bj t t th

subj ect is 5Ly ageﬁﬁéate[ %g‘{gﬁ%% tF'éJE'? n‘icﬂn Je6IA nigéffgﬁ 156 Bloidts

an anti-ca drefore  thare qs prov
phar maceut i alsl catampdaséd. iao nlesawibpd iaboveg hl clzeﬂamvanl;odwedmtssltbe canugtenisng

the anti - Cafll Jd f?l%egtdem (/ngéllgn&l' E Sa ndn%g r| %r?{()jcoab 2%r a R dro 1, as
phar maceut i c nposition fay fFUrt fef Tiie Bﬁ’ar naceut | el

accept abl e d:tsdrllneahabowe carrier. The phar maceutl cal conposi ti on may
routinely contain pharmaceutically acceptable concentration of salts,

buf fering S, I For
a1 forms apoah; BieFaBEHE Al iRl B RA e 0P ekl
physi ol ogi cati-ceadet aggol- uti on. [ 0086] The proportion and identity of the
pharmaceutically acceptabl e diluent or

[0085]  Therefore, there is provided a pharmaceutical composition comprising a
delivery vehicle containing the anti-cancer agent and flavonoid as described above.
The pharmaceutical composition may further include a pharmaceutically acceptable
diluent or carrier. The pharmaceutical composition may routinely contain
pharmaceutically acceptable concentration of salts, buffering agents, preservatives
and various compatible carriers. For all forms of delivery, the delivery vehicle may

be formulated in a physiological salt solution,

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

biologically active proteins if appropriate, and standard pharmaceutical practice.

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

administered to the subject. The term “effective amourit” as used herein means an
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carrier is determ ned by the chosen route of adm nistration,
conmpatibility with biologically active proteins if appropriate, and
st andard pharnaceutical practice. [0087]The pharnaceuti cal
conposition can be prepared by known nethods for the preparation of
phar maceuti cal | cce le co ?SI tions_suitable for adm nistration

to subj ect s2M¥ REeRp ah SRgep & aergr%aﬂtem%recr%em‘érqmwwc\ﬂ@ﬁreéir e

and any addiekilQfisHex@fpit WVl Shdeitcafder 8 quﬁ&ﬁﬁgel&lﬁﬁeal piptdiatibn @
m xture with _a pharpaceutically acceptable vehicle. An effective

anount of d%fftﬁ“{}é*reysubléﬂr @Flédlf‘&a%ﬁ‘ﬁeﬁ PEPWY éﬁ‘hﬁéf“ﬁ RuceAgpice thevplk term
erfective aByGH fac@f iHRthd RE Eirdd: IRAD nclinc A IRURImEL RO He, ol

dosages and _for periods of tine necessary to esired
result, forflaseapigped the syergissierileqief drwanticenteragenigod thetflavervid t ar get
cell or cell, gepul ation within the subject, including a desired
anount of the anti-cancer agent to the ceII based on factors
including the effect of the anti-cancer agent, the effect of the
flavonoi d ai9488he Syjtbleyrlielrcare desstbedpfor examplein Remington’sagent and t he

fl avonoi d t@gehiehtical @Q&%&ﬁﬁ%&ﬁ%&)ﬁ Xﬁ{%l‘rﬁ&c@ﬁtc@fﬁ:t% és%fvlr?p@gmblfsﬁhg

exanpl e, in_Rem ngton's Phar Sci ences
Phar maceut i €¥npagy; Easioadte., N@é‘kliﬂébl@Eﬁllﬁ@sﬁdhpmwpmﬁa&tmdudd?alb;tt WBA

1985). On t&hﬁsnb@?'s‘%lutlpmﬁlﬁrmg§ r%'v&ﬂr.sle iR isUtflgtloneyv BelE P Bore

excl usively, solutions of t ver in"association with
one or nor @hphmcntﬁ@ew jogeritable ‘&‘dm@ptoabil@ntsemdodoetsmed inchulffeesulgionand

contai ned. Pyt DA HA 1808 D uillld ?i%a?ﬂr?dH and 1so-osmotic wth

physi ol ogi ca condrt | ons of storage and
use, such phar maceutl cal conposi tions rray contain a preservative to
prevent t hd088Bw HUsster pridinarysoditiprsme stosagd andhuse, such bhamacmlacrah any

bi-ol ogi cal Bfbatidnt ndly cbhifinABrdsertAERE pRIER e FORRI RerSSRbGR | 1 L e
art would know how to " prepare suitable formu I ons I'onhal

pr ocedur es aadhal wijl meipeintapy bislogidabacsizite of the nntammcq:rragpmr Atpieosan of

sui tabl e f%mﬂé&r gﬁthé’&% walid kgg\§ ﬁB#?&&e&Jr? Eudﬁégrf@m%’l fs. I%,eonve ogarl S

Phar maceut i cal Ccl ences an Rar macopelra: The
Nat i onal Foreraduresan@ligrediehtiNed O sgledsion shepreparatk@a9 suitbledomatitioad v,

the deli Ver cYe@éHb% %0!”&¥m ]% 1‘51(?{6”1{[\115?(% ggﬁaninﬁceu{lmgémle%clel CI lgéjlhg cl ose

to use by m X ng the conpbnents Vati ves.
[ 0090] The déitﬂed'émgesvéhmt@ema"i]hmatwdah Rmrsuiar)e(wsagm’b@mnmmmnrhods,

which w |l §pe he, f or,m of iV, ve

routes are pr ef’gfr?ernge?%wglf’f the ﬁe‘“’a@ﬁ VCB’(greymVetr? feF‘i”‘?th]?tﬁrtmﬁ 55&@"&“&% a
sol ution, ofost o uskby fiving thé compomkhtarwitmoothantdddbgsesehagvadel | very
vehicl e may be delivered parenterally, including |ntravenously

i nt ramJSCU| ﬁddoéel G[I’he%h@ @ mlé @rlra?/ct;e' :S)Jﬂrr hntte%dausr[ngr eé}%dmét+ ,tﬁgic

or gan. ivery eis-for rroge
conj ugat e vl dependpp theefdrm o)tphc: ad:livyr}p\rehh:je shlmgoralabutbﬂae rptefe:m:dattf the

\\I/Me)ﬁ?g| Z' ;[ gdeél d%]%?}%h:/%? g Ja uIaQeds ¥ & utlon or m%)é E)rm of tnpigeilgte La!n\cl)gz[r}fcles,

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

surgical insertion at a wound site.

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

resuft. For example, the delivery vehicle may be administered in quantities and
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anount effective and at the dosages and for sufficient tinme period to
achieve a desired result. For exanple, the delivery vehicle may be
adm nistered in quantities and dosages necessary to deliver an
anti-cancer agent which may function to alleviate, inprove, mtigate,
aneliorate, ,stabilize, prgvent t he spread. of, sLow or delay the

pr ogr essi ondBRESMELTTFALY 40 JFlben ap apli-cepceToresRt Whish may fuRflias; ©, alleWaice
or inpair tiwepraed invitigate, tdmedioftkss QBB BizE, SprateRe tIRNIIER. of sivs @aaaa%eﬁeat ed
enzyne is an enzynme Jnvolved in a netabolic or biochenical pathway,
whi ch when PREFCHHINALRY cyre 2jdisease op giserder. ortomubit, redyes ar igmPypir sricaly of
the enzyne @f, pRtlWRNartS el el A BiseMe-Mattd BiDnk 8¢ an LRSnRACHIMddYinQf
the enzynme is involved in fhe onset or progréssion of "a disease or

di sorder, f®ptaksligrgs|biochemisalepathayowhiplr et hweg is irserripted ofehénver y
vehicle to I 6 ' : Ad)

factors s uclﬁg‘g?g?h%hgﬁgﬁn%co {/'ﬁ%m%hgﬁgﬁggﬁnég{%fe Q?ﬁ gﬁg%lq%vge&? ;WW
vehi cl e, i nde wdrmee ishinvalved - ghecensetagrepiogressian pb ke ydisasenoi disyrdemdort he
catechin-b I oid noiety, the node of admi nistration, the age,
heal t h andae\}gﬁ'g&t@a\é?&t he subject, the nature and extent of the

di sorder or_disease state, the frequency of the treatnent and the
type of conl@@P2knt The efcHenemoynt Oﬁgf}lévea’n@hiqlmt%hm@ﬁbﬁt\isaﬁddn agqulijetior m

of the deliMary~V&RLMH Ll gP slet i ne
t he appropri a_tverya(%gyntl%o%igg%gﬁgtaﬁe&g%g%g% g%‘:@'&?s. n%fec pg I vgroﬁjmp
vehi cl e maydebeersdyahisis tioeluding rthe i aatitopnden agerguithealpblyngnoueittyt ek theay
be adjuste L equl.r i,ng. .o h r S e
subj cot . TRAay P et AonGaRFAG e Rode 61 EoriRlsFllon, SO Bedlh idC
enpi ri cal | yweaghl depersdgedan thehmturenandakteanolitite diforddreorddibdave siytey élei cl e
that can b .01 f el Howevet., the unt of . delive

vent ol o adriSRal B RE HSaRinp e WP BhcridfislPePhel B dEl e
desired resuhtentrhtiObfl Tver «f thesdedivap vigide ded a del i very vehicle as
descri bed above containing the anti-cancer agent and flavonoid.

L0055 Ther Gobga1al SRR off addMRiRARY Sorl6it el RESnfBAEY B
vehicle for delivering the anti-cancer agen 0 a cell, or use of the
above- descrabpedacietsi \Fbe gelivetyi vehiglefraay tehdmimasiertdiitially id swtahledimpament

for delivery At § oG . nt &0 | }.. . includin en.the

. thfl Indy % ?dlf ( . {; ;

cell is an hat v%yvo Ay s}edla%r}g&grﬁ@?%g n.dtmg &h clllhlca! résponse S B sxﬂ:_]ect
The effective amount of delivery vehicle can be determined empiricaily and depends
on the maximal amount of the delivery vehicle that can be administered safely.
However, the amount of delivery vehicle administered should be the minimal amount

that produces the desired result.

[0094]  There is also provided a delivery vehicle as described above containing the

anti-cancer agent and flavonoid.

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

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

[0096]  The invention is further illustrated by the following non-limiting example,
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[ 0096] The invention is further illustrated by the foll ow ng
non-limting exanple. EXAMPLE [0097] Exanple 1: Synergistic
Therapeutic Effects of Protein-Loaded M cellar Conplex Conposed of
Green Tea Derivatives [0098] Materials and Methods [0099] Synthesis

of OEGCG an?ﬂm . CEGCG was synt hesi zed by the Baeyer reaction
of EGCG ( KuM ) and acet al dehyde (pH 2). To synthesize PEGEGCG
t he al dehyd m nat ed PEG (Mv 5000, NOF Co.) and EGCG were reacted
at pH = f 01 ¥ramplecdr | Aynesgintin ckharapgutis’” Edfepts o of sPrstein-Leaded,

Gescri bed | VbRt Copikx CYsidad H0BAkn 3RRDerRian VIO 2006/ 124000 and
publ i shed US appl I cation 08/ 102052. [00101] Cytotoxicitv Test:

Cytotoxicit EGCG derivatives was exam ned with human nor nal

manmary epi ilerﬁ’glﬂl al Magerials andhMdethods nhr ex, USA), and conpared to that
of intact EGCG- Cells were plated (1 x 104 cells in mamary
epi thelial ppooeth Sﬁﬁhéﬁﬁd@EGC%MMCGﬁOﬁG@ﬁw&%Hﬂhkdlﬁa%@ theor

I d trol m cr opl at es
ST bwed o BAREH BebBPREGRE (KRt tdy Aad axiadshydh (6H1 09 ook Saihgs aPEC-
di fferent cpOCENihEAldeRyHe-t6rnikEdPE M0, REEd 3 dadEic@ “Qaev&act@e

cell viability was estimated using amar Bl ue, a dye that woul d be
reduced by #Rel c%t ochrone ¢ activity of cells. [00102] Proteol ysis
Assessnent: Protein degradati on was determ ned by

[00100] The micellar complexes were formed as -previously described in

published international application WO 2006/124000 and published US application
2008/102052.

[00101] Cytotoxicitv Test: Cytotoxicity of EGCG derivatives was examined
with human normal mammary epithelial cells (HMEC, Cambrex, USA), and
. compared to that of intact EGCG. Cells were plated (1 x 10* cells in mammary
epithelial growth medium/well} in quintuplicate and octuplicate for samples and
control, respectively, in 96-well microplates, and allowed to adhere overnight. After
the cells were treated with different concentrations of EGCG, OEGCG or PEG-EGCG '
for 2 days, the cell viability was estimated using Alamar Blue, a dye that would be

reduced by the cytochrome ¢ activity of cells.

[00102] Proteolysis Assessment: Protein degradation was determined by
monitoring the fluorescence intensity increment in FITC-BSA when samples were
subjected to proteinase K (0.05 mg/ml), using a fluorescence spectrophotometer
(Hitachi, Japan, A = 490 nm and Aem = 530 nm). All measurements wére run in

triplicate.

[00103] Capcer Cell Proliferation Agsessment: SKBR-3 cells (ATCC,
HTB30, USA) were plated (1 x 10° cells in McCoy’s SA rnedium/well)‘ in
quintuplicate and octuplicate for samples and control, respectively, in 96-well
microplates and allowed to adhere overnight, The culture media were then replaced
by mediﬁ containing the samples (OEGCG, PEG-EGCG, Herceptin (0.5 mg/m}), -

Herceptin-loaded micellar complex, and BSA-loaded micellar complex), and the cells
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nmonitoring the fluorescence intensity increment in FITC BSA when
sanpl es were subjected to proteinase K (0.05 ng/m ), using a

fl uorescence spectrophotoneter (Hitachi, Japan, X = 490 rim and ?cern
= 530 nn). Al measurenents were run in triplicate. [00103] Cancer

Cell Proliferatio ) nt. R- el.ls (ATCC,. HTB30, USA) re
plated (I xwirﬁzi"%’g?téiatieﬁs‘g/@&“{?'of @A‘ ‘%’e‘g? ﬂFP‘F\FéI"lIS)‘“?’“ﬁ?t iﬂ?ﬁﬁ’#l"ied’&"t and
oct upl i cat ewtrerrepladl Bsthapled Réd-Rte me€is ROAtINUR! 0% o AAbnieBlue. Cell

m cropl ates_ay, overnight. The culture nedia were

d allowed ta er
then repl ac®q l%gf‘t'ﬂ%&iagﬁ%mf%%?f?%ﬁf: Frelugtigrgp die phspibanse apfEd and@g) nm
Her ceptin (&ied4Wridchbatisgr cepti n-1 oaded m cel | ar conpl ex, and
BSA-| oaded mi cellar conplex),and the cells were incubated at 37C in
5% of CQ2. [%{D Q‘]ﬁe tig%e lﬁOi nts indicated, the culture nedia were
repl aced byl®PA%ohendtes¥Ey-free nmedia containing 10% of Al anmar Bl ue.
Cell proliferation was determ ned fromthe reduction in dye
absor bance [@#0185]0 andhé&oficelsn @fdpkikediwdte ofnthadetbt {imvo-dtdpAtAAbBasiyl t S

00105] The nicell ar, conpl exes re synthesised by. (j) two-s
Lol T - assontbeest BeRyBeRyEOH o hSudr e G ahinet Deeellve 1B
(-) - epi gal liacladiag hiith-tBe fi@aht frakcin (Gt mhiRed pidieROorvintilahdb® agent)
rel evant protein (fluorescent marker protein or anti-cancer agent)
wher e appl i 5T @PPUFARIes ARG, BRISESENBIY off 1R P pimed  AEGCOERNS PRI

protein) coidppx Wik & conjGRR si9RNRetRfleRO3IVéR] (PEG ARt BGYertPEd-EESE):and
EGCG (PEG EGCQ); or (i Lf) one-step sel f-asse Ib&pr ocess 1 nvol vi ngCI
assenbl y of°rdikofis Patt-asiembhrarss npelnng@seembheicmyonjugay of fEG an

rel evant progeta YWss-©raud) ARl @ - reledafObfotdiN SURRC 8pplidabR). Nt §bihar
conpl exes immedi ately formed as stable and hi ghl y oriented mcellar
conpl exes, PH@cERithfgMicsBriegmpleres imeediaiglp Jermed 95 stebleend \ijghly oriented

spont aneousygalaf t_:@rtﬁﬁlgi@,' ¥ehuling IdiL Hwhs %%ﬁvﬁwéé%ﬁ%&n%mk ed a

PEG outer shell wi an inner core conprised o FI us protein)
conpl ex. [ GOEOGYTivea PEid apmoes seluigdendPisnjayed axHES pyter shisl! [ veitht neinBEGCG

and EGCG di3p| @ypHsdd db @S BthsGirbt¥ing Bm C (see Figure 1). The

m cellar conplex kept its integrity,”an enonstrated good stability

in the pres[ﬁ&&fq of serum w t hout size change (see Fi gureéé%.
[ 00107] The Il ar EHPESREGRS honed cnancriRtozicity.u ihde dhh QEGEB eandd

protein (FIEGEBINblage IcoHb}is6Lied, TR }MECC{E&E‘@EU& A5 OFR RfsRarkbnipfx
i nvestigate proteln degradation over tine (Figure 3). The ]
f 1 uor escendepy it BicaTity at dgmenstratpdrgnodSpabifits dn the: presepesaefesgrum titheytne,

i ndi cati ng speehfiP (deBlgarlani on by proteinase K. in contrast, the
fluorescence intensity of I;I TC-BSA | oaded in the mcellar conpl exes

was kept via/ Iiw (even |l ower than that of free FITCBSA in the
absence of é Wdi nasEhadpice|lar coaplesryasdoadsd ivithraefiynrencenca-labsled mopseist | v

protected f(raQ-BSAS @Al YsubRcked thNESRoEHSt @ Reinase K) to investigate protein
degradation over time (Figure 3). The fluorescence intensity of free FITC-BSA

greatly increased with time, indicating protein degradation by proteinase K. In

- contrast, the fluorescence intensity of FITC-BSA loaded in the micellar complexes

was kept very low (even lower than that of free FITC-BSA in the absence of

proteinase K), illustrating that the protein was robﬁstly protected from proteolysis in

these systems.

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

_monoc!oha] antibody against the HER2/neu (erbB2) receptor that induces regression
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[ 00108] The inhibition of cancer cell growth was explored in vitro for
the mcellar conplex |oaded with Herceptin (trastuzumab), which is a
humani zed nonocl onal anti body agai nst the HER2/ neu (erbB2) receptor

t hat i nduces regression of HER2-overexpressing netastatic breast
cancer tunnrﬁl_[rg‘gh_%ure 4)..The Herceptinl oaded m zﬁgl | ar cQpl, ex showed
no size redd OVPIERT S NG P A C ORI ARTET FUNYS & IEUE Y gerEns) |
Wien SKBR- 3 IdatiidRericetivecamilé:e sidvtd Kbl 5B rdfueds, t&eacey € el thodshiPloldas
treated with, eitfhe_:r frg ewergle(g in or the carrier conmponents (OEGCG
or PEG EGCGHIMton|(figye R (RER?- yersrpressiag tuman brepsiecanges e¢l] ar
conpl ex | oadgd wisttheaBSAvighewRe feBHRrdeptiH B the QAR LG pordehRNOBESEPT
PEG EGCG al gne (whereas BSA itself showed no effect). Notably, the
Her cept i n- | BREEF )k 4] sipwiow seresioindg infhbiledp Fresmicgliar gomplex aaded

i nhi bi tion gfh &Sk shave, D iti LR BE ,ﬁﬁf@l'? l.yer ed
(CEGCG, PEG EGCG or Her cg%? ?lﬁg!tlgﬁaﬁf#ﬁgh%ggﬁcgg e%&% cel gé&c(g%ﬂlegi

[ 00109] Si ncBSfhiselfoshered oip effeeh chiothbly, thanUersensindgaded miseldrycamrilexen
by hydr opholi G e nie I : d,dj iat.e.y: o -

hydr ophobi cmggvfcr%gtn i {n?(ﬁ)énsgg?l yt%{gﬁgﬁr a(!:tt?{?aﬁniﬁ&s?é.lﬁL Se&%@r%g%dg? (t:l%uingmdual
gradual |y dfasepsoens delivesedr (PGEEE, PEMPGEat or Byrcepiing raadt the rB Sa-tdaded

bi o- anphi ph}n'icieﬁarrEinngféH.l es, such as lipids of cell nenbrane, while the
conplex was retained wth-the cells. The mcellar conplex showed a
time lag before exhibiting the therapeutic effect (Figure 6), i.e. no
ef fect was W04P%hyed Sice dbe fyrmafipe of gnipellar (nanegomatex 19 m3inlywdriveadsy t he
free protei : Wale FRVA J ‘ : ; t
ant i cancer T anpac usrEdiol B Simipl b iSRRI b Eol By oF
advant age othe syréactantsel Tharcomplepl cexld aniiuslly damiclatzaaiddelapst lvopponestsrby
withinaP : I k rel m | ar
corpl ex pr oui o] i o R RSy Lot LAY R AT BerbidRe S E
(prot ei ns agwhplexr wasgetainedrpith elmt &)ls.BBhedhissllac tahplenshoesd lattineglag befire

i nteraction, Wk S eatures woul d articul arly useful
and advant aeg%cl)jﬁfgn gﬁﬁé }hﬁﬁaﬁg&%fe%?ﬁe@f%'{:ct SS)t hat"t" 580\%‘ rcﬁsé’?aye i %ﬂ?‘ni’&? to
travel fronpaitie(gmianto b, vedtrdanitet freet protintand ttheindividiatedri¢raom@bnenist es

bef ore exert] he_t her apeut i ti.vities,-[00110] Di squssi on

[00111] A cosider@ ghFeOI I%hérﬁpcagﬁ aé'rgérngﬁ%soryﬁfng 1at§e5/r rﬂ@? 'ﬂh@age@eﬁ‘esﬁlmcﬂg%li zed
with two EGCGardageiod dicirviedlat batipleve wéhictiesis donded tvirh profedn Within affBT @iters i n
a spatially red stryctyre. These.conpl exes for m cel | ar
nanoconpl exd gﬁ.#}: i lgﬁsg © g%%alfi éﬁ%%&gﬁ%@f?-aéé;g'gﬂﬁf‘ y rﬁvf#gggoréaﬁﬂﬁ‘ff@e'case

sol ution ( Fafguie ethdrppevfibemoleatds girotian Gme Nt eSonvphentsie by i@odiptidno
sel f -assenbl rocesses: (i) .via.t conpl exat i bet we

ol i goneri zéa%égaéé%‘ifﬁé&ﬁ@*‘%aﬁ’ﬂf Ut ehhfge ‘Feél’vr?l”@&& R?Stl‘cé'ﬁ‘ﬂéﬁ‘aeft”i and i a
the conpl exavintageods ip U (cFiHryhe tigat GHelaPle) whiHERddRE @ RPEG b psiaterdi ng
t he pre- formed core to fgécﬂnhe_shel | . The resulting, mcellar
nanoconpl e>2dEUTTaLgR i the iBigadetfareet sifes before cxrrtngpthe dergpeptisrastivtiss.
conplex. This structural feature can serve to reduce protein

i mmunogeni dbo118dnd pD&vessienr api d renal cl earance and proteol ysis of
protein by reticul oendothelial system uptake, decreasing the need for

frequent i nj hons Qr_infusion therapy. The highly water-sol ubl
shell of P Esgﬁl t he tcgfel'gwgdmgfl%’é "f@g%rﬁ@eﬁﬁfmﬁ’ggasnwn SthFSBF‘glwdtﬁged
pl asma hal ftwbiEGEG Bertvativesahapmaevd dieigasth@ i jite prdeadsi ih tsyatand ordered

retention effect, .resulting in sel ectiYe accunul ation at tunors and
sites of in rlcoﬂﬁgﬁqdcqnml r[rrilegnrplcel ar nanocomplexes through spontaneous

self-assembiy in an aqueous solution (Figure 1). The micellar nanocomplexes were
derived by two seif-asscmbiy processes: (i) via the complexation between
oligomerized EGCG (OEGCG) and proteins to form the core, and (ii) via the
complexation of poly(ethylene glycol)-EGCG (PEG-EGCG) surrounding the pre-
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[00112] The affinity of EGCG for protein was utilized to |load the

m cel l ar conplexes with an anticancer protein. The protein-I|oaded
conpl exes denonstrated a nuch greater anticancer effect than the free
protein or the carrier itself. This mcellar systemmy offer

2 01 bt o e L AR P Sl S

delivery ef ﬂfwt‘szt%as 20l ¢t GEGBGtProttif econilexa tThisestdib@iap fahdle daf barad tzed
carrier. [00113 mpl e 2: Treatnment of Bal b/ nude mce with M ceBar
Conpl exes OS5t H{P‘ﬁ@ 'F@?%em%w[%gﬂ%fﬁdmﬂﬁaltféc}?ﬁre@cev@#@r?t%m%af

wth t UWDUF?ro&%l b9l tea¥Roenfothdd-sygshr asthil d&@xlehs% (R A4 forbBequent

day-rel ease) . was adm nistered to each nouse by cut aneous

inj ection. MEtensIor silksing tergpy- an@Li%'@h‘é’PfShS%‘fbiBﬁMﬂ@fBEGIan thg tailoxed1 06
cel | s/ 100uLg;pf ﬁd\’ﬁ)tordng%z)y N@%nfyrﬂrﬁgﬁfﬁg \gﬂ%ﬂ%%ﬁﬂf?@%@ (i ob e I@nl‘EHE'&F

Tunours were all owed 't o devel 0 weeks
fol | owi ng i PRr@eabilsy apd retersiomT et, teémftrsg irg Wéectm;ecc\mmbtwn ettugtrHynd

| Nt r avenoussile0h ekt ank WM 6 kl'y for a one-nmonth period, wth one
of mcell arSlr?anocorrp ea;(les tTa ")c{i}ﬁg W th Her ceptin, Herceptin alone or’

PBS as a control After the treatnent reginen, -tunour size was

assessed. TI8118sul t Ihe eE K RIEGEG Hpg grateiy WaFO@‘ilE@] I8 logdy thepmicellar
under st ood QynpRXes Shth lah %ﬁ]tlc'aﬁ'ce? Bﬁ)teﬁﬁ tTherB?&ermaneEl 'c?lﬁﬁlk%%%e&gnstﬂ%d a

exenpl ary embaodi nents descri bed herei n "are possi I nvention is
i ntended t dnwﬂ’cﬁ%@%t'%mewﬁeﬁ thapdhe fr@anrpf@m axithehdarrier itsel§ cCBpemiceBar

defined by dbenGhal dfer i AT dehldry SPGUIRRbRUSLE HoRDuE DL & ApRfi®
fully i ncor orat erence )
e advantages of‘ the synergistic therapeutic effects and the delivery effects

associated with the versatile flavonoid-derivatized carrier.

[00113] Example 2: Treatment of Balb/nude mice with Micellar Complexes

Containing Herceptin

[00114] Balb/nude mice were induced with tumours as follows. A 17p-
estradiol pellet (0.72mg, 60 day-release) was administered to each mouse by
subcutaneous-injection. The following day, a suspension of BT474 cells (8.1 X 10°
cells/100ul of Matrigel) was injected subéutaneously in each mouse. Tumours were

allowed to develop for two weeks.

[00115] Two weeks following injection of the BT474 cells, the mice were
treated by intravenous injection, twice weekly for a one-month period, with one of
* micellar nanocomplexes loaded with Herceptin, Herceptin alone or PBS as a control.
After the treatment regimen, tumour size was assessed. The results are shown in

Figure 7.

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

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

[00117] All documents referred to herein are fully incorporated by reference.
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[ 00118] Al t hough vari ous enbodi ments of the invention are disclosed
herei n, many adaptati ons and nodifications may be nade within the
scope of the invention in accordance with the common gener al

know edge of those skilled in this art. Such nodifications include

the substit of k wn .equj val epnts for any .aspect of t ventlon
i order t ol RBLOe (BRI riobS b podmendt pE M AR Lo oty

Al'l techni Clﬂhn)&ﬂﬂpﬁﬁé@ﬁhd frio@ific Q10N md$ 66l mBed Ritiin El@vs@o,sartﬂ‘tﬁ@menﬁeﬁm ng
as corrm)nly un er st o; one of ordinary skill in the art of this

d
i nvention, &ffpraance Jut Wéc?%‘f’f?ér%f‘%’él hﬁ@@@ﬁ%ﬁéé@ﬁkﬁkl&&w thig art. cRpch G

S., YOkOyanﬁodlmatlog(%%de-Ehe ‘&Jb%ﬁﬂﬁ%rﬁbf k%waE@ﬁkal&@@@drYzm?rasgéc?%k ligs as
vehicles for drug delivery. J. Control. Release 24 (1993).
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VWHAT IS CLAIMED IS: 1. A delivery vehicle conprising an anti-cancer
agent and a conjugate of a delivery agent containing (i) a free

al dehyde or a group that can be converted to a free al dehyde in the
presence of an acid and (ii) a flavonoid, the conjugate having the
delivery ag -ugat ed . , it{,0n he A
ring of thegp%ugg%hnic}f gé, %gr% é’lﬂé\'ﬂﬁ hg) ’a%g?[{uggh%g?c ?é‘ﬁ’t%‘i ’éﬁg&ﬂg@%ﬁ
with a fl avevobiddiogtargetsraf gien Tdaeatdelinsv.&Bjolv Eldne 1281,07464-87456 12006her ei n
the flavonoid carrier is the flavonoid conjugated with the delivery
agent. 3. ‘The delivery vehicle of claiml or 2 wherein the delivery
agent is a Mefsymnem, ynd Miedgi K. hheew lcawemofod thacremsleduee Nhétagratadin
flavonoid. 4, Tge qSIiveh% ehicl? of clajm3 wherein the,flgyonoid
is a cat echiPA“BHELEROPFARY AOTCaAHHR T MMQritPPg ACEYRYAtiAnOf proteins and the
(-) - epi gal | eiainee abdh sthanes. CRe61HR 46(687SROT AlbgENI N gal | ate or
(-)-epigallocatechin gallate. 5. The delivery vehicle of any one of
claims 1 to 4 wherein the flavonoid is nononeric or wherein the
flavonoid is oligoneric. 6. The delivery vehicle of claim5 wherein
the flavonoid is oligoneric and is oligonerized through: (i)
enzyme- cat al yzed oxi dative coupling; (ii) aldehyde-nedi ated

ol igonerization; or (iii) a carbon-carbon |inkage between the C6 or
C8 position on the Aring of a first nmononeric unit to the C6 or C8
position on the Aring of a second nononeric unit. 7. The delivery
vehicle of claim®6 wherein the flavonoid is oligonerized via a

car bon-carbon |inkage between the C6 position on the Aring of the
first nononeric unit to the C8 position on the Aring of the second
nmononeric unit or wherein the flavonoid is oligoneric
(-)-epigallocatechin gallate (CEGCG oligonerized through

car bon-carbon C6-C6, C6-C8, C8-C6 or C8-C8 |inkages of
(-)-epigallocatechin gallate nononmers. 8. The delivery vehicle of
any one of clainms 1 to 7 wherein the delivery agent is
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a polynmer that is al dehyde-term nated pol y(ethyl ene glycol),

al dehyde-derivatized hyaluronic acid, hyaluronic acid

am noacet yl al dehyde di et hyl acetal conjugate, al dehyde-derivatized
hyal uroni ¢ aci d-tyram ne, hyal uronic acid am noacetyl al dehyde

di et hyl aceWalAE én [ ClddMEDR ¥8:ami ne, cycl otri phosphazene core
phenoxynet hyhmet hyl hydr azono) dendri mer or thi ophosphoryl core
phenoxynmet hyl ( ngthyl hydrazono)dendriner.. 9. The delivery vehicle of
Cl o m s whst e e OV S RER R e b carsa AT ATD B FSLLEHS Pohe

gl ycol ) andlivhe ageht doatamive ) e iee hmea%ds &el granp fanessEioaYertedld 2 Fde
delivery vehicle of claim9 wherein the m cellar nanoconpl ex

conpri ses BINSHG Hethe Presensefan apid) apd éiihg flavpnog, yhaotopjussts hayigdlie t o an
ol i goneri cy.&: i } | vehi ¢ of

ol a'm o wrsorS UERRRREL B e drine CERSRL S A'ARL S s
cont ai ni ngflavonoldj gherein the aati-eadvenadras 8dtohdpteset aiith 4 NatonbRl daheer.
flavonoid carrier conplexed wwth the anti-cancer agent; and an outer

shel | cont ai ni t conj te, .t.he caqnjugate_conpr.ising. ,
al dehyde- t%r ni %ﬁé@eﬁﬁwf(eﬁ%fﬁﬂfe%n@wm i ?ﬁﬁ%’@&?’é‘&a’f@féﬁ the Agnenaié
cat echi n- haagr@afel MANAE Belivel@agehipe delivery vehicle of claim 1l
wherein the oligoneric catechin-based flavonoid is oligonerized

t hrough: (i) enzyne-catal Kzed oxi dative coupling; (ii)

al dehyde- rfedi at’d@ dsiiveporvshickenfichrim ber 3 wheteimthe delboany egenib e polpkage
bet ween t . osition_on the. A ri of..a first nononeric unit
to the %qgg%%%getf?ag n%qu 1§ %g{ Chr"il'ﬁasegfﬁagog%lgbnd nononmeric unit.

13. The delivery vehicle of claim12 wherein the oligoneric

cat echi n- Blased THealetinerydrehiglead i opiimes whedinvha flavefid i &ddchRibdstdkage
bet ween tgieaﬁ/g}gq{gosition on the Aring of the first npnonmeric unit to

the C8 po Gt ie)-pirgtachin (rpicaliseapeind mbRtteshén. U nrepieatechitier ei n

the ol i gonB{ik€ of abL61a5L; &% onoid is oligoneric (-)-
epigallocg?echfn@zaPF%t% ?%ﬁ Hﬁ%[igonerized t hrough car bon-car bon
C6-C6, C6- C8, CB-C6 or CB8-C8 linkages of (-)-epigallocatechin

gal | at e ndnoneric delivery Thbickalfiangoge vbtlhiotse]l tf4 wheriein thé flaherod is t he

bi ol ogi cal da%t ie¥ii t(%( gf thgLl 315[ gonﬁr.l @ cat echi n-based flavonoid is
masked whéPTPRENSIO JOWETT SV BRHI 1S HLEOEF™ avonoi d is assenbled in
the m cellar nanoconpl ex, and wherein the biological activity of the

ol i goneri @. cat aeidelitas edhitleaxrenind wherbiths RechnotER JliBemetit gIRr i C
cat echi n-based flavonoid is released fromthe m cellar nanoconpl ex.
15. The délgyapgzeddhiopel: Grenzympwallxere pridatiyheoupbingsfi) aldghyde-

al dehyde- deygt hized, Uronke, aci hyal uroni '
am noacety aFagg‘Lyggg cﬁ?%é?{ﬁ?}f’ gg Q'(tﬁ ?i?%%rgﬁ? E:élg)to g,lﬁg%i%eelﬂeg\ggqn&g? F\(/Saqtriczged
hyal ur oni positibulet yireadriring of hyfattun@minterizainit tanha®OaeeCy lpatidehya e A ring
di et hyl acet.al cogj u%gt e-1 %/ur am ne or a conbination thereof, and the
del i very PERPEICEITOTIMTIGI5Hel |
7. The delivery vehicle of claim 6 wherein the flavonoid is oligomerized via a
carbon-carbon linkage between the C6 position on the A ring of the first monomeric
unit to the C8 position on the A ring of the second monomeric unit or wherein the
flavonoid is oligomeric (-)-epigallocatechin gallate (OEGCG) oligomerized through
carbon-carbon C6-C6, C6-C8, C8-C6 or C8-C8 linkages of (-)-epigallocatechin

gallate monomers.

8. The delivery vehicle of any one of claims 1 to 7 wherein the delivery agent is

a polymer that is aldehyde-terminated poly(ethylene glycol), aldehyde-derivatized
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16. The delivery vehicle of claim15 that is fornmed in vivo by

I njection of an uncrosslinked polyner-flavonoid conjugate conpl exed
with the anti-cancer agent, together with a cross-Ilinking agent. 17.
The del i veryelwehicaki, byalanyicanal ahinoheiyigldéhyde disghylhestaiconjupae,

fl i d ' d.t he delive ent nment ed bi ol

| avonor d e HeBtedq hiuiEi A bR TP e AT S e e e
the ol | gorieingiseakrafinbassshihk aventishoam ayamrot ed bi ol ogi cal
flavonoi d properties del’i very vehicle of claim11l, wherein

the bi ol og@lwapxm@thyl(mﬁhmﬁlyéna@o@mmpr thiephosphorilecsked when t he
anti-cance d m.cel | ar nanoconpl ex, and
wherein t hegg%ﬁ%eth@gﬁgt%@?’? ’1%? ?er{aﬁlé It i - cancer agent is unmasked

when the anti-cancer agent is reI eased fromthe mcellar nanoconpl ex.
20. The ded.i veryhedshivetyevehfcladfclgnes oheeiraihepolynie? isfdwheeatmmibdied

anti-cancer agent is._a protein, a peptide, a nucleic acid, a small
mol ecul e, %iﬁ(%g’gienéﬁlﬁﬁflaﬂéﬂiﬁ df'é“’ﬁ’a’r‘f?ﬁﬁ@ ISW@ﬁliVﬁ@no@na?W h factor,
a cytokine, single stranded DNA, doubl e stranded DNA, single st randed

RNA, doublg) st rended BYAchRISHYLin @ iihBleth BMhicdiir ﬁh@%ﬁ%’ﬁ?ﬁ& com nses

antibiotic, a chenotherapeutic agent, an angi ogenesi to

ant i body dild@vdedera‘glmtmpolﬁ(etllymarglyml)l cosjmghtad ¢o mmokgsmera:matechmn

I munor eguyl CE{]% Oge%tlde a cytokine or a growth factor. 21. The
del i very ¢l aim 20 wherein the anti-cancer agent is an
ant i body d| rected against a tumour cell-surface marker. 22. The

del i very wvighi cl’Bheodeliobdiv@hidle vhedig] whbeiredht nhedhr handco ld;tzdéﬁﬁﬂfses??’

Use of the delivery vehicle of any one of clains Ito 22 in the

manuf act urd® igperggre containing an oligomeric catechin-based flavonoid that is the flavonoid
carrier complexed with the anti-cancer agent; and an outer shell containing the
conjugate, the conjugate comprising aldehyde-terminated poly(ethylene glycol)

conjugated to a monomeric catechin-based flavonoid.

12.  The delivery vehicle of claim 11 wherein the oligomeric catechin-based
flavonoid is oligomerized through: (i) enzyme-catalyzed oxidative coupling; (ii)
aldehyde-mediated oligomerization; or (iii) a carbon-carbon linkage between the C6
or C8 position on the A ring of a first monomeric unit to the C6 or C8 position on the

A ring of a second monomeric unit.

13. The delivery vehicle of claim 12 wherein the oligomeric catechin-based
flavonoid is oligomerized via a carbon-carbon linkage between the C6 position on the
A ring of the first monomeric unit to the C8 position on the A ring of the second
monomeric unit or wherein the oligomeric catechin-based flavonoid is oligomeric (-)-
epigallocatechin gallate (OEGCG) oligomerized through carbon-carbon C6-C6, C6-
C8, C8-C6 or C8-C8 linkages of (-)-epigallocatechin gallate monomers.

14, The delivery vehicle of claim 11 wherein the biological activity of the
oligomeric catechin-based flavonoid is masked when the oligomeric catechin-based
flavonoid is assembled in the micellar nanocomplex, and wherein the biological

activity of the oligomeric catechin-based flavonoid is unmasked when the oligomeric
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a conposition for delivering an anti-cancer agent to a cell. 24. The
use according to claim 23, wherein the cell is in vitro. 25. The use
according to claim23, wherein the cell is in vivo and the

conposi t i otatdchintaspdiflayvewid srelaahei diost fhatmioellar@ascmulplect i n need of
anti-cancer treatnment. 26. The use according to clain125 wher ei n

the subjeci:is h 7. The .us ccor 5 ai,m
26, wher ei 1}15 t heﬁ%:eoérjfc'prfgm erglﬁﬂei pﬁ%ﬂyﬁ?ﬁ?@@&‘ yﬁ?eéést? Sﬂ}y%g Lﬂ%ﬂv‘?‘:%ed

i mpl ant at ilgAl@nit @ﬁticleg}ah&@ﬁﬂcla@ﬁtdnﬁﬁoace%fﬁaldéqyae@Id‘ﬂ%ﬂﬂ!ﬁdl eahjugate,
conposi tion conprising the delivery vehicle according to any one of

claims 1 tadeyde-donvatipadhppuiontcst t}@amn@ohw@gpw@ﬁldmaemew@w@lyde
clai m 28, Jlé’tflgrllagétal %Hﬁ{gbt%' t%ﬁﬁng&ag g@ﬁﬁﬂ&fi@ﬂ% lyeoigl GHEHE eac%lh%el%a\reﬁlc?e 18

a hydrogel.

16.  The delivery vehicle of claim 15 that is formed in vivo by injection of an
uncrosslinked polymer-flavonoid conjugate complexed with the anti-cancer agent,

together with a cross-linking agent.

17.  The delivery vehicle of any one of claims 1 to 16 wherein the flavonoid

conjugated to the delivery agent has augmented biological flavonoid properties.

18.  The delivery vehicle of claim 11 wherein the oligomeric catechin-based

flavonoid has augmented biological flavonoid properties.

19. The delivery vehicle of claim 11, wherein the biological activity of the anti-
cancer agent is masked when the anti-cancer agent is assembled in the micellar
nanocomplex, and wherein the biological activity of the anti-cancer agent is

unmasked when the anti-cancer agent is released from the micellar nanocomplex.

20.  The delivery vehicle of any one of claims 1 to 19 wherein the anti-cancer
agent is a protein, a peptide, a nucleic acid, a small molecule, a drug, an antibody, a
hormone, 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, an angiogenesis inhibitor, an
antibody directed against a tumour cell-surface marker, an immunoregulatory peptide,

a cytokine or a growth factor.

21.  The delivery vehicle of claim 20 wherein the anti-cancer agent is an antibody

directed against a tumour cell-surface marker.
22.  The delivery vehicle of claim 21 wherein the antibody is trastuzumab.

23.  Use of the delivery vehicle of any one of claims 1 to 22 in the manufacture of
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a composition for delivering an anti-cancer agent to a cell.
24, The use according to claim 23, wherein the cell is in vitro.

25.  The use according to claim 23, wherein the cell is in vive and the composition

is formulated for administration to a subject in need of anti-cancer treatment.
26.  The use according to claim 25, wherein the subject is a human.

27.  Theuse according to claim 25 or claim 26, wherein the composition is

formulated for injection, surgical implantation or topical application.

28. A pharmaceutical composition comprising the delivery vehicle according to

any one of claims 1 to 22.

209. The pharmaceutical composition according to claim 28, further comprising a

pharmaceutically acceptable carrier.
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