METHOD OF DELI VERING A PROTEI N | NTO A CELL CROSS- REFERENCE TO
RELATED APPLI CATI ON [0001] This application clains benefit of, and
priority from U S. provisional patent application No. 60/924, 092,
filed on April 30, 2007, the contents of which are fully

present | nveMECHIQPOIEDERIIRRING R EROTENIIO R o

protein into a cell. BACKGROUND OF THE | NVENTI ON [ 0003] Therapeutic
appr oach@ESRUORSREFERENOETO RELXEED APPLICATIONs my

contenplate the delivery of a biologically active protein into a

cell, so 66@1@ theTHfs%ggﬁéhtioﬁ%I&irB_%B&ﬁ%f,faﬁd plioHegtaa) USupaivistenahi t hi n
a cellular context. [0004] EX|st|neg met hods for delivery of .
bi ol ogi cableyt appticatonNwi68574,09%1 Bleden Aprili3RcRONTe thereaicats of atihhers

such as microinjectian [.6, 7].and el ectroporation [8, 9], which may
prove di Esflfyc’BF?‘%P’@ttc(Qaiﬁr%nbe{r 5% 0005] Mol ecul ar t echni ques i ncl ude
conjugation of a protein transduction donmain (PTD) to an active

protein m dOx TISE INVENTI@NUpt ake of the protein. The three
P tudie '

nost actively s PTDs are derived from Drosophilia anntennapedi a

pepti de, I[Oé_@j' VPR R idveiich {ifed PelarhiY tPARERIIS of EVeHHE bipfitein
ansducti o cell nme

notif. T across ranes by these PTDs occurs
t hr ough éntomch®ni smthat presently is not well wunderstood, but
studi es have shown that the peptide and protein delivery have a

strong orr ' ] | stribution of positively
char ged m&%@w hﬁmmﬁhe PTDs [10, 11]. (0006]
Anot her approach _in ratjional drug delivet esearch that i ﬁbecom' ng
i ncreasi %lpopmeaapquﬁsépw:@@h?é?? B IdF%F‘{f?’ 2358 P@qa‘lr@?rgﬁ ey
exanpl e, H AR langll adoehatthe piotei

ent er ceIcPlgtg%ég%%%%?mﬁg%{P?fgﬁﬁé%%ggpﬁég?ggﬁ’%%?&[sfZ] . The conjpugaqtJl I on

of pr ot eicas parifdrm REbiokgital fmctiomwithineticellwtrepntekl d conditions to
protect proteins fromdenaturation. Mreover, cytotoxicity of PEIl,

especi al | I vi ng hi gh .l | i ah: W il vivo
apBI I cat |[§?§ﬁ ghﬁﬁ%%?e%ﬁgﬁorg)%ﬁg‘%& Ogﬁiﬁg%%#lgjra%gﬁ I;@rﬁéé?sl i{;}gécéug
appr oachgsclidy pslchMAEMmBdAsuRh @k &litroinjection [6, 7] and electroporation [8, 9],

which may prove difficult to apply ir vivo.

[0005] Molecular techniques include conjugation of a protein transduction domain
(PTD) to an active protein for mediation of cellular uptake of the protein, The three
most actively studied PTDs are derived from Drosophilia anntennapedia peptide,
HSV-VP22 protein and the HIV-TAT protein transduction motif. Transduction across
cell membranes by these PTDs occurs through 2 mechanism that presently is not well
understood, but studies have shown that the peptide and protein delivery have a strong
correlation with the content and distribution of positively charged lysine and arginine
residues in the PTDs[10, 11].

[0006]  Another approach in rational drug delivery research that is becoming
increasingly popular involves cationic lipids and polymers. For example,
polyethylenimine (PED)-conjugated proteins are able to enter cells based on ionic
charge interactions [12]. The conjugation of proteins with PEI must be conducted
under mild conditions to protect proteins from denaturation. Moreover, cytotoxicity of

PEJ, especially PEI having high molecular weight, also limits its in vivo applications.



including a biologically active protein or an anti body,
SUMVARY OF THE | NVENTI ON [ 0008]

I n one aspect,

into a cell.
there is presently

provided a mcell e-protein conpl ex

} conprising:

amcelle of a

cationic polyner, the cationic polyner having a structure of . the
gener al fgﬂﬂﬁlﬁ]a | Therenexdstyazppd forpfterrative approgehes %’ﬁée ve&ng[aigrﬂt,em,t he
protein having a regqion.avaj.l . ] e mcelle. The
protein i éucll%‘g]ﬁ%? E&?ﬁ?ﬁif%ﬁ’tﬁé"gﬁ’{"gﬁ’# §rr &ggﬂbﬁgy,"n#{g& (%egl via an

i nteraction between the protein and the cationic polyner. (0009] In
the gener a/ QFPHE PRVENFIONand Z is independent|y
selected fromORRII CH[_L (ct]- [_(cHTo] ~mO O OL(CH)

ot o Togpand

B8 4 ct,‘(‘)fifi@- ?Qﬁ}esé\i’{lﬁ%ﬁé&@&eﬁ mWell&proteidndmpldxs

& 0%
| east ohe W and Z is a group_. containing

ni trogen bomgssingos Ricsile B a citiodopolpnen thecativaicpotaneihayFg A stmciure

each of

w

-~ CH _K&Pfﬁﬁgeﬂg@f%“@ciﬁw‘?_ ¢
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i Ny, wheréin’b oﬁ%ﬁgﬁ’e

of W, 2><' fheYlﬁBféﬁZhax}iﬁg P \Brail@ble tRkorhlas twitbrike Biicelté, THe prottindnd Z'

is a

complexed to the exterior of the micelle via an interaction between the protein and the

cationic polymer.

[0009] In the general formula I, each of W, X, Y and Z is independently selected

from
1 o]
BT |
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-

only one of W, X, Y and Z is nothing and at least one of W, X, Y and Z is a group

e
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J ; and nothing, wherein
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containing nitrogen bonded fo R or R".

[0010]  Also in the general formula I, each-of W', X, Y' and Z' is independently

selected from
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only one of W', X/, Y’ and 7! is nothing, and at least one of W', X', Y’ and Z' is a



group containing nitrogen bonded to R" or R''. [0011]] Also in the
general fornmula I, each of Rand R is independently H, alkyl or

het eroal kyl ; each of R' and R'' is independently a hydrophobic group;
each of p and q is independently an integer greater than zero; and

each of nyrodp contaidingnitrdfen bonded to R” 6t RANd t' is independently an
i nteger greater than 0. [0012] In the presently provided

m cel l e-proteln caonpl ex, the catiaonic pol r .. jay. conprise

pol y{ N\- nefwﬁii et HENBHRP gensdfarnpla f-cael f’%’}geﬁaﬂ&fépﬁwendenﬂy H, alkyl
oxocar bonyl i 8016t BYd)o 8L IR PiS; SRe) }grgggm 98] of
sebacat e}?‘l%%arg ptr Ot eélhnOfrr@;y eRa?\sSI%?%%%%ep?ia , Sgiﬁélllg‘gj,yea orp

pol ypept i gl g & ifiddpendenfiytah imegéreirenterahanment;eind ehclaghen, 1, 8 tpmbnsir'h
domai n, or, a,fusiqn protein,. and may be biologically active. [0013]
In variou$ aﬁﬂgéﬂnﬁ@ﬁ}g’g?mﬁh@‘ﬁ?%’éﬁ%%@m&hnpri se a hormone, a
receptor ligand, a transcription factor, a transcription enhancer, a

transcri pfgoa] s ump RS edentl f rovidbaiiRel | @pilotdiR 88mpRx Pk SRRH @Sl ymar
nucl ease, a protease, a growh factor, an antibody, or a cytotoxic

prot ei n. Ay panprisanody {/énmsduildiethencantinesehpepip)rco-ehadestersly conpri se

Gial-der] neur opi I: i 0 | se
Cectin A SR Bl HREH? bisieel Wbl Bk R R

pr esent | yppteivinde be gh 0HEbeplelaaichtid) Apotypepige, hatill hapiicmoteid,se an
addi ti onal therapeutic agent, including a pharnmaceuti C?{ agenél

i ncl uded PRtehEagHens 3 Botelp Aomg, ff ¢ Bisioa nspte, prdmsy fedialedirdygent or
a nucleic,achd nol ecul e conpl exed to the exterior of the mcelle.

[ 0015] In another aspect, there is presently provided a nmethod of
delivering a protein into a cell. The nethod conprises contacting

t he mi cel [0813] ot & mardansphthodasents) dhrprotséumby cenprisd 2 hormone) 4 reseptonat

the mcelle-protein.co ex is taken.up into the cell. [0016] The
cort . el P eaF et S o iR A s Eptonsb R Ron
cConpri SesSenzEh8] AkivhR! h PHodphetabd, a@lubiRaR! ShRitehs6 ANBLR¥ Fatod, HHAKIB6dY,
i ncluding for exanple a uman. [0017], I'n certain_enbodi nents the
protei n | ¥ afpvrteRe PRt do pafisulanempediments, thg gwihdacterimay emnpiisey

af ter del Gyarae,od ﬂelﬁgt‘foﬁg ﬂctor, the cytotoxic protein may comprise lectin A and the

antibody may comprise herceptin.

[0014] The presently provided micelle-protein complex may further comprise an
additional therapeutic agent, including a pharmaceutical agent included in the inferior
of the micelle or a pharmaceutical agent or a nucleic acid molecule complexed to the

exterjor of the micelle.

[0015] In another aspect, there is presently provided a method of delivering a
protein into a cell. The method comprises contacting the micelle-protein complex as
described herein with a cell so that the micelle-protein complex is taken up info the

cell,

[0016] The cell may be in vitro, or may be in vivo such that the method comprises
administering the micelle-protein complex to a subject, including for example a

human.

[00171 In certain embodiments the protein is biologically active and retains
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[0018] In yet another aspect, there is presently provided a
pharmaceutical conposition conprising the mcelle-protein conplex as
descri bed herein. The pharmaceutical conposition may further

conpri se g harﬂaceu_ti cally acceptable carrier. [0019] In still

anot her a ﬁﬂ cal agltyigy sfter gelieesninty theyeslli ded use of the micell e-
protein conplex as described herein for delivering a protein into a

cell of argpqgiect L : ngl(zgdg i [10US
enbodi meng S, t]he I&}g{%ﬁoﬁﬁ# lsa'h ]%F %It%%ingﬁﬁeggg??v%& an L%[{ng?%gcm

bi ol ogi cakompoedition goraristrg tHe Mivadleyproteimcdrinsglex ed descfibidreif)t Ties
aspects and featuyres of the present invention will becone apparent

to those BFGFEY COUpR{HOp g P} COpBITe RUAERRCatiGaNy acenteilg ng
descri pti estrief. specific enbodi ments of the invention in conjunction
wi th the acconmpanying figures. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0022] In_the fiqures, which illustrate, by way of exanple only,
enbodi men{®01& ?Iﬁétlgraé@%ﬁtaspﬁiﬂﬁéh@ﬂedﬁpreﬁ@ﬂ rofidedinse of themitallet e si ze

and zeta i f -c0- CE icellellecti.n A cC exes. Each
condi ti onﬁl&g‘gﬂ%@kﬂgg alsﬁg%ﬂrgﬁ %CFE%SIP%I q’%lgegfl%ﬁ(%&ﬁml oA %?&n(g.lﬁ Si“EJegthovm
by error Whe subj¢dd@Rdbedlgmiae. 2: Viability of MDA-MB-231 (a), Hep&
(b), HeLa (c) and 4T1 (d) cells after being incubated with

mcellel/l golin A_conpl exes containjng a.fixed concentration of
lectin A Ifoﬁ( VBB Sboa‘fln%%ﬁ%erombﬂmlp&cﬁ%&ﬁac@&@d refgingi t i on
was test egioldricl 8dvi } §atR -{lg{:@‘ indard devi ation is shown by
error bars. 0025]Vl igure 3:®0Pa I e?%@ of MDA- MB-231 (a), Hep& (b),
HeLa (c) and 4T1 d) cells after being incubated with mcelle/lectin
A conpl exki092dbnt Ltherrgpectsandfesyres of thepreseat inyentish widlchdcnma appates

fixed ' MDS: co: CES) . Each i t.i .1 d i
ci gnt o Boe Rk R IR ER TR s Yoo g Rt destaog gt o "
[ 0026] Fi gpecific4mbodimears sihe fiveali@sinton RS m@@ccmngﬁﬁﬁﬁ(gﬁ g 4
Bi oPorter-nediated lectin A delivery to MDA-MB-231 (a), Hep %%)@
HelL || s. P(MDS-co-CE d at fixed
congeﬁlfz ﬁ%éﬁé&ﬁ?@@Tﬁ%ﬁMﬁqgsgpﬁang (Id;(eloo ppm

respectivel % in serum containing medium Each
[0022] In the figures, which illustrate, by way of example only, embodiments of

D

the present invention:

[0023]  Figure 1: Particle size and zeta potential of PQMDS-co-CES)
micelle/lectin A complexes. Each condition was tested in triplicate. The standard

deviation is shown by error bars.

[0024]  Figure 2: Viability of MDA-MB-231 (a), HepG2 (b), HeLa (c) and 4T1
(d) cells after being incubated with micelle/lectin A complexes containing a fixed
concentration of lectin A and P(MDS-co-CES) of varying concenfration. Each

condition was tested in eight replicates. The standard deviation is shown by error bars.

[0025]  Figure 3: Viability of MDA-MB-231 (a), HepG2 (b), HeLa (c) and 4T1
(d) cells after being incubated with micelle/lectin A complexes containing a varying
concentration of lectin A and a fixed concentration of P(MDS-co-CES). Each

condition was tested in eight replicates. The standard deviation is shown by error bars.

[0026]  Figure 4: Comparison studies of POMDS-co-CES) micelles- and
4



condition was tested in eight replicates. The standard deviation is
shown by error bars. DETAILED DESCRI PTI ON [ 0027] The present nethods
and conpositions relate to the formation of a conplex between a

bi odegradabl e cationic mcelle and a protein, and the use of such

conpl exes BieF ogter-mediatadiectis Hidslivery do iMBet31de), dtep&i2db). [Heladopald

Novel t yani |, mcRl ' . i Qed i S
pat ont ot (DSETE VRES-tolubd WS st PR B H55565) 85 27y
That appl 56 gpinpfe) He b?ma (8p100spb s&@pedtivelyod eafuadadlignfdtrhedig. Each
core-shell mcelles for the deljvery of pharnmaceutical drugs,

i ncl udi ng CAARR watispsd ineish raplisies. Threstandard doratim is eovm b pirershars.

and delivery of nucleic acid nolecules, including nucleic acid

nol ecul es ' ' erior of the mcelles. The polyners
that for mgm@]%?gﬁm(g@;d of hydrophilic backbone chains
wi th hydr I ¢ ;pendant. groups tached. to the hackbone a

quat er narmno T&;@ﬁﬁgﬂﬁrﬁeﬁﬂ% ﬂgfc%?ﬂﬁ’él. Oﬁﬁeﬁ%ﬁﬁqgg%ﬁ?@?&‘}%&ry ani no

groups presthlex bewvebph Bidegilitle 8aRlygidelleBhd a Bﬁ%téih,eand’ﬂl& fise of such

non-neutral izable positive charges distributed along the backbone.
The pol yneeplexesdo deliveaitle prefein torthe inderionef grecalips al ong t he backbone
whi ch can be protonated and deprotonated, allow ng for the polyners

Lo nave amdsh) or ia8ePLLBAL dofe-BINIRLAL G PEERLEY Seskrioda iaitféj%gln As

described in US pharmaceut 1 ca are rea
encapsul atpplicatibiNo. 10/849,49% (Hublistodd ak S 20056026027 By ThatclppBiaion @élars

drug with the r I ng, assenbl f the mcelles. Mapy
phagrJ rraceut_toi %Pse%g@é@%ﬂ?ﬁ?ﬁgnmﬂ F‘Efﬁﬁéﬁlr@lﬁg]@? %ﬁ@e d?IH’P%Q ml e a
hy dr ophobjiarhhddetisdl 'duedsUHiluddld cﬁ’ﬁgé“&lcﬁguleﬁéﬂ ‘ﬁm%b A otf%ﬁéfﬁfd%gééze

drug and the hydrophobit pendant groups on the polyner that tend to
segr egat eandgleliveryiodneeleisracst mpleeulss, dedltding tnelcicuci malletiiougpsociatnd

hydr ophobj r oups be. l.oc d gn th eri.or of the mcelle.
50507 el e TP e M0 O 80w i o ¥ el e B esBiua
nmaybe 1 esfliyiophiRdeickbeg dhbing withehydidppobiepefiar lpeoups e8hdHes {o fHec! ei ¢
acids are f]exible nolecules with _negative charges distributed
regul ar | YP25KRANS o AUAARSRYANIA0 BEQUPS dhihe baplbangy dhe shargerhgwnierney ¢ he

surface ofiherdthé bldvide BBHIBLRE b | i %

cationic char §Ied§ba? t‘ﬁ% ou 8 sgwgic%ﬂ#&? hg%rﬁ% @%?’ché@ ﬁ(fﬁ(l)\%é aﬁf%\ﬁg

cont r ast ,positive ehargendiytnibufed|atte thabackbomp | 'Ehe sdlymetsuisoscontaictertitirn g
amino groups along the backbone which can be protonated and deprotonated,

allowing for the polymers to have a buffering effect in physiological contexts [14].

[0029]  Asdescribed in US 2005/0260276, pharmaceutical drugs are readily
encapsulated within the interior of the micelles by inclusion of a drug with the
polymer during assembly of the micelles. Many pharmaceutical drugs contain
hydrophobic portions, for example a hydrophobic ring structure, allowing for an
association between the drug and the hydrophobic pendant groups on the polymer that
tend to segregate to the interior of the micelle structure, although some hydrophobic

groups may be located on the exterior of the micelie.

[0030]  Also described in US 2005/0260276, nucleic acids such as DNA may be
readily associated with the exterior of the micelles. Nucleic acids are flexible
molecules with negative charges distributed regularly along the molecule backbone

and thus can confour to the surface of the micelles and electrostatically associate with
5



gl obul ar structures, particularly in the case of biologically active
proteins where activity is typically dependent on the confornmational
folding of the protein. Proteins, even when having a region of

negative charge, do not tend to have the same charge distribution as
pol yani offieccationicaiharsss pidbe ovtatsureage ofhthe migelRs. abl e to conformto the
surface of the mcelle in the sane manner as a nucleic acid. As well,

PO e! oo 18 Ot R AGRRNA by RidR BRYCAANEE oS bttt

m cro-en nme nature un u avourag'i're condi t1ons,
resul ti ngldyala shros@resf pdoiicilabyi iaahe east iof biojogi@dlypictive proteies whespar ent
difficulties associated with proteins, the inventors have.n .

det er i et R siceedsash e soRTinpetow CU RSt B b Ol y
be used to.dekiyer or ot el LGt dng, f9hdednd B Rivedheaiychagtd ve
pr ot ei ns,ev?rg%&gﬁ%véﬁégg‘f‘%ﬁ%ﬁm#ﬂ?éé%ﬂ%%ﬁéhelI mncel | es may be used to
del i ver aiguibitiinesipolyanionis fucteés adids, ehd tead et fo wul@toanonémqu thgyr

retention of bio]ogical .activity that the pr.otein

Cyt ot oxi @“Tfé‘&?f N SR B Sgge St Lt eiﬁ?%?ef‘weéi\?gﬁ%&%?igpgé? cal
activi ty’be%@ge LhsitHRTP REFifnRe: B cIENAFBliErole@bn@idht, el fiay desattren A
was deliver Into cells nore ‘efficiently than Bi oPorter

: a.
conmmer ci aitigr wnfanduadiilecditicss resdting by a losd of biglagicakadivily. Despitibese

lipid. As well, . the.cytotoxicit. . L n [ ) ; r
cel1 i  naePasp RS RS ridimgoRER ARt i dcua g
Bi oPor t efpe FovRusliRs@Rs aitellegeidadprisiaylyrtesised td deliver pro&fids, ci ent

del i very _ofgé)‘r oteins intg a cell while najint a&ni ng any bi ol ogi cal
acti vi t y intludipg &elded biglgeipglsactize praieingieed &€lor ot ei n conpl ex has a

variety of applications, including in vitro applications, research,

and hunary, ﬁ§§jpc alrpe @&Q'Eshgl%iiééﬂ%s nia%%ﬁulsecﬂot Laiveha hioedih Mtd\twpiateriseot as

an exenpl-ary proterln, e present methods and conpl exes as described
her ei n arasceintletecdwing fx retemticnoofibialp gicalsactifity Eré fig protenERY BPS§ESs-

antibodies, for .exanple herceptin. it wll . ' s hhs
net hods AroR IR ACR Va8 PESG B AT FA SRR P“’é%lgglﬁgﬁ %?@?@E@%F hgﬁt’no aci d
sequence Rindak@itedb Exampietli 6t bt belov,Nectir Atveisrelisardd imto téils metehod or
conpl ex. [0034] Thus, there is proyvided a_nmethod for. d&Hveri ng a
prot ei n iefficienthethan BipRaster, agommergially agailphlepiotein sIRHEGIAT GmRyIses @
bi odegr adg | QO blokEiRUEI RN A Sedi8ariass dasedRllnmes v
vehicl e acﬁgbﬁgl%g%dggg%’o@%b%g?% efxwth tﬁe protein that is to be
6 del i verpss midichigherpilesn delivérbé hy denhixellexithwi bj BioRertse Thusothapresentt he
protein Insle&zgdsbrgay result in very efficient delivery of proteins into a cell while maintaining
any biological activity the protein may possess. The micelle-protein complex has a
variety of applications, including in vitro applications, research, and human medical

applications.

[0033]  Although Jectin A was used as an exemplary protein, the present methods
and complexes as described herein are intended to extend to proteins in general,
including antibodies, for exaraple herceptin; it will be appreciated that the methods
and complexes are not dependent on any particular amino acid sequence or biological

activity of the protein used in the method or complex.

[0034]  Thus, there is provided a method for delivering a protein into the interior
ofa cell. A micelle formed from a biodegradable, cationic, amphilic polymer is used

as the delivery vehicle and is used to form a complex with the protein that isto be
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delivered. The conplex is appropriately positively charged and of

appropriate dinensions to allow for the conplex to be endocytosed

and thus be taken into the cell, thereby delivering the protein into
elle conplexed to a ein is provided.

h Il ' , ' )
Exerp! ary HHEH B¢ StpiG Shmamtiag o050 Asumed e s Slode
cationi C RekveiE]. - THScHlgsIes {S%grr@ﬁgeég,pPS;dq,glypa{ayé’ggranggQa&{Q%{%etgphi lic

backbone that contains "am no he am no = groups
hydr ophi | idineasioss te allavh &ir thocorspleh o teamidooytesad andteustri takgaahion®e cell,

chain are G Ay, amno _groups. The tertiary am no groups may be
pr ot onat egieg?b%(%gﬁ?r&?otﬁﬁpg%eﬁé’b@ﬁm?f’él'on the pH, influencing the net
positive charge depending on solution conditions. However,

a
hydr ophob{@038]ndaiist,grmiepllé SordpleR6d 0 protetn 8 préaEO A liBe1fd3ai n
via at least a portion of the tertiary am no groups, convefting 'such

ani no gr o&hSeserEbesn iy 2VY269826.tcomprige & patiameipglywepsAg deseribed above,

; . Ve bt i i on:

Fegar di oo gP e 16 B4R orn R TGRS hab b Yo g0ty gy ©

general f groops @ the hydrobWiKe Yaoldquld th¥Y fodns ﬂ‘ie—b&b]}c‘t%ne[o@ﬁfe7ﬂmj.‘vi\8c_>§§nne¥ and Z
-~CHn

are each i,ndependently selected fromll [|--CG fCHj| N
N--~CH) | @mlbgféq%ﬁa@’ P groyps oThpifertiagy dnvien gionps wepbserotardtsd ahe of

W X, Y agshréichsted @ty | f Y i Sq.

gt oup cont rsohedAbitsBeAtnaer ARRAER e foslive (R depliind iy
Tar e eachsdliipercondisions.yHowkeat elydmphmbicZpdhdintiiroup is(@@edhed!to Gt |
CHr-OR h}%l‘(@ph%ﬁc ﬁlhl%gci'?al% %&%}t I-egs?ébl}ort%%doﬂgé pelrtri]agry amino groups, converting

such amino groups to perpetually positively charged groups (i.e. quaternary amino

groups), resulting in a polymer that is cationic regardless of pH.

[0036] The cationic polymer has a structure of general formula I:
— (W XY W X—Y'—Z)¢—

[0037] W, X,Y and Z are each independently selected from

O R R'

g ettt

5 ;
r | ,

o) \CHQ)%

; and nothing.

o / I
4T
[0038]  Onlyone of W, X, Y and Z is nothing and at least one of W, X, Yand Z is

a group containing nitrogen bonded to R or R".

O—20

[0039] W', X', Y'and Z' are each independently selected from



[0040] Only one of W, X, Y and Z' is nothing and at |east one of
W, X, Y and Z is a group containing nitrogen bonded to R' or
R'*. [0041] Each of R and R is independently H alkyl or
het er oal kyl . 0042] As used erein, alkyl pefers to a straight or
branched chai g saturated drocarb n nDno aIent radi cal having in
t he range pf to 20 ar on to 12 n at ns or 1 to 8
carbon at na y s it y al koxy
(of an (op |ona IkyI gr dup) , ha trlfluoronethyl
cyano, ca boxyl ar anateR" sul f onyl ; Ulfonantde [0043] As used
herein heteroalkyl s as defined fqg aIkyI above, but includes one
nor e heteroatons (e g. N 0 S, [pr the Ilke) as part of the main
hydrocarbo chai n. [0044 of B and R'' js]independently a
hydr ophob Qp— Qﬁ i Oy hobic group is a
monoval ent | radi cal formed’D rlemovi ng a hydrogeh from a hydrophobic
nol ecul e, Tor exanple chol esterol, polylactic i ;dind nothing,
pol y(l actic-co-glycolic) acid, polycaprol actone, polycarbonate or a

pol yphenojpg4ip904 2 ' e Ly, a Lt .

pol YohencloodofO4 GriFalort Bcagdfh 45, LBHBASIHERIL AT 115y g
from1l toZ'Bs)egrd@ contdinibe nimgerbomieddo Rak Reach - (W X-Y-2)- and each
-( WK -Y' - Z ) nononer nay be randomy arranged al ong the pol yner

backbone ha For | a.l nece sarlly i mply
t hat the ? ]?8f§ ﬁg ?PCB@%EIIY?&F@B&’? & m n, r, s,

t, m, s' and t' is |ndependently an integer greater 8 than
0, for e>{ﬂﬂp2]a musad E@eirn ttkﬁrmeferm@@ra@ﬁ of BfaBBRdd daRaturk@d 12 OF
an int egﬁ:ﬁ, m | : 04211f In particular enbodi nents, the

pol ymer gr nén%rtqvg]@p dicakhayénginahe range afil to 20 carbon atoms 1to 12

E]o LgHZ I_%Oh%lgé_@ ?ggeggé&%e I neah&”i%%n%nm o?u%tsﬁ&hﬁ ggfengr'@g’gﬁﬁ I n

parti cul atkoxyt{otiamptisnaltytiewpo) lalyd growpy, hhlijgen,a;nﬂhbt@idﬂiﬁﬁ &fangener al
formla Iclaulboxyl cargaama e, sul%ongrl or sui%ona:mt{e y)-

[0043]  Asused herein, heteroalkyl is as defined for alkyl above, but includes one
or more heteroatoms (e.g., N, O, S, or the like) as part of the main hydrocarbon chain.

[0044] EachofR”and R is independently a hydrophobic group.

[0045]  As used herein, a hydrophobic group is a monovalent radical formed by
removing a hydrogen from a hydrophobic molecule, for example cholesterol,
polylactic acid, poly(lactic-co-glycolic) acid, polycaprolactone, polycarbonate or a

polyphenol.

[0046]  Each ofp and q is independently a positive integer, for example an integer
from 1 to 2000, from 1 to 1000 or from 1 to 500. It will be appreciated that each
—(W—X—Y—Z)— and each —( W'—X'—Y'—Z")— monomer may be randomly
arranged along the polymer backbone and that the above Formula I does not

necessatjly imply that the monomers are arranged in blocks.
[0047] Eachofm,n,1,s,t,m/, 0, v, s’ and t’ is independently an integer greater
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OCCH-GCOCH NCHYOCCHCOCHpP NCHz R' [0051] For fornula
11, each of p, g, n, s, t, n', s', t', Rand R' are as defined above
for formula |I. [0052] In particular enbodi nents, the pol yner may have

a structur,e of .genera formula IV L1 L1 L L 111
{-Ci wfﬁaﬁ%&@%ﬁi@@aﬁ peinteger Eop o408, pemteger SopH!l tocl 2oy a@Hntqger O)
[0053] Fogohorpda IV, each of p, g m n, r, t, M, n', r', t', R
R, R" and R'"' are as defined above for formula |I. [0054] In a
particul ar enbodi nent, the polynmer conprises pol y{N

net hyl di elM¥48anilngagsbbr atdpdinmenty; tHeqlobstamydy vecationyd agegeral
ethyl) me C?%!g llfj s(et hyl ene) amoni um brom de] sebacat e}

( P( MDS- co- 325 ;- as described in US 2005/0260276. In a particular
enbodi ment, the polymer is P(MDS-co-CES). [0055] The pol yner as

described a oveﬁls bi ocTegr adamlg- due to nclﬁusi on gf t he ﬁester and
ur et hano ‘SEQ e. I t@% pad gga)r ills

anphi philic\9 du%L?%St ﬁgﬂg Ser gt hcréigfd_aﬁ‘i n 2grcpﬂszb'oga_t"8ﬁ%'?%ag
t he backbone and the hydrophobic groups grafted orto the backbone at
am no groups al ong the backbone. The anphiphilic nature of the

pol yner 2[00} t trer RRhiUIEETI, &Rhb@bIY, H, S8l 4S9, VR kil Ringre RYRHARIARIE
groups tepnding to be | ocated toward the interior of the mcelle and
t he hydr%’ﬁlfﬁmuéa%ati oni ¢ backbone tending to be located toward the
exterior of the mcelle when fornmed in aqueous or hydrophilic

sol ution. 6] : : Sl I { ckhone. with the
grafted htogrggghoglI g%ng@glfj%ﬁ})%@%gﬁt%é b?ﬁg%?gfa &Ihagg? %%H%eo %‘?’&ergl
posi tive lomaulgdlldi stribution of the polynmer by the formation of
positively charged quaternary substituted am no groups, as can be
seen in Formul ae |-1V. gThe backhone is thus substituted with the
grafted hydrophdbi gifloup to a |[degree s ffijci ent tlo allow tlge

pol ymer t0 T\0T meii '@l;‘l“és*élﬁd(c*t)p"“pr(%vn . Oap'{ﬁﬁégmcl—ape—(el-a);—rp'r{caz)ﬁ

charge to the polyner in order to allow for the mcelle to cRerpIe 2

with a protein to deliver the protein into a cell. The degree of
substi t uty be, for._exanple, fromabout 1 %to about 100% from
about 10@@%1%%91‘ %6@6-‘1%' HIJ eaclgpc’fpa d. o, s, tJ Il’, S’: t’; R and R" are as defined above

for formula 1.

[0052] In particular embodiments, the polymer may have a structure of general

formula IV:

o

R o R ) R g R
-6gw—(CHz)-;—lix—(CHz)-;g-——-o—{cﬂz)l—rlq——(cwz);o}—ég—{cHz)m,—TIF—-(Cszrgmo—{CHz)rr:wP—-(CHg);O)—
P R" R q

[0053]  For formula IV, each of p, q, m, n, 1, t, m/, ', ¢, t', R, R’, R” and R are as
defined above for formula I.

[0054] In a particular embodiment, the polymer comprises poly{N-
methyldietheneamine sebacate)-co-[(cholesteryl oxocarbonylamido ethyl) methyl
bis(ethylene) ammonium bromide] sebacate} (PQMDS-co-CES)), as described in US
2005/0260276. In a particular embodiment, the polymer is P(MDS-co-CES).

[0055]  The polymer as described above is biodegradable due to inclusion of the

ester and urethano groups along the backbone. As well, the polymer is amphiphilic
9



from about 20% to about 50% from about 25%to about 40%
Alternatively, the degree of substitution nmaybe | ess than about
100% | ess than about 90% |ess than about 80% | ess than about 50%

| ess t han ab{)u% 40% &bess han about .30% | ess than about 20%
greater t A%H0LH6 6500 SY1eT 1B S legsindialamthe brekdose andiths about

About S0o% FoRr e AR e o e oG Y bR B AR il

about 90% The perce ges given €e o0 0
neasur ed ake gmpbiphilivhriurebf thgpatyensrailywa tienwlghaup Soomtitelehasgbopae

e e e
hydr ophobhgdrghlaHe batibHid bakb&d BydiddR be ﬂogﬁﬁtti lovas_e%? Fﬂ%oéx}féﬁaorr o‘f’h:%i Iﬁicell

| ength has_a wei ght average nol ecular weig Iclent to OW T he
pol yner t Bhemformed inaguepicen hydrophiled sodatiog. by sel f- assenbly. In
vari ous enbodi nents, the polynmer has a wei ght average nol ecul ar

abour 30 19058, R dearee SRR RRR s uihaBnen B emtttagduiropnebis « o
about 20 gbap iffemcaltibetotd nki¥hatge AAPSEItIVS ¢ distriiRifoARe e 1R to

about 12 k[ﬁpgr from aboyt, 3 kDa to about 8 kDa. [0058] The "pal yner
may be pr% > dOP108 04 Resik el plareed aypteraamisilbituted aminp guoups, he carbe

i ncl udi Nggekh i | )/ . se set.out jn.the
Exanpl e desc ??Fl;oergﬁ%%ro% dr%%%ﬁ%&n%qg ﬂﬁé g%ﬁ? tggl g"&h&ﬁ% e% HY&QB!&‘{’H% ns
maybe us egfouta pdegretultiiprtdp alloawehepolomer  foam elitdies ahd & sovidead
hydr ophi | | crbacfbone.. Tﬂe gaﬁéboye may then he reacted with an

appr opr i aFBIRYRHEHEBC SRS & the dolBnerinardss toallove o themissliefeen a

ni trogen cahfiexOkitA atpRsthindh Velwar AR SHHREP! : and
an el ectro%\rfi%eoor cg%}??e I n ?he hg;aggphollglﬁga%%fe’g%%@%eo glhmon
Speci fi cdnaxDe, orsxamptes fromabont hetmabout 100KDE000alOES) 0%sto dbswtbobed i n

US 2005/ ' . t er. 20 791 and.in the
Exanpl e 1ﬁa§%§%gﬁtuzgg’dt\gﬁa§?%twﬁ /f%%]@g‘?ﬁ&%?i ai'S’HP*c‘PO% %@%@Yﬂ%‘s be
assenbl edegret of subntiosiohenayHedess thed hdut 1802%Pess @ENESbY @b*}% 1% afdar d
nmet hods k and as described in US 2005/0260276. For

Ln.th
exanpl e, aﬁ&ﬁgoﬁé‘? Ty HE?%Q%JEW%F]??@H‘%% Iepshen abewi3 0% deshagues,
di al ysi s ab&a!Dbs) Yesat@thPYabdul8%, Sk SHIR aﬁ&ﬁ@@‘%&%?e%te%%ha%raﬁmﬁp o, 1 N

the art.
greater than about 50%, greater than about 80%, greater than about 90%. The

percentages given for degree of substitution are measured as (the number of
quaternary amino groups on the backbone that include a hydrophobic group
substituent) divided by (the number of possible amino groups available for
substitution with a hydrophobic group) multiplied by 100%.

[0057]  The polymer chain length has a weight average molecular weight
sufficient to allow the polymer to form into a micelle, including by self-assembly. In
various embodiments, the polymer has a weight average molecular wei ght of from
about 1 kDa to about 50 kDa, from about 1 ¥Da to about 30 kDa, from about 5 kDa to
about 30 kDa, from about 5 kDa to about 20 kDa, from about 5 kDa to about 15 kDa,
from about 8 kDa to about 12 kDa or from about 3 kDa to about § kDa.

[0058]  The polymer may be prepared by standard chemistry techniques known in
the art, including those described in US 2005/0260276 and those set out in the

Example described below. For example, suitable condensation reactions may be used
10



.[0061] The cationic polynmer may be designed so as to sel f-assenble
into mcelles, including by using dialysis techniques in which the
cationic polyner is dissolved in a suitable solvent such as a pol ar

aprotic solvent (e.g. dinethylformam de) and then dial ysed agai nst
wat er or Hhreaghappesripisrnenomess ta odain thedasirad hydraphitie backbose The US

2005/ 0260 I ..Set ou | 62 he. m cel.l e
size is sé% b?ﬂé;? h{#ﬁ}%&%ﬁé&?&é@ ﬁﬁgﬂa%h%ﬁ%gﬁgg&\%&ﬁ%%hﬁ;{% tﬁ,und??:&? e
of suffi creptiosha®eéa aitlopen hiomm Nt shnoddrothen fHeGRlBertaekifing
conpl ex by cell to which the EI‘O'[EII’I_IS to be delivered. For
exanpl e, angletranenas penfee iprthe hydpphebicmelecslsal size of |ess than
about 1 m about 250 rimor |ess, about- 180 nmor |ess, from about

10 nmto 2 r’gg:ﬁ@ | “"1:3%5 I . 100
nmto about 200 r r??%??lym%a oulgﬁ%a%g%#nﬁg%%ab ut Slgg%r;ﬁr%) 1?&%)3?#}@ out
130 nm t oUSE868/024B2Y 6nim Wabg, et all Bl ddutet. 2008) 5, 1701 tahé irpihe Sxainple 1
descri bed mt't?eglldt%l the mcelle is conplexed with a protein.
Referencegesﬁlé 19T a "micelle-protein conplex" or references herein
that the protein and mcelle "are conpl exed" or forma "conpl ex"
refer to HO060Nt ermeichBthic ?Giyﬂ@?ﬂla?@usrﬂeqﬁééxﬁb@d‘ tht®h i1, RImicslle
sufficiently stable to allow for fhe protein to associate with the
m cel | e i Wapbei&rmed usiaggtandedimaethodslmowndalthe arRetdasaleserbadgn&ish to

"del i ver ysd y , ;del.ivered into".a cell ans that the
prot ei n e%ng?@@%zc’gej%‘%gx%%p%ehﬁléée:f% TRy BFRGAL Py FW%%Y SR8 i or of
the cel |, tebiedqubs ndjallysis adchar@ed or Bihgngdy eoslfiorlechiiliddiad af krRf@ARGhd €
of the ce%_g [ 0064] As used herein, protein refers to two or nore

am no aci | i nked together into a chain via peptide (am de)

| i nkages, and includes a pol ypeptide, an antibody, a full length
protein, MOBNPt eifRe CARGAEASlymdr Ra9 b6 iBsi SR 10 belfadsih g%, A
pol ypepti%e ngy be an ol ig%gféé{.i 32 or Sé peptoi ge. ET 0855?5%%@%§g%h
may be bilBFladingdyuyingastislyss tashninues inwhidstessésniapblyoieois dissolved in a

function J§ I ;0L o0gical contexts, . such a zynme. activity,

bi i ng 15 TAE 000 SBTREPREH oG8N Sl (SR SR BRRITER b b
domai n ordialysedigeinet WaterloSRIRREEE, buffep ssTenen, 36dIhdhE ¥s d@s@ﬁbeﬁﬁmﬂ ling
activity,, transcriptiqn activation or_  suppression activity, ce

gr owt h orzobéﬁ%?g@éla@dﬂ%&tﬂ%’ﬁﬂﬁﬂ?S%ﬁﬂbféa‘ﬁcer activity or cytotoxic

activity. [0066] The protein will have a region or portion of the
protein t[0e62] S aN&idMeRies such that the micelle, when complexed with a protein,

may be of sufficient size to allow for endocytosis of the micelle-protein complex by a

cell to which the protein is to be delivered. For example, the micelle may be of a
cross-sectional size of less than about 1 pm, about 250 nm or less, about 180 nm or
less, from about 10 nm to about 250 nm, from about 50 nm to about 200, from about

100 nm to about 200 nm, from about 100 nm to about 180 nm, from about 130 nm to

about 160 nm, about 150 nm.

[0063] In the presently described methods, the micelle is complexed with a
protein. References herein to a “micelle-protein complex” or references herein that
the protein and micelle “are complexed” or form a “complex” refer to an interaction
between the micelle and protein that is sufficiently stable to allow for the protein to
associate with the micelle in order to be delivered into a cell. References herein to

“delivery into” a cell, or “delivered into” a cell means that the protein enters into the
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forma conplex with the mcelle. For exanple, the protein may forma
conplex with the mcelle via a hydrophobic, electrostatic or

hydr ogen bondi ng i nteraction between various functional groups
avai l able on the protein and conpl enentary functional groups

avai | abl e igtarivthef thatall from thd edtbrdorrofeied datl, beDGHE lobhlised ih theodytiesnl b10
conplex the mcelle wth the protein that is to be delivered into
the cel |, v ap gxzapsllepffhe, a negatively charged, or anionic,
region such as a portion of the protein or a tag attached to the
protein. THes41edahs VediAigGoteRl kel 1R} Gitflor@lahiih Ahi&s BRI IGhgele
forma compleX with the cationic mcelle via electrostatic

i nt er act i autp aRbrinesiapgitide (irhidehknlmges, aind indudss sipolypeptidey epepiiody, a t he

o ogoPe P S0 a5 Sl SuPABLAHE GRS PR
protein i @egmgﬁd@qﬁaﬁmﬁgdpgﬁﬁm%@ﬁﬁw | -l ength protein, an

anti body, a protein domain orf a fusion protein, the protein may

contain a_region on the surface of the protein that is negati\(el y
char ged &%5(510 t Hee pigtein mpy ae piplegintht achive feiat it petsyssena pipderieah no

aci ds at SUE -0f - ' W . ' as
2"t usi on SASolE RERiEbioldifeel Bl ool RErBh Rl BARE i S RE
negat i vel ynodémigedharamahaqirotsin drgroteadumain at a hivdeiCatidrsetpmnse,of a
bi ol ogi Cﬁélg acti v,e.t;ro ejn or protein domai.n. Alternati velél,_ t he
protein © B7HINi B SRR AREY b FoRICHPHAR AEEUDR BUBPBFESFSR
attached LeihRecAl SloSior ddil Weld reBSlatiGRRMEChAdR dethiftor@Mbtoxic activity,
modi fi cation, "incltding by fusion of additional am no acids or by 12
attachment of a negatively charged tag, should be done so as not to
i nterferel@#88 t hBhe mptsinowiltkavefameionen pertiontss the woteimthat agejable to

Al ternati ' I e 1 ] r | hat
s to be el obHalk b e pIO, o Tk e bbbk 0% BRI ol
region s uﬁiﬁ: Iﬁﬁ:ege pﬁﬁutﬁyﬂfbphf)bicl él&t}?fsﬁfrt]ieidﬂ h@drogei B@ﬁﬁg 'ﬂl@éﬁtﬁ&ﬁohd)et\#@n
protein. The hydrophaobi c regi gn _of the protei allows the protein to
forma coffiess fbwqfwntlfgowav fhle pp dha prately %Pcﬂiﬁﬁ?ﬂlﬁﬁ?ﬂi?%’ fuP%loé‘F‘]act i on

W th any %bgng&%g@%ﬂggwéﬁmgged on the exterior of the
m celle. For exanple, 1f the protein i1s a short oligopeptide, the

ol i gopeptide may contain one or nore hydrophobic anmi no acids al ong

its | engt D067dr elawpineordestie agmplearhamicelle yyithoph arotein gt étioibee,

| euci ne or. | .ine ft rotein i folded . chai i ncl ud .

a1 engPriBrsl e e i InPPBi ey haPop BrEovaniialn & i A
such as a portion of the protein or a tag attached to the protein. The negative charges

W

on the protein allow the protein to form a complex with the cationic micelle via
electrostatic interaction. For example, if the protein is a short oligopeptide, the
oligopeptide may contain one or more negatively charged amino acids along its
length, such as aspartic acid or glutamic acid. If the protein is a folded chain,
including a fuli-length protein, an antibody, a protein domain or a fusion protein, the
protein may contain a region on the surface of the protein that is negatively charged
due to the spatial arrangement of negatively charged amino acids at the surface of the
protein. The protein may be designed as a fusion protein having a stretch of amino
acids containing negatively charged amino acids, for example at the C-terminus of a
biologically active protein or protein domain. Alternatively, the protein may be
modified with a negatively charged group or tag attached to the protein. It will be

appreciated that any modification, including by fusion of additional amino acids or by

12



protein, the protein may contain a region on the surface of the

protein that is hydrophobic due to the spatial arrangenent of

hydr ophobi ¢ am no acids at the surface of the protein. The protein

may be desjgned as_.a fusiqgn ﬁrotei n having a stretch of amino acids
ﬁ%@%bw‘?gﬂamlm aerditag, shopldhedaneso as notie idterferernwithutheof

cont ai ni n&
a biol ogi : ks . or protein domain. Alternatively, the
protein na%%yal%%}é;i#?gg%ﬁﬁ%g hydr ophobi ¢ group or tag attached to
the protein. It will be appreciated that any nodification, including
by fusi on[@68&ddiAltanativelyrimordaciotonyiexbife natélkokite e pptem that is to be

hydr ophobi.c. t ag,. | d interfere with the
NR T RN S R M MO AL
conpl ex tﬂﬁﬁgﬂ:@ﬁ' dre s atkaachg@moﬂheb?dtf]g.t 86 hidrobRo Ell:eégcﬁi SMAE g%téiﬂt 0

the cell, th rotein may have a polar or charge I on su as a
portion ofllq p pusttein o &rmea cagplex wathsgicationticheicelletiaihydrophebipol ar or

har ged . on. . tein. all ow.th tein to f |
ot £hOt ne sttt B Bl HoBicTen il i e fodisd oh s e ok Hekor
exanpl e, idficellbeFpr tatiple, iiStha paeintis LEHBORRREEe, _Eﬁggﬁglegﬁgﬁ?%%ﬂ de

may contain _qne or nore polar or charged am no aci ts”l ength
that cont SAYPIR GRe Y BAL hygrenhebiceapan peidplong itk kepgtls fenyetempln bond

donor or for. e e 0Si ne, .seti,ne,

t hr eoni ne?ﬁ%?fga][a%{nr?é, (gi E?%lmﬁqugeggﬁl% Iﬁlgclg %&a‘%#let :[‘%tﬁﬁpg}tgpﬁp § iOI‘ge%f ol ded
chai n, i ndiaingimouding a fdll-leapthigrofein b ktibods, apictdin d¥mai @adhsibh

donmin or a fu%}ile(é?%{érotei n, the protein nay contain a region on the

surface OOk & ey raftama 158108 0ndhe girfacg ef theusotein thigds spat i al

arrange $PhoBiR! @k tOthe ﬁt"iﬂ%ﬂan%e?ﬁéﬁ?oﬁﬁiz ggll?c%a# %@m%té%{dg%ﬁth%fwﬁg&

protein. The protein may be desighed as a aving a
stretch off thﬁwliﬁtfbﬂaéﬂh&sﬂ@fomraambm@esimieé s e fusitrapmedn Aadinga sizetds of f or

exanpl e 4 e 1 nu f i ol ogi calLly activ rotein or protein
Gomarn pOFels b HoRable it 60 Yol ol e - ermpo e o
charged griclogically ddiye padtbiaci@eotbia dohRim I Alt&inBtivdMAtth&pidteh ARy be

functi onal oups, capable of acting as a hydrogen bond dondr or
accept or rﬁ?%ﬁﬁéjw?ﬂc“ ajamopbebl&@@wr F&@taﬁhe‘i/ togthg pradeins Mowil ten,

i ncl udi NGrpRYafddShay L L i . ttachnment of a
pol ar or Gharged tag,9??1%?%%@518%%%5%%fggoﬁgﬁg‘gd&g‘%’nna?mra@l "F??yt he
bi ol ogi caiftta¢hument pHahpdrophebiptagt sionld jeddbiR]soRanbi wuh@ffeRrwitieines t hat
may be cqnpl ex wi,th the mcelle for delivery to a cell may

conpri se%g@(’%'ga gb“%ﬂ"ﬁr?rf ,egofeé‘bept or ligand, a transcription factor,
a

[0069]  Alternatively, in order to complex the micelle with the protein that is to be
delivered into the cell, the protein may have a polar or charged region such as a
portion of the protein or a tag attached to the protein. The polar or charged groups on
the protein allow the protein to form a complex with the cationic micelle via hydrogen
bonding interactions. For example, if the protein is a short oligopeptide, the
oligopeptide may contain one or more polar or charged amino acids along its length
that contain functional groups capable of acting as hydrogen bond donor or acceptor
groups, such as for example tyrosine, serine, threonine, arginine, ghitamine or lysine.
If the protein is a folded chain, including a full-length protein, an antibody, a protein
domain or a fusion protein, the protein may contain a region on the surface of the
protein that is polar or charged due to the spatial arrangement of polar or charged

amino acids at the surface of the protein. The protein may be designed as a fusion
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transcri ption enhancer, a transcription suppressor, an enzyne, a

ki nase, a phosphatase, a nuclease, a protease, a growh factor, for
exanple dial-derived neurotropic factor, a cytotoxic protein, for
exanple lectin A or an antibody, for exanple herceptin. [0071] If
desired, pPrgeimbeuinge stretgh bfamiwdcids catainieg palar addhiatgedraaiing heidgpaut i ¢

t int | | ith.t \ in, F | e,. .
o ar macourrRaTe g R C Roeius 8f & BRIRGR S Piotin dobrorsin SRgai o1 i or
of the m agkhRitidslki g tpfd?éiﬁ?ﬂéy% B6di6BE wihGaldI&: or clﬁérggggfoﬁ;g%?@a' n US

2005/ 0260276. Alternatively, "if the pharnmaceutica t possesses
suf fi ci enéttashedid the pediein dhat comshias fimytiong @nounswdpabdeof actingas edydmgen

roups or ' al NS,, t. har maceutical a t maybe. .,
go np IO exe db(\)/\nw(ﬁdnt%g g’g%?g %trglpﬁ) up.o it W‘ﬂ}eﬁqu %qc}agetfthat[ e ® CW%EJFIUQ?& he
protein. ¥y fstdreofadditiodalantnd adiobebatt@imbet o dlarcR ERARSE thaViHidhid he
exterior of the mcelle, which may allow for specific targeting

and/ or syPefiYIes1o;as nohiriatseiars with theduelogisak fyactian of the pOEAL. Thus, the
mcelle is conplexed with a protein that is to be delivered into a
cel I, andropio] Onaakyordl pAsteiht Pﬁ?ﬁlag%@%ﬁﬁ@%ﬁﬁ Gvi g.ﬁ@ﬁﬁcéll@%xu&iélﬂ 0
smal | nol ecul @ drug or "a nuclerc acid. The mcelle my be conplexed
by addi t i ®pelbiay kempiissedribe athormons el ratéptor lipand,ai trdnagriptive fastet,@i N and
optional additional .therapeutic agent (if to be conplexed with the
exterior BFSPHRAGH wRFRE) 2 T%W?%%PP’%F%% B DB R85 3Ey%ipbftﬁ5% 0
mass of tdgudlés) d srofeRye, Berewrhisiige borl X amBSEH Q- RAGEYAL 0&9@8‘@&0& n, of
the conplex and to provide a conpléx havinhg the desired si'ze an

zet a pot entotaxic nuelielg far sxamhple l¢ciinot aaranyantibedyn for. exhmpledrereeptin.

enbodi ments, a mass ratio of mcelle:protein of about 0.2 or greater,
or about g Al ) r [ ... Of4:2h0 5 0r..
greater, [gro ?g ou!ir[ F%&%?’ tgér eat g?%nag'rb%zi%%%g) %j%gbano?({dé %‘5‘? fapg?ucabout
30 or gr emeetintos cabaiong wih dre orat. eFor eabmplepb bhathaosutibabadedt such as

al | ows fordleffi cient, it bl e conpl eg formatign, Zeta potential, a
neasure df ?ﬁﬂaé’&? nely ?dg*@,thwn&éo %%H%dlﬂ'ﬁ%gaﬁ?ﬁléﬁo% of thapueslle,
conpl ex fardeBdriben in BB2003808076. AlidkRve ,?ftﬁ%ﬁaﬂ}ﬁ&éﬂfcgﬁé ent O
exanpl e of about 5 nV or greater, fromabout 5°mvV to a OLﬁ 0 v, or
f r om abourossagsenuiiivics oegative charge, mejar hydiegen bond derir oatecepfoo grps on

f ' bet th t e d the. m.celle. [0074
nce o MBS dorRL e BRSO o PP b B e SR rl R Mifh g Sitror
opti onal ofalinidelladl thehenheprtihidrts AEHoein.t AGGRIIASEX aftBy plifeifl &lak'HRr ed

to a cell to allow for ) )
both complexed with the exterior of the micelle, which may allow for specific

targeting and/or synergistic therapeutic effect in the cell.

[0072]  Thus, the micelle is complexed with a protein that is to be delivered into a
cell, and optionally an additional therapeutic agent, including a small molecule drug
or a nucleic acid. The micelle may be complexed by addition of the micelle to a
solution containing the protein and optional additional therapeutic agent (if to be

complexed with the exterior of the micelle).

[0073]  The ratio of the mass of protein to mass of the micelle may be optimized to
ensure adequate formation of the complex and to provide a complex having the
desired size and zeta potential, using routine laboratory methods. In certain
embodiments, a mass ratio of micelle:protein of about 0.2 or greater, or about 1 or

greater, or about 2.5 or greater, or about 5 or greater, or about 10 or greater, or about
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upt ake of the protein into the cell. [0075] Delivery to a cel
conprises contacting the mcelle-protein conplex with the surface of
a cell. Wthout being limted to any particular theory, the mcelle-
protein may be endocytosed by the cell, resulting in uptake of the

i cel | e- pind:SirEhterCOMMYRK30 Bt Sehtle of Bhdut 4000€ Bréatts] dHQibbikeS (C@! dreatéie

conpl ex may dissociate, releasing the protein into a cellular
conpar t mesitowsSoreffigienta stablechospins. formatiane Zsipriontial, amepsizsel suslase of

the tertiary amn r s in the pol C p

causi ng. (TEEDPERRag B ARE e SR Corlits MR L AR
conpl ex tgysREE2EQ gbtemat, e exeRERSEIoutt Y drejreasd, fgm dbeups af'étn i nto
the cytosol. [0076] The cell to which the protein is to, be delivered

may be arpostdQmVi, e from abgut AhmiVntoabeyicl WanV may beypgedity indigadgr e, or
an in viy, | wd_t hi . j 1 : | mis her ei n
refers toﬁgﬁ%ﬁqnﬂé@aﬁl}g&r@gﬂgﬁ%ﬁ@ﬁ%{e ,e ae% Ir'og |ta§/1do cel Fésj or a
popul ation of cells where context permts, unless otherwse
speci fi ed00THE c6Elnke Amyicdie mnpilexeditt a proteislis piovided dinepdingralyloptional

explanted froma, subject or it maybe an i.n yvi.vo |1 i.,n, a.subject.
Si mi | ar | yadditonattherapeyts agent, t%“* catiplex oy bR sV ere 50 B el oy tor ngl e
cell \/\her,ﬁﬁﬁ%q}f%p o%é?ﬁﬁ%&rec%ﬁ.' ess otherw se specified. [0077] The
cell may be erlvedr rom any organism for exanple an insect, a

m croorgani smincluding a bacterium or an animal_including a mamal
i ncl udi nd0875hun®elivery(a 8 celvaemprsssicortaeting e sueelte-pratan cqmplep wie n

may retaipn its bialoghcal..f . .o i e. A
skilled p&F&% roggha el l?oﬁgﬁée‘?%ﬂ’r%te%e%a’?ﬁ%ﬁﬁ‘rﬁ%‘g P%g Hﬁgésnébeen
del i ver e%rbtghﬂnhﬂﬂﬁe e@ddcyﬁ;sgmy teaell, remilivog i @nakd eftherinipedie-protricl udi ng
15 protein detection nmethods, jmunoassays and fluqQrescence, | abel.ling
t echni quesdmpiex igfq 'th@_ﬂﬂ-p@PS?)WS’él&r‘ihed‘F@pﬁ?"é'&mﬂl?"&@Yalrsﬁ‘?‘ilﬁ-fe .]g??llég he
prot el n rib@lfiad 4 ERAR BEpAAment, WiSas A AANGIE tnSERIOGKRS ab 1ot
direct or Indirect assay r that particular biological function

Wit hin t hencaiflthe Ediarg aminsl gpups inkhepel pnacmey besonmsprotonstedgesusing dep

hosphoryl at.i.on | I f t t in. o] f d
B tor. del motkiyvst asedipoaiettint el Als e o uRTB e pE gt u”
phosphat espdhQe) thukhelkessihSthalpisterintol tHedytasdll cel | e-protei n conpl ex as

descri bed above, including a mcelle-protein conplex containing an

addi ti onal thera%eluti c agent. .. . . .
[0076] e cell to which the protein is to be delivered may be any cell, including

Di

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.

[0077]  The cell may be derived from any organism, for example an insect, a
microorganism including a bacterium, or an animal including a mammal including a

human.

[0078] When delivered into the cell, the protein may retain its biological function,
if any, as described above. A skilled person can readily determine whether the protein

has been delivered into the cell using known methods and techniques, including
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[ 0080] There is also provided use of the above-descri bed

m cel l e-protein conplex for delivering the protein into a cell, or
use of the above-described mcelle-protein conplex for the

manuf acture of a medi canent for delivering the protein into a cell,

i ncl udi N, ¥RENGdiDSI0R Phdthédd, Biinttbakiday® akEHhoresbeAcSMBEIBEE techRdBdd. AO
aid in admnistration of such a mcélle-protein conplex to a subject,

the conmskiledmepsobean alsputadily detesmine whegres theamoteimretpinhisy binlogitel cal

conposition..[0082 erefore, ,there.i ' [ | €
conposi t i’fﬁﬂ"%‘%‘rﬁdf’}’@?%ﬁw’ée exfstEa firector b‘%diﬁeﬁg%éﬁgﬁg@ 3@%@@?%&@@? %Eove.
The phar gkt Wilthin GRIEDS iHok eRariBlY, if kitatdwitivitp¢d tode detected, _

phar maceutical ly acceptable diluent or carrier. The pharmceuyt| cal

conposi t irhespheyyleben lavels pf & tmediprotshapmabeemrard Yelaraaalsr delivery
concentr %ftﬂ@ 1%2311139&1&&} ggﬁ%é?%dri%gb%%ar%gﬁhg{e?ser vatives and various

conpati ble carriers. - Fo very, the mcelle-protein
conplex may be fornulated in a physiological salt solution. [0083]
The propd00Feh amteiedealso pyovidedtahmicelaproee ebinplx ap daswibed abdes,

di luent or arrier js det_errrindbxthe chosgn royte of..

adrmi ni st rREPERE ABiopllE TR FORRIeK ROR BTN LV HOPeL AEFRPEUSs B8 ns | f
appropriate, and standard pharnmaceutical practice. [0084] The

phar nace_t[bbeai C BRI hise Providbdhfe BF SRALEe-BsclBEYRi Bk Bpetsinf winpldhe
preparation of pharmaceutically acceptabl e conpositions suitable for

admi ni st rfat idiveriog sagpjreteimsintasyedll, phase efiihe shavetdoseribedonicelloprosie
i cel | e- prot e | i 1ional i :
Subst anc oS ML LSBT R A A chnign? B e BFE e SRR oen,

accept abligcluéhigciliten thocel heati vaoaslinh sutfjestt cel | e-protein conpl ex
I's adm nistered to the subject. The term"effective anount” as used

herein 1 s an ampunt effective, at do es. and faor periqds
time necg@ggﬁg té“Oa?éfEDme%ﬁ@mc?%ﬁ% '%uelaaﬁa%%ﬁr Tofe} CER %af"%u%%l Ver
the prot gl i PeRibédulief ddddkiiohhe
subj ect . eé[o(%%égiﬁ%?tgg%@gg&séedh%ﬂelgg%%ﬁggsacri bed, for exgrar)pl g, in

Rem ngton's Pharmaceuti cal Sciences (Rem ngton's Pharnaceuti cal

Sci ences,[0082k PibErefire there Coprosifpd a@&@ﬂ%ﬁ?ﬁ“@ COTURASTHOBSYIIPRIING $j s

basis, the. commosi.ti LNE! - It ' Qb Lens

of the miGSFIEBRTEpeSRBI NS o BRle, TS el Sotpostininhs

phar maceyuithal ihylude & ghiratabentically ateeptable difuenentcarriean The phamiacediceh

buf fer solutions . ) ) .
composition may routinely contain pharmaceutically acceptable concentration of
salts, buffering agents, preservatives and various compatible carriers. For all forms of
delivery, the micelle-protein complex may be formulated in a physiological salt

solution.

[0083] The proportion and identity of the pharmaceutically acceptable diluent or
carrier is determined by the chosen route of administration, compatibility with

biologically active proteins if appropriate, and standard pharmaceutical practice.

[0084] The pharmaceutical composition can be prepared by known methods for
the preparation of pharmaceutically acceptable compositions suitable for
administration to subjects, such that an effective amount of the micelle-protein
complex and any additional active substance or substances is combined in a mixture
with a pharmaceutically acceptable vehicle. An effective amount of micelle-protein
complex is administered to the subject. The term “effective amount” as used herein
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with a suitable pH and iso-osnmotic with physiological fluids. [0086]
Under ordinary conditions of storage and use, such pharnaceuti cal
conpositions nmay contain a preservative to prevent the growth of

m croorgani snms, and that will maintain any biological activity of

the protej QanS%Pgﬁ{O%ﬁfleﬁé@ﬁ%,eﬁ dbgh#g?ﬁbdr %ﬁ geﬁi&}é@dﬁﬂ;ﬂﬂéc%ﬁtﬁ@ ARERPEr €

suitable formul ations. Conventio dures and ingredients for

t he sel ecthedesimddesmlte farexntinple tofdekvir tlaprotefwinte thettingaiscedlras cgldscri bed,
for exanple,.in Repi.ngton;s Pharnmaceutical Sciences and in The United
St at es F?P&’P}?EBBB‘@?A“ WbIEY i onal Formul ary CUSP 24 NF19) publ i shed
in 1999. Alternatively, the conplex maybe fornulated at a tine

suf fi ci entoogsf! 0Saitile wekicRY ardestritid! foe exarsle] i@ Reptingioatsei n
solutions, w thout the need for preservatives. [0087] Wwen . .

adni ni st ePamaesuticg Scienses (Repaingion's| Bharpacgpiical Seisarseack Publishing

adm ni ste in nt f [ : :

cutti e enpotpil. RRBTPLUSLABEH, Xon Aihlls, 4RTARRRMGR Rt Mbeitnot,

gi cel | e- péxetigivelyg stlnﬁgﬂsl ¢fethe hecellegmvtainstoatpdek tontpte ,ﬁmamu?iaﬂinbrtjw'afh oA dr more
osages necessary to deliver a protein i ch, nmay . nction to,.

al | evi at ebharmpregbeallsmeceiiable vehifies ppdificars, SR prtigel mé?‘%”&é fetufipRs

spr ead Ofm%ﬁkﬁﬂggépﬁ%%lﬁgso%@ncﬂfc ‘%]?ﬁl@sﬂﬂo%f;%&fui@s‘!re an i nfection,

di sease or disor 0 exanple to In it, reduce or inpair the
activity of a disease-related enzyne. A disease-related enzyne is an
enzynme i ni@OBOEd Umdar ondirsiny bomslitbensioif stobegeiand usp stelvplarmaggiitichl when

the pathway is..interrupted, or when requl at r .  enzymne
oS Pat veytodivofl b aBhat PlestiRrire o BREY bl miplophalfishle YT
i s invol ved that Willen&iiee! anyWioPeRE! £8ivitp6f tHe protdics €8 persor skillsdiride .

[ 0088] The effective anbunt of nicelle-protein_conplex to b

admi ni st exrborld kaowdigny Kcrepain syitable WepRistPRy Eenvieamonal aacsg‘éfe%ﬁ% as
t he phar nag ' r W ' = i :
the mode SFIRTOEHREREAM B prbferlor SRuIAE RS ofh, SR
subj ect, fohexanaileiria Rentngtohwrithaohadehtcal Ssiend®srandiin The €mdted Stadgse, t he
frequency_of the freatnent t t current. tr ment, if
any, and Ewa@@ﬁ’@éﬁﬁ? gﬁ?ﬁﬂﬁiﬁ’ﬁ'ﬂw ?%Q%ﬁ?)clé‘ﬁl’é?%l&t@% conpl ex.
[0089] Ongy@hatdlely, ihd Ebrhiex ﬁ{aEF tedbrmslahed B AembRERMAIGRIIR 6 usd LNt
based on the above factors. The conj u_gate maybe adm ni st ered

i nitial | ymixingths micells andgyeigin solytioms, b éhesiefiet SRTaTeEVAFgRi r ed,
depending on the clinical response of the subject. The

[0087] When administered to a patient, the micelle-protein complex is

administered in an amount effective and at the dosages and for sufficient time period
to achieve a desired result. For example, the micelle-protein complex may be
administered in quantities and dosages necessary to deliver a protein which may
function to alleviate, improve, mitigate, ameliorate, stabilize, prevent the spread of,
slow or delay the progression of or cure an infection, disease or disorder, or for
example to inhibit, reduce or impair the activity of a disease-related enzyme. A
disease-related enzyme is an enzyme involved in a metabolic or biochemical pathway,
which when the pathway is interrupted, or when regulatory control of the enzyme or
pathway is interrupted or inhibited, the activity of the enzyme is involved in the onset

or progression of a disease or disorder.

[0088] The effective amount of micelle-protein complex to be administered to a

subject can vary depending on many factors such as the pharmacodynamic properties
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effective amount of mcelle-protein conplex can be determ ned
enpirically and depends on the maxi mal anount of the micelle-protein
conplex that can be adm nistered safely. However, the anount of

m cel l e-protein conplex adm ni stered should be the mniml anount

t hat prod . desj I AR i

conpositi %f\tﬁgran{;@gqggfr%ﬁﬁ%&%%éﬁ? %ﬂbg‘ggﬁ%j ect u?ﬁ@%@%ﬁéré} Ié‘tggého%‘ndf or s
dependi ngweight ditthe elitgedtatic nateandf exaohtriofithetdisardayor dissasaistate, tiee

under stood by tho killed in.the art. Non-oral routes are
preferred e‘ﬁéf‘?ff eﬁfﬁsiﬁ%ﬁﬁmggldjﬁbﬁmqfweﬂ%’aﬁ@ﬂﬁaf : oS er ed
si mul t anegyskitrdiiontie fHAE the hiltMelfroteifeonipleg! | €- protein conpl ex.
The conposition of the invention may be administered surgically or

by injection to the desired site. In different enbodiments, the
conposi t i 989§ adnenfskdliadhoyt cay denne theepayppepts amount based on the

subcut anequsl i nt ravenous| I, nt_ranmy PETER i: t kon
Thto at attoup gttt B SORYBY ey bR RTIRE ATty B LB Rl
[0091] Theapbeseaktcias Radiedidpetakite o theldinicalbresgoneapf ihkisejetly Thay of
the followng non-limted exanples. EXAMPLES [009 EXAIXTELE%%
[0093] | nefifestive asanph of micelle prrtaan aerapies can be d%tﬁrﬂ&%@fi%?ﬂaw HE%hi ¢

bi ol ogi ca ! . El%in,'ili LE - r several
decades, é@é&%ﬁmﬁg‘éﬁg‘%@en Jggagglgq}(;ﬁ%&}/egé@%r% %@%%Xg%t%aa%?és) of

m st | et oeadisintsheedgfeilyi thiveyendid ansowi bfinaretleprétein complemadmeintséared
Many studies have described the ability of, potent .and cytotoxic

Kor ean m%ltqulé{HEFe*%FSmFJ%@@OHB H?Péu egﬂ?éj(?glﬂ%{freﬁﬂgvitro syst ens.
Cytotoxic lectins isolated from an extract of the Korean m stletoe

(i /1scum gjobom Varhe jhetrRicBhieal bodpesidsh Giby BO Rdmimitaed thabubjedice
apoptosis in tunour cells [1]. Reports have shown that Korean
m st | et oevariaty phiorms dgpending dnghe gelegtedionta of adsripistratiqn, as il by ang

is able to . bri | ¢, deat h_of [ j Lon
o caspas oot PBRl sl s by RBh A robBodobiotbed AnRElaiath
t hi s specbiesctide afentdk beifi aémihigtered sirgwitansouly invthe samdfirmngsh the t he
type 2 ribgsgne inactivati proteins (R.P.I1),. consisti of t
di sul fi detiGelR@gotgnsommless ofopiion Fheﬁﬁ‘égnélé?flé?%%l?ec#ﬁ?sg?&we
A-chai n v b bNeHHER E BavesiRddind! InifrBRet énBd@sehtiathe | bosone by
causi ng \t,\%lgglgél% n}g%l?éon of ° ' i ]

composition is administered by injection (parenterally, subcutaneously, intravenously,

intramuscularly, by direct injection into a targeted tissue or organ etc.) directly ata

desired site.

[0091] The present methods and uses are further exemplified by way of the

following non-limited examples.

EXAMPLES
[0092] EXAMPLE1

[0093] In this example, lectin A was used as an exemplary anionic biologically
active protein to be delivered into a cell. For several decades, research has been
focused on lectins from extracts of mistletoe as therapeutically active substances for
human cancer. Many studies have described the ability of potent and cytotoxic
Korean mistletoe to induce apoptosis in several i vitro systems. Cytotoxic lectins

isolated from. an extract of the Korean mistletoe (Viscum album var. Coloratum) ave
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adenine at position 4324 in the 285 rRNA [5]. This leads to the

di sruption of the translocation steps of cellular translation during
protein biosynthesis and in turn, cell death occurs. [0095] The
counterpart of lectin A the B-chain, does not possess direct

cyt ot oxi ¢ g}mpmits/ﬂlbuihdﬁwapagtotsﬁ iagh@ireclldhf (I Reppspbate oty thsget i ng
of the cytotoxic, A-chain b

| inding to the g]ycoprotein on cell
surface Wi qiieaé?l}msﬁﬁtpél@ﬁﬂﬂg%r@’é OV@@X%@SI\."‘%E%E%I&{Z: B, andis ghledps an
. ' . g . o : . A
AV ohai n oiae Sobf apBibit ok PAULYPSHARPEURA G BE GrRL LAZnIATAR) "

cytotoxic effects after it has been inported into cells [3]. [0096]
The i sol af0@]of Autidancérrastivitieardlatingtto duis spacidstof Vpalbdumct idoatoleetin A,

et SRR SReR t eEA S B R e
provi des apuBdeaikal bi’cﬁeiﬁfsﬁﬁhﬁtsff@%]?@ﬁ@@a%ﬁglﬁcal@aa!bﬁ?@hucfhg{n  with ;RNA

intracellular delivery of lectin A” [009 Mat érials and M
[0098] MaeglyapsidasRectoiityi inastivates the mbosoklyy c88sing tBalepwvitationefuced in

Ho Sup Yoen'.s. l.abor.at in T ol pai.cal., Uni ver.si t

Si ngapgr ef‘g‘?ﬂﬂ’i&?t%PSB@mE:%%?“ Wa@yggﬁ?ﬁgél §ifszé§:]gegﬁasdﬁ°r{ﬁe ?ﬁr@ﬂgn#%mm s
reported passlo@uUsh ¥tepd 8f celllartlahidthtiorsdilfn@pretein BRI e8RR dnd inVBiH eIl
formam de (DMF) were purchased from Signma- Alrich, USA D alysis

buf f er uséeeth 8fc§.cel | es fabrication was sel f-prepared using sodium
acetate and acetic acid of ACS grade from Merck, USA. Unl ess stated

vere Usedl ool o RRGRHSA CYETA PP ool SROTIR §0 s LR EroRit
wer e obt aproperty butnmer&F @omeliisss the heinspottandear geitegoiithe gytb toxTAChsin by
e A e AT T AT T s T
W th 10% Befldl pleg! 4n iBPokEht rd0n WdilitaReitesibdcQuéelt SntdQQlizH4n I the A-
streptonmycin (HyC one, USA). BioPorterTM was purchased from

Genl ant i s¢hainga endeeytesiess laetisnpds prlybe abledo ehisit ftaeytatosic effects after it
instructi P - hi azol - 2-yl]-2,5-di phenyl tetrazolium
brom de ( ee@m%é%%%%{r{;g%ﬁﬁ%m Sigma, USA, which was used in
phosphat e-buffered saline (PBS, pH7.4) with a concentration of 5

mg/ M, anf0096¢ sdlhetisaationast ML foechlmittehtract@r 28 produktiéreviatreconsyinane

bl ue fornmazgn . . . —
Ricfhiods encompasses difficulties such as extensive purification and scale-up

problems. Hence, the present example provides an alternative stable and competent

carrier for intracellular delivery of lectin A.
[0097] Materials and Methods

[0098] Materials: Recombinant lectin A (Mw: 30.7 kDa) was produced in Ho
Sup Yoon’s laboratory in Nanyang Technological University, Singapore. P{MDS-co-
CES) was synthesized according to the protocols reported previously [13]. Dimethyl
sulfoxide (DMSO) and dimethyl formamide (DMF) were purchased from Sigma-
Alrich, USA. Dialysis buffer used for micelles fabrication was self-prepared using
sodium acetate and acetic acid of ACS grade from Merck, USA. Unless stated
otherwise, all reagents and solvents were of commercial grade, and were used as
received. MDA-MB-231, Hela, HepG2 and 4T1 cell lines were obtained from
ATCC, USA, and cultured according to ATCC’s recommendation. HepG2 and HeLa
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crystals. [0099] Preparation and characterizati on of P(MS-co- CES)
mcelles: P(MDS-co-CES) was obtained by a three-step synthesis [13].
First, the main chain, poly(N nethyldi etheneam ne sebacate) (PMS),
was produced by condensation polynerization between

N- et hyl dizeiapeh MDOMERNMISLAR oY1 if leffolvile - BX&RSAT1 RN Y6 amAe
was used to renove hydrochloride and limt protonation of the

tertiary themigiéa whsupplemohted wathy]0% Kitdreatfsemm, d 00AEmA ppagidiin anst Hiact

Fesul (1 nt R FBEHOBYER By S seo SR e} sy B ARy REE bsRRng s
then graftigd, and SseliRBcddifle @ tel rhaniPfdneNs iisatibidd] B4 e MBiaméthiazol-

sebacate) main chain through a quaternization reaction to obtain the

final prodét2,5Himhenstetrazelinm tremide BT PeweepbtaigpdiipmeSiguaddit: chai n

cont ai ned i | . | abhke :
renderi ngWP'ﬁcﬁs agl;)us%} {f/lyrpél r'&},(ﬁ{ 3@%?%%%%# ééim?ﬁggg’e%flﬁegj %ﬁﬂ gﬁgfugésﬁtaé?%? of>
grafting wesmiaBethe 281uEdh Wik WRered QvilED).22 had fitevirghbveblae dgenazan
nol ecul ar vve@tigght (Mwv,) of - 5.0 kDa with a pol ydispersity index of

1.7, as neasiased by gel perneation chromat ography. To prepare the
cationic mcelles, 15.0 ng of P(M DS-co-CES) was dissolved in 5.0 n

vei gt cultdo9 S PrsByAthl and chath oo R BRGNS M G PuliHIEEL 2T
bag was tP@IDEmreCBEdwisvhidifediby othra®step/kgmitiesinfl3hditsytted memtdheinaci d
buffer wt 24 hours,, The di agxsi S

4.6 at K t
buf f er WaE‘HV @&gﬁ’é‘gﬁ@é‘?qoa?muweﬁ gé%%@iﬁﬁﬂﬁ s pdyesdy ¢AeRFEOR | st 8
hour s dur%dl?m%ﬁﬁaﬁoﬁﬁaeﬂ&léﬁ Aﬁﬂfé&ﬁ@dieﬁﬁz%cﬁﬁﬁjxﬁ%'ﬂd%bécb SHiGHdesEfcdrs OCESS,

the resulting mcelle solution was en filtered through a 0.22 Jim
filter i nirsthyldnhige s uswlirwemovehydsodhleridesangdimit grptenpsion of thptertiary

mcelles were chargcterized.-wth respect, to,their. si .

pot enti al a%?leﬁge’g’ @@?@@e&%#oﬁma n a}ﬁailomeaftl? 9338%%%?7"%5&8@%%%‘% y
(scatt er i Rgirgightde in%EAniditbnagattippethaeblitiag Heddphdtas aF(2keranoathyh58
nm (Mal vern Instrunments . Zetasi zer. Nano ZS, UK). Each neasurenent was

repeat ed ¢asbarmoyl sholestssolamrs thereerafed oriodbehydrpplilic RV pr esent ed.
00100 ] : ' ; i j d
[ ] Mgl i&é&&&%@g%ﬁiegﬁaa@%ﬁ B4Rt Olkh FRCRURIAAN rdh86dd @ e e

in this Study was ng the experiments to
prevent dihsfinpt produdtTlie mainshainorasraapol gastesj dridtthe pendseticliajn captginedat ur e
changes. ﬁcﬁgﬁt}aﬁyﬁy%?yt{claﬁg iab?lg %?&hén% gsrggﬂsl,]rngndering this copolymer

degradable. The degree of cholesterol grafiing was about 28.5%. P(MDS-co-CES)

had a weight average molecular weight (My} of ~ 5.0 kDa with a polydispersity index

of 1.7, as measured by gel permeation chromatography. To prepare the cationic
micelles, 15.0 mg of P(MDS-co-CES) was dissolved in 5.0 ml of DMF, which was
placed in a dialysis membrane with a molecular weight cut-off of 2000 Da (Spectrum
Laboratories, USA). The dialysis bag was then immersed in 500 ml of 20 mM sodium
acetate/acetic acid buffer with pH 4.6 at room temperature for 24 hours. The dialysis
buffer was replaced hourly with fresh buffer solution for the first 8 hours during the
24 hour course. At the end of the dialysis process, the resulting micelle solution was
then filtered through a 0.22 um filter in sterile environment to remove large
aggregates. The micelles were characterized with respect to their size and zeta
potential using a zetasizer with dynamic light scattering capability (scattering angle:
90°) and equipped with a He-Ne laser beam at 658 nm (Malvern Instruments

Zetasizer Nano ZS, UK). Each measurement was repeated in triplicates and the
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acetate/acetic acid buffer at pH 6.0. Mcelle/lectin A conpl exes were
then fornmed by adding the freshly prepared mcelle solution to the
protein solution in varying nass ratios, and m xed gently. The

conpl ex solution was |left to stand at roomtenperature for 30

m nut es baferage vabien gvechpresaitey, i zed and i ntroduced into the cancer
cells. [00101] Cytotoxicity study: Hep&2, HelLa, MNMDA-MB-231 and 4T1
cancer ¢ re e onto 96-wel| plates_at a density of 1 x 104
cells perﬁi}déﬁp, andﬁﬁ‘éﬂf‘ﬁ??ﬁ'&} omplexformationy Recambingileniin Arpeedinat es
wer e t hengiedpes tQt et Rabahiubas 1ide faents BRI i
conf |l uency befc?}r\g t'hég) adm ni stratulhg% of ch ?e??g%?gdr}dz%{%tgorqr}p étﬁes.
VWhen t he stosturegtabalitly ceusefl bydemyerwmse cheagém dectinhd vegsditst agdedvtosodium

di d f. h_yel | | aced with 100 pl of th
b e br epaieie RSt TS frbohE o ikt eR K Sl T PanRimed by ne
conpl exesad BBAERYpYEpared RREBC &MWL B the £ Butidg RHALE faNET €

then returned to the incubator and maintaihed in 5% CO2, at~37C, for
2 days. Eaties ebhariredeenilasThecomendes splatiophwas leBpib stead eisroomt tetrperatmel of

he 2 d ' | I . medi | d with, 100 | of
Frash modiny B naes Bl tafehala PR St ek AR h Bt s

returned to the incubator and maintained in 5% C02i at 37C, for a
further JO0AA01E. ThEywtexidity stuegh HMepGR)Hebas MI3AMIB-430 LdaliTWahderver e

th d. 200 I, of O th dded t h Il to di |
el s ordell ietreatedinis PorAl BHen rideasty OBk 20 GUeEFelsTs | was.
taken fromRacda iwabb u@@gﬁﬁ@?ﬁeﬁﬁﬁf%h%@lﬁeﬁ&e%@éﬂ%ﬁh teti@%lbgt{a&w 0

plates were then assayed at 550 nm and reference wavel eng
ri m usi ngoa24hess p wach 7% 608 cqPmaacy/idefareXhe Biminisatibn of miceafastin

USA). Th di,ngs ,of.. th formazan crystals were_taken to
be %hos e%‘a? g@%g%gﬂeﬁgﬁ? g%%ggj cgll c¢ Bc%fvaﬁzi%c#ﬁﬁﬁlaw‘ﬁﬂﬁmr%%‘mht s were
expr essedudufl W&V kadiPo BOIHARES with 1005 B Bdre LABIAZ

Resul ts and Di scussion [00103] Characterizatio
m cel | e/ Ice@piax salutionph8srieshows of icobwiionrwiki thercemplexbs, dimkmedium was

P( MDS- co- ) -Gekl es a vera size of . 140.n nd zeta
pot enti al' ‘o egbruggfhé%l Oﬁﬁﬁﬁﬁ%ﬁwﬁ%@iléé%dlt%@fi”ﬁw aﬁﬁ@% ratios of
5 or 21 nipghigied ih6%ADOL AL 3TIC, Bt YRk, MR doRgibh ivfs edtediifl efghl | ¥
condense and bind lectin A, and the size of the particles mght be

too | ar géenlisatepntfdhy eed pithe grdakeincstiionnie. culttre mediem veasirepaced ovith 5,
the size g ].'Li ngfrgs%r{glccﬁ%rgsplés%ﬂdno%’i‘%lsgltulti\ég.l ﬁesﬂlar.rt]eé %%re%en returned to

the incubator and maintained in 5% CO,, at 37°C, for a further 3 hours. The growth

ot

medium and excess MTT in each well were then removed. 200 pl of DMSO was then
added to each well to dissolve the internalised purple formazan crystals. An aliquot of
100 pl was taken from each well and transferred to a new 96-well plate. The plates
were then assayed at 550 nm and reference wavelength of 690 nm using a microplate
reader (PowerWave X, Bio-tek Instruments, USA). The absorbance readings of the
formazan crystals were taken to be those at 550 nm subtracted by those at 690 nm.

The results were expressed as a percentage of the absorbance of the blank.
[00102] Results and Discussion

[00103] Characterization of micelles and micelle/lectin A complexes: As
shown in Figure 1, blank P(MDS-co-CES) micelles had an average size of 140 nm

and zeta potential of about 28 mV. At low micelles fo lectin A mass ratios of 5 or
21



approximately 150 rimwhile the zeta potential was between 25 to 30
nV, indicating that at these mass ratios, lectin A was well
condensed and conplexed with the mcelles. The small size and
positive zeta potential of the conplexes rendered themto be

Isui t abl e belpwelﬂfldacatmﬁmz bﬁgcﬂﬁlhlbwtv'&rmﬂlﬁﬁaisﬁt to[iﬂ%lzl@éﬂde@ﬁé Rdbihe jletcﬁnﬁ,
ectin , mcelles n m.celle/lectin conpl exes:, totoxic effects
of Iectinaﬂéﬁﬁs&gqu Wiﬁﬁ@ghtéﬂ@clﬁg@fmm?ﬁﬁe%w%&@wma%d

agal 1St VRS2 okl e R A0 AETcBbhied TG AT ! | €

possessed non-selective cy whi C ncreas
i ncr easi ngpulosiasatel ¥ 80 sfnowlk]e the Zytagotentiohwartatatdro?b 1oe80) hivi aidicating

optim zed_t ynimze its cytotoxic fects, whijle at the. tinme,
0o br ovi A RETRFE ICIGUR AP TALETHOR OB eomPlRed BB
del i ver ednﬁEélEb‘.r'ﬁle?smaﬁ@%@ﬁanH%?iﬁ% g&ﬁ pBfenBRl oF RS cdia%‘l@fé%%ﬁe&éﬁ}h@xﬁto

cytotoxicity of lectin A at a fixe concentration of lectin S

observed bhsuitablefokeRionpstic ccliE8)upikeel | es di d not have significant
cytotoxicity against all four cell lines at |ow concentrations. It

did givegd to c toxi city,especially agaj nst A-MB:- 23 1. HepQ&2
and reLa IYTORIL. CHEhBHeft oh1FaRE witeoler MM MR RRIAlA Spmplen S
di d not eggtoioxde gffedid eRIBEEICK] Bi@NEeCidd/melleLetih A complegalwdig edladted
lectin A was unable to enter the cells and elicit its cytotoxic
proper t i e33a4pst FAA-MBr33dnEighas Hend aud 4T eellshBhgblanihmieglles podsessed

P( MDS- co- S ' . IPAY; ' ,

cells mr@%ﬁ%ﬁ@ggg Hoﬁiiléeqﬁ}f %h#gltqgg{egse&ﬁlhh %ﬁr‘%ﬁ% ggsrﬁga?%é?gfﬁg%‘%ﬁgﬁ
pol yner usedentoatialvwasdirst optiminedXo miaimiza ita ggtotdxiv efidaits whilelat thelsefne

after treatnent was si i ficantl reduced for . four.cell l.ines.
00105] " Fib Bingtide 3 HRpt AR SSOEEEALh Db afiqiet D5Vt Hikm e |
lines tes§Rfhs thé Bfedt i Mb19MeF cAickBEitidalfon SedtbRichy WRRcHNAl ARiddeaant at

| ow pol ymer concentrations possibly because |ectin A was not well
condensedcansaniraiioneif tastin Y. [leig obserret babilaxie B(MIASrao-GES) wisellas ¢jé nok ze

For ef 11 okl skl AroRLAK g NG, LG Bandy, Bl anl PLIDS: o

exerte i'VE CYtotoxicity especially at

hi gh concgimt rist tooysotoxitienesecially hgaing (EDAMB-2B1 , i Hkgad o Hdlen ik atral
pol yrner cq%ent ration. For_ NMDA-MB- 231, the optimum P(MS-co- CES)
concent r i8R AOReeatptinas InraddHione Py lenhingt did nod exert sigaificapeyitericy an s

0 it _ . H
that as thespaliheds GANCaH A%e%scﬁ%a%lg% & Pélete@y@&ﬂi %ﬁtﬂ%@y’%t&ﬁc the

fixed lectin A concentration o e cell via Ity remal ned

rel ati vel grop@ticowsheuit tensRat Gdtier. Hostewe conttasg wheh [P(MDEbed-CHBB)

' nereas edm?c%ﬂgs! v@gr%%gclecy to%ﬁ@eﬁgcl;%ng,r the cancer cells were successfully eliminated.
With an appropriate amount of polymer used to deliver lectin A, percentage of viable

cells left after treatment was significantly reduced for all four cell lines.

[00105] From Figure 2, it can also be observed that for all the cell lines tested,
the cytotoxic effect of lectin A was insignificant at low polymer concentrations
possibly because lectin A was not well condensed and the micelle/lectin A complexes
were of too large size for efficient cellular uptake, Oxn the other hand, blank P(MDS-
co-CES) micelles exerted non-selective cytotoxicity especially at high concentrations.
Hence, it is necessary to identify the optimal polymer concentration. For MDA-MB-
231, the optimum P(MDS-co-CES) concentration was identified to be 20 ppm. The
reason behind this is that as the polymer concentration increased beyond 20 ppm with
the fixed lectin A concentration of 1 ppm, the cell viability remained relatively
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concentration decreased from20 to 1 ppm Mre inportantly, the

pol ynmer did not show significant cytotoxicity at 20 ppm By applying
simlar principles to the other three cell lines, the optinum

pol ymer concentrations were analyzed to be 50, 40 and 100 ppm for

Hela, HepGenstad ati¥A34%sPHeotelarethy cell ORbUE] idthéRed BohtRRbELI BHRR bbfﬁ?ﬁ{er
concentration identified and fixed, studies were carried out

subsequenfPireptatinn decrrapd frora 20¢s d ppa. Morsfimpedartly, the polyeralidnshows

cel | viabjg .t ¥ LG, ' ation, fr.omwhich t | C50
val ues of T HeRnRi B EE k20 257 B RE SRt RS ths o o
VDA- MB- 23fhred-edlblindsieth€3ptmntm pblin@edohserntesipaivbréainylyz&i fo iy )4 Snd

I C50 betvuf&? the various cell lines revealed their different degrees
of sensi t Y% PR Hpled, AapSrd &l yespeciyedel | /1 ectin A conpl exes.

VDA- MB- 231 cells showed the | east tolerance to the cytotoxic effects

of the c es, okl @eeds Y FHim :
Figure 4 g{gv(\?}p hat w’thou?t]fﬂhe use gf t%t%%ggl %gfﬁg{ié%%lii%‘ggjsg@dﬁsnot
exhi bit swgre daidednout sybssgesnitlyite Yetespiae ited 1G4, vgjfae nEleciDA- MRuPE1 shdvep G2

d s, . .80 00 furth i hat |ecti,
tas unabl £ HERHER BbvrRicgfn A coobRBucat B ot bedbe wies ohfeciines
ef fi ci ent wirerRetiraind t6 8k 0w, 815, YO bAK SO Bhml f%@MmAMB-th,eH%ﬁ,gflﬁﬁﬂﬁdy

y

of lectin A using the mcelles was conpared to that induce
Bi oPor t er4Theellspesmsctivelyriliffeenass in ACa hetwenn the variausicell linneevesed ed,

Bi oPorter ' . Lc.effects .of lectip Aip th
serum conf’thglE %%g%e e?&\ggﬁ %e\rﬁ%a&r?gﬁou%gt aﬁom?l ?f‘lrfgm nggnﬁ}fﬁ?ﬁum
due to i tEDAMBSN IS sHoweld ehaicas esle@nod toShE diotdIVEiRrs ofithe
cytotoxicity.of lectin A inpduced by mcelle/lectin A conplexes even
in the sé le’ﬁeén’g’;PWFﬁBYﬁ%gﬁﬁ?R@%a%q #hl esllsant |y hi gher than that
yi el ded by BioPorter/lectin A conplexes in the serumfree nedi um

Thi s may [0010®T auserighiredf §R%RhA %J_’ijcﬂéﬁ.lf"ﬂle l‘i'.l@é 8Kfhe mickIRR! lebdy Aac{f% Aty 8]

endosonal buffering capacity of mcellellectin A conplexes
These expEhitvesigmfigmisnistoxiaity esperially amtint MI2bINMB3d, HapGRand 4T1
P( MDS- co- ' I b uccessfull ti|lized f.qr_ intracellular
delivery O é‘ﬁ%ﬂoﬁﬁgmg%ggg ’8@%&?}‘8’& ?rgylg@%haeﬁ%&’ﬁvl‘mé uB%‘ﬁ? {rerfeppells by
bi ol ogi cdtsklf. Howewe, the catiohi Amicelleasffielentlo edddsated BFulir@plake b Reth A, A
conpl exesm\%/er e snal | g{;ough and of appropriate positive charge
di st ri but FEFPYFEPAEHP ety AcEinethamicpiearas compate éethabindasesidy
possesseqigpRfer, £8 Fibe ek KM | NAULE v L1yl ar
rel ease of1 I ectll n W@ r 1%1'3{13# i étlgﬁl%%ﬁ%gdegéqeggés%gf ?g{ljo%{er?l%&a{eﬁ
cyt ot oxi dvwer eyfothxicteifiacts of Ectiv drimdhdyerBMdStaininEES) culture medium than
in the serum-free medium due to its instability in the presence of serum. However, the
cytotoxicity of lectin A induced by micelle/lectin A complexes even in the serum-
containing medium was significantly higher than that yielded by BioPorter/lectin A
complexes in the serum-free medium. This may be because of greater cellular uptake,

stability and endosomal buffering capacity of micelle/lectin A complexes.

[00108] These experiments demonstrate that biodegradable and cationic
P(MDS-co-CES) micelles can be successfully utilized for intracellular delivery of
proteins, as demonstrated here by the delivery of biclogically active lectin A to cancer
cells. The micelle/lectin A complexes were small enough and of appropriate positive
charge distribution for mediating cellular uptake. The micelles also possessed goed
endosomal buffering capacity to induce intracellular release of lectin A after being

taken up by the cells. The cytotoxicity of lectin A delivered by P(MDS-co-CES)
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23 micelles was significantly higher even in the serum containing
medi um than that induced by BioPorter'. These mcelles are thus
useful as a carrier for intracellular delivery of proteins,

i ncluding biologically active proteins and proteins. [00109] All
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s Lee yomgoneatsyitkput gxclrding apy ofher elment g5 coppopgy.: Yalessdefiped oo |
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Pfdl | er, ussl ng, 2000, 32, 317
commonly understood to one of ordinary skill in the art o which this invention

belongs.

[00111] Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity 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 and modifications may be made thereto without departing from

the spirit or scope of the appended claims.

[00112] References

[1]  T.J.Yoon,Y.C. Yoo, T. B, Kang, K. Shimazaki, S. K. Song, K. H. Lee, S. H.
Kim, C. H. Park, I. Azuma, J. B. Kim, Cancer Lett. 1999, 136, 33.

[2] H.S.Lee, Y. 8. Kim, S.B. Kim, B. E. Choi, B. H. Woo, K. C. Lee, Cell. Mol.
Life Sci, 1999, 535, 679,

[3] W. Vervecken, S. Kleff, U. Pfiller, A. Biissing, Int J Biochem Cell Biol. 2000,
32,317

24



24 [4] M S. Kim H S So, K M Lee, J. S. Park, J. H Lee, S K
Moon, D. G Ryu, S. Y. Chung, B. H Jung, Y. K Kim G Mon, R
Par k, General Pharnacol ogy 2000, 34, 349. [5] Y. Endo, K. Tsurugi,
H Franz, FEBSLett. 1988, 231, 378. [6] O Zelphati, Y. Wang, S.
Kitada, J[4C RécBlKinRH.IS. SE;aKgMarLee,H Cpuatke U H. Dee, Bi Bl ModaghBG. 234Q,1,

276, 35103, J7] O .T. Brus . K __E. Fladnmark, S. Doskel and, S.
O reni us %ﬁf{ hungy 3. %E‘B@%&%&%@m Gdeen.B-Fads G@fg’ggf’hsm et 29004,
K. Banga, 3M 3@ Praunitz, Trends Bi otechnolL, 1998,16, 408. [9] M

Fenton, N. Bone and A. J. Sinclair, J. |mnunol. Methods. 1998,
212,41 [18] KY.GodpofdTsuBigif]l. BaubharAReLée 1988, Bdy37%hg, F. Farzaneh,

Bi 0t echnolie] 2005 ZEhaoY: e S Kittfeadnc: RedscPe £ BRIEaer el JeBiol
Nukui , M(ﬁ@}f,agmh|27635153)saka M Myazaki, M Kosaka, H Tada, M

Seno, J. Sasaki, N. Huh, M Nanba, H. Yamada, J. Biosci. Bioeng.
2005, 99, [f5 [De,]TYBrtm;@n &. Badladwarky SyY&). Peskelandodh, Otrenits al«én@

e L P S 3,

CLAIMED | @8] 1 A. mmhggmrmtmummHMmma&wzbﬁlms #6,moge! I e of a
cationic ?Ol ynmer, the cati oni cdwgol ymer having a structure gener al

formula | (VMFPn@PPN( Bpug@ndA. iSincland. éfifﬁwf&leMﬁtIzodhé998dle‘ﬁ, fl
corpl xed Tt he Fordiis = o RBRIE DR P, PARRY, St dRREBANE,
t he protednl.and the pol yner;
[11] J.S. Wadia, S. F. Dowdy, Curr. Opin. Biotechnol. 2002, 13, 52.
[12] J. Futami, M. Kitazoe, T. Maeda, E. Nukui, M. Sakaquchi, J. Kosaka, M.
Miyazaki, M. Kosaka, H. Tada, M. Seno, J. Sasaki, N. H. Huh, M. Namba, H.
Yamada, J. Biosci. Bioeng. 2005, 99, 95
[13] Y. Wang, S. Gao. W. H. Ye, H. S. Yoon, Y. Y. Yang, Nat. Mater. 2006, 5,
791.
[14] K. C. Wood, S. R. Little, R. Langer, P, T. Hammond, 4ngew. Chem. Int. Ed.
2005, 44, 6704.

25



wherein, in general formula I: each of W X, Y and Z is independently
selected from ORR II(CHm!-_(CH) | _CHH)= 00O OII_(CH
I1-O-fCH) ,and not hing, V\/nereln only one of W X, Y and Z is nothing
and at least one of W X, Y and Zis a group containing nitrogen

bonded to WEATR cLASBEED - W, X, Yand Z' is independently selected
fromORR[L(CI—lfmI"CI—i)[fCI—ltO]R R.. OO OIll-{CH
[1-O-+H~ ,and 26 nothin wherein only one of W, X, Y and Z' is
not hi ng, ahd at A wipslle-p @HGPHWGX ompriyingand Z' is a group contai ning
ni trogen bonded to R' or each of Rand R is independently H,

al kyl or heteroal kyl
hydr ophobi ¢ group; eamh&ﬂ?lafgfcat?m@li%g |ndé%ezcﬁdgﬁl?%éﬂglg&?lh%(lggaSnucmre
greater than zewfcgena'aljfonaalal”l of m n, r, s, t, M, n, r', s and t’

i s independently an integer
conpl ex according to
avail able to conpl ex \

greater than 0. 2. The micelle-protein

&A{,\?_ﬁg%_ﬁg \rATQere@ S(e r ,glgg of the protein

9 vel’y char ged region,

a polar region or a hydrophobic region. 3. The micelle-protein
conpl ex according tmlﬁrmeﬂn AHe Jﬁbﬁiﬂmazrmg@@fgﬁinrhvbﬂﬁﬂeﬁﬁédnﬂﬂéﬁmth the
pol ymer conpri ses met hyI et heneam ne

1pol y{
sebacat e) - co- [ (1816 %‘steryl

bi s(et hyl ene) ammoni um br om de] sebacat e}.

oxocar bonyl am do et hyl) nethyl

the protein complexed to the exterior of the micelle via an interaction

between the protein and the polymer;

wherein, in general formula I:

each of W, X, Y and Z is independently selected from

[ ﬁ (CHg‘ | rL (CH;)J I N (CHQ) o]

l N IR e
ﬁ 0

{ 0—cC {CHQ# =0 (CH%t-I

J;and

nothing, wherein only one of W, X, Y and Z is nothing and at least one

of W, X, Y and Z is a group containing nitrogen bonded fo R or R’}

each of W', X', Y’ and Z' is independently selected from

ﬁ o] I@ CH 1 :.@ {CH3—o0 |
l C \CHgmrJ %FL_( %n._ ;[ iL e J |
{ 0 cl (CH%} { (l o (CH%}

>
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4. The mcelle-protein conplex according to any one of clainms 1 to 3,
wherein the protein is an oligopeptide, a peptide, a polypeptide, a
full length protein, a protein fragnment, a protein domain, or a

fusion protein. 5. T, - i e ageordi ng: .0
of clainms 1 to 4, mﬁ@%@%’c‘%ﬁg‘“ﬁn tg?eﬁlbff\gr’rgl{’o 0%:&(;%1%&21@?1 %@%é@gﬁ'he
m cel | e- prot ei n conpbesofatt & ,dY regdtZs iscd giionp Sontatnargmiitrogdnebamded i R or
conpri ses a hornone, _ g receptor ligand, a transcription factor, a
transcription enhanter, a transcription suppressor, an enzyne, a

ki nase, a phosphatase, a nucl ease, a protease, a growh factor, an
antibody, or a cytotaxhefRIHH K indepehbiéntly Ak E-Rhefefdalkygonpl ex
according to claim6 wherein the gromh factor conprises

Gial -derived neurot rogi ¢ _fact or,. t he cytotoxic protein conprises
lectin A, and the affchibly agdmpris dedepprdeatipaibydroghobyp group;

m cel |l e-protein conplex according to any one of clainms 1 to 7,
further conprising i,LhQn j h

m cel |l e-protein conp%rea}%%gg(?%&rigf%&%@?%ﬂﬁ%&%&%ﬁﬁ tT’ﬁ*ZZ%%ai@‘%dl onal
t herapeutic agent is a pharmaceutical agent included in the interior
of the mcelle. 10.eathefm,cet, kg pr,of,el, 8’ aurtpils éxdependentdy ay iriteger| ai m
8, wherein the additional t@erapeuti c agent is a pharnmaceuti cal
agent or a nucleic a%rF?r}e% ul e conplexed to the exterior of the
mcelle. 11. A nmethod of delivering a protein into an in vitro cell
conpri si n@, conti@chidebehitReiflico@lplek Rt tRIgRo CRAMAI1E¥ha@EOME réiFor 6f ABY
one of clains 1 tg 10 wth a cell so that the mcelle-protein

conpl ex i sPreteikedvalpble sy eomplex gath the mocellphea ﬁﬁaﬁéj@lYéEhéfﬁﬁgrf}@m‘b é pelaai m

éil’ol \glgiegg: 1%5%9?’5[9‘{}1?,’&%%’?0&%5%8{Ogi cally active and retains

er ivery into the cell. 13. A
phar maceuti cal conposition conprising the mcelle-protein conplex
accordi ng 3.0 anjheoneelé-padiainmemplexacd@ding4o clbhe 1phatamce wthiecan the

conposition _according to cl ai further conprisin

Phay mmceut FEATEPOREEE P Ry Pemelipkdi el Rk febAdh Susorichiesteattn
conpl ex Q%%B%i&ﬁi&%ﬁﬁﬁe@&l Eils&'t}{ﬁen%) Eﬁnﬂo%ﬁn%mn%é]' ¥Bhdaly, a
protein into a cell of a subject.

4. The micelle-protein complex according to any one of claims 1 to 3, wherein
the protein is an oligopeptide, a peptide, a polypeptide, a full length protein, a protein

fragment, a protein domain, or a fusion protein.

5. The micelle-protein complex according to any one of claims 1 to 4, wherein

the protein is biologically active.

6. The micelle-protein complex according to claim 5, wherein the protein
comprises a hormone, a receptor ligand, a transcription factor, a transcription
enhancer, a transcription suppressor, an enzyme, a kinase, a phosphatase, a nuclease, a

protease, a growth factor, an antibody, or a cytotoxic protein.

7. The micelle-protein complex according to claim 6 wherein the growth factor
comprises Glial-derived neurotropic factor, the cytotoxic protein comprises lectin A,

and the antibody comprises herceptin.

8. The micelle-protein complex according to any one of claims 1 to 7, further

comprising an additional therapeutic agent.
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16. Use of the mcelle-protein conplex according to any one of clains
1 to 10 in the manufacture of a conposition for delivering a protein
into a cell of a subject. 17. The use according to claim15 or claim

16, whereig t hgﬂié;l?kc\ieﬁg—})i‘&eiﬂ cﬁﬂ% accc]lﬁing-%' %Laﬂ'ﬁ% %%%Frf@@Qdaiﬂoﬁmy one

of clains 15 t ereln the protern Is I ol dgi active and
ret ai ns bi themgewal agant is wiphyrnadctwticatl egent ewclnded irothe eteded df th&@icelle.

10.  The micelle-protein complex according to claim 8, wherein the additional
therapeutic agent is a pharmaceutical agent or a nucleic acid molecule complexed to

the exterior of the micelle.
11. A method of delivering a protein into an in vitro cell comprising:

contacting the micelle-protein complex according to any one of claims 1 to 10

with a cell so that the micelle-protein complex is taken up into the cell.

12.  The method according to claim 11, wherein the protein is biologically active

and retains biological activity after delivery into the cell.

13. A pharmaceutical composition comprising the micelle-protein complex

according to any one of claims 1 to 10.

14, The pharmaceutical composition according to claim 13, further comprising a

pharmaceutically acceptable carrier.

15.  Use of the micelle-protein complex according to any one of claims 1 to 10 for

delivering a protein into a cell of a subject.

16.  Use of the micelle-protein complex according to any one of claims 1 to 10 in

the manufacture of a composition for delivering a protein into a cell of a subject.
17.  Theuse according to claim 15 or claim 16, wherein the subject is a human.

18. The use according to any one of claims 15 to 17, wherein the protein is

biologically active and retains biological activity after delivery into the cell.
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